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Kaukauna Utilities Water System Study 2024 
Executive Summary 

 
Kaukauna Utilities serves the City of Kaukauna with drinking water. Kaukauna Utilities has an extensive 
water system with over 100 miles of water main, utilizing five wells with three iron removal plants and 
two water towers. Kaukauna Utilities provides service to approximately 7,000 customers. Residential 
usage accounts for most of the water demand. 
 
Kaukauna Utilities is looking to investigate potential changes and upgrades to the water system in their 
effort to continue to provide water that meets or exceeds all federal and state regulatory standards 
while remaining safe, environmentally responsible, and cost-effective. The purpose of this water system 
study is to analyze existing and future water demands, supply, water storage, water quality, various 
water treatment options, and replacement options for the Main Filter Plant, including potential 
replacement of the plant at other site locations. The water study also explores future development 
areas for the water distribution system.  
 
The following is a summary of the findings of the water system study. 
 

Water Demand/Water Supply 
 
The water system study looked at the projected water demands for the next 20 years. It forecasted the 
future water demands will increase steadily at a rate of about 1.7% annually. The groundwater that 
supplies Kaukauna Utilities’ system is projected to be a sustainable source of water for at least the next 
20 years. The existing pumping and treatment equipment is projected to be adequate for at least the 
next 15 years. A new well should be reevaluated in approximately 15 years to ensure that Kaukauna 
Utilities can meet the future demand. 
 
The water system study analyzed a couple of water supply options. One option evaluated was to move 
from groundwater to surface water. Changing the water source to surface water from the Green Bay 
Water Utility or surface water from the City of Appleton is not a cost-effective solution for delivering 
improved water quality to customers. The operational costs of using surface water are higher than 
treating water from groundwater sources in Kaukauna.  
 
The reuse of water from the wastewater treatment plant was also evaluated as a water source for 
Kaukauna Utilities. It would involve extensive treatment prior to being distributed as drinking water. 
This source option should not be pursued because it is not cost-effective.  
 

Water Storage 
 
Kaukauna currently meets the current capacity needs with the current underground storage reservoirs, 
but replacement is needed due to the condition of the tanks. The floors of the reservoirs are below the 
groundwater table and are subject to potential contaminants leaking into the tanks. This risk should be 
avoided by building new reservoirs above the groundwater table.  
 
The water storage capacity is projected to be adequate for at least the next 20 years. No additional 
elevated storage tanks need to be considered during this time frame. It is estimated that the future 
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development in the southeast corner of the study area, which will need a second pressure zone and an 
elevated storage tank, will occur after the 20-year study period of this report.   
 
 
 

Water Quality 
 
The Wisconsin Department of Natural Resources (DNR) sets primary maximum contaminant levels for 
drinking water that pose a health risk and also sets secondary maximum contaminant levels for 
contaminants posing aesthetic and cosmetic objections in drinking water, such as taste, water hardness, 
and smell. Kaukauna Utilities currently uses a water treatment system consisting of a pressure filter tank 
and chemical addition to remove radium and iron. The treated water meets all DNR primary maximum 
contaminant levels and meets secondary maximum contaminant levels for iron. The treated water has 
levels of sulfate and total dissolved solids that exceed the DNR secondary maximum contaminant level, 
but the levels set by the DNR for these components of the water are guidelines and not mandated. 
Water hardness, which Kaukauna Utilities has identified as a potential area of improvement, is a 
component of total dissolved solids. Total dissolved solids and water hardness contribute to mineral 
buildup customers observe on water fixtures. Kaukauna Utilities’ treated water is safe to drink and does 
not pose a health risk.  
 
 

Main Filter Plant 
 
The pressure filter tank at the Main Filter Plant is over 60 years old and is at the end of its service life. 
The tank was temporarily patched seven years ago and will need to be replaced within the next three to 
five years. In addition, the Main Filter Plant Site is located in a floodplain. This does not comply with 
current DNR Administrative Code which requires first floor elevation of water facilities to be two feet 
above the 100-year floodplain. 

 
Four Alternatives for the Main Filter Plant were studied to address the above issues. The capital and 
operation costs, customer impacts, and risks were evaluated for each alternative. The alternatives 
studied were:    
 

o Alternative 1: No Changes 
o Alternative 2: Replace Pressure Filter Tank at Current Location 
o Alternative 3: Rebuild Water Treatment Plant Building and Reservoirs at Current Location 
o Alternative 4: New Water Treatment Plant Building at New Site 

 
Alternative 4 minimizes the most risk factors that were considered. Alternative 4 consists of building a 
new water treatment plant with reservoirs and a booster pump station at a new location outside the 
floodplain. The new Main Water Treatment Plant location would allow for the necessary building size for 
new treatment. This alternative would replace the equipment and structures identified in the water 
system study report as being past their useful life. Alternative 4 also allows the existing Main Filter Plant 
to continue producing water while the new water treatment plant is built.  

 
 

Water Treatment Process Options 
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The existing water treatment process involves chemical addition to remove radium and iron using a 
pressure filter tank. New treatment processes are being considered to also remove the water hardness 
from the treated water. Nine water treatment processes were considered as part of the water study. 
The five water treatment processes further evaluated are:  
 
 Water Treatment Option 1: Keep Existing Water Treatment Process 

Water Treatment Option 2: Ion Exchange Treatment Process 
 Water Treatment Option 3: Reverse Osmosis or Nanofiltration Treatment Process 
 Water Treatment Option 4: Pellet Softening Treatment Process 

Water Treatment Option 5: Change from Groundwater Source to Surface Water Source 
(Purchase Treated Water) 

 
Treatment Option 3 meets Kaukauna Utilities’ water treatment objectives best. It consists of 
nanofiltration or reverse osmosis water treatment process to lower or remove radium, iron, sulfate, 
water hardness, and total dissolved solids levels in the raw water. This treatment process would benefit 
customers by lowering water hardness to a predetermined range and allow them to save on water 
softening costs if they choose to eliminate their water softener.   
 
 

 Water Distribution System 
 

Within the existing water distribution system, improvements such as water main looping and water 
main upsizing were considered. Kaukauna Utilities is anticipating residential growth to the southeast as 
well as industrial and residential growth to the north. The water distribution system was studied with a 
computer water model prepared in the Bentley WaterCAD software. The current water distribution 
system meets the minimum fire flow requirements established by the DNR of 500 gallons per minute 
(gpm) and 20 pounds per square inch (psi). This is the required amount of water flow and pressure 
needed to continuously fight a fire. The water distribution system also meets the minimum static system 
pressure established by the DNR of 35 psi for customers. 
 
A potential improvement to the water distribution system includes upsizing the water main on Hillcrest 
Drive from the current 8 and 10-inch piping to 12-inch piping. This improvement would benefit the areas 
of low fire flow in the southeastern part of the existing water system and allow for higher fire flows in 
the future expansion to the southeast.  
 
Additionally, Kaukauna Utilities can stay on one pressure zone until development to the southeast 
necessitates the addition of a second pressure zone. It is projected Kaukauna Utilities can add to the 
water system to the southeast, to an area east of County Road GG and south of Weiler Road, before 
needing to add another pressure zone. By staying with one pressure zone as long as possible, it would 
minimize maintenance labor and postpone adding dead ends in the water system until another pressure 
zone is needed. Once development reaches this area, a second pressure zone should be evaluated as 
well as the possible need for another elevated storage tank for the second pressure zone. 
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1. Introduction  
 
Kaukauna Utilities is located in the City of Kaukauna, WI, which is in Outagamie County in 
northeastern Wisconsin. A location map of the City of Kaukauna is shown in Figure 1 included in 
Appendix B. The municipal water distribution system serves approximately 7,000 customers utilizing 
approximately 100 miles of water mains according to the 2022 Public Service Commission (PSC) 
Annual Report.  
 
The water system study includes Kaukauna Utilities’ existing water system as well as areas of future 
growth. The 100-year expansion for the City of Kaukauna was delineated with the water study limits. 
The water system study limits go as far east as Outagamie Road / County Line Road and as far north 
as County Road UU. The west and south boundary of the water study are that of the existing 
system—STH 55 and CTH KK. A map of the water study limits is shown in Figure 2 included in 
Appendix B.  
 
Kaukauna Utilities’ water is sourced from five groundwater wells: Well 4, Well 5, Well 8, Well 9 and 
Well 10. Kaukauna Utilities has three water treatment plants. The water from Well 4, Well 5, and 
Well 10 is treated in the Main Filter Plant. The Main Filter Plant has two ground storage reservoirs 
with a total capacity of 579,000 gallons. The water from Well 8 and Well 9 is treated at a water 
treatment plant located at each well building. Kaukauna Utilities’ distribution system also includes 
two water elevated storage tanks, also known as water towers, with a combined capacity of 1 
million gallons.  
 
Based on data from the 2022 PSC Annual Report, the average daily demand for Kaukauna Utilities 
was 1,300,445 gallons per day. The water demand is largely driven by residential usage which 
accounts for about 67% of water usage annually.  
 
The purpose of this report is to provide Kaukauna Utilities with an evaluation of the water system, 
providing alternatives, analysis, and recommendations.  

2. Water Study Need  
 
This study represents Kaukauna Utilities’ ongoing commitment to deliver safe and reliable drinking 
water. The study will help Kaukauna Utilities make informed decisions about potential changes and 
upgrades to the system. Some areas that have been identified by Kaukauna Utilities for potential 
enhancements are the Main Filter Plant and the water treatment process. The existing Main Filter 
Plant is located in the Fox River floodplain and does not comply with current Department of Natural 
Resources (DNR) code requirements. The Main Filter Plant treatment equipment, building structure, 
and reservoir structures are at the end of their lifespans. Additionally, Kaukauna Utilities is 
evaluating whether the water treatment process should include water hardness removal. This 
treatment process would involve updated water treatment equipment for all the wells.  
 
Kaukauna Utilities also requested that the study evaluate improvements and expansions to the 
water distribution system. Improvements such as looping and pipe upsizing were considered within 
the existing water distribution system. Kaukauna Utilities is anticipating residential growth to the 
southeast and industrial and residential growth to the north. These water distribution system 
expansions were considered, with additional pressure zones when applicable.   
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3. Topography 
 
The topography of Kaukauna includes a high east end. A river runs through the center of Kaukauna, 
which divides the water distribution system. The river area includes some development, which is at 
a lower elevation than the rest of Kaukauna. A topographic map is shown in Figure 3 included in 
Appendix B.  

4. Population Projections 
 
Past population estimates and projected population figures for Kaukauna are shown in Table 1. The 
population estimates are from the U.S. Census Bureau which predicts the City’s population will 
increase annually at a steady rate of 1.7%. 

 
Table 1: Population Data for the City of Kaukauna 

1990 
Population 

2000 
Population 

2010 
Population 

2020 
Population 

2025 
Projection 

2030 
Projection 

2035 
Projection 

2040 
Projection 

12,000 13,000 15,500 17,100 18,600 20,200 22,020 24,000 

 

5. Design Period 
 
The water main expansion area is for a 100-year design period. The remainder of the water study is 
a 20-year design period. The design period for the concrete structures, water treatment plant 
building, and water treatment plant equipment is 60 years.  

6. Past Studies  
 
McMahon Associates Incorporated prepared an Evaluation of Water Supply System in 2003. The 
report detailed the current system and made recommendations for improvements. The 2003 
McMahon report is included in Appendix L. 

7. Environmental Characteristics  
 

7.1 Wetlands 

The Wisconsin DNR Surface Water Data Viewer was used to show wetlands within the study 
area. Wetland areas occur throughout Kaukauna. They are generally located on the southeast 
side of Kaukauna in areas around the Fox River and Konkapot Creek. A Wetland Inventory 
Map from the Wisconsin DNR is shown in Figure 4 included in Appendix B.   

7.2 Floodplain 

The Wisconsin DNR Surface Water Data Viewer and FEMA mapping was reviewed to 
determine the location of the existing 100-year floodplain within the study area. Floodplains 
are in Kaukauna around the Fox River, Konkapot Creek, and in the southeast portion of 
Kaukauna. The Main Filter Plant is located within the 100-year floodplain. Floodplain Mapping 
is shown in Figures 5 and 6 in Appendix B. 
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8. Existing Water System  
 
8.1 Water Supply Facilities 

The water supply for Kaukauna Utilities is obtained entirely from groundwater wells. There are 
currently five wells in service. Wells 4, 5, and 10 are located south of the Fox River, which divides 
the City of Kaukauna. Wells 8 and 9 are located north of the Fox River. A map of Kaukauna 
Utilities’ water facilities locations is shown in Figure 7 in Appendix B. A schematic of the existing 
water system wells and treatment system is included in Figure 8 in Appendix B. A Condition 
Report for existing water filter plants was prepared on October 23, 2023 to determine the 
deficiencies of the existing water filter plants, existing ground storage reservoirs, and main 
booster pump station. The Condition Report for Existing Water Filter Plants is included in 
Appendix C. The asset conditions are summarized in Figure 8. 
 
8.1.1 Well 4 
 
Well 4 is located at the Main Filter Plant site at 304 Elm Street. Well 4 consists of a 15.5-inch 
casing to a depth of 34 feet and a 12-inch casing extended to a depth of 120 feet. A 12-inch open 
hole was drilled from a depth of 120 feet to a total depth of 726 feet. A 10-inch liner was placed 
from the surface to a depth of 120 feet. The annular space between the 10-inch liner and the 
larger diameter casings was sealed with grout to a depth of 120 feet.  
 
Well 4 has a submersible pump with a capacity of 600 gallons per minute (gpm) that was installed 
in 2024.   This pump is driven by a variable frequency drive (VFD) and operates at 555 gpm. A 
variable frequency drive allows the well pump to operate at different speeds. The raw water from 
Well 4 is pumped to the Main Filter Plant which is adjacent to Well 4. There is no standby power 
for Well 4. 

 
Well 4 is in a building connected to the Maintenance Facility Building and the Booster Pump 
Station Building. The Well 4 Building is in good condition.  
 
The Well 4 Building is located just outside of the 100-year flood plain. The current Wisconsin DNR 
Administrative Code Chapter NR811.25(d) requires a floor elevation at least two feet above the 
regional flood elevation.  
 
It is recommended that the next time Well 4 is scheduled for a major renovation, a cost benefit 
analysis should be performed to determine if the first floor of the building should be raised two 
feet above the 100-year flood plain to meet the current Wisconsin DNR Administrative Code 
Chapter NR811.25(d). It is anticipated that the DNR may require Well 4 to be brought up to 
meet current code the next time Well 4 is scheduled for a major renovation. 

 
8.1.2 Well 5 
 
Well 5 is located at 601 Pool Road southeast of the intersection of Dodge Street and Island Street.  
Well 5 was originally constructed in 1935 to a depth of 570 feet. In 1942, the well was extended 
to a depth of 733.5 feet and was then backfilled to a depth of 524 feet in 1947 to improve water 
quality. The well consists of a 16-inch grouted casing extended to a depth of 121 feet. A 15-inch 
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open hole extends from the bottom of the casing to a depth of 350 feet, and a 12-inch open hole 
extends from a depth of 350 feet to a total depth of 524 feet.  

 
The Well 5 building was constructed in 1975. Well 5 has a submersible pump with a capacity of 
380 gpm that was installed in 2022. This pump is driven by variable frequency drive and operates 
at 315 gpm. Well 5 was most recently serviced in February 2022.  There is no standby power for 
Well 5. Both Well 5 and the Well 5 building are in good condition.  

 
Sodium hypochlorite is added to the raw water at the Well 5 site to assist in disinfection prior to 
treatment at the Main Filter Plant. Well 5 water is conveyed through 2,100 feet of 8-inch 
diameter raw water transmission main to the Main Filter Plant. 
 
8.1.3 Well 10 
 
Well 10 is located on Tenth Street near Kenneth Avenue. Well 10 was originally constructed in 
1945 as Well 6. Well 10 was originally constructed with a 10-inch casing grouted to a depth of 159 
feet with a 10-inch open hole drilled to a depth of 568 feet. In 1995, the 10-inch open hole was 
extended to a depth of 841 feet and the well was renamed Well 10. In 2000, the well was filled to 
a depth of 660 feet to reduce radium and gross alpha levels. Radium levels were reduced as a 
result of filling the well.  

 
Well 10 has a submersible pump with a capacity of 580 gpm that was installed in 2013. Well 10 
was last serviced in 2013. The well is up for rehabilitation in 2024. There is no standby power for 
Well 10. Both Well 10 and the Well 10 building are in good condition.  

 
Water from Well 10 is conveyed through 6,100 feet of 8-inch diameter raw water transmission 
line to the Main Filter Plant. Well 5 is also connected to this raw water transmission main.  

 
8.1.4 Main Filter Plant Site 
 
The existing Main Filter Plant site, originally developed in 1899, is located at 304 Elm Street. 
Water from Wells 4, 5, and 10 is treated and stored at the Main Filter Plant site.  

 
8.1.4.1 Main Filter Plant Building 
The Main Filter Plant building was last improved in 2022. Improvements included a new roof and 
new doors. The windows are original block windows. The Main Filter Plant building is currently in 
good condition. There is no standby power at this facility. 
The floor elevation of the Main Filter Plant building is located below the 100-year floodplain 
elevation. The current Wisconsin DNR Administrative Code Chapter NR811.25(d) requires a floor 
elevation at least two feet above the regional flood elevation. The DNR may require the first floor 
of this building to be raised during the next major renovation to comply with current code.   
 
A schematic of the Main Filter Plant treatment process is shown in Figure 9 in Appendix B. The 
Main Filter Plant building includes one pressure filter tank and chemical feed systems. Manganese 
sulfate and potassium permanganate are added prior to filtration for oxidation and radionuclide 
removal. A pressure filter tank is used for iron, manganese, and radionuclide removal. Sodium 
hypochlorite is added following filtration for disinfection. An orthophosphate blend (50% ortho, 
50% poly) is added following filtration for corrosion control. The finished drinking water is then 
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stored in two ground storage reservoirs until it is pumped to the distribution system from the 
main booster pump station.  

 
The pressure filter tank is over 60 years old and in poor condition. The pressure filter tank is made 
of steel and coated with paint on the inside and outside for corrosion protection. The pressure 
filter tank works using low pressure around 10-15 pounds per square inch. The pressure filter tank 
was leaking in 2016. Upon visual inspection of the interior of the pressure filter tank in 2016, the 
tank was failing due to pitting of the interior steel surface caused by corrosion. The tank was 
repaired in 2016 by installing a concrete liner inside the bottom half of the tank to prolong its 
useful life. This type of repair was possible due to the low working pressure of the tank and was 
estimated to extend the life of the tank another 10 years. The repair has been a good temporary 
solution because the pressure filter tank is still producing satisfactory water quality.  
 
Metal thickness testing of the pressure filter tank wall was performed on September 28, 2023. 
The results of the metal thickness testing are documented in the Condition Report for Existing 
Water Filter Plants included in Appendix C. The results show that the 60-year-old pressure filter 
tank has severe pitting on the interior of the tank walls. This result is consistent with the visual 
inspection performed on the interior of the tank in 2016. The structural integrity of the tank is in 
poor condition. The pressure filter tank currently has signs of mineral buildup on its exterior in 
two locations which indicates the tank is leaking. 
 
It is recommended that the pressure filter tank be replaced within the next three to five years. 
The pressure filter tank at the Main Filter Plant is over 60 years old and is at the end of its 
service life. The tank was temporarily patched seven years ago. In addition, the Main Filter 
Plant Site is located in a floodplain. If major building renovations are performed, it is 
anticipated that the DNR may require the first floor of the Main Filter Plant Building to be raised 
two feet above the 100-year flood plain in accordance with Wisconsin DNR Administrative Code 
Chapter NR811.25(d). 
 
8.1.4.2 Ground Storage Water Reservoirs 
The Main Filter Plant Site has two ground storage reservoirs for storing finished water. See 
Section 8.2 (Water Storage) of this report for a discussion of the reservoirs. 
 
8.1.4.3 Booster Pump Station Building 
The Booster Pump Station building is on the north side of the Main Filter Plant site. The exterior 
of the building is in poor condition due to the rusty metal roof and rusty metal siding. The interior 
of the building is in good condition.  
 
The Booster Pump Station building houses three booster pumps. Two of the pumps were installed 
in 2019 and have a capacity of 1,200 gpm each. They operate regularly. These two booster pumps 
are in good condition.   
 
The third pump was installed in 1967 and has a capacity of 2,000 gpm. It is for emergency backup 
use only in the event of a power failure. The third booster pump is operated by a right-angle drive 
liquid propane engine, which is not considered a good emergency backup pump. The third 
booster pump will only provide water to the distribution system until the two ground storage 
reservoirs are empty. The engine only runs one booster pump and will not run the wells or the 
filter plant.  
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It is recommended that the third booster pump be replaced when emergency backup power is 
installed.  
 

 
8.1.5 Well 8 
 
Well 8 is located at 311 Delanglade Street, which is at the southwest corner of the intersection of 
Blackwell Street and Delanglade Street. Well 8 was originally constructed in 1959 and was 
rehabilitated in 1995. The well has a 20-inch casing pipe to a depth of 73 feet and a 16-inch liner 
to a depth of 151 feet. The well has been grouted to 151 feet. Well 8 has a total depth of 700 feet.  
 
Well 8 has a submersible pump with a capacity of 600 gpm that was installed in 2023. This pump 
is driven by a variable frequency drive and operates at 475 gpm. Well 8 was last serviced by 
Municipal Well Services in 2023. There is no standby power for Well 8. Well 8 is in excellent 
condition.   

 
Well 8 water is treated on site at a water treatment plant inside the well house. The treatment at 
Well 8 includes manganese sulfate and potassium permanganate injection prior to filtration for 
oxidation and radionuclide removal. One pressure filter tank is used for iron, manganese, and 
radionuclides removal. Following filtration, sodium hypochlorite is added for disinfection and an 
orthophosphate blend (50% ortho, 50% poly) is added for corrosion control. The water is stored in 
a ground storage reservoir before being pumped to the distribution system. 
 
The Well 8 Water Treatment Plant building and pressure filter tank are in excellent condition after 
the recent renovation. The pressure filter tank was completely replaced in 2018 due to corrosion 
in the tank wall and a failure in the internal filter media bed, underdrain, and diffuser. The 
pressure filter tank is made of steel and coated with paint on the inside and outside for corrosion 
protection. The pressure filter tank works using low pressure around 10-15 pounds per square 
inch but is at 53-65 pounds per square inch (distribution system pressure) during backwash cycles. 
 
Metal thickness testing of the pressure filter tank wall was performed on September 28, 2023. 
The results of the metal thickness testing are documented in the Condition Report for Existing 
Water Filter Plants included in Appendix C. The results show that the 5-year-old pressure filter 
tank has no pitting on the interior of the tank walls. The structural integrity of the tank is in 
excellent condition. The pressure filter tank currently has no signs of mineral buildup on the 
exterior of the tank which indicates the tank is not leaking. 
 
The ground storage reservoir, built in 1999, is 15,000 gallons and is in excellent condition. The 
booster pumps at Well 8 are in fair condition. 

 
8.1.6 Well 9 
 
Well 9 is in Riverside Park at 101 River Street on the west side of Kaukauna. Well 9 was originally 
constructed in 1974. The well consists of an 18-inch casing grouted to a depth of 239 feet. A 
17.25-inch diameter open hole was originally extended to a depth of 806 feet. In 1989, the well 
was filled to a depth of 620 feet to improve the water quality and reduce radium levels. The well 
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is chlorinated once a month to control iron bacteria. Well 9 was last serviced by Water Well 
Solutions in 2020. Well 9 is in good condition.   

 
Well 9 site consists of two buildings: the Well House building and the Water Filter Plant building. 
The Well 9 Well House building, originally built in 1974, is in good condition. The Well House 
building houses a vertical turbine pump with a capacity of 1,300 gpm. Well 9 is the only well that 
Kaukauna Utilities is able to run during a power outage. Well 9 is equipped with a right-angle 
drive natural gas engine which was installed in 2015. The natural gas engine operates the well 
pump at 850 gpm which is 63% of the normal well pump capacity of 1,300 gpm.   

 
Well 9 water is treated on site in a Water Filter Plant building located south of the Well House 
building. The filtration process includes injection of manganese sulfate and potassium 
permanganate for oxidation and radionuclide removal. The pressure filter tank is used for iron, 
manganese, and radionuclides removal. Sodium hypochlorite is added following filtration for 
disinfection. An orthophosphate blend (50% ortho, 50% poly) is added following filtration for 
corrosion control.  

 
There are two horizontal pressure filter tanks inside the Well 9 Water Filter Plant building. The 
pressure filter tank was installed in 1990 and is made of steel and coated with paint on the inside 
and outside for corrosion protection. The pressure filter tank works using 75-82 pounds per 
square inch (distribution system pressure) all the time. All the inner piping has failed and was 
replaced in 2010 with PVC. The media was replaced in 2010. Media typically lasts 15 years. 
 
Metal thickness testing of the pressure filter tank wall was performed on September 28, 2023. 
The results of the metal thickness testing are documented in the Condition Report for Existing 
Water Filter Plants included in Appendix C. The results show that the 33-year-old pressure filter 
tank has some pitting on the interior of the tank walls. The structural integrity of the tank is in 
good condition. The pressure filter tank currently has no signs of mineral buildup on the exterior 
of the tank, which indicates the tank is not leaking. It is anticipated that the pressure filter tank 
has about 20 more years of useful life. It should be evaluated at that time. An evaluation can also 
be done when the media in the tank is replaced. 
 
Well 9 Filter Plant building has a standby generator to run during a power outage. The generator 
is sized to run only the building heaters, lights, and chemical pumps. Well 9 can produce treated 
water during a power outage using the natural gas engine driven well pump and the generator to 
run the chemical pumps. During a power outage, the well capacity is only 850 gpm due to the size 
of the natural gas engine. 
 
It is recommended that the media in the pressure filter tank be replaced in the next three to 
five years. The pressure filter tank can be reused for the next 20 years based on the findings in 
the Condition Report for Existing Water Filter Plants. In approximately 20 years, the pressure 
filter tank should be re-evaluated to determine its condition.  
 
A study should be conducted to determine which components of the water system should be 
supplied with backup power pursuant to Wisconsin DNR Administrative Code Chapter NR 
811.27: “all municipal pumping stations, pumphouses, and water treatment plants shall have a 
standby auxiliary power source unless the department determines that there is sufficient 
pumping capacity with existing auxiliary power located at other water system facilities to 
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provide at least an average day supply of water.” The DNR has clarified that the backup power 
should, at a minimum, be able to provide average day demand. The study should include an 
analysis of which components need backup and whether the backup power can be phased into 
the water system or if all facilities should receive backup power at the same time. Water system 
components to be reviewed for a need for backup power should include all wells, pumping 
stations, and water treatment plants.  

 
8.2 Water Storage 

Kaukauna Utilities has two elevated storage tanks in the water distribution system that have 
capacities of 500,000 gallons each. The Industrial Park Tower is located on the north side of the 
river and was constructed in 1974. The Ann Street Tower is located on the south side of the river 
and was constructed in 1999. Both elevated storage tanks have an overflow elevation of 865 feet.  
Both elevated storage tanks are in good condition.   
 
The Main Filter Plant site contains two ground storage water reservoirs. Ground Storage Reservoir 
#1 is circular and was constructed in 1899. Ground Storage Reservoir #1 has a capacity of 284,000 
gallons and is approximately 60 feet in diameter and 18 feet deep. The reservoir is in the 
floodplain. Ground Storage Reservoir #1 is in poor condition. 

 
Ground Storage Reservoir #2 is rectangular and was constructed in 1940. Ground Storage 
Reservoir #2 has a capacity of 295,000 gallons and is approximately 13 feet deep. Ground Storage 
Reservoir #2 is in poor condition. 
 
Reservoir #1 is located in the floodplain. Reservoir #2 is not located in the floodplain. The bottom 
floor of each reservoir is located below the 100-year floodplain and the groundwater table. The 
elevation of each reservoir violates the current Wisconsin DNR Administrative Code Chapter NR 
811.63(1) because the floor of a reservoir is required to be a minimum of two feet above the 100-
year floodplain and the groundwater table. 
 
The current Wisconsin DNR Administrative Code Chapter NR811.63(4) states: “The department 
recommends that the lowest elevations of floors and sump floors of ground level reservoirs and 
standpipes should be placed at or above the normal ground surface. If the department allows the 
floor or sump to be below the normal ground surface, it shall be placed a minimum of two feet 
above the groundwater table.” The bottoms of both ground storage reservoirs at the Main Filter 
Plant site are located below the groundwater table. This puts the reservoirs at a high risk of 
contamination leaking into the tanks.  
 
It is anticipated that the DNR will require the reservoirs to comply with the current Wisconsin 
DNR Administrative Code at the time of major renovation or remove both reservoirs from service. 
The reservoirs have outlived their useful life.   
 
The Well 8 site contains one ground storage reservoir. The ground storage reservoir is 15,000 
gallons and was built in 1999. The ground storage reservoir is in excellent condition. 

 
The existing reservoirs at the Main Filter Plant site are located below the groundwater table 
and are subject to potential contaminants leaking into the tanks. This risk should be avoided by 
building the new reservoirs above the groundwater table and at least two feet above the 
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floodplain. Although grandfathered in, the elevation of each reservoir does not comply with 
current Wisconsin DNR Administrative Code NR 811.63 relating to reservoir placement with 
respect to floodplains and the groundwater table. A study should be performed to determine 
the most feasible location for the ground storage reservoirs.   

 
8.3 Water Distribution System 

The water distribution system for Kaukauna Utilities consists of a single pressure zone. The water 
system includes PVC, ductile iron, and cast-iron pipes ranging in size from 4-16 inches. A 
breakdown of pipe sizes is shown in  
Table 2.  

 
Table 2: Water Distribution System Pipe Summary 

Size Material Linear Feet 
4” Metal 754  
4” PVC 642  
6” Metal 79,569  
6” PVC 25,195  
8” Metal 27,838  
8” PVC 209,887  

10” Metal 30,583  
10” PVC 19,103  
12” Metal 16,685  
12” PVC 117,093  
16” Metal 10,636  
16” PVC 1,100   

Total 539,085  
 

The areas of the distribution system that are being served by 4-inch undersized water mains have 
access to hydrants fed on larger water mains.  

 
Kaukauna Utilities has 6,695 utility-owned water service lines. Approximately 214 private lead 
water services and 351 public lead water services remain in the water distribution system as of 
May 1, 2024. Kaukauna Utilities is working to remove the private and public lead water service 
lines from the water distribution system. The City of Kaukauna has a lead service line 
replacement ordinance which requires owners to replace the private lead water service lines in 
conjunction with public water main and service reconstruction.  

9. Water Demand 
 

Kaukauna Utilities has an average daily pumping demand of 1,300,445 gallons based on data from 
the 2022 PSC Annual Report. This demand consists of about 67% residential demand. A summary 
of the water demand for Kaukauna Utilities is included in Appendix D. 
  
The top ten water users in the system are listed in Table 3. These customers are not anticipated to 
leave the Kaukauna Utilities water system in the next 20 years.  
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Table 3: Top 10 Water Users  

Customer 
Annual Water Use  

(High Year) 
Gallons 

1 Ahlstrom Munksjo 2,321,585  
2 Bernatello’s Pizza 1,798,934  
3 St. Paul Elder Services 769,335  
4 Aurora BayCare Medical Center 617,261  
5 Kaukauna Utilities 538,255  
6 Kaukauna Area School District 495,493  
7 Griesbach Trucking 427,892  
8 Albany International Corp 168,114  
9 Best Wash Inc 163,276  

10 City of Kaukauna 147,300  
 

Kaukauna Utilities should anticipate increased water demand over the next 20 years. This demand 
includes residential development to the southeast and industrial development to the north. The 
projections were calculated assuming a 0.5% annual increase in water demand, following 
discussions with Kaukauna Utilities. The water demand projections are shown in Table 4 and 
Figure 1.   

Table 4: Water Demand Projections 
Year Total Water 

Demand (gal) 
Average Day 
Demand (gal) 

Maximum Day 
Demand (gal) 

2000 464,305,000  1,272,000  2,252,000  
2001 484,189,000  1,327,000  1,961,000  
2002 501,160,000  1,373,000  2,011,000  
2003 536,283,000  1,470,000  2,204,000  
2004 512,887,000  1,405,000  3,026,000  
2005 534,648,000  1,465,000  2,336,000  
2006 516,376,000  1,415,000  2,495,000  
2007 510,719,000  1,399,000  2,261,000  
2008 506,623,000  1,388,000  2,556,000  
2009 471,048,000  1,291,000  2,135,000  
2010 430,703,000  1,180,000  2,308,000  
2011 444,951,000  1,219,000  2,022,000  
2012 457,694,000  1,254,000  1,862,000  
2013 444,685,000  1,218,000  1,929,000  
2014 469,407,000  1,286,000  1,911,000  
2015 435,258,500  1,192,000  2,057,000  
2016 432,127,000  1,184,000  2,064,000  
2017 432,714,000  1,186,000  2,288,000  
2018 432,995,000  1,186,000  2,030,000  
2019 416,569,000  1,141,000  2,192,000 
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2020 409,484,000  1,122,000  1,827,000  
2021 422,636,000  1,158,000  1,922,000  
2022 473,362,000  1,297,000  2,213,000  
2025 480,499,000  1,316,000  2,317,000  
2030 492,631,000  1,350,000  2,376,000  
2035 505,071,000  1,384,000  2,435,000  
2040 517,824,000  1,419,000  2,497,000  
2045 530,900,000  1,455,000  2,560,000  

 
 

 
Figure 1: Annual Water Demand Projections 

10. Water Supply System 
 

10.1 Well Capacity 

The existing water supply system consists of five municipal wells. The wells can supply a total of 
3,225 gpm (4.6 million gallons per day (MGD)) if run concurrently. The well capacity is shown in 
Table 5.  
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Table 5: Well Capacity 

 
Well 

Current DNR 
Approved Well 
Capacity (GPD) 

Maximum DNR- 
Allowed Pumping 

Rate (gpm)* 

Current Well 
Pumping Rate (gpm) 

Proposed Well 
Capacity (gpm) 

Well 4  864,000 600 555 600 
Well 5 360,000 250 315 500 
Well 8 756,000 525 475 525 
Well 9 1,872,000 1,300 1,300 1,300 
Well 10 756,000 525 580 580 
Total Well Capacity 4,608,000  3,225 3,505 
Total Well Capacity 
Without Well 9 2,736,000  1,925 2,205 

Total Well Capacity 
Without Well 10 3,852,000  2,745 2,925 

    *Calculated assuming a 24-hour pumping day.  
 
The PSC uses Firm Well Capacity (FWC) to determine how the water supply system will perform 
under different demand conditions. Firm Well Capacity is the total capacity of the water supply 
system with the largest well out of service. In the case of Kaukauna Utilities, this would be Well 9, 
which operates at 1,300 gpm. This formula shows the total FWC of Kaukauna Utilities at 1,925 
gpm (2.7 MGD pumping at 24 hours per day; 2.0 MGD pumping at 18 hours per day).  
 
The PSC uses four equations to study a water supply system’s ability to provide for different 
demand conditions. All equations use FWC for the water supplied during an event. Equations 3 
and 4 also include storage in the water towers as a supply for the events considered. Equation 1 
studies maximum day demand in gallons per minute. Equation 2 looks at average day demand in 
gallons per minute. Equation 3 includes a fire flow event on a day of maximum demand in gallons 
per minute. Equation 4 considers maximum hour demand in gallons per minute. These 
calculations are included in Appendix D. A summary of the water demand calculations, for both 
the current system and future demands for the year 2043 are included in Table 6. If the number is 
positive, then Kaukauna Utilities has excess capacity in that category. If the number is negative, 
the Utility is deficient in that category, which means Kaukauna Utilities could not supply water 
under that demand condition with the largest well out of service. 
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Table 6: Water Demand Calculations Summary 

Scenario 
Equation 1 – 

Maximum Day 
(gpm) 

Equation 2 – 
Average Day 

(gpm) 

Equation 3 – Fire 
Flow on Maximum 

Day (gpm) 

Equation 4 – 
Maximum 

Hour (gpm) 
Current 2023 – FWC  0 124 1,500 12,883 
Future 2043 – FWC (422) (75) 1,078 11,997 
Future – With Well 9 878 1,225   

 
These calculations indicate that the system’s storage and well capacity is currently sufficient to 
provide for maximum day demand, average day demand, a fire flow event, and maximum hour 
demand. The water storage and well capacity is also sufficient to provide average day, fire flow, 
and maximum hour demand for the projected demands in 2043. It is projected that the existing 
system will not be able to provide maximum day demand in the year 2043 with Well 9 out of 
service.   
 
The above calculations for maximum day demand were made by using a pumping time of 18 
hours per day. This 18-hour pumping time leads to the conclusion that Kaukauna Utilities cannot 
provide the water demand on the current or future maximum day with Well 9 out of service. One 
solution to this is to run the pumps for 24 hours during maximum day instead of 18 hours if Well 9 
is out of service. Kaukauna Utilities’ wells can handle a 24-hour pumping day in the short term 
(such as on the maximum day when Well 9 is out of service), but this is not a recommended long-
term solution to meet average day demand. In the case of a 24-hour pumping day, the system 
spare capacity for the current maximum day demand increases from 0 gpm to 481 gpm. The 
future spare capacity for maximum day demand increases from -422 gpm to 165 gpm. The system 
can handle these maximum day and average day demands with Well 9 out of service but would 
need to extend the pumping duration.  
 
Another solution to meet these demands is to add another well to the system. The FWC will 
change significantly if another well is drilled that has a capacity close to Well 9.  The calculations 
require that the largest well is out of service. It is unlikely that planned maintenance would occur 
on Well 9 during the summer months when maximum day demand occurs. If the calculation is run 
with the second largest well out of service instead of the largest well out of service, the FWC 
increases from 1,925 gpm to 2,745 gpm. 
 
A decision could be made by Kaukauna Utilities to become a wholesale water provider to smaller 
communities without wells. Kaukauna Utilities currently has adequate water supply to expand to 
small neighboring communities to meet the average day demand even with Well 9 out of service. 
Well 9 would need to be in service to meet the maximum day demand.   
 
If Kaukauna Utilities joined water systems with Kimberly and Little Chute, as an example, the wells 
from Kimberly and Little Chute could be added to the water supply system if all the treatment 
processes were the same. Currently, Kimberly and Little Chute use ion exchange for water 
treatment. The advantage of joining water systems is when the FWC calculation is done, only one 
well out of all three communities needs to be considered not in service. Right now, each 
community needs to have one well out of service for the calculation. This joining of water systems 
increases redundancy in the water system. Another advantage of joining water systems would be 
increasing the efficiency in the water system, such as sampling and repairing water main breaks. 
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Currently, Kimberly and Little Chute outsource sampling and water main breaks to private 
companies.   
 
Based on the above discussion of well capacity, recommendations include the following: 

1. Evaluate in ten years whether another well is needed by 2035 to meet future average day 
and maximum day demand with Well 9 out of service.  The evaluation will further refine 
the average day and maximum day projections that will be utilized at that time. 

2. Obtain DNR approval to increase the daily capacity of Well 5 from 360,000 gallons per day 
(250 gpm) to 720,000 gallons per day (500 gpm) within the next 10-15 years based on the 
current growth projections.   

3. Increase the capacity of Well 4 and Well 8 by increasing the speed of the pumps using the 
variable frequency drive which will pump more water. 

4. Consider and evaluate whether Kaukauna Utilities wants to become a wholesale water 
provider. 

a. If Kaukauna Utilities wants to proceed with becoming a wholesale water provider 
for a community that does not have any wells, perform a study to determine if a 
well is needed. 

b. If Kaukauna Utilities wants to proceed with becoming a wholesale provider for a 
community with wells and have those wells as a part of the water supply system, 
perform a feasibility study to determine how to integrate the systems. 

 
10.2 Aquifer and Pumping Information 

More information on each well is included in Table 7. The well information came from Kaukauna 
Utilities and the DNR Groundwater Retrieval Network. The water elevations listed are from 
pumping records from June 2023.  
 

Table 7: Well Information 

Well No. Aquifer Static Water 
Elevation (ft) 

Pumping Water 
Elevation (ft) 

4 Sandstone/ Limestone 524 405 
5 St. Peter Sandstone 524 490 

10 Sandstone/ Dolomite 540 469 
8 Sandstone/ Dolomite 531 398 
9 Sandstone/ Limestone 531 432 

  
Currently, Kaukauna Utilities does not have issues with its groundwater supply. The static water 
levels have been consistent over the years. Figure 2 shows the average annual static water level 
at each Utility well. The level has generally increased in the past ten years, even with increased 
water demand. Wisconsin Rural Water Association was also consulted on the sustainability of the 
aquifers in Kaukauna, and they did not have concerns with the aquifer’s ability to supply water to 
Kaukauna Utilities long-term.  
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Figure 2: Annual Average Static Water Level at Kaukauna Utilities Wells 

 
 10.3 Surface Water  

Kaukauna Utilities has an option to switch from groundwater to surface water as a source of 
water. This option has the benefit of eliminating the issue of radium and high water hardness 
associated with Kaukauna’s groundwater. There are two communities nearby that are wholesale 
suppliers for surface water.    
 
10.3.1 Lake Michigan Surface Water – Green Bay Water Utility 
 
The Green Bay Water Utility supplies water to Ashwaubenon, Hobart, the Town of Scott, and 
Wrightstown. The Green Bay Water Utility obtains water from Lake Michigan by Algoma. The 
water hardness of the water from Lake Michigan is 135-155 mg/L (8-9 grains per gallon). 
 
The nearest water transmission main connection is located near the Village of Wrightstown.  
The pipeline is an 18-inch diameter pipeline that serves Wrightstown. The pipeline may have 
capacity to supply Kaukauna Utilities with surface water. The transmission main is 
approximately 4.5 miles from Kaukauna Utilities’ water distribution system. Kaukauna Utilities 
would need to install a 4.5-mile pipeline to connect to the surface water transmission main near 
Wrightstown. A booster pump station may be required to pump water to Kaukauna. 
 
This option also includes the annual cost of purchasing water from the Green Bay Water Utility. 
Currently, the wholesale water rate from the Green Bay Water Utility is $2.55 per 1,000 gallons. 
The wholesale water rate is the same for all their wholesale customers. A conveyance charge is 
also required to be paid to Wrightstown and Ashwaubenon for using their transmission mains. 
The conveyance rate for Ashwaubenon is $0.33 per 1,000 gallons. The estimated conveyance 
rate for Wrightstown is $0.50 per 1,000 gallons.    
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10.3.2 Lake Winnebago Surface Water – Appleton Water Department  
 
The City of Appleton obtains surface water from Lake Winnebago. The nearest connection point 
is located approximately 2.5 miles southwest of the Kaukauna Utilities water system. The 
pipeline is a 12-inch diameter pipeline that serves Sherwood. The pipeline may have capacity to 
supply Kaukauna Utilities with surface water. Kaukauna Utilities would need to install a 2.5-mile 
pipeline to connect to the surface water transmission main. A booster pump station may be 
required to pump water to Kaukauna. 
 
This option also includes the annual cost of purchasing water from the City of Appleton. 
Currently, the wholesale water rate from the City of Appleton is $4.39 per 1,000 gallons. The 
wholesale water rate varies to each of their wholesale customers. A fire protection charge and a 
meter charge would be charged to Kaukauna Utilities each quarter. These charges are based on 
each customer’s specific situation. An estimated fire protection charge is $35,500 per quarter. 
The estimated meter charge is $700 per quarter.    
 
10.3.3 Surface Water Risks 
 
There is risk with purchasing water from another utility. Initially, there is only a single 
transmission main from the source water to the distribution system. There is a risk of 
transmission main failure. Kaukauna Utilities would have to decide if a backup system is going to 
be maintained in case of pipeline failure or other issues with the purchased water. If switching 
to surface water, it is recommended that the wells should be maintained as a backup system in 
case of emergency. The DNR does not require water treatment equipment to be maintained for 
emergency backup systems.   
 
The water rates can be unpredictable when set outside of the utility. The water rates are set by 
the PSC. It also does not give Kaukauna Utilities any control over final water quality.  
 
10.3.4 Surface Water Costs 
 
The cost comparisons between the two surface water options are included in Table 8 below. A 
detailed breakdown of this cost estimate is included in Appendix A.  
 

Table 8: Surface Water Options Cost Breakdown 
Description Capital Cost 

Estimate 
Annual O+M 

Estimate 
20-Yr O+M 
Estimate 

Capital + 20-
Year O+M 
Estimate 

Surface Water from 
Appleton  $6,570,000 $ 2,280,000 $45,500,000 $52,100,000 

Surface Water from 
Wrightstown $9,270,000 $1,660,000 $ 33,100,000 $42,400,000 

 
Kaukauna Utilities should stay with groundwater since well capacity and aquifer capacity is 
projected to be sufficient for at least the next 20 years. If Kaukauna Utilities chooses to pursue 
the option of changing the source water to surface water, it is recommended that a further 
study be performed to determine specific connection points and hydraulics required for the 
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connection pipeline. The preliminary costs estimates should be refined in that study before a 
final decision is made to switch to surface water.    
 

 10.4 Water Reuse 

Water reuse is the capture and use of wastewater for beneficial use such as agricultural 
irrigation, industrial cooling, or potable water. Indirect potable reuse (IPR) uses an 
environmental buffer such as a lake, river, or aquifer before the water is treated at a drinking 
water treatment plant. Direct potable reuse (DPR) involves treatment and distribution of water 
without an environmental buffer. IPR is the more common water reuse method.  
 
Water reuse has been an effective solution in areas with little access to fresh water. As early as 
1962, Montebello Forebay in Los Angeles County, California started using IPR by recharging the 
aquifer with wastewater treatment plant effluent. In recent years, a lack of water in some 
communities has sped up the integration of water reuse into water systems. Wichita Falls, Texas 
experiences extreme drought conditions throughout the year. In 2018, Wichita Falls brought its 
IPR project into service, which discharges wastewater via a 17-mile pipeline to a lake. This water 
is then treated with Cloth Media Filtration and used for drinking water. Several water districts 
across California have also implemented water reuse. Orange County Water District employs a 
Groundwater Replenishment System. This process takes treated wastewater effluent from 
Orange County Sanitary and treats it with microfiltration, reverse osmosis, and ultraviolet light 
disinfection. The treated water is then pumped into injection wells and percolation basins. 
Figure 3 is from the EPA and shows planned and construction reuse projects in the United States 
as of 2017.  

 
Figure 3: Water Reuse Programs in the U.S. 2017 

 
Reference: U.S. Environmental Protection Agency and CDM Smith. 2017. Potable Reuse 
Compendium. Washington D.C.  
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Kaukauna Utilities has expressed an interest in investigating the feasibility of reusing 
wastewater treatment plant effluent from the Heart of the Valley Metropolitan Sewerage 
District (HVMSD) as a drinking water source. HVMSD receives wastewater from Kaukauna, Little 
Chute, Kimberly, Combined Locks, and the Darboy Sanitary District. The average daily flow to the 
plant is 5.5 MGD. The plant can treat flows up to 26 MGD.  
 
HVMSD discharges effluent to the Fox River. The water reuse project for Kaukauna Utilities 
would involve rerouting some of the effluent water for drinking water treatment. HVMSD 
already provides 3 MGD to Fox Energy Center for power plant cooling. There would be sufficient 
effluent water to supply Kaukauna Utilities because the maximum day demand for Kaukauna 
Utilities is approximately 2 million gallons. The average day demand for Kaukauna Utilities is 1.3 
million gallons.  
 
There has been one case study in central Wisconsin on water reuse. The case study was the 
result of declining water levels and increasing water demand in the area. A pilot study was 
conducted with DNR approval involving the treatment of water in a stream down-river of the 
municipality’s wastewater treatment plant. The project did not result in water reuse in the area 
due to public disinterest and DNR involvement.  
 
The DNR requires that community water be taken from the best available source. The best 
available source is determined through many characteristics including contaminant 
concentrations, seasonal variations, and treatment required. Determining the characteristics of 
the effluent water from HVMSD would require intensive testing. It is unlikely the effluent water 
would be determined to be of a higher quality than the current groundwater source for 
Kaukauna Utilities.  
 
Even if the effluent water was determined to be the best available source, there would be high 
capital and operational costs associated with water reuse. The pilot study would be required to 
run throughout at least a full calendar year to determine how treatment efficiency would 
change seasonally. The whole treatment process would need to be more advanced than reverse 
osmosis treatment and would need to include multiple stages of disinfection. Lastly, because 
water reuse is new to municipalities in the state of Wisconsin, the DNR would require extensive 
testing throughout the life of the water reuse plant to ensure quality water is being delivered to 
Kaukauna Utilities’ customers. The PSC may not allow a water reuse project to advance if there 
are other, less costly options for safe drinking water.  
 
Even with these hurdles, the largest barrier for water reuse in Kaukauna Utilities would be public 
perception. Each community that has implemented water reuse has faced the difficulty of public 
acceptance. To gain public acceptance, extensive information campaigns to educate the 
community would be necessary. This adds time and expense to a water reuse project.  

 
Kaukauna Utilities should stay with groundwater since well capacity and aquifer capacity is 
projected to be sufficient for at least the next 20 years. If Kaukauna Utilities chooses to pursue 
the option of changing to water reuse, it is recommended that a further study be performed 
to determine constituents in the HVMSD effluent water. 
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11. Water Quality 
 

11.1 Raw Water Quality 

Full raw water quality results for all wells are included in Appendix E. Kaukauna Utilities currently 
treats raw water by removing iron and radium. Water hardness is also an issue in the water 
system. Currently, customers are responsible for softening their water. The raw water quality 
results are summarized in Table 9.  
 

Table 9: Raw Water Quality Summary 
Well 
No. 

Iron 
(mg/L) 

Strontium 
(mg/L)  

Sulfate 
(mg/L) 

Hardness as 
CaCO3 
(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Sample  
Date 

4 0.61 24 583 754 1,088 2/22/2023 
5 0.81 21 607 778 1,173 2/22/2023 

10 0.59 27 381 536 802 2/22/2023 
8 0.55 20 441 565 862 2/22/2023 
9 0.53 26 451 619 918 2/22/2023 

 
The Utility tested the raw water for PFAS in February 2023. All five wells were found to have no 
detection of any PFAS compounds in the raw water. 
 
11.2 Treated Water Quality  

The water treatment plants (Main Filter Plant, Well, 8 and Well 9 treatment plants) are removing 
iron and radium to levels acceptable by Kaukauna Utilities. The drawback to the current 
treatment technique is the high cost of removing radium with chemical addition and the lack of 
water hardness removal. A summary of finished water quality results for the treated water is 
included in Table 10. Appendix E includes more finished water quality data from sample points 
around the distribution system.  

 
Table 10: Finished Water Quality 

Testing Location Total Chlorine 
(mg/L) 

Iron 
(mg/L)  

Sulfate 
(mg/L) 

Hardness as 
CaCO3 (mg/L) 

Sample 
Date 

Main Filter Plant --- <0.02 --- 665 4/23/2021 
Entry Point 8 --- <0.02 --- 585 4/23/2021 
Entry Point 9 --- 0.02 --- 639 4/23/2021 
Entry Point 8 1.71 <0.06 430 618 10/20/2022 
Entry Point 9 1.80 <0.06 464 670 10/20/2022 

Entry Point 400 1.83 <0.06 528 727 10/20/2022 
777 Island St 1.26 0.06 536 719 10/20/2022 

2700 Northridge Dr 1.25 <0.06 440 638 10/20/2022 
406 10th St 1.30 <0.06 456 677 10/20/2022 

1701 CTY HWY CE 1.33 <0.06 485 706 10/20/2022 
Main Filter Plant --- <0.06 548 563 1/17/2023 
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Note the finished water quality’s hardness concentration is very similar to the raw water 
hardness. The pressure filter tanks do not remove water hardness.   
 
The DNR requires chlorine in the distribution system to be greater than 0.01 mg/L, with a 
maximum residual chlorine level of 4 mg/L. The chlorine results show that Kaukauna Utilities is 
maintaining an acceptable level of chlorine in the distribution system.  
 
The DNR sets secondary maximum contaminant levels for drinking water in NR 809.70. The 
secondary maximum contaminant levels are for inorganic chemicals that do not have health risks 
when exceeded and are only associated with cosmetic or aesthetic aspects of drinking water 
quality.  There are no DNR violations when the maximum levels are exceeded. NR 809.70(1) states 
“Waters containing inorganic chemicals in quantities above the limits contained in this section are 
not hazardous to health but may be objectionable to an appreciable number of persons.” The 
secondary standard for sulfate is 250 mg/L. Finished water sulfate level ranges from 430-548 
mg/L. The secondary standard for total dissolved solids is 500 mg/L. Total dissolved solids level 
ranges from 802-1173 mg/L.  
 
NR 809.71, Sampling and Analytical Requirements for Secondary Standards, states if the DNR 
receives complaints on aesthetic water quality, then the water supplier will be required to 
implement a monitoring program to determine compliance with the secondary standards.     
 
Water supplied by Kaukauna Utility is completely safe to drink and does not pose a health risk. 
 

11.2.1 Strontium  

Strontium is not currently regulated by the DNR. It is a naturally occurring mineral found in 
groundwater. It does not pose a cancer risk to people but could have other health impacts. 
Because of this, the EPA has considered establishing a maximum contaminant level for strontium. 
The current level of strontium in Kaukauna Utilities’ drinking water is higher than any level being 
considered for the maximum contaminant level by the EPA. The EPA has set a non-enforceable 
lifetime limit of 4 mg/L and a short-term limit of 25 mg/L. If the EPA pursues setting a maximum 
contaminant level for strontium in the future, the current levels in Kaukauna Utilities’ drinking 
water would need to be addressed and treatment would need to be added for strontium removal.  
 

11.2.2 Water Hardness  

There is no secondary standard for water hardness directly, but water hardness and sulfate both 
contribute to total dissolved solids. The water in Kaukauna is extremely hard. The main 
components of water hardness are caused by calcium and magnesium. The groundwater in 
Kaukauna has a total water hardness level of CaCO3 ranging from 563-778 mg/L (36-45 grains per 
gallon). Kaukauna Utilities encourages customers to use a total water hardness setting of 48 grains 
per gallon for their water softeners because the water softener should be set to 4 grains per 
gallon higher than the water hardness.   
 
There is a wide range in the water hardness test results. Table 11 shows water hardness testing 
results from two different laboratories from 2021 – 2023. The main filter plant site shows a water 
hardness range of 665-838 mg/l. It is suspected that the large range of water hardness levels is not 
accurate as water hardness should not vary greatly at each site.  
 



Well 5
Carus Carus Carus Carus Carus Carus Badger Badger Carus Badger

4/23/2021 2/25/2022 2/25/2022 2/25/2022 2/25/2022 4/23/2021 2/22/2023 2/22/2023 4/23/2021 2/22/2023
Treated Treated Treated Finished Finished Raw Raw Raw Raw Raw

Hardness as CaCO3 mg/l 665 792 838 827 810 783 754 778 548 536
Calcium mg/l 231 278 295 287 281 280 271 279 182 178
Magnesium mg/l 21 23 25 27 26 20 19 20 22 22

Carus Carus Badger Badger Carus Carus Badger Badger
4/23/2021 4/23/2021 2/22/2023 10/20/2022 4/23/2021 4/23/2021 2/22/2023 10/20/2022

Raw Finished Raw Finished Raw Finished Raw Finished
Hardness as CaCO3 mg/l 585 589 565 618 637 639 619 670
Calcium mg/l 202 203 195 215 215 216 210 229
Magnesium mg/l 19 19 19 19 23 24 23 23

Well 9

Table 11 - Hardness Testing Results

Note: Carus testing  data on 2/25/2022 at Main Filter Plant is not considered accurate beause they are higher than any individual test result at Well 4, 5, or 10. The 
Main Filter Plant water hardness is the weighted average of the water from Wells 4, 5, and 10. 

Location
Laboratory
Test Date

Treated or Raw Water

Well 8

Laboratory
Test Date

Treated or Raw Water

Location Well 10Well 4Main Filter Plant
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For example, the Main Filter Plant water hardness levels should be the same as a weighted 
average of the water hardness levels from Wells 4, 5, and 10. The Main Filter Plant water hardness 
level cannot be higher than any of the levels from the individual wells. But in February 2022, the 
Main Filter Plant water hardness was measured at 792-838 mg/L, which is higher than the water 
hardness measured individually at Wells 4, 5, or 10. This inconsistency in water hardness could be 
a result of different testing methods from different laboratories or from the testing being wrong 
that day. Strontium, orthophosphate, and polyphosphate interfere with the water hardness 
testing procedure.   

 

12. Main Filter Plant Alternatives Analysis 
 

Part of the Main Filter Plant site is located in the 100-year floodplain of the Fox River. As 
previously explained in Section 8.1.4 Main Filter Plant Site, the pressure filter tank in the Main 
Filter Plant building is in poor condition and is in need of replacement. There are four alternatives 
being considered for the Main Filter Plant.  
 
12.1 Alternative 1: No Changes 

This alternative includes not making any improvements to the Main Filter Plant or changing the 
location. The high risk associated with this alternative is having the Main Filter Plant fail and not 
being able to produce potable water. The high risk is associated with the pressure filter 
developing leaks that cannot be repaired so the tank cannot be placed back in service in a timely 
fashion. The Main Filter Plant produces potable water at 1,450 gpm. If the Main Filter Plant is 
removed from service, then Well 4, Well 5, and Well 10 would be out of service. The Main Filter 
Plant can be removed from service during low flow periods but should not be removed from 
service during high flow periods. If the Main Filter Plant was removed from service for several 
months during high flow periods, over-pumping of Well 8 and Well 9 would occur. The aquifer 
would not be able to recharge properly during that time. 
 
This alternative is not recommended because the structures at the Main Filter Plant are past their 
useful life. The pressure filter tank was lined in 2016 as a temporary solution to extend the life of 
the filters by about ten years. The filters should be replaced to ensure the Main Filter Plant can 
function when the liner fails.  
 
The ground storage reservoirs present a high risk of groundwater leaking into the reservoir. 
Groundwater can contain surface water contaminants that can cause widespread sickness to 
customers. The current process of chlorine addition minimizes the risk of these contaminants 
impacting customer health.  
 
This alternative is not desirable because the Main Filter Plant is located within the 100-year 
floodplain of the Fox River. Wisconsin DNR Administrative Code Chapter NR811.25 (1) (d) states 
all water system related buildings must be constructed such that the floor elevation is at least two 
feet above the 100-year flood elevation. The Main Filter Plant currently does not meet this 
requirement but is grandfathered into the code.        
 
In addition to the building itself being in the floodplain, the reservoirs on the Main Filter Plant site 
are in the 100-year floodplain. In Wisconsin DNR Administrative Code Chapter NR 811.63(1), it 
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states that potable water storage facilities may not be located within a floodway and the lowest 
elevation of the bottom floor shall be a minimum of two feet above the regional 100-year flood 
elevation. The existing reservoirs are not in the floodway but are in the floodplain. The bottom 
floors of the reservoirs are below the 100-year floodplain and the groundwater table. The existing 
water reservoirs do not conform to the current Wisconsin DNR Administrative Code 
requirements, thus posing a larger risk of contaminants leaking into the ground storage 
reservoirs.  

 
12.2 Alternative 2: Replace Pressure Filter Tank at Current Location 

This alternative includes replacing just the pressure filter tank at the Main Filter Plant. This 
alternative is to be considered the bare minimum for improvements needed at the Main Filter 
Plant because the concrete liner in the steel pressure filter tank is anticipated to start leaking 
considerably in less than five years. There are currently signs of the pressure filter tank leaking. 
This alternative would involve reusing the existing building for the pressure filter tank. The work 
would need to be coordinated to remove the Main Filter Plant from service during the low flow 
months to install the new pressure filter tank. This raises the cost of this alternative to speed up 
the replacement process.   
 
This alternative does not consider any other improvements at the Main Filter Plant site, such as 
the aged ground storage reservoirs. In addition, it does not move the Main Filter Plant out of the 
floodplain and therefore would not address the current Wisconsin DNR Administrative Code 
violations associated with their location in the floodplain discussed in Alternative 1. This 
alternative is not recommended for these reasons.  
 
The preliminary cost estimate for replacing the pressure filter tank at the Main Filter Plant is 
included in Table 14.  
 
12.3 Alternative 3: Rebuild Water Treatment Plant Building and Reservoirs at Current Location 

This alternative includes a new pressure filter tank, reservoirs, booster pumps, suction and 
discharge piping, and a generator at the current Main Filter Plant location. This alternative 
includes demolition of existing reservoirs, booster pumps, and piping in the Booster Pump 
Station. This alternative includes reusing the Main Filter Plant Building.   
 
This alternative was explored to determine if there would be any cost savings associated with 
staying on the same site for the Main Filter Plant. There are some limitations with staying at the 
current site. The Main Filter Plant must stay in operation during construction to supply average 
water demand during high flow periods. The water system cannot be supplied by just Well 8 and 
Well 9 during the entire construction period. The work would need to be coordinated to remove 
the Main Filter Plant from service during the low flow months to install the new pressure filter 
tank. This raises the cost of this alternative in order to speed the replacement process along.  
 
The reservoir construction must be sequenced so that one reservoir is demolished, part of the 
new reservoir is built, then the other reservoir is demolished and the second part of the new 
reservoir can be built. This sequencing is necessary due to the need for the reservoir during 
construction, as well as the limited space on site. The current reservoir locations will have to be 
used for the future reservoir. These construction sequencing requirements will add to the cost of 
this alternative.  
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This alternative is beneficial because it would not involve rerouting the transmission main from 
Wells 4, 5, and 10 to a new location. There is currently an 8-inch transmission main that connects 
Well 4 (100 linear feet), Well 5 (2,100 linear feet), and Well 10 (6,100 linear feet) to the existing 
Main Filter Plant.  
 
This alternative is also not desirable because the Main Filter Plant site would still be located in the 
floodplain. Keeping the Main Filter Plant in the floodplain does not comply with Wisconsin DNR 
Administrative Code, as discussed in Alternative 1.  
 
The DNR may not allow this as an alternative unless the floor of the Main Filter Plant building was 
raised two feet above the 100-year floodplain during the installation process of the tank. A 
detailed predesign study would need to be performed to determine if the DNR would require 
alterations to the building and to determine the feasibility of the actual construction process and 
length of construction for the work. It is possible that the construction time frame would be too 
long to have the Main Filter Plant out of service. 
 
If a different treatment process is selected, the Main Filter Plant building would require an 
addition. The preliminary cost estimates for rebuilding the Main Filter Plant at the current site are 
included in Tables 14, 15, and 17.  
 
12.4 Alternative 4: New Water Treatment Plant Building at New Site  

This alternative includes building a new Water Treatment Plant building including a new pressure 
filter tank, booster pumps, suction and discharge piping, ground storage reservoir, and a 
generator on a new site. This alternative includes demolition of the existing reservoirs, booster 
pumps, and the piping in the Booster Pump Station and removing the pressure filter tank from the 
Main Filter Plant building and repurposing the existing Main Filter Plant building to a storage 
facility.   
 
Four proposed building sites for a new Water Treatment Plant building are being considered to 
relocate the Main Filter Plant outside the 100-year floodplain. A two-acre site is needed for the 
new Main Treatment Plant. The main drawbacks of this alternative are the high capital costs of 
new building construction and the cost of rerouting the raw water transmission main for Wells 4, 
5, and 10 to a new site. All the sites being considered are along the raw water transmission main 
from Well 10 to the existing Main Filter Plant to minimize the raw water transmission main costs.  
 
This alternative has the major benefit of moving the Main Filter Plant outside the floodplain. This 
would allow access and use of the water treatment plant and reservoirs during a 100-year flood 
event. The preliminary cost estimate for building the Main Filter Plant at a new site is included in 
Tables 14, 15 and 17. 
 
Four sites were considered for a new Water Treatment Plant building location. A map of the 
proposed Water Treatment Plant sites is shown in Figure 10 in Appendix B.  
 
Proposed Site #1 is on Boyd Avenue, just south of the City pool at the current archery range site. 
This site is desirable due to its proximity to the existing raw water transmission main, and the 
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property is currently owned by the City of Kaukauna. This site is also uphill from the river, fairly 
level, and out of the floodplain. The archery range is currently located on this site. 
 
Proposed Site #2 is to the west of the Konkapot Creek Trail. This site is also near the existing raw 
water transmission main. This site is undesirable due to the steep topography in this area. 
 
Proposed site #3 and #4 are in Horseshoe Park. These sites are beneficial because they are already 
located on City-owned property and are near the raw water transmission main. These sites are 
also outside the floodplain. Site #3 is north of the baseball field. This site is not desirable due to 
the steep slope. Site #4 is not desirable because it is the site of a former fill site, not suitable for 
building foundations.  
 
12.5 Main Filter Plant Recommendations 

The risks and benefits for each alternative for the Main Filter Plant are included in Appendix G. 
 
Alternative #4 - New Water Treatment Plant Building at New Site is the recommended 
alternative. The new Main Water Treatment Plant location would allow for the necessary 
building size for new treatment equipment and would comply with the DNR regulation of being 
outside the floodplain. This alternative would lower the risks associated with having the Main 
Filter Plant, reservoirs, and booster pump station in the floodplain and would replace the 
equipment and structures identified in the study report as being past their useful life. 
Alternative #4 also allows the existing Main Filter Plant to keep producing water while the new 
water treatment plant is being built.  
 
Site #1, located on Boyd Street just south of the City pool at the current archery range site, is 
considered the most viable location for the proposed Water Treatment Plant building that was 
studied. Site #1 appears to be the most feasible of the properties studied since the property is 
already owned by the City, the property is relatively level, and the property is close to the raw 
water transmission main located at Well 5. We recommend that a predesign study be 
performed to refine the preliminary cost estimate for the alternative, exact site, and treatment 
option selected. This study should include working with the City on relocation of the archery 
range site. 

13. Water Treatment Analysis 
The scope of the study includes an analysis of various water treatment processes to remove water 
hardness. The focus of the treatment options is removing water hardness to address customer 
concerns and provide cost savings to customers.  
 
13.1 Surveys  

A survey of Kaukauna Utilities’ customers was conducted to gain a better understanding of how 
customers soften and use their water, and what customers would like to see in water 
improvements moving forward. There were 1,309 people that responded to the survey.   It was 
found that 87% of respondents use a water softener to treat their water. The survey showed that 
957 respondents use a water filter in their house or buy bottled water for drinking water instead 
of drinking water directly from the tap. Only 8% of respondents did not want to see 
improvements or changes to the water quality in Kaukauna. Of the respondents that gave a 
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reason for their dissatisfaction with the water quality, hard water was the top reason for 
dissatisfaction. The survey questions and results are included in Appendix H. 
 
A survey of plumbing contractors and salt suppliers in the Fox Valley area was conducted to 
investigate how much Kaukauna Utilities’ customers spend on water softening and replacement 
appliances compared to other communities. Questions included the lifespan of different 
appliances in Kaukauna versus other communities, the cost of replacement water heaters, and 
the amount of salt customers use each month. The survey questions and results are included in 
Appendix H. 
 
13.2 Water Softeners 

Based on the Kaukauna Utilities customer survey, 1,131 people out of 1,304 people (87%) that 
answered the question chose to treat the water with a water softener. Water softeners use an ion 
exchange process to remove water hardness. Ion exchange water treatment is a common method 
used to remove water hardness from water by exchanging calcium and magnesium ions with 
sodium or potassium ions. Water softeners require salt to operate. While this ion exchange 
process is effective for moderately hard water, water softeners can face challenges when dealing 
with water that is extremely hard.   
 
When the ion exchange resin comes in contact with extremely hard water, the resin gets 
exhausted quickly as it reaches its maximum capacity for exchanging ions. As a result, the resin 
needs frequent regeneration which uses more salt and water. The need for more frequent 
regeneration cycles adds to the operational costs and disrupts the continuous flow of treated 
water. It also requires larger ion exchange equipment to handle the higher volume of resin. 
 
When using sodium as the exchange ion, the process adds sodium ions to the treated water. The 
extremely hard water will add a significant amount of sodium ions to the water. Sodium, when 
dissolved in water, forms sodium ions (Na+), which are charged particles. These ions increase the 
water’s overall conductivity, meaning the water becomes a better conductor of electricity. 
 
Water heaters have metal components, such as heating elements and the tank itself. When high-
conductivity water (water with high sodium content) surrounds these metal parts, it creates an 
environment that facilitates an electrochemical process known as electrolytic corrosion. This 
corrosion occurs when electric currents flow between different metal components through the 
conductive water resulting in the breakdown of the metal over time. The electrolytic corrosion 
eats away at the metal components of the downstream equipment leading to leaks, rust, and 
ultimately, failure.   
 
Water heaters in Kaukauna have been estimated to fail every five to seven years based on 
information from the local plumbing contractors. Clothes washers, dish washers, and water 
fixtures are also ruined prematurely and need to be replaced sooner with corrosive water.   
 
It is important to note that while sodium can contribute to increased conductivity and corrosion, 
other factors, such as the presence of other dissolved minerals and the pH of the water, can also 
play a role in the corrosion process.  
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13.3 Target Water Hardness  

The recommended target water hardness level is between 70-120 mg/L (4-7 grains per gallon). 
There are factors that contribute to this recommended water hardness level.  
 
Water hardness levels for communities surrounding Kaukauna were compared. The target water 
hardness level for Kaukauna is lower than the water hardness level in the surrounding 
communities. It is anticipated that by providing water at this hardness level, Kaukauna customers 
can remove or bypass their water softeners. Table 12 has the water hardness levels for 
surrounding communities.  

 
Additionally, Kaukauna Utilities performed a taste test on six different bottled waters. Each person 
who participated in the taste test ranked their top choice of bottled water by flavor. The hardness 
level of each bottled water was also tested. The bottled water hardness ranged from 4-10 grains 
per gallon.  It was found that taste was subjective and lower hardness does not always result in 
better tasting water. Table 12 also includes the water hardness results from Kaukauna Utilities’ 
taste test.  
 

Table 12: Water Hardness Level Comparisons 

Water Source Water Hardness Level 
(mg/L) 

Water Hardness Level 
(grains per gallon) 

City of Appleton 138 8.0 
City of Green Bay 157 9.1 
Village of Little Chute 129 7.5 
Village of Kimberly 95 5.5 
Village of Wrightstown 157 9.1 
Core Bottled Water 69 4 
Smart Water Bottled Water 69 4 
Fiji Bottled Water 138 8 
Ice Mountain Bottled Water 172 10 
Nature’s Touch Bottled Water 103 6 
Aquafina Bottled Water 69 4 

 
Another resource when determining the target water hardness for Kaukauna Utilities was the UW-
Madison Water System Excellence Project (WSEP) Wisconsin Water Utility Report Cards. The 
WSEP compiled publicly available and original data to “grade” municipal water on multiple 
subjects – Water Quality - Health, Water Quality - Aesthetics, Finance, Infrastructure & 
Operations, and Communications. The Water Quality - Aesthetic score incorporates water 
hardness into the grade. Appendix F includes more details into the WSEP Report Card grading.  
 
The current average water hardness of Kaukauna Utilities’ water is 665 mg/L (39 grains per 
gallon). This results in a water quality - aesthetics score of 63.6, which is a grade of D-. The water 
quality - aesthetic score for Kaukauna Utilities’ water was calculated for different hardness levels if 
centralized softening was implemented. Kaukauna Utilities would receive a score between 94.4 - 
96.8 with a finished water hardness between 70-120 mg/L (4-7 grains per gallon). This score is 
considered an “A”, or excellent water quality, with respect to hardness. Figure 4 illustrates how 
the quality - aesthetic score for Kaukauna Utilities changes with different target water hardness 
levels.  
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Figure 4: Kaukauna Water Quality - Aesthetics Score for Different 

Proposed Target Hardness Levels Using Reverse Osmosis Treatment 
 
 
A case study with a similar change in water hardness occurred in Wrightstown when they 
switched from using groundwater as their source of water to purchasing surface water from Lake 
Michigan. When Wrightstown was using groundwater as the water source, the water hardness 
level was 540 mg/L (32 grains per gallon). By switching to surface water, the water hardness level 
is now 155 mg/L (9.1 grains per gallon). Wrightstown has estimated that 90% of residents no 
longer use water softeners. It is expected that a similar change in water softening by customers 
will occur if Kaukauna changes their target water hardness level to between 70-120 mg/L (4-7 
grains per gallon).    
 
Appendix F includes supplemental information on water hardness which contributed to the 
recommended target water hardness level for Kaukauna Utilities.  
 
13.4 Customer Cost Savings for Water Hardness Reduction Performed by Utility 

The survey results were compiled and extrapolated to find the cost savings if the customers 
receive water with a water hardness level between 70-120 mg/L (4-7 grains per gallon).  It is 
assumed that if Kaukauna Utilities adds treatment for water hardness reduction, customers will 
remove their water softeners and save on costs associated with water softening and longer 
service life for water heaters and appliances. An explanation of calculations is included in 
Appendix H. It is anticipated that the average residential customers of Kaukauna Utilities will save 
approximately $720 per year. The potential total savings for all the customers is $4.8 million 
annually by receiving water that has water hardness reduced to a level between 70-120 mg/L (4-7 
grains per gallon). This calculation is a conservative estimate for the items that could be 
quantified. See Table 13.1 and 13.2. There are far more benefits than those listed in the estimate 
such as the saving of faucets, valves, coffee makers, showers, toilets, swimming pools, and hot 
tubs. The reduced water hardness will also add life to plumbing fixtures.  
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Kaukauna Utilities

Estimate Annual Costs Savings for Customers with 3/4" Meter if Hardness Reduction Treatment is Implemented
April 4, 2024

Percentage of Customers to Which Costs Apply

Residential Customer Costs with Current Treatment - Iron and Radium Filtration
Salt Usage Costs - Materials Only1

180$  - 240$     180$     - 240$     

Labor Costs for Salt -$   - -$   -$   - -$   

Water Softener Regeneration Water Costs 95$    - 135$     95$       - 135$     

Water Softener Replacement Costs 80$    - 120$     80$       - 120$     

Water Heater Replacement Costs2
125$  - 175$     125$     - 175$     125$  - 175$    

Appliance Replacement Costs2
225$  - 275$     225$     - 275$     225$  - 275$    

Bottled/ Home Filter Water Costs1
220$  - 260$     

Total Annual Costs 925$  - 1,205$  705$     - 945$     350$  - 450$    

Average Annual Costs with Current Treatment

Residental Customer Costs with Adding Hardness Reduction Treatment
Water Heater Replacement Costs2

80$    - 100$     80$       - 100$     80$     - 100$    

Appliance Replacement Costs2
125$  - 175$     125$     - 175$     125$  - 175$    

Total Annual Costs 205$  - 275$     205$     - 275$     205$  - 275$    

Average Annual Costs with Hardness Reduction Treatment

Summary
Average Annual Costs with Current Treatment

Average Annual Costs with Hardness Reduction Treatment

Annual Cost Savings for Residential Customers

Total Number of Residental Customers with 3/4" Meter

Estimated Total Annual Residential Customer Cost Savings

Potential Total Annual Customer Cost Savings

Estimated Weighted Average Annual Cost Saving for Residential Customers 723$    

1Costs from Kaukauna Customer Cost Survey
2Costs from Plumber and Softening Company Surveys

Table 13.1 - Estimated Annual Water Softening Costs 

for Residential Customers with 3/4" Meter 

825$       

4,856  

4,006,000$    

75%

1,065$    

240$       

1,065$    

240$       

15% 10%

240$      240$       

825$      400$       

240$      240$       

825$      400$       

971    647     

585$      160$       

568,000$      104,000$       

4,678,000$       



Kaukauna Utilities

Estimate Annual Costs Savings for Customers if Hardness Reduction Treatment is Implemented
April 4, 2024

Meter Size

Customer Costs with Current Treatment - Iron and Radium Filtration
Salt Usage Costs - Materials Only 325$     - 400$    180$  - 240$   325$     - 400$     790$     - 890$     1,400$ - 1,600$ 3,100$ - 3,500$    5,000$   - 12,000$ 

Labor Costs for Salt -$     - -$     240$  - 300$   320$     - 380$     450$     - 550$     700$     - 900$     1,200$ - 1,600$    2,000$   - 6,000$   

Water Softener Regeneration Water Costs 180$     - 220$    95$    - 135$   180$     - 220$     430$     - 490$     720$     - 920$     1,600$ - 2,000$    2,500$   - 4,500$   

Water Softener Replacement Costs 125$     - 200$    80$    - 120$   125$     - 200$     350$     - 450$     600$     - 800$     1,400$ - 1,800$    4,000$   - 28,000$ 

Water Heater Replacement Costs 240$     - 290$    125$  - 175$   240$     - 290$     550$     - 650$     900$     - 1,100$ 2,200$ - 2,600$    3,000$   - 8,000$   

Appliance Replacement Costs 225$     - 275$    - - - - - -

Total Annual Costs 1,095$ - 1,385$ 720$  - 970$   1,190$ - 1,490$ 2,570$ - 3,030$ 4,320$ - 5,320$ 9,500$ - 11,500$ 16,500$ - 58,500$ 

Average Annual Costs with Current Treatment

Water Heater Replacement Costs 140$     - 180$    80$    - 100$   140$     - 180$     330$     - 390$     600$     - 680$     1,200$ - 1,800$    2,300$   - 2,800$   

Appliance Replacement Costs 125$     - 175$    - - - - - -

Total Annual Costs 265$     - 355$    80$    - 100$   140$     - 180$     330$     - 390$     600$     - 680$     1,200$ - 1,800$    2,300$   - 2,800$   

Average Annual Costs with Hardness Reduction Treatment

Summary
Average Annual Costs with Current Treatment

Average Annual Costs with Hardness Reduction Treatment

Annual Cost Savings for Customers

Total Number of Customers

Estimated Total Annual Customer Cost Savings

Potential Total Annual Customer Cost Savings

See Appendix H for detailed calculations

Table 13.2 - Estimated Annual Water Softening Costs for Customers

Residential Water Service Commerical & Industrial Water Service Residential, Commercial, & Industrial Water Service

2.0 Inch 3.0 Inch 4.0 Inch

1,240$     845$     1,340$      2,800$      4,820$      10,500$      

0.75 Inch 1.0 Inch 0.75 Inch 1.0 Inch 1.5 Inch

37,500$      

Customer Costs with Adding Hardness Reduction Treatment

310$     90$     160$     360$     640$     1,500$      2,550$      

See Table 13.1

10,500$      37,500$      

310$     90$     160$     360$     640$     1,500$      2,550$      

1,240$      845$     1,340$      2,800$      4,820$      

9,000$      34,950$      

6,474 27 287 97 61 54 19 8 

-$     930$     755$     1,180$      2,440$      4,180$      

4,678,000$     8,000$     26,000$     16,000$     22,000$     29,000$      20,000$      35,000$     

4,834,000$      

See Table 13.1

See Table 13.1
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13.5 Water Treatment Options 

With a new water treatment process, raw water from Wells 4, 5, and 10 would be treated at a 
proposed water treatment plant located south of the Fox River. Raw water from Wells 8 and 9 
would be treated at an upsized Well 9 water treatment plant located north of the Fox River. A raw 
water transmission main between Well 8 and 9 would be installed, and the Well 8 water 
treatment plant would remain for pretreatment to remove iron. All options below would include 
new treatment equipment at the Main Filter Plant and the upsized Well 9 Treatment Plant.  

It is anticipated that if Kaukauna Utilities changes its current treatment process, a pilot test will be 
required by the DNR. The pilot study will add to the timeline of the project and add cost to the 
project compared to not changing the treatment process. As an example, the current Wisconsin 
DNR Administrative Code Chapter NR811.50 (3) requires a pilot length of two to seven months for 
reverse osmosis or nanofiltration treatment. 

Each water treatment option has a summary of estimated capital and operating costs shown 
below. These estimated costs are shown in detail in Appendix A. 

13.5.1 Water Treatment Option 1: Keep Existing Water Treatment Process - Filtration 

Water treatment option 1 is to keep the existing treatment process. This process involves filtration 
for iron removal and the addition of potassium permanganate and manganese sulfate for radium 
removal.  

This option is beneficial due to the operators at Kaukauna Utilities being familiar with the existing 
treatment technique. It involves treatment for the major constituents of concern in the water: 
iron and radium. The drawback with this type of radium removal is the cost of potassium 
permanganate and manganese sulfate chemical which is approximately $60,000 per year for 
Kaukauna Utilities. The chemical cost is a major contribution to operations and maintenance costs 
for the water utility. Table 14 summarizes the capital and operational costs associated with Option 
1.  

Table 14: Preliminary Cost Estimate: Option 1 – Keep Existing Water Treatment Process - Filtration 
Description Capital 

Cost 
Annual 

Operating Cost 
20-Years

Operating Cost 
Capital Cost + 20-

Year Operating Cost 
Alternative 1 - Option 1 
Filtration 

$0 $488,000 $9,700,000 $9,700,000 

Alternative 2 - Option 1 
Filtration 

$3,100,000 $488,000 $9,700,000 $12,800,000 

Alternative 3 - Option 1 
Filtration 

$7,300,000 $488,000 $9,700,000 $17,100,000 

Alternative 4 - Option 1 
Filtration  

$8,300,000 $488,000 $9,700,000 $18,000,000 

This option also allows Kaukauna Utilities’ water customers to have no change in water quality. 
This is beneficial because changing water quality can have a negative connotation with water 
customers. However, by not changing the current water quality, the water customers would still 
be receiving water high in hardness because the existing treatment technique does not remove 
water hardness. This results in the cost of water softening to remain on water customers.   
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13.5.2 Water Treatment Option 2: Ion Exchange Treatment Process  

Water treatment option 2 is ion exchange water treatment. Ion exchange functions as a large-
scale water softener. With the simplicity of the treatment technique, there is a benefit to 
operators who are already familiar with the water softening process. This treatment equipment is 
also easy to maintain and only requires salt for regenerating the resin media. This treatment 
process also eliminates the need for potassium permanganate and manganese sulfate for radium 
removal. This process would result in higher operational costs compared to the current treatment 
method. Ion exchange would still require filtration prior to the ion exchange system to remove 
iron. Ion exchange is also the treatment method used in the neighboring communities of Little 
Chute and Kimberly.  

This process has the main benefit of reducing hardness in water. This process would benefit water 
customers because they would no longer have to keep and maintain their water softeners. A 
summary of the costs of water softening for customers is included in Table 13.  

The main drawback of ion exchange is the high operational costs associated with buying salt. This 
cost outweighs the cost savings from eliminating the need for potassium permanganate and 
manganese sulfate. Table 15 summarizes the capital and operating costs for Option 2.  

Table 15: Preliminary Cost Estimate: Option 2 – Ion Exchange Treatment Process 
Description Capital Cost Annual 

Operating 
 

20-Years 
Operating 

 

Capital Cost + 20-
Year Operating Cost 

Alternative 3 - Option 2 
Ion Exchange 

$15,500,000 $670,000 $13,400,000 $28,900,000 

Alternative 4 - Option 2 
Ion Exchange 

$16,000,000 $670,000 $13,400,000 $29,400,000 

 
Ion exchange also discharges chlorides to the Heart of the Valley Wastewater Treatment Plant. 
The wastewater treatment plant is currently nearing their chloride limit. If reached, the plant 
would need to add a process to remove chlorides from the effluent water.  

Lastly, it is anticipated that a chemical would need to be added for pH adjustment to make the 
water less corrosive. The ion exchange treatment process does not change the end use water 
quality in the system. This treatment process shifts the water softening from the customer to the 
Utility. It is anticipated that the amount of sodium in the treated water at the point of use will 
remain approximately the same as what the customers are now using with residential, 
commercial, and industrial water softeners operating. This means the wear on customer 
appliances and water heaters will be the same. It is possible the pH adjustment chemical will 
lengthen the life of water heaters, but there will still be higher wear associated with softened 
water compared to reverse osmosis or nano-filtered water because of the sodium content.  

 

13.5.3 Water Treatment Option 3: Reverse Osmosis or Nanofiltration Treatment Process 

Water treatment option 3 is reverse osmosis or nanofiltration treatment. This treatment process 
consists of pushing water through a semipermeable membrane using high pressure. Pressure 
filters would still be required for this option as pretreatment to remove iron. Reverse osmosis or 
nanofiltration treatment would replace the potassium permanganate and manganese sulfate 
chemical addition for the removal of radium. An antiscalant chemical would need to be added to 
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the treatment process to not foul the membranes quickly. The operational cost savings would be a 
net zero cost associated with the chemicals.  

The main difference between reverse osmosis and nanofiltration is the pressure needed to force 
the water through the membrane. Reverse osmosis uses a membrane that is less permeable than 
the membrane used in nanofiltration. The reverse osmosis membrane has smaller holes than the 
nanofiltration membrane. This difference in membrane means less constituents get through the 
reverse osmosis membrane than the nanofiltration membrane, but more power is required for 
reverse osmosis treatment. Reverse osmosis and nanofiltration result in the same finished water 
quality.  

A major benefit of reverse osmosis or nanofiltration over Option 1 (filtration only) is that it 
removes water hardness. This treatment process would have the same benefits to the customers 
described in Option 2 associated with the removal of customer water softening. These cost 
savings are summarized in Table 13. Reverse osmosis or nanofiltration has the additional benefit 
of not adding sodium to the water like Option 2 does. This treatment process aids the wastewater 
treatment plant in lowering chloride levels while still removing hardness from water.  

There are currently four reverse osmosis water treatment plants approved by the DNR in 
Wisconsin. Waupun Public Utilities and Stanley Municipal Waterworks have reverse osmosis 
treatment plants in operation. Winneconne Water Utility’s reverse osmosis water treatment plant 
is in construction and will be in operation soon. The City of Prescott Municipal Water Utility 
reverse osmosis treatment plant is planned to start construction in summer of 2024.  

Municipalities in Minnesota have been incorporating reverse osmosis treatment to treat water 
hardness for longer than Wisconsin. The first reverse osmosis water treatment plant was 
constructed in 1998 in Madison, Minnesota. A summary of the three reverse osmosis water 
treatment plants in Minnesota that would be very similar to Kaukauna’s raw water quality are 
included below in Table 16.  

Table 16: Minnesota Reverse Osmosis Water Treatment Plants 

Municipality Year Placed in 
Service 

Average Day 
Demand (MGD) 

Raw Water 
Hardness 

(mg/L, gpg) 

Finished Water 
Hardness 

(mg/L, gpg) 

Northfield In construction 2.0 310 18 95 5.5 

Redwood Falls 2011 1.5 1,015 59 215 12.5 

St. Peter 2011 1.1 413 24 86 5.0 

 

Redwood Falls, Minnesota accomplishes an 80% decrease in water hardness, a similar goal to 
Kaukauna Utilities. The communities in Minnesota that use reverse osmosis for water hardness 
treatment demonstrate that this treatment technique can be a feasible option for municipalities.   

Reverse osmosis or nanofiltration has higher capital costs than Option 1, but lower capital costs 
than Option 2. Reverse osmosis or nanofiltration has higher operating costs than Option 1 and 2. 
Table 17 summarizes the capital and operating cost estimates.  

Table 17: Preliminary Cost Estimate: Option 3 - Reverse Osmosis or Nanofiltration  
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Description Capital Cost Annual 
Operating Cost 

20-Years 
Operating Cost 

Capital Cost + 20-
Year Operating Cost 

Alternative 3 - Option 3 
Reverse Osmosis  $13,900,000 $950,000 $19,000,000 $32,900,000 

Alternative 4 - Option 3 
Reverse Osmosis  $14,400,000 $950,000 $19,000,000 $33,400,000 

 

Reverse osmosis or nanofiltration treatment for Kaukauna Utilities would have a waste stream of 
approximately 17%-20% of the water pumped. The water hardness, sulfates, total dissolved solids, 
radium, and strontium will get filtered out and concentrated into a stream of wastewater to be 
sent to the wastewater treatment facility or to a surface water discharge point. The cost of 
sending this waste stream to the wastewater treatment facility would be high. 

Through conversations with the DNR, if the radium and iron is removed in the pressure filters and 
the pressure filter backwash water is sent to the wastewater treatment plant, then the reverse 
osmosis waste stream may be approved to be sent directly to surface water. Kaukauna Utilities 
has applied for a General Discharge Permit from the DNR to discharge the reverse osmosis waste 
stream directly to surface water. If this permit is approved, then the high cost for sending the 
waste stream to the wastewater treatment facility would not be a factor. The wastewater 
treatment cost for the reverse osmosis waste stream is not included in Table 17.  

If reverse osmosis or nanofiltration treatment is chosen, the wells would have to produce 
approximately 17%-20% more water to account for the waste stream. The water calculations that 
were performed in Section 10 were reevaluated with this additional water demand. These 
calculations are summarized in  

Table 18.  

 
Table 18: Demand Calculations with Reverse Osmosis or Nanofiltration 

Scenario 

Equation 1 
Maximum 

Day 

Equation 2 
Average 

Day 

Equation 3 Fire 
Flow on 

Maximum Day 

Equation 4 
Maximum 

Hour 
Current Demand + 
17% (327) (182) 1,173 1,318 

Future 2043 Demand + 
17% - FWC (821) (415) 679 1,085 

Future 2043 Demand + 
17% - with Well 9  479 885 1,979 2,385 

 

With Well 9 out of service, the water system could not meet the current or future average daily 
demand when pumping at 12 hours per day and could not meet the current or future maximum 
daily demand when pumping at 18 hours per day. With Well 9 in service, the water system can 
handle current and future demand with the additional water needs of reverse osmosis or 
nanofiltration. 
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The above calculations for average day demand were made by using a pumping time of 12 hours 
per day. This 12-hour pumping time leads to the conclusion that Kaukauna Utilities cannot provide 
the current water demand on average day with a reverse osmosis or nanofiltration treatment 
system and Well 9 out of service. If the wells are run for 13.1 hours, they will supply current 
average day demand with reverse osmosis or nanofiltration treatment and Well 9 out of service.  

If Kaukauna Utilities chooses to go with the reverse osmosis or nanofiltration water treatment 
process, Well 5 pumping capacity should be increased from 250 gpm to 500 gpm. The pumping 
capacity change would require approval from the DNR. This increase in water supply capacity 
would allow the system to meet current average day demand with reverse osmosis or 
nanofiltration water treatment with a spare capacity of 3 gpm. The Main Filter Plant is currently 
not sized for this additional flow from Well 5.  

The above calculations for maximum day demand used a pumping time of 18 hours per day. This 
18-hour pumping time leads to the conclusion that Kaukauna Utilities cannot provide the water 
demand on current maximum day with a reverse osmosis or nanofiltration treatment system with 
Well 9 out of service. One solution to this is to run the pumps for 19.2 hours during current 
maximum day instead of 18 hours if Well 9 is out of service. Kaukauna Utilities’ wells can handle 
extra pumping per day in the short term (such as on the maximum day when Well 9 is out of 
service), but this is not a recommended long-term solution to water supply needs.  

13.5.4 Water Treatment Option 4: Pellet Softening Treatment Process  

Water treatment option 4 is pellet softening treatment. With pellet softening, water is pushed 
through a fluidized bed of sand. The chemistry concept of pellet softening is the same as lime 
softening. A catalyst, either caustic soda (sodium hydroxide) or lime (calcium hydroxide), is used to 
increase pH of the water and to precipitate calcium which will reduce water hardness. The 
chemistry process requires the source water to have a water hardness that is high in calcium and 
low in magnesium. Kaukauna has 225 mg/L calcium and 20 mg/L magnesium, so Kaukauna is a 
good fit based on chemistry. 

Pellet softening uses a tall vertical tank with a fast loading rate to produce a calcium pellet. The 
vertical tank would be approximately 20 feet tall and would be required to be built indoors.  The 
tank is open to the atmosphere on top. The chemistry seems to be stable compared to lime 
softening since there is a fast loading rate. Sand is added to the tank as seed material. The calcium 
will precipitate and attach itself to the sand particle. The sand particle will grow to 200-300% of 
the original size. The pellet is extracted when the pressure difference above and below the 
strainer plate has reached the predetermined differential. The waste pellet is placed in a waste 
dumpster and 95% dewatered two hours later. There is about a 1% waste of source water with 
pellet softening.  The calcium pellet can be landfilled, land applied, or fed to livestock. The calcium 
pellet may be able to be sold to concrete companies or drywall manufacturers. Sand needs to be 
added daily as a seed.   

Calcium hardness is estimated to be reduced by 80-90%. Magnesium hardness would not be 
reduced with pellet softening. This magnesium issue is not a concern for Kaukauna, as 90% of the 
water hardness in the raw water is from calcium. With 90% calcium hardness reduction, pellet 
softening would reduce the overall water hardness to approximately 150 mg/L (9.0 grains per 
gallon), which is higher than the targeted hardness range discussed above in Section 13.3. Pellet 
softening also reduces iron and manganese.  



Kaukauna Utilities  2024 Water System Study 

36 
 

There is no data from the pellet softening manufacturers for radium and strontium removal, but 
lime softening removes both radium and strontium and the chemistry is the same as pellet 
softening. It is expected that pellet softening would also reduce strontium as much as 40-80% and 
radium as much as 50-80%, but this would need to be confirmed during pilot testing. The iron 
filter would not be necessary as pretreatment for pellet softening.  

The operations of pellet softening are automated to minimize Kaukauna Utilities’ staff onsite time; 
however, this treatment process would require additional vendor and operator oversight for 
waste disposal and sand replenishment. The pellet reactor works best to run 24 hours a day but 
can work if it runs at least eight hours straight and then is turned off. Sand needs to be added a 
minimum of once per day.    

The capital cost of pellet softening is higher than reverse osmosis or nanofiltration. The 
operational costs and operating labor are lower than reverse osmosis.  

Table 19: Preliminary Cost Estimate: Option 4 – Pellet Softening  

Description Capital Cost Annual 
Operating Cost 

20-Year 
Operating Cost 

Capital Cost + 20-
Year Operating Cost 

Alternative 3 - Option 4 
Pellet Softening $16,400,000 $900,000 $18,000,000 $34,400,000 

Alternative 4 - Option 4 
Pellet Softening  $16,200,000 $900,000 $18,000,000 $34,200,000 

 

A pellet softening system has never been installed or piloted in Wisconsin. A township in 
Pennsylvania installed a municipal pellet softening system in 2018, approved by the Pennsylvania 
DNR. Pellet softening is being piloted in Illinois and Indiana for industrial use. Because this 
technology is new to Wisconsin and the Midwest, the DNR would likely require more extensive 
pilot testing than if Kaukauna Utilities selected a more common treatment process that already 
has been approved by the DNR.   

A major benefit of pellet softening is that it removes calcium hardness, iron, manganese, 
strontium, and radium. Pellet softening has the benefit of leaving the carbonates in the water 
which helps stabilize the water from being corrosive. This treatment process aids the wastewater 
treatment plant in lowering chloride levels while still removing hardness from water. The downfall 
to pellet softening is the total water hardness is anticipated to only be removed to 150 mg/L. At 
this level some customers may choose to keep their water softener.  

Pellet softening would require more operations oversight than reverse osmosis treatment. There 
is also waste disposal associated with pellet softening that would need to be picked up weekly. 
Pellet softening would require more training for the operators and result in increased Utility 
operations time.  

 

 13.5.5 Water Treatment Option 5: Change from Groundwater Source to Surface Water Source  

Water treatment option 5 is for Kaukauna Utilities to switch to surface water as a source of water. 
This option has the benefit of eliminating the issue of radium and high water hardness associated 
with Kaukauna’s groundwater. There are two communities nearby that are wholesale suppliers for 
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surface water. The source surface water does not contain radium and contains a water hardness 
level between 120-160 mg/L. This surface water option was studied in Section 10.3 of this report. 
The capital and operating cost estimates for surface water source are summarized in Table 8 in 
Section 10.3.4.  

13.6 Other Water Treatment Processes Considered but Not Pursued as Options  

 
13.6.1  Lime Softening 

Lime softening is a treatment technique that involves adding lime and soda ash to untreated 
water. The hardness and alkalinity in the water is precipitated out and creates a residual 
sludge. This sludge must be disposed of with approval of the wastewater treatment plant. 
This treatment method is not preferred due to the operation and maintenance 
requirements. Lime feeders and lines carrying lime slurry to the point of application can be 
difficult to maintain. In addition, operators must understand the chemistry behind lime 
softening and test the water full-time to ensure the process is working as desired. Lime 
softening also does not address Kaukauna’s high iron or radium. This treatment technique 
was not pursued as an option due to these drawbacks.  
 

13.6.2  Electrodialysis Reversal Treatment 

Electrodialysis reversal treatment uses electricity to separate out ions through membranes. 
Electrodialysis reversal treatment is effective for removal of water hardness and metal ions, 
like iron.  

This treatment technique would necessitate additional treatment for organics and radium. 
The main advantage of electrodialysis reversal treatment is it has higher water recovery 
than reverse osmosis treatment, which is an option discussed below. This treatment 
technique was not pursued as an option due to the high capital costs and operating costs.  

13.6.3 Distillation 

Distillation is a process that relies on evaporation to remove contaminants from water. The 
process involves heating water to form steam, where contaminants will not evaporate. The 
steam is then cooled and condenses as purified water. Distillation is effective at removing 
iron, water hardness, and some microorganisms. There is a high energy cost for heating and 
cooling distilled water. Additionally, there is maintenance associated with cleaning the scale 
from the equipment that builds up as contaminants are distilled from the drinking water. If 
this is not cleaned periodically, the energy costs increase for heating the water. Because of 
the high water hardness of Kaukauna’s water, distillation would result in heavy scaling of the 
equipment and maintenance would be intensive for the operator. Distillation was not 
pursued as an option for treatment for Kaukauna Utilities due to the high operation and 
maintenance costs associated with it.  

 

13.6.4 Freezing Water 

Freezing water can separate out hardness from water because the contaminants will not 
freeze with the water. The process involves freezing water and then thawing, letting the first 
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water thawed to be removed from the solution. The contaminants will be contained in the 
initial water that is thawed. This process has been found to be effective at water hardness 
removal. It does not result in the same scaling issues as distillation because of the low heat 
involved. This is not a practical solution for a large-scale system due to the energy costs 
associated with freezing and thawing the water.  

13.7 Water Treatment Recommendations 

The risks and benefits for each water treatment option are included in Appendix G. The capital 
costs plus the annual operating costs for a 20-year period for each water treatment option are 
shown in Figure 5.   

A new treatment process is recommended for raw water in the water system. The 
recommended alternative is Option 3 which is to use a reverse osmosis or nanofiltration 
treatment process. This treatment process would benefit customers by lowering water hardness 
to a standard level and allow customers to save on the costs of water softening if they choose to 
eliminate their water softener. Additionally, the treatment process removes the high radium 
and iron in the raw water supply. This treatment process will also remove strontium and lower 
the total dissolved solids.  

It is strongly discouraged to use the ion exchange water treatment process due to the additional 
discharge of chlorides to the wastewater treatment process. The DNR is trying to set lower 
limits of chloride discharges for the wastewater treatment plants. Some other states have 
banned the installation of ion exchange systems due to the high chloride discharge. 

A schematic of the proposed water system is shown in Figure 11 in Appendix B. If Kaukauna 
Utilities chooses to go with the reverse osmosis or nanofiltration treatment option, it is 
recommended that a predesign study be done to analyze cost differences between reverse 
osmosis and nanofiltration at the time closer to purchase. Cost information from two suppliers, 
Water Surplus and Tonka Water, have been obtained for this report. Correspondence with these 
suppliers is included in Appendix J. Reverse osmosis has a lower initial capital cost but a higher 
operating cost due to pumping compared to nanofiltration. The costs in the report are based on 
reverse osmosis because at the time of the report the nanofiltration capital cost was 
significantly higher than reverse osmosis and one supplier felt that significantly higher capital 
cost would not be offset by operating costs. Also, one supplier found a Low E reverse osmosis 
membrane which would have lower energy usage than traditional reverse osmosis.    
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14. Water Distribution System 
The water distribution system for Kaukauna Utilities was studied with a computer water model 
prepared in the Bentley WaterCAD software. This computer water model includes the layout of 
the existing system and future system expansions Kaukauna Utilities is considering. Maps of the 
computer water model for each scenario and results are included in Appendix K.   
 
14.1 Computer Water Model Calibration 

The water system was drawn in WaterCAD using existing system maps and information from 
Kaukauna Utilities. The model includes pipes, junctions, reservoirs, and storage tanks. The pipes 
and junctions are drawn according to the existing system layout. Pipes include information on 
pipe sizes, material, and C-factors. The C-factor is a number that indicates the friction in a pipe 
and is determined by the pipe material and age. The model junctions are points of intersection for 
pipes, and they include information on elevation at each point. For the Kaukauna Utilities water 
model, the ground elevation for each point was used. There are two elevated storage tanks that 
model the existing Ann Street Water Tower and Industrial Park Water Tower.  
 
The model was calibrated with empirical fire flow data obtained from the Utility. The data 
included static pressure, residual pressure, and fire flow at hydrants throughout the system. For 
each fire flow test, the elevated storage tank operating level was recorded at the time of the fire 
flow. This information was then compared to the model fire flow results.  
 
First, static pressure was considered. To match the model to the field results, the elevated storage 
tank initial water heights were set to the height at which each hydrant test was performed. Then, 
the corresponding junction in the model was checked to see how the static pressure compared. 
Generally, the model matched the field results. There was an average difference between static 
pressures in the field and model of 1 pound per square inch (psi). 
 
When the static pressures were representative of the field data, fire flow and residual pressures 
were considered. WaterCAD has a calculation option that will run each junction at fire flow down 
to a minimum pressure. For our calibration, the pressure minimum was set to 30 psi. The 
minimum pressure required by DNR is 20 psi. 30 psi was used for calibration and for studying the 
model to account for the additional 10 psi pressure drop that would be caused by the hydrant and 
the hydrant lead, which are not included in the model.   
 
The field results did not have residual pressures as low as those in the model, which went down to 
30 psi. In order to compare residual pressures in the field to the model, a conversion equation 
was used on the field data to convert the fire flow at field residual pressure to the 30 psi used in 
the model. Then, the flow rate at each junction was compared to the converted field flow rate. 
Calibration was then done by changing the C-factors of the pipes. The water distribution system 
has three types of pipe materials: PVC, ductile iron, and cast iron. There were many combinations 
of C-factors input into the model, but it was determined that using the C-factors 90, 120, and 130 
for cast iron, ductile iron, and PVC respectively most closely matched the existing water system. 
There was an average difference in fire flows of -18 gpm when comparing the field fire flow to the 
converted model fire flow.  
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14.2 Computer Water Model Results 

The existing water system is considered the base water model. After establishing a base model, 
changes to the water system could be investigated such as pipe upsizing and water main 
extensions. The two main factors studied are static pressure and fire flow.  
 
The DNR has requirements for static pressure and fire flows in a public water system. The 
minimum static pressure to a customer is 35 psi. Kaukauna Utilities has residential customers 
currently at 50 psi. The minimum fire flow allowed by DNR is 500 gpm at 20 psi. This fire flow is a 
low-pressure situation and not ideal for firefighting. There are other guidelines for fire flow 
established by Insurance Services Office, Inc. (ISO) and are listed in Table 20.  
 

Table 20: ISO Recommended Fire Flows 
Type of Property Recommended Fire 

Flow (gpm) 
Residential 550- 750 

Schools 3,000- 3,500 
Commercial 1,000- 3,000 

Industrial 2,000- 3,000 
 
 
Each scenario is described below, and a summary of the fire flows for each scenario are included 
in Table 22 at the end of the section. The computer water modeling results are shown in 
Appendix K. 
 
14.2.1 Scenario 1: Hillcrest Water Main Pipe Upsizing  
The first scenario incorporates upsized piping along Hillcrest Drive and Boyd Street, from Dodge 
Street to County Highway CE. The Hillcrest Drive pipe connects to 12-inch PVC piping at both 
intersections. This scenario upsized all the piping along this street to 12-inch PVC. The existing 
system has a combination of 10-inch and 8-inch PVC and ductile iron piping. No additional piping 
was added to the system for this scenario.  
 
This scenario addresses low pressures and low fire flows in the residential area in the southeast 
portion of Kaukauna. The 12-inch water main along Hillcrest Drive resulted in higher fire flows in 
this area. This upgrade would be completed when the pavement on Hillcrest Drive reaches the 
end of its useful life in 10-15 years. 
 
14.2.2 Scenario 2: Loop at Evergreen Drive 
The second scenario involved the addition of a 12-inch PVC loop to a dead end at the north side of 
the water system at Evergreen Drive. The loop connects at the dead end on Evergreen Drive, 
follows County Highway CC south of USH 41, and connects to the existing system at the 
intersection of Mera Lane and Alyssa Street.  
 
This scenario adds redundancy to the system by adding another crossing under USH 41. It also 
raises fire flow in the areas near the loop. For example, the junction at the end of Evergreen Drive 
currently has a fire flow of 3,301 gpm @ 30 psi. By adding the loop, the fire flow at the end of 
Evergreen Drive increases to 5,294 gpm @ 30 psi.  
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14.2.3 Scenario 3: 12-Inch Southeast Expansion – No Additional Pressure Zones 
Scenario 3 includes the addition of 12-inch PVC water main to the southeast portion of Kaukauna. 
This was modeled as future residential development. The water main addition extends east to 
Outagamie Road, south to County Highway KK, and north to County Highway ZZ.  
 
This scenario successfully delivers acceptable fire flow and pressures to most of the expansion. 
There are low fire flows and low static pressures in the most southeast corner of the expansion. 
The southeast corner begins east of Military Road and south of Weiler Road. There is a hill in this 
area that is the cause of low pressures. The minimum static pressure with this scenario is 25 psi 
and the lowest fire flow is 316 gpm @ 30 psi. This fire flow is below the DNR minimum of 500 gpm 
@ 20 psi. Kaukauna Utilities could successfully expand to the southeast including all but the most 
southeast corner before needing to consider another pressure zone or another alternative for this 
area.  
 
14.2.4 Scenario 4: 16-Inch Southeast Expansion – No Additional Pressure Zones 
Scenario 4 has the same extension as Scenario 3 but includes 16-inch diameter PVC water main 
instead of 12-inch diameter PVC water main. The same situation occurs in the southeast corner of 
the extension. The minimum static pressure with this scenario is 25 psi and a minimum fire flow 
of 536 gpm @ 30 psi. Kaukauna Utilities could expand with this scenario to all but the most 
southeast corner before needing to consider an additional pressure zone or another solution to 
the low pressure in this area.  
 
14.2.5 Scenario 5: 12-Inch Southeast Expansion—Pressure Zone Addition  
Scenario 5 includes the same pipe extension as Scenario 3 with the addition of another pressure 
zone to the water system. The new pressure zone includes areas of the existing system that have 
the lowest pressures. The map showing the delineation between the two pressure zones is 
included in Appendix K.  
 
This scenario has the benefit of being able to supply water with an acceptable static pressure and 
acceptable fire flow to the most southeast portion of the extension. The addition of another 
pressure zone also raises pressure in the neighborhood to the north of County Highway CE at the 
far east of the existing water system. This area has the lowest pressures in the existing water 
system and is a concern for Kaukauna Utilities. This scenario has the drawback of the cost 
associated with isolating parts of the existing water system and creating dead ends in the water 
system. Another drawback of adding a pressure zone to the water system is the cost of an 
additional elevated storage tank.  
 
14.2.6 Scenario 6: 16-Inch Southeast Expansion—Pressure Zone Addition  
Scenario 6 includes the southeast expansion with 16-inch piping and a pressure zone addition to 
the water system. This scenario results in slightly higher fire flows available compared to Scenario 
5 but has the same drawbacks.  
 
14.2.7 Scenario 7: 12-Inch North Expansion 
Scenario 7 involves an expansion of the water system to the north of Kaukauna, addressing 
anticipated development of the industrial area. The expansion connects to the existing system at 
Evergreen Drive, runs north on STH 55 to County Road UU. County Highway UU is the 
northernmost end of this expansion. It then runs east across STH 41, where it turns south on 
County Line Road. It then is anticipated to connect to the existing system at the intersection of 
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County Highway ZZ and Outagamie Road. This connection point is a part of the southeast 
expansion water main. In this scenario, all piping is 12-inch PVC.  
 
This expansion allows for acceptable static pressure and fire flow throughout the junctions. 
Because of the relatively flat topography of the area, there is no need for an additional pressure 
zone to the north.  
14.2.8 Scenario 8: 16-Inch North Expansion 
Scenario 8 has the same north expansion as Scenario 7, but with all 16-inch PVC piping 
throughout. The upsize in piping allows for slightly higher fire flows throughout the expansion. 
Both scenarios result in adequate static pressures and fire flows.  
 
14.2.9 Scenario 9: Tower Drive Replacement and Loop to Edgewood Drive  
Scenario 9 looks at the part of the water system near the Industrial Park Water Tower. Currently, 
there is a 16-inch ductile iron pipe on Tower Drive between the water tower location and Eastline 
Road. Kaukauna Utilities is looking to replace this 16-inch pipe with a 12-inch pipe. This scenario 
also includes looping from the water tower location to the north, under STH 41, to the 
intersection of County Road JJ and Maloney Road.  
 
A summary of how these changes to the water system affect fire flows is included in  
Table 21. Junction J-719 is at the intersection of County Road JJ and Maloney Road. Junction J-489 
is located at the intersection of Tower Drive and Eastline Road.  

 
Table 21: Scenario 9 Fire Flows 

Scenario J-719 Fire 
Flow (gpm) 

J-489 Fire 
Flow (gpm) 

Current 4,775 10,000 
Downsize Tower Drive Pipe to 12-
inch 4,688 10,000 

Downsize Tower Drive Pipe to 12-
inch and Add Loop to North 6,523 10,000 

 
 

There is marginal benefit to fire flows to keep the 16-inch pipe. Downsizing to a 12-inch pipe 
would not affect the system’s fire flow capability and would save capital costs. Looping to the 
north has a benefit to fire flows on the north side of STH 41.  
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[INSERT FIRE FLOW TABLE AND MODEL DIAGRAMS HERE] 

Table 22: Fire Flow 
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14.3 Water Distribution System Recommendations 

 
A potential improvement to the water distribution system includes upsizing the water main on 
Hillcrest Drive from the current 8 and 10-inch piping to 12-inch piping. This improvement would 
benefit the areas of low fire flow in the southeast of the existing water system and would allow 
for higher fire flows in the future expansion to the southeast.  
 
Additionally, Kaukauna Utilities can stay on one pressure zone until development to the 
southeast necessitates the addition of a second pressure zone. It is projected Kaukauna Utilities 
can add to the water system to the southeast, to an area east of County Road GG and south of 
Weiler Road, before needing to add another pressure zone. By staying with one pressure zone 
as long as possible, it would minimize maintenance labor and postpone adding dead ends in the 
water system until another pressure zone is needed. Once development reaches this area, a 
second pressure zone should be evaluated as well as the possible need for another elevated 
storage tank for the second pressure zone. 
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Cost Estimates 
  



Kaukauna Utilities

Alternative 2 - Replace Pressure Filter Tank at Current Location

Option 1 - Keep Existing Water Treatment Process - Filtration

Capital Costs
Unit Qty Unit Price Cost Estimate

Main Filter Plant Building Renovations

Renovate Existing WTP Building LS 1 200,000$        200,000$         

Generators - Well 4, 5, 10, & Treatment Plant Ea 1 370,000$        370,000$         

Pressure Filter Tank Ea 1 900,000$        900,000$         

Site Piping LS 1 200,000$        200,000$         

Chemical Feed Equipment LS 1 15,000$          15,000$           

SCADA Improvements LS 1 200,000$        200,000$         

Demolition of Pressure Filter LS 1 100,000$        100,000$         

Well 8 & 9 Improvements

Replace Pressure Filter Media - Well 9 only Ea 1 100,000$        100,000$         

Subtotal 2,085,000$     

Inflation 3% per year, 3 years 9% 188,000$         

Contingency 15% 313,000$         

Engineering 20% 417,000$         

Admin/ Legal 2% 42,000$           

Total Capital Cost 3,045,000$     

Annual Operating Costs
Cost Estimate

Main Filter Plant  at New Site

Chemical Feed - Chlorine + Orthophosphate 50,000$           

Chemical Feed - HMO 30,000$           

Media Replacement - 15 years 3,012$             

Wells Running   - Electric Cost 69,069$           

Labor 63,385$           

Maintenance of Wells 15,000$           

Well 8 & 9

Chemical Feed - Chlorine + Orthophosphate 50,000$           

Chemical Feed - HMO 30,000$           

Media Replacement - every 15 years 3,012$             

Well 8+9 Running   - Electric Cost 96,052$           

Labor 63,385$           

Maintenance of Wells 15,000$           

Total Annual Operating Cost 488,000$         

20-year annual operating cost 9,760,000$     

Capital cost plus 20-year annual operating cost 12,805,000$   

October 20, 2023

Item

Item



Kaukauna Utilities

Alternative 3 - Rebuild Water Treatment Plant Building and Reservoirs at Current Location

Option 1 - Keep Existing Water Treatment Process - Filtration

Capital Costs
Unit Qty Unit Price Cost Estimate

Main Filter Plant Site Renovations

Renovate Existing WTP Building LS 1 200,000$        200,000$         

Generators - Well 4, 5, 10, & Treatment Plant Ea 1 370,000$        370,000$         

Pressure Filter Tank Ea 1 900,000$        900,000$         

Site Piping LS 1 200,000$        200,000$         

Chemical Feed Equipment LS 1 15,000$          15,000$           

SCADA Improvements LS 1 200,000$        200,000$         

Booster Pump Station Renovations LS 1 100,000$        100,000$         

Replace Booster Pump and Piping LS 1 300,000$        300,000$         

Ground Storage Reservoir - 600,000 Gal Ea 1 2,000,000$    2,000,000$      

Demolition of Reserviors, Booster Pump, 

Piping, & Pressure Filter LS 1 400,000$        400,000$         

Well 8 & 9 Improvements

Generators - Well 8 and 9 Ea 1 230,000$        230,000$         

Replace Pressure Filter Media - Well 9 only Ea 1 100,000$        100,000$         

Subtotal 5,015,000$      

Inflation 3% per year, 3 years 9% 451,000$         

Contingency 15% 752,000$         

Engineering 20% 1,003,000$      

Admin/ Legal 2% 100,000$         

Total Capital Cost 7,321,000$      

Annual Operating Costs
Cost Estimate

Main Filter Plant  at New Site

Chemical Feed - Chlorine + Orthophosphate 50,000$           

Chemical Feed - HMO 30,000$           

Media Replacement - 15 years 3,012$              

Wells Running   - Electric Cost 69,069$           

Labor 63,385$           

Maintenance of Wells 15,000$           

Well 8 & 9

Chemical Feed - Chlorine + Orthophosphate 50,000$           

Chemical Feed - HMO 30,000$           

Media Replacement - every 15 years 3,012$              

Well 8+9 Running   - Electric Cost 96,052$           

Labor 63,385$           

Maintenance of Wells 15,000$           

Total Annual Operating Cost 488,000$         

20-year annual operating cost 9,760,000$      

Capital cost plus 20-year annual operating cost 17,081,000$   

October 24, 2023

Item

Item



Kaukauna Utilities

Alternative 3 - Rebuild Water Treatment Plant Building and Reservoirs at Current Location

Option 2 - Ion Exchange Water Treatment Process

Capital Costs
Unit Qty Unit Price Cost Estimate

Main Filter Plant Site Renovations

Renovate Existing WTP Building & Addition LS 1 1,000,000$    1,000,000$                  

Generators - Well 4, 5, 10, & Treatment Plant Ea 1 370,000$        370,000$                     

Pressure Filter Tank Ea 1 725,000$        725,000$                     

Site Piping LS 1 200,000$        200,000$                     

Ion Exchange LS 1 1,780,000$    1,780,000$                  

Chemical Feed Equipment LS 1 30,000$          30,000$                       

SCADA Improvements LS 1 200,000$        200,000$                     

Ground Storage Reservoir - 600,000 Gal Ea 1 2,000,000$    2,000,000$                  
Demolition of Reserviors, Booster Pump, 

Piping, & Pressure Filter Ea 1 400,000$        400,000$                     

Well 8 & 9 Improvements

Generators - Well 8 & 9 Ea 1 230,000$        230,000$                     

Replace Pressure Filter Media - Well 9 only Ea 1 100,000$        100,000$                     

Ion Exchange LS 1 1,780,000$    1,780,000$                  

Chemical Feed Equipment LS 1 30,000$          30,000$                       

SCADA Improvements LS 1 200,000$        200,000$                     

Transmission Main to New Site LF 6500 200$                1,300,000$                  

Reservoirs Ea 1 300,000$        300,000$                     

Subtotal 10,645,000$                

Inflation 3% per year, 3 years 9% 958,000$                     

Contingency 15% 1,597,000$                  

Engineering 20% 2,129,000$                  

Admin/ Legal 2% 213,000$                     

Total Capital Cost 15,542,000$               

October 20, 2023

Item



Kaukauna Utilities

Alternative 3 - Rebuild Water Treatment Plant Building and Reservoirs at Current Location

Option 2 - Ion Exchange Water Treatment Process
October 20, 2023

Annual Operating Costs
Cost Estimate

Main Filter Plant  at New Site

Chemical Feed - Chlorine + Orthophosphate 50,000$                       

Salt Costs + labor 114,554$                     

Energy 2,130$                          

Resin Changeout - Every 10 Years + labor 7,320$                          

Well Running   69,069$                       

Labor 63,385$                       

Maintenance of Wells 15,000$                       

Well 8 & 9

Chemical Feed - Chlorine + Orthophosphate 50,000$                       

Well 8+9 Running   96,052$                       

Salt Costs 114,554$                     

Energy 2,130$                          

Resin Changeout - Every 10 Years 7,320$                          

Labor 63,385$                       

Maintenance of Wells 15,000$                       

Total Annual Operating Cost 670,000$                     

20-year annual operating cost 13,400,000$               

Capital cost plus 20-year annual operating cost 28,942,000$               

Item



Kaukauna Utilities

Alternative 3 - Rebuilt at Current Main Filter Plant Site

Option 3 - Reverse Osmosis/Nanofiltration Water Treatment Process

Capital Costs
Unit Qty Unit Price Cost Estimate

Main Filter Plant Site Renovations

Renovate Existing WTP Building & Addition LS 1 1,000,000$    1,000,000$                

Generators - Well 4, 5, 10, & Treatment Plant Ea 1 370,000$        370,000$                   

Pressure Filter Tank Ea 1 725,000$        725,000$                   

Site Piping LS 1 200,000$        200,000$                   

RO/ Nano Treatment Ea 1 1,254,000$    1,254,000$                

Booster Pump to RO Ea 1 40,000$          40,000$                     

Chemical Feed Equipment LS 1 45,000$          45,000$                     

SCADA Improvements LS 1 200,000$        200,000$                   

Ground Storage Reservoir - 600,000 Gal LS 1 2,000,000$    2,000,000$                
Demolition of Reserviors, Booster Pump, 

Piping, & Pressure Filter Ea 1 400,000$        400,000$                   

Well 8 & 9 Improvements

Generators - Well 8 and 9 Ea 1 230,000$        230,000$                   

Replace Pressure Filter Media - Well 9 only Ea 1 100,000$        100,000$                   

RO/ Nano Treatment Ea 1 1,144,000$    1,144,000$                

Booster Pump to RO Ea 1 40,000$          40,000$                     

Chemical Feed Equipment LS 1 45,000$          45,000$                     

SCADA Improvements LS 1 100,000$        100,000$                   

Transmission Main to New Site LF 6500 200$                1,300,000$                

Reservoir LS 1 300,000$        300,000$                   

Subtotal 9,493,000$                

Inflation 3% per year, 3 years 9% 854,000$                   

Contingency 15% 1,424,000$                

Engineering 20% 1,899,000$                

Admin/ Legal 2% 190,000$                   

Total Capital Cost 13,860,000$             

October 20, 2023

Item



Kaukauna Utilities

Alternative 3 - Rebuilt at Current Main Filter Plant Site

Option 3 - Reverse Osmosis/Nanofiltration Water Treatment Process
October 20, 2023

Annual Operating Costs
Cost Estimate

Main Filter Plant  at New Site

Antiscalant Chemical 21,627$                     

Chemical cleaning (1/yr) 25,625$                     

Cartridge replacement 20,970$                     

Metabisulfite 11,834$                     

Membrane replacement 132,770$                   

Booster Pump for RO 26,250$                     

Chemical Feed - Chlorine + Orthophosphate 50,000$                     

Well Running * 1.2 82,883$                     

Labor 82,401$                     

Maintenance of Wells 15,000$                     

Well 8 & 9

Antiscalant Chemical 21,627$                     

Chemical cleaning (1/yr) 25,625$                     

Cartridge replacement 20,970$                     

Metabisulfite 11,834$                     

Membrane replacement 132,770$                   

Booster Pump for RO 26,250$                     

Chemical Feed - Chlorine + Orthophosphate 50,000$                     

Well 8+9 Running * 1.2 115,262$                   

Labor 63,385$                     

Maintenance of Wells 15,000$                     

Total Annual Operating Cost 952,000$                   

20-year annual operating cost 19,040,000$             

Capital cost plus 20-year annual operating cost 32,900,000$             

Item



Kaukauna Utilities

Alternative 3 - Rebuilt at Current Main Filter Plant Site

Option 4 - Pellet Softening Water Treatment Process

Capital Costs
Unit Qty Unit Price Cost Estimate

Main Filter Plant  at New Site

Renovate Existing WTP Building & Addition LS 1 1,500,000$    1,500,000$                

Generators - Well 4, 5, 10, & Treatment Plant Ea 1 370,000$        370,000$                   

Pressure Filter Tank Ea 1 725,000$        725,000$                   

Site Piping LS 1 200,000$        200,000$                   

Pellet Softener Ea 1 1,415,000$    1,415,000$                

Chemical Feed Equipment Ea 6 10,000$          60,000$                     

SCADA Improvements LS 1 200,000$        200,000$                   

Ground Storage Reservoir - 600,000 Gal LS 1 2,000,000$    2,000,000$                

Well 8 & 9 Improvements

WTP Building Addition Ea 1 800,000$        800,000$                   

Generators - Well 8 and 9 Ea 1 230,000$        230,000$                   

Iron Filter - Change Media Only Ea 1 75,000$          75,000$                     

Pellet Softener Ea 1 1,415,000$    1,415,000$                

Chemical Feed Equipment Ea 2 10,000$          20,000$                     

SCADA Improvements LS 1 100,000$        100,000$                   

Transmission Main to New Site LF 6500 200$                1,300,000$                

Reservoir LS 1 300,000$        300,000$                   

Main Filter Plant Site
Demolition of Reserviors, Booster Pump, 

Piping, & Pressure Filter & Repurpose Main 

Filter Plant Building Ea 1 500,000$        500,000$                   

Subtotal 11,210,000$             

Inflation 3% per year, 3 years 9% 1,009,000$                

Contingency 15% 1,682,000$                

Engineering 20% 2,242,000$                

Admin/ Legal 2% 224,000$                   

Total Capital Cost 16,367,000$             

February 22, 2024

Item



Kaukauna Utilities

Alternative 3 - Rebuilt at Current Main Filter Plant Site

Option 4 - Pellet Softening Water Treatment Process
February 22, 2024

Annual Operating Costs
Cost Estimate

Main Filter Plant  at New Site

Chemical Feed - Chlorine + Orthophosphate 50,000$                     

Pellet Softening O&M 177,302$                   

pH Down Chemical 25,000$                     

Chemical Feed - HMO 30,000$                     

Iron Filter Media Replacement - 15 years 3,012$                       

Well Running 69,069$                     

Maintenance of Wells 15,000$                     

Labor 85,000$                     

Well 8 & 9

Chemical Feed - Chlorine + Orthophosphate 50,000$                     

Pellet Softening O&M 177,302$                   

pH Down Chemical 25,000$                     

Well 8+9 Running 96,052$                     

Labor 85,000$                     

Maintenance of Wells 15,000$                     

Total Annual Operating Cost 903,000$                   

20-year annual operating cost 18,060,000$             

Capital cost plus 20-year annual operating cost 34,427,000$             

Item



Kaukauna Utilities

Alternative 4 - New Water Treatment Plant Building at New Site

Option 1 - Keep Existing Water Treatment Process - Filtration

Capital Costs
Unit Qty Unit Price Cost Estimate

Water Treatment Plant at New Site

New WTP Building LS 1 1,500,000$    1,500,000$     

Generators - Well 4, 5, 10, & Treatment Plant Ea 1 370,000$        370,000$         

Pressure Filter Tank Ea 1 725,000$        725,000$         

Site Piping LS 1 225,000$        225,000$         

Chemical Feed Equipment LS 1 60,000$          60,000$           

SCADA Improvements LS 1 200,000$        200,000$         

Transmission Main to/from New Site LF 1400 200$                280,000$         

Ground Storage Reservoir - 600,000 Gal Ea 1 1,500,000$    1,500,000$     

Well 8 & 9 Improvements

Generators - Well 8 and 9 Ea 1 230,000$        230,000$         

Replace Pressure Filter Media - Well 9 only Ea 1 75,000$          75,000$           

Main Filter Plant Site
Demolition of Reserviors, Booster Pump, 

Piping, & Pressure Filter & Repurpose Main 

Filter Plant Building Ea 1 500,000$        500,000$         

Subtotal 5,665,000$     

Inflation 3% per year, 3 years 9% 510,000$         

Contingency 15% 850,000$         

Engineering 20% 1,133,000$     

Admin/ Legal 2% 113,000$         

Total Capital Cost 8,271,000$     

Annual Operating Costs
Cost Estimate

Main Filter Plant  at New Site

Chemical Feed - Chlorine + Orthophosphate 50,000$           

Chemical Feed - HMO 30,000$           

Media Replacement - 15 years 3,012$             

Wells Running   - Electric Cost 69,069$           

Labor 63,385$           

Maintenance of Wells 15,000$           

Well 8 & 9

Chemical Feed - Chlorine + Orthophosphate 50,000$           

Chemical Feed - HMO 30,000$           

Media Replacement - every 15 years 3,012$             

Well 8+9 Running   - Electric Cost 96,052$           

Labor 63,385$           

Maintenance of Wells 15,000$           

Total Annual Operating Cost 488,000$         

20-year annual operating cost 9,760,000$     

Capital cost plus 20-year annual operating cost 18,031,000$   

Item

Item

October 24, 2023



Kaukauna Utilities

Alternative 4 - New Water Treatment Plant Building at New Site

Option 2 - Ion Exchange Water Treatment Process

Capital Costs
Unit Qty Unit Price Cost Estimate

Water Treatment Plant at New Site

New WTP Building LS 1 1,500,000$    1,500,000$                  

Generators - Well 4, 5, 10, & Treatment Plant Ea 1 370,000$        370,000$                     

Pressure Filter Tank Ea 1 725,000$        725,000$                     

Site Piping LS 1 150,000$        150,000$                     

Ion Exchange LS 1 1,780,000$    1,780,000$                  

Chemical Feed Equipment LS 1 30,000$          30,000$                       

SCADA Improvements LS 1 200,000$        200,000$                     

Transmission Main to/from New Site LF 1400 200$                280,000$                     

Ground Storage Reservoir - 600,000 Gal Ea 1 1,500,000$    1,500,000$                  

Well 8 & 9 Improvements

Generators - Well 8 and 9 Ea 1 230,000$        230,000$                     

Replace Pressure Filter Media - Well 9 only Ea 1 75,000$          75,000$                       

Ion Exchange LS 1 1,780,000$    1,780,000$                  

Chemical Feed Equipment LS 1 30,000$          30,000$                       

SCADA Improvements LS 1 200,000$        200,000$                     

Transmission Main to New Site LF 6500 200$                1,300,000$                  

Reservoir - Well 9 Ea 1 300,000$        300,000$                     

Main Filter Plant Site
Demolition of Reserviors, Booster Pump, 

Piping, & Pressure Filter & Repurpose Main 

Filter Plant Building Ea 1 500,000$        500,000$                     

Subtotal 10,950,000$                

Inflation 3% per year, 3 years 9% 986,000$                     

Contingency 15% 1,643,000$                  

Engineering 20% 2,190,000$                  

Admin/ Legal 2% 219,000$                     

Total Capital Cost 15,988,000$               

October 24, 2023

Item



Kaukauna Utilities

Alternative 4 - New Water Treatment Plant Building at New Site

Option 2 - Ion Exchange Water Treatment Process
October 24, 2023

Annual Operating Costs
Cost Estimate

Main Filter Plant  at New Site

Chemical Feed - Chlorine + Orthophosphate 50,000$                       

Salt Costs + labor 114,554$                     

Energy 2,130$                          

Resin Changeout - Every 10 Years + labor 7,320$                          

Well Running   69,069$                       

Labor 63,385$                       

Maintenance of Wells 15,000$                       

Well 8 & 9

Chemical Feed - Chlorine + Orthophosphate 50,000$                       

Well 8+9 Running   96,052$                       

Salt Costs 114,554$                     

Energy 2,130$                          

Resin Changeout - Every 10 Years 7,320$                          

Labor 63,385$                       

Maintenance of Wells 15,000$                       

Total Annual Operating Cost 670,000$                     

20-year annual operating cost 13,400,000$               

Capital cost plus 20-year annual operating cost 29,388,000$               

Item



Kaukauna Utilities

Alternative 4 - New Main Filter Plant Site

Option 3 - Reverse Osmosis/Nanofiltration Water Treatment Process

Capital Costs
Unit Qty Unit Price Cost Estimate

Main Filter Plant  at New Site

New WTP Building LS 1 1,500,000$    1,500,000$                

Generators - Well 4, 5, 10, & Treatment Plant Ea 1 370,000$        370,000$                   

Pressure Filter Tank Ea 1 725,000$        725,000$                   

Site Piping LS 1 200,000$        200,000$                   

RO/ Nano Treatment Ea 1 1,254,000$    1,254,000$                

Booster Pump to RO Ea 1 40,000$          40,000$                     

Chemical Feed Equipment LS 1 45,000$          45,000$                     

SCADA Improvements LS 1 200,000$        200,000$                   

Transmission Main to/from New Site LF 1400 200$                280,000$                   

Ground Storage Reservoir - 600,000 Gal LS 1 1,500,000$    1,500,000$                

Well 8 & 9 Improvements

Generators - Well 8 and 9 Ea 1 230,000$        230,000$                   

Replace Pressure Filter Media - Well 9 only Ea 1 75,000$          75,000$                     

RO/ Nano Treatment Ea 1 1,144,000$    1,144,000$                

Booster Pump to RO Ea 1 40,000$          40,000$                     

Chemical Feed Equipment LS 1 45,000$          45,000$                     

SCADA Improvements LS 1 100,000$        100,000$                   

Transmission Main to New Site LF 6500 200$                1,300,000$                

Reservoir LS 1 300,000$        300,000$                   

Main Filter Plant Site
Demolition of Reserviors, Booster Pump, 

Piping, & Pressure Filter & Repurpose Main 

Filter Plant Building Ea 1 500,000$        500,000$                   

Subtotal 9,848,000$                

Inflation 3% per year, 3 years 9% 886,000$                   

Contingency 15% 1,477,000$                

Engineering 20% 1,970,000$                

Admin/ Legal 2% 197,000$                   

Total Capital Cost 14,378,000$             

October 24, 2023

Item



Kaukauna Utilities

Alternative 4 - New Main Filter Plant Site

Option 3 - Reverse Osmosis/Nanofiltration Water Treatment Process
October 24, 2023

Annual Operating Costs
Cost Estimate

Main Filter Plant  at New Site

Antiscalant Chemical 21,627$                     

Chemical cleaning (1/yr) 25,625$                     

Cartridge replacement 20,970$                     

Metabisulfite 11,834$                     

Membrane replacement 132,770$                   

Booster Pump for RO 26,250$                     

Chemical Feed - Chlorine + Orthophosphate 50,000$                     

Well Running * 1.2 82,883$                     

Labor 82,401$                     

Maintenance of Wells 15,000$                     

Well 8 & 9

Antiscalant Chemical 21,627$                     

Chemical cleaning (1/yr) 25,625$                     

Cartridge replacement 20,970$                     

Metabisulfite 11,834$                     

Membrane replacement 132,770$                   

Booster Pump for RO 26,250$                     

Chemical Feed - Chlorine + Orthophosphate 50,000$                     

Well 8+9 Running * 1.2 115,262$                   

Labor 63,385$                     

Maintenance of Wells 15,000$                     

Total Annual Operating Cost 952,000$                   

20-year annual operating cost 19,040,000$             

Capital cost plus 20-year annual operating cost 33,418,000$             

Item



Kaukauna Utilities

Alternative 4 - New Main Filter Plant Site

Option 4 - Pellet Softening Water Treatment Process

Capital Costs
Unit Qty Unit Price Cost Estimate

Main Filter Plant  at New Site

New WTP Building LS 1 1,600,000$    1,600,000$                

Generators - Well 4, 5, 10, & Treatment Plant Ea 1 370,000$        370,000$                   

Pressure Filter Tank Ea 1 725,000$        725,000$                   

Site Piping LS 1 200,000$        200,000$                   

Pellet Softener Ea 1 1,415,000$    1,415,000$                

Chemical Feed Equipment Ea 6 10,000$          60,000$                     

SCADA Improvements LS 1 200,000$        200,000$                   

Transmission Main to/from New Site LF 1400 200$                280,000$                   

Ground Storage Reservoir - 600,000 Gal LS 1 1,500,000$    1,500,000$                

Well 8 & 9 Improvements

WTP Building Addition Ea 1 800,000$        800,000$                   

Generators - Well 8 and 9 Ea 1 230,000$        230,000$                   

Iron Filter - Change Media Only Ea 1 75,000$          75,000$                     

Pellet Softener Ea 1 1,415,000$    1,415,000$                

Chemical Feed Equipment Ea 2 10,000$          20,000$                     

SCADA Improvements LS 1 100,000$        100,000$                   

Transmission Main to New Site LF 6500 200$                1,300,000$                

Reservoir LS 1 300,000$        300,000$                   

Main Filter Plant Site
Demolition of Reserviors, Booster Pump, 

Piping, & Pressure Filter & Repurpose Main 

Filter Plant Building Ea 1 500,000$        500,000$                   

Subtotal 11,090,000$             

Inflation 3% per year, 3 years 9% 998,000$                   

Contingency 15% 1,664,000$                

Engineering 20% 2,218,000$                

Admin/ Legal 2% 222,000$                   

Total Capital Cost 16,192,000$             

February 22, 2024

Item



Kaukauna Utilities

Alternative 4 - New Main Filter Plant Site

Option 4 - Pellet Softening Water Treatment Process
February 22, 2024

Annual Operating Costs
Cost Estimate

Main Filter Plant  at New Site

Chemical Feed - Chlorine + Orthophosphate 50,000$                     

Pellet Softening O&M 177,302$                   

pH Down Chemical 25,000$                     

Chemical Feed - HMO 30,000$                     

Iron Filter Media Replacement - 15 years 3,012$                       

Well Running 69,069$                     

Maintenance of Wells 15,000$                     

Labor 85,000$                     

Well 8 & 9

Chemical Feed - Chlorine + Orthophosphate 50,000$                     

Pellet Softening O&M 177,302$                   

pH Down Chemical 25,000$                     

Well 8+9 Running 96,052$                     

Labor 85,000$                     

Maintenance of Wells 15,000$                     

Total Annual Operating Cost 903,000$                   

20-year annual operating cost 18,060,000$             

Capital cost plus 20-year annual operating cost 34,252,000$             

Item



Kaukauna Utilities

Surface Water From Appleton

Capital Costs
Unit Qty Unit Price Cost Estimate

Surface Water from Appleton

Water main Connection LF 14500 200$                2,900,000$                

Booster Pump Ea 1 1,500,000$    1,500,000$                

Generator Ea 1 100,000$        100,000$                   

Subtotal 4,500,000$                

Inflation 3% per year, 3 years 9% 405,000$                   

Contingency 15% 675,000$                   

Engineering 20% 900,000$                   

Admin/ Legal 2% 90,000$                     

Total Capital Cost 6,570,000$               

Annual Operating Costs
Cost Estimate

Surface Water from Appleton

Purchased water 2,078,059$                

Base Charge 2,664$                       

Fire Protection Cost 141,536$                   

Maintenance of wells 50,000$                     

Maintenance of pipeline 5,000$                       

Total Annual Operating Cost 2,277,000$               

20-year annual operating cost 45,540,000$             

Capital cost plus 20-year annual operating cost 52,110,000$             

August 10, 2023

Item

Item



Kaukauna Utilities

Surface Water From Green Bay

Capital Costs
Unit Qty Unit Price Cost Estimate

Surface Water from Green Bay

Water main Connection LF 23760 200$                4,752,000$                

Booster Pump Ea 1 1,500,000$    1,500,000$                

Generator Ea 1 100,000$        100,000$                   

Subtotal 6,352,000$                

Inflation 3% per year, 3 years 9% 572,000$                   

Contingency 15% 953,000$                   

Engineering 20% 1,270,000$                

Admin/ Legal 2% 127,000$                   

Total Capital Cost 9,274,000$               

Annual Operating Costs
Cost Estimate

Surface Water from Green Bay

Purchased water 1,207,073$                

Conveyance Cost 392,890$                   

Maintenance of wells 50,000$                     

Maintenance of pipeline 5,000$                       

Total Annual Operating Cost 1,655,000$               

20-year annual operating cost 33,100,000$             

Capital cost plus 20-year annual operating cost 42,374,000$             

August 10, 2023

Item

Item
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Introduction

The purpose of this report is to document the evaluation performed by CBS Squared, Inc. of the three 

water filter plants owned by Kaukauna Utilities.  The evaluation includes evaluating the existing 

structures and water filter plant equipment.  Kaukauna Utilities is currently in the process of a detailed 

water system study and is looking into water system upgrades.  This report documents the condition of 

the existing water filter plants.  

Main Water Filter Plant Site 
The existing Main Water Filter Plant site is located at 304 Elm Street.  The existing Main Filter Plant Site 

Plan Drawing is shown in Appendix A.  The Main Filter Plant Site was originally constructed in 1899.  The 

Main Filter Plant Site treats and stores water from Wells 4, 5, and 10. The Main Filter Plant Building has a 

pressure filter tank.  The treatment includes chemical addition for radium removal and pressure filtration 

for radium and iron removal. The finished potable water is then stored in two ground storage reservoirs.  

The finished potable water is then pumped into the distribution system using booster pumps.  The Main 

Filter Plant Site has several structures:  

1. Main Filter Plant building which houses the chemical feed equipment and pressure filter tank

2. Two ground storage water reservoirs

3. Maintenance Facility building that includes the Well #4 Well House

4. Booster Pump Station building

5. Water Storage Facility building

Floodplain  

The DNR defines the following terms in DNR Wisconsin Administrative Code Chapter NR116.03: 

Floodway:  The channel of a river or stream, and those portions of the floodplain adjoining the 

channel required to carry the regional flood discharge. 

Floodplain: That land which has been or may be covered by flood water during the regional 

flood.  The floodplain includes the floodway, floodfringe, shallow depth flooding, flood storage 

and coastal floodplain areas. 

None of the Main Filter Plant is located in the floodway of the Fox River but part of the Main Filter Plant 

site is located in the 100-year floodplain as established by US Federal Emergency Management Agency 

(FEMA).  The FEMA mapping is located in Appendix D.  The FEMA mapping shows that the southwest 

area of the Main Filter Plant site would be flooded during a 100-year flood event with 1 foot of water or 

less.  The Main Filter Plant Building, the Maintenance Facility, Well #4 Well House, and part of Ground 

storage Reservoir #1 would be flooded with 1 foot of water or less. 

The current DNR Wisconsin Administrative Code Chapter NR811.25(d) requires a floor elevation at least 

2 feet above the regional flood elevation as determined in s. NR116.07(4).  The excerpt from the current 

DNR code is shown in Appendix E.  We anticipate that the DNR would require a water facility to comply 

with current code when a major renovation is performed to that water facility. 
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Year-Round Dry Land Access 

The current DNR Wisconsin Administrative Code Chapter NR811.25(d) states: Buildings shall be provided 

with year-round dry land access.  The current DNR Wisconsin Administrative Code Chapter NR811.63(3) 

Year-Round Access states: Storage facilities shall be located in an area accessible during the entire year.  

If necessary, road improvements shall be installed to provide year-round dry land access.   The excerpt 

from the current DNR code is shown in Appendix E.  The DNR will not provide clarification if the current 

Main Filter Plant site meets the requirement of year-round dry land access. The existing site is 

grandfathered in the Wisconsin Administrative Code until a major renovation occurs at the site, then the 

DNR would decide if the site complies with the current code. 

Main Filter Plant Building 
The Main Filter Plant Building is located in the 100-year floodplain as shown on the FEMA mapping 

located in Appendix D.  The Main Filter Plant building was last renovated in 2016. The renovation 

included a new roof, new doors, and repairing the exterior brick.  The windows are original block 

windows.  The building is currently in good condition.  There is no standby power at this facility. 

Figure 1: Main Filter Plant Building 

Main Filter Plant – Pressure Filter Tank  
There is one horizontal pressure filter tank inside the Main Filter Plant building.  The pressure filter tank 

is over 60 years old and is in extremely poor condition.  The pressure filter tank is made of steel and 

coated with paint on the inside and outside for corrosion protection. The pressure filter tank works using 

low pressure around 10-15 pounds per square inch.  The pressure filter tank was leaking in 2016.  Upon 

visual inspection of the interior of the pressure filter tank in 2016, the tank was failing due to pitting of 

the interior steel surface caused by corrosion.  The tank was repaired in 2016 by installing a concrete 

liner inside the bottom half of the tank to extend the useful life of the pressure filter.  This type of repair 

was possible due to the low working pressure of the tank.  This type of repair was estimated to extend 

the life of the tank another 10 years.  The repair has been a good temporary solution because the 
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pressure filter tank is still producing satisfactory water quality.  The pressure filter tank currently has 

signs of mineral buildup on the exterior of the tank in two locations due to the tank starting to leak.  

Metal thickness testing of the pressure filter tank wall was performed on September 28, 2023 using a 

R7900 Ultrasonic Thickness Gauge tester manufactured by Reed Instruments.  The instrument can detect 

a metal thickness range of 0.03 inch-15.7 inch with an accuracy of +/-0.1 percent.  The instrument uses 

ultrasonic sound waves to pass through the object and listens for the sound waves to bounce back.  The 

instrument then calculates the thickness of the object.  The instrument can detect thickness in metals, 

plastics, ceramics, composites, epoxies, and glass by entering the sound velocity for each type of media 

being tested.  The instrument can detect a metal thickness reading through painted steel.  The only type 

of media being tested was painted steel so a sound velocity of 5920 meters per second was entered into 

the instrument.  Testing time is less than 1 second for instrument to display a reading at each location.  

The thickness tester instrument information is included in Appendix F. 

Several locations on the pressure filter were selected for testing.  A grid was set up at each location.  The 

columns across the top were labeled A -Z.  The rows were labeled in sequential numbering.  The metal 

thickness of the tank varied greatly over the testing locations.  Thickness testing locations and results are 

included in Appendix G.  The results show that the 60-year old pressure filter tank has severe pitting on 

the interior of the tank walls.  This result is consistent with the visual inspection performed on the 

interior of the tank in 2016.  The structural integrity of the tank is in poor condition.   

Figure 2: Main Pressure Filter Tank 
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Figure 3: Main Pressure Filter Tank 

Main Filter Plant Site – Ground Storage Reservoirs 
The Main Filter Plant Site has two ground storage reservoirs for storing finished water.  Ground Storage 

Reservoir #1 is circular and was constructed in 1899.  Ground Storage Reservoir #1 has a capacity of 

284,000 gallons and is approximately 60 feet in diameter and 18 feet deep.  Ground Storage Reservoir #2 

is rectangular and was constructed in 1940.  Ground Storage Reservoir #2 has a capacity of 295,000 

gallons and is approximately 13 feet deep.   

The structures have outlived their useful life Reservoir #1 is located in the floodplain., Reservoir #2 is not 

located in the floodplain.  The bottom of both reservoirs are located below the groundwater table.   The 

elevation of each reservoir violates the current DNR Wisconsin Administrative Code Chapter NR 

811.63(1), Floodway and Floodplain, which states: 

(a) Floodway.  Storage facilities may not be located within a floodway, as defined by in s.NR116.03

(22).

(b) Floodplain.  If it is necessary to locate a reservoir in a floodplain, as defined in s. NR 116.03 (16),

outside of the floodway, the lowest elevation of the bottom floor, including sumps, shall be a

minimum of 2 feet above the regional flood elevation as determined in s. NR116.07 (4).  All

projects shall conform to the requirements of that chapter.

The excerpt from the current DNR code is shown in Appendix E.  The regional flood elevation refers to 

the 100-year flood elevation.  Existing reservoir #1 is located in the 100-year floodplain.  Reservoir #2 is 

not located in the 100-year floodplain.  The bottom floor of each reservoir is located below the 100-year 

floodplain and the groundwater table.   The existing reservoirs are grandfathered in the Wisconsin 
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Administrative Code until a major renovation occurs on site to the reservoirs.   We anticipate that the 

DNR may require the reservoirs to be brought up to the current code at the time the major renovation 

occurs. 

Figure 4: Reservoir #1 at Main Filter Plant 

Figure 5: Reservoir #2 at Main Filter Plant 
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Main Filter Plant Site – Maintenance Facility Building and Well #4 Well House  
The Maintenance Facility Building and Well 4 Well House are located in the 100-year floodplain as shown 

on the FEMA mapping located in Appendix D.  The Maintenance Facility building is the green building 

shown in Figure 4 and is in poor condition.  The Maintenance Facility Building is a post and beam 

construction consisting of a galvanized metal roof and sheet metal exterior walls.  The roof is rusted and 

shows signs of leaking on the interior.  The roof is in poor condition and is nearing the end of its useful 

life.  The metal exterior walls are in fair condition.  

Well 4 Well House Building is the white building shown in Figure 4 and is in good condition. The well 

house door is in poor condition.  The floor elevation is not located 2 feet above the 100-year floodplain.  

We anticipate that the DNR may require the first floor to be raised during the next major renovation to 

Well #4 Well House.  There is no standby power at this facility. 

Figure 6: Maintenance Building and Well #4 Well House 

Main Filter Plant Site – Booster Pump Station Building 
The Booster Pump Station Building is attached to the North end of the Maintenance Facility Building. The 

Booster Pump Station Building has a concrete basement and concrete walls with a galvanized metal roof 

and metal exterior walls.  The exterior of the building is in poor condition. The interior of the building is 

in good condition.   

The Booster Pump Station Building is not located in the 100-year floodplain as shown on the FEMA 

mapping located in Appendix D.  The first floor of the building is located 2 feet above the 100-year flood 

plain.    
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The Booster Pump Station building houses three booster pumps.  Two booster pumps operate regularly.  

The third booster pump is for emergency backup use only.  The third booster pump is operated by an 

engine driven right-angle drive which is not considered a good emergency backup pump.  The third 

booster pump will only provide water until the two ground storage reservoirs are empty.  The two 

standard booster pumps are in good condition but nearing the end of their useful life.   

Figure 7: Booster Pump Station Building 

Several locations on the booster pump suction and discharge piping were selected for pipe thickness 

testing.  A grid was set up at each location.  The columns across the top were labeled A -Z.  The rows 

were labeled in sequential numbering.  The metal thickness of the pipe was relatively the same over the 

testing locations.  Thickness testing locations and results are included in Appendix H.  The results show 

that the suction and discharge piping is in good condition. 
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Main Filter Plant Site – Water Storage Facility  
The Water Storage Facility building was built in 2021. The building is in excellent condition. 

Figure 8: Water Storage Facility Building 

Well 8 Water Filter Plant Site 
The existing Well 8 Site is located at 311 Delanglade Street (1099 Blackwell Street) and 1101 Blackwell 

Street.  The existing Well 8 Water Filter Plant Site Plan Drawing is shown in Appendix B.  Well 8 Site 

consists of a Water Filter Plant Building, a ground storage reservoir, and a Booster Pump Station Building. 

Well 8 Water Filter Plant Building is located at 311 Delanglade Street (1099 Blackwell Street) at the 

Southwest corner of the intersection of Delanglade Street and Blackwell Street.  Well 8 Water Filter Plant 

Building contains Well 8, a Pressure Filter Tank, and chemical feed systems.  Well 8 Water Filter Plant 

building was originally built in 1959.  Well 8 Water Filter Plant Building was recently renovated in 2018. 

The Well 8 Water Filter Plant building is in excellent condition.  There is no standby power at this site.  

There is one horizontal pressure filter tank inside the Well 8 Water Filter Plant building.  The pressure 

filter tank is in excellent condition.  The current pressure filter tank was installed in 2018 along with the 

media bed, underdrain piping, and diffuser piping.  The pressure filter tank is made of steel and coated 

with paint on the inside and outside for corrosion protection. The pressure filter tank works using low 

pressure around 10-15 pounds per square inch but is at 53-65 pounds per square inch (distribution 

system pressure) during backwash cycles.  
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The metal thickness testing on the pressure filter tank confirmed the excellent condition of the tank.  The 

metal thickness readings were very consistent between all the readings.  No signs of pitting were found.  

Results from the metal thickness testing are included in Appendix J.  

Figure 9: Well 8 Pressure Filter Tank 

Well 8 Ground Storage Reservoir and Booster Pump Station Building are located at 1101 Blackwell Street 

at the Northeast corner of the intersection of Delanglade Street and Blackwell Street.  The ground 

storage reservoir has a capacity of 15,000 gallons.  The ground storage reservoir was built in 1999.  The 

ground storage reservoir is in excellent condition.  The booster pumps at well 8 are located in the 

Booster Pump Station Building.  The building and booster pumps are in good condition. 

Well 9 Water Filter Plant Site 
The existing Well 9 Site is located at Riverside Park.  The existing Well 9 Water Filter Plant Site Plan 

Drawing is shown in Appendix C.  Well 9 Site consists of two buildings.  A Well House building and a 

Water Filter Plant building.  The Well 9 Well House building was originally built in 1974.  The Well House 

is constructed of exterior stone and interior concrete block.  The Well House building is in very good 

condition.   

The Water Filter Plant building was originally built in 1990.  The Water Filter Plant building is constructed 

of exterior brick and interior concrete block.  The Well 9 Filter Plant building is in excellent condition.    
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Well 9 Site has a generator for backup power.  The generator is only sized to run the heaters, lights, and 

chemical pumps. The generator is not sized to run the well pump motors.  The well pump is equipped 

with a right-angle drive with a natural gas motor which was installed in 2015 and operates the well pump 

at 850 gallons per minute during an electrical outage instead of 1300 gallons per minute normally. 

There are two horizontal pressure filter tanks inside the Well 9 Water Filter Plant building.  The pressure 

filter tanks were installed in 1990.  The pressure filter tank is made of steel and coated with paint on the 

inside and outside for corrosion protection. The pressure filter tank works using 75-82 pounds per 

square inch (distribution system pressure) all the time.  The media was replaced in 2010 along with the 

media bed, underdrain piping, and diffuser piping.   

Several locations on the pressure filter tanks were selected for testing.  A grid was set up at each 

location.  The columns across the top were labeled A -Z.  The rows were labeled in sequential 

numbering.  The metal thickness of the tank varied slightly over the testing locations.  Thickness testing 

locations and results are included in Appendix K.  The results show that the 33-year old pressure filter 

tank has some moderate pitting on the interior of the tank walls.  This result is consistent with the visual 

inspection performed on the interior of the tank in 2010.  The structural integrity of the tank is in good 

condition.   

Figure 10: Well 9 Pressure Filter Tank 
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Chemical Feed System Equipment 
There are four chemical feed systems used at each well: 

1. Manganese sulfate – For radium removal

2. Potassium permanganate - For radium removal

3. Sodium hypochlorite – For iron removal and disinfection

4. Orthophosphate polyphosphate blend – For corrosion control

In 2022, the chemical feed system equipment for sodium silicate was replaced and the chemical feed 

system for orthophosphate polyphosphate blend was added.  The new chemical feed system 

equipment for sodium hypochlorite and orthophosphate polyphosphate blend included new 

chemical pumps, new chemical storage tanks, and new containment tanks.  The chemical feed 

equipment for sodium hypochlorite and orthophosphate polyphosphate blend are in excellent 

condition at all Water Filter Plants.  The chemical feed equipment for manganese sulfate and 

potassium permanganate are in good condition.  



Appendix A 

Existing Main Filter Plant 
 Site Plan Drawing 
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APPENDIX B 

Existing Well 8 Filter Plant 
 Site Plan Drawing 
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Existing Well 9 Filter Plant 
Site Plan Drawing   
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Federal Emergency Management Agency: 
 100-year flood map   
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Chapter NR 811

REQUIREMENTS FOR THE OPERATION AND DESIGN OF 
COMMUNITY WATER SYSTEMS

NR 811.01 Applicability.
NR 811.02 Definitions.
NR 811.03 Alternative requirements.
NR 811.04 Drinking water standards.
NR 811.05 Underground placement of substances.
NR 811.06 Cross−connections and interconnections.
NR 811.07 Interconnections with other acceptable water sources.

Subchapter I — Submission of Plans
NR 811.08 General requirements.
NR 811.09 Specific requirements for waterworks, plans, specifications and engi-

neering reports.
NR 811.10 Owner approval requirement.
NR 811.11 Resident project representative.

Subchapter II — Source Development — Groundwater
NR 811.12 Wells.
NR 811.13 Abandonment of wells.
NR 811.14 Special requirements for wells developed in unconsolidated forma-

tions.
NR 811.15 Special requirements for collector wells.
NR 811.16 Special requirements for dug wells and springs.
NR 811.17 Special requirements for infiltration lines.
NR 811.18 Special requirements for sandstone wells.
NR 811.19 Special requirements for limestone or dolomite wells.
NR 811.20 Special requirements for granite wells.

Subchapter III — Source Development — Surface Water
NR 811.21 General requirements.
NR 811.22 Intakes.
NR 811.23 Shore wells.
NR 811.231 Off−Stream raw water storage.
NR 811.232 Intake chemical treatment.

Subchapter IV — Pumping Stations, Pumphouses, and Water Treatment
Plant Buildings
NR 811.24 General requirements.
NR 811.25 Buildings.
NR 811.26 Number of pumping units.
NR 811.27 Auxiliary power.
NR 811.28 Additional requirements.

Subchapter V — Pumping Equipment and Appurtenances
NR 811.29 Pumping capacity requirements.
NR 811.30 General pump, motor and wiring installation requirements.
NR 811.31 Line−shaft vertical turbine pumps.
NR 811.32 Submersible vertical turbine pumps.
NR 811.33 Motor protection.
NR 811.34 Pump variable output control devices.
NR 811.35 Pitless units.
NR 811.36 Well appurtenances.
NR 811.37 Pump discharge lines.

Subchapter VI — Chemical Addition
NR 811.38 General.
NR 811.39 Feed equipment.
NR 811.40 Storage and handling.

Subchapter VII — Treatment
NR 811.41 General treatment design.
NR 811.42 Treatment of water from surface water sources.
NR 811.43 Treatment of water from groundwater sources.
NR 811.44 Pilot testing.
NR 811.45 Aeration.
NR 811.46 Arsenic removal.
NR 811.47 Clarification.
NR 811.48  Chlorination.
NR 811.49 Filtration — gravity.
NR 811.50 Filtration — membrane.

NR 811.51 Fluoridation.
NR 811.52 Iron and manganese control.
NR 811.53 Organics removal.
NR 811.54 Ozonation.
NR 811.55 Radionuclide removal.
NR 811.56 Sequestration.
NR 811.57 Softening.
NR 811.58 Stabilization.
NR 811.59 Taste and odor control.
NR 811.60 Ultraviolet (UV) Light.

Subchapter VIII — Hydro−Pneumatic Tanks
NR 811.61 General.

Subchapter IX — Storage Facilities
NR 811.62 Volume and pressure.
NR 811.63 Location.
NR 811.64 Construction details.
NR 811.65 Plant storage.
NR 811.66 Distribution system storage.

Subchapter X — Distribution Systems
NR 811.67 Applicability.
NR 811.68 Ownership of municipal water distribution systems.
NR 811.69 Materials.
NR 811.70 Water main design.
NR 811.71 Hydrants.
NR 811.72 Air−relief facilities and valve and meter chambers.
NR 811.73 Installation of mains.
NR 811.74 Separation of water mains and sanitary or storm sewer mains.
NR 811.75 Separation of water mains and other contamination sources.
NR 811.76 Surface water crossings.
NR 811.77 Common casing crossings.
NR 811.78 Water loading stations.

Subchapter XI — Water Pressure Booster Stations
NR 811.79 General.
NR 811.80 Location.
NR 811.81 Pumps and pressures.
NR 811.82 Storage requirements.
NR 811.83 Emergency power requirements.
NR 811.84 Station requirements.

Subchapter XII — Waste Disposal
NR 811.85 General.
NR 811.851 Sanitary wastes.
NR 811.852 Floor drainage.
NR 811.853 Backwash wastewater from iron and manganese filters.
NR 811.854 Brine wastes from ion exchange plants.
NR 811.855 Wastewater from reverse osmosis plants.
NR 811.856 Water treatment plant wastewater radionuclide content compliance

with the unity equation.
NR 811.857 Backwash wastewater from lime softening water treatment plants.
NR 811.858 Lime softening sludge.
NR 811.859 Spent media.
NR 811.860 Backwash wastewater from surface water treatment plants.
NR 811.861 Alum or other coagulant sludge.
NR 811.862 Recycling backwash wastewater.

Subchapter XIII — Aquifer Storage Recovery
NR 811.87 General.
NR 811.88 ASR well performance requirements.
NR 811.89 Well construction requirements for ASR wells.
NR 811.90 Equipment, appurtenances and piping for ASR wells and ASR sys-

tems.
NR 811.91 ASR system pilot studies.
NR 811.92 ASR system development testing.
NR 811.93 Operating an ASR system.

Note:  Chapter NR 111 as it existed on April 30, 1992 was repealed and a new chap-
ter NR 811 was created effective May 1, 1992.  Chapter NR 811 as it existed on
November 30, 2010, was repealed and a new chapter NR 811 was created effective
December 1, 2010.

NR 811.01 Applicability.  This chapter governs the gen-
eral operation, design and construction of community water sys-
tems and the construction of any water system serving 7 or more

single family homes, 10 or more duplex living units, 10 or more
mobile homes, 10 or more condominium units or 10 or more apart-
ment units.  One duplex equals 2 living units.  The standards for
design and construction shall be considered minimum standards
for new facilities and the minimum standards to which facilities
in existence on December 1, 2010, shall be upgraded when
improvements are undertaken at those facilities except for sys-
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of good quality and high stream flow for future release to the treat-
ment facilities.

(2) CONSTRUCTION.  Off−stream raw water storage reservoirs
shall be constructed to assure all of the following:

(a)  Water quality is protected by controlling runoff into the res-
ervoir.

(b)  Dikes are structurally sound and protected against wave
action and erosion.

(c)  Intake structures meet the requirements of s. NR 811.22.

(d)  Point of influent flow is separated from the point of with-
drawal.

(e)  Water is regularly circulated to prevent stagnation.

(f)  The reservoir is surrounded by a fence and unauthorized
access is prevented.

(g)  The reservoir is covered, where practical.

(h)  The requirements of s. NR 811.47 (7) are met if the reser-
voir is to be used as a pre−sedimentation basin.

History:  CR 09−073: cr. Register November 2010 No. 659, eff. 12−1−10.

NR 811.232 Intake chemical treatment.  If the depart-
ment determines that chemical treatment is warranted for taste and
odor control or the control of zebra and other mussels and other
nuisance organisms in an intake, the following requirements shall
be met:

(1) Chemical treatment shall be installed in accordance with
subch. VI and plans and specifications shall be approved by the
department prior to installation.

(2) Solution piping and diffusers shall be installed within the
intake pipe or in a suitable carrier pipe.  Provisions shall be made
to prevent dispersal of chemicals into the water environment out-
side the intake.  Diffusers shall be located and designed to protect
all intake structure components.

(3) A spare solution line shall be installed to provide redun-
dancy and to facilitate the use of alternate chemicals, where practi-
cable.

(4) A sample line out to the intake shall be provided which will
allow for collecting raw water samples unless the chemical con-
trol system will be shut off for periods sufficient to collect raw
water samples at the shore well.

History:  CR 09−073: cr. Register November 2010 No. 659, eff. 12−1−10; renum-
bering of (1) to (4) made under s. 13.92 (4) (b) 1., Stats., Register November 2010
No. 659.

Subchapter IV — Pumping Stations, Pumphouses,
and Water Treatment Plant Buildings

NR 811.24 General requirements.  All water system
related buildings shall be designed to maintain the sanitary quality
of the water supply.  Buildings subject to the requirements of this
subchapter include surface water and groundwater water treat-
ment plant buildings, structures and pumping stations, well pump-
houses and enclosures, and booster pumping stations.  Uses of the
buildings shall be compatible with the protection of the water sup-
ply.

History:  CR 09−073: cr. Register November 2010 No. 659, eff. 12−1−10.

NR 811.25 Buildings.  (1) CONSTRUCTION.  All water sys-
tem related buildings under s. NR 811.24 shall meet all of the fol-
lowing requirements:

(a)  Have adequate space for the installation of additional
pumping units, water treatment equipment, chemical feed equip-
ment, or controls, if needed, and for the safe servicing of all equip-
ment.

(b)  Be durable, fire and weather resistant, and constructed in
a manner to maximize sanitary protection of the water supply.

(c)  Be secure.  Buildings shall have at least one outward open-
ing door to the outside.  All doors, windows, and hatches shall
have locks.  Any security alarms installed shall be connected to

telemetry control and SCADA systems where such systems are
used.

(d)  Be landscaped to conduct surface drainage away from the
station and have a floor elevation at least 6 inches above the fin-
ished grade and at least 2 feet above the regional flood elevation
as determined in s. NR 116.07 (4).  Buildings shall be provided
with year round dry land access.  Below grade installations may
be permitted only if the terrain at the site is such that a gravity drain
system can be provided.  Subsurface pits or pumprooms and inac-
cessible installations intended to house well heads, pumps, pump
motors, or pump controls for pumping stations are prohibited
except for below grade booster pumping stations as allowed per
s. NR 811.80 (3) and (4).

(e)  Provide for all floors to drain so that floor runoff does not
enter the treatment process or source water.  Floors shall be sloped
to a drain or sump.

(f)  Provide a suitable outlet for drainage water from pump
glands so that the disposal of any drainage water is piped to waste
or otherwise disposed of in a controlled manner.  Pump gland
drainage piping shall not be directly connected to a hub drain or
a floor drain.

(g)  Be provided with concrete floors.

(h)  Be provided with at least one floor drain meeting the fol-
lowing requirements:

1.  Floor drains and hub drains shall be properly separated
from a well.  A floor or hub drain and associated piping accepting
water from pump gland drainage, a pressure relief or control
valve, a sampling faucet, or the floor shall be located no closer
than 2 feet to the outer well casing.  No building drain piping,
except that piping leading to the aforementioned floor or hub
drains, containing blackwater or graywater, may be located closer
than 8 feet to the outer well casing.

2.  Floor drains and hub drains shall have a discharge location
that complies with all of the following requirements:

a.  Floor drains and hub drains may be connected to a sanitary
sewer where available if the building floor elevation is at least one
foot above the rim elevation of the nearest upstream sanitary
sewer manhole.  If a sanitary sewer is available but a manhole is
not located nearby or the manhole does not comply with the
upstream location or the one foot requirement, the department
may require installation of an additional manhole on the sanitary
sewer main or on the sanitary building sewer.

Note:  The department recommends that the floor drains from chemical feed rooms
discharge to a sanitary sewer whenever practicable.

b.  Floor drains and hub drains may discharge to the ground sur-
face if the building drain and building sewer piping will only carry
water from the floor or hub drain, the discharge location shall be at
least 25 feet from the pumphouse, the exterior invert of the building
sewer pipe shall be at least 6 inches below the building floor eleva-
tion and the exterior pipe opening shall be covered with a corrosion
resistant rodent screen.  A greater distance may be required for
drains of pump stations serving wells constructed in sand and gravel
formations.  The piping shall terminate in a location that will not
allow backflow of surface water into the building.

c.  Floor drains and hub drains may discharge to a buried tank
located a minimum of 50 feet from the well if the discharge to the
building drain and building sewer piping will contain only water
from pump gland drainage, a pressure relief or control valve, a
sampling faucet or floor drainage.  These buried tanks may not be
installed unless approved by the department’s bureau of water-
shed management wastewater section prior to installation.  Floor
drains and hub drains may discharge to a POWTS holding compo-
nent located a minimum of 200 feet from the well if the discharge
will contain toilet, sink or other sanitary or domestic waste.  These
POWTS holding components may not be installed unless
approved by the department of safety and professional services
prior to installation.  In either case the rim elevation of the access
manhole to the tank shall be at least one foot below the building
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equipment consisting of a pressure gauge, a pressure relief valve,
a water sight glass, an automatic air blow−off, and pressure or
probe operated start−stop controls for the pumps.

(4) Each tank not equipped with a bladder or diaphragm to
separate the air and water and with a gross volume of 500 gallons
or more or that will be painted inside shall be provided with an
access manhole.  If the tank interior is to be painted it shall be
painted with NSF/ANSI approved paints in accordance with s. NR
810.09 (5).

(5) Each tank not equipped with a bladder or diaphragm to
separate the air and water and with a gross volume of 500 gallons
or more shall be provided with an automatically controlled air
compressor to add air to the tank.  All compressors used to rou-
tinely add air to tanks shall be oil−less.  Larger capacity compres-
sors that are not oil−less may be used temporarily to fill a tank
upon startup, repair or service but shall be fitted with one or more
filters and any other appurtenances necessary to remove particu-
lates and oil from the air prior to injection.

(6) Each tank equipped with a diaphragm or bladder shall be
equipped with an air inlet for adding air manually, a pressure relief
valve for each tank or bank of tanks sized to handle the maximum
flow rate, and pressure−operated start up and shut down controls
for the well pump.

(7) The gross volume, in gallons, of any tank or combination
of tanks, shall be at least 10 times the capacity of the largest pump,
rated in gallons per minute, unless the proposed pump motor or
motors will be controlled by a variable output control device in a
manner intended to reduce the volume of required pressure tank
storage in accordance with s. NR 811.34 (6).  For a standard instal-
lation, the required storage volume is intended to provide a mini-
mum pump run time of 2 to 3 minutes.

(8) Each tank shall be identified by stamping or labeling
showing the manufacturer’s name, a serial number, the tank vol-
ume, the allowable working pressure, and the year fabricated.

(9) Each tank not equipped with a bladder or diaphragm to
separate the air and water and with a gross volume of 500 gallons
or more shall be constructed of steel and have a 0.25 inch mini-
mum side wall and head wall thickness.

History:  CR 09−073: cr. Register November 2010 No. 659, eff. 12−1−10.

Subchapter IX — Storage Facilities

NR 811.62 Volume and pressure.  (1) VOLUME

REQUIREMENTS.  A sufficient quantity of water, as determined from
engineering studies, shall be maintained in elevated storage when
only one pumping unit to the distribution system is available to
serve the water system.  This shall be at least an average−day sup-
ply under normal operating conditions.  When more than one dis-
tribution pump is available, the storage shall be in accordance with
standard engineering practice.  Standard engineering practice is
based upon an engineering review of existing and future water
supply needs including: type of service and population served;
average day, maximum day, peak hour and fire flow demands and
durations; water source quality, availability and treatment, pump
capacities, auxiliary power, storage capacity, water distribution
and costs.

(2) PRESSURE REQUIREMENTS.  Storage facilities shall be
designed to meet all the following requirements:

(a)  Minimum and maximum pressures.  The storage facilities
shall be designed to meet the minimum and maximum pressure
requirements specified in s. NR 811.66 (1).

(b)  Fire flows and residual pressures.  When fire protection is
to be provided, the storage facilities shall be designed in conjunc-
tion with distribution system design to provide the minimum fire
flows and residual pressures specified in s. NR 811.70 (6).

(c)  Alternative means for maintaining pressure.  A hydro−
pneumatic tank, booster pumping facilities, or other reliable

means shall be provided to maintain system pressure when a grav-
ity storage reservoir or tank is not available.

(3) ELEVATED STORAGE REQUIREMENT WAIVED.  The depart-
ment may waive the requirement for elevated storage if the system
is designed to serve less than 50 homes, if it is not economically
feasible to provide elevated storage, if elevated storage facilities
are proposed for a later development phase, or if service is pro-
posed for domestic use only.

History:  CR 09−073: cr. Register November 2010 No. 659, eff. 12−1−10.

NR 811.63 Location.  Storage facilities shall be located in
accordance with all the following requirements:

(1) FLOODWAY AND FLOODPLAIN.  (a)  Floodway.  Storage facil-
ities may not be located within a floodway, as defined in s. NR
116.03 (22).

(b)  Floodplain.  If it is necessary to locate a reservoir in a flood-
plain, as defined in s. NR 116.03 (16), outside of the floodway, the
lowest elevation of the bottom floor, including sumps, shall be a
minimum of 2 feet above the regional flood elevation as deter-
mined in s. NR 116.07 (4).  All projects shall conform to the
requirements of that chapter.

Note:  Refer to ch. NR 116 for floodplain and floodway requirements.

(2) GRADING.  The area surrounding structures shall be graded
in a manner that will prevent surface water from standing within
50 feet of the structure.

(3) YEAR−ROUND ACCESS.  Storage facilities shall be located in
an area accessible during the entire year.  If necessary, road
improvements shall be installed to provide year−round dry land
access.  Storage facilities and access roads shall be located on
property owned by the water supply owner or for which the owner
has obtained easements.

(4) FLOOR ELEVATIONS.  The department recommends that the
lowest elevations of floors and sump floors of ground level reser-
voirs and standpipes should be placed at or above the normal
ground surface.  If the department allows the floor or sump to be
below the normal ground surface, it shall be placed a minimum of
2 feet above the groundwater table.  Borings shall be made to
determine groundwater elevations if that information is not avail-
able.

(5) CONTAMINATION SOURCES.  (a)  Sewers, drains, fuel storage
tanks, standing water, and similar sources of contamination shall
be kept a minimum of 50 feet from the reservoir.

(b)  The department may approve gravity or force main sewers
within 50 feet of a reservoir if the sewer or force main is con-
structed of water main class pipe meeting the requirements of s.
NR 811.69 and is pressure tested in place to meet the requirements
of s. NR 811.12 (5) (d) 2.

(6) ROOF SURFACE ABOVE GRADE.  (a)  The top roof surface of
a ground level reservoir may not be less than 2 feet above normal
ground surface.

(b)  The department shall require a higher exposed elevation if
high groundwater, poor surface drainage, or tight soils are
encountered that will deter subsurface drainage or if necessary to
provide positive pressures for pump intake or discharge lines in
accordance with s. NR 811.37.

Note:  It is recommended that no more than one−half of the reservoir depth be con-
structed below grade.

(c)  The department may except clearwells constructed under
filters from the 2 foot requirement when the total design gives the
same protection.

History:  CR 09−073: cr. Register November 2010 No. 659, eff. 12−1−10.

NR 811.64 Construction details.  (1) MATERIALS.

Materials used in the construction of storage facilities shall meet
all the following requirements:

(a)  General requirements.  The materials and designs used for
finished water storage structures shall provide stability and dura-
bility as well as protect the quality of the stored water.  Unless the
design engineer can justify the use of other materials, the depart-
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Introduction
Thank you for purchasing your REED R7900 Ultrasonic Thickness Gauge. 
Please read the following instructions carefully before using your instrument. 
By following the steps outlined in this manual your meter will provide years 
of reliable service.

Product Quality
This product has been manufactured in an ISO9001 facility and has been 
calibrated during the manufacturing process to meet the stated product 
specifications. If a certificate of calibration is required please contact the 
nearest authorized REED distributor or authorized Service Center. Please 
note an additional fee for this service will apply.

Security
Never attempt to repair or modify your instrument. Dismantling your 
product, other than for the purpose of replacing batteries, may cause 
damage that will not be covered under the manufacturer's warranty. 
Servicing should only be provided by an authorized service center.

Features
• Measures a wide range of material including; metals, plastic, ceramics, 

composites, epoxies, glass, and other ultrasonic conductive materials

• Easy-to-read backlit LCD display

• User selectable unit of measure (in/mm)

• Internal memory stores up to 500 measurements

• Displays sound velocity at the touch of a button

• Zero adjustment button

• User adjustable High/Low alarms

• Built-in two-point calibration function

• Auto sleep, shut off and low battery indicator
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Specifications
Measuring Range: 0.03 to 15.7" (0.65 to 400mm)
Accuracy: ±0.04mm (< 10mm) 
 ±(0.1% rdg.+ 0.04mm) (< 100mm) 
 ±(0.3% rdg.) (> 100mm)
Resolution: 0.01mm or 0.1mm (< 100mm) 
 0.1mm (>100mm)
Velocity Range: 1000 to 9999 m/s (0.039 to 0.394 in/µs)
Compatible Materials: Ultrasonic conductive materials 
 (ie. metals, plastics, ceramics, 
 composites, epoxies, glass)
Sampling Time: Less than 1 second
Display: 4-Digit, LCD
Backlit Display: Yes
Probe Length: 3' (36")
Internal Memory: Yes (up to 500 readings, 
 5 files up to 100 each)
Low Battery Indicator: Yes
Power Supply: 2 AA Batteries
Battery Life: Approx. 100 hours (Alkaline)
Product Certifications: CE
Operating Temperature: 32 to 122°F (0 to 50°C)
Storage Temperature: -4 to 140°F (-20 to 60°C)
Operating Humidity Range: 20 to 80%
Dimensions: 5.9 x 2.9 x 1.3" (150 x 74 x 32mm)
Weight: 8.4oz (238g)

Included
• Ultrasonic Couplant Gel
• Probe
• Hard Carrying Case
• Batteries
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Instrument Description
1. LCD Display
2. Calibration Test Block
3. Probe Inputs

Keyboard Description
1. Zero Button
2. Mode Button
3. Down Button
4. Enter Button
5. Up Button
6. Backlight ON/OFF Button
7. Power Button
8. Save/Browse Button
9. Velocity Button

R7900

Ultrasonic Thickness Gauge

Ultrasonic Thickness Gauge

3

2

3
4

5

6

789

Ultrasonic Thickness Gauge
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Display Description

3

6

m/s

HIGH

MENU ALARMF1 5M

1. Measured Value
2. Menu Settings
3. Saved File Name
4. Ultrasonic Sensor Frequency
5. Alarm Thickness Settings

6. Battery Indicator
7. Minimum Capture Mode
8. Coupling Indicator
9. Gain Indicator
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Operating Instructions
1. Insert the ultrasonic sensor into the probe sockets on the meter.
2. Press, hold an release the  button for 2 seconds to turn the meter 

on. Press the  button to turn the meter off.
3. The LCD will briefly display information about the meter, and then 

show the current set sound velocity.

Setting Ultrasonic Sensor Frequency
1. Press the  button to highlight the ultrasonic sensor frequency 

setting on the display.
2. Continuously press the  button to toggle between 2MHz, 5MHz, 

7MHz, 10MHz and ZW frequencies.
3. To exit, press the  button or by carrying out a measurement.

Zero Calibration
1. After setting the correct ultrasonic sensor frequency, set the sound 

velocity to 5900m/s (see Adjusting the Sound Velocity for details).
2. Select the proper receiving gain (see System Setup for details).
3. Coat the 4mm calibration test block with coupling gel (R7950) and 

place the sensor on the calibration test block while ensuring the 
coupling indicator " " appears on the LCD display.

4. Once the coupling indicator appears on the LCD display press the 
 button to initiate zero calibration.

5. The meter will beep and then the screen will indicate that the calibration 
is complete.

6. If zero calibration is not properly completed the meter will retain the 
original value.

7. To delete the calibration data, see Memory Manager section for details.

Adjusting the Sound Velocity
1. While the meter is on, press the  button and the meter will 

display the current sound velocity.
2. Press the  button to switch between the 5 pre-loaded sound 

velocities, or press the  and  buttons to match the sound 
velocity of the material under test as shown in the following table.

continued... 
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Material
Sound Velocity

(m/s) (inch/µs)
Aluminum 6320 to 6400 0.250

Zinc 4170 0.164

Silver 3607 0.142

Gold 3251 0.128

Tin 2960 0.117

Steel, Common 5920 0.233

Steel, Stainless 5740 0.226

Brass 4399 0.173

Copper 4720 0.186

Iron 5930 0.233

Case Iron 4400 to 5820 0.173 to 0.229

Lead 2400 0.094

Nylon 2680 0.105

Titanium 5990 0.236

SUS 5970 0.240

Epoxy Resin 2540 0.100

Ice 3988 0.222

Plexiglass 2692 0.106

Grey Cast 4600 0.180

Porcelain 5842 0.230

Glass (Quartz) 5570 0.220

Polystyrene 2337 0.092

PVC 2388 0.094

Quartz Glass 5639 0.222

Rubber, Vulcanized 2311 0.091

Teflon 1422 0.058

Water 1473 0.058

continued... 
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Preparing the Measurement Surface
1. Clean any dust, dirt or rust off the object, and remove any coating 

such as paint.
2. Smooth the surface of the object by grinding or polishing it. You can 

also use a coupling gel with a high viscosity.
Important Note: In any ultrasonic measurement scenario, the shape and 
roughness of the desired test material are of great importance. Rough, 
uneven surfaces will prevent the ultrasonic sensor from seating properly 
against the surface, thus limiting the penetration of ultrasound through the 
material, resulting in unstable and therefore, unreliable measurements.

Taking Thickness Measurements
1. Set the sound velocity on the meter (see Adjusting the Sound 

Velocity for details).
2. Apply coupling gel on the material, place the sensor firmly against 

the desired measurement area.
Note: For most applications a single droplet of coupling gel is sufficient.
3. Verify that the coupling Indicator " " appears on the LCD display.
4. Read the measurement on the LCD display.
5. When you remove the ultrasonic sensor the value will stay on the 

LCD and the coupling indicator " " will disappear.
6. Press the  button to save the measurement if applicable.
7. If the coupling indicator " " does not appear on the display, 

or the measured values appear to be erratic, verify that there is an 
adequate amount of coupling gel in between the ultrasonic sensor 
and the material under test. It is also important that the ultrasonic 
sensor sits flat against the material.

Auto Power OFF
To preserve battery life, the meter is programmed to turn itself after 
approximately 3 minutes of inactivity. To disable this option, please see 
System Setup section for details.

continued... 
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Sound Velocity Measurements of a Material with a 
Known Thickness
The sound velocity of a material can be measured using a test piece with 
a known thickness. Select a test piece with a minimum wall thickness of 
20.0mm. Turn off the minimum capturing function (see System Setup 
section for details) prior to taking measurement.
1. Measure the test piece with a caliper or micrometer to confirm 

the thickness.
2. Apply coupling gel on the material, place the sensor firmly against 

the desired measurement area.
Note: For most applications a single droplet of coupling gel is sufficient.
3. Remove the ultrasonic sensor from the measurement area and 

adjust the measuring display until the actual thickness is met by 
pressing the  and  buttons and press the  button to confirm 
your selection.

4. The LCD will display the sound velocity.
5. Press the  button to save the value if applicable.

Sound Velocity Calibration
1. Start by performing a zero calibration to the ultrasonic sensor.
2. Measure the actual thickness of the test piece with a caliper 

or micrometer.
3. Select a sound velocity from the pre-loaded list (choose any one).
4. Apply coupling gel on the material, place the sensor firmly against 

the desired measurement area.
Note: For most applications a single droplet of coupling gel is sufficient.
5. The LCD will display a measurement reading of the test piece.
Note: The reading will be off as the sound velocity is not correct.
6. Remove the ultrasonic sensor from the test piece, go into the 

velocity interface by pressing the  button and increasing the 
current sound velocity a little at a time by pressing the  button.

continued... 
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7. Take another measurement of the test piece to verify if the thickness 
reading is getting closer to the known thickness or not. If for some 
reason it is now farther away than before, reduce the velocity a little 
by pressing the  button. Check the thickness again to make sure 
that you are getting closer. Continue adjusting the sound velocity until 
the thickness reading is correct.

8. Once you have reached the known thickness of the test piece, press 
the  button to confirm your sound velocity setting. From this point, 
the sound velocity is calibrated and you can now take measurements of 
the same material with confidence.

Two Point Calibration
1. Select two standard samples of the same material to be measured, 

among which one has a thickness equal to or slightly higher than the 
tested piece, and the thickness of another test piece is slightly lower 
than the tested piece.

2. Before carrying out 2-point calibration, turn off the "Minimum 
Capture" function and erase the CAL data in the "Memory Manager".

3. Set the 2-point calibration to ON in the "System Setup" menu.

4. Press twice on the  button to return to the main display.
5. Press the  button at any time during measurement to enter the 

2-Point CAL.
6. Measure the thinner standard test piece.
7. Remove the ultrasonic sensor from the test piece and use the  

and  buttons to adjust the measurement to standard value.
8. Press the  button and the LCD will prompt to measure the 

thicker piece.
9. Measure the thicker standard test piece.
10. Remove the ultrasonic sensor from the test piece and use the  

and  buttons to adjust the measurement to standard value.
11. Press the  button when the two-point calibration is completed.

continued... 
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Setting Alarm Thickness Limits
The R7900 will alarm when the measured value is beyond the pre-set 
limits. When the measurement is lower than the low pre-set limit or higher 
than the high pre-set limit, the alarm will sound. To enter the alarm setting, 
follow steps 1 through 6 below.
1. Press the  button to highlight the "Alarm" setting on the LCD.
2. Press the  button to adjust the LOW limit.
3. Press the  and  buttons to adjust the user defined LOW 

alarm value.
4. Press the  button to save the LOW limit, and to set the HIGH limit.
5. Press the  and  buttons to adjust the user defined HIGH alarm 

value, and press the  button to save the HIGH limit.
6. To exit the limit setting, press the  button or by carrying out 

a measurement.

Minimum Capture Measurements
When the ultrasonic sensor couples with the test piece it will display the 
current measurement. When it is lifted away it will display the minimum 
value of the measurement carried out while the MIN Indicator flashes for 
several seconds. Measurements taken during the MIN indictor flashing 
cycle will continue to be part of the minimum value capturing. If you carry 
out measurements after the MIN Indicator stops flashing the minimum 
value capturing will re-start. The MIN indicator will only display when the 
minimum capture function is ON (see System Setup section for details).

Measurement Methods
There are three base measurement methods:
1. Single measurement method: This method involves measuring the 

thickness at a single point.
2. Double measurement method: This method 

involves performing two thickness measurements 
near a single spot rotating the ultrasonic sensor 
from 0 to 90° respectively, with respect to the split 
face (see Figure A).Take the smaller of the two 
indicated values as the thickness of the material.

continued...

90º

Figure A
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3. Multi-point measurement: This method involves performing a 
number of measurements within a circle having a maximum diameter 
of about 1.18" (30mm) (see image below). Take the minimum 
indicated value as the thickness of the material.

Menu Options
The menu function controls the settings and functions of the meter. To 
enter the menu, press the  button to highlight the menu option on the 
LCD and press the  button.

System Setup
1. While in the menu, highlight the "System Setup" option and press the 

 button to enter this menu. 
2. Press the  and  buttons to scroll through the "System Setup" menu.
3. When the required setting as shown below, is highlighted, press the 

 button to select it and toggle between units. 
Note: To set brightness, press  button to enter the setting, and use 
the  and  buttons to adjust the brightness.
4. Once completed, press the  button to save and exit. 

System Setup Menu Settings are as follows:
1. Measurement Units: Metric and Imperial
2. Receiving Gain: LOW (resolution of 0.1mm) and HIGH (resolution 

of 0.01mm). LOW is mainly used for measuring coarse material with 
high scatter and small sound absorption, such as cast aluminum, 
cast copper, and other metallic parts.

3. Minimum Capture Measurement: OFF and ON
4. 2-Point Calibration: OFF and ON
5. Auto Down: Power-saving mode ON (default)

continued... 
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6. Baud Rate: 1200, 2400, 4800, 9600
7. Set Brightness: UP to darken, DOWN to lighten

Memory Manager
1. While in the menu, highlight the "Memory Manager" option and press 

the  button to enter this menu. 
2. Press the  and  buttons to scroll through the "Memory 

Manager" menu. 
3. Press the  button to select the required option as shown below:

• Erase File: Clears selected files
• Erase All Data: Clears all saved files
• Erase CAL data: Clears calibrating data

4. Press the  button again to confirm (YES) or "Menu" to escape.

System Reset
While in the menu, highlight the "About Software" option and press the 

 button to enter this menu. Press the  button to restore the meter to 
its factory default settings for. Upon completion, the meter will shut down.
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Internal Memory Operation
The internal memory is divided into 5 files, F1 to F5. Each file can save up 
to 100 measurement values.
Note: Before saving your data, be sure to set the file number first.

1. Press the  button to highlight the "Save File Name" on the LCD.
2. Press the  button to scroll through the memory files, F1 to F5.

3. Press the  button to save and exit.

Reviewing Stored Data
1. Press the  button to highlight the "Save File Name" on the LCD.
2. Press the  button to scroll through the memory files, F1 to F5.
3. Press the  button to select the appropriate file number and to view 

the saved values.
4. Press the  and  buttons to scroll through the saved values.
5. If required, press the  button to erase the current saved value.

Maintenance
Cleaning the Test Piece
After taking a measurement, clean the test pieces to prevent them from 
rusting. If the pieces are not to be used for a long period of time, coat 
them with oil to prevent rust.

Protecting the Ultrasonic Sensor
Be sure to clean the ultrasonic sensor and cable after each use. Grease, oil 
and dust will cause the cable to dry out and shorten life expectancy. The 
temperature of the surface being measured should not exceed 140°F (60°C).

Replacing the Ultrasonic Sensor
The degradation and wear of the probe's interlayer plate will influence 
measurements. Replace the probe when the following occurs:
• If it always displays the same value when measuring different 

thicknesses or;

• When a measurement displays no value.
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Battery Replacement
1. When the low battery symbol appears on the display, replace 

the batteries.
2. Remove the battery cover on the back and insert two new AA batteries.
Note: If the unit will not be used for a long period of time, remove the 
batteries to avoid battery leakage and corrosion of the battery contacts.

Applications
• Monitoring and verifying pipes and pressure vessels

• Industrial manufacturing

Accessories and Replacement Parts
• R7900-PROBE Replacement Probe
• R7950 Ultrasonic Couplant Gel
• R7950/5L Ultrasonic Couplant Gel, 5L
• R7950/12 Ultrasonic Couplant Gel, pack of 12
• R9060 5-Step Calibration Block
• CA-52A Soft Carrying Case
• R8888 Hard Carrying Case
Don't see your part listed here? For a complete list of all accessories and 
replacement parts visit your product page on www.reedinstruments.com.
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Appendix

Measurements on Cylindrical Surfaces
When measuring cylindrical material, such as pipes or oil tubes, it is 
important to properly adjust the angle between the ultrasonic sensor's 
crosstalk interlayer plate and the axial line of the material being measured.
1. Couple the sensor with the material being measures.
2. Make the sensor's crosstalk interlayer plate perpendicular or parallel 

to the axial line of the material under test.
3. Shake the sensor vertically along the axial line of the material under 

test, the readouts displayed on screen will change regularly.
4. Use the minimum readout.
The standard for selecting the angle between the sensor's crosstalk 
interlayer plate and the axial line of the material under test depends on the 
curvature of the material under test. For a pipe with a large diameter the 
sensor's crosstalk interlayer plate should be perpendicular to the axial line of 
the material under test. For a pipe with small diameter, the sensor's crosstalk 
interlayer plate can be both parallel and perpendicular to the axial line of the 
material under test, and take the minimum readout as the thickness.

Measuring Compound Profiles
When the material being measured has a compound profile (such as 
a bend in a pipe), one can use the procedures to measure cylindrical 
surfaces. The exception is that one should have two analyses and get 
two results when the sensor's crosstalk interlayer plate is both parallel 
and perpendicular to the axial line of the material under test. Take the 
minimum readout as the material thickness.

Measuring an Un-Parallel Surface
To get a satisfactory ultrasonic response, the other surface of the 
material under test must be parallel to or co-axial with the surface being 
measured, otherwise it will cause a measuring error or even provide no 
displayed reading.

continued... 

REED Instruments
1-877-849-2127 | info@reedinstruments.com | www.reedinstruments.com



19

Influence of Material's Temperature
Both the thickness and transmitting speed of ultrasonic waves are 
influenced by temperature. If there is a high requirement of measuring 
accuracy, please use one of the comparison methods listed below:
1. Use a test piece of the same material being measured, under the 

same temperature.
2. Obtain the temperature compensation coefficient.
3. Use this coefficient to correct the actual measurement of the material 

being tested.

Material with Large Attenuation
Material with porous and coarse particles (such as fibre) will cause a large 
scatter and energy attenuation in the ultrasonic wave. This will cause 
abnormal readings or provide no readings on the display (generally, the 
abnormal readings are less than the actual thickness). These type of 
materials cannot be measured by our ultrasonic thickness gauges.

Measuring Castings
Castings will cause large attenuations in sound energy due to coarse 
crystal particles and a not-so-dense structure. The attenuation is due to 
the material's scatter and absorption of sound energy. Coarse out-phase 
structures and coarse crystal particles will cause abnormal reflection (i.e. 
a grass-shaped or tree-shaped echo) resulting in errors in the readings. 
When the crystal particle is coarse, the anisotropy in flexibility in metal's 
crystallizing direction will be obvious. This results in difference in sound 
velocities in different directions, with the maximum difference being up to 
5.5%. The compactness in different positions of the workpiece is different, 
which will also cause difference in sound velocity. All of these will produce 
inaccuracies in the measurements.

While measuring castings pay attention to the following:
1. When measuring casting with an un-machined surface use engine 

oil, consistent grease, or water glass as a coupling gel.
2. Calibrate the sound velocity for the material under test with a 

standard test piece having the same material and measuring 
direction as that of the material being measured.

3. If necessary, take a 2-point calibration.
continued... 
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Preventing Errors

Reference Test Pieces
To maintain high accuracy when taking measurements of different 
materials, it is important to use a standard test piece that resembles the 
material and conditions being measured. The ideal reference test pieces 
should be a group of test pieces with different thicknesses made of the 
same materials that is going to be measured. The test pieces can provide 
calibrating factors for the meter (such as the microstructure of the material, 
heat-treating condition, direction of particles, surface roughness, etc.). 
To meet the highest requirements of accuracy a set of reference test 
pieces are critical.

Under most situations satisfactory measuring accuracies can be met 
with only one reference test piece. This should be the same material and 
similar thickness to the material under test. Take an even-surfaced object, 
measure it by using a micrometer, then use it as a test piece.

For thin material, when its thickness is near to the low limit of the sensor's 
measuring range, you can use a test piece to determine the accurate low 
limit. Never measure a material with a thickness lower than the low limit.

When the material under test is thick, especially an alloy with complex 
internal structure, select a test piece similar to the object from a group of 
test pieces, giving you an idea of calibration.

For most casting and forging, their internal structures have some direction. 
In different directions, the sound velocity will experience some change. To 
solve this problem, the test piece should have an internal structure with 
same direction as that of the material under test, and the transmitting 
direction of sound wave in it should also be same as that of the material.

Under certain circumstances, referring to a material speed-of-sound 
table can replace reference test pieces. The value in the speed-of-sound 
table may have some difference from the actual measured values due to 
difference in the material's physical and chemical characteristics. This is 
usually used for measuring low-carbon steel, and can only be taken as a 
rough measurement.

continued... 
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Ultra-Thin Material
An error will occur when the thickness of a material under test is less  
than the low limit of the ultrasonic sensor. When necessary, measure the 
minimum limit thickness by comparing it with test pieces. When 
measuring an ultra-thin material, sometimes errors called "double 
refraction" may occur. This results in a displayed measuring reading that is 
twice the actual thickness of the material under test. Another error result is 
called "pulse envelop or cyclic leap". This results in the measured value 
being larger than the actual thickness. To prevent these kinds of errors 
repeat the measurement to confirm the results.

Rust, Corrosion, and Pits
Rust and pits on the surface of the object will cause irregular change in 
the measured reading. In extreme situations it will even cause no readings 
on the display. To avoid errors, orient the sensor's crosstalk interlayer 
plate in different directions to take multiple measurements.

Error in Identifying Material
If you calibrate the meter with one material and then measure another 
material, an error will occur. Be careful in selecting the correct sound velocity.

Degradation of Probe
The surface of the probe is allyl resin. Over time its roughness will increase 
resulting in reduced sensitivity. If it is determined that this is the reason for 
the errors, grind the surface with sandpaper or oilstone to make it smooth 
again. If the readings are still not stable, the sensor must be replaced.

Overlapped Material and Compound Material
It is impossible to measure uncoupled overlapped material because 
the ultrasonic wave can't pass through an uncoupled space. Since the 
ultrasonic wave can't transmit in a compound material in even speed you 
cannot use an ultrasonic thickness-gauge to measure overlapped material 
and compound material.

Influence of Metal Surface Oxidation
Some metals can produce a dense oxidation layer on the surface, such 
as aluminum. Even though the layer is in close contact with the substrate 
and provides no obvious interface, the ultrasonic wave will have different 
transmitting speeds in these two materials which will cause an error.

continued... 
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In addition, different thicknesses in oxidation layers will cause different 
errors. Make a reference piece from a batch of objects by measuring with 
a micrometer or calliper, and using it to calibrate the instrument.

Abnormal Readout of Thickness
The operator should be able to identify an abnormal measuring reading. 
Generally the rust, corrosion, pit, and internal defect of the material under 
test will cause abnormal measuring readings.

Utilization and Selection of a Coupling Gel (R7950)
Coupling gel is used for transmitting high-frequency energy between the 
ultrasonic gel and the material under test. If the type of gel or utilization is 
wrong, or the utilization it will cause an error. For most applications a single 
droplet of coupling gel coated evenly is sufficient. When measuring a smooth 
surface use a gel with low viscosity (such as the coupling gel provided or 
light engine oil). When measuring a coarse object surface, vertical surface or 
top surface, use a gel with high viscosity (such as glycerin grease, consistent 
grease, and lubricating grease, etc.).

Product Care
To keep your instrument in good working order we recommend the following:
• Store your product in a clean, dry place.

• Change the battery as needed. 

• If your instrument isn't being used for a period of one month or longer 
please remove the battery.

• Clean your product and accessories with biodegradable cleaner. Do not 
spray the cleaner directly on the instrument. Use on external parts only.
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Product Warranty
REED Instruments guarantees this instrument to be free of defects in 
material or workmanship for a period of one (1) year from date of shipment. 
During the warranty period, REED Instruments will repair or replace, at no 
charge, products or parts of a product that proves to be defective because 
of improper material or workmanship, under normal use and maintenance. 
REED Instruments total liability is limited to repair or replacement of the 
product. REED Instruments shall not be liable for damages to goods, 
property, or persons due to improper use or through attempts to utilize the 
instrument under conditions which exceed the designed capabilities. In 
order to begin the warranty service process, please contact us by phone at 
1-877-849-2127 or by email at info@reedinstruments.com to discuss the 
claim and determine the appropriate steps to process the warranty.

Product Disposal and Recycling
Please follow local laws and regulations when disposing or recycling your 
instrument. Your product contains electronic components and must be 
disposed of separately from standard waste products.

Product Support 
If you have any questions on your product, please contact your authorized 
REED distributor or REED Instruments Customer Service by phone at 
1-877-849-2127 or by email at info@reedinstruments.com.

Please visit www.REEDInstruments.com for the most  
up-to-date manuals, datasheets, product guides and software.

Product specifications subject to change without notice.  
All rights reserved. Any unauthorized copying or reproduction of  
this manual is strictly prohibited without prior written permission  
from REED Instruments.
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Main Filter Plant: Pressure Filter Tank 
Thickness Test Results 
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Booster Pump Station: Piping 
Thickness Test Results 
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Well 8 Filter Plant: Pressure Filter Tank 
Thickness Test Results 
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Well 9 Filter Plant: Pressure Filter Tank 
Thickness Test Results 
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Customer Classification
No. of 

Customers
Metered Water 

Use (gal)
% of Total 

Flow
No. of 

Customers
Metered Water 

Use (gal)
% of Total 

Flow
No. of 

Customers
Metered Water 

Use (gal)
% of Total 

Flow
No. of 

Customers
Metered Water 

Use (gal)
% of Total 

Flow
No. of 

Customers
Metered Water 

Use (gal)
% of Total 

Flow
No. of 

Customers
Metered Water 

Use (gal)
% of Total 

Flow
Residential 6,354          235,529,000         67% 6,263           235,008,000       67% 6,167          243,177,000        69% 6,083          224,918,000         66% 6,015          227,084,000       65% 5,983          220,464,000           67%
Commercial 408             48,301,000           14% 397              46,457,000         13% 397             43,227,000          12% 398             51,086,000           15% 397             50,533,000         15% 396             46,678,000             14%
Industrial 26               39,477,000           11% 20                 39,363,000         11% 20               38,398,000          11% 20               33,654,000           10% 19               38,939,000         11% 19               30,771,000             9%
Public 33               10,095,000           3% 32                 10,301,000         3% 32               10,155,000          3% 32               11,546,000           3% 32               11,791,000         3% 31               12,259,000             4%
Multifamily Residential 133             18,202,000           5% 132              18,256,000         5% 132             18,660,000          5% 132             18,753,000           6% 132             19,419,000         6% 132             17,682,000             5%
Total 6,954          351,604,000        6,844           349,385,000       6,748          353,617,000       6,665          339,957,000         6,595          347,766,000       6,561          327,854,000           

Total Gallons Pumped into Dist. System 473,362,000         422,636,000       409,484,000        416,569,000         432,995,000       432,714,000           
Average Day Demand 1,300,445             1,161,088            1,121,874            1,144,420              1,189,547            1,188,775               
Total Water Loss 23% 10% 6% 9% 10% 12%

Maximum Day Demand 2,213,000             1,922,000            1,827,000            2,192,000              2,030,000            2,288,000               
Day of Max Demand 5/24/2022 8/17/2021 4/22/2020 1/17/2017 6/15/2018 6/27/2017
Reason for Max Day Water main break Hydrant flushing Hydrant flushing Water main break Hydrant flushing Hydrant flushing
Max Day Ratio 1.70                       1.66                      1.63                      1.92                        1.71 1.92

Population 17,372                   17,170                 17,088                  16,274                   16,219                 16,080                     
Average Person per Household 2.73 2.74 2.77 2.68 2.70 2.69
Residential gpcd 37.2 37.6 39.0 38.0 38.5 37.7
Total gpcd 55.60 55.90 56.70 57.39 58.91 56.01

2022 20172018201920202021
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PSC Numerical Project Justification Equations

 Equation 1: Maximum Day Demand

SC = [FWC ∗ 18 hr/24 hr] ― MD

Equation 2: Average Day Demand

SC = [FWC ∗ 12 hr/24 hr] ― AD

Equation 3: Fire Flow Demand and Maximum Day Demand

SC = FWC +
ES

T ∗ 60 ― F ―
R + MD
24 ∗ 60

Equation 4: Maximum Hour Demand

SC = FWC +
ES
60 ―

R + MH ∗ 60
60

Firm Well Capacity (FWC)

*Firm well capacity is the total well capacity of the wells in the system, with the largest well out of 
service.

Well 4 = 555 gpm

Well 5 = 315 gpm

Well 10 = 580 gpm

Well 8 = 475 gpm

Well 9 = 1,300 gpm

FWC = Total capacity – Well 9 = 1,925 gpm

Additional calculations were performed with different well capacities. Some scenarios were evaluated 
with Well 9 also running to show how the system performs in a better-case scenario than FWC. Although 
this does not provide the most conservative calculation, it was performed to show Kaukauna how their 
system can perform when all the wells are operational. 

Customer Demand 

Current Average Day Demand (AD)

2022 PSC WEGS report total gallons of water of 473,362,000 gallons. 

This also assumes as 12-hour pumping day.

473,362,000 gal/ year ÷ 365 days ÷ 12 pumping hours/day ÷ 60 min/hr = 𝟏,𝟖𝟎𝟏 𝐠𝐩𝐦

Current Maximum Day Demand (MD)

Using average maximum day from PSC WEGS reports 2017-2022 and an 18-hour pumping day. 

2,078,667 gal ÷ 24 ÷ 18 = 𝟏,𝟗𝟐𝟓 𝐠𝐩𝐦



Current Maximum Hour Demand (MH)

1,925 gpm x 2 = 𝟐,𝟎𝟐𝟖 𝐠𝐩𝐦

20-Year Projections

Year Total Water 
Demand (gal)

Average Day 
Demand 

(gal)

Maximum Day 
Demand (gal)

2000 464,305,000 1,272,068 2,252,000
2001 484,189,000 1,326,545 1,961,000
2002 501,160,000 1,373,041 2,011,000
2003 536,283,000 1,469,268 2,204,000
2004 512,887,000 1,405,170 3,026,000
2005 534,648,000 1,464,789 2,336,000
2006 516,376,000 1,414,729 2,495,000
2007 510,719,000 1,399,230 2,261,000
2008 506,623,000 1,388,008 2,556,000
2009 471,048,000 1,290,542 2,135,000
2010 430,703,000 1,180,008 2,308,000
2011 444,951,000 1,219,044 2,022,000
2012 457,694,000 1,253,956 1,862,000
2013 444,685,000 1,218,315 1,929,000
2014 469,407,000 1,286,047 1,911,000
2015 435,258,500 1,192,489 2,057,000
2016 432,127,000 1,183,910 2,064,000
2017 432,714,000 1,185,518 2,288,000
2018 432,995,000 1,186,288 2,030,000
2019 416,569,000 1,141,285 2,192,000
2020 409,484,000 1,121,874 1,827,000
2021 422,636,000 1,157,907 1,922,000
2022 473,362,000 1,296,882 2,213,000
2025 480,497,991 1,316,433 2,316,922
2030 492,631,168 1,349,674 2,375,427
2035 505,070,722 1,383,755 2,435,410
2040 517,824,391 1,418,697 2,496,907
2043 525,630,658 1,440,084 2,534,548

Projections were determined assuming a 0.5% annual growth rate, starting from the total water demand 
from 2022. This was decided on as the growth rate following discussions with Kaukauna Utilities. 

Future max day determined by multiplying average day by 2.53. This ratio of MD:AD demand is the 
average of MD:AD demand from the PSC WEGS reports from 2017-2022. 



Future Average Day (AD)

1,440,084 gal ÷ 12 pumping
hours

day ÷ 60
min
hr = 𝟐,𝟎𝟎𝟎 𝐠𝐩𝐦

Future Maximum Day (MD)

2,534,548 gal ÷ 24 ÷ 18 = 𝟐,𝟑𝟒𝟕 𝐠𝐩𝐦

Future Maximum Hour (MH)

2,347 gpm x 2 = 𝟒,𝟗𝟐𝟖 𝐠𝐩𝐦

Additional demand scenarios were also considered. In the report, an RO treatment system is being 
considered for all wells. This would involve a waste stream of approximately 17% of total water pumped. 
Therefore, calculations for the RO scenario include an additional 1.17% demand in the system. 

Calculations were also performed for maximum day demand assuming a 24-hour pumping day instead 
of 18-hour pumping day. This would be a realistic short-term solution to meet maximum day demand 
with Well 9 down. 

Fire Demand

Using ISO Fire Demands for schools. 

Maximum fire flow = 3,500 gpm (F)

Maximum fire flow duration = 3 hr (T)

Maximum fire flow volume = 630,000 gal 

Storage 

Current Water Storage (ES)

Assuming 10% of the water tower capacity must be set aside for operational needs. 

1M gal x 0.90 = 900,000 gal 

Note: following discussions with the sanitary district, it was determined to use a reserve (R) of 0 for a 
more conservative estimate of demand needs. 



Equation Results

Scenario Equation 1 - 
Max Day

Equation 2 - 
Average Day

Equation 3 - Fire 
Flow on Max Day

Equation 4 - 
Max Hour

Current
                      

0                        124 
                         

1,500 
                  

12,883 

Future - FWC
                      

(422) (75)
                         

1,078 
                  

11,997 

Future - With Well 9
                   

878                    1,225   

Current Demand + RO  (327)
                       

(182)
                         

1,173 
                    

1,318 

Future - FWC + RO
                    

(821)
                       

(415)
                         

679 
                    

1,085 

Future - with Well 9, RO 479                    885 
                         

1,979 
                    

2,385 

Current Demand + RO treatment, assuming a 24-hour pumping day for maximum day demand

  236 gpm spare capacity

Future Demand + RO treatment, assuming a 24-hour pumping day for maximum day demand

-134 gpm spare capacity
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KAUKAUNA UTILITIES Project Number: 23003991 
777 ISLAND STREET Report Date: 3/6/2023 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 14351 
 # Samples: 5 
 
 
Sample Number: 53008864 
Sample ID: RAW WATER WELL #4 
Sample Date: 2/22/2023 
Date Received: 2/22/2023 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
TEMPERATURE 53.2 F    EPA170.1 2/22/2023  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 185 mg/l 20 67  SM2320B 2/24/2023  
CHLORIDE 9.3 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
CONDUCTIVITY-LAB 1360 umho/cm 0.1 0.1  EPA120.1 2/24/2023  
FLUORIDE 1.7 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
HARDNESS AS CACO3 754 mg/l 0.28 0.93 1 EPA200.7 3/1/2023  
M-ALKALINITY 185 mg/l 20 67  SM2320B 2/24/2023  
P-ALKALINITY <20 mg/l 20 67  SM2320B 2/24/2023  
pH-LAB 7.2 S.U.    SM4500HB 2/22/2023  
SILICA, DISSOLVED 6.6 mg/l 0.95 3.2 5 SM4500SiO2C 3/1/2023  
SULFATE 583 mg/l 18 60 35 EPA300.0 2/28/2023  
SUSPENDED SOLIDS <2.0 mg/l 2.0 2.0  SM2540D 2/23/2023  
TOTAL DIS. SOLIDS 1088 mg/l 20 20  SM2540C 2/24/2023  
TURBIDITY-LAB 8.3 NTU 0.10 0.10 1 EPA180.1 2/24/2023  
METALS 
ALUMINUM, TOTAL <0.014 mg/l 0.014 0.047 1 EPA200.7 3/1/2023  
BARIUM, TOTAL <0.0004 mg/l 0.0004 0.0013 1 EPA200.7 3/1/2023  
BORON 0.123 mg/l 0.0035 0.012 1 EPA200.7 3/1/2023  
CALCIUM, TOTAL 271 mg/l 0.08 0.27 1 EPA200.7 3/1/2023  
IRON, TOTAL 0.61 mg/l 0.06 0.20 1 EPA200.7 3/1/2023  
MAGNESIUM, TOTAL 19 mg/l 0.02 0.07 1 EPA200.7 3/1/2023  
MANGANESE, TOTAL 0.021 mg/l 0.0007 0.0023 1 EPA200.7 3/2/2023  
METALS DIGESTION DONE     EPA200.2 2/28/2023  
POTASSIUM, TOTAL 4.69 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
SODIUM, TOTAL 13 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
STRONTIUM, TOTAL 24 mg/l 2.0 6.67 10 EPA200.7 3/2/2023  
NUTRIENTS 
AMMONIA NITROGEN 0.12 mg/l 0.11 0.37 1 SM4500NH3G 2/27/2023  
NITRATE NITROGEN <0.10 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
PHOSPHORUS, TOTAL <0.03 mg/l 0.03 0.10 1 EPA365.4 3/2/2023  
ORGANICS 
TOTAL ORGANIC CARBON 0.698 mg/l 0.284 0.946 1 SM5310C 2/24/2023 47,J 
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Sample Number: 53008865 
Sample ID: RAW WATER WELL #5 
Sample Date: 2/22/2023 
Date Received: 2/22/2023 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
TEMPERATURE 52.1 C    EPA170.1 2/22/2023  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 180 mg/l 20 67  SM2320B 2/24/2023  
CHLORIDE 13 mg/l 0.20 0.67 2 EPA300.0 2/28/2023  
CONDUCTIVITY-LAB 1390 umho/cm 0.1 0.1  EPA120.1 2/24/2023  
FLUORIDE 1.7 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
HARDNESS AS CACO3 778 mg/l 0.28 0.93 1 EPA200.7 3/1/2023  
M-ALKALINITY 180 mg/l 20 67  SM2320B 2/24/2023  
P-ALKALINITY <20 mg/l 20 67  SM2320B 2/24/2023  
pH-LAB 7.2 S.U.    SM4500HB 2/22/2023  
SILICA, DISSOLVED 5.6 mg/l 0.95 3.2 5 SM4500SiO2C 3/1/2023  
SULFATE 607 mg/l 18 60 35 EPA300.0 2/28/2023  
SUSPENDED SOLIDS <2.0 mg/l 2.0 2.0  SM2540D 2/23/2023  
TOTAL DIS. SOLIDS 1173 mg/l 20 20  SM2540C 2/24/2023  
TURBIDITY-LAB 11 NTU 0.10 0.10 1 EPA180.1 2/24/2023  
METALS 
ALUMINUM, TOTAL <0.014 mg/l 0.014 0.047 1 EPA200.7 3/1/2023  
BARIUM, TOTAL <0.0004 mg/l 0.0004 0.0013 1 EPA200.7 3/1/2023  
BORON 0.128 mg/l 0.0035 0.012 1 EPA200.7 3/1/2023  
CALCIUM, TOTAL 279 mg/l 0.08 0.27 1 EPA200.7 3/1/2023  
IRON, TOTAL 0.81 mg/l 0.06 0.20 1 EPA200.7 3/1/2023  
MAGNESIUM, TOTAL 20 mg/l 0.02 0.07 1 EPA200.7 3/1/2023  
MANGANESE, TOTAL 0.024 mg/l 0.0007 0.0023 1 EPA200.7 3/2/2023  
METALS DIGESTION DONE     EPA200.2 2/28/2023  
POTASSIUM, TOTAL 4.86 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
SODIUM, TOTAL 16 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
STRONTIUM, TOTAL 21 mg/l 0.0002 0.0007 1 EPA200.7 3/1/2023  
NUTRIENTS 
AMMONIA NITROGEN <0.11 mg/l 0.11 0.37 1 SM4500NH3G 2/27/2023  
NITRATE NITROGEN <0.10 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
PHOSPHORUS, TOTAL <0.03 mg/l 0.03 0.10 1 EPA365.4 3/2/2023  
ORGANICS 
TOTAL ORGANIC CARBON 0.656 mg/l 0.284 0.946 1 SM5310C 2/24/2023 47,J 
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Sample Number: 53008866 
Sample ID: RAW WATER WELL #8 
Sample Date: 2/22/2023 
Date Received: 2/22/2023 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
TEMPERATURE 52.7 C    EPA170.1 2/22/2023  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 175 mg/l 20 67  SM2320B 2/24/2023  
CHLORIDE 7.5 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
CONDUCTIVITY-LAB 1090 umho/cm 0.1 0.1  EPA120.1 2/24/2023  
FLUORIDE 1.8 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
HARDNESS AS CACO3 565 mg/l 0.28 0.93 1 EPA200.7 3/1/2023  
M-ALKALINITY 175 mg/l 20 67  SM2320B 2/24/2023  
P-ALKALINITY <20 mg/l 20 67  SM2320B 2/24/2023  
pH-LAB 7.2 S.U.    SM4500HB 2/22/2023  
SILICA, DISSOLVED 6.6 mg/l 0.95 3.2 5 SM4500SiO2C 3/1/2023  
SULFATE 441 mg/l 13 43 25 EPA300.0 2/28/2023  
SUSPENDED SOLIDS <2.0 mg/l 2.0 2.0  SM2540D 2/23/2023  
TOTAL DIS. SOLIDS 862 mg/l 20 20  SM2540C 2/24/2023  
TURBIDITY-LAB 8.8 NTU 0.10 0.10 1 EPA180.1 2/24/2023  
METALS 
ALUMINUM, TOTAL <0.014 mg/l 0.014 0.047 1 EPA200.7 3/1/2023  
BARIUM, TOTAL 0.0023 mg/l 0.0004 0.0013 1 EPA200.7 3/1/2023  
BORON 0.11 mg/l 0.0035 0.012 1 EPA200.7 3/1/2023  
CALCIUM, TOTAL 195 mg/l 0.08 0.27 1 EPA200.7 3/1/2023  
IRON, TOTAL 0.55 mg/l 0.06 0.20 1 EPA200.7 3/1/2023  
MAGNESIUM, TOTAL 19 mg/l 0.02 0.07 1 EPA200.7 3/1/2023  
MANGANESE, TOTAL 0.022 mg/l 0.0007 0.0023 1 EPA200.7 3/2/2023  
METALS DIGESTION DONE     EPA200.2 2/28/2023  
POTASSIUM, TOTAL 4.20 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
SODIUM, TOTAL 11 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
STRONTIUM, TOTAL 20 mg/l 0.0002 0.0007 1 EPA200.7 3/1/2023  
NUTRIENTS 
AMMONIA NITROGEN 0.12 mg/l 0.11 0.37 1 SM4500NH3G 2/27/2023  
NITRATE NITROGEN <0.10 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
PHOSPHORUS, TOTAL <0.03 mg/l 0.03 0.10 1 EPA365.4 3/2/2023  
ORGANICS 
TOTAL ORGANIC CARBON 0.871 mg/l 0.284 0.946 1 SM5310C 2/24/2023 47,J 
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Sample Number: 53008867 
Sample ID: RAW WATER WELL #9 
Sample Date: 2/22/2023 
Date Received: 2/22/2023 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
TEMPERATURE 52.8 C    EPA170.1 2/22/2023  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 205 mg/l 20 67  SM2320B 2/24/2023  
CHLORIDE 5.8 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
CONDUCTIVITY-LAB 1170 umho/cm 0.1 0.1  EPA120.1 2/24/2023  
FLUORIDE 1.6 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
HARDNESS AS CACO3 619 mg/l 0.28 0.93 1 EPA200.7 3/1/2023  
M-ALKALINITY 205 mg/l 20 67  SM2320B 2/24/2023  
P-ALKALINITY <20 mg/l 20 67  SM2320B 2/24/2023  
pH-LAB 7.2 S.U.    SM4500HB 2/22/2023  
SILICA, DISSOLVED 8.7 mg/l 0.95 3.2 5 SM4500SiO2C 3/1/2023  
SULFATE 451 mg/l 13 43 25 EPA300.0 2/28/2023  
SUSPENDED SOLIDS <2.0 mg/l 2.0 2.0  SM2540D 2/23/2023  
TOTAL DIS. SOLIDS 918 mg/l 20 20  SM2540C 2/24/2023  
TURBIDITY-LAB 7.6 NTU 0.10 0.10 1 EPA180.1 2/24/2023  
METALS 
ALUMINUM, TOTAL <0.014 mg/l 0.014 0.047 1 EPA200.7 3/1/2023  
BARIUM, TOTAL <0.0004 mg/l 0.0004 0.0013 1 EPA200.7 3/1/2023  
BORON 0.11 mg/l 0.0035 0.012 1 EPA200.7 3/1/2023  
CALCIUM, TOTAL 210 mg/l 0.08 0.27 1 EPA200.7 3/1/2023  
IRON, TOTAL 0.53 mg/l 0.06 0.20 1 EPA200.7 3/1/2023  
MAGNESIUM, TOTAL 23 mg/l 0.02 0.07 1 EPA200.7 3/1/2023  
MANGANESE, TOTAL 0.014 mg/l 0.0007 0.0023 1 EPA200.7 3/2/2023  
METALS DIGESTION DONE     EPA200.2 2/28/2023  
POTASSIUM, TOTAL 4.38 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
SODIUM, TOTAL 10 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
STRONTIUM, TOTAL 26 mg/l 0.0002 0.0007 1 EPA200.7 3/1/2023  
NUTRIENTS 
AMMONIA NITROGEN 0.13 mg/l 0.11 0.37 1 SM4500NH3G 2/27/2023  
NITRATE NITROGEN <0.10 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
PHOSPHORUS, TOTAL <0.03 mg/l 0.03 0.10 1 EPA365.4 3/2/2023  
ORGANICS 
TOTAL ORGANIC CARBON 0.876 mg/l 0.284 0.946 1 SM5310C 2/24/2023 47,J 
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Sample Number: 53008868 
Sample ID: RAW WATER WELL #10 
Sample Date: 2/22/2023 
Date Received: 2/22/2023 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
TEMPERATURE 52.3 C    EPA170.1 2/22/2023  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 198 mg/l 20 67  SM2320B 2/24/2023  
CHLORIDE 10 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
CONDUCTIVITY-LAB 1050 umho/cm 0.1 0.1  EPA120.1 2/24/2023  
FLUORIDE 1.6 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
HARDNESS AS CACO3 536 mg/l 0.28 0.93 1 EPA200.7 3/1/2023  
M-ALKALINITY 198 mg/l 20 67  SM2320B 2/24/2023  
P-ALKALINITY <20 mg/l 20 67  SM2320B 2/24/2023  
pH-LAB 7.2 S.U.    SM4500HB 2/22/2023  
SILICA, DISSOLVED 8.5 mg/l 0.95 3.2 5 SM4500SiO2C 3/1/2023  
SULFATE 381 mg/l 13 43 25 EPA300.0 2/28/2023  
SUSPENDED SOLIDS <2.0 mg/l 2.0 2.0  SM2540D 2/23/2023  
TOTAL DIS. SOLIDS 802 mg/l 20 20  SM2540C 2/24/2023  
TURBIDITY-LAB 9.0 NTU 0.10 0.10 1 EPA180.1 2/24/2023  
METALS 
ALUMINUM, TOTAL <0.014 mg/l 0.014 0.047 1 EPA200.7 3/1/2023  
BARIUM, TOTAL <0.0004 mg/l 0.0004 0.0013 1 EPA200.7 3/1/2023  
BORON 0.124 mg/l 0.0035 0.012 1 EPA200.7 3/1/2023  
CALCIUM, TOTAL 178 mg/l 0.08 0.27 1 EPA200.7 3/1/2023  
IRON, TOTAL 0.59 mg/l 0.06 0.20 1 EPA200.7 3/1/2023  
MAGNESIUM, TOTAL 22 mg/l 0.02 0.07 1 EPA200.7 3/1/2023  
MANGANESE, TOTAL 0.018 mg/l 0.0007 0.0023 1 EPA200.7 3/2/2023  
METALS DIGESTION DONE     EPA200.2 2/28/2023  
POTASSIUM, TOTAL 4.68 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
SODIUM, TOTAL 14 mg/l 0.15 0.50 1 EPA200.7 3/1/2023  
STRONTIUM, TOTAL 27 mg/l 0.0002 0.0007 1 EPA200.7 3/1/2023  
NUTRIENTS 
AMMONIA NITROGEN 0.13 mg/l 0.11 0.37 1 SM4500NH3G 2/27/2023  
NITRATE NITROGEN <0.10 mg/l 0.10 0.33 1 EPA300.0 2/22/2023  
PHOSPHORUS, TOTAL <0.03 mg/l 0.03 0.10 1 EPA365.4 3/2/2023  
ORGANICS 
TOTAL ORGANIC CARBON 0.771 mg/l 0.284 0.946 1 SM5310C 2/24/2023 47,J 

 
 

 Quality Assurance Code(s): 
J. Analyte detected between the LOD and LOQ. 
47. Analyzed by Badger Laboratories, Inc Certification #750110460 
 
All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
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KAUKAUNA UTILITIES Project Number: 22016126  
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 7 
 
 
Sample Number: 52036566 
Sample ID: EP-8 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 

Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 1.37 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 54 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.71 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 9.3 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1060 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 618 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 6.9 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 430 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 215 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 19 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.48 mg/l 0.01 0.03   10/20/2022  

 
 

Sample Number: 52036567 
Sample ID: EP-9 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 

Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 1.37 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 54 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.80 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 7.2 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1140 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 670 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.3 S.U.    SM4500HB 10/21/2022  
SILICA 6.8 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 464 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.20 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 229 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 3.9 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.52 mg/l 0.01 0.03   10/20/2022  
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Sample Number: 52036568 
Sample ID: EP-400 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 1.45 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 54 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.83 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 12 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1240 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 727 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 6.3 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 528 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 256 mg/l 0.08 0.27 1 EPA200.7 11/7/2022 H1 
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 21 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.53 mg/l 0.01 0.03   10/20/2022  

 
 

Sample Number: 52036569 
Sample ID: 777 ISLAND ST 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 0.96 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 58 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.26 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 12 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1220 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 719 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 7.2 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 536 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 253 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL 0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 37 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.75 mg/l 0.01 0.03   10/20/2022  
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Sample Number: 52036570 
Sample ID: 2700 NORTHRIDGE DR 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 0.98 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 61 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.25 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 9.1 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1100 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 638 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 6.6 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 440 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 221 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 6.8 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.75 mg/l 0.01 0.03   10/20/2022  

 
 

Sample Number: 52036571 
Sample ID: 406 W 10TH ST 
Sample Date: 10/20/2022 
Date Received: 10/21/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 0.98 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 58 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.30 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 7.8 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1120 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 677 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 6.2 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 456 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 232 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 3.5 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.60 mg/l 0.01 0.03   10/20/2022  
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Sample Number: 52036572 
Sample ID: 1701 CTY HWY CE 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 1.05 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 59 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.33 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 11 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1000 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 706 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 7.2 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 485 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 247 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 14 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.75 mg/l 0.01 0.03   10/20/2022  

 
 Quality Assurance Code(s): 
H1. Spiked sample recovery outside the established quality control limits. Recovery was low. 
 
All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 
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KAUKAUNA UTILITIES Project Number: 22016126  
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 7 
 
 
Sample Number: 52036566 
Sample ID: EP-8 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 

Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 1.37 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 54 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.71 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 9.3 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1060 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 618 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 6.9 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 430 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 215 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 19 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.48 mg/l 0.01 0.03   10/20/2022  

 
 

Sample Number: 52036567 
Sample ID: EP-9 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 

Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 1.37 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 54 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.80 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 7.2 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1140 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 670 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.3 S.U.    SM4500HB 10/21/2022  
SILICA 6.8 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 464 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.20 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 229 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 3.9 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.52 mg/l 0.01 0.03   10/20/2022  
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Sample Number: 52036568 
Sample ID: EP-400 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 1.45 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 54 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.83 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 12 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1240 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 727 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 6.3 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 528 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 256 mg/l 0.08 0.27 1 EPA200.7 11/7/2022 H1 
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 21 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.53 mg/l 0.01 0.03   10/20/2022  

 
 

Sample Number: 52036569 
Sample ID: 777 ISLAND ST 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 0.96 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 58 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.26 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 12 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1220 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 719 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 7.2 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 536 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 253 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL 0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 37 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.75 mg/l 0.01 0.03   10/20/2022  
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Sample Number: 52036570 
Sample ID: 2700 NORTHRIDGE DR 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 0.98 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 61 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.25 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 9.1 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1100 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 638 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 6.6 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 440 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 221 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 6.8 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.75 mg/l 0.01 0.03   10/20/2022  

 
 

Sample Number: 52036571 
Sample ID: 406 W 10TH ST 
Sample Date: 10/20/2022 
Date Received: 10/21/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 0.98 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 58 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.30 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 7.8 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1120 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 677 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 6.2 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 456 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 232 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 3.5 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.60 mg/l 0.01 0.03   10/20/2022  
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Sample Number: 52036572 
Sample ID: 1701 CTY HWY CE 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
FIELD PARAMETER 
FREE CHLORINE 1.05 mg/l 0.01 0.03   10/20/2022  
TEMPERATURE 59 F    EPA170.1 10/20/2022  
TOTAL CHLORINE 1.33 mg/l     10/20/2022  
GENERAL ANALYSIS 
ALKALINITY, TOTAL AS CACO3 200 mg/l 20 67  SM2320B 10/28/2022  
CHLORIDE 11 mg/l 0.20 0.67 2 EPA300.0 10/31/2022  
CONDUCTIVITY-LAB 1000 umho/cm 0.1 0.1  EPA120.1 11/2/2022  
HARDNESS AS CACO3 706 mg/l 0.28 0.93 1 EPA200.7 11/7/2022  
pH-LAB 7.4 S.U.    SM4500HB 10/21/2022  
SILICA 7.2 mg/l    SM4500SiO2C 10/20/2022  
SULFATE 485 mg/l 10 33 20 EPA300.0 11/1/2022  
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/25/2022  
METALS 
ALUMINUM, TOTAL <14 ug/l 14 47 1 EPA200.7 11/7/2022  
CALCIUM, TOTAL 247 mg/l 0.08 0.27 1 EPA200.7 11/7/2022  
IRON, TOTAL <0.06 mg/l 0.06 0.20 1 EPA200.7 11/7/2022  
MANGANESE, TOTAL 14 ug/l 0.7 2.3 1 EPA200.7 11/7/2022  
NUTRIENTS 
ORTHO PHOSPHORUS 2.75 mg/l 0.01 0.03   10/20/2022  

 
 Quality Assurance Code(s): 
H1. Spiked sample recovery outside the established quality control limits. Recovery was low. 
 
All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 
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KAUKAUNA UTILITIES Project Number: 22016126 6775 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 

 
Sample Number: 52036775 
Sample ID: 1 0F 2 125ML 224 BROTHERS 1ST DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.10 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
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KAUKAUNA UTILITIES Project Number: 22016126 6776 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036776 
Sample ID: 1 0F 2 125ML 224 BROTHERS 2ND DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.32 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
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KAUKAUNA UTILITIES Project Number: 22016126 6777 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 

 
Sample Number: 52036777 
Sample ID: 1 LITER 224 BROTHERS 3RD DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.15 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.31 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
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KAUKAUNA UTILITIES Project Number: 22016126 6778 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036778 
Sample ID: 1 LITER 224 BROTHERS 4TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING <0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.18 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
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KAUKAUNA UTILITIES Project Number: 22016126 6779 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036779 
Sample ID: 1 LITER 224 BROTHERS 5TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.16 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
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KAUKAUNA UTILITIES Project Number: 22016126 6780 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036780 
Sample ID: 1 LITER 224 BROTHERS 6TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING <0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.16 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
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11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6781 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036781 
Sample ID: 1 LITER 224 BROTHERS 7TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.15 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6782 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036782 
Sample ID: 1 LITER 224 BROTHERS 8TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.13 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6783 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036783 
Sample ID: 1 LITER 224 BROTHERS 9TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.15 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.11 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6784 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036784 
Sample ID: 1 LITER 224 BROTHERS 10TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.11 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6785 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036785 
Sample ID: 1 LITER 224 BROTHERS 11TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.15 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.11 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6786 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036786 
Sample ID: 1 LITER 224 BROTHERS 12TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.11 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6787 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 

 
Sample Number: 52036787 
Sample ID: 1 LITER 224 BROTHERS 13TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.11 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6788 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036788 
Sample ID: 1 LITER 224 BROTHERS 14TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.12 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6789 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036789 
Sample ID: 1 OF 2 125ml 321 W 12TH ST 1ST DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.15 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.70 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6790 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036790 
Sample ID: 1 OF 2 125ml 321 W 12TH ST 2ND DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.68 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6791 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036791 
Sample ID: 1 LITER 321 W 12TH ST 3RD DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.4 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6792 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036792 
Sample ID: 1 LITER 321 W 12TH ST 4TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 2.1 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6793 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036793 
Sample ID: 1 LITER 321 W 12TH ST 5TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.8 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6794 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036794 
Sample ID: 1 LITER 321 W 12TH ST 6TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.5 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6795 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036795 
Sample ID: 1 LITER 321 W 12TH ST 7TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.4 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6796 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036796 
Sample ID: 1 LITER 321 W 12TH ST 8TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.4 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6796 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036796 
Sample ID: 1 LITER 321 W 12TH ST 8TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.4 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6797 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036797 
Sample ID: 1 LITER 321 W 12TH ST 9TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.1 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6798 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036798 
Sample ID: 1 LITER 321 W 12TH ST 10TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.15 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.1 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6799 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036799 
Sample ID: 1 LITER 321 W 12TH ST 11TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.91 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6800 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036800 
Sample ID: 1 LITER 321 W 12TH ST 12TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING <0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.67 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6801 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036801 
Sample ID: 1 LITER 321 W 12TH ST 13TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.58 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6802 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036802 
Sample ID: 1 LITER 321 W 12TH ST 14TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.66 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6803 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036803 
Sample ID: 1 OF 2 125 ml 224 DIEDRICHST 1ST DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.15 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.91 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6804 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036804 
Sample ID: 1 OF 2 125 ml 224 DIEDRICHST 2ND DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.1 ug/l 0.02 0.07 1 EPA200.8 10/28/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6805 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036805 
Sample ID: 1 LITER 224 DIEDRICHST 3RD DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.9 ug/l 0.02 0.07 1 EPA200.8 11/2/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6806 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036806 
Sample ID: 1 LITER 224 DIEDRICHST 4TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.6 ug/l 0.02 0.07 1 EPA200.8 11/2/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6807 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036807 
Sample ID: 1 LITER 224 DIEDRICHST 5TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.2 ug/l 0.02 0.07 1 EPA200.8 11/2/2022  

 
 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6808 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036808 
Sample ID: 1 LITER 224 DIEDRICHST 6TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.1 ug/l 0.02 0.07 1 EPA200.8 11/2/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6809 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036809 
Sample ID: 1 LITER 224 DIEDRICHST 7TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.1 ug/l 0.02 0.07 1 EPA200.8 11/2/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6810 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036810 
Sample ID: 1 LITER 224 DIEDRICHST 8TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 1.0 ug/l 0.02 0.07 1 EPA200.8 11/2/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6811 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036811 
Sample ID: 1 LITER 224 DIEDRICHST 9TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.81 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6812 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036812 
Sample ID: 1 LITER 224 DIEDRICHST 10TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.78 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6813 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036813 
Sample ID: 1 LITER 224 DIEDRICHST 11TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.82 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6814 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036814 
Sample ID: 1 LITER 224 DIEDRICHST 12TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.81 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6815 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036815 
Sample ID: 1 LITER 224 DIEDRICHST 13TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.20 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.82 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6816 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036816 
Sample ID: 1 LITER 224 DIEDRICHST 14TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.82 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6817 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036817 
Sample ID: 1 OF 2 125 ML 152 GARFIELD 1ST DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.20 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.16 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6818 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036818 
Sample ID: 1 OF 2 125 ML 152 GARFIELD 2ND DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.15 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6819 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036819 
Sample ID: 1 LITER 152 GARFIELD 3RD DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.15 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.38 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6820 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036820 
Sample ID: 1 LITER 152 GARFIELD 4TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.29 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6821 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036821 
Sample ID: 1 LITER 152 GARFIELD 5TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.24 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6822 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036822 
Sample ID: 1 LITER 152 GARFIELD 6TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.22 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6823 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036823 
Sample ID: 1 LITER 152 GARFIELD 7TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.21 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6824 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036824 
Sample ID: 1 LITER 152 GARFIELD 8TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.21 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6825 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036825 
Sample ID: 1 LITER 152 GARFIELD 9TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.20 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6826 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036826 
Sample ID: 1 LITER 152 GARFIELD 10TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.20 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6827 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036827 
Sample ID: 1 LITER 152 GARFIELD 11TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.20 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6828 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 

 
Sample Number: 52036828 
Sample ID: 1 LITER 152 GARFIELD 12TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.19 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 
 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6829 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 

 
Sample Number: 52036829 
Sample ID: 1 LITER 152 GARFIELD 13TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.18 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER



 

 

 
KAUKAUNA UTILITIES Project Number: 22016126 6830 
777 ISLAND STREET Report Date: 11/10/2022 
KAUKAUNA, WI 54130 Sampled By: CLIENT 
 
Attn: EUGENE KLISTER PO#: 13489 
 # Samples: 1 
 
 
Sample Number: 52036830 
Sample ID: 1 LITER 152 GARFIELD 14TH DRAW 
Sample Date: 10/20/2022 
Date Received: 10/20/2022 
 
Parameter Results Units LOD LOQ Dil. Method Analyzed Codes 
GENERAL ANALYSIS 
TURBIDITY-LAB SCREENING 0.10 NTU 0.10 0.10 1 EPA180.1 10/26/2022  
METALS 
LEAD, TOTAL 0.17 ug/l 0.02 0.07 1 EPA200.8 11/8/2022  

 
 
 

All LOD/LOQs adjusted for dilution and/or solids content. 
LOD = Limit of Detection LOQ = Limit of Quantitation 
 BADGER LABORATORIES, INC. 
 WDNR Certified Lab #445023150 
 Approved By: 

  
BL:gr 

 

cdevalk
Text Box
11/10/2022 RESULTS - TREATED WATER

































 
 
 
 
 

APPENDIX D 
 

Water Quality Results 
  

cdevalk
Text Box
APPENDIX FWater Hardness Supplemental Information



 
 
 
 
 

APPENDIX D 
 

Water Quality Results 
  

cdevalk
Text Box
G.1 UW MADISON WATER QUALITY BETA PROGRAM



Kaukauna Utility Water Aestics Score

2/5/2024

Existing 

Secondary MCL Weight Water Individual Weighted 

Item mg/L Percent MCL Score Score

Iron 0.3 25.0% 0 0% 100 25

Hardness NA 25.0% 710 0 0

manganese 0.05 25.0% 0.031 62% 85 21.25

Alkalinity NA 6.0% 150 85 5.1

Chloride 250 6.0% 16 6% 99 5.94

Sulfate 250 6.0% 531 212% 0 0

Aluminum 0.2 3.5% 0 0% 100 3.5

Fluoride 2 3.5% 1.7 85% 80 2.8

100.0% Total Score 63.6 Kaukana D-

Score calculated based on formulas from 
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Executive Summary 
The Water System Excellence Project (WSEP) publishes report cards for drinking water utilities 
in Wisconsin. These report cards provide clear, accessible information to the public about water 
quality, infrastructure integrity, operational efficiency, financial strength, and communications. 
Through clear and intuitive public reporting, the WSEP seeks to make the performance and 
conditions of these critical but often invisible systems more visible to the people of Wisconsin.  

The challenge. Although drinking water is essential, most citizens know little about the systems 
that provide it. A central challenge for the elected officials who govern and professionals who 
manage drinking water is that water utilities’ prices are much more visible than their quality. In 
economic terms, drinking water quality is a case of information asymmetry: utility managers 
understand the chemical, environmental, capital, and financial properties of water utilities, but 
the general public does not. By contrast, the price of water service is immediately and perfectly 
observable: when bills arrive, utility customers learn exactly what that water service costs. 
Since citizens only vaguely observe their water utilities’ quality, they cannot properly evaluate 
the tradeoff between water’s quality and its price. 

These information asymmetries create parallel challenges for utility managers and 
policymakers. Operating natural monopolies and facing political pressure to keep prices low, 
managers and policymakers have little means of demonstrating the value and performance of 
their water systems. There are few ways to distinguish a great water utility from one that 
merely avoids disasters and meets minimum regulatory requirements. 

A solution: report cards. This initial WSEP study offers a set report cards for all 506 water 
utilities regulated by the Wisconsin Public Service Commission for the year 2020, using a mix of 
publicly available and original data. By communicating performance comprehensively, but also 
clearly and simply, these report cards are meant to recognize strong performance, facilitate 
accountability, and provide feedback to policymakers and the public. Just as in a school, report 
cards include grades for multiple subjects—Water Quality-Health, Water Quality-Aesthetics, 
Finance, Infrastructure & Operations, and Communications—with each grade based on multiple 
performance indicators. The initial set of grades in this report is the first of its kind and serves 
as proof of concept and as a baseline for future development. This Beta 1.0 version of the 
report is aimed at Wisconsin’s drinking water sector leaders to familiarize themselves with 
WSEP’s goals and methodology. 

Empirical evidence of excellence is the central principle behind WSEP grading. Grades are based 
on observable, measurable outcomes, not on formal policies or procedures. WSEP grading 
standards also recognize potentially wide variation in performance. In so doing, WSEP grades 
distinguish failing systems from mediocre systems, and good systems from truly great systems. 
In crafting these report cards, the WSEP consulted with experts in each graded area. Expert 
panelists include retired utility managers, consultants, research scientists, and university 
professors. Their disciplinary backgrounds include engineering, chemistry, economics, finance, 
communications, and public management. 
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First results. The initial 2020 grades that emerge from this study are at once reassuring and 
concerning. Figure E1 summarizes WSEP grades across all five subjects. Excellent overall 
performance on Quality-Health demonstrates that the vast majority of Wisconsin’s water 
utilities fulfill their fundamental mission of providing safe, healthy drinking water. More than 91 
percent of the state’s water utilities earned A grades according to WSEP’s demanding rubric. 
Collectively, Wisconsin’s water utilities perform far better than what is required of them by law. 
 
On the other hand, statewide results for Finance and Infrastructure & Operations raise concerns 
for sustainability. Most utilities earned solid grades for Finance though a significant minority of 
utilities produced poor marks. Overall Infrastructure & Operations grades were troubling: more 
than 40% of the state’s utilities earned strong grades on the subject, but a majority received 
mediocre or poor marks. Weak financial, capital, and/or operational performance are likely to 
erode water quality and public confidence in the long run. Communications grades were mostly 
poor: nearly half of Wisconsin’s utilities failed, and barely five percent earned A grades. Overall 
aesthetic quality is difficult to gauge, owing to the large number utilities with incomplete data. 
  
Figure E1. 2020 Water System Excellence Project grade distribution by subject 

 
*Excludes 81% of utilities that received “Incomplete” for Quality-Aesthetics. 

As any student knows, earning good grades in a demanding discipline is not easy. Taken 
together, these results indicate that our state’s water utility leaders maintain sound water 
quality, often under difficult financial, capital, and operating conditions. Improvements in these 
aspects of water systems will ensure that Wisconsinites enjoy excellent tap water service well 
into the future. Sustainable excellence is possible for every Wisconsin water system; we hope 
that this initial WSEP report moves us forward toward that goal.
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Introduction 
The Water System Excellence Project (WSEP) publishes report cards for drinking water utilities 
in Wisconsin. These report cards will provide clear and accessible information to the public 
about water quality, infrastructure integrity, operational efficiency, financial strength, and 
communications. Through clear and intuitive public reporting, the WSEP seeks to make the 
performance and conditions of these critical but often invisible systems more visible to the 
people of Wisconsin.  

The challenge 
Safe and reliable drinking water service is essential for health and prosperity. As in most of the 
United States, drinking water utility service in Wisconsin is also principally a local government 
function. More than 4 million Wisconsin residents receive their drinking water from a utility, 
and nearly 98% are owned and operated by local government.  

Although drinking water is ubiquitous and essential, most citizens know little about these 
critical systems. Drinking water systems are buried – literally and figuratively.  A central 
challenge, then, for the elected officials who govern and professionals who manage and 
regulate water is that water utilities’ prices are much more visible than their quality. 

In economic terms, drinking water quality is a case of information asymmetry: utility managers 
understand the chemical, environmental, capital, operational, and financial properties of water 
utilities that determine their safety and sustainability, but the general public does not. Water 
mains that are strong and well-maintained or crumbling and leaky look the same to customers. 
Water that barely meets regulatory requirements is in many ways indistinguishable from 
pristine tap water from the customer’s perspective. Unless water systems fail egregiously, 
ordinary citizens have little way to know how well or poorly their utilities perform. 

To reduce the gap between public and professional knowledge, the Safe Drinking Water Act 
(SDWA) requires water systems to notify the public of water quality violations and to publish 
annual Consumer Confidence Reports (CCRs). These CCRs indicate levels of various federally 
regulated contaminants in tap water – but not dozens of other compounds that also affect a 
ratepayers’ experience with the water, especially taste and odor. Unfortunately, CCRs are often 
poorly designed and difficult to comprehend; empirical studies demonstrate that they do not 
communicate effectively or improve consumer confidence.1 Moreover, CCRs do not provide 
customers with information about utility performance beyond water quality, such as 
infrastructure integrity, financial strength, aesthetics, operations, or communications. In short, 
water utility quality is very difficult for most people to observe with any accuracy. 

By contrast, the price of water service is immediately and perfectly observable: when bills 
arrive, utility customers—who are also voters—learn exactly what that water service costs 
them. And naturally, customers prefer lower prices, which means managers and local elected 

 
1 Johnson (2003); Nicholas and Vedachalam (2021); Roy et al. (2015). 
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officials who set service rates face consistent pressure to keep prices low with relatively little 
attendant attention to quality or sustainability.2 

Combined, the opacity of water utilities’ performance and clarity of their prices carry pernicious 
consequences for water systems. Since citizens only vaguely observe their water utilities’ 
quality, they cannot properly evaluate the tradeoff between water’s quality and its price. 
Consequently, citizens cannot adequately reward elected officials who improve water utilities, 
but they can (and sometimes do) punish politicians at the ballot box for rate increases. Local 
governments tend to underinvest in their water systems until regulatory violations or 
catastrophic failures occur.  

Similarly, since it is hard for water system managers to demonstrate the value of their work in 
terms of anything but monthly bills and regulatory compliance, they have little professional 
incentive to innovate or improve their systems. There are few ways to distinguish a great water 
utility from one that is merely meeting the minimum regulatory requirements. Rather than 
pursuing greater quality, resilience, or sustainability, utility managers tend to manage to 
regulatory standards because they are politically defensible.3 Operating natural monopolies 
and facing political pressure to keep prices low, utility managers have few ways to demonstrate 
the value of the services they provide. The leaders who govern water systems are thus stuck 
between a rate increase rock and a regulatory hard place. The result is a water utility 
management paradigm that is fundamentally negative: oriented toward loss avoidance instead 
of gains.  

In sum, the public does not understand the quality of their water systems, which erodes utility 
accountability to citizens, causes policymakers to underinvest in utilities, and disincentivizes 
excellence for utility managers.  

A solution: report cards 
The WSEP offers a set of report cards that communicate water utilities’ performance 
comprehensively, but also clearly and simply. Organizational report cards facilitate 
accountability, reward performance for managers, and provide feedback to an organization’s 
governing body.4 Report cards distill and transform vast and complicated performance 
information into a form that lay persons can easily understand. 

With report cards in hand, utility leaders can set clear improvement targets and show how their 
efforts improved the system’s performance. Mayors, councilmembers, legislators, and 
regulators can identify and redress poor performance, or trumpet improvements and strong 
performance. For both managers and politicians, report cards can help to demonstrate the 
reasons for the unpleasant rate increases that infrastructure investments require. At the same 
time, report cards will make it easier for voters and activists to reward elected officials for 

 
2  Hansen and Mullin (2022). 
3  Teodoro (2011). 
4  Gormley and Weimer (1999). 
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water system excellence and hold them accountable for failures.  

To these ends, the WSEP developed report cards for all 506 water utilities currently regulated 
by the Wisconsin Public Services Commission. Just as in a school or college, these report cards 
include grades for multiple “subjects:” 1) Quality-health; 2) Quality-Aesthetics; 3) Finance; 4) 
Infrastructure & Operations; and 5) Communications. Just as a course grade in school is based 
on performance on multiple assignments and exams, we assigned grades for each of these 
subjects based on multiple utility performance indicators, with greater or lesser weights 
assigned to each indicator. 

Crafting report cards 

Beginning in 2021, the WSEP convened and consulted with experts in each area of water utility 
performance. Our expert panelists include retired utility managers, consultants who work with 
utilities, research scientists, and university professors. Their disciplinary backgrounds include 
engineering, chemistry, economics, finance, communications, and public management. In order 
to avoid conflicts of interest, we sought experts who are from outside of Wisconsin and who do 
not currently own or manage water utilities. We also promised confidentiality to our expert 
advisors in order to facilitate candid advice. The standards advanced here are wholly the 
responsibility of WSEP. 

We provided our experts on each of the five subjects a list of variables and descriptive statistics 
for utility data from the Wisconsin Department of Natural Resources (DNR), Public Service 
Commission of Wisconsin (PSC), and U.S. Environmental Protection Agency’s Safe Drinking 
Water Information System (SDWIS). With these data as a starting point, we discussed with our 
experts the meaning and significance of various indicators for evaluating utility quality and 
performance. This process was iterative, typically involving 3-5 meetings. After settling on a 
rubric for each subject, we applied the rubrics to data to Wisconsin’s utilities.  

Empirical evidence of excellence is the guiding principle that drives our rubric development. A 
focus on empirical evidence means that WSEP grades are based on observable, measurable 
outcomes (e.g., contaminant levels, water loss, financial reserve levels, information 
accessibility), not on formal policies or procedures (e.g., asset management plans, rate studies, 
succession plans, cybersecurity policies). In colloquial terms, WSEP grades on achievement, not 
effort. WSEP grading does not award “extra credit” or “bonus” points to utilities for anything 
other than measurable performance. 

Our focus on excellence means that WSEP grades are meant to distinguish failing systems from 
mediocre systems, and good systems from truly great systems. Thus, our grading scheme 
involves accumulation of credit for accomplishments, not deduction of credit for failures. In 
other words, utilities do not start with a perfect score from which we deduct points for 
deficiencies or failures. Rather, each utility starts with a score of zero, and then earns excellent 
(A), good (B), fair (C), passing (D), or failing (F) grades by demonstrating performance across a 
host of indicators. That is, our grading scheme seeks not only to identify failing systems, but 
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also to recognize a potentially wide variation in performance. From this perspective, meeting 
regulatory requirements is a minimum standard, not a standard of excellence. Utilities that 
merely meet regulatory requirements will receive passing WSEP marks, but not great marks. 

Finally, WSEP assigns separate grades for each of the five subjects rather than blending them 
into a single overall grade. Keeping subjects separate helps the public, policymakers, and utility 
leaders understand their areas of relative strength and weakness.  

Why Wisconsin? 

Wisconsin is an ideal place to craft comprehensive water system report cards. The Badger State 
is sufficiently large and diverse to demonstrate how report cards can work across urban, 
suburban, and rural communities. At the same time, Wisconsin is sufficiently homogenous to 
allow valid comparison of most aspects of utility quality and performance within the state. 
Crucially, Wisconsin’s unique regulatory institutions collect data on water quality, utility 
finances, and water system integrity in ways that other states do not. Utility regulation was 
born in Wisconsin with the founding of the PSC in 1907, built in large part on models developed 
by University of Wisconsin researchers; more than 30 states followed suit over the next decade, 
ushering in an era of modern utility governance. A century later, WSEP seeks to transform 
utility governance once again from the shores of Lake Mendota. 

Proof of concept 

This initial set of utility grades serves as a pilot or “beta test” for the WSEP as a proof of concept 
and baseline for future development. The present study offers an annual grade based mainly on 
data from calendar year 2020. We expect to issue similar report cards biennially going forward, 
with rubrics that evolve over time to reflect changing realities.  

Drinking water report cards in other states 
Similar recent efforts at public reporting of drinking water system performance in three other 
states—New Jersey, California, and Louisiana—merit brief discussion. Each of these states’ 
policies involve public reporting of utility performance in an effort to improve performance and 
accountability. 

New Jersey 

In 2017, the state of New Jersey enacted the Water Quality Accountability Act (WQAA), which 
required the state’s water utilities to submit a variety of data on safety, reliability, finances, and 
management to the state’s Department of Environmental Protection (DEP). The state amended 
the WQAA in 2021 to require (among other things) the DEP to publish “a report card for each 
water purveyor in the State” on its website. In fulfillment of this mandate, DEP publishes the 
WQAA reporting data on a publicly available online dashboard, where residents may look up 



Water System Excellence Project 
Beta 1.0 | 2020 Report Cards 

 

Page | 5  © 2023 Manuel P. Teodoro 
 

their own utilities and find a variety of information about them.5 However, DEP does not assign 
letter grades or provide evaluative guidelines for these data. 

California 

In 2019, California’s Senate Bill 200 authorized the California Water Board to craft an annual 
needs assessment for the Golden State’s water utilities as a way to help inform state allocations 
resources to failing or at-risk small community water systems. The Board published its first 
Drinking Water Needs Assessment in 2021; two subsequent assessments were published in 
2022 and 2023. The California Needs Assessment is in principle a risk assessment of small 
systems. As such, California’s methodology looks only at small systems and evaluates their risks 
of “failing to sustainably provide a sufficient amount of safe and affordable drinking water.”6 
The California Water Board’s assessment of resources, capital conditions, operating costs, and 
affordability yields a four-category classification, with small systems classified as either “not at-
risk,” “potentially at risk,” “at-risk,” or “HR2W.”7 The final designation applies to systems that 
consistently fail to meet primary drinking water standards under the SDWA. Since the California 
effort is intended to guide allocation of state funding to small systems based on the severity of 
their needs, the California assessments evaluate only small systems (i.e., systems that serve 
populations of 3,300 or fewer) and focus on the risk of failure, not performance.  

Louisiana 

In 2021, the Louisiana Legislature authorized its state Department of Health (LDH) to develop 
letter grades for community water system accountability and performance. After a two year 
process, the LDH issued letter grades for each of the state’s drinking water systems based on 
compliance with federal water quality rules, state water quality rules, financial sustainability, 
operation and maintenance, infrastructure, customer satisfaction, and secondary 
contaminants. LDH combines data on all of these topics to calculate a numerical grade on a 
100-point scale, which then converts to a single letter grade (A, B, C, D, or F) for each utility.   

Louisiana’s grading system follows a penalty or demerit principle: utilities are presumed to start 
with a perfect 100 score, from which LDH deducts points for various failures.8 For example, 
violation of a state or federal SDWA Maximum Contaminant Limit (MCL), a boil water notice, or 
a failure to submit a rate study each result in a five-point deduction. The Louisiana rubric also 
limits the deductions that a utility can receive on any single subject. For example, federal SDWA 
violation deductions are capped at 30. Louisiana’s rubric also allows a utility to earn up to ten 
“extra points” for various plans and programs, such as an asset management plan or 

 
5 https://www.state.nj.us/dep/watersupply/dwc_systems.html  
6 Abhold et al. (2021), 13. 
7 HR2W is an abbreviation for “Human Right to Water,” which refers to a 2016 California law that declared a 
“human right to water” in the state. 
8 https://ldh.la.gov/assets/oph/Center-EH/engineering/Grade_Rule/CWS_Accountability_Rule_LR.pdf   

https://ldh.la.gov/assets/oph/Center-EH/engineering/Grade_Rule/CWS_Accountability_Rule_LR.pdf
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management training program.9   

Like California’s, Louisiana’s assessment also proceeds under a compliance paradigm: LDH’s 
rubric evaluates performance strictly in terms of failures and deficiencies. Although Louisiana’s 
letter grades imply recognition of strong performance, the definition of performance is rooted 
in regulatory compliance, not achievement of excellence.  

Why WSEP is different  
 
Efforts to evaluate and publicly report on water system quality in New Jersey, California, and 
Louisiana are encouraging, and together reflect a growing movement toward greater 
transparency and accountability for American water utilities. However, their origins, purposes, 
and forms are markedly different from WSEP’s in at least three important ways. 

First, the WSEP offers an independent assessment of drinking water utility performance, 
unaligned with any state regulatory agency or interest group. The New Jersey, California, and 
Louisiana reporting programs are products of state government agencies that emerged from 
state legislation. As such, institutional and political constraints shape these states’ assessments 
and reporting processes to some extent. By contrast, the WSEP is a project of the La Follette 
School of Public Affairs at the University of Wisconsin-Madison, which affords the present effort 
a remarkable degree of independence. That independence allows WSEP to set rigorous 
performance standards free from political or commercial considerations.  

Second, the WSEP’s grading rubric is based entirely on empirically observable outcomes, not 
plans or procedures. This exclusive focus on measurable results sets WSEP apart from New 
Jersey’s and Louisiana, which include some aspects of planning and programming. 

Third and most critically, WSEP’s focus on excellence puts utility performance at the heart of its 
assessment, with letter grades as a means of distilling and communicating utility performance. 
California’s and Louisiana’s assessment regimes each focus on failures and deficiencies (albeit in 
different ways); their goals are to identify failing systems in hopes of remediating them. New 
Jersey’s report cards provide the public with ample information, but do not distill that 
information in a way that communicates performance to lay persons. WSEP’s principal goal is to 
communicate utility performance in a way that not only identifies failures, but also 
distinguishes the good from the merely adequate, and the truly great from the merely good. 
WSEP’s aim is not only to point out failure, but also to highlight achievement. 

 
9 In capping deductions and offering “extra points,” Louisiana’s rubric potentially allows utilities to perform quite 
poorly and yet retain an apparently solid or even strong grade. For example, a utility that violated MCLs dozens of 
times would be penalized only 30 points, since the rubric limits MCL deductions to 30. The same utility could then 
earn back ten “extra points” for participating in a management program and filing a well assessment program with 
the state. The utility’s final score would be 80 (100 – 30 points for MCL violations + 5 for management program 
participation + 5 for well assessment program), resulting in an overall letter grade of B for a utility that sent 
contaminated water to its customers for most of the year. 
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Five subjects 
 
As noted above, WSEP report cards include grades for five “subjects:” 

• Water Quality-Health 
• Water Quality-Aesthetics 
• Infrastructure & Operations 
• Finance 
• Communications 

Here we offer brief introductions to each subject; the report provides detailed rubrics and 
results for each.  

Water Quality-Health 

Delivering safe, healthy drinking water is the primary objective of any water utility. WSEP 
grades for Quality-Health are based on regulated contaminant levels, with separate 
assessments of acute contaminants (which pose an immediate risk to human health) and 
chronic contaminants (which can cause negative health effects after continuous exposure over 
a long period of time). The SDWA regulates both types of contaminants through primary MCLs; 
water utilities violate the SDWA when they exceed an MCL.  

As with every WSEP grade, distinguishing between adequate, good, and excellent performance 
is a guiding principle of our approach to evaluating water quality. To that end, our grading 
scheme views compliance with MCLs as defined in state and federal rules as a minimum 
expectation, and our grading scale calculates grades as a function of observed contaminant 
levels relative to their MCLs. Exceedances of MCLs that result in formal violations reflect 
failures of a utility’s health mission, and so a utility that formally violates an MCL automatically 
fails the Quality-Health subject. 

Water Quality-Aesthetics 

Secondary contaminants, or “aesthetics” of water quality, are important because the taste, 
odor, color, and other aesthetic conditions are usually the most noticeable and unpleasant for 
consumers. If the water has a poor taste or is discolored, consumers may be less trusting of the 
water system and be more likely to purchase bottled water, even if the water is perfectly safe in 
terms of human health.10  

Quality-Aesthetics grades are based on the EPA’s National Secondary Drinking Water 
Regulations (NSDWRs). The secondary drinking water regulations set non-mandatory water 
quality standards for 15 contaminants, which are not enforced by EPA and state regulators, 
except for fluoride. The “secondary maximum contaminant levels” (SMCLs) are established as 
guidelines to assist public water systems in managing their water supply for aesthetics – such as 

 
10 See for example: Doria, Pidgeon, and Hunter (2009); Teodoro, Zuhlke, and Switzer (2022).  
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taste, color, and odor. We included contaminants such as iron, manganese, hardness, and 
alkalinity, with data from the Wisconsin Department of Natural Resources.  

Unfortunately, relatively few Wisconsin utilities report data on all of these secondary 
contaminants that we use in grading. Due to data availability constraints, we have Quality-
Aesthetics grades for only 97 utilities; those with missing data are marked as “incomplete.”  

Finance 

Finance is a critical component of overall water utility performance: financial strength is crucial 
for a utility’s sustainability, affordability is critical for a utility’s public health mission, and 
progressive pricing is important for equity. Balancing rising costs and the need to invest in 
infrastructure with affordability and equity is challenging.  

Our assessment of water utility financial strength involves capital financing capacity, liquidity, 
affordability, and proportionality in pricing. Utilities received strong marks for showing ample 
financing capacity and financial liquidity to handle unexpected contingencies, and for low taxes 
on water utility revenue. Utilities also earned credit for low residential service prices at modest 
volumes and for progressive water rate structures (i.e., increasing prices at higher volumes).  

Infrastructure & Operations  

Physical integrity and operational effectiveness are both essential to water system excellence 
and sustainability. Since a utility’s capital and operations are intrinsically linked, we combine 
both into a single “subject”: Infrastructure accounts for half of the Infrastructure & Operations 
grade, and Operations accounts for the other half. Water utilities’ infrastructure needs vary 
widely, depending on factors such as source water and customer demand. 

The infrastructure grade focuses on transmission and distribution system integrity using data 
on water loss, replacement rate, and especially main breaks. The Operations grade includes 
energy consumption and several measurements of operating expenses.  

Communications  

Transparency and access to key utility information are vital for public trust, accountability, good 
governance, and confidence in leadership. By quantifying and assessing utilities 
Communications, WSEP seeks to encourage water utility leaders to consider public 
communication a strategic imperative and a core element of their utilities’ overall performance. 
In the 21st century, effective communications depend principally on “e-governance”: access to 
information via the Internet, mobile devices, and social media. These media present new 
challenges, but also opened up new opportunities for communicating with the public.  

WSEP Communications grades reflect two constructs: transparency and interactivity. 
Transparency relates to the type of information and accessibility of that information, while 



Water System Excellence Project 
Beta 1.0 | 2020 Report Cards 

 

Page | 9  © 2023 Manuel P. Teodoro 
 

interactivity relates to how much a utility interacts with and provides opportunities for the 
public to interact with their water utility. 

Utilities earned credit for transparency with the presence of a website, the use of social media, 
and by providing various information online in multiple languages. WSEP awarded interactivity 
credit to utilities that provided information on how the public could contact them via 
telephone, email, social media, and/or public meetings.  

The promise 

The WSEP aims to depict water utility performance in clear, intuitive report cards as a step 
toward transforming water utility governance in Wisconsin and beyond. Similar concepts have 
been developed and introduced in other states, demonstrating the salience of this issue and 
the appetite among the public and policymakers to make water system performance more 
transparent. Report cards can incentivize and reward strong performance by highlighting 
excellence; they also can identify weaknesses within utilities, across utilities, and statewide. 
Report cards can improve accountability and help elected officials make sound decisions for 
these most critical systems.  

The balance of this report includes separate detailed descriptions and discussions of each 
subject, followed by an overall summary and discussion of WSEP grades across Wisconsin. An 
appendix to the report offers a subject-by-subject summary of grades for each utility. 
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QUALITY – HEALTH  
Providing safe drinking water is the primary objective of any water utility, and water quality is 
essential to a successful water system and to maintaining the public’s trust. Water quality 
challenges involve public health. Given the high-profile crises in places such as Flint, Michigan; 
Jackson, Mississippi; and East Palestine, Ohio; it is difficult to overstate the importance of safe, 
healthy drinking water. Water Quality-Health is thus the first and arguably the most important 
subject on the WSEP report card. 

Although providing safe and reliable drinking water is an essential service and primary objective 
for any municipal government or water utility, the public has little understanding of their 
water’s quality from a health perspective. Conventionally, the SDWA-mandated CCR (also 
known as an annual drinking water quality report, sent to all customers by July 1 of each year) 
is the primary means of communicating tap water health and safety to the general public.11 
However, past research indicates that CCRs are difficult for water customers to interpret and 
often fail to communicate drinking water quality accurately and effectively.12 A central aim of 
WSEP, then, is to convey drinking water quality to the public in a more intuitively meaningful 
way. 

We graded water Quality – Health based on utilities’ regulated contaminant levels as reported 
in sampling data from the Wisconsin DNR. Following recommendations from experts, we 
categorized contaminants as either acute or chronic according to classifications from the EPA13 
and Minnesota Department of Health.14 We then assigned scores separately for each type of 
contaminant. Acute contaminants are substances that can adversely affect human health 
seriously in a short period of time (hours to days). Chronic contaminants can cause increased 
risk of negative health effects after continuous exposure over a long period of time.15  

For example, coliform bacteria is an acute contaminant, and can cause symptoms within a 
matter of hours or days. Chronic contaminants such as PFAS, arsenic, and nitrates, can increase 
the risk of cancers and other health conditions after extended exposure at high or relatively low 
levels. In Wisconsin, particularly in the central sands region, water often contains elevated 
levels of nitrates due to the heavy agricultural land use, irrigation, and sandy soils. High nitrate 
levels thus drive concern for both private wells and municipal water systems. Elevated levels of 
nitrates can lead to conditions such as infant methemoglobinemia, or “blue baby syndrome.”16  

Data for calculating Quality-Health grades were drawn from the Wisconsin DNR for 2019-2020 
and the EPA’s SDWIS for violations in 2020. 

 
11 https://www.epa.gov/ccr/consumer-confidence-report-rule-and-rule-history-water-systems  
12Evans and Carpenter (2019); Johnson (2003).   
13 https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations 
14 https://www.health.state.mn.us/communities/environment/risk/guidance/gw/table.html 
 
16 https://www.dhs.wisconsin.gov/water/blue-baby-syndrome.htm 

https://www.epa.gov/ccr/consumer-confidence-report-rule-and-rule-history-water-systems
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
https://www.health.state.mn.us/communities/environment/risk/guidance/gw/table.html
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Grading Quality-Health 
Each utility earned a numerical score on a 0-100 scale for each SDWA-regulated contaminant. 
The Quality-Health grade is an aggregation of scores for all of the individual contaminants, with 
acute contaminants accounting for 75 percent and chronic contaminants 25 percent of the total 
grade. The overall Quality-Health grade, then, is a weighted average score of all contaminants.  

Numerical contaminant scores 

Distinguishing between adequate, good, and excellent performance is a guiding principle of 
WSEP’s approach to evaluating water quality. To that end, our grading scheme views 
compliance with MCLs as defined in state and federal rules as a minimum expectation. Put 
another way, MCL compliance alone will earn a utility merely passing marks. Achieving 
excellence in water quality means providing water with contaminants well below MCLs.  

Table 1. Quality-Health grading rubric based on SDWA Maximum Contaminant Limits 

Grade Range MCL Range 
A <50% 
B 50-80% 
C 80-100% 
D > MCL one reading 
F MCL violation 

Note: Numerical scores based on linear interpolation within grade ranges.  

 
To that end, we created a scale that calculated grades as a function of the maximum 
contaminant level observed each year relative to each contaminant’s MCL. Utilities received 
“A” grades for contaminant readings ranging from 0% - 50% of MCL, “B” grades ranging from 
50-80% of MCL, “C” grades ranging from 80-100% of MCL, and “D” grades for one reading 
exceeding the MCL. Utilities received an “F” or failing grade if they received a SDWA violation in 
2020 based on the SDWIS data from the EPA. Table 1 summarizes this rubric.  

A corresponding 0-100 numerical grading scale applies to each contaminant using linear 
interpolation. For example, a sampled contaminant value of zero is scored as 100, while a 
sample at 50% of the MCL for that contaminant scores 90; a sample at 51% of the MCL would 
score 89, while a sample at 80% of the MCL would score 80, and so on. Table 2 offers an 
illustration of this scoring system for Nitrate, one of the acute contaminants, with five 
hypothetical contaminant levels and their respective numerical scores. 

In the event that there were no data for a specific contaminant for a particular utility, we 
counted this as a non-detection and therefore a 100% grade. Grades for each individual 
contaminant were averaged to produce overall acute and chronic scores for each utility.  
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Table 2. Illustrative example of contaminant level grading—Nitrate  

MCL = 10 mg/L   
Maximum Sample 

(mg/L) 
Percent MCL 

(%) 
Score 

(0-100) 
0.00 0 100 
1.10 11.0 98 
6.50 65.0 85 
9.10 91.0 75 
11.7 117.0 54 

Note: Numerical scores based on linear interpolation within grade ranges in Table 1.  
 

The nature of Total Coliform measurement and management required a different approach to 
scoring. The MCL for coliform requires that “no more than 5.0% samples are total coliform-
positive (TC-positive) in a month.” If a utility had zero percent (0%) positive in 2020, the utility 
earned an “A” grade; if the percentage was under 1%, it earned a “B” grade. If the percentage 
was 1-2%, it earned a “C” grade, and if the percentage was 2-5%, it earned a “D” grade. We 
assigned percentages greater than 5% an “F” grade, which was reported as 0% for the acute 
contaminant weighting system described above. Table 3 summarizes the Total Coliform grading 
scale. 

 
Table 3. Quality-Health grading rubric for Total Coliform 

Grade Range Percent Positive Samples 
(% TC-positive) 

A 0 
B <1.0 
C 1.0-2.0 
D 2.0-2.5 
F >5.0 

Note: Numerical scores based on linear interpolation within grade ranges.  
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Table 4. Average and median scores for acute contaminants, 2020 

Contaminant Average Median  
Cadmium       100.0      100.0  
Coliform 84.2     100.0  
Copper         89.2        95.2  
Dalapon    100.0      100.0  
o-Dichlorobenzene    100.0      100.0  
p-Dichlorobenzene    100.0      100.0  
Di(2-ethylhexyl) adipate    100.0      100.0  
Nitrate (NO3-N)      87.0        97.7  
Nitrite (NO2-N)    100.0      100.0  
Oxamyl (Vydate)    100.0      100.0  

Tables 4 and 5 list the statewide average scores for acute and chronic 
contaminants, respectively. 
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Table 5. Average and median scores for chronic contaminants, 2020 

Contaminant Average Median  Contaminant Average Median 
Arsenic 90.9 99.2  Ethylene Dibromide (EDB) 100.0 100.0 
Alachlor (Lasso) 99.6 100.0  Glyphosate 100.0 100.0 
Antimony Total  99.8 100.0  Heptachlor 100.0 100.0 
Atrazine 100 100.0  Heptachlor Epoxide 100.0 100.0 
Barium 92.7 99.6  Hexachlorobenzene (HCB) 100.0 100.0 
Benzene 93.8 100.0  Hexachlorocyclopentadiene 100.0 100.0 
Beryllium Total 99.8 100.0  Lead 73.7 93.4 
Carbofuran 100.0 100.0  Mercury 100.0 100.0 
Carbon Tetrachloride 100.0 100.0  Methoxychlor 100.0 100.0 
Chloramine 99.5 100.0  PCB, Total 100.0 100.0 
Chlordane 100.0 100.0  Pentachlorophenol 100.0 100.0 
Chromium 100.0 100.0  Picloram 100.0 100.0 
Copper 89.2 95.2  Radium (226 + 228) 86.5 95.0 
Cyanide 100.0 100.0  Selenium 99.9 100.0 
2,4-D 100.0 100.0  2,4,5-TP (Silvex) 100.0 100.0 
1,2-Dibromo-3-
Chloropro (DBCP) 100.0 100.0  Simazine 100.0 100.0 

1,2-Dichloroethane 100.0 100.0  Styrene 100.0 100.0 
1,1-Dichloroethylene 99.8 100.0  Tetrachloroethylene 99.8 100.0 
cis-1,2-
dichloroethylene 100.0 100.0  Thallium total 99.6 100.0 

trans-1,2-
dichloroethylene 100.0 100.0  Toluene 100.0 100.0 

Dichloromethane 99.9 100.0  Toxaphene 100.0 100.0 
1,2-Dichloropropane 100.0 100.0  1,2,4-Trichlorobenzene 100.0 100.0 
Di(2-ethylhexyl) 
phthalate 100.0 100.0  1,1,1-Trichloroethane 100.0 100.0 

Dinoseb 100.0 100.0  1,1,2-Trichloroethane 100.0 100.0 
Diquat 100.0 100.0  Trichloroethylene 99.6 100.0 
Endothall 100.0 100.0  TTHM 95.9 98.2 
Endrin 100.0 100.0  Combined Uranium 99.4 99.8 
Ethylbenzene 100.0 100.0  Vinyl Chloride 100.0 100.0 
    Xylenes 100.0 100.0 

 

Quality-Health grades across Wisconsin 

Detected contaminant levels were very low across the state, resulting in the very high scores 
seen in Table 4 (weighted at 75%) and Table 5 (weighted at 25%). These scores translated into 
excellent overall Quality – Health grades in 2020: the score grade was in the B-range or better 
and the median score was in the A-range for every regulated contaminant. Table 6 and Figure 1 
show how these strong scores translate into grades. These results are very impressive and 
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validating for Wisconsin’s water sector, likely reflecting management and policies that make 
regulatory compliance a principal goal. 

Table 6. Summary of Quality-Health scores, 2020 

 Acute Chronic Weighted Total* 
Average  96.2 98.7 92.0 
Median 98.6 99.4 98.7 
Maximum 100.0 100.0 100.0 
Minimum 78.6 90.7 0.0 
Standard Deviation 4.7 1.7 21.3 

*Includes automatic F grades (scored at zero) for MCL violations. 

 

Figure 1. Distribution of Quality-Health grades, 2020 

 

Grades for Quality – Health in 2020 were, with few exceptions, excellent. It is worth 
emphasizing that attaining consistently high scores under the WSEP rubrics requires more than 
mere compliance with SDWA regulations; to earn an A grade, a utility must maintain 
contaminant levels far below what is required by law. Nonetheless, more than 90 percent of 
Wisconsin utilities earned A grades for water quality, indicating that a vast majority of the 
state’s water systems do not simply comply with SDWA regulations; rather, they deliver water 
with contaminant levels far below regulatory standards. No utilities received “C” or “D” grades. 
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The handful of utilities that failed their Quality-Health grade received their “F” grades due to 
specific MCL violations.  

QUALITY – AESTHETICS 
Secondary contaminants, or “aesthetics” of water quality, are important because the taste, 
odor, color, and other aesthetic conditions are usually the most noticeable for consumers. If tap 
water has a poor taste, unpleasant odor, or is discolored, consumers may be less trusting of the 
water system and be more likely to purchase bottled water, even if the water is perfectly safe in 
terms of human health.17  

The Environmental Protection Agency has established National Secondary Drinking Water 
Regulations (NSDWRs) in addition to National Primary Drinking Water Regulations. The 
secondary drinking water regulations set non-mandatory water quality standards for 15 
contaminants. These standards are not subject to enforcement by EPA and state regulators, 
except for fluoride. Rather, these “secondary maximum contaminant levels” (SMCLs) are 
guidelines to assist public water systems in managing their water supply for aesthetic quality.18  

Although SMCLs are not subject to federal enforcement, EPA requires a special notice for 
exceedance of the fluoride SMCL of 2.0 mg/L. Community water systems that exceed the 
fluoride SMCL of 2 mg/L, but do not exceed the MCL of 4.0 mg/L for fluoride, must provide 
public notice to persons served no later than 12 months from the day the water system learns 
of the exceedance.  

Unfortunately, relatively few Wisconsin utilities collect data on the full set of secondary 
contaminants because these contaminants are not strictly regulated under the SDWA. 
Aesthetics are so central to customer perceptions that a grade for secondary contaminants is 
an important part of any overall utility evaluation scheme, but the significant amount of missing 
data presents us with a unique challenge. Therefore, the grades that follow are only for the 97 
utilities that had sufficient secondary contaminant data available for evaluation; utilities with 
missing aesthetic data we marked as “Incomplete.” 

WSEP water Quality-Aesthetics grades are based on iron, manganese, hardness, chloride, 
sulfate, alkalinity, aluminum, and fluoride, as these have the greatest effect on drinking water’s 
color, taste, and/or odor.19 The rubric weights these indicators variously based on their 
aesthetic impacts. All data for the “Aesthetics” portion of this report were collected from the 
Wisconsin Department of Natural Resources public water utility database, for years 2019-2020. 

 
17 Doria, Pidgeon, and Hunter (2009); Teodoro, Zuhlke, and Switzer (2022).  
18https://www.epa.gov/sdwa/secondary-drinking-water-standards-guidance-nuisance-chemicals 
19 DNR maintains data on zinc, conductivity, pH, and others for a small number of utilities. We considered, but 
ultimately did not include, zinc as a secondary contaminant because there were fewer than 25 utilities that 
reported data for zinc. Omitting zinc brought us from 35 utilities with data for the secondary contaminants to 97 
utilities. However, we suggest including zinc in future iterations of the report cards as data become more available. 

https://www.epa.gov/sdwa/secondary-drinking-water-standards-guidance-nuisance-chemicals
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Numerical contaminant scores 
 
Scoring for secondary contaminants followed a methodology similar to our scoring for Quality-
Health: utilities earn grades by maintaining secondary contaminant levels relative to SMCLs. 
Our scores for Quality-Aesthetics are based on average sampled contaminant levels, rather than 
the maximum samples that we used to score Quality-Health. We used the rubric in Table 7 to 
score iron, manganese, chloride, sulfate, aluminum, and fluoride. We applied a separate rubric 
to alkalinity and hardness (discussed further, below).  

Table 7. Quality-Aesthetics scoring based on SDWA Secondary Maximum Contaminant Limits 

Grade Range SMCL Range 
A <50% 
B 50-75% 
C 75-125% 
D 125-150% 
F >150% 

Note: Numerical scores based on linear interpolation within grade ranges. 
Scores reach zero at 200% of the SMCL.  

 

Once again, a corresponding 0-100 numerical grading scale applies to each secondary 
contaminant using linear interpolation. For example, a sampled contaminant value of zero is 
scored as 100, while a sample at 50% of the SMCL for that contaminant scores 90; a sample at 
51% of the MCL would score 89, while a sample at 75% of the MCL would score 80, and so on. 
Scores “zero out” at 200% of the SMCL. Table 8 offers an illustration of this scoring system for  

Table 8. Illustrative example of secondary contaminant level grading—Iron  

SMCL = 0.3 mg/L   
Average Sample 

(mg/L) 
Percent MCL 

(%) 
Score 

(0-100) 
0.00 0 100 
0.05 17.3 97 
0.26 85.8 78 
0.40 133.3 67 
0.70 233.3 0 

Note: Numerical scores based on linear interpolation within grade ranges in Table 2.  
 
 Iron, with five hypothetical contaminant levels and their respective numerical scores. 

WSEP Quality-Aesthetics grades weigh secondary contaminants more or less heavily depending 
on their relative impact on aesthetics. Iron, manganese, and hardness are most heavily 
weighted, contributing 25.0% each to the total grade. Alkalinity, Chloride, and Sulfate scores 
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account for 6.0% each, with Aluminum and Fluoride each weighed at 3.5%. Table 9 summarizes 
these weights. 

Table 9. Secondary contaminant weighting for Quality-Aesthetics grades 

Contaminant Secondary MCL 
(mg/L) 

Weight 
(%) 

Iron 0.30  25.0 
Hardness N/A 25.0 
Manganese 0.05  25.0 
Alkalinity N/A 6.0 
Chloride 250.00  6.0 
Sulfate 250.00  6.0 
Aluminum 0.20  3.5 
Fluoride 2.00  3.5 

Note: Numerical scores based on linear interpolation within grade ranges in Table 2.  
 
 
Each of the secondary contaminants that contributes to Quality-Aesthetics scores is discussed 
briefly here.  
 
Figure 2. Distribution of average iron samples (mg/L), 2020 
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Iron 
Many areas in Wisconsin and throughout the United States have high levels of iron in the soils. 
Iron in water does not typically present a health risk, but water with high levels of iron is usually 
very noticeable and can cause customers to question their tap water’s safety. Iron can give 
water a metallic taste and affect how beverages and food taste. Iron can also cause red, brown, 
or yellowish stains on dishes, plumbing fixtures, and laundry. Heavy iron concentrations can 
cause clogs in wells, pumps, dishwashers, and other fixtures and appliances. Iron accounts for 
25% of the Quality-Aesthetics grade due to its significant potential impact on the color and 
taste of water. 

Figure 2 shows the distribution of average iron readings for each sampled utility in 2020. The 
utilities for which DNR had iron data in 2020 scored an average of 75.3 out of 100 for iron. 

 

  

Figure 3. Distribution of average manganese samples (mg/L), 2020 

 

Manganese 
Manganese is common in minerals and soils and is often present with iron. Like iron, 
manganese can turn the water brown or rust color, and cause staining of laundry and plumbing 
fixtures, and give the water an off taste or odor. Manganese is part of a healthy diet at low 
levels; very high levels may adversely affect the nervous system, kidneys, and reproduction. 
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According to the Wisconsin Department of Health Services, public water systems in Wisconsin 
are supposed to test for manganese every nine years. Similar to iron, our Quality-Aesthetics 
grade weights manganese at 25% owing to its impacts on color and taste.  

Figure 3 shows the distribution of average manganese samples in 2020. The utilities for which 
DNR had manganese data in 2020 scored an average of 77.6 out of 100 for manganese. 

 

Chloride 
Drinking water containing chloride is generally not harmful to health, but high amounts of 
chloride can cause drinking water to have a salty taste and can corrode pipes and plumbing 
fixtures. Nationally, high amounts of chloride are associated with contamination from saltwater 
intrusion, septic tanks, and road salting. Road salting in Wisconsin and other cold regions has 
significant impacts on both groundwater and surface water, and so presents a serious challenge 
for drinking water utilities. EPA has set the secondary drinking water standard at 250 mg/L.20  

Figure 4. Distribution of average chloride samples (mg/L), 2020 

 

Figure 4 shows the distribution of average chloride samples in 2020. We weighted chloride at 
6% of the total Quality-Aesthetics grade because the effects are generally less pronounced than 

 
20 https://www.maine.gov/dhhs/mecdc/public-health-systems/health-and-environmental-testing/chloride.htm 

https://www.maine.gov/dhhs/mecdc/public-health-systems/health-and-environmental-testing/chloride.htm
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iron, manganese, and hardness. The utilities for which DNR had chloride data in 2020 scored an 
average of 97.5 out of 100 for chloride. 

Figure 5. Distribution of average sulfate samples (mg/L), 2020 

 

Sulfate 
Sulfate occurs naturally in most groundwater in Wisconsin and in many regions. At higher levels 
(more than 250 mg/L), sulfate can give water a bitter or medicinal taste and can have laxative 
effects. We weighted sulfate at 6% of the total Quality-Aesthetics grade. Public health officials 
recommend only using water with sulfate levels lower than 500 mg/L for infant formula, as 
infants are more sensitive to sulfate than adults.21  

Figure 5 shows the distribution of average sulfate samples in 2020. The utilities for which DNR 
had sulfate data scored an average of 97.0 out of 100 for sulfate. 

 

 
21https://www.health.state.mn.us/communities/environment/water/wells/waterquality/sulfate.html 

https://www.health.state.mn.us/communities/environment/water/wells/waterquality/sulfate.html
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Figure 6. Distribution of average aluminum samples (mg/L), 2020 

 

Aluminum 
Drinking water can contain aluminum if it comes from groundwater aquifers with aluminum 
metals. The main concern with aluminum is its effect on the color of water; most people do not 
experience health effects from exposure to aluminum.22 The SMCL for Aluminum is 0.20 mg/L, 
and the score for this contaminant contributes 3.5% to the total Quality-Aesthetics grade. Figure 
6 shows the distribution of average aluminum samples in 2020. The utilities for which DNR had 
chloride data in 2020 scored an average of 98.6 out of 100 for chloride. 

Fluoride 
Fluoride is a naturally occurring mineral, at low levels. Communities add fluoride to protect 
teeth and oral health. As stated previously, EPA requires a special notice for exceedance of the 
fluoride SMCL of 2.0 mg/L. If community water systems exceed the SCML of 2.0 mg/L but not 
the MCL of 4.0 mg/L, the system must provide public notice no later than 12 months from the 
day the water system learns of the exceedance.23  

According to the Wisconsin Department of Health Services:  

• Fluoride levels less than 0.7 mg/L are too low for oral health protection.  

 
22 https://dhs.wisconsin.gov/chemical/aluminum.htm 
23 https://dhs.wisconsin.gov/water/hazards.htm 
 

https://dhs.wisconsin.gov/chemical/aluminum.htm
https://dhs.wisconsin.gov/water/hazards.htm
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• Fluoride levels between 0.7 and 2.0 mg/L support good oral health.  
• Fluoride levels between 2.0 and 4.0 mg/L are too high for young children.  
• Fluoride levels greater than 4.0 mg/L are too high for everyone.  

 
WSEP scoring for fluoride follows these levels, as summarized in Table 9. The fluoride score 
contributes 3.5% to the total Quality-Aesthetics grade. Unlike the other secondary 
contaminants, DNR has fluoride data for nearly all of the state’s water utilities. 
 
Table 9. Quality-Aesthetics scoring for fluoride 

Grade Range Fluoride level (mg/L) 
A 1.1-1.5 
B 0.7-1.1; 1.5-1.7 
C 0.0-0.7; 1.7-2.0 
D 2.0-4.0 
F >4.0 

Note: Numerical scores based on linear interpolation within grade ranges. 
Scores reach zero at 5.0 mg/L. 
 
Figure 7 shows the distribution of average fluoride samples in 2020.  
 
Figure 7. Distribution of average fluoride samples (mg/L), 2020 
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Figure 8. Distribution of average alkalinity samples (mg/L), 2020 

 
Alkalinity 
Alkalinity primarily results from dissolving limestone or dolomite in groundwater, and alkalinity 
and total hardness are generally nearly equal in concentration because they form from the 
same minerals. Water with low levels of alkalinity (<150 mg/L) is more likely to be corrosive; 
high alkalinity (>150 mg/L) may contribute to scaling.24 Since ideal alkalinity levels are 
nonlinear, we applied a different rubric when scoring alkalinity see Table 10. Scores again 
applied linear interpolation within grading ranges, with grades zeroing out at 500. 
 

Table 10. Quality-Aesthetics grading rubric for alkalinity 

Grade Range Contaminant range 
(mg/L) 

A 75-100 
B 30-75; 100-200 
C <30; 200-300 
D 300-400 
F >400 

Note: Numerical scores based on linear interpolation within grade ranges. 
Scores reach zero at 500 mg/L. 

 
24 https://www3.uwsp.edu/cnr-ap/weal/Documents/HOPinterp.pdf 

https://www3.uwsp.edu/cnr-ap/weal/Documents/HOPinterp.pdf
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Figure 8 shows the distribution of average alkalinity samples in 2020. The utilities for which 
DNR had alkalinity data in 2020 scored an average of 77.7 out of 100 for alkalinity, which 
comprises 6% of the total Quality-Aesthetics grade. 

Figure 9. Distribution of average hardness (mg/L), 2020 

 
Hardness 
Water hardness refers to the amount of dissolved calcium and magnesium in the water. Hard 
water leads to the formation of soap scum and causes residue on dishes and other appliances. 
When hard water is heated, solid deposits of calcium carbonate can form, causing scale that 
can reduce the life of equipment, increase heating costs, and lower the efficiency of 
appliances.25 Hardness of 0 to 60 mg/L (milligrams per liter) as calcium carbonate is classified as 
soft; water at 61 to 120 mg/L is moderately hard; 121 to 180 mg/L is hard; and more than 180 
mg/L is very hard.26 To account for the nonlinear aesthetic properties of hardness, we applied 
the rubric in Table 11 to score hardness. Figure 9 shows the distribution of hardness across 
Wisconsin utilities in 2020.  
 
Hardness is immediately observable to many people, and so we weighted hardness at 25% of 
the total Quality-Aesthetics grade due to the inconvenience and costs that hard water has on 

 
25 https://dhs.wisconsin.gov/publications/p4/p45013b.pdf 
26 https://extension.psu.edu/water-softening 

https://dhs.wisconsin.gov/publications/p4/p45013b.pdf
https://extension.psu.edu/water-softening
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residential consumers’ appliances and experiences with the water. The utilities for which DNR 
had hardness data in 2020 scored an average of 68.3 out of 100 for hardness. 

Table 11. Quality-Aesthetics grading rubric for hardness 

Grade Range Contaminant range 
(mg/L) 

A 60-120 
B 17-60; 120-150 
C <17; 150-180 
D 180-360 
F >360 

Note: Numerical scores based on linear interpolation within grade ranges. 
Scores reach zero at 500 mg/L. 
 

Quality-Aesthetics grades across Wisconsin 
 
Although data are limited for Quality-Aesthetics, the overall grades for utilities that reported 
data to DNR are relatively high, with an average of 83.9% and median of 87.1% (see Table 12). 
Figure 10 depicts the statewide distribution of Quality-Aesthetics grades. In light of aesthetics’ 
significance for customer perceptions and trust, we hope that more utilities will collect and 
report these secondary contaminants in the future.  

Table 12. Summary of Quality-Aesthetics scores, 2020* 

All scores 0-100 Iron Hardness Manganese Alkalinity Chloride Sulfate Aluminum 
Average  75.3 68.3 77.6 77.7 97.5 97.0 98.6 
Median 94.1 65.7 94.1 76.4 98.8 98.8 100.0 
Maximum 100.0 100.0 100.0 98.4 100.0 100.0 100.0 
Minimum 0.0 0.0 0.0 0.0 76.6 4.8 64.0 
Standard Dev. 35.2 17.5 35.1 11.1 4.2 8.7 4.6 

*Excludes 410 utilities with Incomplete data. 
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Figure 10. Distribution of Quality-Aesthetics grades, 2020 

 
 
 

FINANCE 
Pioneering environmental engineer Abel Wolman once observed that: “Just as there is no 
escape from a hydrologic cycle, there is no escape from the dollar.”27 Financial strength is 
crucial for a utility’s sustainability, and affordability is critical for a utility’s public health mission. 
Proper maintenance and operation of a utility’s water infrastructure is expensive; a utility must 
be financially sound in order to be sustainable and affordable in the long term.  

Financial performance is an ongoing challenge for water utilities. The water infrastructure that 
serves much of Wisconsin is old, and many of the state’s communities are stagnant or shrinking 
in population.28 Rising costs and emerging contaminants such as PFAS present challenges for 
community water systems that must sustain quality services. Balancing these needs with 
affordability is difficult.  

 
27 Wolman (1958). 
28 Bash et al. (2020). 
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Elements of Finance grade 

Our assessment of water utility financial strength involves measures of capital financing 
capacity and resiliency, as well as measures of affordability and proportionality in pricing. This 
section outlines the rubric for the Finance section of the report cards, and provides some data, 
including the grades for Wisconsin’s municipal water systems. WSEP Finance grades rely on 
publicly available PSC data for 2020.  
 
Table 13. Components of the Finance grade 

Metrics Weight 
(%) 

Financial strength  
Capital capacity: Debt-to-Asset Ratio 20 
Financial performance: Return on Equity 20 
Liquidity: Operating reserves 20 

Rates and revenue  
Tax burden: PILOT ratio 10 
Affordability: Hours at Minimum Wage 20 
Proportionality: Poehler Index 10 

 
Table 13 summarizes the measures that comprise the Finance grade and the 
weight applied to each. Each of these elements is reported in detail, below. 
 
Capital financing capacity: Debt-to-Equity Ratio 
Debt-to-Equity ratio (D/A ratio) is a conventional, time-honored measure of a utility’s overall 
debt obligations relative to its assets, and so reflects the degree to which the utility relies on 
debt to finance its infrastructure and operations. Crucially for sustainability purposes, the D/A 
ratio measures a utility’s capacity to finance significant capital needs and control its own 
financial fate. In general, a low D/A ratio indicates financial strength, flexibility, and a capacity 
to take on significant new costs should they become necessary. A high D/A ratio indicates a 
financially constrained utility that may be forced to raise rates dramatically in order to pay for 
needed investments.  
 
Table 14. Finance scoring rubric for debt-to-asset ratio 

Grade Range Debt-to-Asset Ratio (%) Score Range 
A 0-20 90-100 
B 20-30 80-90 
C 30-45 70-80 
D 45-60 60-70 
F >60 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
75% D/A ratio. 
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We calculated D/A ratio by dividing the “outstanding debt” by “total assets” from the publicly 
available data from the Public Service Commission of Wisconsin. Table 14 shows the scoring 
rubric we applied to Wisconsin utilities.  
 
 
Figure 11. Distribution of debt-to-asset ratio, 2020 

 
 
As Figure 11 indicates, a substantial majority of Wisconsin’s water utilities enjoyed strong D/A 
ratios in 2020. These ratios translated into strong WSEP performance, with an average score of 
89.4 and median of 96.0; nearly 75% of Wisconsin utilities earned A or B grades for D/A ratio.  
 
 
Table 15. Finance scoring rubric for Return on Equity 

Grade Range Return on Equity (%) Score Range 
A >4.0 90-100 
B 3.0-4.0 80-90 
C 2.0-3.0 70-80 
D 0.0-2.0 60-70 
F -2.0-0.0 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at -
2.0% ROE. 
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Figure 12. Distribution of return on equity, 2020 

 

Financial performance: Return on Equity 
Return on Equity (ROE) is a utility’s net income divided by its financial equity. ROE is a 
measurement of a utility’s profitability and how efficiently it generates those “profits.”29 A 
lower ROE can minimize rate increases, but also can lead to decreased cash flow that can stunt 
future capital investment in the long term. A higher ROE indicates stronger financial conditions 
and ability to provide returns for debt management and future investment, while a lower ROE 
indicates a utility in more precarious financial condition. Calculating ROE followed the PSC’s 
methodology; Appendix A reports the ROE methodology in detail. 

Utilities earned ROE scores according to the ranges specified in Table 15. Wisconsin water 
utilities’ average ROE scores in 2020 was 67.3, but as Figure 12 shows, ROE was irregularly 
distributed: more than half scored in the A range, but another 40% were in the D-F range, while 
just 9% received grades in the C range.  

Liquidity: Days of Operating Reserve  
Water utility systems have no margin for failure, as they are expected to provide uninterrupted 
service 24 hours a day, 7 days a week, 365 days a year. Maintaining adequate operating 
reserves enhances a water system’s ability to manage potential risks and meet capital needs 
and other unanticipated events that might hinder short-term cash flow. The level of operating 

 
29 The PSC provides data on “Return on Rate Base” but not return on equity. Return on rate base is the value of the 
utility’s assets minus accumulated depreciation, and return on equity, ideally, should result in a net operating 
income that provides for the cost of debt and a fair return on equity for investors. 
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reserves maintained by a water system is important for both short- and long-term financial 
management. 

WSEP evaluates financial liquidity in terms of days of operating reserve, which is calculated by 
taking the total cash balance at the end of the year and dividing it by the total operating 
expenses per day. This calculation gives us the total days of operating reserve. For days of 
operating reserve, the higher the number of days, the more capacity the utility has to manage 
risk, and therefore the higher the grade earned by the utility. Utilities with fewer days of 
operating reserve have less capacity to manage short-term financial risk, and so earn lower 
marks. Table 16 reports our scoring rubric for days of operating reserve.  

Table 16. Finance scoring rubric for days of operating reserve 

Grade Range Days of Operating Reserve Score Range 
A 270-210 90-100 
B 210-150 80-90 
C 150-120 70-80 
D 120-90 60-70 
F <90 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
30 days. 
 
 
Figure 13. Distribution of days of operating reserve, 2020 
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Like ROE, Wisconsin water utilities’ liquidity as measured in days of operating reserve was 
bimodally distributed in 2020. As Figure 13 shows, well over half had ample operating reserves 
and scored in the A range. At the same time, another 31% were in the D-F range, while just 14% 
received grades in the B-C range. Taken together these results show a stark divide between a 
majority of financially resilient utilities and a sizeable minority of financially precarious utilities. 

PILOT Ratio 
Tax-exempt properties do not contribute to the operation of municipal governments to the 
same extent that non-exempt properties do. Wisconsin law defines properties that are eligible 
for tax exemption; entities that meet the legal criteria for exemption are not required to pay 
local property taxes. Common tax-exempt entities include nonprofit organizations, churches, 
hospitals, state agencies, federal agencies, and universities. Municipal utilities also are tax 
exempt in Wisconsin. However, municipal utilities may transfer utility revenue to their general 
government owners as “Payments in lieu of taxes” or “PILOT.”  

Unlike PILOT arrangements for tax-exempt entities such as non-profits, hospitals, and 
universities, water PILOTs are effectively taxes that municipalities charge to their own utilities 
and, ultimately, their ratepayers. Although water utility PILOT is in effect another form of 
taxation, it is regressive because residential water prices are relatively insensitive to income 
(unlike, for example, property taxes). Municipalities that use their utilities to extract tax 
revenue through PILOT effectively hide and shift their local tax burden to ratepayers rather 
than property owners.30 Municipal utilities should minimize PILOTs by their own water systems 
as a matter of efficiency, transparency, and fairness.  

Table 17. Finance scoring rubric for PILOT ratio 

Grade Range PILOT to Property Tax 
Equivalent Ratio 

Score Range 

A 0.00-0.50 90-100 
B 0.50-0.95 80-90 
C 0.95-1.05 70-80 
D 1.05-1.15 60-70 
F >1.15 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
2.0 PILOT ratio. 
 

For grading purposes, the “PILOT Ratio” is the ratio of annual PILOT payments by the utility to 
the municipality to the property tax equivalent, which is the assessed property value and 
associated tax that a utility would have paid if it were a privately owned business. A lower value 
for this metric indicates that there is little to no PILOT, and higher value indicates that a utility 
pays significantly more in PILOT than the property tax equivalent value. Those utilities and 
municipalities with a value of 1.0 indicates that the PILOT and property tax equivalent value are 

 
30 Teodoro (2021). 
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identical. A PILOT Ratio of 0.0 earns a perfect 100 score, a ratio of 1.0 earns 75, and ratios 
greater than 1.15 fall into failing range. Table 17 shows this rubric. 

Figure 14. Distribution of days of PILOT ratio, 2020 

 
 
Wisconsin water utilities’ PILOT ratio score averaged 78.1. As Figure 14 shows, a large majority 
of utilities made PILOT payments at or near their property tax equivalents, and so earned marks 
in the C range. However, 17% of utilities made little or no PILOT payments and so earned scores 
at or near 100. Meanwhile, a small minority of utilities—about 3.1%—paid significantly more in 
PILOT than their property tax equivalents and so earned marks in the D-F range. 

Affordability: Hours at Minimum Wage 
So long as water utilities operate on a fee-for-service basis and rely on rate revenue, the 
affordability of basic service will be critical to their fundamental missions. At a time when many 
utilities are facing infrastructure challenges, financial constraints, shifts in demographics, and 
water quality and quantity concerns, we should all be concerned about utilities taking on large 
amounts of debt or passing these costs on to ratepayers by increasing rates.   
 
We calculate affordability as hours of labor at minimum wage (HM) required to pay for 
residential water service at 6,000 gallons per month (typical indoor use for a family of four).31   
HM helps illustrate affordability in an intuitively meaningful way. It simply asks, “how many 
hours at the minimum wage would one need to work each month to afford their water bills?" 

 
31 Teodoro (2018). 
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This metric is gaining traction in several communities across the country and has been adopted 
formally as a utility affordability metric by the California Public Utilities Commission.32 Table 18 
shows the scoring rubric we applied to residential prices in order to calculate affordability 
marks for utilities. 

HM carries some important limitations as a metric of affordability. First, HM is not sensitive to 
the costs of other essential goods and services, such as housing, health care, food, home 
energy, or taxes. Second, minimum wage is a problematic standard of purchasing power, 
especially in places such as Wisconsin, where the minimum wage remains at the federal 
minimum wage of $7.25. This minimum wage has not been changed since 2009, and thus is so 
low that it is functionally meaningless in much of the state and country. Further, in the 
aftermath of the COVID-19 pandemic, supply chain and labor challenges, wages (and inflation) 
have increased at a much faster pace than minimum wage laws. 

Table 18. Finance scoring rubric for Hours at Minimum Wage to pay for a month of residential 
water service at 6,000 gallons 

Grade Range Hours of Minimum Wage  Score Range 
A 1.5-4.0 90-100 
B 4.0-6.0 80-90 
C 6.0-8.0 70-80 
D 8.0-10.0 60-70 
F >10.0 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
22.0 HM. 
 

When developing this metric, we discussed using a figure more aligned with the “real minimum 
wage” in Dane County, Wisconsin (roughly $12.50-$14.50 in 2020), but for purposes of 
consistency we decided it would be better to rely on the state’s minimum wage and simply bear 
in mind its limitations. 

Wisconsin water utilities’ overall performance on affordability was very strong in 2020, with an 
average score of 85.3 and a median of 87.5. More than a third of utilities earned scores in the A 
range, and three quarters scored in the B range or better, as Figure 15 shows. 

 

 
32 https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/affordability 
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Figure 15. Distribution of hours at minimum wage required to pay for a month of residential 
water service, 2020 

 

Proportionality: Poehler Index 
In addition to raising revenue, water rates distribute a water utility’s costs to its customers in 
different ways. Most utilities charge a combination of fixed and volumetric prices, but these 
prices may collect more or less revenue from different customers depending on how much 
water they use. According to the principle of proportionality, customers who use more water 
should pay higher prices per unit consumed; customers who use less should pay less.  

To that end, we measure price proportionality or progressivity, with the “Poehler Index.”33 Its 
name derives from the 2015 drought in California, when Amy Poehler’s Beverly Hills home used 
an astonishing 85,000 gallons of water per month for her family of four.34 The Poehler index 
measures progressivity – by calculating the total monthly water bill for a customer at 6,000 
gallons (a relatively conservative family), and at 85,000 gallons (Amy Poehler), then dividing 
that price by each customer’s total volume to arrive at average unit costs of water at each level 
of consumption. The ratio of the two unit prices is the Amy Poehler Index (API) or Poehler 
Index.  

A value of 1.0 means that Amy Poehler and the conservative family pay the same unit price for 
water. Values less than 1.0 indicate regressive rates (Amy Poehler pays less than a conservative 

 
33 https://mannyteodoro.com/?p=1400.  
34 Brodwin and Mosher (2016).  

https://mannyteodoro.com/?p=1400


Water System Excellence Project 
Beta 1.0 | 2020 Report Cards 

 

Page | 36  © 2023 Manuel P. Teodoro 
 

family), and values greater than 1.0 indicate progressive rates (Amy Poehler pays more than a 
conservative family). Table 19 shows the scoring rubric we applied to residential prices in order 
to calculate price proportionality marks for utilities. 

Table 19. Finance scoring rubric for the Poehler Index 

Grade Range Amy Poehler Index Score Range 
A 3.00-1.75 90-100 
B 1.75-1.25 80-90 
C 1.25-0.75 70-80 
D 0.75-0.50 60-70 
F <0.50 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
Poehler Index = 0.4. 
 

Figure 16. Distribution of Amy Poehler Index, 2020 

 

Price proportionality scores were generally mediocre to poor across Wisconsin water utilities in 
2020, with an average score of 58.3, and a median of 82.8. Roughly a third of utilities scored in 
failing range, and 64.2 percent earned D range grades, as Figure 16 shows. No utilities earned 
an A grade for price proportionality, and just one (Madison Water Utility) scored in the B range. 

These poor proportionality marks reflect the predominant rate structures in Wisconsin, where 
most utilities use a combination of a fixed monthly charge and uniform or declining volumetric 
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charges. These rate structures effectively charge higher unit prices to more conservative 
residential customers and lower prices to higher volume water users. Perhaps unsurprisingly, 
progressive pricing is more common in more water-scarce regions of the United States, where 
inclining block rate structures are meant to encourage conservation; promoting residential 
water efficiency is a less pressing concern in water-rich Wisconsin. Nonetheless, equity 
considerations make pricing proportionality an important aspect of financial performance. 

Finance grades across Wisconsin 
 
Overall grades for Finance in 2020 statewide were widely distributed, skewing somewhat high. 
Table 20 and Figure 17 depict these scores and their corresponding grades statewide. The 
average overall score was 76.3 and median was 79.6, but as Figure 17 shows, the modal grade 
was in the B range.  

Table 20. Summary of Finance scores, 2020 

All scores 0-100 D/A 
Ratio ROE Operating 

Reserves 
PILOT 
Ratio HM Poehler 

Index 
Overall 
Grade 

Average  89.3 67.6 72.9 78.2 85.3 58.4 76.3  
Median 96.0 82.0 96.7 75.0 87.5 64.0 79.6  
Maximum 100.0 100.0 100.0 100.0 99.0 84.0 95.4  
Minimum 0.0 0.0 0.0 0.1 33.8 0.0 0.0  
Standard Dev. 13.8 37.8 37.3 12.3 10.0 16.1 13.4  

 

These mixed results reflect some divergent underlying scores. Most Wisconsin utilities scored 
strongly on D/A ratio and affordability. On the other hand, ROE and operating reserves were 
bimodally distributed, with utilities having either very strong or very weak scores on these 
metrics. Performance was especially poor on price proportionality, since most Wisconsin 
utilities employ flat or declining block rate structures.  
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Figure 17. Distribution of Finance grades, 2020 

 

 

INFRASTRUCTURE & OPERATIONS 
Physical integrity and operational effectiveness are both essential to water system excellence.  
Early in WSEP’s development, we anticipated grading infrastructure and operations as separate 
subjects. However, after extensive exploration, discussion, and consultation with experts it 
became clear that operations and infrastructure are inextricably linked. That is, the physical 
integrity of a water system is directly related to how that system operates, and vice versa. 
Excellent management of any utility involves optimizing the mix of capital, labor, and other 
operating expenses. It follows that we should evaluate the two separately, but that their 
evaluations should contribute equally to an overall Infrastructure & Operations grade.  

Table 21 shows how various metrics associated with infrastructure quality and operational 
efficiency contribute to total Infrastructure & Operations grades.  
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Table 21. Infrastructure & Operations grade weights 

Factor Weight (%) 
Infrastructure  

Main breaks 25.00 
Water loss 12.50 
Main replacement rate (unweighted) 6.25 
Main replacement rate (size weighted) 6.25 

Operations  
Energy consumption 10.00 
Operating expense per 1,000 gallons 7.50 
Operating expense per mile of main 7.50 
Operating expense per customer 7.50 
Operating expense per capita 7.50 
SDWA management compliance 10.00 

 
Infrastructure 

 
Infrastructure accounts for half of the Infrastructure & Operations grade. Water utilities’ 
infrastructure needs vary widely, depending on their source water, hydrological conditions, and 
customer demands. Most obviously, surface water and ground water sources require very 
different kinds of water treatment facilities and processes. In crafting our rubric, we consulted 
with drinking water engineering experts, as well as resources from the Water Research 
Foundation35 and American Water Works Association.36 In order to establish universally 
applicable grading standards with available data, our infrastructure grade focuses on 
transmission and distribution systems. These metrics include main and service breaks per 100 
miles of main, water loss per 100 miles of main, and replacement rate.  

By excluding other elements of infrastructure we do not mean to diminish their importance; 
our interest here is in crafting a rubric that can apply to all utilities. Future WSEP efforts may 
include development of specific infrastructure rubrics for surface and ground water systems. 

Main Breaks per 100 Miles of Main  
Main breaks are critical and tangible indicators of a drinking water system’s integrity. Each main 
break is literally a system failure, as it potentially disrupts homes, businesses, schools, and 
governments. Moreover, main breaks risk loss of water pressure and can lead to the 
introduction of biological pathogens into a potable water supply. Customers who experience 
main breaks report lower trust in their tap water and reduced trust in government generally.37 
In light of their gravity, we weighted main breaks as 50% of the infrastructure grade, and 
therefore 25% of the total Infrastructure & Operations grade.  

 
35 Friedman (2010). 
36 American Water Works Association (2022).  
37 Teodoro, Zuhlke, and Switzer (2022).  
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Following AWWA convention, breaks per 100 miles of main per year is our measure of main 
breaks. According to the Partnership for Safe Water, main break frequency should be no 
greater than 15 breaks per 100 miles of distribution pipelines.38 To calculate this metric, we 
simply counted the total number of “main breaks” and “service breaks” for each utility in 2020 
as recorded by the PSC. Table 22 shows the rubric we applied to score main breaks:  

Table 22. Infrastructure & Operations scoring rubric for main breaks per 100 miles 

Grade Range Breaks per 100 miles of main Score Range 
A <15 90-100 
B 16-20 80-90 
C 21-25 70-80 
D 26-30 60-70 
F >30 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
60 breaks per 100 miles of main. 
 
 
Figure 18. Distribution of breaks per 100 miles of main, 2020 

 

Figure 18 shows the distribution of breaks per 100 miles of main in 2020 across Wisconsin.  
About half performed very strongly, with fewer than 15 breaks per 100 miles of main; 38 

 
38 Friedman (2010). 
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utilities reported no main breaks at all in 2020. On the other hand, 23.1% of the state’s utilities 
scored in the failing range with more than 30 breaks a year per 100 miles of main.  

Water Loss per 100 Miles of Main  
Water loss is another critical indicator of drinking water system integrity and capital condition; 
it comprises 25% of the total Infrastructure grade. Following AWWA guidance, we measure 
water loss as water lost in gallons per 100 miles of main, rather than water loss as a percentage 
of total water produced. The data are from the Public Service Commission of Wisconsin’s 
municipal utilities data portal. Table 23 shows the rubric we applied to score water loss:  

Table 23. Infrastructure & Operations scoring rubric for water loss per 100 miles of main 

Grade Range Water loss per 100 miles of main 
(thousand gallons) Score Range 

A 0-20 90-100 
B 20-40 80-90 
C 40-80 70-80 
D 80-120 60-70 
F >120 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
250,000 gallons lost per 100 miles of main. 
 

Figure 19. Distribution of water loss per 100 miles of main (thousands of gallons), 2020 
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Figure 19 shows the distribution of water loss per 100 miles of main in 2020 across Wisconsin.  
Performance was mixed: 42.9% of utilities scored in the A or B ranges, but another 15.3% 
scored in the failing range.  

Main Replacement Rate  
Regular, ongoing asset replacement is critical to a healthy utility, and so replacement rate 
comprises another 25% of the infrastructure grade, or 12.5% of the overall Infrastructure & 
Operations grade. Maintaining a steady pace of replacements helps ensure reliable, resilient 
service and avoids “rate shocks” that can occur when assets fail and require major investments. 
 
We measure replacement rate as feet of distribution pipe added per year, divided by the total 
length of main in service for each water utility. We transform this value into a “replacement 
rate,” which is effectively the number of years required to replace the entire distribution 
system if replacements continue at their current pace. Since asset replacement often is “lumpy” 
(i.e., large investments in single years with little or no investment in others), we calculated 
replacement rate as a five-year rolling average. Thus, the values calculated here for 2020 
include distribution system replacements from 2016-2020. 
 
We calculated this replacement rate twice: once as a simple average replacement rate, and 
once as a weighted average replacement rate with larger mains weighted more heavily than 
smaller mains based on their flow capacity (discussed further, below). These unweighted and 
weighted averages contribute equally (6.25% each) to the Infrastructure & Operations grade. 
 
A 2018 Utah State University study on main breaks and drinking water infrastructure provided 
useful context for developing our replacement rate scoring methodology.39 The study indicated 
that replacement rates should be between 1% and 1.6%, equating to 100 – 106-year 
replacement schedules. If a utility did not have any new feet of pipe added during the 5-year 
period, we coded their replacement rate as 1,000 years, and they received 0 points (0%) for this 
grade. Table 23 shows the rubric we applied to score replacement rate:  

Table 23. Infrastructure & Operations scoring rubric for main replacement rate in years 

Grade Range Replacement Rate 
(years required to replace entire system) Score Range 

A 0-75 90-100 
B 75-125 80-90 
C 125-175 70-80 
D 175-225 60-70 
F >225 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
400 years. Systems with zero distribution system replacements from 2016-2020 were scored 
zero. 

 
39 Folkman (2018).  
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The distribution of main replacement rate in Figure 23 reveals a stark divide in capital 
replacement investment in 2020. Close to half (46.1%) of Wisconsin’s water utilities earned 
grades in the A range, with replacement rates of under 75 years. At the same time, more than a 
third (37.3%) of the state’s utilities fell into the failing range; 148 of those utilities replaced no 
mains at all from 2016-2020.  

Figure 20. Distribution of main replacement rate (years), 2020 

 
 

Weighted Main Replacement Rate 
Although all water mains are important, they are not all equally important to a drinking water 
system. Large diameter mains are most critical, since they carry water to large facilities and 
large numbers of customers; smaller mains serve fewer customers. Recognizing these 
differences, we also calculated an average replacement rate that weighs main replacement as a 
function of main size. 

As with unweighted replacement rate, we calculated weighted average replacement rate as the 
average number of feet of main replaced over a five-year period (2016-2020) relative to the 
utility’s total feet of main in service. However, for this metric we weighted feet of main 
replaced according to a flow factor based on pipe diameter, velocity, and maximum flow. The 
“number of feet” was then multiplied by its flow weight, which gave us a “weighted 
replacement rate. Appendix B reports the flow weights used in this calculation. 
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As with the unweighted replacement rate, if a utility added no new pipe during the 5-year 
period, we coded their replacement rate to be 1,000 years – therefore giving them 0 points for 
this grade. Scoring for weighted average replacement rate followed the same rubric as applied 
to unweighted replacement rate (see Table 23).  

 

Figure 21. Distribution of diameter-weighted main replacement rate (years), 2020 

 

Unsurprisingly, the weighted distribution of main replacement closely resembles the 
unweighted distribution, as the bimodal distribution in Figure 21 indicates.  

Operations 
 
Operations accounts for the other half of the Infrastructure & Operations grade. The operations 
metrics employed here include measures of efficiency, including energy consumption relative 
to production and various measures of operating expenses. Compliance with SDWA 
management requirements also contributes to the Infrastructure & Operations grade. 

Energy Consumption: kWh per million gallons per year  
Energy is one of the largest operating expenses for many utilities, so energy efficiency is an 
important indicator of operational performance. Following the AWWA Benchmarking report, 
WSEP uses kBTU per million gallons per year as the metric of energy use. We calculate this 
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metric by dividing total energy consumption in kilowatt hours (kWH) per year by total water 
sold in millions of gallons (MG). Table 24 shows the scoring rubric for energy consumption. 
 
Table 24. Infrastructure & Operations scoring rubric for energy consumption 

Grade Range Energy consumption 
(kWH per million gallons) Score Range 

A 0-1,500 90-100 
B 1,500-3,000 80-90 
C 3,000-4,500 70-80 
D 4,500-6,000 60-70 
F >6,000 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
12,000 kWH/MG. 
 
Figure 22 shows that energy efficiency was relatively strong across Wisconsin utilities in 2020, 
with 58.1% earning marks in the A-B range. However, a sizable minority of utilities scored in the 
failing range, consuming more than 6,000 kWH for every million gallons of water sold. 
 
Figure 22. Distribution of energy consumption (kWH/MG), 2020 
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Total Operating Expenses per Thousand Gallons 
Operating expenditures contribute directly to the rates that customers pay. WSEP grades 
evaluate operating efficiency in four different ways, starting with total operating expenses per 
thousand gallons of water sold. Table 25 shows the scoring rubric we applied to operating 
expenses per thousand gallons. This rubric reflects the distribution of results for 2020 and is 
likely to change in the future due to overall cost inflation.  
 
Table 25. Infrastructure & Operations scoring rubric for operating expenses per 1,000 gallons 

Grade Range Total Operating Expenses per 1,000 Gallons 
($) Score Range 

A 0.25-5.00 90-100 
B 5.00-8.00 80-90 
C 8.00-12.00 70-80 
D 12.00-16.00 60-70 
F >16.00 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
$24.00 per thousand gallons. 
 
Figure 23 shows the distribution of operating expenses per thousand gallons of water sold in 
2020 across Wisconsin utilities. Performance on this measure of energy efficiency was generally 
strong in 2020, with 23.1% of utilities earning marks in the A range, and another 57.5% earning 
grades in the B-C range. However, nearly 10 percent scored in the failing range, with operating 
expenses of greater than $16.00 per thousand gallons. 
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Figure 23. Distribution of total operating expenses per 1,000 gallons ($) 

 
 
Total Operating Expenses per Mile of Main 
As a complement to operating expenses per thousand gallons, we also calculated total 
operating expenses per mile of main as an indicator of operational efficiency. To that end, we 
converted total feet of main into miles, then divided total annual operating expenses by that 
length. We established a grading scale according to the distribution of those values; Table 26 
shows the scoring rubric we applied. This rubric is likely to change in the future due to overall 
cost inflation. 
 
Table 26. Infrastructure & Operations scoring rubric for operating expenses per mile of main 

Grade Range Total Operating Expenses per Mile 
($) Score Range 

A 0-18,000 90-100 
B 18,000-24,000 80-90 
C 24,000-30,000 70-80 
D 30,000-40,000 60-70 
F >40,000 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
$50,000 per mile. 
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Figure 24. Distribution of total operating expenses per mile of main ($) 

 
Figure 24 shows the distribution of operating expenses per mile of main in 2020 across 
Wisconsin utilities. Performance on this measure of energy efficiency was roughly normal in 
distribution, with roughly three quarters of utilities scoring in the B-D range and just 16.3% 
earning marks in the A range.  
 
Total Operating Expenses per Customer 
Operating expenses per customer is another useful indicator of operational efficiency. Once 
again, we set the rubric for operating expenses per customer based on its overall distribution; 
Table 27 reports the scoring rubric. As with other operational expense indicators, this rubric is 
likely to change over time due to general cost inflation. 
 
Table 27. Infrastructure & Operations scoring rubric for operating expenses per customer 

connection 

Grade Range Total Operating Expenses 
per Customer Connection ($) Score Range 

A 90-250 90-100 
B 250-400 80-90 
C 400-550 70-80 
D 550-700 60-70 
F >700 0-60 
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Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
$1,600 per customer connection. 
 
Figure 25. Distribution of total operating expenses per customer connection ($) 

 
Figure 25 shows the distribution of operating expenses per customer connection in 2020 across 
Wisconsin utilities. Performance on this measure of energy efficiency was generally strong, with 
more than half of utilities scoring in the A-B range and just 6.7% in the failing range. 
 
Table 28. Infrastructure & Operations scoring rubric for operating expenses per customer 

connection 

Grade Range Total Operating Expenses per Capita ($) Score Range 
A 80-150 90-100 
B 150-200 80-90 
C 200-250 70-80 
D 250-300 60-70 
F >300 0-60 

Note: Numerical scores based on linear interpolation within grade ranges. Scores reach zero at 
$600 per capita. 
 
Total Operating Expenses Per Capita  
Our last indicator of operating efficiency is total operating expenses per capita. We drew 
service population data from EPA’s SDWIS, then simply divided total operating expenses by the 
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service population. Table 28 shows the scoring rubric applied to this metric; as with other 
expense indicators, this rubric is likely to change over time due to general cost inflation. 
 
 
Figure 26. Distribution of total operating expenses per capita ($) 

 
Figure 26 shows the distribution of operating expenses per customer connection in 2020 across 
Wisconsin utilities. Performance on this measure of energy efficiency was generally strong, with 
more than half of utilities scoring in the A-B range and just 6.7% in the failing range. 
 
SDWA Management Compliance  
Compliance with SDWA management rules is the final factor contributing to the Operations 
grade. Under SDWA, utilities must follow a series of management protocols, including 
maintaining appropriate staffing levels, collecting and submitting data to Wisconsin DNR, 
reporting water quality to the public, and more. Unlike SDWA health violations, management 
violations do not necessarily or immediately endanger public health or environmental quality. 
However, adherence to these rules is a function of organizational management, and so 
although it is a relatively “blunt instrument,” SDWA management compliance allows for valid, 
comparable measurement across a wide range of utilities. Table 29 reports our scoring rubric 
for SDWA compliance. 
 



Water System Excellence Project 
Beta 1.0 | 2020 Report Cards 

 

Page | 51  © 2023 Manuel P. Teodoro 
 

Table 29. Infrastructure & Operations scoring rubric for SDWA management compliance 

Grade Range SDWA management violations in 2020 Score 
A 0 100 
B 1 80 
C 2 70 
D 3 60 
F >3 0-50 

Note: Numerical scores beyond four violations are based on linear interpolation within grade 
ranges. Scores reach zero at twelve violations.  
 
Fortunately, the overwhelming majority of Wisconsin utilities had no SDWA management 
violations at all in 2020. Eleven utilities committed a single management violation each, and just 
one committed two violations.  
 

Infrastructure & Operations grades across Wisconsin 
 
Tables 30 and 31, respectively, summarize scoring for all the metrics that contribute to the 
Infrastructure and Operations portions of the Infrastructure & Operations grade. Figure 27 
depicts the overall Infrastructure & Operations grades that emerge from these scores. 

Statewide performance on Infrastructure & Operations was mixed. Just 6.9% of Wisconsin’s 
utilities earned A grades in this subject, with the bulk of systems earning B and C marks (34.4% 
and 30.4%, respectively); meanwhile, 11.7% Wisconsin utilities received failing marks for 
Infrastructure & Operations. Overall performance for Infrastructure was lower than for 
Operations. Particularly notable are the high numbers of main breaks and very long main 
replacement rates that negatively impacted grades for many utilities.  

Table 30. Summary of infrastructure scores for Infrastructure & Operations grade, 2020 

All scores 0-100 Breaks per 100 
miles of main 

Water loss per 
100 miles of main 

Replacement 
rate 

Weighted 
replacement rate 

Average  74.9 73.8 59.3 59.4 
Median 90.0 78.4 86.6 88.8 
Maximum 100.0 100.0 99.2 99.7 
Minimum 0.0 0.0 0.0 0.0 
Standard Dev. 30.8 22.8 43.1 43.8 
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Table 31. Summary of operations scores for Infrastructure & Operations grade, 2020 

  Total Operating Expenses  

All scores 0-
100 

kWH per 
MG 

Per 1,000 
Gallons 

Per Mile 
of Main 

Per 
Customer 

Per 
 Capita 

SDWA 
Management 
Compliance 

Average  78.7 76.6 71.1 79.4 74.8 99.5 
Median 82.7 80.0 80.0 81.0 78.3 100.0 
Maximum 100.0 100.0 100.0 100.0 100.0 100.0 
Minimum 33.1 0.0 0.0 0.0 0.0 70.0 
Standard Dev. 14.4 19.7 18.9 14.1 18.7 3.2 

 

Figure 27. Distribution of Infrastructure & Operations grades, 2020 

 

COMMUNICATIONS 
Water utilities were long regarded as a “silent service,” but over the past twenty years water 
sector leaders have recognized that communicating with the public is central to a utility’s 
success.40 Such engagement is particularly important in Wisconsin, where nearly all drinking 
water utilities are owned and operated by municipal governments. For municipal utilities 

 
40 Lafrance (2012). 
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transparency and public engagement contribute to trust in both tap water and institutions of 
government.41 

In order to maintain the public’s trust, customers must have ready access to information about 
their water’s quality, their water’s price, and their water utility organizations. In the digital age, 
the dominant communications media are electronic: today’s utilities can engage with the public 
via the internet, mobile phones, and virtual meetings, alongside more traditional methods. The 
prevalence and increasing use of e-governance in the United States makes communications 
even more relevant as an important indicator of a utility’s overall performance. The use of 
technology such as the internet and mobile devices to provide public services – such as drinking 
water – has increased substantially, underscoring the importance of having accessible websites 
and providing information in a transparent and intentional way. To these ends, WSEP seeks to 
recognize and encourage water utilities’ efforts to communicate and interact with the public. 

Elements of Communications grade 
 
Unlike the other four subjects, there currently are no widely accepted or time-honored 
standards or metrics for evaluating water utility communications. There also is very little 
rigorous research on effective communications for municipal water utilities. In absence of such 
standards or research literature, we consulted with a panel of experts on e-government in the 
United States to craft a framework and rubric for evaluating water utility communications in 
Wisconsin. 

Table 32. Communications grade weights 

Factor Weight (%) 
Transparency  

CCR easily available online 20 
Rates and pricing easily available online 20 
Website information & accessibility 35 

Interactivity  
Telephone 5 
Webform / email 5 
Meetings 5 
Social media 10 

 

Two constructs comprise the Communications grade: transparency and interactivity. 
Transparency relates to accessibility of key information about a water utility; interactivity 
relates to how much a utility both interacts with and provides opportunities for the public to 
interact with their water utility. Based on advice from our panel of experts we developed a 
Communications grade that captures these two elements, with 75% of the grade allotted to 
transparency, and interactivity contributing to the remaining 25% of the grade. Table 32 

 
41 Teodoro, Zuhlke, and Switzer (2022). 
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summarizes the elements of the Communications grade; detailed scoring rubrics for each factor 
follow in the discussion below. 

The WSEP’s emphasis on online communications for purposes of grading is not meant to imply 
that the elements scored here are the only important features of a water utility’s online 
presence, or that online communication is the only, best, or most important way for a utility to 
communicate with the public. Utilities may communicate with the public in near infinite ways 
that can and should go well beyond the scoring rubric applied here. However, the standards 
applied in Communications scoring here are comparable and achievable statewide. In that 
sense, they represent reasonable “minimum” levels of transparency and interactivity. Future 
WSEP rubrics will hopefully evolve as the state’s water sector advances. 

Data collection 
 
More than any other subject, grading utility communications required significant original data 
collection from municipality and utility websites, and social media accounts. Here we describe 
data collection and coding processes. The data reported here were collected from January 
through May 2022.  

Collecting communications data required many hours of careful labor, including searching for 
and visiting each water utility website and navigating to find various indicators of transparency 
and interactivity. The methodology and explanation of data collection is below; the explanation 
of the rubric and weighting of variables is explained in this section.  

Transparency 
 
Transparency scores are based on the design of and information available on utilities’ websites. 
Transparency accounts for 75 points of the 100 total points available for the Communications 
grade. Figure 28 shows the distribution of performance on WSEP’s indicators of transparency. 
Scoring rules for each of these conditions are described below.  
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Figure 28. Distribution of online transparency indicators, 2020 

 

Consumer Confidence Report 
The federally mandated CCR is one of the most important elements of public information for an 
American water utility. The Safe Drinking Water Act (1974) requires that each community water 
system provide a CCR to its customers annually, either by mail or online. The CCR provides 
information about a utility’s water quality with reference to specific contaminants. Although 
utilities may fulfill this formal regulatory requirement through postal mailing, posting CCRs 
online reflects a commitment to transparency by making them immediately available to anyone 
at any time. 

Table 33. Communications scoring rubric for CCR and rates availability online 

Condition Score 
(out of 20 possible) 

CCR / rates easily available with link from home page 20 

CCR / rates present on official website via search or browsing 15 

CCR / rates unavailable from utility 0 
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Utilities earned up to 20 points for their CCRs, depending on how easily accessible it was. A 
utility earned the full 20 points if the current CCR was easily accessible either on a utility 
website’s homepage, on the water/utility department homepage, or through a dropdown 
menu on the website. The utility earned 15 points if the current CCR was present on an official 
utility or city website but required difficult navigation and/or searching to access it. Utilities 
received zero points if there was no CCR available online or if the only CCR available was out of 
date. Table 33 shows the WSEP scoring rubric for CCR availability. 

Rates 
Along with quality, information about rates is also one of the most important aspects of any 
utility’s publicly available information. In Wisconsin, the PSC establishes rates and monitors 
public water utilities’ financial condition and sufficiency. The PSC has helpful information about 
rate setting, including statewide bill comparison and the quarterly water comparison tool. The 
PSC also works with the Environmental Finance Center at the University of North Carolina, 
Chapel Hill to develop and maintain the Wisconsin Residential Water Rates Dashboard. 
However, these tools may not be immediately apparent to utility customers. Thus, it is 
important for utilities to provide rates information to their own customers. Adequate rates 
information includes clear, easily understood tables or text that communicates the fixed 
periodic charges and volumetric charges that customers pay for service. 

As with CCRs, utilities earned up to 20 points for their rates information, depending on how 
easily accessible it was. A utility earned the full 20 points if its current rates were easily 
accessible either on a utility website’s homepage, on the water/utility department homepage, 
or through a dropdown menu on the website. The utility earned 15 points if current rates were 
present on an official utility or city website but required difficult navigation and/or searching to 
access. Utilities received zero points if there was no rates information available online or if the 
only rates available were out of date. Table 33 shows the WSEP scoring rubric for rates 
availability. 

Website  
A clearly designed, regularly maintained website is a useful platform for utilities to 
communicate information to the public and to facilitate interaction. Today building and 
maintaining a simple website is easy thanks to widely available and often free or inexpensive 
tools. Utilities earned up to 35 points for various aspects of their websites; Table 34 summarizes 
our website scoring rubric for transparency.  

A utility earned 5 points if it had any website and/or if the municipality had a website with 
information about the water utility, or 0 if it did not. That is, if a utility did not have a website 
but the utility information was provided on the municipality’s website, it received 5 points. 
Utilities also earned credit for various aspects of website design and content. Specifically: 

• Mobile friendly. Today most consumers own a mobile device that can access the internet. 
In fact, 97 percent of Americans have a cell phone, including more than 85 percent owning a 

https://psc.wi.gov/Pages/ForUtilities/Water/RateSetting.aspx
https://apps.psc.wi.gov/RATES/waterbill/default.aspx
https://efc.sog.unc.edu/resource/wisconsin-water-rates-dashboard
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smartphone,42 and Wisconsin households own an estimated 10 million mobile phones.43 
Further, nearly a quarter of rural Wisconsinites are without access to high-speed internet at 
home. By 2021 mobile access to the internet reached virtual parity with traditional desktop 
access in the United States.44 In light of these conditions and trends, utilities earned 5 
points if their website designs were “mobile-friendly” (i.e., optimized to display on mobile 
devices), and zero if the website was not mobile-friendly. A utility that had no website but 
did have a social media presence earned 5 points for mobile-friendly design by providing 
information via social media.  

• Accessibility. Web accessibility is the practice of ensuring there are no barriers that prevent 
website engagement by people with physical disabilities, situational disabilities, and/or 
restrictions on bandwidth. To evaluate website accessibility, WSEP scores relied on the Web 
Accessibility Evaluation Tool (WAVE), which provides a summary information about 
accessibility for any website.45 The WAVE tool provides six categories for accessibility, 
including Accessible Rich Internet Applications (ARIA), which helps with dynamic content 
and advanced user interface controls developed with HTML, JavaScript, and related 
platforms and technologies. ARIA enables users with disabilities – especially people who 
rely on screen readers and people who cannot use a mouse – to access websites. For 
website scoring, we entered the utility’s website URL into the WAVE tool. Utilities that 
scored greater than zero for ARIA earned 5 points for accessibility; of ARIA number was 
zero, utilities received zero (0) points for accessibility.  

Table 34. Communications website transparency scoring rubric 

Condition Score 
Design features  

Utility has a website or municipality has website with utility information 5 

Website design is mobile-friendly 5 

Website accessibility (ARIA) 5 

Website available in multiple languages or optimized for translation 10 

Information  

Source water 4 

Facilities 3 

Operations 3 

Total possible 35 
 

 
42 https://www.pewresearch.org/internet/fact-sheet/mobile/  
43 https://dnr.wi.gov/files/PDF/pubs/wa/wa1874.pdf  
44 https://gs.statcounter.com/platform-market-share/desktop-mobile-tablet/united-states-of-america/2021  
45 https://wave.webaim.org/  

https://www.pewresearch.org/internet/fact-sheet/mobile/
https://dnr.wi.gov/files/PDF/pubs/wa/wa1874.pdf
https://gs.statcounter.com/platform-market-share/desktop-mobile-tablet/united-states-of-america/2021
https://wave.webaim.org/
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• Language. According to the U.S. Census Bureau, 8.7% of Wisconsin residents spoke a 
language at home other than English. Websites that provided information in multiple 
languages thus earned 10 points for their utilities. “Multiple languages” could mean that the 
website is translated by the municipality or utility itself, or that it has enabled an automated 
translation toolbar (e.g., Google Translate) on the website that allows users to translate the 
page. Utilities without these multiple language features earned no points for multiple 
languages. 

• Source water. Information about the utility’s water source helps the public understand 
where their drinking water comes from and the efforts required to protect, sustain, and 
extract that source water. Utilities whose websites included information about source 
water earned 4 points, otherwise they scored zero. Typically, utilities earned these points by 
posting information about the utility’s wells or aquifer or referring to surface water sources 
such as Lake Michigan or Lake Superior. 

• Facilities. Information about the utility’s facilities source helps the public understand the 
investments and infrastructure required to provide excellent drinking water service. Typical 
facilities information included text descriptions and/or images of treatment facilities, 
pumphouses, water towers, water treatment process, water main data, and/or other 
information about facilities. Utilities whose websites included information about facilities 
earned 3 points, otherwise they scored zero. 

• Operations. Information about the utility’s operations and operators source helps the 
public understand the supplies, energy, and skilled labor required to provide excellent 
drinking water service. Typical operations information included descriptions of staff and 
personnel, water treatment, number of customers, volume of water treated/pumped, 
water main information, and other relevant information. Utilities whose websites included 
information about operations earned 3 points, otherwise they scored zero. 

Interactivity 
 
A water utility that actively engages and interacts with its customers is more likely to 
understand the concerns and needs of its community. In this context, interactivity means that 
utilities’ online information included means of collecting feedback or fora where ratepayers and 
customers can voice their concerns. Interactivity also included whether utility websites or social 
media included information about public meetings and how customers can reach the utility by 
telephone or email. Interactivity accounts for 25 points of the 100 total points that comprise 
the Communications grade. Table 35 shows how various types of online information contribute 
to WSEP interactivity scores. 
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Table 35. Communications online interactivity scoring rubric 

Condition Score 
Customer contact channels  

Phone number 5 

Email or webform  5 

Social media  
Utility 5 

Municipality 5 

Meetings  
Past meeting agendas, minutes, or video recordings 2.5 

Future meeting schedules/agendas 2.5 

Total possible 25 
 
Figure 29 shows the distribution of performance on WSEP’s indicators of interactivity. Scoring 
rules for each of these conditions are described below.  
 
Figure 29. Distribution of online interactivity indicators, 2020 
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Phone Number 
Telephone remains the conventional method of communication between utility organizations 
and their customers. An easily available phone number allows customers to speak with 
someone about their bills, water quality, maintenance or construction projects, or other 
concerns. Utilities whose websites or social media accounts included a phone number to 
contact the utility earned 5 points, otherwise they received zero points.  
 
Email / webform 
Electronic communications are more convenient and efficient than phone calls for many 
customers, especially for those whose work schedules do not allow them to call during regular 
business hours or individuals with certain disabilities. Utilities can facilitate electronic 
communication by providing an email address for general inquiries on their websites or social 
media accounts. Utilities whose websites or social media accounts included an email address or 
webform for electronic submission of queries earned 5 points, otherwise they received zero 
points. 

Social Media   
We collected data both on the social media accounts of the utility, and the social media 
accounts of each utility’s municipality. Based on the advice of e-government experts, we 
collected data on Facebook, Instagram, and Twitter, as these are the social media platforms 
that experts indicated were the most widely used and popular platforms in 2020. For each 
platform (Facebook, Instagram, Twitter), utilities earned one point for each current account 
with evidence of posts or activity within the past 90 days. Utilities scored 0 if they did not have 
an account, or if the account was not current or showed no evidence of activity within 90 days. 
Utilities and their municipalities also earned credit for social media interactivity. 
Utilities/municipalities received 2 points if there was evidence of interacting with the public 
within 90 days on any of the three scored platforms, zero otherwise.  

WSEP separately scored social media for both utilities and their municipal governments. For 
example, if a utility had a social media account specifically for its water utility, it earned one 
point for that account; if the utility’s municipality also had a social media account for general 
government, it also received a 1 for that value.  

Past Meetings 
Official meetings of relevant governing bodies, such as water utility boards, city councils, town 
boards, village boards, or committees allow the public to understand the governance of their 
own critical infrastructure. Public information about completed, or past meetings, can help the 
public access important information about their local government, and is critical for 
transparency and government accountability. Utilities earned 2.5 points if information such as 
minutes, agendas, or video recordings of past meetings of the municipality’s legislative body 
(e.g., city council, village board, etc.) was available online; if such information on past meetings 
was not available online, they scored zero. 
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Future Meetings  
Notice of future official meetings of relevant governing bodies, such as water utility boards, city 
councils, town boards, village boards, or committees gives the public an opportunity to speak 
with elected or appointed officials regarding their water utility. Utilities earned 2.5 points if 
schedule and/or agenda information for future meetings was available online via websites or 
social media; We scored this on a binary, (1/0) scale. If the website included information about 
upcoming meetings, they scored 1; if such information on past meetings was not available 
online, they scored zero. 

Communications grades across Wisconsin 
 
Table 36 summarizes Communications scores; Figure 30 depicts the overall Communications 
grades that emerge from these scores. 

. Table 36. Summary of Communications scores, 2020 

 Total Score 
Average  54.6 
Median 62.5 
Maximum 100.0 
Minimum 0.0 
Standard Deviation 26.7 

 

Among the graded subjects, average Communications grades were easily the lowest across 
Wisconsin’s utilities: just 5% of the state’s utilities earned A grades for Communications, and 
nearly 47% received failing marks. Inspection of the subject’s individual components indicates 
that most utilities had a website with basic information about the utility, contact information, 
and notices of past and future meetings. Failure to provide rates information and a lack of 
communications in multiple languages were the most common weaknesses for transparency, 
while low social media engagement was the most common weakness for interactivity. 

While statewide performance on this subject is poor overall, it is also an area in which utilities 
can improve their grades very quickly and at little cost. For example, creating simple social 
media accounts with monthly posts that link to rates and CCRs will help many utilities in this 
regard. Opening and maintaining social media accounts requires little investment relative to its 
potential communication impact. With a modicum of effort, every utility in the state can earn 
strong marks for Communications.  
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Figure 30. Distribution of Communications grades, 2020 

 

 

CONCLUSION 
The WSEP’s goal is to provide clear and accessible information to the public and to 
policymakers about Wisconsin drinking water utilities’ water quality, infrastructure, financial 
strength, and communications. The initial WSEP grades serve as a pilot or “beta test” –a proof 
of concept and baseline for future development. This report is intended to provide water utility 
leaders and other stakeholders with the first round of grades and the methodology used to 
create them. Figure 31 shows the overall distribution of grades across all five WSEP subjects; 
Table 37 converts the average grades earned across the state onto a four-point academic scale. 
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Figure 31. 2020 WSEP grade distribution by subject 

 
*Excludes 81% of utilities that received “Incomplete” for Quality-Aesthetics. 

 
Table 37. Statewide average WSEP grades by subject, 2020 

Subject Average 
(100-point scale) 

Average 
(academic 4-point scale) 

Quality-Health 92.1 3.75 
Quality-Aesthetics* 83.9 2.88 
Finance 75.5 2.21 
Infrastructure & Operations 75.7 2.08 
Communications 54.6 1.20 
*Based on data for 97 utilities with complete secondary contaminant data. 

How good are Wisconsin’s water utilities? 
 
The initial grades that emerge from this study are at once reassuring and troubling. Very strong 
overall performance on Quality-Health demonstrates that Wisconsin’s water utilities are 
fulfilling their most fundamental mission of providing safe, healthy drinking water. Despite 
WSEP’s demanding rubric, more than 90% of the state’s water utilities earned A grades for 
Quality-Health—evidence that, when it comes to drinking water safety, Wisconsin’s water 
utility leaders perform far better than what is required of them by law. It is difficult to gauge 
Wisconsin water’s overall aesthetic quality, owing to the large number of “incomplete” marks 
we assigned due to missing data. 
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On the other hand, overall performance on Finance and Infrastructure & Operations raises 
some concerns about the sustainability of these critical systems. Most utilities earned solid or 
strong grades for Finance though a significant minority of utilities earned poor marks here, 
which drags down the state’s overall average on that subject. Aggregate results for 
Infrastructure & Operations grades were less impressive. More than 40% of the state’s utilities 
earned strong marks on the subject in 2020, but a majority of utilities received mediocre (C) or 
poor (D-F) Infrastructure & Operations marks. In the long run, poor financial, capital, and/or 
operational performance are likely to erode water quality—and public confidence in the state’s 
water systems. Maintaining that public confidence will be a challenge, especially as WSEP 
Communications grades were mostly poor: nearly half of Wisconsin’s utilities failed the subject, 
and barely one in twenty earned an A grade. Fortunately, significant improvements to 
communications are possible at relatively low cost.  
 
Taken together, these results suggest that Wisconsin’s water utility leaders manage to maintain 
sound water quality, often under difficult financial, capital, and operating conditions. 
Improvements to performance in these aspects of water systems will ensure that Wisconsinites 
enjoy excellent tap water quality well into the future. 
 
As any student knows, earning good grades requires effort and commitment; making straight 
A’s in a demanding discipline is a rare and admirable feat. The WSEP recognizes truly excellent 
performance among Wisconsin’s water utilities and helps identify areas for improvement for 
individual utilities and for the state as a whole. Excellence is possible for every Wisconsin water 
system; we hope that this initial WSEP report will move us closer to that goal. 
 

Next steps forward 
 
WSEP efforts to date indicate at least three clear paths for the project going forward: 1) refining 
and updating WSEP grades with data from 2022-2023; 2) identifying correlates and causes of 
water utility performance; and 3) disseminating findings to help improve management and 
policy. 
 
With the initial rubrics established and “beta” report cards calculated, an obvious next step is to 
recalculate grades with more recent data. WSEP’s work to date has been to develop grading 
rubrics for Wisconsin water utilities and to calculate their grades for 2020. This process 
required significant effort to gather and compile a wide variety of data, as well as lengthy 
consultative processes with water sector experts across the country. The global COVID-19 
pandemic complicated that effort, as it is possible that the pandemic affected aspects of utility 
performance in ways that make 2020 an exceptional year. Calculating grades for 2022-2023 will 
test the durability and soundness of the rubric, and its findings will help put any pandemic-
related oddities in context. We hope to replicate the WSEP grades biennially going forward, 
compiling a rich store of data to fuel rigorous analysis of utility performance. 
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The second clear avenue for future work is to analyze the correlates and causes of water utility 
performance. This initial WSEP report is entirely descriptive, not analytical—the grades in this 
report reveal performance across the five graded subjects, but do not explain why some 
utilities perform better than others. In other words, this report offers the what and where, but 
not the why or how. With the initial 2020 grades in hand, WSEP will set out to identify key 
correlates of performance. For example, cursory inspection of 2020 grades suggests that, 
perhaps unsurprisingly, performance seems to correlate positively with utility size, with larger 
utilities mostly outperforming smaller ones. At the same time, there are some notable high 
performers among small systems. Further analysis and research will examine the reasons for 
those patterns and identify the small systems that “punch above their weight.” Other 
potentially important correlates of water utility performance include source water, local 
economic conditions, local political processes, and more.  
 
Third, these initial WSEP grades provide an opportunity to frame public conversations about the 
organization, management, and policies that shape this most basic of basic services in 
Wisconsin.  
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Appendix A | Return on Equity (ROE) formula 
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Appendix B | Main flow weights 
 
The table below shows the flow weights used to calculate weighted average replacement rates as part 
of the Infrastructure & Operations grade. 
 

Pipe diameter 
(inches) 

Maximum Flow at 3 ft/sec 
(cubic ft/sec) 

Weight 
(2" Base) 

0.75 0.11  0.14  
1.00 0.20  0.25  
1.25 0.31  0.39  
2.00 0.79  1.00  
3.00 1.77  2.25  
4.00 3.14  4.00  
6.00 7.07  9.00  
8.00 12.57  16.00  

10.00 19.63  25.00  
12.00 28.27  36.00  
16.00 50.27  64.00  
18.00 63.62  81.00  
20.00 78.54  100.00  
24.00 113.10  144.00  
28.00 153.94  196.00  
30.00 176.71  225.00  
36.00 254.47  324.00  
42.00 346.36  441.00  
48.00 452.39  576.00  
54.00 572.56  729.00  
60.00 706.86  900.00  
72.00 1,017.88  1,296.00  
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Appendix C | Utility report cards 
 
 
 
 
 



Grade Color Key
A

(>90)

B

(80-90)

C

(70-80)

D

(60-70)

F

(<60)

Name
Quality -

Health

Quality - 

Aesthetics 
Finance 

Infrastructure 

& Operations 
Communications 

ABBOTSFORD MUNICIPAL WATER UTILITY 98 79 78 65

ADAMS MUNICIPAL WATER AND SEWER UTIL 99 63 78 70

ADELL MUN SEWER AND WATER UTILITY 91 84 68 43

ALBANY MUN WATER AND SEWER UTILITY 99 77 69 51

ALGOMA UTILITY COMMISSION 99 75 77 73

ALLOUEZ VILLAGE OF WATER DEPT 99 61 73 74 75

ALMA MUNICIPAL WATER UTILITY 100 53 63 66

ALMA CENTER WATER UTILITY 0 94 73 70 15

ALMENA MUNICIPAL WATER UTILITY 99 69 91 31

ALTOONA MUN WATER AND SEWER UTILITY 91 98 93 85 70

AMERY MUN JOINT WTR & SWR UTY 99 89 81 70

AMHERST VILL OF WATER UTILITY 97 81 70 43

ANTIGO UTILITIES 91 96 79 84 70

APPLETON WATER DEPT 97 97 87 75 75

ARCADIA ELECTRIC & WATER UTILITY 100 87 74 93

ARENA MUNICIPAL WATER UTILITY 99 90 78 71

ARGYLE MUN ELECTRIC & WATER UTIL 99 87 83 73 25

ARLINGTON WATER UTILITY 99 59 59 14

ASHLAND WATER UTILITY 0 82 80 77

ASHWAUBENON WATER AND SEWER UTILITY 98 71 70 76 75

ATHENS MUNICIPAL WATER UTILITY 99 94 71 74 43

AUGUSTA; CITY OF MUN WTR & SWR UTY 0 63 73 28

AVOCA MUNICIPAL WATER UTILITY 98 83 75 68

BAGLEY MUNICIPAL WATER UTILITY 99 59 51 5

BALDWIN MUNICIPAL WATER UTILITY 92 93 82 76

BALSAM LAKE MUN WATER UTILITY 91 79 77 45

BANGOR MUNICIPAL UTILITY 92 67 89 68

BARABOO CITY WATER WORKS 90 65 86 73

BARNEVELD MUNICIPAL WATER UTILITY 98 70 69 48

BARRON LIGHT AND WATER UTILITY 99 85 88 56

BAY CITY VILLAGE OF WATER UTILITY 99 72 76 48

BAYFIELD WATER & SEWER UTILITY 100 91 73 65

BEAR CREEK WATER UTILITY 100 81 78 66 30

BEAVER DAM WATER UTILITY 100 85 86 83

BELGIUM MUNICIPAL WATER UTILITY 99 92 89 81

BELLEVILLE MUN WATER & SEWER UTY 100 78 92 81

BELLEVUE WATER UTILITY 98 57 64 80 79

BELMONT MUN WATER AND ELECTRIC UTIL 99 87 78 65 51

BELOIT WATER UTILITY 0 87 80 80 65

BENTON MUN ELECTRIC AND WATER UTIL 100 47 62 71

BERLIN MUN WATER AND SEWER UTILITY 98 83 87 73

BIRCHWOOD MUNICIPAL WATER UTILITY 94 94 53 28

BIRNAMWOOD MUNICIPAL WATER UTILITY 99 95 84 28

BIRON MUN WATER UTILITY 99 62 83 45

BLACK CREEK MUN WATER & SEWER UTIL 97 81 68 45

BLACK EARTH VILL OF WATER UTILITY 100 75 89 30

BLACK RIVER FALLS MUN ELEC & WTR 99 85 77 75

BLAIR MUNICIPAL WATER UTILITY 99 95 88 79 40

BLANCHARDVILLE MUN WATER UTILITY 92 68 63 0

BLOOMER CITY OF WATER UTILITY 98 95 81 78 50

BLOOMINGTON MUNICIPAL WATER UTILITY 100 85 91 45

BLUE MOUNDS VILL OF MUNICIPAL WT UT 100 86 69 70

BLUE RIVER MUN WATER AND SEWER UTIL 100 83 75 0

BONDUEL WATER & SEWER UTILITY 98 88 88 60

BOSCOBEL MUNICIPAL UTILITIES 99 77 89 88 80

BOWLER WATER AND SEWER UTILITY 98 63 62 20

BOYCEVILLE MUNICIPAL WATER UTILITY 98 73 89 50

BOYD MUN WATER AND SEWER UTILITY 99 86 74 71
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BRANDON SEWER & WATER UTIL 100 83 76 28

BRILLION MUNICIPAL WATER UTILITY 98 90 66 84 70

BRISTOL WATER UTILITY 99 91 58 50

BRODHEAD WATER AND LIGHT COMMISSION 99 90 79 78

BROOKFIELD MUNICIPAL WATER UTILITY 0 59 71 86 92

BROOKLYN WATER UTILITY 99 82 79 73

BROWN DEER WATER PUBLIC UTILITY 91 79 88 93

BROWNSVILLE WATER UTILITY 91 80 56 68

BROWNTOWN MUNICIPAL WATER UTILITY 100 50 43 70

BRUCE MUN WATER & SEWER UTILITY 97 78 50 46

BURLINGTON MUNICIPAL WATERWORKS 99 87 73 84

BUTLER PUBLIC WATER UTILITY 83 64 52 53

BUTTERNUT MUNICIPAL WATER DEPT 100 58 61 18

CADOTT LIGHT AND WATER MUN UTILITY 99 67 78 15

CALEDONIA VILLAGE OF WATER UTILITY 89 80 73 56

CAMBRIA MUNICIPAL WATER UTILITY 98 70 66 18

CAMBRIDGE MUNICIPAL WATER UTILITY 100 73 74 0

CAMERON VILL OF MUNICIPAL WTR UTY 99 63 79 72

CAMPBELLSPORT MUN WATER UTILITY 99 80 71 68

CAMP DOUGLAS MUNICIPAL WATER UTILITY 99 78 90 71

CASCADE WATER UTILITY 92 80 65 84 31

CASHTON MUN ELECTRIC AND WATER UTIL 99 89 89 46

CASSVILLE WATER & SEWER UT 99 64 73 29

CAZENOVIA VILL OF WATER UTILITY 94 87 79 0

CEDARBURG LIGHT AND WATER COMMISSION 90 72 83 78

CEDAR GROVE MUNICIPAL WATER UTILITY 99 70 73 45

CENTURIA MUN WATER AND SEWER UTILITY 99 63 49 48

CHASEBURG WATER & SEWER UTILITY 100 86 70 6

CHETEK MUNICIPAL WATER UTILITY 100 86 87 70

CHILTON MUNICIPAL WATER UTILITY 96 83 79 73

CHIPPEWA FALLS DEPT OF PUBLIC UTIL 97 91 85 90

CLAYTON MUNICIPAL WATER UTILITY 99 69 93 70

CLEAR LAKE MUNICIPAL WATER UTILITY 99 86 68 35

CLEVELAND WATER UTILITY 99 83 45 70 68

CLINTON MUNICIPAL WATERWORKS 99 80 69 65

CLINTONVILLE WATER & ELECTRIC UTY 99 86 87 96

CLYMAN UTILITY COMMISSION 100 70 67 40

COBB MUNICIPAL WATER UTILITY 100 77 83 74 48

COCHRANE MUNICIPAL WATER UTILITY 100 93 92 43

COLBY CITY OF MUN WATER UTILITY 97 75 87 50

COLEMAN WATER UTILITY 99 83 46 89 70

COLFAX MUN WATER AND SEWER UTILITY 99 86 76 45

COLOMA MUNICIPAL WATER UTILITY 98 77 61 66

COLUMBUS WATER AND LIGHT DEPT 0 93 87 84 81

COMBINED LOCKS WATER UTILITY 90 83 67 74

COON VALLEY MUNICIPAL WATER UTILITY 100 67 67 48

CORNELL MUN WATER AND ELECTRIC UTIL 99 85 71 57

COTTAGE GROVE WATER & SEWER UTIL 100 84 92 73

CRANDON WATER AND SEWER UTILITY 92 69 93 23

CRIVITZ VILLAGE OF WATER UTILITY 99 64 76 57

CROSS PLAINS WATER UTIL 99 83 60 73

CUBA CITY ELECTRIC & WATER UTILITY 99 90 87 80

CUDAHY CITY OF WATER UTILITY 92 94 85 56 93

CUMBERLAND MUNICIPAL UTILITY 92 90 82 70

CURTISS MUNICIPAL WTR & SWR UTY 92 90 72 45

DALLAS MUNICIPAL WATER UTILITY 92 71 81 10

DANE WATER & SEWER UTY 92 89 79 70

DARIEN WATER WORKS & SEWER SYSTEM 99 58 57 80
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DARLINGTON MUN WATER AND SEWER UTIL 100 87 92 84 80

DEERFIELD WATER UTILITY 98 84 74 74

DEFOREST MUNICIPAL WATER UTILITY 99 91 95 74

DELAVAN WATER & SEWAGE COMMISSION 90 57 84 60

DELAFIELD MUNICIPAL WATER UTILITY 100 90 66 71

DENMARK MUNICIPAL WATER UTILITY 95 27 85 80 69

DE PERE WATER DEPARTMENT 96 67 63 79 77

DICKEYVILLE WATER UTILITY 98 71 85 50

DODGEVILLE WATER UTILITY 99 67 77 83

DORCHESTER VILLAGE OF WATER UTILITY 100 81 67 39

DOUSMAN WATER UTILITY 99 81 88 34

DRESSER MUNICIPAL WATER UTILITY 92 26 48 63

DURAND MUNICIPAL WATER UTILITY 92 77 59 76

EAGLE VILL OF MUNICIPAL WTR UTY 90 73 83 86 58

EAGLE RIVER LIGHT AND WATER COMM 100 70 89 30

EASTMAN WATER UTILITY 100 86 70 18

EAST TROY VILL OF MUN WTR UTY 99 88 80 74

EAU CLAIRE MUNICIPAL WATER UTILITY 92 73 87 89 94

EDGAR MUNICIPAL WATER UTILITY 99 92 83 61

EDGERTON MUNICIPAL WATER UTILITY 99 89 90 80 47

ELEVA MUNICIPAL WATER UTILITY 100 73 74 6

ELKHART LAKE WATER DEPT 99 81 88 80

ELKHORN LIGHT AND WATER 97 98 85 78 72

ELK MOUND MUN WATER & SEWER UTY 100 88 68 77 62

ELLSWORTH MUN WATER AND SEWER UTIL 98 73 70 31

ELMWOOD MUNICIPAL WATER UTILITY 99 91 76 71

ELROY MUN ELECTRIC AND WATER UTY 98 68 86 81

EMBARRASS WATER AND SEWER UTIL 97 86 81 0

ETTRICK MUN WATER AND SEWER UTILITY 100 67 80 0

EVANSVILLE CITY OF WATER & LIGHT 99 86 87 81

EXELAND MUNICIPAL WATER UTILITY 99 75 66 0

FAIRCHILD MUNICIPAL WATER UTILITY 98 60 67 44

FAIRWATER MUN WATER UTILITY 100 72 76 66

FALL CREEK MUNICIPAL WATER UTILITY 90 77 89 49

FALL RIVER MUNICIPAL WATER UTILITY 99 88 92 46

FENNIMORE WATER AND LIGHT PLANT 99 85 90 79

FITCHBURG WATER UTILITY 97 94 91 93

FLORENCE UTILITY COMMISSION 99 81 88 76

FOND DU LAC WATER UTILITY 90 88 65 73 85

FONTANA MUNICIPAL WATER UTILITY 99 63 72 51

FOOTVILLE WATER UTILITY 96 64 74 50

FORT ATKINSON CITY OF WATER UTILITY 91 83 78 94

FOUNTAIN CITY WATER UTILITY 100 52 45 63

FOX LAKE CITY OF WATER UTILITY 99 91 82 58

FOX POINT VILL OF WATER UTILITY 90 66 73 80

FRANKLIN MUNICIPAL WATER UTILITY 99 78 70 86 80

FREDERIC WATER COMMISSION 92 86 65 75 45

FREDONIA MUNICIPAL WATER UTILITY 92 91 74 23

FRIENDSHIP VILLAGE OF WATER UTILITY 90 79 74 0

FRIESLAND MUNICIPAL WATER UTILITY 92 87 67 59 23

FULTON WATER UTILITY 91 90 82 50

GALESVILLE CITY OF MUN WTR & SWR UT 99 94 89 69 68

GAYS MILLS VILL OF MUN WTR UTY 100 92 79 51

GENOA MUN WATER AND SEWER UTILITY 0 86 54 8

GENOA CITY VILLAGE OF MUN WATER UT 92 77 89 79 51

GERMANTOWN WATER UTILITY 98 70 90 83

GILLETT WATER AND SEWER COMM 99 80 87 80

GILMAN WATER UTILITY 99 64 70 19
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GLENBEULAH MUN WATER UTILITY 99 85 83 20

GLENDALE WATER UTILITY 91 63 79 68

GLENWOOD CITY MUN WATER UTILITY 100 71 83 23

GLEN FLORA; VILLAGE OF; WATER UTY 99 47 22 0

GRAFTON WATER & WASTEWATER UTILITY 85 94 92 85

GRANTON MUNICIPAL WATER UTILITY 98 88 65 33

GRANTSBURG VILL OF MUN WTR UTY 100 90 89 51

GRATIOT MUNICIPAL WATER UTILITY 0 54 50 8

GREEN BAY WATER UTILITY 95 92 85 62 95

GREENDALE VILLAGE OF WATER UT 91 79 69 53

GREEN LAKE CITY OF WATER UTILITY 97 68 72 50

GREENWOOD CITY OF WATER UTILITY 91 77 76 43

GRESHAM MUNICIPAL WATER AND SEWER UT 91 43 79 49

LAKE HALLIE (VILLAGE OF) PUBLIC WORK 97 86 93 50

HAMMOND MUNICIPAL WATER UTILITY 99 91 86 45

HARTFORD CITY OF UTILITIES 98 68 80 85

HARTLAND MUN WATER UTILITY 93 90 87 82

HATLEY VILLAGE OF WATER UTILITY 99 65 76 23

HAUGEN VILLAGE OF WATER UTILITY 98 63 68 53 40

HAWKINS MUN WATER AND SEWER UTILITY 100 67 57 30

HAYWARD CITY OF WATERWORKS AND SWR 99 89 94 53

HAZEL GREEN MUNICIPAL UTILITY 88 90 80 24

HIGHLAND MUNICIPAL WATER UTILITY 99 82 86 48

HILBERT MUNICIPAL WATER UTILITY 97 61 85 23

HILLSBORO MUN WATER UTY 0 93 75 51 51

HIXTON MUNICIPAL WATER UTILITY 99 77 75 24

HOBART VILLAGE OF WATER UTILITY 98 86 88 81

HOLLANDALE WATER UTILITY 92 55 41 16

HOLMEN MUNICIPAL WATER UTILITY 89 91 95 44

HORICON CITY OF WATER UTILITY 99 63 82 80

HORTONVILLE VILLAGE OF WTR & SWR 96 83 71 56

HOWARD VILLAGE OF WTR & SWR DEP 98 43 69 66 74

HUDSON PUBLIC UTILITIES 98 66 89 73

HURLEY CITY OF WATER UTILITY 90 50 53 0

HUSTISFORD UTILITIES 99 81 53 60

HUSTLER MUNICIPAL WATER UTILITY 99 67 76 0

INDEPENDENCE MUNICIPAL WATER UTILITY 100 83 88 43

IOLA MUNICIPAL WATER UTILITY 99 61 72 40

IRON RIDGE MUNICIPAL WATER UTILITY 94 66 85 58

IRONTON WATER UTILITY 99 86 72 0

JACKSON VILL OF WATER UTILITY 99 61 75 75

JANESVILLE WATER UTILITY 97 82 71 68 85

JEFFERSON WATER AND ELECTRIC DEPT 92 87 84 81

JOHNSON CREEK WATER UTILITY 99 87 56 49 68

JUNCTION CITY WATER UTILITY 99 75 56 15

JUNEAU UTILITY COMMISSION 0 78 71 76 73

KAUKAUNA UTILITIES 99 85 81 88

KELLNERSVILLE WATER UTILITY 98 73 88 0

KENDALL MUNICIPAL WATER UTILITY 98 82 53 82 26

KENOSHA WATER UTILITY 99 94 70 63 94

KEWASKUM MUNICIPAL WATER UTILITY 92 92 80 50

KEWAUNEE MUNICIPAL WATER UTILITY 99 58 75 51

KIEL CITY OF UTILITIES 95 79 85 76

KIMBERLY MUNICIPAL WATER UTILITY 92 90 58 58

KNAPP MUN WATER AND SEWER UTILITY 100 95 79 0

KOHLER MUNICIPAL WATER UTILITY 90 93 74 72

KRONENWETTER WATER UTILITY 99 93 97 78

LA CROSSE WATER UTILITY 98 83 93 63 83
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LADYSMITH MUNICIPAL WATER UTILITY 99 43 79 70

LA FARGE MUN WATER AND SEWER UTILITY 99 82 78 70 28

LAKE DELTON VILLAGE OF WATER UTIL 99 78 77 75

LAKE GENEVA UTILITY COMMISSION 97 75 84 69

LAKE MILLS LIGHT AND WATER DEPT 90 82 63 77 75

LANCASTER MUNICIPAL WATER UTILITY 98 79 85 43

LANNON MUNICIPAL WATER UTILITY 92 84 57 53

LA VALLE MUNICIPAL WATER UTILITY 0 60 48 30

LAWRENCE TOWN OF WATER UTILITY 99 66 89 66

LENA MUNICIPAL WATER & SEWER UTY 99 81 54 60

LINDEN MUNICIPAL WATER UTILITY 100 80 83 30

LITTLE CHUTE MUNICIPAL WATER DEPT 100 82 84 70

LIVINGSTON MUNICIPAL WATER UTILITY 100 81 70 25

LODI MUNICIPAL LIGHT AND WATER UTILI 98 89 68 69 80

LOGANVILLE MUN WATER & SEWER UTILITY 99 69 51 23

LOMIRA MUNICIPAL WATER UTILITY 99 69 87 73

LONE ROCK UTILITIES 98 90 71 75 40

LOWELL MUN WATER AND SEWER UTILITY 99 64 49 24

LOYAL MUNICIPAL WATER UTILITY 97 64 83 19

LUCK MUNICIPAL WATER UTILITY 98 66 68 38

LUXEMBURG MUNICIPAL WATER UTILITY 99 75 92 61

LYNDON STATION MUN WATER UTILITY 100 98 66 59 18

MADISON WATER UTILITY 99 86 80 83 100

MAIDEN ROCK; VILLAGE OF; MUN WTR UTY 99 59 67 0

MANAWA MUNICIPAL WATER UTILITY 98 86 69 68

MANITOWOC PUBLIC UTILITIES 99 95 67 62 83

MAPLE BLUFF VILLAGE OF MUN WTR UTY 91 56 77 46

MARATHON VILLAGE OF WTR & SWR UTY 99 85 76 83

MARIBEL MUN WTR & SWR UTY 99 66 75 0

MARINETTE MUNICIPAL WATER UTILITY 99 69 85 65

MARION MUN WATER AND SEWER UTILITY 99 86 67 58

MARKESAN MUN WATER PLANT 98 87 87 91 51

MARSHALL WATER AND SEWER UTILITY 98 72 89 83

MARSHFIELD UTILITIES 98 87 89 78 78

MATTOON MUNICIPAL WATER UTILITY 99 90 68 0

MAUSTON CITY OF MUNICIPAL WTR UTY 99 90 84 83

MAYVILLE MUNICIPAL WATER UTILITY 91 85 90 87 59

MAZOMANIE WATER UTILITY 99 75 90 45

MCFARLAND WATER & SEWER UTILITY 99 85 87 84

MEDFORD WATER WORKS 96 87 88 60

MELLEN MUN WATER UTILITY 92 71 61 0

MELROSE MUNICIPAL WATER UTILITY 100 79 68 58

MENASHA - TOWN OF - UTILITY DISTRICT 99 81 79 81

MENASHA ELECTRIC & WATER UTILITIES 92 78 67 88

MENOMONEE FALLS VILLAGE OF WTR UTY 99 70 76 93

MENOMONIE CITY OF WATER DEPT 99 87 80 65

MEQUON MUNICIPAL WATER UTILITY 90 90 90 80

MERRILL WATER UTILITY 91 77 88 83

MERRILLAN MUN ELECTRIC & WTR UTIL 100 76 63 74

MERRIMAC MUNICIPAL WATER UTILITY 100 78 76 66

MIDDLETON MUNICIPAL WATER UTILITY 99 90 89 83

MILLADORE VILLAGE OF WATER UTILITY 99 63 74 0

MILLTOWN VIL OF WATER UTY 83 67 50 20

MILTON CITY OF MUN WTR UTY 97 92 80 75

MILWAUKEE WATER WORKS 99 94 68 75 95

MINERAL POINT MUN WATER UTILITY 0 77 55 61

MINONG VILLAGE OF WATER UTILITY 100 66 78 23

MISHICOT WATER UTILITY & SEW DEPT 99 86 76 71
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MONDOVI MUN WATER AND SEWER UTILITY 100 85 69 66

MONONA WATER UTILITY 99 88 87 90

MONROE MUNICIPAL WATER UTILITY 99 89 61 65 85

MONTELLO CITY OF WATER UTILITY 99 72 84 70

MONTFORT MUNICIPAL WATER UTILITY 100 78 85 63

MONTICELLO VILLAGE OF WATER UTY 98 86 63 61

MONTREAL MUNICIPAL WATER UTILITY 99 83 46 30

MOSINEE MUNICIPAL WATER AND SEWER UT 98 63 85 60

MT CALVARY VILL OF MUN WTR& SWR 99 73 80 21

MOUNT HOPE MUNICIPAL WATER UTILITY 100 73 78 0

MOUNT HOREB WATER AND SEWER UTILITY 94 93 88 84

MOUNT STERLING MUN WATER UTILITY 92 46 62 0

MUKWONAGO MUNICIPAL WATER UTILITY 99 70 87 83

MUSCODA LIGHT AND WATER UTILITY 99 82 83 76

MUSKEGO CITY OF WATER PUBLIC UTY 92 86 91 80

NECEDAH VILL OF MUN WATER UTILITY 99 75 54 10

NEENAH CITY OF WATER UTILITY 90 89 81 93

NEILLSVILLE CITY OF MUN WTR UTY 99 77 71 76

NEKOOSA MUNICIPAL WATER UTILITY 99 83 76 51

NELSON WATER AND SEWER DEPARTMENT 99 76 73 60

NEW AUBURN MUNICIPAL WATER UTILITY 92 60 67 73

NEW BERLIN WATER UTILITY 83 91 87 74

NEW GLARUS LIGHT AND WATER WORKS 99 87 90 66

NEW HOLSTEIN PUBLIC UTILITY 97 80 88 79

NEW LISBON CITY OF ELEC & WATER UT 99 84 85 48

NEW LONDON ELECTRIC & WATER UTILITY 91 87 85 76 75

NEW RICHMOND MUNICIPAL WATER UTILITY 92 73 91 78

NIAGARA MUNICIPAL WATER UTILITY 99 83 88 41

NICHOLS MUNICIPAL WATER UTILITY 100 72 65 28

NORTH FOND DU LAC WATER UTILITY 0 63 89 61 51

NORTH FREEDOM MUN WATER UTILITY 98 80 77 63

NORWALK MUNICIPAL WATER UTILITY 100 64 57 41

OAK CREEK WATER & SEWER UTILITY 91 88 82 85

OAKDALE WATER UTILITY VILLAGE OF 97 87 75 6

OAKFIELD VILLAGE OF MUN WTR UTY 100 70 59 73

OCONOMOWOC CITY OF UTILITIES 98 91 89 95

OCONTO UTILITY COMMISSION 0 88 92 63

OCONTO FALLS WATER AND LIGHT COMM 99 87 89 75

OLIVER MUNICIPAL WATER PLANT 100 41 60 25

OMRO CITY OF WTR UTY 93 55 74 85 73

ONALASKA MUNICIPAL WATER UTILITY 93 87 48 89 81

ONTARIO MUNICIPAL WATER UTILITY 100 72 80 24

OOSTBURG MUNICIPAL WATER UTILITY 100 81 75 64

OREGON MUN WATER AND SEWER UTILITY 98 89 93 88 71

ORFORDVILLE MUNICIPAL WATER UTILITY 99 46 77 25

OSCEOLA MUNICIPAL WATER UTILITY 99 87 84 80

OSHKOSH CITY OF WATER UTILITY 97 94 87 85 83

OSSEO MUN WATER AND SEWER UTILITY 99 92 90 84 73

OWEN MUN WATER UTILITY 90 82 70 70

PADDOCK LAKE MUN WATER UTILITY 92 60 42 75

PALMYRA VILLAGE OF WTR & SWR UTY 99 92 78 74

PARDEEVILLE MUN WATER UTY 99 75 87 70

PARK FALLS MUNICIPAL WATER UTILITY 92 95 63 64 83

PATCH GROVE MUNICIPAL WATER UTILITY 100 91 52 0

PENCE TOWN OF MUN WTR DEPT 90 88 71 0

BLOOMFIELD VILLAGE OF UTILITY DEPART 98 95 76 65

PEPIN MUNICIPAL WATER UTILITY 90 89 48 57 60

PESHTIGO MUN WATER UTILITY 99 85 80 45
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PEWAUKEE VILLAGE OF WATER UTILITY 0 82 63 85

PEWAUKEE CITY OF WATER UTILITY 0 52 79 84

PHILLIPS MUN WATER WORKS 99 82 90 30

PIGEON FALLS MUNICIPAL WATER UTILITY 100 89 28 42 0

PITTSVILLE MUN WATER UTILITY 98 86 76 65

PLAIN MUNICIPAL WATER UTILITY 99 82 62 26

PLAINFIELD VILL OF WATER UTILITY 99 49 71 18

PLATTEVILLE WATER & SEWER UTILITY 97 83 80 84 69

PLEASANT PRAIRIE VILL OF WTR UTY 90 91 84 84

PLOVER VILL OF MUN WTR UTY 97 75 94 93

PLYMOUTH UTILITIES 90 87 82 55

PORTAGE WATER UTILITY 99 87 89 68

PORT EDWARDS WATER UTILITY 100 93 80 43

PORT WASHINGTON MUN WATER UTILITY 92 87 82 83

POTOSI MUNICIPAL WATER UTILITY 99 92 53 6

POUND VILL OF WATER & SWR UTY 100 54 68 78

POYNETTE MUNICIPAL WATER UTILITY 99 82 74 80

PRAIRIE DU CHIEN MUN WATER UTILITY 92 70 74 80

PRAIRIE DU SAC MUN ELECTRIC & WTR 100 88 82 69

PRENTICE VILLAGE OF WTR & SWR UTY 84 87 68 43

PRESCOTT CITY OF MUN WTR UTY 98 91 95 90

PRINCETON MUN WATER & ELECTRIC UTIL 99 82 83 63

PULASKI WATER DEPT 0 71 86 73 51

RACINE WATER WORKS COMMISSION 92 94 82 77 93

RADISSON WATER AND SEWER UTILITY 92 87 79 72 23

RANDOLPH MUNICIPAL WATER UTILITY 98 64 84 45

RANDOM LAKE MUNICIPAL WATER DEPT 92 77 54 53

READSTOWN MUNICIPAL WATER UTILITY 100 70 56 36

REDGRANITE WATER UTILITY 99 47 80 38

REEDSBURG UTILITY COMMISSION 97 73 91 79

REEDSVILLE MUNICIPAL WATER UTILITY 0 80 55 61

REESEVILLE WATER UTILITY 99 92 86 49

REWEY MUNICIPAL WATER UTILITY 0 67 37 0

RHINELANDER CITY OF WATER UTY 99 85 85 73

RIB LAKE VILLAGE OF WATER UTILITY 100 83 77 66

RICE LAKE MUN WATER & ELECTRIC UTIL 90 91 73 71

RICHLAND CENTER WATER UTILITY 99 88 66 87 83

RIDGEWAY VILL OF MUN WATER UTY 99 64 83 66

RIO MUNICIPAL WATER UTILITY 99 90 89 68 68

RIPON WATER UTILITY 99 80 73 50

RIVER FALLS MUNICIPAL UTILITY 92 94 92 74

ROBERTS VILL OF WATER UTILITY 99 86 79 46

ROCKLAND MUN WATER AND SEWER UTILITY 100 81 79 46

ROCK SPRINGS MUNICIPAL UTILITY 0 61 64 24

ROME TOWN OF WATER UTILITY 91 82 66 70

ROTHSCHILD MUNICIPAL WATER UTILITY 92 90 77 86 71

ST CLOUD WATER & SEWER UTY 99 79 76 39

ST CROIX FALLS MUN WATER UTILITY 99 91 85 50

ST NAZIANZ WATER UTILITY 99 85 89 50

SAUK CITY MUN WATER & LIGHT UTIL 99 88 63 88 63

SAUKVILLE MUN WATER UTILITY 99 87 68 91

SCHOFIELD MUN WATER & SEWER UTILITY 99 86 65 0

SCOTT TOWN OF WATER UTILITY 98 77 85 25

SEYMOUR MUN WATER UTILITY 99 91 70 44

SHARON WATERWORKS & SEWER SYSTEM 98 76 71 61

SHAWANO CITY OF WATER & SEWER UTILIT 96 88 71 90 85

SHEBOYGAN WATER UTILITY 99 65 82 83

SHEBOYGAN FALLS UTILITIES 90 88 88 73
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SHELDON MUNICIPAL WATER UTILITY 91 73 68 0

SHELL LAKE MUNICIPAL UTILITIES 92 86 85 38

SHERWOOD VILLAGE OF WTR & SWR UTY 100 98 69 71 83

SHIOCTON MUNICIPAL UTILITY 100 55 54 51

SHOREWOOD MUNICIPAL WATER UTILITY 90 81 66 94

SHOREWOOD HILLS VILL OF WATER UTY 91 65 70 65

SHULLSBURG WATER UTILITY 99 90 60 84 45

SIREN MUNICIPAL WATER UTILITY 0 86 81 26

SISTER BAY WATER AND SEWER UTILITY 97 91 78 65

SLINGER UTILITIES 91 61 83 84 63

SOLDIERS GROVE VILL OF MUN WTR UTY 100 71 78 44

SOMERS WATER UTILITY TOWN OF 90 70 85 75

SOMERSET VILLAGE OF WATER UTILITY 99 59 48 83 68

SOUTH MILWAUKEE WATER UTILITY 92 77 69 83

SOUTH WAYNE MUNICIPAL WATER UTILITY 100 63 82 55

SPARTA MUNICIPAL WATER DEPT 94 91 91 70

SPENCER MUNICIPAL WATER UTILITY 100 86 87 38

SPOONER MUNICIPAL UTILITIES 99 92 82 80

SPRING GREEN MUNICIPAL WATER UTILITY 99 64 79 40

SPRING VALLEY WATERWORKS 99 48 87 70

STANLEY MUNICIPAL WATERWORKS 99 85 67 48

STAR PRAIRIE MUNICIPAL WATER UTILITY 92 63 39 50

STETSONVILLE WATER UTILITY 0 91 59 80 65

STEVENS POINT MUN WATER UTILITY 98 88 85 84

STOCKBRIDGE WATER UTILITY 99 51 73 80

STODDARD MUNICIPAL WATER UTILITY 92 85 64 14

STOUGHTON WATER UTILITY 98 84 91 75 78

STRATFORD MUN WATER & ELECTRIC UTIL 98 82 75 73

STRUM MUNICIPAL UTILITIES 100 83 85 46

STURGEON BAY UTILITIES 92 77 80 86

SUAMICO WATER UTILITY 99 91 67 29

SUN PRAIRIE UTILITIES 91 88 87 92 88

SURING VILLAGE OF WATER UTILITY 99 87 59 63 65

SUSSEX VILLAGE OF WTR PUBLIC UTY 99 82 71 80 85

TAYLOR VILLAGE OF WATER UTILITY 100 67 89 23

TENNYSON WATER UTILITY 99 58 65 6

THERESA MUN WATER AND SEWER UTILITY 99 65 76 70

THORP MUN WATER AND SEWER UTILITY 90 91 77 81 43

TIGERTON MUNICIPAL WATER & SEWER UTY 96 71 62 65

TOMAH WATER UTILITY 96 86 92 83

TOMAHAWK MUN WATER & SEWER UTILITY 100 79 76 78

TONY MUNICIPAL WATER UTILITY 100 77 73 0

TREMPEALEAU MUN ELECTRIC & WTR UTY 99 83 80 68

TURTLE LAKE MUN WATER & SEWER UTIL 99 89 60 70

TWO RIVERS WATER & LIGHT UTILITY 84 65 81 63

UNION CENTER VILLAGE OF WTR UTY 98 55 66 51

UNION GROVE MUNICIPAL WATER UTILITY 100 83 73 70

VALDERS PUBLIC UTILITY 97 89 86 75

VERONA WATER UTILITY 98 92 89 94

VESPER MUN WATER AND SEWER UTILITY 99 78 75 25

VIOLA MUN WATER AND ELECTRIC UTILITY 99 69 83 48

VIROQUA CITY OF MUN WATER UTILITY 99 85 83 80

WALDO WATER AND SEWER UTILITY 92 83 89 81 66

WALWORTH MUN WATER AND SEWER UTILITY 0 88 73 66 63

WARRENS MUN WTR & SWR UTILITIES 100 81 73 48

WASHBURN MUN WATER AND SEWER UTILITY 99 83 79 80

WATERFORD VILLAGE OF WTR & SWR UTY 99 89 91 73

WATERLOO WATER AND LIGHT COMM 0 78 75 87 81
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WATERTOWN WATER DEPARTMENT 99 89 88 85 94

WAUKESHA WATER UTILITY CITY OF 0 86 79 89 80

WAUNAKEE WATER AND LIGHT COMMISSION 99 93 91 89

WAUPACA WATER UTILITY 96 84 81 83

WAUPUN PUBLIC UTILITIES 99 88 82 78

WAUSAU WATER UTILITY 97 83 94 94

WAUSAUKEE WTR & SWR UTY 0 73 75 28

WAUWATOSA WATER UTILITY 90 83 65 84

WAUTOMA PUBLIC WATER UTILITY 99 82 83 36

WAUZEKA MUNICIPAL WATER UTILITY 99 72 55 8

WEBSTER VILL OF MUN WATER UTILITY 92 84 76 23

WEST ALLIS MUNICIPAL WATER UTILITY 90 62 82 95

WEST BARABOO MUN WTR & SWR UTY 99 83 82 46

WEST BEND CITY OF WATER UTY 84 81 70 80 55

WESTBY  CITY OF MUN ELEC & WTR UTY 100 84 67 65

WESTON WATER UTILITY 91 87 90 83

WEST SALEM MUN JOINT WTR & SWR UTIL 91 94 84 46

WESTPORT WATER UTILITY DISTRICT 100 95 82 51

WEYAUWEGA CITY OF WATER & SEWER UTY 99 88 79 73

WEYERHAEUSER MUNICIPAL WATER UTILITY 100 38 59 45

WHEELER  VILL OF MUN WTR UTY 99 48 62 0

WHITEFISH BAY  VILLAGE OF  WTR UTY 90 78 66 85

WHITEHALL MUNICIPAL WATER UTILITY 100 67 71 30

WHITE LAKE  VILLAGE OF  WTR UTY 92 48 59 13

WHITELAW MUN WATER AND SEWER UTIL 98 52 52 0

WHITEWATER MUNICIPAL WATER UTILITY 99 86 64 88 85

WHITING MUN WATER AND SEWER UTILITY 98 89 82 45

WILLIAMS BAY MUNICIPAL WATER UTILITY 85 72 71 50

WILSON  VILLAGE OF  MUN WTR UTY 99 91 74 0

WILTON MUNICIPAL WATER & SEWER UTY 100 59 83 25

WIND POINT MUNICIPAL WATER UTILITY 90 85 80 81

WINNECONNE WATER UTILITY 98 70 73 76

WINTER VILLAGE OF WATER UTILITY 99 82 72 0

WISCONSIN DELLS MUN WATER UTILITY 98 88 78 66

WISCONSIN RAPIDS WATER WORKS & LIGHT 96 95 85 86 74

WITHEE MUNICIPAL WATER UTILITY 100 86 57 68

WITTENBERG MUN  WTR & SWR UTILITY 98 66 77 68

WONEWOC ELEC & WTR UTY 100 85 83 38

WOODVILLE WATER AND SEWER UTY 99 84 88 0

WRIGHTSTOWN  VILLAGE OF WTR UTILITY 98 48 72 83

WYOCENA MUN WATER & SEWER UTILITY 99 77 56 65

YUBA MUNICIPAL WATERWORKS 87 89 75 72 0
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Appendix D | Illustrative report card calculation: Eau Claire, Wisconsin 
 
This appendix provides a detailed illustration of WSEP grade calculations by focusing on Eau 
Claire’s drinking water utility. Eau Claire’s report card was strong overall, with a total weighted 
grade of 86.8% across all five subjects. Detailed discussion of each element for each subject 
follows, below. 

Quality-Health 
Eau Claire scored very well overall for Quality – Health, with a total weighted grade of 91. Eau Claire’s 
performance for chronic contamination was exceptionally strong, with a grade of 99.2 that contributed 
25% to the utility’s overall grade. The Eau Claire municipal water utility had a positivity rate of 11 
percent for Total Coliform, resulting in a weighted grade of 89.5 for acute contaminants (contributing 
75% to the overall grade). Eau Claire also had no SDWA health violations, which would have resulted in 
an automatic failing grade. Table D1 provides details on Eau Claire’s contaminant levels and 
corresponding scores; Table D2 reports these details for chronic contaminants. 
 
Table D1. Quality-Health values and scores for acute contaminants, Eau Claire, 2020 

Contaminant Value Score 

Cadmium  0 mg/L 100.0 

Coliform, Total 11% positive 0.0 

Copper 38 µg/L 99.6 

Dalapon  0 µg/L 100.0 

o-Dichlorobenzene  0 µg/L 100.0 

p-Dichlorobenzene  0 µg/L 100.0 

1,1-Dichloroethylene  0 mg/L 100.0 

Nitrate (NO3-N) 2.4 mg/L 95.4 

Nitrite (NO2-N)  0 mg/L 100.0 

Oxamyl (Vydate)  0 µg/L 100.0 

Violations?  None 

Acute Average   89.5 
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Table D2. Quality-Health values and scores for chronic contaminants, Eau Claire, 2020 

Contaminant Value Score Contaminant  Value Score 

Arsenic .00027 
mg/L 99.6 Glyphosate  0 µg/L 100.0 

Alachlor (Lasso) 0 mg/L 100.0 Heptachlor  0 µg/L 100.0 
Antimony Total  0 mg/L 100.0 Heptachlor Epoxide 0 µg/L 100.0 
Atrazine  0 µg/L 100.0 Hexachlorobenzene (HCB)  0 µg/L 100.0 
Barium  .03 mg/L 99.8 Hexachlorocyclopentadiene 0 µg/L 100.0 
Benzene  0 µg/L 100.0 Lead  14 µg/L 73.5 
Beryllium Total  0 mg/L 100.0 Mercury  0 µg/L 100.0 
Carbofuran 0 µg/L 100.0 Methoxychlor  0 µg/L 100.0 
Carbon Tetrachloride 0 µg/L 100.0 PCB, Total  0 µg/L 100.0 
Chloramine 1.13 mg/L 94.4 Pentachlorophenol  0 µg/L 100.0 
Chlordane  0 µg/L 100.0 Picloram  0 µg/L 100.0 
Chromium  .00085 mg/L 100.0 Radium (226 + 228)  .813 pCi/L 96.8 
Cyanide  0 mg/L 100.0 Selenium 0 µg/L 100.0 
2,4-D  0 µg/L 100.0 2,4,5-TP (Silvex) 0 µg/L 100.0 
1,2-Dibromo-3-Chloropro (DBCP) 0 µg/L 100.0 Simazine  0 µg/L 100.0 
1,2-Dichloroethane  0 µg/L 100.0 Styrene  0 µg/L 100.0 
cis-1,2-dichloroethylene 0 µg/L 100.0 Tetrachloroethylene 0 µg/L 100.0 
trans-1,2-dichloroethylene  0 µg/L 100.0 Thallium total  0 µg/L 100.0 
Dichloromethane  0 µg/L 100.0 Toluene  0 µg/L 100.0 
1,2-Dichloropropane  0 µg/L 100.0 Toxaphene  0 µg/L 100.0 
Di(2-ethylhexyl) adipate  0 µg/L 100.0 1,2,4-Trichlorobenzene 0 µg/L 100.0 
Di(2-ethylhexyl) phthalate  0 µg/L 100.0 1,1,1-Trichloroethane 0 µg/L 100.0 
Dinoseb  0 µg/L 100.0 1,1,2-Trichloroethane 0 µg/L 100.0 
Diquat 0 µg/L 100.0 Trichloroethylene  0 µg/L 100.0 
Endothall  0 µg/L 100.0 TTHM  27.3 µg/L 93.2 
Endrin  0 µg/L 100.0 Combined Uranium  0 µg/L 100.0 
Ethylbenzene  0 µg/L 100.0 Vinyl Chloride 0 µg/L 100.0 
Ethylene Dibromide (EDB)  0 µg/L 100.0 Xylenes, total  0 µg/L 100.0 
Violations?     None  
Chronic Average    99.2  
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Quality-Aesthetics 
Eau Claire earned solid marks for Quality-Aesthetics. In particular, Eau Claire performed very well for 
hardness (99.7%), and Iron (100%), which are both weighted heavily at 25 percent. Eau Claire customers 
should be overall confident in the aesthetic quality of their drinking water. The main reduction in the 
grade came from the zero grade for Manganese, which is weighted at 25 percent. Like iron, manganese 
can turn the water brown or rust color, and cause staining of laundry and plumbing fixtures, and give 
the water an off taste or odor. Table D3 shows details for Eau Claire’s Quality-Aesthetics grade. 
 
Table D3. Quality-Aesthetics values and scores, Eau Claire, 2020 

Contaminant Value Score Weight (%) 

Hardness 150 mg/L 96.67 25.0 

Iron 0.011 mg/L 100.0 25.0 

Manganese  1.5 mg/L 0.0 25.0 

Chloride 26 mg/L 98.2 6.0 

Sulfate  6.3 mg/L 99.6 6.0 

Alkalinity  130 mg/L 92.8 6.0 

Fluoride  0.6 mg/L 77.1 3.5 

Aluminum 0 mg/L 100.0 3.5 

Weighted Average   73.4  
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Finance 
Eau Claire’s overall Finance performance was strong in 2020, with an overall grade of 86.9. Eau Claire 
performed particularly strongly with debt to assets ratio (100%) and days of operating reserve (100%), 
each of which is weighted at 20 percent. These indicate that Eau Claire has relatively low debt levels and 
has more than 9 months of operating reserve, which are both critical measures for overall financial 
strength. The main indicators that lowered the finance grade were price proportionality, measured with 
the Poehler Index (weighted at 10 percent), and return on equity (weighted at 10 percent). Table D4 
shows the detailed calculation of Eau Claire’s Finance grade.  
 
Table D4. Finance values and scores, Eau Claire, 2020 

Indicator Value Score Weight (%) 

Debt to Assets Ratio 16.0% 100.0 20.0 

Monthly bill in Hours of Minimum Wage 3.3 93.0 20.0 

Days of Operating Reserve 305.3 100.0 25.0 

Poehler Index 0.73 68.0 6.0 

Return on Equity 2.1% 70.0 6.0 

PILOT/Property Tax Equivalent 1.0 75.0 6.0 

Weighted Average   86.9  
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Infrastructure & Operations 
Eau Claire exhibited very strong overall performance for Infrastructure & Operations. In particular, Eau 
Claire performed very well in main breaks per 100 miles of main (94.7%), replacement rate (94.0%) and 
weighted replacement rate (95.9%), as well as total operating expenses per thousand gallons (95.8%) 
and total operating expenses per customer (96.7%). With main and service breaks per 100 miles 
weighted at 50 percent for Infrastructure, Eau Claire’s grade of 94.7 helps offset the relatively poor mark 
(65.1 percent) for water loss per 100 miles. Eau Claire also scored a perfect 100 for Safe Drinking Water 
Act Management Compliance. Table D5 provide details for Eau Claire’s 2020 Infrastructure & Operations 
grade. 
 
Table D5. Infrastructure & Operations values and scores, Eau Claire, 2020 

INFRASTRUCTURE    

Indicator Value Score Weight (%) 

Main & Service Breaks per 100 miles 8.6 94.7 50.0 

Water Loss per 100 miles (gallons) 99,577 65.1 25.0 

Replacement Rate (years) 45.9 
 

94.0 12.5 

Weighted Replacement Rate (years) 31.3 
 

95.9 12.5 

Infrastructure Weighted Average (50% overall)   86.9  

OPERATIONS    
Indicator Value Score Weight (%) 

kWh per Million Gallons per Year 2,647.85 82.7 20.0 

Operating Expenses per Thousand Gallons ($) 3.43 95.8 15.0 

Operating Expenses per Mile of Pipe ($) 22,410 74.4 15.0 

Operating Expenses per Customer ($) 154.39 96.7 15.0 

Operating Expenses per Capita ($) 130.63 93.3 15.0 

SDWA Management compliance (violations) 0.00 100.0 20.0 

Operations Weighted Average (50% overall)   90.6  

Total Infrastructure & Operations grade  89.0  
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Communications 
Eau Claire performed exceptionally well for Communications, with an overall grade of 94.0. Eau Claire 
makes a significant amount of information easily available on their website and are relatively interactive 
on their municipal social media accounts. Eau Claire’s online resources include information about their 
source water, facilities, operations, as well as the rates and consumer confidence report – both of which 
are valued at 20 points. The only areas where Eau Claire could have performed better were with social 
media. Establishing a utility-specific social media presence and using their municipal social media 
accounts more often would yield a near-perfect overall Communications score for Eau Claire. Table D6 
provides full scoring detail for Eau Claire’s 2020 Communications grade. 
 
Table D6. Communications values and scores, Eau Claire, 2020 

Indicator Possible Points Points Earned 
Website Present 5.0  5.0 
Mobile-friendly 5.0 5.0 
Accessibility  5.0 5.0 
Non-English 10.0 10.0 
Consumer Confidence Report 20.0 20.0  
Rates 20.0 20.0  
Source Water Information 4.0 4.0 
Facilities Information 3.0 3.0  
Operations Information 3.0 3.0  
Phone Number 5.0 5.0 
Webform/Email 5.0 5.0 
Past Meetings  2.5 2.5 
Future Meetings 2.5 2.5 
Utility Social Media 5.0 0.0 
Municipal Social Media  5.0 4.0 

Total 100.0 94.0 
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Hardness Summary
Data year: 2020

Name Mean Max

Numerical 

Grade

ABBOTSFORD MUNICIPAL WATER UTILITY

ADAMS MUNICIPAL WATER AND SEWER UTIL

ADELL MUN SEWER AND WATER UTILITY

ALBANY MUN WATER AND SEWER UTILITY

ALGOMA UTILITY COMMISSION

ALLOUEZ VILLAGE OF WATER DEPT 225.00 240 67.6

ALMA MUNICIPAL WATER UTILITY

ALMA CENTER WATER UTILITY 60.00 60 90.0

ALMENA MUNICIPAL WATER UTILITY

ALTOONA MUN WATER AND SEWER UTILITY 110.78 140 93.3

AMERY MUN JOINT WTR & SWR UTY

AMHERST VILL OF WATER UTILITY

ANTIGO UTILITIES 135.56 230 85.0

APPLETON WATER DEPT 74.09 76 94.7

APPLEWOOD HILL WATER UTILITY

ARCADIA ELECTRIC & WATER UTILITY

ARENA MUNICIPAL WATER UTILITY

ARGYLE MUN ELECTRIC & WATER UTIL 307.00 337 63.0

ARLINGTON WATER UTILITY

ASHLAND WATER UTILITY

ASHWAUBENON WATER AND SEWER UTILITY 227.50 260 67.4

ATHENS MUNICIPAL WATER UTILITY 112.00 112 92.7

AUGUSTA; CITY OF MUN WTR & SWR UTY

AVOCA MUNICIPAL WATER UTILITY

BAGLEY MUNICIPAL WATER UTILITY

BALDWIN MUNICIPAL WATER UTILITY

BALSAM LAKE MUN WATER UTILITY

BANGOR MUNICIPAL UTILITY

BARABOO CITY WATER WORKS

BARNEVELD MUNICIPAL WATER UTILITY

BARRON LIGHT AND WATER UTILITY

BAY CITY VILLAGE OF WATER UTILITY

BAYFIELD WATER & SEWER UTILITY

BEAR CREEK WATER UTILITY 237.00 237 66.9

BEAVER DAM WATER UTILITY

BELGIUM MUNICIPAL WATER UTILITY

BELLEVILLE MUN WATER & SEWER UTY

Hardness (mg/L)
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Hardness (mg/L)

BELLEVUE WATER UTILITY 305.00 400 63.2

BELMONT MUN WATER AND ELECTRIC UTIL 261.00 351 65.6

BELOIT WATER UTILITY 338.81 389 61.3

BENTON MUN ELECTRIC AND WATER UTIL

BERLIN MUN WATER AND SEWER UTILITY

BIRCHWOOD MUNICIPAL WATER UTILITY

BIRNAMWOOD MUNICIPAL WATER UTILITY

BIRON MUN WATER UTILITY

BLACK CREEK MUN WATER & SEWER UTIL

BLACK EARTH VILL OF WATER UTILITY

BLACK RIVER FALLS MUN ELEC & WTR

BLAIR MUNICIPAL WATER UTILITY 51.75 63 87.9

BLANCHARDVILLE MUN WATER UTILITY

BLOOMER CITY OF WATER UTILITY 43.29 60 86.1

BLOOMINGTON MUNICIPAL WATER UTILITY

BLUE MOUNDS VILL OF MUNICIPAL WT UT

BLUE RIVER MUN WATER AND SEWER UTIL

BONDUEL WATER & SEWER UTILITY

BOSCOBEL MUNICIPAL UTILITIES 271.67 290 65.0

BOWLER WATER AND SEWER UTILITY

BOYCEVILLE MUNICIPAL WATER UTILITY

BOYD MUN WATER AND SEWER UTILITY

BRANDON SEWER & WATER UTIL 372.00 372 55.0

BRILLION MUNICIPAL WATER UTILITY 156.80 390 78.0

BRISTOL WATER UTILITY

BRODHEAD WATER AND LIGHT COMMISSION

BROKAW  VILLAGE OF  WATER UTILITY

BROOKFIELD MUNICIPAL WATER UTILITY 370.00 370 55.8

BROOKLYN WATER UTILITY

BROWN DEER WATER PUBLIC UTILITY

BROWNSVILLE WATER UTILITY 430.00 430 30.2

BROWNTOWN MUNICIPAL WATER UTILITY

BRUCE MUN WATER & SEWER UTILITY

BURLINGTON MUNICIPAL WATERWORKS

BUTLER PUBLIC WATER UTILITY

BUTTERNUT MUNICIPAL WATER DEPT

CADOTT LIGHT AND WATER MUN UTILITY
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CALEDONIA VILLAGE OF WATER UTILITY

CAMBRIA MUNICIPAL WATER UTILITY

CAMBRIDGE MUNICIPAL WATER UTILITY 299.00 299 63.5

CAMERON VILL OF MUNICIPAL WTR UTY

CAMPBELL WATER UTILITY

CAMPBELLSPORT MUN WATER UTILITY

CAMP DOUGLAS MUNICIPAL WATER UTILITY

CASCADE WATER UTILITY 300.00 300 63.4

CASHTON MUN ELECTRIC AND WATER UTIL

CASSVILLE WATER & SEWER UT

CAZENOVIA VILL OF WATER UTILITY

CEDARBURG LIGHT AND WATER COMMISSION

CEDAR GROVE MUNICIPAL WATER UTILITY

CENTURIA MUN WATER AND SEWER UTILITY

CHASEBURG WATER & SEWER UTILITY

CHETEK MUNICIPAL WATER UTILITY

CHILTON MUNICIPAL WATER UTILITY

CHIPPEWA FALLS DEPT OF PUBLIC UTIL

CLAYTON MUNICIPAL WATER UTILITY

CLEAR LAKE MUNICIPAL WATER UTILITY

CLEVELAND WATER UTILITY 346.13 397 60.9

CLINTON MUNICIPAL WATERWORKS

CLINTONVILLE WATER & ELECTRIC UTY

CLYMAN UTILITY COMMISSION

COBB MUNICIPAL WATER UTILITY 280.00 280 64.5

COCHRANE MUNICIPAL WATER UTILITY

COLBY CITY OF MUN WATER UTILITY

COLEMAN WATER UTILITY 248.24 270 66.3

COLFAX MUN WATER AND SEWER UTILITY

COLOMA MUNICIPAL WATER UTILITY

COLUMBUS WATER AND LIGHT DEPT 128.08 271 87.3

COMBINED LOCKS WATER UTILITY

COON VALLEY MUNICIPAL WATER UTILITY

CORNELL MUN WATER AND ELECTRIC UTIL

COTTAGE GROVE WATER & SEWER UTIL

CRANDON WATER AND SEWER UTILITY

CRIVITZ VILLAGE OF WATER UTILITY 190.00 190 69.5
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CROSS PLAINS WATER UTIL

CUBA CITY ELECTRIC & WATER UTILITY

CUDAHY CITY OF WATER UTILITY 140.00 140 83.4

CUMBERLAND MUNICIPAL UTILITY

CURTISS MUNICIPAL WTR & SWR UTY

DALLAS MUNICIPAL WATER UTILITY

DALTON VOLUNTEER FIRE DEPT INC

DANE WATER & SEWER UTY

DARIEN WATER WORKS & SEWER SYSTEM

DARLINGTON MUN WATER AND SEWER UTIL 305.00 320 63.2

DEERFIELD WATER UTILITY

DEFOREST MUNICIPAL WATER UTILITY

DELAVAN WATER & SEWAGE COMMISSION

DELAFIELD MUNICIPAL WATER UTILITY

DENMARK MUNICIPAL WATER UTILITY 450.00 450 21.6

DE PERE WATER DEPARTMENT 260.00 330 65.6

DICKEYVILLE WATER UTILITY

DODGEVILLE WATER UTILITY

DORCHESTER VILLAGE OF WATER UTILITY

DOUSMAN WATER UTILITY

DRESSER MUNICIPAL WATER UTILITY 215.00 230 68.1

DURAND MUNICIPAL WATER UTILITY

EAGLE VILL OF MUNICIPAL WTR UTY 275.09 380 64.8

EAGLE RIVER LIGHT AND WATER COMM

EASTMAN WATER UTILITY

EAST TROY VILL OF MUN WTR UTY

EAU CLAIRE MUNICIPAL WATER UTILITY 100.08 150 96.7

EDGAR MUNICIPAL WATER UTILITY

EDGERTON MUNICIPAL WATER UTILITY 276.90 346 64.7

ELEVA MUNICIPAL WATER UTILITY

ELKHART LAKE WATER DEPT

ELKHORN LIGHT AND WATER 90.17 200 100.0

ELK MOUND MUN WATER & SEWER UTY 85.00 87 98.3

ELLSWORTH MUN WATER AND SEWER UTIL

ELMWOOD MUNICIPAL WATER UTILITY

ELROY MUN ELECTRIC AND WATER UTY

EMBARRASS WATER AND SEWER UTIL
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ETTRICK MUN WATER AND SEWER UTILITY

EVANSVILLE CITY OF WATER & LIGHT

EXELAND MUNICIPAL WATER UTILITY

FAIRCHILD MUNICIPAL WATER UTILITY

FAIRWATER MUN WATER UTILITY

FALL CREEK MUNICIPAL WATER UTILITY

FALL RIVER MUNICIPAL WATER UTILITY

FENNIMORE WATER AND LIGHT PLANT

FITCHBURG WATER UTILITY

FLORENCE UTILITY COMMISSION

FOND DU LAC WATER UTILITY 360.71 450 60.1

FONTANA MUNICIPAL WATER UTILITY

FOOTVILLE WATER UTILITY

FORT ATKINSON CITY OF WATER UTILITY

FOUNTAIN CITY WATER UTILITY

FOX LAKE CITY OF WATER UTILITY

FOX POINT VILL OF WATER UTILITY

FRANKLIN MUNICIPAL WATER UTILITY 290.00 290 64.0

FREDERIC WATER COMMISSION 176.67 190 71.4

FREDONIA MUNICIPAL WATER UTILITY

FRIENDSHIP VILLAGE OF WATER UTILITY

FRIESLAND MUNICIPAL WATER UTILITY 344.00 351 61.0

FULTON WATER UTILITY

GALESVILLE CITY OF MUN WTR & SWR UT 111.75 115 93.0

GAYS MILLS VILL OF MUN WTR UTY

GENOA MUN WATER AND SEWER UTILITY

GENOA CITY VILLAGE OF MUN WATER UT 314.38 499 62.7

GERMANTOWN WATER UTILITY

GILLETT WATER AND SEWER COMM

GILMAN WATER UTILITY

GLENBEULAH MUN WATER UTILITY

GLENDALE WATER UTILITY

GLENWOOD CITY MUN WATER UTILITY 157.00 157 77.7

GLEN FLORA; VILLAGE OF; WATER UTY

GRAFTON WATER & WASTEWATER UTILITY

GRANTON MUNICIPAL WATER UTILITY

GRANTSBURG VILL OF MUN WTR UTY
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GRATIOT MUNICIPAL WATER UTILITY

GREEN BAY WATER UTILITY 142.76 440 82.7

GREENDALE VILLAGE OF WATER UT

GREEN LAKE CITY OF WATER UTILITY

GREENWOOD CITY OF WATER UTILITY

GRESHAM MUNICIPAL WATER AND SEWER UT

LAKE HALLIE (VILLAGE OF) PUBLIC WORK

HAMMOND MUNICIPAL WATER UTILITY

HANCOCK MUNICIPAL WATER UTILITY

HARTFORD CITY OF UTILITIES

HARTLAND MUN WATER UTILITY 417.14 470 35.7

HATLEY VILLAGE OF WATER UTILITY

HAUGEN VILLAGE OF WATER UTILITY 160.00 160 76.7

HAWKINS MUN WATER AND SEWER UTILITY

HAYWARD CITY OF WATERWORKS AND SWR

HAZEL GREEN MUNICIPAL UTILITY

HIGHLAND MUNICIPAL WATER UTILITY 201.00 201 68.9

HILBERT MUNICIPAL WATER UTILITY

HILLSBORO MUN WATER UTY 150.92 173 80.0

HIXTON MUNICIPAL WATER UTILITY

HOBART VILLAGE OF WATER UTILITY 265.00 265 65.4

HOLLANDALE WATER UTILITY

HOLMEN MUNICIPAL WATER UTILITY

HORICON CITY OF WATER UTILITY

HORTONVILLE VILLAGE OF WTR & SWR

HOWARD VILLAGE OF WTR & SWR DEP 271.50 286 65.0

HUDSON PUBLIC UTILITIES

HURLEY CITY OF WATER UTILITY

HUSTISFORD UTILITIES

HUSTLER MUNICIPAL WATER UTILITY

INDEPENDENCE MUNICIPAL WATER UTILITY

IOLA MUNICIPAL WATER UTILITY

KNIGHT TOWN OF MUN WATER UTILITY

IRON RIDGE MUNICIPAL WATER UTILITY

IRONTON WATER UTILITY

JACKSON VILL OF WATER UTILITY

JANESVILLE WATER UTILITY 263.68 370 65.5
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JEFFERSON WATER AND ELECTRIC DEPT

JOHNSON CREEK WATER UTILITY 280.00 300 64.5

JUNCTION CITY WATER UTILITY

JUNEAU UTILITY COMMISSION 290.00 290 64.0

KAUKAUNA UTILITIES

KELLNERSVILLE WATER UTILITY

KENDALL MUNICIPAL WATER UTILITY 185.33 203 69.8

KENOSHA WATER UTILITY 141.56 150 83.0

KEWASKUM MUNICIPAL WATER UTILITY

KEWAUNEE MUNICIPAL WATER UTILITY

KIEL CITY OF UTILITIES

KIMBERLY MUNICIPAL WATER UTILITY

KNAPP MUN WATER AND SEWER UTILITY

KOHLER MUNICIPAL WATER UTILITY

KRONENWETTER WATER UTILITY

LA CROSSE WATER UTILITY 305.65 418 63.2

LADYSMITH MUNICIPAL WATER UTILITY 140.00 140 83.4

LA FARGE MUN WATER AND SEWER UTILITY 160.44 234 76.7

LAKE DELTON VILLAGE OF WATER UTIL

LAKE GENEVA UTILITY COMMISSION

LAKE MILLS LIGHT AND WATER DEPT 327.00 327 61.9

LANCASTER MUNICIPAL WATER UTILITY

LANNON MUNICIPAL WATER UTILITY

LA VALLE MUNICIPAL WATER UTILITY

LAWRENCE TOWN OF WATER UTILITY 197.00 197 69.1

LENA MUNICIPAL WATER & SEWER UTY

LINDEN MUNICIPAL WATER UTILITY 313.00 313 62.7

LITTLE CHUTE MUNICIPAL WATER DEPT

LIVINGSTON MUNICIPAL WATER UTILITY

LODI MUNICIPAL LIGHT AND WATER UTILI 312.50 330 62.8

LOGANVILLE MUN WATER & SEWER UTILITY

LOMIRA MUNICIPAL WATER UTILITY

LONE ROCK UTILITIES 189.14 257 69.5

LOWELL MUN WATER AND SEWER UTILITY

LOYAL MUNICIPAL WATER UTILITY

LUCK MUNICIPAL WATER UTILITY

LUXEMBURG MUNICIPAL WATER UTILITY
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LYNDON STATION MUN WATER UTILITY 97.00 97 97.7

MADISON WATER UTILITY 359.13 490 60.2

MAIDEN ROCK; VILLAGE OF; MUN WTR UTY

MANAWA MUNICIPAL WATER UTILITY

MANITOWOC PUBLIC UTILITIES 138.79 150 84.0

MAPLE BLUFF VILLAGE OF MUN WTR UTY

MARATHON VILLAGE OF WTR & SWR UTY

MARIBEL MUN WTR & SWR UTY

MARINETTE MUNICIPAL WATER UTILITY

MARION MUN WATER AND SEWER UTILITY

MARKESAN MUN WATER PLANT 330.00 340 61.8

MARSHALL WATER AND SEWER UTILITY

MARSHFIELD UTILITIES 249.62 310 66.2

MATTOON MUNICIPAL WATER UTILITY

MAUSTON CITY OF MUNICIPAL WTR UTY

MAYVILLE MUNICIPAL WATER UTILITY 321.67 460 62.3

MAZOMANIE WATER UTILITY

MCFARLAND WATER & SEWER UTILITY

MEDFORD WATER WORKS

MELLEN MUN WATER UTILITY

MELROSE MUNICIPAL WATER UTILITY

MELVINA MUNICIPAL WATER UTILITY

MENASHA - TOWN OF - UTILITY DISTRICT

MENASHA ELECTRIC & WATER UTILITIES

MENOMONEE FALLS VILLAGE OF WTR UTY

MENOMONIE CITY OF WATER DEPT

MEQUON MUNICIPAL WATER UTILITY

MERRILL WATER UTILITY

MERRILLAN MUN ELECTRIC & WTR UTIL

MERRIMAC MUNICIPAL WATER UTILITY

MIDDLETON MUNICIPAL WATER UTILITY

MILLADORE VILLAGE OF WATER UTILITY

MILLTOWN VIL OF WATER UTY

MILTON CITY OF MUN WTR UTY

MILWAUKEE WATER WORKS 134.81 140 85.3

MINERAL POINT MUN WATER UTILITY

MINONG VILLAGE OF WATER UTILITY
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MISHICOT WATER UTILITY & SEW DEPT

MONDOVI MUN WATER AND SEWER UTILITY

MONONA WATER UTILITY

MONROE MUNICIPAL WATER UTILITY 252.72 310 66.1

MONTELLO CITY OF WATER UTILITY

MONTFORT MUNICIPAL WATER UTILITY

MONTICELLO VILLAGE OF WATER UTY

MONTREAL MUNICIPAL WATER UTILITY

MOSINEE MUNICIPAL WATER AND SEWER UT

MT CALVARY VILL OF MUN WTR& SWR

MOUNT HOPE MUNICIPAL WATER UTILITY

MOUNT HOREB WATER AND SEWER UTILITY

MOUNT STERLING MUN WATER UTILITY

MUKWONAGO MUNICIPAL WATER UTILITY

MUSCODA LIGHT AND WATER UTILITY

MUSKEGO CITY OF WATER PUBLIC UTY 891.00 891 0.0

NECEDAH VILL OF MUN WATER UTILITY

NEENAH CITY OF WATER UTILITY

NEILLSVILLE CITY OF MUN WTR UTY

NEKOOSA MUNICIPAL WATER UTILITY

NELSON WATER AND SEWER DEPARTMENT

NEW AUBURN MUNICIPAL WATER UTILITY

NEW BERLIN WATER UTILITY

NEW GLARUS LIGHT AND WATER WORKS

NEW HOLSTEIN PUBLIC UTILITY

NEW LISBON CITY OF ELEC & WATER UT

NEW LONDON ELECTRIC & WATER UTILITY 278.18 480 64.6

NEW RICHMOND MUNICIPAL WATER UTILITY

NIAGARA MUNICIPAL WATER UTILITY

NICHOLS MUNICIPAL WATER UTILITY

NORTH FOND DU LAC WATER UTILITY 245.00 330 66.5

NORTH FREEDOM MUN WATER UTILITY

NORWALK MUNICIPAL WATER UTILITY

OAK CREEK WATER & SEWER UTILITY

OAKDALE WATER UTILITY VILLAGE OF

OAKFIELD VILLAGE OF MUN WTR UTY

OCONOMOWOC CITY OF UTILITIES
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OCONTO UTILITY COMMISSION 160.00 160 76.7

OCONTO FALLS WATER AND LIGHT COMM

OLIVER MUNICIPAL WATER PLANT

OMRO CITY OF WTR UTY 312.50 340 62.8

ONALASKA MUNICIPAL WATER UTILITY 338.95 392 61.3

ONTARIO MUNICIPAL WATER UTILITY

OOSTBURG MUNICIPAL WATER UTILITY

OREGON MUN WATER AND SEWER UTILITY 313.15 347 62.7

ORFORDVILLE MUNICIPAL WATER UTILITY

OSCEOLA MUNICIPAL WATER UTILITY

OSHKOSH CITY OF WATER UTILITY 139.12 170 83.7

OSSEO MUN WATER AND SEWER UTILITY 112.50 148 92.7

OWEN MUN WATER UTILITY

PADDOCK LAKE MUN WATER UTILITY

PALMYRA VILLAGE OF WTR & SWR UTY

PARDEEVILLE MUN WATER UTY 278.00 278 64.6

PARK FALLS MUNICIPAL WATER UTILITY 122.50 160 89.3

PATCH GROVE MUNICIPAL WATER UTILITY

PENCE TOWN OF MUN WTR DEPT

BLOOMFIELD VILLAGE OF UTILITY DEPART

PEPIN MUNICIPAL WATER UTILITY 288.70 313 64.1

PESHTIGO MUN WATER UTILITY

PEWAUKEE VILLAGE OF WATER UTILITY

PEWAUKEE CITY OF WATER UTILITY

PHILLIPS MUN WATER WORKS

PIGEON FALLS MUNICIPAL WATER UTILITY 35.67 39 84.3

PITTSVILLE MUN WATER UTILITY

PLAIN MUNICIPAL WATER UTILITY

PLAINFIELD VILL OF WATER UTILITY

PLATTEVILLE WATER & SEWER UTILITY 288.15 330 64.1

PLEASANT PRAIRIE VILL OF WTR UTY

PLOVER VILL OF MUN WTR UTY

PLYMOUTH UTILITIES 

PORTAGE WATER UTILITY

PORT EDWARDS WATER UTILITY

PORT WASHINGTON MUN WATER UTILITY

POTOSI MUNICIPAL WATER UTILITY
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POUND VILL OF WATER & SWR UTY

POYNETTE MUNICIPAL WATER UTILITY

PRAIRIE DU CHIEN MUN WATER UTILITY

PRAIRIE DU SAC MUN ELECTRIC & WTR

PRENTICE VILLAGE OF WTR & SWR UTY

PRESCOTT CITY OF MUN WTR UTY

PRINCETON MUN WATER & ELECTRIC UTIL

PULASKI WATER DEPT 286.00 300 64.2

RACINE WATER WORKS COMMISSION 137.31 140 84.3

RADISSON WATER AND SEWER UTILITY 147.00 147 81.0

RANDOLPH MUNICIPAL WATER UTILITY

RANDOM LAKE MUNICIPAL WATER DEPT

RAY HUPPERT UTILITY INCORPORATED

READSTOWN MUNICIPAL WATER UTILITY

REDGRANITE WATER UTILITY

REEDSBURG UTILITY COMMISSION

REEDSVILLE MUNICIPAL WATER UTILITY

REESEVILLE WATER UTILITY

REWEY MUNICIPAL WATER UTILITY 283.00 283 64.4

RHINELANDER CITY OF WATER UTY

RIB LAKE VILLAGE OF WATER UTILITY

RICE LAKE MUN WATER & ELECTRIC UTIL

RICHLAND CENTER WATER UTILITY 225.00 250 67.6

RIDGEWAY VILL OF MUN WATER UTY

RIO MUNICIPAL WATER UTILITY 248.25 254 66.3

RIPON WATER UTILITY

RIVER FALLS MUNICIPAL UTILITY

ROBERTS VILL OF WATER UTILITY

ROCKLAND MUN WATER AND SEWER UTILITY

ROCK SPRINGS MUNICIPAL UTILITY

ROME TOWN OF WATER UTILITY

ROTHSCHILD MUNICIPAL WATER UTILITY 157.50 180 77.7

ST CLOUD WATER & SEWER UTY

ST CROIX IMPROVEMENTS INC

ST CROIX FALLS MUN WATER UTILITY

ST NAZIANZ WATER UTILITY

SAUK CITY MUN WATER & LIGHT UTIL 285.80 291 64.3
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SAUKVILLE MUN WATER UTILITY

SCHOFIELD MUN WATER & SEWER UTILITY

SCOTT TOWN OF WATER UTILITY 352.00 352 60.6

SEYMOUR MUN WATER UTILITY

SHARON WATERWORKS & SEWER SYSTEM

SHAWANO CITY OF WATER & SEWER UTILIT 349.29 380 60.7

SHEBOYGAN WATER UTILITY

SHEBOYGAN FALLS UTILITIES

SHELDON MUNICIPAL WATER UTILITY

SHELL LAKE MUNICIPAL UTILITIES

SHERWOOD VILLAGE OF WTR & SWR UTY 99.71 110 97.0

SHIOCTON MUNICIPAL UTILITY

SHOREWOOD MUNICIPAL WATER UTILITY

SHOREWOOD HILLS VILL OF WATER UTY

SHULLSBURG WATER UTILITY 240.50 347 66.7

SIREN MUNICIPAL WATER UTILITY

SISTER BAY WATER AND SEWER UTILITY

SLINGER UTILITIES 489.17 510 4.9

SOLDIERS GROVE VILL OF MUN WTR UTY

SOMERS WATER UTILITY TOWN OF

SOMERSET VILLAGE OF WATER UTILITY 199.50 201 69.0

SOUTH MILWAUKEE WATER UTILITY

SOUTH WAYNE MUNICIPAL WATER UTILITY 331.00 331 61.7

SPARTA MUNICIPAL WATER DEPT

SPENCER MUNICIPAL WATER UTILITY

SPOONER MUNICIPAL UTILITIES

SPRING GREEN MUNICIPAL WATER UTILITY

SPRING VALLEY WATERWORKS

STANLEY MUNICIPAL WATERWORKS

STAR PRAIRIE MUNICIPAL WATER UTILITY

STETSONVILLE WATER UTILITY 115.00 130 91.7

STEVENS POINT MUN WATER UTILITY

STOCKBRIDGE WATER UTILITY

STODDARD MUNICIPAL WATER UTILITY

STOUGHTON WATER UTILITY 313.21 360 62.7

STRATFORD MUN WATER & ELECTRIC UTIL

STRUM MUNICIPAL UTILITIES
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STURGEON BAY UTILITIES

SUAMICO WATER UTILITY 230.00 230 67.3

SUN PRAIRIE UTILITIES 343.53 390 61.1

SURING VILLAGE OF WATER UTILITY 180.00 180 70.0

SUSSEX VILLAGE OF WTR PUBLIC UTY 350.00 350 60.7

TAYLOR VILLAGE OF WATER UTILITY

TENNYSON WATER UTILITY

THERESA MUN WATER AND SEWER UTILITY

THORP MUN WATER AND SEWER UTILITY 193.33 220 69.3

TIGERTON MUNICIPAL WATER & SEWER UTY

TOMAH WATER UTILITY

TOMAHAWK MUN WATER & SEWER UTILITY

TONY MUNICIPAL WATER UTILITY

TREMPEALEAU MUN ELECTRIC & WTR UTY

TURTLE LAKE MUN WATER & SEWER UTIL

TWO RIVERS WATER & LIGHT UTILITY

UNION CENTER VILLAGE OF WTR UTY

UNION GROVE MUNICIPAL WATER UTILITY

VALDERS PUBLIC UTILITY

VERONA WATER UTILITY

VESPER MUN WATER AND SEWER UTILITY

VIOLA MUN WATER AND ELECTRIC UTILITY

VIROQUA CITY OF MUN WATER UTILITY

WALDO WATER AND SEWER UTILITY 341.75 348 61.2

WALWORTH MUN WATER AND SEWER UTILITY 349.20 430 60.7

WARRENS MUN WTR & SWR UTILITIES

WASHBURN MUN WATER AND SEWER UTILITY

WATERFORD VILLAGE OF WTR & SWR UTY

WATERLOO WATER AND LIGHT COMM 442.50 490 25.0

WATERTOWN WATER DEPARTMENT 242.90 390 66.6

WAUKESHA WATER UTILITY CITY OF 310.87 440 62.9

WAUNAKEE WATER AND LIGHT COMMISSION

WAUPACA WATER UTILITY

WAUPUN PUBLIC UTILITIES

WAUSAU WATER UTILITY

WAUSAUKEE WTR & SWR UTY

WAUWATOSA WATER UTILITY
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WAUTOMA PUBLIC WATER UTILITY

WAUZEKA MUNICIPAL WATER UTILITY

WEBSTER VILL OF MUN WATER UTILITY

WEST ALLIS MUNICIPAL WATER UTILITY 140.00 140 83.4

WEST BARABOO MUN WTR & SWR UTY

WEST BEND CITY OF WATER UTY 372.90 580 55.0

WESTBY  CITY OF MUN ELEC & WTR UTY

WESTON WATER UTILITY

WEST SALEM MUN JOINT WTR & SWR UTIL

WESTPORT WATER UTILITY DISTRICT

WEYAUWEGA CITY OF WATER & SEWER UTY

WEYERHAEUSER MUNICIPAL WATER UTILITY

WHEELER  VILL OF MUN WTR UTY

WHITEFISH BAY  VILLAGE OF  WTR UTY

WHITEHALL MUNICIPAL WATER UTILITY

WHITE LAKE  VILLAGE OF  WTR UTY

WHITELAW MUN WATER AND SEWER UTIL

WHITEWATER MUNICIPAL WATER UTILITY 326.67 370 62.0

WHITING MUN WATER AND SEWER UTILITY

WILLIAMS BAY MUNICIPAL WATER UTILITY

WILSON  VILLAGE OF  MUN WTR UTY

WILTON MUNICIPAL WATER & SEWER UTY

WIND POINT MUNICIPAL WATER UTILITY

WINNECONNE WATER UTILITY

WINTER VILLAGE OF WATER UTILITY

WISCONSIN DELLS MUN WATER UTILITY

WISCONSIN RAPIDS WATER WORKS & LIGHT 61.64 63 90.3

WITHEE MUNICIPAL WATER UTILITY

WITTENBERG MUN  WTR & SWR UTILITY

WONEWOC ELEC & WTR UTY

WOODVILLE WATER AND SEWER UTY

WRIGHTSTOWN  VILLAGE OF WTR UTILITY 496.00 687 1.9

WYOCENA MUN WATER & SEWER UTILITY

YORKVILLE  TOWN OF  WATER UTILITY

YUBA MUNICIPAL WATERWORKS 259.75 277 65.7



APPENDIX D 

Water Quality Results 

cdevalk
Text Box
G.2 HARDNESS TESTING



Water Hardness Converstion Chart

Hardness Hardness Hardness Hardness Hardness Hardness

CaCO3 CaCO3 CaCO3 CaCO3 CaCO3 CaCO3
Grains mg/L Grains mg/L Grains mg/L

0.5 9 11 188 31 530

1.0 17 12 205 32 547 Well 10

1.5 26 13 222 33 564

2.0 34 14 239 34 581 Well 8

2.5 43 15 257 35 599

3.0 51 16 274 36 616

3.5 60 17 291 37 633 Avg Well 8&9

4.0 68 18 308 38 650 Well 9

4.5 77 19 325 39 667

5.0 86 20 342 40 684 Avg MFP

5.5 94 21 359 41 701

6.0 103 22 376 42 718

6.5 111 23 393 43 735

7.0 120 24 410 44 752

7.5 128 25 428 45 770 Well 4& 5

8.0 137 26 445 46 787

8.5 145 27 462 47 804

9.0 154 28 479 48 821

9.5 162 29 496 49 838

10.0 171 30 513 50 855



1/24/2024 

Kaukauna uses a Hach 5 EP test kit for determining hardness 

This test kit is for a range of 1-30 Grains per gallon for Hardness 

(17-513 mg/l)  or advertised as 20-400 mg/l 

Conclusion.  This range does not meet Kaukauna’s water range for Hardness. 

The Hach test method 8204 for the digital titration method with EDTA will fit into the range of 

Kaukauna’s hardness.  There are substances that interfere with the total hardness test:  Orthophosphate, 

Polyphosphate, and Strontium.   The raw water samples are taken before the Orthophosphate and 

Polyphosphate chemicals are added to the water.  The strontium interferes with the test and precipitates 

with the calcium and is counted as calcium.  See correspondence with Hach.   

Need Model HAC-DT  Range is 10-4,000 mg/l  $468 

HA-71A  is only 1-20 mg/l and 17-342 mg/l  (1-20 GPG) 
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Test procedure

Hardness Test, 1–30 gpg

For test kit 145400 (Model 5-EP) DOC326.98.00020

Additional copies available on www.hach.com

Test preparation
• Rinse tube with the sample water before testing. Rinse tube and bottle with deionized water after

testing.
• When titrating, count each drop of titrant. Hold the dropper vertically. Swirl after each drop

is added.
• Accuracy is not affected by undissolved powder.
• To check reagent accuracy, use a standard solution in place of the sample (see Optional items).
• Interferences—high levels of iron or manganese will interfere and cause an orange-brown or

brown color to form after the UniVer® 3 Reagent is added. If this occurs:
1. Add 1 to 3 drops of Hardness 3 Titrant Reagent to the sample before adding the UniVer 3 Hardness

Reagent.
2. Immediately add drops of Hardness 3 Titrant Reagent until the pink to blue color change occurs.
3. Count all the drops of Hardness 3 Titrant Reagent used to determine the hardness of the sample,

including the drops added before the UniVer 3 Hardness Reagent.

CAUTION: Handle chemical standards and reagents carefully. Review Material Safety 
Data Sheets for safe handling, storage and disposal information.

1. Add one full
measuring tube of
sample to the
bottle.

2. Add one
UniVer 3 Hard-
ness Reagent
Powder Pillow to
the bottle. Swirl
to mix.

3. Add Hard-
ness 3 Titrant
Reagent by
drops. Count the
drops until the
color changes
from pink to blue. 
Hold the dropper
vertically. Swirl to
mix after each
drop.

4. Calculate the
results. Each
drop of Hard-
ness 3 Titrant
Reagent equals
1 grain per gallon 
hardness as cal-
cium carbonate
(CaCO3).

Note: The result 
can be expressed 
in mg/L by 
multiplying the 
number of grains 
per gallon by 17.1.

Replacement items

Description Unit Catalog no.
Bottle, square mixing 6/pkg 43906
Hardness 3 Titrant Reagent 100 mL MDB1

1Marked dropping bottle

42632
Measuring Tube, plastic, 5.83-mL each 43800
UniVer 3 Hardness Reagent Powder Pillows 100/pkg 96299

Optional items

Description Unit Catalog no.
Deionized Water 500 mL 27249
Hardness Standard Solution, 20 gpg as CaCO3 500 mL 47949



Hardness, Calcium DOC316.53.01175

Titration Method with EDTA Method 8204
10–4000 mg/L as CaCO3 Digital Titrator

Scope and application: For water, wastewater and seawater.

Test preparation

Before starting
Magnesium is not included in the results but must be in the sample for a sharp endpoint. If the sample does not contain
magnesium, add 1 to 2 drops of Magnesium Standard Solution, 10-g/L as CaCO3, to the sample before the test is started.

As an alternative to the CalVer 2 Calcium Indicator Power Pillow (85299), use two CalVer 2 Calcium Indicator Power Pillows
(94799) or 0.1 g scoop of CalVer 2 Calcium Indicator Powder.

The optional TitraStir Titration Stand can hold the Digital Titrator and stir the sample.

Review the Safety Data Sheets (MSDS/SDS) for the chemicals that are used. Use the recommended personal protective
equipment.

Dispose of reacted solutions according to local, state and federal regulations. Refer to the Safety Data Sheets for disposal
information for unused reagents. Refer to the environmental, health and safety staff for your facility and/or local regulatory
agencies for further disposal information.

Items to collect

Description Quantity

CalVer 2 Calcium Indicator Powder Pillow 1 pillow

Potassium Hydroxide Standard Solution, 8 N 1 or 2 mL

EDTA Titration Cartridge (refer to Sample volumes and digit multipliers on page 3) 1

Digital Titrator 1 

Delivery tube for Digital Titrator 1 

Graduated cylinder (use a size that is applicable to the selected sample volume) 1 

Erlenmeyer flask, 250 mL 1 

Water, deionized varies

Refer to Consumables and replacement items on page 5 for order information.

Sample collection
• Collect samples in clean glass or plastic bottles that have been cleaned with a

detergent and rinsed with 1:1 nitric acid and deionized water.
• To preserve samples for later analysis, adjust the sample pH to 2 or less with

concentrated nitric acid (about 2 mL per liter). No acid addition is necessary if the
sample is tested immediately.

• Keep the preserved samples at room temperature for a maximum of 6 months.
• Before analysis, adjust the pH to 7 with Potassium Hydroxide Standard Solution.
• Correct the test result for the dilution caused by the volume additions.

1
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Test procedure

1.  Select a sample volume
and titration cartridge from 
Table 1 on page 3.

2.  Insert a clean delivery
tube into the digital titration
cartridge. Attach the
cartridge to the Digital
Titrator.

3.  Hold the Digital Titrator
with the cartridge tip up.
Turn the delivery knob to
eject air and a few drops of
titrant. Reset the counter to
zero and clean the tip.

4.  Use a graduated cylinder
or a pipet1 to measure the
sample volume from Table 1
on page 3.

5.  Pour the sample into a
clean, 250-mL Erlenmeyer
flask.

6.  If the sample volume is
100 mL, add 2 mL of 8 N
Potassium Hydroxide
Standard Solution. If the
sample volume is 50 mL or
less, add 1 mL of 8 N
Potassium Hydroxide
Standard Solution.

7.  Swirl to mix. 8.  If the sample volume is
less than 100 mL, dilute to
approximately 100 mL with
deionized water.

1 Titration accuracy has a direct relation to the accuracy of the sample volume measurement. For smaller
volumes, it is recommended to use a pipet to increase accuracy.
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9. Add the contents of one
CalVer 2 Calcium Indicator
Powder Pillow.

10. Swirl to mix. 11. Put the end of the
delivery tube fully into the
solution. Swirl the flask.
Turn the knob on the Digital
Titrator to add titrant to the
solution. Continue to swirl
the flask. Add titrant until the
color changes from red to
pure blue. Record the
number of digits on the
counter.

12. Use the multiplier in
Table 1 on page 3 to
calculate the concentration.
Digits used × digit multiplier
= mg/L (or Gdh) Ca as
CaCO3.

Sample volumes and digit multipliers
Select a range in Table 1 or Table 2 as applicable, then read across the table row to find
the applicable information for this test. Use the digit multiplier to calculate the
concentration in the test procedure.
Example: A 50-mL sample was titrated with 0.800 M EDTA titration cartridge and the
counter showed 250 digits at the endpoint. The concentration is 250 digits × 2.0 =
500 mg/L as CaCO3 (or with the 0.714 M EDTA titration cartridge, 250 x 0.1 = 25 mg/L
Gdh).

Table 1  Sample volumes and digit multipliers—mg/L

Range (mg/L as CaCO3) Sample volume (mL) Titration cartridge Digit multiplier

10–40 100 0.0800 M EDTA 0.1 

40–160 25 0.0800 M EDTA 0.4 

100–400 100 0.800 M EDTA 1.0 

200–800 50 0.800 M EDTA 2.0 

500–2000 20 0.800 M EDTA 5.0 

1000–4000 10 0.800 M EDTA 10.0 

Table 2  Sample volumes and digit multipliers—Gdh

Range (Gdh as CaCO3) Sample volume (mL) Titration cartridge Digit multiplier

1–4 100 0.1428 M EDTA 0.01 

4–16 25 0.1428 M EDTA 0.04 

10–40 50 0.714 M EDTA 0.1 

25–100 20 0.714 M EDTA 0.25 

> 100 10 0.714 M EDTA 0.5 

Hardness, Calcium (4000 mg/L) 3
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Conversion units
To change the units or chemical form of the test result, multiply the test result by the
factor in Table 3.

Table 3  Conversions

mg/L Ca as CaCO3 to... multiply by... Example

mg/L as Ca 0.40 1000 mg/L as CaCO3 x 0.40 = 400 mg/L Ca

German degrees hardness (Gdh) 0.056 1000 mg/L as CaCO3 × 0.056 = 56 Gdh

Grains per gallon (gpg) 0.058 1000 mg/L as CaCO3 x 0.058 = 58 gpg

Interferences

W A R N I N G
 

Chemical hazard. Potassium cyanide is toxic. Make sure to add potassium cyanide to
the sample after the Potassium Hydroxide has been added. Keep cyanide solutions at
more than pH 11 to prevent exposure to hydrogen cyanide gas. Dispose of reacted
solutions according to local, state and federal regulations.

An interfering substance can prevent the color change at the titration endpoint. A smaller
sample volume can often dilute the interfering substance to a level at which the
substance does not interfere. Table 4 shows the substances that can interfere with this
test.

Table 4  Interferences

Interfering substance Interference level

Acidity 10,000 mg/L acidity as CaCO3 does not interfere.

Alkalinity 10,000 mg/L alkalinity as CaCO3 does not interfere.

Aluminum Causes a slow endpoint. The sample can contain a maximum of 200 mg/L aluminum if sufficient
time is given for the color change.

Barium Barium is titrated at the same time with calcium and interferes with this test, but it is unusual to find
high levels of Barium in natural waters.

Chloride The chloride level in seawater does not interfere. Solutions that are saturated with chloride do not
show a sharp endpoint.

Cobalt Interferes directly. Add 0.5 grams of potassium cyanide after the Potassium Hydroxide during the
test procedure to remove the interference from a maximum of 20 mg/L cobalt.

Copper Interferes at 0.1 mg/L copper. Add 0.5 grams of potassium cyanide after the Potassium Hydroxide
during the test procedure to remove the interference from a maximum of 100 mg/L copper.

Iron More than 8 mg/L iron causes an orange-red to green endpoint. Results are accurate to 20 mg/L
iron with this endpoint.

Magnesium The formation of magnesium hydroxide at the high test pH prevents interference from 200 mg/L
magnesium. Samples with more than 200 mg/L magnesium do not give a distinct endpoint.

Manganese Interferes at more than 5 mg/L manganese.

Nickel Interferes at 0.5 mg/L nickel. Add 0.5 grams of potassium cyanide after the Potassium Hydroxide
during the test procedure to remove the interference from a maximum of 200 mg/L nickel.

Orthophosphate Forms calcium phosphate and causes a slow endpoint. If sufficient time is given to let the calcium
phosphate dissolve during the titration, the orthophosphate will not interfere with the test.

Polyphosphates Interfere directly and are included in the test result.

Strontium Strontium is titrated at the same time with calcium and interferes with this test, but it is unusual to
find high levels of Strontium in natural waters.

Temperature Samples at 20 °C (68 °F) or colder should be titrated slowly near the endpoint to give sufficient
time for the color change.

4 Hardness, Calcium (4000 mg/L)
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Table 4  Interferences (continued)

Interfering substance Interference level

Zinc Interferes at 5 mg/L zinc. Add 0.5 grams of potassium cyanide after the Potassium Hydroxide
during the test procedure to remove the interference from a maximum of 100 mg/L zinc.

Highly buffered samples
or extreme sample pH

Can prevent the correct pH adjustment (of the sample) by the reagents. Sample pretreatment may
be necessary. 

Accuracy check

Standard additions method (sample spike)
Use the standard additions method to validate the test procedure, reagents, apparatus,
technique and to find if there is an interference in the sample.
Items to collect:

• Hardness Voluette Ampule Standard Solution, 10,000 mg/L as CaCO3
• Ampule Breaker
• Pipet, TenSette, 0.1–1.0 mL and pipet tips

1. Use the test procedure to measure the concentration of the sample.
2. Use a TenSette pipet to add 0.1 mL of the standard solution to the titrated sample.
3. Titrate the spiked sample to the endpoint. Record the number of digits on the counter.
4. Add one more 0.1-mL addition of the standard solution to the titrated sample.
5. Titrate the spiked sample to the endpoint. Record the number of digits on the counter.
6. Add one more 0.1-mL addition of the standard solution to the titrated sample.
7. Titrate the spiked sample to the endpoint. Record the number of digits on the counter.
8. Compare the actual result to the correct result. The correct result for this titration is 10

digits of 0.800 M titration cartridge or 100 digits of 0.0800 titration cartridge (11 digits
of 0.714 M or 56 digits of 0.1428 M titrant) for each 0.1-mL addition of the standard
solution. If much more or less titrant was used, there can be a problem with user
technique, reagents, apparatus or an interference.

Summary of method
Potassium hydroxide is added to the sample to adjust the pH to 12 to 13, which causes a
magnesium hydroxide precipitate to form. CalVer 2 Calcium Indicator is then added,
which reacts with calcium to give a red color. The EDTA titrant is added, which reacts
with all the free calcium. After the EDTA has reacted with all of the free calcium ions, the
EDTA removes the calcium from the indicator. The indicator color then changes from red
to blue.

Consumables and replacement items
Required reagents

Description Quantity/Test Unit Item no.

Reagent set, 10–160 mg/L range (approximately 100 tests): — each 2447200 

  CalVer 2 Calcium Indicator Powder Pillows 1 pillow 100/pkg 85299 

  Potassium Hydroxide Standard Solution, 8 N 1–2 mL 100 mL MDB 28232H

  EDTA Titration Cartridge, 0.0800 M varies each 1436401 

Reagent set, 100–4000 mg/L range (approximately 100 tests): — each 2447500 

  CalVer 2 Calcium Indicator Powder Pillows 1 pillow 100/pkg 85299 

  Potassium Hydroxide Standard Solution, 8 N 1–2 mL 100 mL MDB 28232H

  EDTA Titration Cartridge, 0.800 M varies each 1439901 

Hardness, Calcium (4000 mg/L) 5



Consumables and replacement items (continued)
Description Quantity/Test Unit Item no.

Reagent set, 1–16 G.d.h. range (approximately 100 tests): — each 2447300 

  CalVer 2 Calcium Indicator Powder Pillows 1 pillow 100/pkg 85299 

  Potassium Hydroxide Standard Solution, 8 N 1–2 mL 100 mL MDB 28232H

  EDTA Titration Cartridge, 0.1428 M varies each 1496001 

Reagent set, 10–100 G.d.h. range (approximately 100 tests): — each 2447400 

  CalVer 2 Calcium Indicator Powder Pillows 1 pillow 100/pkg 85299 

  Potassium Hydroxide Standard Solution, 8 N 1–2 mL 100 mL MDB 28232H

  EDTA Titration Cartridge, 0.714 M varies each 1495901 

Required apparatus

Description Quantity/test Unit Item no.

Graduated cylinders—Select one or more for the sample volume:

Cylinder, graduated, 5 mL 1 each 50837

Cylinder, graduated, 10 mL 1 each 50838

Cylinder, graduated, 25 mL 1 each 50840

Cylinder, graduated, 50 mL 1 each 50841

Cylinder, graduated, 100 mL 1 each 50842

Digital Titrator 1 each 1690001 

Delivery tube for Digital Titrator, J-hook tip 1 5/pkg 1720500 

Flask, Erlenmeyer, 250 mL 1 each 50546

Pipet, TenSette®, 0.1–1.0 mL 1 each 1970001 

Pipet tips, for TenSette® Pipet, 0.1–1.0 mL 1 50/pkg 2185696 

Recommended standards

Description Unit Item no.

Calcium Hardness Standard Solution, 10,000-mg/L as CaCO3, 10-mL Voluette ampule 16/pkg 218710 

Hardness Quality Control Standard, high range 500 mL 2833349 

Hardness Quality Control Standard, low range 500 mL 2833449 

Optional reagents and apparatus

Description Unit Item no.

Ampule Breaker, 10-mL Voluette® Ampules each 2196800 

CalVer® 2 Calcium Indicator Powder 113 g 28114H

CDTA Magnesium Salt Powder Pillow 100/pkg 1408099 

Delivery tube for Digital Titrator, 90-degree bend for use with TitraStir Titration Stand 5/pkg 4157800 

Magnesium Standard Solution, 10 g/L as CaCO3 29 mL 102233 

Nitric Acid, concentrated 500 mL 15249 

Nitric Acid Solution, 1:1 500 mL 254049 

Pipet filler, safety bulb each 1465100
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Optional reagents and apparatus (continued)

Description Unit Item no.

Pipet, volumetric, Class A, 10 mL each 1451538 

Pipet, volumetric Class A, 20 mL each 1451520 

Pipet, volumetric, Class A, 25 mL each 1451540 

Potassium Cyanide, ACS 100 g 76714 

Potassium Hydroxide, 8 N 500 mL 28249 

Sampling bottle with cap, low density polyethylene, 500 mL 12/pkg 2087079 

Sampling bottle, with cap, low density polyethylene, 250 mL 12/pkg 2087076 

Spoon, measuring, 0.1 g each 51100 

Stir bar, octagonal each 2095352 

TitraStir® Titration Stand, 115 VAC each 1940000 

TitraStir® Titration Stand, 230 VAC each 1940010 

Hardness, Calcium (4000 mg/L) 7
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Jeff Wolford

From: US - Tech Help <techhelp@hach.com>

Sent: Tuesday, January 30, 2024 9:51 AM

To: avandenheuvel@ku-wi.org

Cc: Jeff Wolford

Subject: Fwd: Hardness Testing - HACH Case # 01240323    [ ref:!00Di00c0fJ.!5003q01eKv7L:ref ]

Hello Jeff, 

I am wondering if the different labs are reporting total versus calcium hardness and that is why the values 
are different. Are the units the same in each lab report?  

What happens when you use the Hach 5-EP for testing hardness in the 600-800 mg/L range?  How far 
does the accuracy get thrown off.  Can you use half the sample volume and then multiple the number of 
drops by 2? 

We do not know how the accuracy is changed outside of the reported method limits. Please see the 
below article about deviations from the method. The best solution for a higher concentration outside of 
the range is to perform a dilution.  

Can Hach advise on how deviations from the method procedure will impact results? 

What is the purpose of dilution and instructions for performing a dilution? 

For the HAC-DT test:  for strontium - Do you know how it interferes with the test?  Does strontium just 
count as Calcium in the total hardness of CaCO3?  

Hardness in water is caused by dissolved minerals, primarily divalent cations, including calcium (Ca2+), 
iron (Fe2+), strontium (Sr2+), zinc (Zn2+) and manganese (Mn2+). Calcium and magnesium ions are 
usually the only ions present in significant concentrations as it is unusual to have high strontium in 
natural waters. 
The result of this test method linked below, if strontium is present, is strontium and calcium, so yes it 
does "count" as calcium, but this method is not a total hardness test as it does not measure magnesium. 

Hardness, Calcium, Titration Method 8204 using EDTA, Digital Titrator 

I see that strontium interferes with the straight Calcium test too? (Method 8204)   Does strontium just 
count as Calcium so the value is still accurate for (Calcium + Strontium)?  We have a strontium test 
results so maybe I can just subtract the value. 

Yes, this is a correct statement. I would definitely suggest verifying the result with a separate strontium 
test method.  
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Thank you for contacting HACH Technical Support 

Grace | Technical Advisor

Hach | www.hach.com

800-227-4224 | USA Mountain Time Zone | Techhelp@hach.com
We value your feedback! Click here to contact a Hach Manager 

--------------- Original Message --------------- 
From: Andy Vanden Heuvel [avandenheuvel@ku-wi.org] 
Sent: 1/29/2024 5:16 PM 
To: jwolford@cbssquaredinc.com; techhelp@hach.com 
Subject: Re: Hardness Testing - HACH Case # 01240323 [ ref:!00Di00c0fJ.!5003q01eKv7L:ref ] 

Jeff, 
That’s fine we can get samples done anywhere but we get our samples done at badger labs. So not sure 
how labs can be that much different 

Andy Vanden Heuvel 
Water Superintendent 

KAUKAUNA UTILITIES 
920-858-9180
avandenheuvel@ku-wi.org
www.kaukaunautilities.com

Customer Driven / Community Minded / Environmentally Responsible 

From: Jeff Wolford <jwolford@cbssquaredinc.com> 
Sent: Monday, January 29, 2024 4:44:39 PM 
To: US - Tech Help <techhelp@hach.com> 
Cc: Andy Vanden Heuvel <avandenheuvel@ku-wi.org> 
Subject: RE: Hardness Testing - HACH Case # 01240323 [ ref:!00Di00c0fJ.!5003q01eKv7L:ref ] 

Grace 

The reason I am questioning this information is the water utility is using the wrong test kit for hardness 
and the results between field, and two laboratories vary a lot.  We had the water sample sent out to two 
different labs and those two labs vary by more than  150 mg/l which is significant.  So I would like to try to 
narrow down the issue and get stable hardness results.  Then we can design a hardness removal system. 
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What happens when you use the Hach 5-EP for testing hardness in the 600-800 mg/L range?  How far 
does the accuracy get thrown off.  Can you use half the sample volume and then multiple the number of 
drops by 2? 

For the HAC-DT test:  for strontium -  Do you know how it interferes with the test?  Does strontium just 
count as Calcium in the total hardness of CaCO3?  

I see that strontium interferes with the straight Calcium test too? (Method 8204)   Does strontium just 
count as Calcium so the value is still accurate for (Calcium + Strontium)?  We have a strontium test 
results so maybe I can just subtract the value. 

Jeff Wolford, PE 

CBS Squared, Inc. 

2500 E. Enterprise Ave. Suite A 

Appleton, WI 54913 

920.621.0296 

Find us on Facebook and LinkedIN!

The information contained in this e-mail (and any attachments) is confidential and may not be used by anyone other than the addressee. If you are not this intended 
recipient please notify us immediately.

From: US - Tech Help <techhelp@hach.com> 
Sent: Monday, January 29, 2024 3:27 PM 
To: Jeff Wolford <jwolford@cbssquaredinc.com> 
Subject: Fwd: Hardness Testing - HACH Case # 01240323 [ ref:!00Di00c0fJ.!5003q01eKv7L:ref ] 
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Hello Jeff, 
 
Apologies but it looks like our email got lost!  
 
The HAC-DT is the correct option for the test range you are in. There is no pretreatment information listed 
that would allow you to address strontium interference.  It just references the following: 
 
Strontium is titrated at the same time with calcium and interferes with this test, but it is unusual to find high 
levels of Strontium in natural waters. 
 
So the more strontium in your water the higher the interference level would be. Unfortunately, I do not 
show that we have a test method where this is not an interference.  
 
 
 

Thank you for contacting HACH Technical Support 
 

Grace | Technical Advisor 

Hach | www.hach.com  

800-227-4224 | USA Mountain Time Zone | Techhelp@hach.com 
We value your feedback! Click here to contact a Hach Manager 

  

 
 
 
--------------- Original Message --------------- 
From: Jeff Wolford [jwolford@cbssquaredinc.com] 
Sent: 1/29/2024 10:54 AM 
To: techhelp@hach.com 
Subject: RE: Hach 01240323 
  

I have not received a respo nse b ack o n my qu estion. Jeff Wolford , PE CBS S qu ared, Inc. 2500 E . Enterprise Ave. S uite A Appleton, WI 5 4913 9 20.?6 21.?0 296 Find us on Faceb ook and LinkedIN! The informati on c ontai ned in this e-mail ( and any att achm ents ) 

  

I have not received a response back on my question. 

  

Jeff Wolford, PE 

CBS Squared, Inc. 

2500 E. Enterprise Ave. Suite A 
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Appleton, WI 54913 

920.621.0296 

Find us on Facebook and LinkedIN!

The information contained in this e-mail (and any attachments) is confidential and may not be used by anyone other than the addressee. If you are not this intended 
recipient please notify us immediately.

From: Global Technical Support <techhelp@hach.com> 
Sent: Monday, January 29, 2024 9:16 AM 
To: Jeff Wolford <jwolford@cbssquaredinc.com> 
Subject: Hach 01240323 

Hello Dear Valued Hach Customer, 

This is a courtesy reminder that your ticket is not closed yet. If you are aware of this please disregard. 
Otherwise, please reply if this is still an ongoing issue or to let us know it should be closed. 

Thank you for contacting HACH Technical Support 
HACH Global Technical Support Team 

To help protect you r priv acy, Microsoft Office prevented automatic download of this picture from the Internet.
Picture1

Do you have additional questions about Hach products? 
Find answers at any time by searching our knowledge tool at www.hach.com. If you do not find the 
answer you are looking for, submit questions using the Ask A Question link. 

ref:!00Di00c0fJ.!5003q01eKv7L:ref 
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Links contained in this email have been replaced by ZixProtect Link Protection. If you click on 
a link in the email above, the link will be analyzed for known threats. If a known threat is 
found, you will not be able to proceed to the destination. If suspicious content is detected, you 
will see a warning. 

To help 
protect your 
privacy, 
Microso ft 
Office 
prevented 
automatic  
download of 

this pictu re  
from the  
In ternet.
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Purchasing and Maintaining A
Water Softener

Energy Saver

WATER

Energy Saver » Water » Water Heating » Purchasing and Maintaining A Water Softener

A water softener has many benefits are an excellent option for homes with light to

heavy hard water.   Because it reduces water hardness by removing of heavy

minerals like calcium, iron, and magnesium from the water supply coming into the

home, a water softener prevents common water problems including mineral

deposits and scale buildup on leading to leaky faucets and clogged pipes, damage to

water-based appliances, chalky films on dishwasher cleaned glasses, dry skin and

hair after showering, and faded colored clothing from the washing machine.

A water softener solves these issues by preventing heavy minerals from binding or

flowing through the water. Softened water can:

Save money in the long term

Provide cleaner hair and softer skin

Brighten and soften clothes

Clean dishes and glasses better

Reduce time spent cleaning

Make drinking water clearer and better tasting

•
•
•
•
•
•

ENERGY SAVER

https://www.energy.gov/energysaver/saving-water-and-water-use
https://www.energy.gov/energysaver
https://www.energy.gov/energysaver/saving-water-and-water-use
https://www.energy.gov/energysaver/water-heating
https://www.energy.gov/
https://www.energy.gov/energysaver
https://www.energy.gov/energysaver
https://www.energy.gov/energysaver


How a Water Softener Works
There are many water

softeners on the market,

but almost all rely on the

same principle—ion

exchange, a chemical

process that substitutes

sodium (sometimes

potassium) for the

minerals that make water

hard. In a conventional

system, water passes

through a tank with a bed

of resin beads saturated

with sodium, exchanging

any calcium and

magnesium ions in the

water with sodium ions.

When the minerals attach

to the beads, the sodium that had been on the beads enters the volume of water.  By

the time household water exits the system, it is no longer hard.

Over time, the resin bed becomes flush with the minerals that have been drawn out

of the hard water. At that point, the water softener must go through a “regeneration”
cycle, during which sodium-rich water restores the resin beads to their initial

sodium-saturated state. Upon completion of the cycle, the softener returns to regular

operation, softening the household water that passes through it.

Types of Water Softeners

https://www.energy.gov/sites/default/files/2022-08/shutterstock_1217551663%20%5BConverted%5D-Cropped.jpg
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Water softeners work by either drawing heavy minerals out of the water using a

process called ion exchange or by neutralizing these minerals so that they are

unable to bind together and remain soluble in the water.

There are two main types of water softeners that do this, although in different ways:

Salt-based, including dual-tank systems

Salt-free, including magnetic systems

Salt-Based Water Softeners

Salt-based water softeners are the most commonly used and effective softener

types.  Most water softener systems are salt-based systems, so there are a high

number of salt-based options available. They come in a variety of sizes and are

appropriate for just about every dwelling. 

A salt-based water softener typically works by drawing heavy minerals in the water,

like calcium and magnesium, into a resin within the softener and exchanging them

for sodium (salt).  By removing the heavy minerals, the water returns to a healthy

neutral state. 

The downside to these softeners is that the resin then needs to be recharged

with salt. For most homes, this will need to be done about once a week. These water

•
•
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softeners are also much larger than salt-free or magnetic softeners, making them

not the best choice for smaller spaces. 

However, there are portable water softeners that are salt-based.  Designed

specifically for portable functionality, these softeners are an excellent choice for an

RV, a large boat, an mini/micro home, or an efficiency apartment. An included hose

allows the user to connect directly to an outdoor faucet or campground water supply

for instant access to softened water for cleaning, drinking, and bathing.

These sand-based 16,000-grain capacity water softeners can be recharged using

simple table salt, but they do require frequent recharging with regular use. However,

with the reduced size, there is also a lower price, making this option easier on the

wallet for simple, low volume instances.

While salt-based water softeners do add salt to the water, it is only in trace amounts

that rarely get noticed.  This level of sodium is safely within the recommended range for

healthy individuals, but those with low-sodium diets may wish to opt for a salt-free water

softener (read next section) that uses potassium, not sodium.

DUAL-TANK WATER SOFTENERS

A dual-tank water softener is a salt-based softener with two resin tanks. This style is

often the best water softener to use for well water due to its better ability to filter

heavy minerals. These tanks function in the same way as a single-tank salt-based

softener, except that when one tank is in the regeneration cycle, the other tank is

still providing softened water to the household.

Dual-tank softeners aren’t necessary for most homes, and due to their size, they can

be challenging to place and install. They also carry a higher price tag than the other

styles and do need to be recharged. However, a dual-tank water softener can handle

more water per regeneration cycle and never run out of softened water.

Salt-Free Water Softeners

Understanding how the different types of salt-free water softeners work, as well as

how much water they can treat on a daily basis, is integral to purchasing the right

unit.



As indicated by their name, salt-free water softeners don’t use salt to remove heavy

minerals from water; in fact, they don’t remove the heavy deposits at all. Instead,

they condition the water so these particles cannot build up on faucets and

showerheads. While the minerals remain in the water, they are put through a

conditioning process.

Salt-free water softeners tend to cost more initially, do not use salt or electricity.

These models are also smaller than salt-based systems, so they can easily be used

for small- to large-size houses. However, these units may struggle with very high

levels of hard water and households with higher than average water usage.

ELECTROMAGNETIC AND MAGNETIC

Electromagnetic water softeners take up almost no space at all so are great for small

spaces. Similar to other salt-free water softeners, electromagnetic water softeners

do not remove particles that cause hardness in water but rather use a magnetic field

to strip negative or positive ions from heavy minerals to magnetize the grains and

neutralize them, which prevents them from clinging to surfaces and causing scaling

because they are no longer positively or negatively charged, the minerals cannot

bond to each other. Instead, they remain entirely soluble in the water. These systems

plug into a standard outlet and don’t need to be plumbed into a home, making them

an attractive low-maintenance option for softening water. Magnetic models perform

the same task but don’t need electricity and require little to no maintenance.

However, they are not as powerful and are only suitable for small homes.

POLYPHOSPHATES

Instead of removing impurities from the water, the use of polyphosphates conditions

the water so impurities cannot create scaling on plumbing or faucets using a

filtration cartridge. This type of system is used primarily in restaurants and other

commercial settings to protect appliances from scaling.

FULL FILTRATION

Full filtration systems not only soften water, but they also remove other

contaminants in drinking water. This type of salt-free water softener functions

by passing the water through a filter that crystallizes minerals, preventing them



from sticking to one another and creating the scaling that can damage pipes and

appliances. They also remove other contaminants, including herbicides, bacteria,

viruses, pesticides, and chlorine. Filters on these water softeners can be pricey and

typically last 6 months to 1 year.

It is important to be mindful that there is a difference between a water softener and

a water purifier. It is safe to drink water from a water softener if the only

contaminants are hardening minerals. The water softener will remove the hardening

minerals or neutralize them so they cannot bind together. However, a water softener

is not a water filter and will not remove any other harmful particles. As such, it

should only be relied on to soften water, not purify it. If you’re unsure about the

safety of your drinking water, contact your local health department, test it yourself,

or send out a sample for to be expert-tested.

FLOW RATE 

A salt-free water-conditioning system functions between the main water line that

enters a home and all of the water receptacles in a home, treating the water as it

flows into the home’s plumbing.

Salt-free systems that use filtration can affect the flow of water, potentially slowing

it. Electromagnetic water treatment systems aren’t plumbed into a home’s water

system, so they don’t affect a home’s flow rate. With that in mind, the water

softeners with filtration systems must have a flow rate that meets the demands of

the household to prevent drops in water pressure.

The average household, homes with one to three bathrooms, requires a filtration

system with a flow rate of between 8 and 12 gallons per minute. Larger households

require around 15 gallons per minute.

INSTALLATION

One of the main advantages of a salt-free water softener is that they’re generally

much easier to install than salt-based water softener systems. While the latter

typically requires professional installation, a salt-free system is typically an easy DIY

job.



Electromagnetic salt-free

water softeners don’t

require any plumbing and

typically take about 15

minutes to install. This

type of water softener has

wires that wrap around

the water supply pipe with

a power source that sends

electromagnetic waves

through the wire.

Full filtration systems and

whole-house systems are more involved as they need to be attached to the incoming

water supply pipe but are still relatively quick and easy to install.

What to Consider When
Choosing A Water Softener
System
Unlike more common consumer items, water softener systems are often not widely

understood products, so it can be difficult for consumers to judge the best systems.

Before choosing a water softener, take a few minutes to recognize the most

important shopping considerations to keep in mind.

Usage and Hardness

Water softeners come in different sizes to meet the needs of different households.

Determining which size a household needs depends on usage and hardness.

Determining water usage is as simple as multiplying the number of people in a

household by gallons per day. The average person uses 75 gallons of water per day. 

So, for example, a family of three will use an average of 225 gallons of water per day.

https://www.energy.gov/sites/default/files/2022-08/Water_Softener_6_650x433.jpg
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Water hardness or softness is measured using grains per gallon (gpg), where one

grain is equal to 0.002 ounces of calcium carbonate dissolved in 1 gallon of water.

0–3 gpg is considered soft water.

3.5–7 gpg is considered moderate and ideal.

>7.5 gpg is regarded as hard water and should be treated with a water softener.

Multiply the water hardness by the water usage in the home to determine what size

water softener is needed.. For example, a home that uses 225 gallons of water per day

with a water hardness of 10 grains per gallon requires a water softener with a

capacity of 2,250 grains per day.

Capacity

A water softener’s capacity is the measurement of grains per week that the unit can

handle before needing to be replenished.

Small water softeners come with weekly grain capacities of 16,000, 24,000, and

32,000. These are ideal for RVs, apartments, and small houses. Medium water

softeners have grain capacities of 40,000, 48,000, and 64,000. Use these models

for medium to large households. For big families and large properties, a residential

water softener with a grain capacity of 80,000 or 100,000 would be most appropriate.

Keep in mind that the harder the water, the more grains the system will need to

handle it. A 40,000-grain system would operate very differently with 3 gpg water

running through it than if it had 10 gpg water to manage.

•
•
•
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Available Area

Salt-based, and even some salt-free water softeners can take up a lot of space. The

area where the water softener will be installed needs to be measured and compared

to the manufacturer’s installation specifications.

Most salt-free water softeners are smaller than the salt-based models. They are

installed directly on the waterline and hang down only 1 or 2 feet, depending on the

brand. Similar in size to the salt-free softeners, portable salt-based water softeners

are an alternative option for small homes or RVs that prefer a salt-based model to

remove heavy metals entirely.

Magnetic water softeners take up the least amount of space, and you can install

them without cutting into your plumbing. Typically, these smaller softeners can be

mounted directly on the pipe and do not interfere with your floor space. These

softeners are the best option to save space in smaller homes, RVs, or apartments.

Bypass Valve

A valve controls the flow of water through a pipe, closing, or opening when necessary.

A bypass valve works in the same way as a regular valve, but its purpose, when used

with a water softener, is to divert the flow of water away from the softener, giving you

access to the hard water running into the home.

If you have just purchased a water softener, this feature may seem pointless.

However, a bypass valve can save you time and money by preventing your water

softener from using excess salt or energy to soften the water used for watering the

lawn or washing the deck.

For those purposes, the bypass valve may be used to divert the flow of water around

the softener and back into the pipes. Once completed, just close the bypass valve

and restore the flow of water through the softener.

Regeneration Cycles

Salt-based water softeners must be regenerated or refreshed when their salt content

runs out. This can be regulated using a metered system or with a timed system.



METERED WATER SOFTENERS

Metered water softeners work by counting the gallons of water that pass through the

water softener and automatically regenerating when necessary. This system is great

for vacation homes or cottages with long periods of disuse because the system will

only regenerate when necessary.

TIMED WATER SOFTENERS

Timed water softeners are set to automatically regenerate the salt within the

softener at a designated time. These softeners allow for more control over the

scheduled regeneration but will use more salt than necessary if the regeneration

intervals are too short. This system could also result in hard water passing through

the pipes if the regeneration intervals are too long.

Whether or not the system provides water softening during regeneration—and

whether it’s a manual or automatic process—depends on the sophistication of the

appliance.

Fully automatic water softeners are the most expensive, but features alone do not

dictate price. Size matters too. The correct size for a given home takes into

account daily water use as well as the hardness of the water. A simple sizing

calculation involves multiplying the number of household members by the number

of gallons used per person, per day. Next, multiply the number of gallons consumed

by the grains per gallon (GPG) figure. Then to accommodate for regeneration and

days of heavy use, multiply your total by three. For the average four-person home,

experts recommend a capacity of 33,000 GPG.

Care & Maintenance Tips for
Water Softeners
The average water softener lasts for 10-15 years. However, with proper maintenance

and care, there are some ways to extend the life of a water softener well beyond this

normal life span.

https://www.bobvila.com/slideshow/14-sneaky-ways-to-save-money-on-your-water-bill-49718
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One of the most important

and basic things to do is

check the salt levels every

4-6 weeks. If the salt level

of a water softener drops,

then hard water will begin

to return to the home’s

water system.

While checking the salt

levels, also make sure to

check on the condition of

the brine tank as salt

bridges may have formed

over time. These bridges

can prevent the resin

beads from softening the

water properly and must

be cleared to ensure the proper functionality of the water softener.

Using the correct salt in for the water softener type is key to maintaining its

functionality. Cubes or crystal salt is recommended for most available models but be

sure to read the owner’s manual to make sure.

Cleaning the Water Softener

Flushing the resin bed with a water softener cleaner can help to remove iron and

other heavy metals from the beads, allowing them to regenerate with salt properly.

To clean a water softener, begin by dumping all water and salt out of the tank and

disposing of it. To do this, dig a hole in the yard away from any plants, line the hole

with sand and gravel, and discard the excess brine. Then remove the brine grid from

the base of the tank and set it aside. Next, use warm, soapy water and a long-handled

brush to scrub the tank’s interior, and then rinse with plain water.  Once rinsed, use a

mixture of ¼ cup household bleach and 2 to 3 gallons of water to fill the tank. This

mixture should sit for at least 15 minutes to kill any microorganisms. Rinse the
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Office of

Energy Saver

reservoir once more, then

replace the brine grid,

refill with water, and

replenish it with salt. Keep

your water softener

maintained to improve the

water quality in the home

and prevent any drops in

water pressure due to

mineral buildup.
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Drinking Water Treatment:
Water Softening (Ion Exchange)

The presence of calcium (Ca) and/or magnesium (Mg) in water results in water being considered “hard.”
Calcium and magnesium ions in water react with heat, metallic plumbing, and chemical agents such as
detergents to decrease the effectiveness of nearly any cleaning task. Hard water can be softened using an
ion exchange softening process. This guide discusses the ion exchange water softening process and related
equipment used for household water treatment.

Sharon O. Skipton, Extension Water Quality Educator
Bruce I. Dvorak, Extension Environmental Engineering Specialist

Contaminants removed by the water softening (ion exchange) process
Contaminants not removed by the water softening (ion exchange) process
Water Testing
Treatment Principles
Equipment
Types of Salt
Maintenance
Selection Requirements
Summary
Acknowledgment

An ion is an atom or molecule that has a positive or negative electrical charge. Calcium and magnesium ions are
released into water as it dissolves rocks and minerals. These mineral ions in the water can cause scale buildup in
plumbing, fixtures and appliances and affect their performance. In the hot water heater, heat removes some
calcium carbonate and magnesium carbonate from the water, resulting in scale buildup, which can then slow the
heating process and increase energy usage. Cleaning agents used with hard water are not able to completely
remove dirt and grime. Clothes may become dingy and gray with time and feel harsh or scratchy. Glassware may
become spotted as it dries. Films may be left on shower doors or curtains, walls, and tubs, and hair washed in
hard water may look dull and not feel clean. Hard water is considered a nuisance problem, but removing
hardness ions isn’t necessary for health reasons.

A variety of techniques are marketed to manage hardness minerals. This NebGuide focuses on the ion exchange
softening process which remains the most commonly used technique for managing hard water in residential
settings.

Contaminants removed by the water softening (ion exchange) process

The ion exchange water softening process can remove nearly all calcium and magnesium from source water.
Softeners may also remove as much as 5-10 ppm (parts per million; ppm is equal to milligrams per liter, or
mg/L) of iron and manganese. Consumers can check the water softener’s manufacturer’s rating for removal of
these contaminants. Concentrations of iron and manganese greater than the softener’s removal rating may
require pretreatment such as greensand filters (see NebGuide G1280 Drinking Water: Iron and Manganese) to
increase the lifespan of the softener.

http://www.ianrpubs.unl.edu/sendIt/g1280.pdf


Contaminants not removed by the water softening (ion exchange) process

No one piece of treatment equipment manages all contaminants. All treatment methods have limitations and
often water quality situations require a combination of treatment processes. Water softening does not remove
bacteria, hydrogen sulfide, silt or sand, lead, nitrate, pesticides, and many other organic and inorganic
compounds. Refer to Extension Circular EC703, Drinking Water Treatment: An Overview for a discussion of
possible water quality problems and appropriate treatments for these contaminants. Further information can be
obtained from the appropriate treatment guide in the Drinking Water Treatment series.

Water Testing

Regardless of which water treatment system is considered, the water first should be tested to determine which
contaminants are present. Public water systems routinely are tested for contaminants. Water utilities are required
to publish Consumer Confidence Reports (CCRs), which inform consumers on the source of the water,
concentration of contaminants present, potential health effects of those contaminants, and methods of treatment
used by the utility. Depending on the population served by the water utility, CCRs may be mailed, published in
newspapers, or posted on the Internet, but a copy of it can be obtained by contacting the local water utility.
Public supplies must conform to federal standards established by the Safe Drinking Water Act. If contaminants
exceed the Maximum Contaminant Level (MCL), the water must be treated by the water supplier to correct the
problem and/or another source of potable water must be provided.

In contrast, monitoring private water systems is the consumer’s responsibility. Therefore, contamination is more
likely to go undetected in a private water supply. Knowing which contaminants may be present should guide the
testing, since it’s not economically feasible to test for all possible contaminants. Know which contaminants are
present, their concentrations, and reasons for removal (i.e., health risks, tastes or odors, etc.) prior to selecting
treatment methods or equipment. Refer to NebGuide G907 Drinking Water: Testing for Quality for testing
information.

Testing laboratories, some city-county health departments, and some water treatment equipment dealers can test
water for hardness. In addition, a variety of test kits and dip strips are available for hardness testing outside of a
laboratory environment. When using these tests, users should understand the nature of the test and the accuracy
of the test results. While some may provide accurate and reliable measurements from which decisions can be
made, others may not. Greater reliability and accuracy can be expected with laboratory testing. In situations
where considerable investment is necessary to correct a problem, verification of the severity of the problem by
an approved laboratory is advisable.

It is also important to periodically re-test after installation of treatment devices to evaluate the effectiveness of
the treatment equipment.

Water hardness is often expressed as grains of hardness per gallon of water (gpg) or milligrams of hardness per
liter of water (mg/L). Table I, adapted from the Water Quality Association (WQA), shows hardness
classifications. Hardness ions are typically combined with sulfate, chloride, carbonate, or bicarbonate ions. For
consistency, concentrations are generally converted to the equivalent concentration as calcium carbonate
(CaCO3) and expressed in terms of hardness as calcium carbonate.

Table I. Classification of water hardness (hardness as calcium carbonate).

Classification mg/L or ppm Grains per gallon, gpg

Soft 0-17 0-1.0

http://www.ianrpubs.unl.edu/sendIt/ec703.pdf
http://www.ianrpubs.unl.edu/sendIt/g907.pdf


Slightly hard 17-60 1.0-3.5

Moderately hard 60-120 3.5-7.0

Hard 120-180 7.0-10.5

Very hard 180 & over 10.5 & over

Treatment Principles

Household water softeners are ion exchange devices. Ion exchange involves removing the hardness ions calcium
and magnesium and replacing them with non-hardness ions, typically sodium supplied by dissolved sodium
chloride salt, or brine. The softener contains a microporous exchange resin, usually sulfonated polystyrene beads
that are supersaturated with sodium to cover the bead surfaces. As water passes through this resin bed, calcium
and magnesium ions attach to the resin beads and the loosely held sodium is released from the resin into the
water. The softening process is illustrated in Figure 1.

After softening a large quantity of hard water the beads become saturated with calcium and magnesium ions.
When this occurs, the exchange resin must be regenerated, or recharged. To regenerate, the ion exchange resin is
flushed with a salt brine solution (Figure 1). The sodium ions in the salt brine solution are exchanged with the
calcium and magnesium ions on the resin and excess calcium and magnesium is flushed out with wastewater.

 

Figure 1. The water softening and recharge process.

 

Frequency of the regeneration or recharge cycle depends on the hardness of the water, the amount of water used,
size of the softener, and capacity of the resins. Sixty to 120 minutes generally are required for the brine to pass
through the unit and flush the tank before soft water is available again.
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Through the softening process, sodium is added to water at a rate of about 8 mg/L for each grain per gallon (gpg)
of hardness. After treatment, water that was 10 gpg of hardness will have about 80 mg/L of sodium. This means
that for every liter (0.26 gallon) of water intake, there would be 80 mg of sodium intake. People on restricted
sodium diets due to health reasons should account for increased intake through softened water and consult their
physician. Drinking and cooking with softened water is often avoided by having a cold water line to the kitchen
tap that bypasses the water softener. This provides hard water for drinking, cooking and other uses.

It is not recommended to repeatedly use softened water for plants, lawns or gardens due to the sodium content.

Equipment

Ion exchange water softeners can be classified as one of four different types:

1. Semi-automatic: These require the operator to initiate the regeneration cycle. The necessary steps to
complete regeneration and return to service are done automatically by the softener controls.

2. Automatic: Fully automatic softeners are typically equipped with a timer that automatically initiates the
regeneration cycle and the required steps in that process. The operator only sets the timer and adds salt as
needed. Regeneration is generally done during periods of low water usage, such as between midnight and
4 a.m.

3. Demand-initiated regeneration (DIR): Demand-initiated regeneration units initiate and handle
regeneration operations automatically in response to the demand for treated water. Need for regeneration is
determined by measuring gallons of water used or the change in electrical conductivity of the resin bed, or
by sensing a change in water hardness. DIR units may have two softening tanks and a brine tank so that
one tank can be softening while the other is recharging. DIR units may lead to less overall usage of salt
and water since regeneration is only done when necessary.

4. Off-site regeneration: Rental units are available in which the resin tank is exchanged in the home and then
recharged at a central location.

All types of softeners must be correctly installed and monitored for proper operation. If an automatic or DIR unit
appears to use more salt than expected or water is not softened, have a service provider check the unit settings.
The amount of salt used for softening depends on the number of people in the household, daily water usage,
softener capacity, and water hardness. The appropriate size of water softener depends on several factors
including the water hardness level, daily water use and water flow rate.

Types of Salt

There are different types of salt available for water softeners. The choice depends upon the type of water softener
and manufacturer design. Softeners are designed to use specific types of salt so it is important to follow
manufacturer’s recommendations regarding the salt type.

Compressed salt has undergone an evaporation and compression process that yields small particles referred to as
pellets, nuggets, or beads. A variety of grades and formulations are available on the market. Products designed to
manage iron (rust) may contain food-grade additives, such as citric acid. Compressed salt is sized according to
manufacturer’s specifications. The majority of softeners are designed for this type of salt.

Salt blocks for use in some softener brine tanks look similar to those used for livestock feeding. Blocks for
livestock feeding, however, may contain additives incompatible with water softener units. Block salt should be
used only in those units specifically designed for this form of salt. It should be high-grade evaporated salt
without additives.
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Rock salt may have high levels of soluble or insoluble impurities. If the impurities are calcium or magnesium
salts, they may significantly reduce the effectiveness of the regeneration process and plug valves. Rock salt is
only an option if suggested by the manufacturer and only those averaging less than 1 percent impurities should
be used.

In certain situations, potassium chloride may be used for softener regeneration instead of sodium chloride.
Potassium chloride can be more costly and more difficult to obtain than sodium chloride, however. Potassium
chloride also adheres more strongly to the resin. This can reduce the exchange efficiency compared to sodium
chloride and require more potassium chloride. Substituting potassium chloride for sodium chloride may be
appropriate if health or environmental reasons necessitate restricting sodium; a water treatment professional
should be consulted regarding this option.

Maintenance

Maintenance of water softening equipment is somewhat dependent on the type of softener. Some degree of
monitoring or managing the regeneration process is generally required. The softener must be kept regenerated to
avoid hard water flowing into pipes and appliances. Regeneration does place additional load on a septic system.
Approximately 50 gallons of water (roughly equal to that required for a load of laundry using an older washing
machine, or two loads using a newer high-efficiency washing machine) is used to regenerate a water softener.
Also, certain situations such as high concentrations of iron or manganese in the water can affect the exchange
capacity of the resin. In this case the resin may eventually need to be cleaned or replaced. A water treatment
professional should be consulted for guidance on cleaning or replacing the resin.

The brine tank requires periodic checking and cleaning. How frequently you clean it depends on the type and
amount of salt and characteristics of the water being treated. Inspect the tank for scale build-up. The brine valve
and float assembly, if used, should also be cleaned and inspected at least once a year.

Adequate backwashing of the resin bed is important to ensure efficient regeneration of the unit. If backwashing
is to be done manually or is semiautomatic, the backwash should be continued until the water runs clear. If the
unit is fully automatic and backwash time is adjustable, adjust the time so the backwash is long enough to
produce clear water in the drain.

Excess iron (above 5 ppm) or hydrogen sulfide in the water can reduce the effectiveness of the water softener.
The water should be tested for these contaminants and proper pre-softening equipment installed if required.
NebGuides G1280 Drinking Water: Iron and Manganese and G1275 Drinking Water: Sulfur (Sulfate and
Hydrogen Sulfide) discuss these contaminants. Sediment in the water can also reduce the effectiveness of the
softener. The NebGuide G1492 Drinking Water Treatment: Sediment Filtration discusses options for sediment
removal.

Selection Requirements

Federal, state, or local laws do not regulate water softening home systems. The industry is self-regulated. The
NSF (formerly the National Sanitation Foundation) and the Water Quality Association (WQA) evaluate
performance, construction, advertising, and operation manual information. The NSF program establishes
performance standards that must be met for endorsement and certification. The WQA program uses the same
NSF standards and provides equivalent American National Standards Institute (ANSI) accredited product
certifications. WQA certified products carry the Water Quality Association Gold Seal. Though these
certifications and validations should not be the only criteria for choosing a water softening system, they are
helpful to ensure effectiveness of the system.

Other important guidelines are discussed in NebGuide G1488 Drinking Water Treatment: What You Need to
Know When Selecting Water Treatment Equipment. The NebGuide series on drinking water treatment focuses on
contaminants most likely to be encountered in Nebraska drinking water supplies. Some water supplies may

http://www.ianrpubs.unl.edu/sendIt/g1280.pdf
http://www.ianrpubs.unl.edu/sendIt/g1275.pdf
http://www.ianrpubs.unl.edu/sendIt/g1275.pdf
http://www.ianrpubs.unl.edu/sendIt/g1492.pdf
http://www.ianrpubs.unl.edu/sendIt/g1488.pdf
http://www.ianrpubs.unl.edu/sendIt/g1488.pdf


contain contaminants not addressed in this series, such as cryptosporidium, giardia, hexavalent chromium and
others.

Summary

Drinking water treatment by water softening (ion exchange) is one option for the homeowner in treating water
problems. Calcium and magnesium ions in water decrease the effectiveness of most cleaning tasks and can cause
film and scale buildup in and on plumbing and fixtures. Water softening is an effective method for reducing the
calcium and magnesium mineral ions from the water. It can also reduce iron and manganese concentrations.
Selection of an ion exchange water softening unit should be based on water analysis and assessment of the
individual homeowner’s needs and situation. Regular maintenance of the unit is a critical factor in maintaining
effectiveness of the unit. NSF and the WQA test and certify products and this certification can help guide
selection.

Acknowledgment

The authors wish to acknowledge the contribution of former UNL Extension Engineers Jodi Kocher and DeLynn
Hay, and former UNL Extension Specialist Shirley Niemeyer who collaborated with them in previous versions
of this NebGuide.

This publication has been peer reviewed.

Visit the University of Nebraska–Lincoln Extension Publications Web site for more publications.
Index: Water Resource Management
Drinking Water
2003-2008, Revised September 2014

http://extension.unl.edu/publications



Menu

(/)


Search

Home (/) > DIY Repair Guides (/diy_repair_guides) > How A Water Softener Works (/how_a_water_softener_works)

Average Salt Amount - Normal

Water Level

(salt_water_levels)

Frequency of Regeneration - How

Often?

(frequency_of_regeneration)

Soft Water - Why does it feel

slimy

(Soft-Water--Why-does-it-feel-

slimy_c_388.html)

Water Softener Basics

Used for decades, this equipment is still a mystery to some.

Removing unwanted minerals from water may be easier than removing the mystery from water softeners even though the

devices have been used for more than 60 years.

Water softeners remove unwanted calcium and magnesium. These minerals, commonly referred to as lime, form scale in

plumbing and soap curd on objects cleaned with hard water. Mineral particles even become deposited between cloth �bers,

leaving laundry dingy while deteriorating the fabric.

Hardness is found most frequently in ground water though amounts vary geographically. It's measured in grains per gallon

(GPG). There are 7,000 grains to a pound, yet water with as little as one GPG of calcium can cause severe scaling in commercial

applications like boiler treatment. Water containing less than seven GPG is generally considered acceptable for home use.

Softening Up

In water softening - also called ion exchange softening - an ion, an electrically charged particle, is attracted to ions of the

opposite charge. A strongly charged ion will bump a weaker ion away from its "mate" and leave it unattached.

Both calcium and magnesium have strong positive charges, as does water-borne iron. The positive ions, called cations, are

attracted to the strong negative ions, or anions, of the ion exchange resin found in water softeners. The resin looks like amber

sand, but is actually a plastic bead-like material, coated temporarily with weakly bound sodium ions.

In addition to the resin, there are other important parts to water softeners. There is the resin tank, which is usually a �berglass

pressure vessel. Threaded into the top of the resin tank is the control valve, which directs water through the tank and makes

regeneration possible. The last component is the brine tank, a storage area for salt and a few gallons of salt brine.

How It Works

Hard water enters the softener through the control valve and passes down through the resin bed. Calcium and magnesium

have a strong attraction to the negatively-charged resin beads and become attached to them. Resin particles trade the weaker

sodium cations for the magnesium and calcium particles in the water.

How A Water Softener Works
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Eventually, the majority of the resin particles will pair with the strongly-charged magnesium and calcium particles. At that

point, hard water bearing more of these elements passes through the softener unaffected. It's therefore necessary to

periodically replenish the sodium originally present on the resin beads and dispose of the hardness-causing minerals removed

from the water. This is usually a four-step process called regeneration.

Backwash is often the �rst step. Water �ows through the unit in reverse, cleansing the resin of turbidity and precipitated iron.

This short cycle is followed by the brine rinse cycle, where salt-laden water slowly passes through the resin to replace hardness-

causing ions with sodium ions. The resin's preference for calcium and magnesium must be overcome by the strength of the

brine solution, which bombards resin beads with millions of sodium ions. The over whelmed hardness ions are driven off and

washed down the drain.

Next, the fast rinse cycle �ushes the bed with raw water to remove the chlorides (salt brine and sodium chloride) and excess

sodium. The last cycle is for brine tank re�lling. Three pounds of salt are dissolved in every gallon of brine tank water for use

during the next regeneration. The control valve then returns to the service position, making softened water available on

demand.

Cargill Salt list of Salt related Questions and their Answers!

(http://www.cargillsalt.com/dc_salt_about_faqs_water_cond.htm#P2_2988) - A must READ to better understand the Salt usage

in your Softener System.

More Bene�ts of Conditioned Water (/manuals/Soft_Water_Bene�ts.pdf)

Written by Rudy Wilfong

JANUARY 1991 GROUNDWATERAGE

NOTE: The Brine Rinse cycle typically lasts for 50 minutes.

All the water is sucked out in 15 - 20 minutes.

The "Rinse" continues to slowly move / remove the salt water down through the

Resin beads.

For more guidance on how much salt to use and how often to Recharge / Regenerate, see:

Average Salt Amount Needed and Normal Water Level In Brine Tank (/salt_water_levels)

Frequency of Regeneration - How Often Should Softener Recharge? plus Average Salt Amount Needed and Normal Water

Level In Brine Tank (/frequency_of_regeneration)

Short Video showing / explaining How A Water Softener Operates

(https://youtu.be/F7u0zFr1srQ)And this video by Pentair Water referencing the Fleck 5600 (https://www.youtube.com/watch?

v=eQ8pLDUHc_8)
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(ss24n-c7000.htm) (test2401.htm)
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Cleaner - Sani-System Liquid Sanitizer Concentrate

Water Softeners (ss24n-c7000.htm)

$4.00

ADD TO CART (ADD_CART.ASP?QUICK=1&ITEM_ID=2250&CAT_ID=154)

Hardness Drops with Iron and pH levels - Test Kit

Professional Method (test2401.htm)

$175.00

ADD TO CART (ADD_CART.ASP?QUICK=1&ITEM_ID=2263&CA

(fpm9000.htm)

Manual for Fleck 9000 Softener (fpm9000.htm)

$10.00

Links

(https://www.bbb.org/

softener-

supplies/softenerparts

0653
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The amount of salt needed to properly recharge a water softener is mostly based on the amount of resins being recharged.

3/4 cu.ft. resin = 6 - 9 lbs.

1 cu.ft. resin = 8 - 10 lbs.

1.5 cu.ft resin = 12 - 15 lbs.

Typically,

8 lbs. of salt for 8" x 44" tanks,
9 lbs salt for 9" x 48" tanks,
and
12 lbs. salt for 10" x 54" tanks is average.
If there is a lot of iron ( over 2 ppm )
or if the water is really hard ( over 30 grains ),
then 2 - 4 lbs. extra should be used.

So, an average residential system will use 6 - 12 lbs of salt per regeneration at least once a week.
Very hard water, or water high in iron, may require regenerating every 2 or 3 days.
The result is you will be using at least 30 - 40 lbs. of salt per month if hardness is not too high, or amount of water used low.
Well water ( usually very hard and often containing iron ) will commonly require using 80 - 120 lbs. of salt per month.
Simply multiply the pounds of salt per regeneration times the number of regenerations in a month to calculate your monthly average usage.

P.S. If you run out of Salt, don't expect to have soft water after a few days. And it may take more than one regeneration to get

the water feeling soft again once you've added salt.

I recommend keeping the salt level above the water level in your Brine Tank.

When you start seeing the water level ( normally between 6 - 12 inches ) then it's time to think about adding more salt ( 40 - 120

lbs. ).

QUESTION:

Does it matter which type of salt is used? Pellets or solar salt crystals? Is one better than the other?

ANSWER:

Either will work.

Recommend the solar salt crystals as they dissolve 100%, as opposed to the Pellets that leave an un-dissolved residue in the bottom of the
brine tank. And this residue builds up until it clogs the flow of the brine water in and especially, out of the salt tank, requiring that the tank be
dumped, emptied, and re-filled with new salt ( plus 4 gallons new water ) every 1 - 2 years on average.

Below is a photo of a "Starved" softener

-- These "crums" under the water are not going to DISSOLVE enough ( or at all if "old" ) to make a strong "brine solution" to

Recharge the RESINS ( the KEY to Soft Water (/how_a_water_softener_works) ).

Average Salt Amount - Normal Water Level
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In simplest terms:

The Control Valve should be adding 3 - 4 gallons of water at the end of regeneration process ( Brine Re�ll ). A level of 6 - 12

inches, depending on the amount of salt in the brine tank, and the shape of the brine tank ( square or round ).

During Brine Rinse ( long 50 minute cycle ), the valve should suck out the 3 - 4 gallons of water in about 20 minutes ( less than

1/4 gpm ), and once water level drops to the last couple of inches of the salt tank, the "air check" will close off, to prevent any

"air" from getting sucked into the Valve. The Brine Rinse ( slow suction and slow rinse ) will continue for another 30 minutes, as

it slowly rinses the salt water through the Resin Tank, allowing it to Recharge the Resin beads.

How Much Water Should be in Salt Tank Video

(https://www.youtube.com/watch?v=DmJhc8dMP0U)What type of Salt to Use Video (https://www.youtube.com/watch?

v=ZkgGVCwHc2I)

How A Water Softener Works (/how_a_water_softener_works)

Sodium Levels in Water when Softened (/sodium_in_water)

NOTE: Have the names for System Saver II, Rust Remover, and Solar
Salt changed?

Yes, System Saver II has been renamed Clean and Protect and Solar Salt has been renamed Pure and Natural. Rust Remover has been
renamed Clean and Protect plus Rust Remover and has been reformulated to not only remove 15 time more iron then plain salt but also extend
appliance life. Also, the artwork has been updated for all of the products.

Products [3]
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Cleaner - Rust Out Resin Cleaner (Cleaner--Rust-Out-

Resin-Cleaner_p_2405.html)

$3.59

ADD TO CART (ADD_CART.ASP?QUICK=1&ITEM_ID=2405&CAT_ID=269)

Cleaner - Sani-System Liquid Sanitizer Concentrate

Water Softeners (ss24n-c7000.htm)

$4.00

ADD TO CART (ADD_CART.ASP?QUICK=1&ITEM_ID=2250&CA

(Cleaner--Softener-Mate-Resin-Cleaner_p_2406.html)

Cleaner - Softener Mate Resin Cleaner (Cleaner--

Softener-Mate-Resin-Cleaner_p_2406.html)

$3.50

ADD TO CART (ADD_CART.ASP?QUICK=1&ITEM_ID=2406&CAT_ID=269)

Links

(https://www.bbb.org/

softener-

supplies/softenerparts
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There is no simple formula, as there are many "variables" that must be considered when "setting" a

water softener valve regeneration frequency.

First is the "quality" of the water you are treating, and then amount of water to be used ( number of

people in household ),

What is the hardness level of your water before any �lters? ( grains per gallon or ppm )

What is the iron level ( if any ) of your water before any �lters? ( ppm = Parts Per Million )

What is the pH level of your water from the source ( before any �lters )?

How many people use the water in your home?

And the last variable is the CAPACITY or Amount of RESINS in the media tank.

Common Tank Sizes and Amount of Resins Inside

8" x 35" 0.64 cu. ft. ( 20,480 grains )

8" x 44" 0.75 cu. ft. ( 24,000 grains )

9" x 35" 0.75 cu. ft. ( 24,000 grains )

9" x 40" 1.00 cu.ft. ( 32,000 grains )

9" x 48" 1.00 cu. ft. ( 32,000 grains )

10" x 35" 1.00 cu. ft.( 32,000 grains )

10" x 40" 1.00 cu .ft. ( 32,000 grains )

10" x 44" 1.25 cu. ft. ( 40,000 grains )

10" x 54" 1.50 cu. ft. ( 48,000 grains )

12" x 52" 2.00 cu. ft. ( 64,000 grains )

13" x 54" 2.50 cu. ft. ( 80,000 grains )

Then, it's a question of whether your valve is a simple "day timer" ( operating on the days you "SET" ),

or a metered "demand" timer, that counts and tracks the amount of water used.

For an example of the "math" or calculations of "capacity" between regenerations, I'd refer you to this

article about how to �gure the gallons setting on the mechanical FLECK Metered valves,

see:

Frequency of Regeneration - How Often?
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How to Set Meter Program Gallons (/setting_econominder_program_meter_wheel)

And the last thing that matters somewhat is the amount of SALT used with each Regeneration,

****The amount of salt needed is mostly based on the amount of resins being recharged.

3/4 cu.ft. resin = 6 - 9 lbs.

1 cu.ft. resin = 8 - 10 lbs.

1.5 cu.ft resin = 12 - 15 lbs.

Typically,

9 lbs for 8 - 9 inch diameter resin tanks,

and 12 lbs. of salt for 10" tanks is average.

If there is a lot of iron ( over 2 ppm ) or if the water is really hard ( over 30 grains ),

then an extra 2 - 4 lbs. of salt per regeneration should be used.

COMMON Frequency of Regeneration

A typical residential system will use 6 - 12 lbs of salt per regeneration at least once a week.

Very hard water ( over 30 grains ), or water high in iron ( over 1 ppm ), may require regenerating every

2 or 3 days.

The result is you will be using at least 30 - 40 lbs. of salt, and more common you will be using 60 - 100

lbs. of salt per month.

P.S. If you run out of Salt, don't expect to have soft water after a few days.

And it may take more than one regeneration to get the water feeling soft again once you've

added salt.

I recommend keeping the salt level above the water level in your Brine

Tank.

When you start seeing the water level ( normally between 8 - 12 inches ) then it's time to think about

adding more salt ( 40 - 120 lbs. ).

Here is a photo of a "Starved" Brine tank ( only a few Pellet "crums" under lots of water ).

You want the water to be covered by the salt, not the other way around.

https://www.softenerparts.com/setting_econominder_program_meter_wheel
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Understanding Water Softener Capacity

A Brief Excerpt from our Clack Seminar

Cation Exchange Water Softeners have a Maximum Hardness

Removal Capacity, depending on the amount of Softening Resin which

has been loaded into the Mineral Tank, and the amount of SALT used

during each Regeneration.

Increasing the amount of Salt (Brine) used to Regenerate the Resin

Bed, will increase the amount of Capacity Recovered, per cubic foot

of Resin, but will Decrease the Efficiency of the Water Softener.

Variable (Brine) Dosages for a 9X48 - One Cubic Foot Water

Softener

3 Lbs. of salt will dissolve into 1 gallon of water.

Regenerating @ 15 lbs. SALT per Cubic Foot of Resin will

yield 30,000 grains capacity.

15 Lbs. of salt will require the softener control

valve to fill the brine tank with 5 gallons of water.

Equal to 2133 grains per lb. of SALT

Regenerating @ 10 lbs. SALT per Cubic Foot of Resin will yield 27,000 grains capacity.

10 Lbs. of salt will require the softener control valve to fill the brine tank with

3-1/3 Gallons Of Water.

Equal to 2700 grains per lb. of SALT

Regenerating @ 8 lbs. SALT per Cubic Foot of Resin will yield 24,000 grains capacity.

8 Lbs. of salt will require the softener control valve to fill the brine tank with 2-2/3 gallons of water.

Equal to 3000 grains per lb. of SALT

Regenerating @ 6 lbs. SALT per Cubic Foot of Resin will yield 20,000 grains capacity.

6 Lbs. of salt will require the softener control valve to fill the brine tank with 2 gallons of water.

Equal to 3333 grains per lb. of SALT

****MOST EFFICIENT****

In the programming of the control valve you can check the Brine Tank

Refill time setting or the LBS of Salt setting, to be sure you have the

proper Salt Dosage programmed into the control valve.

Be sure the proper Injector is installed in the control valve. To verify the

correct injector for the system size, refer to the attached Clack Valve

Injector Chart. (https://nelsencorp.us9.list-manage.com/track/click?

u=c010013afc1b663fba36a7b25&id=d9246dd60e&e=fbf46dc7bf)
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Be sure the proper Drain Line Flow Control Button

(DLFC) is installed in the control valve and that the

button is installed in the correct orientation, the rounded

bevel edge is facing the water flow from the control valve

to the drain.
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ISSUE V

CORROSION
The metals used in plumbing systems are rarely found in
nature in forms that are directly useful, by humans. Instead,
they exist as ores, stable mineral compounds with chemical
and physical properties quite different from those of the pure
metals. To make these minerals useful, they must be
processed using the electrochemical methods to reduce the
ores to elemental metals.

This reduction of ores is necessary because elemental plumb-
ing metals are not inherently stable. With time and exposure to
the natural environment, the elemental metals are converted to
the more stable mineral compounds. This action - corrosion -
changes the chemical and physical properties of the metals,
frequently destroys the usefulness of a metallic article or struc-
ture, and is a completely natural process.

Thus, corrosion has been defined as the natural reversion of a
metal to an ore.

CORROSION CHEMISTRY
Although the corrosion chemistry of each metal differs in
details, the general principles apply to most of the commonly
used metals. Thus, the reactions of iron in the following exam-
ples illustrate these basic principles.

Water is widely recognized as a solvent for virtually all materi-
als. When water and iron are in contact, a few molecules of
iron go into solution with a reaction which leaves a few elec-
trons behind in the mass of metal. If no other factors are
involved, however, this reaction would stop, for the charge of
electrons developed in the metal would inhibit further reaction.
The loss of metal into the water can be discharged.

Free hydrogen ions found in all water, to at least some extent,
provide a means of removing the excess electrons from the
mass of metal. The electrons and the hydrogen ions react to
first form atomic hydrogen, and then molecular hydrogen gas.
As the hydrogen forms, it too tends to inhibit further corrosion
by forming a very thin gaseous film at the surface of the metal.
This “polarizing” film can be effective in reducing water to
metal contact and, thus, in reducing corrosion. Yet, it is clear
that anything which breaks down this barrier film tends to
increase the rate of corrosion.

Dissolved oxygen in the water will react with the hydrogen,
converting it to water, and destroying the film. High water
velocities tend to sweep the film away, exposing fresh metal to
the water. Similarly, solid particles in the water can brush the
hydrogen film from the metal.

Other corrosion accelerating forces include high concentration
of free hydrogen ions (acid water) which speed the release of
the electrons, and high water temperatures that increase virtu-
ally all chemical reaction rates. Thus, a variety of natural and
environmental factors can have significant effects on the corro-
sion rate of iron, even when no other metals or special condi-
tions are involved.

ELECTROLYTIC CELLS
It is rare that a plumbing system contains nothing but simple,
pure iron. Electrolytic cells of various types are common in
most systems.

The galvanic cell, set up when dissimilar metals are in contact
with each other and with conductive water, generates electric-
ity. The flow of electrons created by such a cell accelerates the
corrosion of iron in contact with copper or brass, for example,
by stimulating the flow of electrons away from the iron.

Clearly, it is difficult to eliminate all dissimilar metals in a plumb-
ing system. Yet, even if this were possible, minor impurities in
the iron could create galvanic cells. Such impurities are pres-
ent in all commercial grades of plumbing materials, for they are
difficult to remove at reasonable costs.

Differential aeration cells, created when the dissolved oxygen
concentration varies between adjacent areas on iron, have
similar reactions and effects. Such conditions can develop
under scale or rust, at rivets, joints or crevices, or under
deposits of organic matter such as slimes or iron bacteria.
Thus, a partially coated surface may actually accelerate this
type of corrosion.

In some circumstances, even temperature or stress variations
between adjacent sections of a common metal can create elec-
trolytic cells. Stray electric currents, sometimes caused by
breakdowns of electrical systems grounded to plumbing, can
cause major corrosion where the current leaves the pipe and a
special form of electrolytic cell is created.

Corrosion and Soft Water
By Joseph F. Harrison, PE, CWS-VI; Duane Nowlin, PhD, St. Paul Minnesota

Excerpted from WQA’s Corrosion QuickCourse™
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CORROSION ACCELERATORS
As indicated above, at least some corrosion will occur when-
ever a metal is exposed to water, and a number of factors will
accelerate corrosion. These include:

1. Low pH – Acid waters clearly accelerate corrosion by
providing a plentiful supply of hydrogen ions. Although
even absolutely pure water contains some free hydro-
gen ions, free carbon dioxide in the water can multiply
the hydrogen ion concentration many times. When
carbon dioxide dissolves in water, it reacts with the
water to form carbonic acid, a so-called weak acid, but
an effective source of acidity. Even more acidity is
sometimes encountered in acid mine waters, or in those
contaminated with industrial wastes.

2. Dissolved oxygen – This gas works to destroy the
protective hydrogen film and to oxidize dissolved iron to
an insoluble form. Deposits of rust in a plumbing
system can form differential aeration cells and acceler-
ate corrosion.

3. High mineral concentrations – The electrical conduc-
tivity of water increases with its dissolved mineral
concentration. Thus, highly mineralized waters readily
conduct the electrical currents of electrolytic cells and
accelerate this type of corrosion.

4. Water temperatures – High water temperatures not
only accelerate the chemical reaction of corrosion, but
also may reverse normally protective systems. For
example, zinc galvanizing protects iron or steel at
normal temperatures by “plating” a protective deposit
over exposed iron at a pit or break in the zinc coating.
However, at temperatures above 160° F., the iron will
attempt to deposit on the zinc, thus creating a deep pit
or hole where the iron is exposed.

5. Other physical factors, including high flow velocities;
solid particles in the water, and deposits on metal
surfaces may cause or accelerate corrosion.

CORROSION IN HARD AND SOFT WATER
From the above, it is clear why many natural waters have
strong corrosive activities. In sections of New England and the
far Northwest, much of the underground strata is granite which
has very low solubility, does not neutralize natural carbon diox-
ide concentration, and has little on dissolved oxygen. Thus,
groundwaters in these areas are corrosive because of the acid-
ity due to carbon dioxide and the dissolved oxygen present.

Sections of the southeastern states, where much of the under-
ground structure is organic matter, have waters, which are low
in minerals and oxygen, but high in carbonic acid derived from
decaying organic matter. The corrosive nature of these low
hardness waters is well established.

At the other end of the range are many waters found in the
Southwest, where extremely high hardness and mineral
concentrations are common. Although usually alkaline in
nature, these waters have high electrical conductivities, and in
arid regions, may have high dissolved oxygen concentrations.
Thus, these highly mineralized waters are known to be
extremely corrosive, but for different reasons than the naturally
soft, acid waters.

The lowest rates of corrosion are usually found with well waters
of moderate mineral concentrations in limestone regions. Such
waters have little dissolved oxygen, and the natural carbon
dioxide has been largely neutralized by the alkalinity dissolved
from the underground minerals. The conductivity is relatively
low, so galvanic corrosion is not serious under usual circum-
stances. This water is found in wells over most of the Midwest.

Surface water supplies frequently follow the trends of water
quality of groundwaters in a region, but usually have lower
mineral concentrations because of the dilution effects of rain
and snow. However, surface waters are almost always satu-
rated with dissolved oxygen from the air, and this element often
produces serious corrosion.

Thus, it is evident that all water is corrosive to the metals in
plumbing systems to at least some degree, and that both natu-
rally soft and naturally very hard waters can produce high
corrosion rates.

CORROSION IN SOFTENED WATER
The removal of hardness with an ion exchange water softener
does not affect the factors which cause or accelerate corro-
sion. Softening does not change the pH or carbon dioxide
concentration, the dissolved oxygen concentration, or the total
chemical concentration of minerals. A softener may reduce the
amounts of solid particles in the water, but obviously cannot
change other physical factors such as temperature, flow rates
through pipes, or volumes of water used. Thus, ion exchange
softening neither causes nor controls corrosion.

Unfortunately, certain methods of calculating the probable
corrosive potential of natural waters have been misapplied to
softened waters, with misleading results. The Langelier Index,
and some of its modifications, may be used to indicate whether
or not particular water will precipitate calcium carbonate scale
at a given temperature. This information certainly is useful to
those responsible for operating many systems.

Corrosion and Soft Water
continued from page 18

ISSUE VSECTION IV

jWolford
Highlight



WQA Educational Kit

20

Corrosion and Soft Water
continued from page 19

ISSUE V

Further, when applied to natural waters, these methods of
calculation may indicate that when such an excess of carbon
dioxide over alkalinity exists in the water, the precipitation of
calcium carbonate would be impossible. Such excesses of
carbon dioxide clearly make waters strongly corrosive, as
demonstrated by the low pH waters found in New England and
the Northwest.

These methods, however, should not be applied to water soft-
ened by ion exchange since there is no real chemical similarity
with the naturally soft acid water. The removal of calcium by a
softener obviously prevents scale formation. Yet, as indicated
above, it does not change either the carbon dioxide content of
the water or the natural alkalinity which tends to neutralize the
carbon dioxide. Thus, softening will not make a water more
acid or affect the other corrosion accelerating factors.

Some persons argue that the precipitation of calcium carbon-
ate scale will protect the metals from corrosion. While some
scales are capable of such protection, other scales are porous
or soft, and thus, nonprotective. Further, it is rare that scale
formation is uniform, for the heaviest scale usually forms at
points of heat transfer and at low points in a system. In a water
heater, for example, most scale forms at the bottom where heat
is applied, while the top of the heater tank may show little or no
scale. Thus, even in hard, scale-forming waters, thousands of
water heaters fail every year due to corrosion. Examinations of
these heaters usually show that corrosion has occurred under
or through the scale or in locations where protective scale has
not formed. Thus, it is clear that corrosion protection is not
assured simply because a water will precipitate calcium
carbonate, as indicated by various calculations or test meth-
ods. Further, none of these methods take into account the
effects of dissolved oxygen, water flow velocities, the presence
or absence of solid particles, the volume of water through the
system, or other environmental factors which affect the rate of
corrosion.

As stated by Schneider and Stumm of Harvard University; ¹

“It is a commonly accepted belief that the corrosive behavior of
a natural water is influenced predominantly by pH and calcium
carbonate saturation (frequently expressed by the Langelier
Saturation Index). The results of extensive studies involving
both field and laboratory investigations indicate that this
concept presents an oversimplified picture of the problem. As
corrosion in natural waters depends on so many interdepend-
ent variables, no simple equation or index is capable of
describing adequately the corrosive potential of a water, and
no generally applicable recipe for appropriate corrective treat-
ment can be given.”

CORROSION CONTROL PROCEDURES
When corrosion does occur in a water supply, several correc-
tive treatments are useful in reducing the corrosion rate.
Clearly, the best method is to prevent water to metal contact,
and a number of coating and plating procedures are used for
this purpose. Yet, these methods are not always possible or
economically feasible, and a number of chemical treatments
have been developed to condition the water to reduce the
corrosion rates to reasonable levels.

In industrial systems or where the water will not be used for
human consumption, oxygen scavengers are frequently used
to reduce this corrosive gas in the water. High concentrations
of “passivating” chemicals are common in reticulating systems
because of the inhibiting effects. Yet, neither of these
approaches are applied to water used in households because
of the possible toxic effects of the chemicals, and because
some make the water unsuitable for general household use
producing heavy stains or discolorations.

Thus, corrosion control methods for municipal and household
water systems are currently limited to two approaches; neutral-
ization of acidity with alkaline materials, and the feeding of
small amounts of chemicals, which tend to line the water
system with protective films.

Calcite (calcium carbonate) and magnesia (magnesium oxide)
filters have long been used to neutralize household acid
waters. As water flows through beds of these minerals, the
acidity dissolves enough of the filter media to produce essen-
tially neutral water. Other installations use chemical solution
feeders to introduce solutions of soda ash (sodium carbonate)
or caustic soda (sodium hydroxide) to the water in proportion
to the acidity, producing a neutral or slightly alkaline water.
Some municipal systems use lime (calcium hydroxide) to
increase alkalinity and pH. Several types of polyphosphates
and silicates may be fed into water systems for corrosion
control. In some cases, slowly soluble forms are fed with “pot”-
type feeders, while in others solutions are fed with chemical
solution pumps. Both the silicates and polyphosphates tend to
form thin films on the interior surfaces of the plumbing, thus
reducing the water to metal contact. Feeds should be essen-
tially continuous, however, to form and maintain the protective
films.

References:
¹ Schneider, Carl R. and Stumm, Werner: “Evaluation of
Corrosion in Distribution Systems.” Journal AWWA May 1964,
pp. 621-631.
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Is Softened Water Corrosive?Is Softened Water Corrosive?

No! The removal of hardness does not effect corrosion.No! The removal of hardness does not effect corrosion.

Water is an essential resource that we rely on for various purposes, including drinking, cooking and cleaning. However, the

quality of water can vary depending on its source, and in some cases, it may contain minerals that can cause problems like

limescale buildup in pipes and appliances. To combat this issue, many people turn to water softeners, which remove the

mineral content to create softened water. While softened water has its bene�ts, there has been ongoing debate about

whether it can potentially be corrosive. 

How does a water softener work?

Water softening involves the removal of "hardness minerals" such as calcium and magnesium ions, which are responsible for

limescale formation. The process typically uses an ion exchange resin, which traps the calcium and magnesium ions and

replaces them with sodium ions, resulting in softened water.

Doesn’t salty water cause corrosion?

Some people express concerns that softened water may be corrosive due to the increased sodium content. The idea is that the

higher levels of these ions in softened water could lead to accelerated corrosion of metal pipes, �xtures, and appliances,

potentially causing damage and increased maintenance costs.
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What do studies actually show?

pH Levels: Softened water generally has a slightly elevated pH level due to the presence of sodium ions. This mildly

alkaline will actually lessen corrosion to some extent as it creates a protective layer on the metal surfaces, hindering the

progression of corrosion.

Reduced Hardness Minerals: By removing hardness minerals, water softeners also eliminate one of the primary catalysts

for corrosion. The absence of calcium and magnesium ions decreases the potential for limescale buildup and reduces

the likelihood of corrosion caused by these minerals.

Sodium Content: Although the increased sodium content in softened water may raise concerns, it is important to

consider the concentration levels. In most cases, the amount of sodium added during water softening is not signi�cant

enough to cause signi�cant corrosion issues. 

So is softened water corrosive?

After looking at all of the evidence above, it can be concluded that softened water, when properly treated, does not pose a

signi�cant risk of corrosion. While the slightly alkaline nature of softened water can provide a protective layer on metal

surfaces, the absence of hardness minerals and the relatively low levels of sodium make it unlikely to cause extensive corrosion

However, as with any water treatment method, it is crucial to consider individual circumstances and consultdamage.

professionals, such as your local AIWSE member when necessary.

Remember, if you have concerns about water quality or potential corrosion, it is best to consult with your local AIWSE member

who can assess your speci c situation and provide appropriate recommendations.

CLICK LINK FOR FILE.

Paul Webb
HAS WORKED IN WATER TREATMENT, PLUMBING AND

CONSTRUCTION THROUGHOUT HIS CAREER.
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Soft Water Not For Drinking? – Is Softened Water
Corrosive?

An end-user forwarded a link to me last week and she had lots of concerns…

She saw it on a website for a company touting a “salt-free” softener/scale control system. Naturally the salt-free company was using the material to

“bash” softened water and ion exchange softening systems in general…This is a common tactic employed by uneducated and sometimes even unethical

people. She is in the process of purchasing a Crusader Twin Analyst Softener from her plumber and she wants to make sure that her buying decision is a

wise one; the concerns raised by the article caused her to rethink even wanting to soften her water at all.

Hard water contains calcium and/or magnesium ions. These ions make soap hard to lather, giving hard water its name. For water to be called “soft”, it

must be devoid of these hardness ions. There is a signi�cant di�erence between “naturally soft” water and “ion exchange softened” water.

Naturally soft water is water that generally tends to be aggressive, since it has no signi�cant bu�ering mineral content to begin with. Naturally soft

water usually contains carbonic acid (derived from carbon dioxide), tending to lower the pH of the water, which contributes to corrosive conditions and

Greg Reyneke
Water Quality Improvement Professional

http://crusaderwater.com/
https://gregknowswater.com/


can cause signi�cant problems in homes, business, and industry. Since naturally soft water is so potentially detrimental, many people will recommend

adding calcium/magnesium hardness to water to protect from corrosion.  When water is acidic, it makes logical sense to add hardness to balance the

pH and raise the total alkalinity to protect from corrosion. This is the essence of the Langlier Saturation Index (LSI), which essentially draws a

correlation between calcium hardness, and water’s tendency to be “corrosive” or scaling”.

Some well-intentioned, but uneducated people feel that keeping water “hard” is the safest for building operations and possibly even for human

consumption. This is a counter-intuitive approach, since hardness can cause issues like scaling and soap interference; and water hardness is comprised

of inorganic minerals, not the organic minerals that the human body requires for proper nutrition. Scaling can be addressed in a number of ways,

including novel technologies like Next ScaleStop without actually removing it from the water. The calcium/magnesium hardness will still interfere with

soap though and still be present to cause issues when evaporated.

Hard water scale used to only be considered an aesthetic issue, but in today’s climate of energy e�iciency and environmental sensitivity, one would be

foolish to overlook all the bene�ts of softened water.

Softened water can:

Reduce the energy costs to heat water

Reduce the amount of soap/detergent required to clean clothing

Reduce or eliminate the use of dishwasher rinse-aids

Reduce or eliminate the use of harsh chemical cleansers

Minimize bacterial growth in washing machines

Prolong the working life of faucets and �xtures

Prolong the working life of appliances like dishwashers, steam irons, humidi�ers, washing machines and ice makers

Prolong the working life of water heaters and boilers

Lower the overall carbon footprint of a home or business

There are a number of ways for hardness to be removed/isolated from interfering with soap:

Evaporation/distillation (potentially corrosive)

Sequestration (generally not corrosive)

Membrane Separation (potentially corrosive)

CDI/EDI (potentially corrosive)

http://en.wikipedia.org/wiki/Hard_water#Langelier_Saturation_Index_.28LSI.29


Ion exchange softening (generally not corrosive)

A water quality improvement process can only be called “softening” if it physically removes of completely sequestrates the hardness ions to a level at

or below 1 grain per gallon (17.1ppm).  All methods of softening (except sequestration and ion exchange) will remove both the hardness ions as well as

the bu�ering carbonates attached to them, and that is where the potential for corrosion can begin. Without bu�ering alkalinity, softened water can

become corrosive, especially if it contains dissolved carbon dioxide.

The most cost-e�ective method currently is simple ion exchange, where calcium and/or magnesium ions are exchange with sodium or potassium ions

to form relatively benign byproducts like sodium carbonate and sodium bicarbonate which contribute to the taste and feel of ion-exchange softened

water. Langlier’s hypothesis is accurate until one brings ion exchange softening   into the equation. Ion exchange softening doesn’t remove the

carbonates and bicarbonates from the water, thereby not making the water more acidic or corrosive. Once this principle is understood, you can see the

signi�cant di�erence between “naturally soft” and “ion-exchange softened” water.

Ion exchange softened water is not generally corrosive. Why do I say “generally”? – In certain conditions, if the conductivity of the water is already high,

such as water with 30 gpg (grains per gallon) of hardness or higher, the softening process will contribute enough sodium/potassium to the water that is

becomes very conductive which can indeed accelerate galvanic corrosion reactions.

So what does this mean? – Softened water is safe, softened water is generally good for the environment, softened water is good for your home,

softened water is good for your business, and softened water is very good for your pocketbook.

An article was published back in 2006 by the Nashville Water district. It is obvious the the city of Nashville didn’t have all the facts and the article was

probably posted by an over-zealous employee who was missing some information. The WQA acted swiftly to address the issue and published the

following:

http://wqa.org/sitelogic.cfm?ID=850#2000anchor

“Each year, WQA communicates with cities, regulators, newspapers, and other media to correct misinformation about our industry’s products

and services. In January 2006, the focus turned to Nashville, Tennessee. Their Metro Water Services department posted false and misleading

information about consumption of softened water on its Web site. WQA contacted the agency in writing, refuted the article’s claims, and

requested the misinformation be removed from the Web site. After receiving no response, an article was published in the January 2006 issue of

WQA Industry Update. That WQA article was later picked up by another publication, which further directed the spotlight on Nashville’s Metro

Water Services. As a result, the public information o�icer for the water agency pulled the article. She has since asked her sta� to work with

WQA to clear up any misleading or inaccurate information about softened water. WQA members: If you are dealing with a municipality that is

http://wqa.org/sitelogic.cfm?ID=850#2000anchor
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making false or misleading statements about water softeners or other technologies, contact WQA immediately, and we will work to correct

the information. ”

This is just another good reason to join the WQA if you haven’t already done so.

Here’s the original article for your entertainment:
“Soft water is neither healthy nor desirable for drinking! If you were a steam iron or a washing machine it would be great, but we are neither! There are

good reasons you should not be drinking soft water!

Water is a universal solvent. Most materials, especially metals, are partially soluble in water. If that water is heated or softened it becomes much more

aggressive at leaching metals from water lines. Lead in soldered joints and copper in pipe are particularly vulnerable and these are two of the heavy

metals which shouldn’t be present in signi�cant amounts in your drinking water.

WATER HARDNESS

Calcium and magnesium are two minerals which make water “hard.” Both of these minerals are classed as “contaminants,” but that’s a poor choice in

terminology, for calcium is essential in our diet! A softener merely exchanges one group of non-toxic elements for another group of non-toxic elements.

Water hardness is measured either in grains per gallon (GPG) or as calcium hardness in milligrams per liter (mg/l) or parts per million (ppm). GPG is

based on calcium hardness. To convert from calcium hardness ppm, just divide by a factor of 17.2 and this gives you hardness in GPG. A soft or slightly

hard water has up to 3.5 GPG; moderately hard water runs from 3.5 to 10.5 GPG; and very hard water is greater than 10.5 GPG. If your water is over 7

GPG, you might want to consider a softener just for the laundry.

Metro water is on the low side of moderately hard at 4.1 GPG (that is 70 mg/l of calcium hardness. This is an excellent value and highly desirable! Cities

which have soft water are having di�iculty meeting the new lead standards in tap water. Metro has had none of these di�iculties in meeting the new

standards!

SOFT WATER

A soft water is aggressive at leaching metals (like lead) from your lines and faucets. Most faucets are solid brass (with a relatively high lead content) and

are chrome plated. This means that if you have soft water, there is a great chance that your initial drawing of cold water will have a higher lead content

than normal. Hot or warm water from the tap should never be used for cooking, shortcuts, drinking water, beverages, or infant formula as it could be

higher in heavy metals like lead!



WATER SOFTENERS

Besides making the water more corrosive and aggressive at leaching metals from your lines and �xtures, the zeolite beads from water softening

systems may back-siphon into your toilet tanks, and the soft water may attack vital plumbing parts. While supposedly solving one set of problems, the

softener could possibly introduce other problems which you may or may not be aware of! A water softener, besides leaching lead and other metals

from your plumbing, can increase your sodium intake. In a water softening device hard water �ows through synthetic resin beads. Sodium ions (salt) are

loosely attached to each bead and the water exchanges hardness ions (calcium and magnesium) for the soft sodium ions. These devices can also be

costly to run since they can waste up to 120 gallons for every 1,000 delivered.

A water softener is not designed (nor is it e�ective) to remove lead and other metals, chlorine, taste/odor compounds, nor chlorine by-products. Its

purpose is only to make a hard water soft. Water treated to remove chlorine may encourage the formation of black rings in toilet bowls!

IN CONCLUSION…

Soft water is great for laundry, bathing, steam irons, and auto batteries, but de�nitely not for anything else. If you are contemplating installing a

softener, there are serious questions you should ask: who will test the e�ectiveness of the softener, how often will these tests be run, and how will my

drinking water quality be a�ected?

Metro Water Services does not test any home water treatment device, including softeners, and does not recommend the use of particular devices!”

Crazy article, huh? – It’s no small wonder that Nashville city quickly removed the article after it was brought to their attention by water industry

professionals. Unfortunately, it’s contents have been repeated by a few other sites and the mistruths live on…
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11 Replies to “Soft Water not for Drinking? – Is softened water
corrosive?”

Missy Siegrist
November 2, 2012 at 1:58 am

Calscium is really necessary for the formation of strong bones and nails. ..

Nicky Peil
February 27, 2013 at 7:04 am

Calcium is the most abundant mineral in the body and is necessary for proper muscle contraction, blood vessel health, hormone

and enzyme production and the transmission of nervous system impulses, according to the O�ice of Dietary Supplements.

Supplements of calcium are usually in the forms of calcium carbonate and calcium citrate — the calcium salt of citric acid.

Though both are well-absorbed, calcium citrate can be taken at any time, with or without food, whereas calcium carbonate needs

the production of stomach acid and food intake for absorption.,

My own webpage

<.http://www.healthmedicinecentral.com/heart-skipping-beats/

Mark
November 12, 2016 at 8:24 pm

Hi Greg,
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Thank you for this article! I was in the same state of mind after seeing that article from the city of Nashville. I feel con�dent about our decision in

purchasing an ion exchange water softener. We have city water here in the Cincinnati area. Several seller’s of water softening systems tell us we should

have a carbon �lter installed in line prior to the softener. My concern here is that a carbon �lter would remove the chlorine added to the water that, in

my understanding, is designed to kill/prevent bacterial growth. I’m concerned there a greater possibility of bacteria growth in the resin tank and

leading to bio�lm in our water lines. Is this a misguided concern?

We are planning on having a 50 micron sediment �lter before the water softener. We will have a separate cold water line that will run to the kitchen

cold water side of the facet and outdoor bibs. We plan to use potassium rather than salt.

Thank you for your informative site!

Greg
November 14, 2016 at 4:39 pm

Hi Mark, thank you for the kind words.

Dechlorination is a good suggestion to protect a water softener’s resin from oxidative damage. You’re right though in that there is a potential for

bacterial growth downstream without the residual chlorine.

From reviewing Cincinnati’s Consumer Con�dence Report, it looks like their total chlorine level typically averages around 1ppm. Chlorine at this level

can indeed reduce the softening resin’s usage life to degree dependent on the crosslinkage of the resin (lower x-linkages will degrade faster and higher

x-linkages will be slower). Their Total Trihalomethane level (TTHM) is averaging around 45 ppb as well, so I would certainly want to at least

dechlorinate and remove the disinfection byproducts with Activated Carbon. Some tips for protecting yourself properly, would be:

1. Pre�lter at 100 micron to protect the moving parts downstream.

2. Dechlorinate with either a high �ow cartridge, or (preferably) a self-backwashing carbon �lter designed with antibacterial (bacteriostatic) components

like KDF-55.

3. Purchase a softener that includes a day override feature (most electronic controllers have this) to ensure that it will �ush at least once a week to

minimize the potential of bacterial growth.

4. Utilize an antibacterial treatment in your brine tank to protect from the growth of halophilic bacteria in the brine, as well as disinfecting the softener

https://www.cincinnati-oh.gov/water/about-greater-cincinnati-water-works/water-quality-reports/2015-water-quality-report/


when it regenerates.

5. Install an Ultraviolet (UV) sterilizer after your softener to disinfect the water as it passes downstream.

Most importantly, have your water system installer disinfect their installation as well as your downstream piping when they perform the installation to

ensure that you have a clean start.

Eric
August 29, 2019 at 12:44 pm

Hi Greg,

Thank you very much for your informative article. I’m in Southern California and I’m planning to install a water softener as well and I’m wondering if I’d

need to follow your advice above for Mark? I’m also planning on installing a carbon �lter prior to the softener as well. I’ve attached the link to the city’s

water report from 2018, thank you very much in advance!

https://static1.squarespace.com/static/51c9af85e4b0ba13e3125d7c/t/5d5eca5e6e782d00015fcedf/1566493279632/2018+SSWC+CCR.pdf

Greg
August 29, 2019 at 7:43 pm

Hi Eric,

On your water supply, the recommendations to Mark would be applicable.

According to the CCR, the water supply has not violated any microbiological limits, so a UV certainly isn’t mandatory.

If you’d like extra protection, the UV will be relatively cheap peace of mind for you.

Good luck, and I hope that you enjoy your water!

https://static1.squarespace.com/static/51c9af85e4b0ba13e3125d7c/t/5d5eca5e6e782d00015fcedf/1566493279632/2018+SSWC+CCR.pdf


Eric
September 13, 2019 at 12:35 am

Thanks Greg, can you recommend a self-backwashing carbon �lter with antibacterial properties? Thank you!

Eric
June 1, 2020 at 10:24 pm

Hi Greg,

Is there a way to “reduce” Chlorine but NOT remove all of it to make sure it’s still doing it’s job inside the house which is to disinfect the waterline?

Right now I’m thinking of just installing a Cotton sediment �lter before the water softener and NOT install a carbon �lter so that I don’t have to worry

about bacterial growth in the waterline? What do you think?

Greg
June 11, 2020 at 6:49 am

Hi Eric,

A cotton (cellulose) sediment �lter can promote bacterial growth, so de�nitely do not dechlorinate before it.

Yes, you could reduce the chlorine and not remove it entirely by using a blending valve around your chlorine �lter.

Bear in mind that it will blend back chlorine and disinfection byproducts at the same time, so it is not ideal.

http://gravatar.com/xoulsinz


Leave a Reply

One approach that works very well is to remove the chlorine and disinfection byproducts followed-up with an Ultraviolet sterilizer to ensure protection

from waterborne bacteria. If your water softener is rated for the level of incoming chlorine, then removing chlorine after the softener would help to

keep the softener sanitary.

Eric
June 11, 2020 at 8:22 am

Hi Greg,

Thanks for your reply! Are you suggesting that a GAC �lter in place of sediment �lter may be better?

Eric
June 11, 2020 at 8:28 am

I don’t want to go with an Ultraviolet sterilizer due to cost concern, thank you!
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By Bryanna Poczatek and Eric Yeggy

This article aims to address the common misperception that cation-exchange water softening causes
corrosion. This is not the case: a properly configured water softener does not make the treated water
more corrosive. Here are a few confusing facts that often lead people to this erroneous conclusion. First,
naturally soft water is typically corrosive. Therefore, softened water must also be corrosive, right? This is
a fallacy because naturally soft water tends to be corrosive due to low pH and low TDS, while cation-
exchange softening causes neither of these conditions.

Second, calcium carbonate scale is often cited as a form of corrosion control and since softeners prevent
the formation of scale by removing calcium and magnesium, they must therefore cause corrosion, right?
Again, this is a fallacy. Despite a lack of scientific evidence supporting the premise that calcium
carbonate scale forms a uniform protective layer that protects consumers from lead or copper corrosion,
this practice continues to be referenced as a form of corrosion control.

People in Flint, MI began complaining about the water quality shortly after the city began using the Flint
River as source water. Ironically, the state responded by blaming the complaints on the high level of
hardness in the Flint River water.1 Obviously, the hardness did not protect anyone in Flint from lead
corrosion. Below we will examine these misconceptions in more detail and review the science related to
softeners and corrosion. But first let’s take a closer look at corrosion.

Impacts of corrosion
Corrosion is a natural process in which a material is degraded by the environment, sometimes to a more
stable chemical state through oxidation or reduction reactions. This is a big problem in water distribution
systems where metal pipes are continuously being corroded. Corrosion can cause many undesirable
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effects in plumbing. The physical effects of corrosion include leaks, color in the water and on surfaces,
sediment and particulate in the water, taste and odor issues, and physical failure of the pipes.2

Corrosion can also cause dangerous byproducts to be released into the drinking water. Two of the most
common corrosion byproducts in plumbing systems are lead and copper; both have serious health
implications. Lead can enter the drinking water by being corroded from lead service connections, lead
solder used in copper piping or brass/bronze fixtures. Children are the most at risk for the dangers from
lead as they absorb 40�50 percent of the lead they ingest, while adults only absorb around 3�10 percent.
Pregnant women are also at high risk of lead poisoning. Possible health effects from ingesting lead
include low birth weight, developmental delays, lower IQ, damaged hearing, reduced attention span,
kidney damage and reproductive damage.2,3

Copper is another common byproduct of corrosion. Copper is essential to human health, however, too
little or too much is unhealthy. Copper combines with proteins to produce enzymes that act as catalysts
for various body functions. It is important that copper is consumed daily as the body is unable to
synthesize copper. Yet when too much is ingested, copper poisoning can occur. Symptoms of copper
poisoning include stomach distress, intestinal distress, liver and kidney damage and complications of
Wilson’s disease (a genetic disorder that causes copper to accumulate in the liver, brain and other
organs).2

Accelerators of corrosion
Corrosion is an inevitable, natural process that occurs in all metals exposed to water with dissolved salts.
There are many complex factors that accelerate corrosion; however, common corrosion accelerators
include the following.2

 High velocity and/or turbulence
 High temperature
 Low TDS
 Dissimilar metal contact
 Low pH
 Carbon dioxide
 Biofilm accumulation: microbially influenced corrosion
 Chemical agents such as chlorine, chloramines and dissolved oxygen
 An elevated chloride-to-sulfate mass ratio �CSMR�

High velocity and turbulence (lots of turns, or piping
that is too narrow for the service flowrate) can
accelerate the degradation of the pipe through
mechanical erosion and cavitation. Erosion is the
physical degradation of the pipe due to fast-moving
turbulent water. Cavitation happens when water is
moved quickly or suddenly forced in a new direction,
leaving low-pressure voids that often appear as
bubbles. As these low-pressure bubbles collapse, a
shock wave is formed, which can damage piping and
fixtures. Heat accelerates almost all chemical reactions
and corrosion is no exception. Temperatures of over
70°C �158°F� especially increase the rate of corrosion.
Water that has been completely demineralized (such as
RO and DI water) is hungry for ions. This is what makes demineralized water—or water in which all TDS

https://wcponline.com/wp-content/uploads/2019/02/Mar2019_Poczatek_Yeggy-flowchart.jpg


have been removed—corrosive. For this reason, WQA recommends that common metal pipe and fittings
(e.g., copper, galvanized, brass, bronze) should not be used downstream of a RO or DI treatment system.
Softeners do not remove the TDS and do not cause this type of corrosion. A softener is simply capturing
some cations (mostly calcium and magnesium) and releasing other cations in the process (usually sodium
or sometimes potassium).

The use of dissimilar metals in the plumbing can lead to galvanic corrosion. Direct contact between
dissimilar metals will initiate the formation of a galvanic cell, which is created whenever two different
types of metal are conductively connected to each other, and then immersed in an electrolyte such as
water. Within the galvanic cell, the more anodic metal will be corroded and an electrical current is created
because of the process. A common example of this is when galvanized pipe is directly connected to
copper pipe. It is also worth noting that while using a brass fitting to bridge the gap between galvanized
and copper pipe will not accelerate this galvanic activity, it also will not completely prevent it.4,5,6
Dielectric couplings can be used to mitigate this direct contact between the dissimilar metals. A dielectric
coupling contains an insulating material that physically separates contact between the two metals.

The deposition of scale can also create mini-galvanic cells. Scale does not exist as a homogeneous layer.
Microscopic examination of scale deposits has revealed that as scale accumulates, different types of
metals can be incorporated into the scale. These different types of metals that are present in the scale
are conductively connected and act as galvanic cells in miniature.

Low pH also increases the corrosiveness of water. pH is the measure of hydrogen ion activity in a solution
and is used to express the intensity of the acidity of a solution. Solutions with a low pH �� 7� are acids;
solutions with a high pH �� 7� are bases. Acids are compounds that release hydrogen ions, which oxidize
the metals in pipes, accelerating corrosion. Carbon dioxide will potentially contribute to the formation of
carbonic acid, thereby making the water more corrosive. The presence of high levels of carbon dioxide
tends to correlate with specific geologic conditions.

Another common accelerator of corrosion is biofilm accumulation, which causes microbially influenced
corrosion �MIC�, a form of localized corrosion. Bacteria attach to a surface of a pipe, colonize and grow,
forming a biofilm. The biofilm is nutrient-dense and resistant to disinfectants such as chlorine. MIC is a
complex phenomenon and biofilms influence corrosion in a multitude of ways. Theories on the
mechanisms involved include increasing electron transfer, destroying the surface protective film layers,
changing the redox potential of pipe surfaces and creating acidic corrosive substances.7

Certain chemicals (such as chlorine, chloramine and dissolved oxygen) can also make water more
corrosive. For example, the presence of oxidizing agents such as dissolved oxygen can cause metals to
lose electrons and lead to corrosion.

Another common cause of corrosion is removal of sulfate, and/or addition of chloride, referred to as an
elevated CSMR. Increasing the CSMR will accelerate corrosion in the presence of materials that contain
lead. A July 2007 paper published in the AWWA Journal, “Chloride-to-sulfate mass ratio and lead leaching
to water,” summarized this effect as follows: “While sulfates inhibit corrosion by forming passive
protective film layers and reducing galvanic currents between dissimilar metals, chlorides prevent the
formation of such passive layers and stimulate galvanic current.”8 If the source water contains natural
levels of chloride and treatment is installed to remove sulfate, this will push the CSMR up and potentially
accelerate corrosion. Another way that the CSMR could be elevated is by improper configuration of a
softener with inadequate rinse time. If salt remains in the softener bed after regeneration, due to
inadequate rinse time, the chloride in that salt will drive up the CSMR and potentially accelerate
corrosion.

RE
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The potential risk caused by the CSMR can be evaluated in this way. If there are materials in the premise
plumbing that contain lead (such as galvanized pipe, brass/bronze fittings, faucets or lead solder) and the
CSMR is at or above 0.2, there is a significant risk of corrosion and lead exposure for the customer. If
there are materials in the premise plumbing that contain lead and the CSMR is � 0.5 with an alkalinity �
50 mg/L as CaCO3, there is a serious risk of corrosion and lead exposure.9

Common misperceptions about softened water and corrosion
One of the factors that causes people to erroneously conclude that cation-exchange softened water is
more corrosive than hard water is the erroneous assumption that naturally soft water is similar to cation-
exchange softened water. Naturally soft water and softened water are different in many ways. Naturally
soft water is very corrosive. It is commonly found in surface waters of the Pacific northwest, New
England and the southeastern US. It is corrosive because it has a low pH and low TDS. Cation-exchange
softening does not lower the pH (might slightly raise it, making water less corrosive) and does not lower
the TDS.10

Another common misperception is that calcium-carbonate scale is an effective form of corrosion control.
There is a lack of scientific evidence supporting this claim, however. Scale does not form in uniform
homogeneous layers that would protect pipe from corrosion. Scale can be porous or soft and is highly
irregular. Corrosion can still occur under conditions that are favorable to the formation of hard-water
scale or even when hard-water scale is already present.

Research studies on softeners and corrosion
Many research studies have investigated the effects of cation-exchange softened water on corrosion.
One such study, “Leaching of Metals from Household Plumbing Materials: Impact of Home Water
Softeners,” was conducted by the US EPA National Risk Management Research Lab. Their objectives
were to evaluate metal leaching from metallic pipes and faucets and determine any changes of the critical
chemical characteristics of the water passing through the water softener that would accelerate the rate
of corrosion. Two different water qualities were used in the study: lime-softened finished tap water with a
hardness of 160 mg/L and groundwater with a hardness of 300 mg/L. The researchers concluded there is
no evidence that ion-exchange softened water systematically produced higher metal levels than the non-
softened waters under otherwise identical conditions.10

Another study done by the British Standards Institute for the UK Water Treatment Association examined
the corrosivity of natural hard water versus ion-exchange softened water against a range of metals,
including aluminum, mild steel, copper, brass and stainless steel. Two identical model central water-
heating systems were installed and removed after one, three and six months for determination of
corrosion rates, using visual inspection and chemical analysis. This study concluded there was no
significant difference in the corrosion rates for brass, copper, mild steel and stainless steel between the
two rigs. There was initially a higher rate of corrosion of aluminum from ion-exchange softened water, but
this decreased continually over time.11

A third study done at the METALogic research institute in Belgium, “In situ corrosion investigation on the
effect of hard and softened water to domestic copper and galvanized steel drinking water systems,”
investigated the long-term effects of ion-exchange softened water on corrosion. Four representative
domestic drinking-water installations were used: two for the behavior of copper corrosion and two for the
behavior of galvanized-steel corrosion. The corrosion rate was measured after six and 12 months.
Analysis also included measurement of the pH, redox potential, conductivity and hardness. These
researchers did not find any evidence that corrosion in copper or galvanized steel pipe is more severe
when in contact with softened water compared to hard water.12
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Conclusion
Corrosion is a complex phenomenon and there are many factors that accelerate corrosion in the drinking-
water distribution system and premise plumbing. For years, there has been confusion surrounding cation-
exchange softened water and corrosion, making it important to distinguish between naturally soft water
and cation-exchange softened water. Naturally soft water is corrosive as it has a low pH and low TDS;
however, cation-exchange water softening does not contribute to any factors that accelerate corrosion.
Also, there is a lack of scientific evidence supporting the claim that hard-water scale is an effective form
of corrosion control. Thus, considering all these factors, as well as results from research studies, WQA’s
position is that a properly configured cation-exchange water softener does not make water more
corrosive.
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Softening Water Does Not Increase Corrosivity 
Water that has been softened by ion exchange, is sometimes misrepresented to be more corrosive due to the 
softening process. This is usually because it is incorrectly associated with naturally soft water. Hard water 
which has been softened, and naturally soft water, are very different. 

Softened water and naturally soft water. The main constituents of hard water are calcium and 
magnesium together with bicarbonate, sulphate, chloride, nitrate. When the water is passed through an ion 
exchange water softener, the calcium and magnesium ions are replaced by sodium ions; the anions 
(bicarbonate, chloride, sulphate, etc), and hence the alkalinity, remain unchanged.  

Naturally soft water, on the other hand, contains very little dissolved solids; its pH is often low and buffering 
capacity is negligible. Hence, naturally soft water is often very corrosive to metals. 

So ion exchange softened1 water has not undergone any change which affects the parameters which might 
increase corrosivity2, such as dissolved oxygen, pH, temperature, conductivity, chloride level, sulphate level, 
etc. 

Historical Evidence. Water softeners have been used for many years. The technology dates back to 
1903 when Robert Gans first patented the process. Softened water was necessary to protect steam engines 
against scale deposition in the engine boiler tubes. Similarly, water softeners have been used domestically 
since 1916 (link to advert – see below). For over 100 years, no specific mention, concern or requirements 
relating to increase in corrosivity have been found necessary for domestic or industrial softening 
applications. 

The water softener industry, through trade associations such as the EWTA, UAE, Aqua Belgica, UKWTA 
and WQA, is alert to any operational issues which water softening may incur. Throughout the world, there is 
not one situation, of which these associations are aware, where water softening has been the proven cause of 
a corrosion failure. It should be borne in mind that the WQA (Water Quality Association, USA), with more 
than 2,400 members, represents about 50% of the world softener market. 

The Misconceptions. Some boiler manufacturers are under the misapprehension that softened water is 
more corrosive. Situations have been encountered where a heating system has failed and the boiler 
manufacturer has negated its warranty because a softener was fitted to the premises. In all of these situations 
that have been investigated, the failure was eventually attributed to a cause other than softened water. 

In addition, indiscriminate application of somewhat ageing prediction tools such as the Langelier Saturation 
Index, without taking account of more recent advances in the understanding of the factors that influence 
corrosion, can lead to misdiagnosis of corrosive conditions. The Langelier Index was developed to 
determine whether a water source is potentially scale-forming or scale-dissolving (agressive). Although it 
was not intended to be applied to softened or naturally soft water, its hypothesis was that a thin, uniform 

1 Note that water treated by reverse osmosis (RO) is termed demineralised because virtually all of the dissolved solids are 
removed. RO water is therefore corrosive to plumbing fittings and, for domestic applications, should only be fitted at point of use. 
2 Note: corrosivity and aggressivity are often confused; they are not the same. A corrosive water will attack metals and cause
damage to plumbing systems. An aggressive water tends to dissolve scale (calcium carbonate) but is not necessarily corrosive. 
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layer of scale deposition can, under carefully controlled conditions, contribute to a protective barrier. 
However, in normal household plumbing applications, widely variable physical and chemical conditions 
render a deposit that is very variable in thickness, porosity, morphology, location, etc, such that reliable 
prediction of a beneficial effect is not possible. Deposition is usually restricted to the hottest parts of the 
boiler. 
But, the scale can in fact exacerbate the corrosion problem in that formation of crevices, and/or 
bacteriological activity, can cause accelerated localised corrosion with consequent failure and property 
damage. 

Investigation. Expert opinion has been sought internationally. NSF (National Sanitation Foundation, 
USA) provides an international testing and certification service for water treatment products and food. When 
questioned by WRc-NSF, its joint venture company in the UK, as to their awareness or possible concern 
about potential for increased corrosivity of softened water, its response (link to NSF reply) was that, in their 
international experience, they are not aware of any such issue and it would be addressed in product standards 
if they were necessity. 

Chemical Inhibitors. Water treatment with a corrosion inhibitor is often advisable or necessary 
depending upon water quality parameters which are known to affect corrosion. In such circumstances, an 
appropriate inhibitor should be selected. Some inhibitors may increase the corrosivity of softened water and 
so selection should be based, not only on whether an inhibitor is required but whether the inhibitor is 
suitable for the quality of the water being used. 

In the UK, chemical inhibitors are tested and certified by the BuildCert scheme which is operated by WRc-
NSF (link to their website). The test process involves aeration procedures which result in displacement of 
carbon dioxide from the water and consequent rise in pH. This is significant with respect to aluminium as 
most aluminium components in a heating system will begin to corrode at a pH above 9. This evolution of 
carbon dioxide will not occur in a closed loop heating system because the carbon dioxide gas cannot escape 
(even in a vented tank system, the hot water is under the pressure head below the tank and the carbon 
dioxide is held in solution). Arguably, this challenges the representativeness of the test, but, even if it is 
over-excessive, an inhibitor which passes is more than capable of meeting the real-life conditions. 

Definitive Experience. The predominant cation and anion in ion exchange softened water are usually 
sodium and bicarbonate, respectively, and sodium bicarbonate is used in closed circuit systems to assist in 
corrosion control by buffering (stabilising) the pH between 8.0 and 8.5. 

Moreover, pitting corrosion of copper in hot water systems can be caused by localised deposits of iron, 
manganese or aluminium impurities in the water3. Ion exchange water softening will effectively remove 
these impurities at point of entry. 

The positions of European trade associations (UAE, Aqua Belgica, UKWTA) and international (WQA) are 
clear and based on extensive experience and expertise.  

3 Harfst F.H., (1998). Corrosion in copper pipes can be prevented., Water Technology, Vol. 22 No. 3. 

http://ewta.eu/assets/Uploads/NSF-Letter-Softeners.pdf
http://www.wrcnsf.com/
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Click below for these national position statements: 
UAE 
Aqua Belgica 
UKWTA 
WQA
Laboratory Evidence. Tests have been conducted which have compared the corrosivity of hard water 
before and after softening. A study by the USEPA (United States Environmental Protection Agency) was 
undertaken between 1994 and 1996 comparing the corrosion and corrosive properties of hard water with that 
after softening by ion exchange4. The results showed no pattern of higher leaching from lead, copper, brass 
and galvanised materials nor significant deterioration in the water quality parameters that influence 
corrosion rate. Similar results were obtained from tests in Belgium (click here to view report on Belgian 
corrosion study). 

BSI Study on Corrosion in Hard and Softened Water 
During 2011, a study was conducted by BSI on behalf of the UKWTA to investigate any difference in 
corrosion between two heating systems set up in BSI laboratory in Loughborough (click here for the full 
report); one system filled with hard water and the other with base exchange softened water. Each system was 
identical and comprised a gas fired boiler with 10 radiators and was operated on a 2 hours on and 2 off cycle 
over 6 months. Each system was fitted with corrosion coupons. No inhibitors were used. 

The overall conclusion was that there was no significant difference in corrosion observed between the 
system operating on hard water and the one operating on softened water. The initial corrosion rate of 
aluminium was higher, over the first few weeks, in the softened water system but settled to an insignificant 
rate with the formation of a protective layer. The corrosion rate of steel was less in the softened water but 
insignificant in terms of system life (100 years for 5 mm wall thickness). The corrosion rate of copper was 3 
to 5 time higher in hard water than softened – but, again, insignificant in terms of system life. Similar, 
although even less significant, results were observed for brass and stainless steel. Examination of the 
radiators and boiler by sectioning showed no significant corrosion for either system. 

CONCLUSION Water softening by base exchange does not increase corrosivity. 

4 Sorg T. J., Schock M.R. and Lytle D.A., (April 1998). Leaching of Metals from Household Plumbing Materials: Impact of
Home Water Softeners, USEPA.  

http://ewta.eu/assets/PDFs/softened-water-more-corrosive-fr.pdf
http://ewta.eu/assets/PDFs/ABE-Pos.-Paper-ENG-Copper-corrosion-Rev2007.06.3.pdf
http://ewta.eu/assets/PDFs/UKWTA-SoftenedWaterAluminium2.pdf
http://www.ewta.eu/assets/PDFs/Belgian-corrosion-study.pdf
http://www.ewta.eu/assets/PDFs/Belgian-corrosion-study.pdf
http://www.ewta.eu/assets/PDFs/BSi-Corrosion-Report-12.12.12.pdf
http://www.ewta.eu/assets/PDFs/BSi-Corrosion-Report-12.12.12.pdf
http://www.wqa.org/sitelogic.cfm?ID=366
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Water Softeners
Models Affected: All

Pros of Owning a Softener:
A water softener is the most economical way of effectively dealing with very hard water. In hard-water 
situations, softeners will pay for themselves in several ways. In a gas water heater, a softener will prevent 
the buildup of scale, which can increase operating costs by as much as 29 percent. Once scale has built 
up, a higher temperature setting is required to keep the water at the temperature you want. Scale also can 
damage electric elements to short out regularly. Scale buildup can clog plumbing pipes and can cause 
bathroom toilets to flush sluggishly because of scale on the rim openings. Softeners also prevent calcium 
deposits, which can ruin the appearance of fixtures.

These are the practical reasons for buying a softener, but there are esthetic ones, too. Shampoos and soaps 
don’t lather or clean as well with hard water. Therefore, hard water requires the use of more soap, fabric 
softeners and conditioners, which can add up to an estimated 20 percent of each dollar you spend at the 
supermarket. At that rate, it wouldn’t take long to offset the $20-a-month cost required to rent a softener 
and keep it in salt. Finally, you will spend less time scrubbing spots from fixtures, shower doors and tiles.

The Cons of Owning a Softener:
 The reasons mentioned above are good arguments if you have very hard water. If your water tests at only 
7- to 12- grains hardness, then softeners begin to appear to be a foolish investment; they are expensive
pieces of machinery requiring maintenance, lots of salt and several hundred extra gallons of water per
month.

Another reason not to install a softener might be personal preference. Some people simply do not like the 
feel of softened water. They have difficulty going from squeaky clean to slippery clean. 

Softened water for drinking is another concern, especially for people on low-sodium diets, although the 
issue is a controversial one. Softened water is said to be low in chloride, and some tests suggest it is not the 
sodium that threatens health, but the chloride side of the sodium-chloride compound. A spokesperson 
for the American Heart Association reported that test results have been too conflicting to take an official 
stand in this matter.

One way around the problem is to isolate the hard-water lines connecting to the cold sides of the kitchen 
and bath faucets, since it is the cold water being used for cooking and drinking. If your home is not 
plumbed in this way, retrofit piping can be difficult and expensive to install. As a result, many softeners are 
connected to existing systems.
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A much greater health concern than sodium in he water is the presence of metals stripped from piping. 
Soft water is naturally more corrosive than hard water. The Environmental Protection Agency (EPA) noted 
this fact in a recent ruling banning lead-based solders in residential plumbing systems. EPA tests showed 
that soft water is likely to leach lead from lead pipes and lead-soldered joints, thus posing a threat of low-
level lead poisoning.

Study by the Gas Institute
Another study, conducted by the Gas Institute, found that softened water accelerates the depletion of 
anode rods in water heaters. Anode rods ordinarily keep heater tanks from rusting for five years. When the 
life of an anode is shortened, the life of the heater is as well.

Finally, there is the problem of brine disposal. Some sanitation officials are worried about the effects of 
salt on sewage treatment. For instance, certain counties in California and Michigan, plus the entire state of 
Connecticut, have banned the purge of softener brine into public sewers.

Softener owners in these areas must contract to have their brine collected periodically. The problem is that 
affordable collection is likely to be too infrequent. With softener resin becoming depleted every three to 
six days, a collection every two weeks, for example, would leave softener effectiveness severely impaired 
at least one week out of the two.

Choosing a Softener
If you decide to buy a softener, do lots of comparison shopping, and do not overlook the idea of buying a 
used softener. Softeners last 15 years on average, and used models offer up to 50 percent in savings. Many 
used models come with warranties.

The two types of softeners prevailing on the market today are those with demand regulating valves and 
those having nondemand valves. Nondemand water softeners are controlled by timers and are naturally 
less efficient because they automatically purge the resin tank with brine at a set time, whether you have 
processed enough water to warrant a purge or not.

Demand softeners feature more efficient control valves that use flow meters, resistance sensors or hardness 
sensing probes within the resin. Flow meters are more efficient than timers, however models with sensing 
probes are best.

Sensing probes are able to detect an ion or resistance imbalance and trigger recharging based on actual 
need. These softeners accommodate the daily fluctuations in water hardness and volume. If you live in a 
regulated area, demandactivated models may be required in order to meet efficiency standards.

TA-1041 pg.2
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Nondemand models are less expensive and usually start at $500. Demand models are likely to exceed 
$800 and may cost as much as $1,600. Check the efficiency rating of each model. If you feel you would like 
a softener, but are not sure, consider a rental. Most rental plans offer consumers a buy-out option after six 
months.

Sizing the Softener
Other factors influencing price are warranty coverage and unit size. Sizing is very important and should be 
estimated with care. To make an estimate, start by assigning 75 gallons of daily water use to each member 
of your family and adding the total for one day. Then multiply this figure by the grain hardness of your 
water.

Finally, multiply the result by three, which gives you the minimum capacity needed. Most softeners can 
process 20,000 to 30,000 grains of hardness between purges. You will need to size your softener so that it 
can handle at least a three-day supply of water.

If you have any questions or concerns related to water softeners, contact our 
Product Service & Support Department immediately at:

1-800-999-9515

TA-1041 pg.3
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Water Quality Results 
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Community

Hardness 

(GPG) Average Source Notes
Kimberly 5-6 5.5

Darboy 5-6 5.5 Lab Testing by Utility included in CCR

Little Chute 7-8 7.5 Tested by KU personnel using testing equipment

Wrightstown 9.1 9.1

Lab Testing by Utility confirmed via phone discussion with 

Utility personnel Estimates 90% of softeners were removed or bypassed

Appleton 4-5 4.5 Confirmed by WDNR personnel Lime Softening

Freedom 7 7 Ion Exchange

Fox Crossing 1.7-3.1 2.4

Lab Testing by Utility confirmed via phone discussion with 

Utility personnel

Community

Hardness 

(GPG) Average Source Notes

Waupun, WI 4-6 5

Lab Testing by Utility confirmed via phone discussion with 

Utility personnel

Stanley, WI 6 6

Lab Testing by Utility confirmed via phone discussion with 

Utility personnel

Winneconne, WI 5 5

Lab Testing by Utility confirmed via phone discussion with 

Utility personnel

Raw water is 20 GPG, Blend 17%-20%, Gross Alpha main reason 

for RO

Northfield, MN 5-6 5.5

Lab Testing by Utility confirmed via phone discussion with 

Utility personnel Manganese main reason for RO 

St. Peter, MN 5 5

Lab Testing by Utility confirmed via phone discussion with 

Utility personnel Raw water is 24 GPG

Redwood Falls, MN 14-15 14.5

Lab Testing by Utility confirmed via phone discussion with 

Utility personnel

Raw water is 63-64 GPG, Blend 25%, 10.5 years on membranes, 

use manufacturer specified chemicals

Communities in Fox Valley

Communities with RO System

Water Hardness in Treated Water



Water Hardness in Treated Water

Community WDNR Data Average
Algoma 7 7

Brillion 5.2-8.5 6.85

Chilton 6.7 6.7

Darboy 6-7 6.5

Fox Crossing 2-4.8 3.4

Freedom 2 2

Kimberly 5-8.4 6.7

Little Chute 6-13.5 9.75

Bloomington, MN 5.2

Waukesha 8

Milwaukee 8

6.4

Miscellaneous Water Systems

Average Hardness

Data obtained from WDNR



Homeowner’s Package  

This fact sheet is intended 
to help you interpret the 
results of commonly 
recommended analyses 
for drinking water from 
private wells in Wisconsin. 

Some of these tests are 
important because they 
deal with health related 
contaminants; the other 
tests will tell you about 
important characteristics 
of your well water, such as 
how hard or corrosive it is.  

Using this fact sheet I N D I V I D U A L  T E S T S :  

Interpreting Drinking Water Quality Results 
Identifying Problems and Solutions 

Bacteria - Coliform 
Coliform bacteria are 
microorganisms that 
are found in surface 
water and soil.  This 
test is used as an 
indicator of the 
sanitary condition of 
your well.  It is the 
most important test to 
perform on a well.  A 
sanitary well should 
not contain any 
coliform bacteria.  

While coliform 
bacteria do not 
usually cause 
disease, their 
presence in a water 
sample indicates a 
potential pathway for 
fecal wastes and 
other disease causing 
organisms to enter 
your well.  If human 
or animal wastes are 

contaminating the water, 
gastrointestinal diseases, 
hepatitis, or other 
diseases may result.  If 
coliform bacteria is 
present, many 
laboratories will also test 
for E.coli, a type of fecal 
coliform.  The presence 

of E. coli in a water 
sample is more 
conclusive evidence of 
fecal contamination 
which represents an 
even greater health risk 
than the presence of 
coliform bacteria. 
(Continued on p. 2.) 

Bacteria - Coliform 1 

Hardness - Total 2 

Alkalinity 3 

Conductivity 3 

pH 3 

Saturation Index 4 

Nitrogen - Nitrate 4 

Chloride 5 

Your result is either: 

ABSENT  =  No coliform bacteria are present.  Your 
water supply is bacteriologically safe.   No further 
action is needed at this time.  Consider testing your 
well again in a year for bacteria or sooner if you notice 
a sudden change in taste, color or odor.    

or 

PRESENT  =  Coliform bacteria are present; water 
supply is considered bacteriologically unsafe. Until the
source of the problem is identified and corrected, we 
recommend using an alternative source of drinking 
water or boiling water for 5 minutes before using for 
drinking or cooking



What should you do if 
coliform bacteria are 
present?

If coliform bacteria are 
present in a water sample we 
recommend carefully 
resampling to rule out 
sampling error.   

If a second test confirms the 
original test, take corrective 
action outlined here:   

Bacteria – Coliform continued… 
1. Check well for sanitary
defects.  Some common
examples include:

Well cap is loose or 
missing (well cap should 
be a vermin proof cap). 
Casing is cracked or 
rusted through, or casing 
does not extend 12 
inches above grade. 
Inadequate grout (seal or 
fill around well casing). 

2. After correcting any
visible defects, disinfect with
a dilute bleach solution using 
the procedure outlined by the 
Department of Natural
Resources brochure entitled
“Bacteriological 
Contamination of Drinking 
Water Wells”.

3. Test again after bleach
dissipates to ensure that the
procedure was effective.

Hardness measures the 
amount of calcium and 
magnesium in water.  
Hardness is primarily caused 
by water slowly dissolving 
rocks that contain calcium 
and magnesium.   

There are no health concerns 
associated with drinking hard 
water, however it is often 
undesirable because it can 
cause lime buildup (scaling) 
in pipes and water heaters. 
Hard water reacts with soap 
which can decrease its 
cleaning ability and hard 
water also causes build up of 
soap scum and/or graying of 
white laundry over time.   

Hardness - Total 
Some people that use hard 
water for showering may 
notice problems with dry 
skin.   

Calcium and magnesium 
are essential nutrients, 
however drinking hard 
water is generally not a 
significant source of 
calcium and magnesium 
dietary needs.   

Water that is naturally low 
in total hardness (referred 
to as soft water) may be 
corrosive.   

Note the water softening 
industry measures 
hardness in grains per 
gallon.  1 grain per gallon = 
17.1 mg/L CaCO3. 

Acceptable Results: 

Total hardness is a test for 
overall water quality; there 
are no health concerns 
related to total hardness.  
Values near 150 mg/L are 
generally ideal from an 
aesthetic viewpoint.  Water 
less than 150 mg/L are 
considered soft water while 
values greater than 200 
mg/L are considered hard 
water. 

Sources:  

Primarily dissolved 
carbonate minerals from soil 
and rock materials.  When 
carbonate minerals dissolve 
they increase the amount of 
calcium and magnesium ions 
in water.   

Additional 
information about 
bacteria in wells: 

In areas where 
fractured bedrock 
aquifers are overlain by 
thin soils, bacteria in a 
well may be the result 
of geologic conditions 
which do not allow for 
adequate filtration of 
water before reaching a 
well.  You may suspect 
this if water suddenly 
changes color or odor 
following large rain 
events.  For wells that 
are consistently 
contaminated with 
bacteria, disinfection 
may not solve the 
problem.  In this case 
the best solution may 
be to drill a new well. 

Interpreting Drinking Water Quality Results  Page 2 

Corrective Action for Hard or Corrosive Water 

If you are experiencing problems with hard water: 
Consider softening water using a water softener.  Softened water removes calcium and magnesium and replaces it with 
another cation (usually sodium).  Many people choose not to soften the cold water tap used for drinking and cooking.  

If you are experiencing problems with corrosion of household plumbing: 
Install a water treatment device (neutralizer) designed to make water less corrosive. 
Install plastic plumbing which will not develop pinhole leaks or leach metals. 
If you have a shallow well, drilling deeper may produce less corrosive water.   
Water allowed to contact unprotected metal plumbing for extended periods can dissolve unsafe levels of copper and/or lead.  If 
levels of copper or lead in drinking water are a concern, run water for a few minutes before using for drinking or cooking.  

0 50 100 150 200 

Soft Moderate Hard
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Did you know that 
your well water is 
actually 
groundwater?   

Groundwater is water 
that occupies void spaces 
between soil particles or 
cracks in rock below the 
land surface.  It is a 
local resource that 
originates as 
precipitation which 
infiltrates into the 
ground.  The type of soil 
and bedrock that a well 
is drilled into often 
determines water’s pH, 
saturation index, or the 
amount of hardness or 
alkalinity in water.  The 
type of soil and bedrock 
in a region also 
determines how quickly 
contaminants can reach 
groundwater.  Human 
activities are often 
responsible for elevated 
levels of contaminants 
such as nitrate and 
chloride.   

Identifying Problems and Solutions  Page 3 

Alkalinity is a measure of 
water’s ability to neutralize 
acids.  It results primarily 
from dissolving limestone 
or dolomite minerals in the 
aquifer.   

Alkalinity and total 
hardness are usually 
nearly equal in 
concentration (when they 
are both reported in mg/L 
CaCO3 (calcium 
carbonate) because they 
form from the same 
minerals.  If alkalinity is 

Alkalinity 
much greater than total 
hardness, it may indicate 
that your water has 
passed through a water 
softener.   

If alkalinity is much less 
than total hardness it may 
signify elevated levels of 
chloride, nitrate or sulfate.  

Water with low levels of 
alkalinity (less than 150 
mg/L) is more likely to be 
corrosive.  High alkalinity 
water (greater than 150 
mg/L) may contribute to 

scaling. 

Acceptable results:  

This is a test for overall water 
quality.  There are no health 
concerns related to alkalinity.  
The value should be roughly 
75% to 100% of the total 
hardness value in an 
unsoftened sample.    

Sources: 

Primarily dissolved carbonate 
from soil or rock materials.   

Conductivity is a measure 
of the ability of water to 
conduct an electrical 
current.  It is related to the 
amount of dissolved 
substances (or ions) in 
water, but does not give an 
indication of which minerals 
are present.   

Conductivity (measured in 
umhos/cm at 25° C) is 
about twice the total 
hardness value (mg/L 
CaCO3) in most 
uncontaminated waters. 

Conductivity 

 Changes in conductivity 
over time may indicate 
changes in your overall 
water quality.   

Acceptable results: 

This is a test for overall 
water quality, there is no 
health standard associated 
with conductivity.   

A normal conductivity value 
is roughly twice the total 
hardness in unsoftened 
water samples.  If 

conductivity is much greater 
than two times the 
hardness, it may indicate 
the presence of other ions 
such as chloride, nitrate, or 
sulfate which may be 
human-influenced or 
naturally occurring. 

Sources: 

Natural or human-related 
dissolved substances in 
water.   

pH 

 The pH test measures the 
concentration of hydrogen 
ions in a solution.  The 
concentration of hydrogen 
determines if a solution is 
acidic or basic.  A change 
of 1 pH unit is a 10-fold 
change in acid level.  The 
lower the pH, the more 
corrosive water will be.   

pH values are often slightly 
higher in the laboratory than 
at your well, because carbon 
dioxide gas leaves water 
when it is exposed to air. 

Acceptable results:

There is no health standard 
for pH; however corrosive 
water (pH less than 7) is more 
likely to contain elevated  

levels of copper or lead if 
these materials are in your 
household plumbing.   

Typical groundwater pH 
values in Wisconsin range 
from 6.5 to 8.5.   

Sources: Low values are 
most often caused by lack of 
carbonate minerals in the 
aquifer.   
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Saturation Index 

The saturation index is a 
measure of water’s ability 
to corrode or form scale.  
It is calculated using 
values from pH, alkalinity, 
total hardness and 
conductivity tests.   

A negative value indicates 
that water is likely to be 
corrosive, while a positive 
value indicates a tendency 
for scale (calcium 
carbonate) to precipitate 
(form a solid and settle 
out) from water.   

Water is a good solvent 
and will attack 
unprotected metal 
plumbing.  Corrosive 
water can sometimes 
have health implications if 
it causes elements like 
lead and copper from 
pipes and solder to 
dissolve into drinking 
water.  Symptoms of 
corrosive water may 
include pinhole leaks in 
pipes or green stains in 
sinks.   

Lime precipitate (scale) is a 
natural protection against 
corrosion.  Too much scale, 
however, will plug pipes and 
water heaters thereby 
decreasing their efficiency.  
Water softeners are an 
effective form of treatment to 
prevent scale buildup but may 
also decrease protection from 
corrosion that natural water 
may have provided.   

Corrosive          Ideal Scaling 

(-3)         (-2)     (-1)       0         (+1)    (+2)    (+3) 

Severe       Slight    Slight       Severe 

Acceptable results: 

This is a test for overall 
water quality, there is no 
health standard 
associated with the 
saturation index.   

Values between 0 and 1 
are considered desirable. 
However the relationship 
between saturation index  

and corrosivity/scaling is 
imperfect.   

Because copper and lead 
are health related 
concerns you may still 
need to test your water to 
determine whether 
corrosion of these metals 
is occurring.   

Sources: 

Low values may be 
caused by lack of natural 
carbonate minerals in the 
aquifer.  Low values also 
occur when hardness is 
removed with a water 
softener.   High values 
relate to high water 
hardness and alkalinity.    

Nitrogen-Nitrate 

Nitrate is a chemical 
commonly found in 
agricultural and lawn 
fertilizer.  It is also formed 
when waste materials such 
as manure or septic effluent 
decompose.   

Infants less than 6 months 
of age should not drink 
water (or formula made 
with water) that contains 
more than 10 mg/L of  

nitrate-nitrogen.  This is 
because of concerns 
related to 
methemoglobinemia (also 
called blue-baby disease), 
a condition in infants which 
inhibits the bloods ability to 
carry oxygen. If not caught 
early and treated, this 
condition can be fatal.   

Some studies suggest that 
high nitrate water may be   

linked to birth defects and 
miscarriages, so pregnant 
women should also avoid 
drinking water over 10 
mg/L. 

The natural level of nitrate 
in Wisconsin’s groundwater 
is less than 1 mg/L.  
Elevated nitrate levels can 
be an indicator of other  

(continued on p. 5)   

Nutrient management is 
an important strategy to 
minimize nitrogen losses 
in areas where fertilizer 
use is the primary source 
of nitrate in 
groundwater.   

Not only does it help 
improve our 
groundwater, it also 
improves fertilizer use 
efficiency.     



Corrective Action for Nitrate

If possible, eliminate the contamination source.  Unfortunately it may take years to 
observe any reduction in nitrate levels.  As a result an alternative solution is usually 
necessary.  Below are some actions that may reduce nitrate levels.   

Extending the casing depth, lowering the depth of the existing well, or drilling a 
new well may result in water with lower nitrate concentrations.   
Use bottled water for drinking and cooking.   
Connect to a public water supply if possible.  
Use a water treatment device designed to reduce nitrate levels.*  
*Only reverse osmosis (RO), distillation and anion exchange are treatment

methods capable of reducing nitrate levels.  When purchasing a water

treatment device, only purchase those that have been approved by the WI

Dept. of Commerce.  Ask them to provide a copy of the product approval letter

if you are unsure.
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Nitrogen-Nitrate continued… 
potential contaminants.  If 
nitrate levels are elevated 
you may want to consider 
testing for pesticides if you 
know that they are used 
nearby.   

Acceptable results: 

The drinking water 
standard for nitrate-
nitrogen is 10 mg/L.  

Water greater than 10 
mg/L should not be 
consumed by infants less 
than 6 months of age or 
pregnant women.  The WI
Dept. of Public Health 
recommends people of all 
ages avoid long-term 
consumption of water with 
nitrate concentrations 
greater than 10 mg/L.

Less than 2 mg/L is 
preferred.  If feed is also 
high in nitrate, problems for 
livestock may occur if the 
concentration of nitrate in 
well water is between 20-40 
mg/L.   

Sources:  

Fertilizers, septic systems, 
animal wastes, land 
spreading of bio-solids.     

Chloride 
In most areas of Wisconsin, 
chloride concentrations are 
naturally low.  Higher 
concentrations usually 
indicate contamination from 
septic systems, road salt, 
fertilizer, animal waste or 
other wastes.  

Chloride is not toxic, but 
some people can detect a 
salty taste when high levels 
of chloride are present. 

Water with high chloride 
may also have elevated 
sodium content.  High 
chloride may also speed up 
corrosion in plumbing (just 
as road salt does to your 
car).   

Acceptable results:

Chloride has no health 
standard.  Levels less than 
10 mg/L are desirable.  
Levels more than 250 mg/L    

may cause a salty taste or 
corrosion of some metals.  
Sodium (which is sometimes 
found with chloride) may be 
a concern for individuals on 
physician prescribed “no salt
diets”.  

Sources: 

Septic systems, road salt, 
fertilizer, animal waste, 
landfills, or naturally 
occurring mineral deposits. 

0 1             5 10 mg/L 

Natural   Human influence on water quality      Unsafe 

Water testing and 
units of measure: 

Many minerals and 
contaminants in water 
are reported as 
concentration.  When 
comparing test results to 
water quality standards 
it is important to check 
that you are comparing 
values with the same 
unit of measure.  Some 
labs report nitrate 
concentrations as parts 
per million (ppm) while 
some use the term 
milligram per liter 
(mg/L). 

1 mg/L = 1 ppm 
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The following websites contain more information on private wells and water 
testing:   

Central Wisconsin Groundwater Center 

www.uwsp.edu/cnr/gndwater/privatewells/index.htm 

Wisconsin Department of Natural Resources 

http://dnr.wi.gov/org/water/dwg/prih2o.htm  

www.uwsp.edu/cnr/watersheds 
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Additional Information 

Answers to Your Questions About Groundwater. DNR. PUB DG-049 2003 

Bacteriological Contamination of Private Wells. DNR. PUB DG-003-2005 

Better Homes and Groundwater. DNR. PUB-DG-070 2004 

Choosing a Water Treatment Device. UWEX. G3558-5 

Do Deeper Wells Mean Better Water? UWEX. G3652 

Improving Your Private Well Water Quality. UWEX. G3826 

Tests for Drinking Water from Private Wells. DNR. PUB DG-023-04REV 

You and Your Well. DNR. PUB-DG-002 2003 

For copies of WI Department of Natural Resources (DNR) publications please call 
(608)266-0821 or visit http://www.dnr.state.wi.us/org/water/dwg/pubbro.htm

For copies of UW-Extension (UWEX) publications visit http://learningstore.uwex.edu 
or call (877)947-7827. 

The Wisconsin Geological and Natural History Survey has many excellent geology 
and groundwater resources including maps available from their office.  If interested in 
what resources are available call (608)263-7389 or for a complete listing visit their 
website at: http://www.uwex.edu/wgnhs/pubs.htm 
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http://www.dnr.state.wi.us/org/water/dwg/pubbro.htm
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Hard water is a common phenomenon. While it poses no health risks, it affects the

day-to-day life of the household in any number of ways. Dishes might emerge from

the dishwasher polka-dotted with hazy white spots, fresh laundry can feel like

sandpaper to the touch, and plumbing fixtures like faucets develop a chalky film.
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What Is Hard Water?
Before reaching the municipal supply, water absorbs mineral content from rocks and

soil.  Some of this content, like calcium and magnesium, are hard minerals that not

only make soap less effective.  They also gradually lead to limescale buildup, which,

when it occurs within pipes, reduces water pressure and flow, and only gets worse

over time. Hard water also negatively impacts the efficiency and lifespan of any

appliance that requires water for operation. This might not be such a big deal for a

coffeemaker, but it has the same effect on water heaters and refrigerators.

Water hardness or softness is measured using grains per gallon (gpg), where one

grain is equal to 0.002 ounces of calcium carbonate dissolved in 1 gallon of water.

0–3 gpg is considered soft water.

3.5–7 gpg is considered moderate and ideal.

>7.5 gpg is regarded as hard water and should be treated with a water softener.

Hard Water Solutions
With hard water, it pays to be proactive. Correcting a hard water problem can

eliminate a slew of inconveniences as well as help prevent a variety of plumbing

headaches that cost a bundle to resolve. Keep an eye out for the telltale signs of hard

water, of course, but even better is to conduct a little research. Start by contacting

the local municipality or water utility; many provide a free report detailing what’s in

the local water. Alternatively, purchase a water test kit at a local home center,

•
•
•
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hardware store, or online retailer.  If it turns out the water is hard, purchasing a

water softener will correct the situation.

Water Testing
Different testing methods

measure water hardness

on different scales, either

grains per gallon (GPG) or

parts per million (PPM).

The question isn’t whether

or not water

contains any calcium or

magnesium, but whether

concentrations of those

minerals are high enough

to affect the home's

plumbing. While trace amounts are to be expected, water with calcium or

magnesium levels at or above 7 GPG or 120 PPM officially qualifies as hard. If it turns

out that water tests as hard, follow the lead of other homeowners in the same

situation and consider installing a water softener.

Purchasing and Maintaining A Water Softener

Subscribe to Energy Saver
Updates
Subscribe to receive updates from Energy Saver, including new blogs, updated
content, and seasonal energy saving tips for consumers and homeowners.
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What is the Ideal Water Hardness Level?
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Water hardness is an important aspect of water quality that affects various aspects of our daily lives, from household chores to

personal health. Understanding the ideal water hardness level can help you maintain the right balance in your water supply, providing

numerous bene�ts for your home and family.

While there is no “perfect” water hardness level, soft water is generally considered to have a GPG (grains per gallon) of 0 to 3, or a

PPM of 0 – 51. Anything that is higher than this is considered hard water, and you might need to use a water softener to help you.

If you want to remove dissolved minerals, such as dissolved calcium or dissolved magnesium, from your drinking water, you need to

understand the water hardness scale and �nd the right water softener to help you.

Understanding Water Hardness and Dissolved Minerals

Water hardness refers to the concentration of dissolved minerals,
primarily calcium and magnesium, in the water. These minerals are

naturally present in the earth’s crust and dissolve into groundwater

over time. Hard water has a high mineral content, while soft water has

a low mineral content. Water hardness is typically measured in grains

per gallon (gpg) or parts per million (ppm) of calcium carbonate

(CaCO3).

Effects of Water Hardness

Water hardness can have both positive and negative effects on your

household and personal health. Excess calcium, magnesium, and other dissolved minerals may exert the following effects:

Positive Effects Take the Quiz
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Mineral Intake: Hard water can contribute to your daily intake of essential minerals, such as calcium and magnesium, which are

vital for bone health and overall well-being.

Taste: Many people �nd that hard water has a better taste due to the presence of minerals.

Negative Effects

Scale Buildup: The minerals in hard water can accumulate on surfaces and form scale deposits, which can cause damage to

appliances, plumbing �xtures, and heating systems.

Reduced Soap and Detergent Effectiveness: Hard water can react with soap and detergents, forming a residue that is di�cult to

rinse off. This can lead to dingy laundry, spots on dishes, and reduced cleaning e�ciency.

Skin and Hair Issues: Hard water can leave a residue on your skin and hair, potentially causing dryness, irritation, and dullness.

It is critical to understand the bene�ts and drawbacks to make sure you have the right water hardness level in your home.

Determining the Ideal Water Hardness Level: Measure Water
Hardness

There is no universally agreed-upon ideal water hardness level, as different households and individuals may have different preferences

and needs. You need to think about your overall water quality, alongside your hardness level, when you consider the health and

e�ciency of your plumbing appliances as well.

At the same time, a general guideline can be followed to determine a suitable water hardness level for most households:
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Water Hardness Level Grains per Gallon (gpg) Parts per Million (ppm)

Soft Water 0-3 0-51

Moderately Hard Water 3-7 51-120

Hard Water 7-10 120-171

Very Hard Water 10+ 171+

Water hardness levels

Most experts recommend aiming for a water hardness level between 3-7 gpg (51-120 ppm) for a balance of mineral intake and

 It is important to note that excessively soft water can be corrosive, potentially damaging your plumbingminimal negative effects.

system and leaching metals, such as lead and copper, into your water supply.

For these reasons, you need to keep a close eye on your water hardness level and think about the health of your overall water supply.

Testing Your Water Hardness Level

Take the Quiz
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So, what do you need to do if you want to �gure out your overall water hardness level? There are a few key points to consider:

To determine the hardness level of your water, you can:

Check Your Local Water Report: Many municipalities provide water quality reports that include information on water hardness.

You can usually �nd these reports online or request a copy from your local water provider.

Use a Test Kit: You can purchase a water hardness test kit online or at a local home improvement store. These kits typically
include test strips or liquid reagents that can measure the mineral content in your water.

Hire a Professional: For a more comprehensive water analysis, consider hiring a professional water testing service. They can

provide detailed information on water hardness and other water quality parameters.

Remember that you can also reach out to an expert at DROP if you need help getting �guring out your overall water supply’s hardness

level.

Adjusting Your Water Hardness Level

If your water hardness level is outside the recommended range, you can take steps to improve it and maintain the ideal balance:

Water Softeners

Water softeners are a popular and effective solution for reducing water hardness. They work by using a process called ion exchange,

which replaces the calcium and magnesium ions in the water with sodium or potassium ions.

This reduces the mineral content and prevents scale buildup, soap scum, and other issues associated with hard water. Depending on

your household, you will need the right size. Take the Quiz
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On your water softener, you can adjust the water hardness levels by changing

your settings.

Water Filters

In some cases, water �lters can help improve water hardness levels by removing
speci�c minerals or impurities.

Reverse osmosis (RO) systems, for example, can effectively reduce water

hardness by removing a signi�cant portion of the dissolved minerals. However,

these systems can also remove bene�cial minerals and may produce water that

is too soft, so it is essential to �nd the right balance based on your speci�c

needs.

Water Conditioners

Water conditioners, also known as descalers or anti-scale systems, are another

option for managing water hardness. These devices do not remove the minerals

from the water but instead alter their crystalline structure, preventing them from

forming scale deposits.

Water conditioners can be an attractive option for those who wish to maintain some mineral content in their water while minimizing

the negative effects of water hardness.

Maintaining the Ideal Water Hardness Level: Soft Water
Take the Quiz
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Once you have achieved the desired water hardness level, it is important to monitor and maintain it to ensure optimal water quality:

Regular Testing: Periodically test your water hardness level to ensure it remains within the recommended range. This can help you

identify any changes in water quality and address them promptly.

Water Softener and Filter Maintenance: Regularly maintain and service your water treatment equipment, such as water softeners

and �lters, to ensure they continue to operate effectively. This may include replacing �lter cartridges, cleaning the brine tank, and
adding salt to salt-based water softeners.

Professional Consultation: If you are unsure about the best approach to managing your water hardness level or need assistance

with water treatment equipment, consult a professional. They can provide expert guidance and recommendations tailored to your

speci�c needs.

Keep in mind that you never have to go through this process on your own. You may want to reach out to an expert who can help you

not only measure your water hardness level but also �nd the right water softener to help you.

Check Out a Water Softener or Water Filter
From DROP Today

Achieving and maintaining the ideal water hardness level can signi�cantly improve the quality of your water, bene�ting your household

chores, appliances, and personal health. By understanding the concept of water hardness and taking the necessary steps to adjust

and maintain it, you can enjoy the many advantages of well-balanced water.

Check out DROP’s range of water softeners and water �lters today to �nd the perfect solution for your water hardness needs. With

DROP’s innovative water treatment products, you can ensure clean, safe, and high-quality water for you and your family. Contact usTake the Quiz
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today to speak to a member of our team, and get the right water hardness level!

By William Chandler III

William Chandler III has been working in the water industry for over 20 years. Since 2016 he has been the Vice President of Chandler

Systems Inc., owner of CSI Water Treatment, WaterSoft Inc., Clearion Water, and DROP.

See all posts by William Chandler III →
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What Is the Ideal Water Hardness for
Drinking?

The average person should drink at least 2.5 liters of water a day for optimum health. And
roughly, 71% drink from the tap occasionally. Given such numbers, it’s important to ensure
that the water �owing from the tap is safe to drink.

But what if your tap water is hard water? A lot of people �nd hard water not palatable.
Moreover, as hard water leaves behind residue and stains, many take caution and avoid
drinking it altogether.

Learn more about alkaline water systems and water hardness to determine what the ideal
drinking water is for you.

What Is Water Hardness?
Water hardness refers to the amount of minerals, particularly, of Calcium and Magnesium,
found in water. Minerals are naturally found in water; however, when they exceed 120mg/L,
the high level of minerals begins to have negative effects. This is also when water is called
hard, as opposed to being soft water, with only up to 60mg/L of minerals, or moderately hard
water, with 60mg/L and 120mg/L amount of minerals.

What Is the Ideal Water Hardness For
Drinking?
Though water hardness has been proven to negatively impact pipes, tiles, and other
household �xtures, as well as cause skin and hair dryness, it has not been proven to harm
health. In fact, the high amounts of calcium and magnesium may even positively impact
health.

Still, it is highly advisable to take things in moderation and both soft water and hard water
have their respective bene�ts and drawbacks. On the one hand, having too little minerals in
the water may contribute to mineral de�ciency, whereas too much may result in overdose,
though such cases are incredibly rare in healthy individuals.

The general rule of thumb is to drink clean water, with hardness being somewhere in the
middle of soft and hard, 60 mg/L to 120 mg/L. Some also advise to not go beyond 170 mg/L,
which indicates very high levels of calcium and magnesium.

But according to health authorities, there is no general health advice on restricting hardness
in drinking water for health and safety reasons.

How to Tell Water Hardness?
If you drink from the tap and use your water to clean your home, bath, and use with your
appliances, you’re probably wondering how to tell whether you have soft or hard water. To
determine this, you can choose to purchase a test kit, send your water to get tested in a lab,
or you can simply observe your water or conduct a quick soap test at home.

Test Kit
There are test kits that allow you to measure water hardness. An inorganic chemical test (Kit
C), for example, can be bought from labs and used at home. Another option is to bottle up
some water and send it to a certi�ed drinking water lab to test for hardness. 

Observation
Even without using test kits, one can tell whether water is hard or soft depending on the feel,
smell, and usage of the water.

Unlike soft water which is odorless and leaves no residue behind, hard water smells sulfuric
and tastes metallic; it also leaves behind residue when dry, which can easily be spotted on
surfaces as discoloration or stains.
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Puragain Water is a family owned business that takes pride in
offering the very best in water �ltration systems. Our staff
has over 30 years experience in the water business. We know
what it takes to create innovative technology that enables us
to bring you the very best in crystal clear, great tasting water!

Explore Our Site

Water Filtration Systems

Lifetime Servicing

Is My Tap Water Safe

Water Testing

News

Contact Us

Leave us a review

Locations

San Diego
1249 Simpson Way
Escondido, CA 92029

Los Angeles
727 S Brea Canyon Rd
Suite 5 & 6
Walnut, CA 91789

Oxnard CA
2401 Eastman Ave
Suite 31
Oxnard CA 93030

Las Vegas
6380 S Valley View Blvd
Suite 422
Las Vegas, NV 89118

Phoenix AZ
23309 N 17th Dr
Suite 112
Phoenix AZ 85027

Tucson AZ
1870 W Prince Rd
Suite 55
Tucson, AZ 85705

Houston TX
5353 W Sam Houston Pkwy N
Suite 140
Houston TX 77041

Dallas TX
2290 Springlake Rd
Suite 102
Farmers Branch TX 75234

Contact Us

24/7 Live Support

Sales & Inquiries:
855-40-WATER

Service & Maintenance:
855-409-0084

Soap Test
Another easy way to check if you have hard water at home is to add soap into the water. If
you add soap to the water and mix them vigorously, you may get a lot of suds and bubbles or
the water will cloud up. As soap doesn’t react well with hard water, lots of bubbles in your
solution means you have soft water, while lack of bubbles means you have hard water.

For the same reason that hard water reduces the usefulness of soaps, it is not advisable to
use hard water for cleaning, bathing, and other similar uses. 

How to Make Hard Water Safe For Drinking?
One of the cautions against hard water is that they are often sourced from wells, and are
likely to have metals besides the minerals. Though minerals are safe to consume, metals, and
other substances are not.

As such, the best way to protect your health when drinking hard water is to make sure it is
�ltered thoroughly and rid of any harmful chemicals, pests, and metals, leaving behind only
minerals which can have positive health bene�ts.

Still, many prefer to not drink hard water, not because they pose a danger to one’s health but
rather because it has a metallic taste and sulfuric smell. In such cases, it is advisable to
install a water softener to reduce calcium and magnesium levels in the water to make it
tasteless and odorless for more enjoyable drinking.

How to Have Ideal Drinking Water?
So you’ve got hard water that you want to soften for a better drinking experience? Then you
need a water softener to lessen the high levels of calcium and magnesium in your water.

When it comes to water softeners, there are 2 main types you can choose from; one uses
salts, sodium chloride, and replaces the calcium and magnesium ions with sodium ions;
meanwhile, the other uses potassium to neutralize or cure the water.

While using salts is the most common method to soften water, it does get rid of a lot of water
during the ion exchange process. Not to mention, it leaves behind high levels of sodium
chloride, which may be harmful for some people with speci�c dietary restrictions. For these
reasons, many opt for the salt free water softener system.

Such systems involve the use of water conditioners which, when applied to hard water,
crystallizes the minerals, making them easy to remove. 

Make Your Water Ideal For Drinking
Are you ready to improve your tap water and make it ideal for drinking? Reach out to Pur
Again Water and have us install a water softening system that will transform your water from
hard to soft, removing any smell or taste from your water. We also offer various water
�ltration systems as well as alkaline water systems which are guaranteed to make your water
ideal for drinking.

Call PurAgain Water today to schedule an appointment or get a free quote!
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Water described as "hard" is high in dissolved minerals,

speci�cally calcium and magnesium. Hard water is not a

health risk, but a nuisance because of mineral buildup on

�xtures and poor soap and/or detergent performance.
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What is Hardness?

When explaining hardness to the public, in some ways it is easier to say what hardness

is not than what it is. Having hardness in your water is not bad, not toxic, does not

mean you have elevated levels of Lead, Arsenic, or other dangerous minerals. It does

not mean that your water will clog your piping with scale. The total hardness of the

water is typically expressed or reported as the equivalent of concentration of calcium

carbonate in water as mg CaCO3/L or reported as "grains per gallon" (gpg). (Note: 1

grain per gallon is 17.12 mg CaCO3/L). The only problem is that with this expression

some individuals think that hardness is just the amount of calcium carbonate in the

water. Calcium carbonate is composed of a cation (Ca++) (positive 2) and an anion

(CO3--) (negative 2). The hardness of the water is related to the cation concentration

and not the anion and it is not just "Calcium".

Cations have a charge that is positive and the charge can be +1 or higher. The total

hardness of the water is actually the measure of the cations with a charge of 2 or

more, i.e., "multivalent positively charged cations. This would include cations such as:

calcium, magnesium, Iron, Manganese, Barium, Strontium, Aluminum, etc, but

would not include the cations with a positive charge of 1 like Sodium, potassium, and

Lithium.

The total hardness of the water can be described as the combination of temporary

(carbonate hardness) and permanent hardness (non-carbonate hardness). Temporary

hardness is the hardness that is associated with anions like carbonate, bicarbonate,

and hydroxide (OH-) because when the water is heated and ultimately boiled the water

will lose some of the carbonate as CO2 and the solution will become supersaturated

with multivalent cations which will begin to form particles and precipitate from the

water as a carbonate scale. This scale is typically white or gray, but may have other

colors depending on the cation and can easily be removed by dissolving them in

vinegar (a weak acid). Permanent hardness is the hardness that is associated with non-

carbonate anions, like Chloride, Sulfate, and Nitrate.
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The primary source of hardness in most drinking water is from natural sources. Water

is a good solvent and picks up impurities easily. Pure water -- tasteless, colorless, and

odorless -- is often called the universal solvent (not really true but it does dissolve

many things). When water is combined with carbon dioxide from our atmosphere it

forms a very weak carbonic acid, which is an even better solvent. As this water moves

through soil and rock, it dissolves very small amounts of minerals and holds them in

solution. Typically, it is calcium and magnesium dissolved in water that make water

"hard." The degree of hardness becomes greater as the amount of divalent or

multivalent cations dissolved in the water increases.

How Does Hardness Become a problem?

Hardness can pose a potential problem if it is too low or too high. If the water

hardness is too low, such as < 50 mg/L, the water may be corrosive to metal piping,

�xtures, and appliances. If the hardness is high, it is possible for the multivalent

cations to react with the carbonates in the water to produce chemical precipitates or

"soap scum".

The amount of hardness minerals in water a�ects the amount of soap and detergent

necessary for cleaning. Soap used in hard water combines with the minerals to form a

sticky soap curd. Some synthetic detergents are less e�ective in hard water because

the active ingredient is partially inactivated by hardness, even though it stays

dissolved. Bathing with soap in hard water can leave a �lm on the skin that may

prevent or inhibit the removal of "dirt", dead skin cells, oils, and bacteria. This �lm can

also prevent the skin from returning to a more typical slightly acidic condition, i.e., pH 4

to about 6.5, and therefore result in irritation or possibly eczema. This �lm can also

make hair look dull, lifeless, di�cult to manage, and even make it feel dirty.

When doing laundry in hard water, soap curds lodge in fabric during washing to make

fabric sti� and rough. Incomplete soil removal from laundry causes graying of white

fabric and the loss of brightness in colors. Because of incomplete cleaning, the clothes

may get a sour odor and continuous laundering in hard water can shorten the life of
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clothes. The soap curds can deposit on dishes, bathtubs and showers, and all water

�xtures, contributing to nuisances.

What are the Health Risks for Hardness?

Hard water is not a health hazard. The National Academy of Sciences states that

drinking hard water contributes to the dietary need for calcium and magnesium.

Researchers have studied water hardness and cardiovascular disease mortality. Such

studies have been "epidemiological studies," which are statistical relationship studies.

While some studies suggest a correlation between hard water and lower

cardiovascular disease mortality, other studies do not suggest such a correlation. The

National Research Council states that results at this time are inconclusive and

recommends that further studies should be conducted.

Solid Report on this Issue - Suggested reading (Source) - a few quotes:

"The impact of water hardness of urinary stone formation remains unclear, despite a

weak correlation between water hardness and urinary calcium, magnesium, and

citrate excretion. Several studies have shown no association between water hardness

and the incidence of urinary stone formation."

"Although, there is some evidence from epidemiological studies for a protective e�ect

of magnesium or hardness on cardiovascular mortality, the evidence is being debated

and does not prove causality."

Atopic dermatitis (or eczema) is an in�ammatory, chronically relapsing, non-contagious

and pruritic skin disorder. The environment plays an important part in the etiology of

atopic eczema, but the speci�c causes are unknown. Exposure to hard water is thought

to be a risk factor for eczema."

It is my professional experience that having some water hardness is good as long as

the cations composing the hardness are not above a drinking water standard, the

water is not creating nuisance, or the water is causing a premature failure of a heat

exchange system or appliance or violates a manufacturers warranty. In general,

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3775162/
jWolford
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individuals do not report aesthetic problems with their water until the hardness

concentration typically exceeds 160 to 180 mg CaCO3/L. I am more concerned about

water with very low hardness that may be associated with corrosion of �xtures and

piping. If I had to have a preference, I would probably choose "moderately hard" water.

What are the Standards for Hardness?

There is no speci�c drinking water standard for water hardness, but the associated

secondary drinking water standards may include the total dissolved solids of the water,

potential for corrosion or scale formation, or the elevated presence of some iron and

manganese and other similar metals. The classi�cation of hardness:

Total Hardness Levels (mg CaCO3/L)

Soft 0 to 17.1

Slightly Hard > 17.1 to 60

Moderately Hard > 60 to 120

Hard >120 to 180

Very Hard > 180

(Source: Lehr, J. et. al., 1980. Domestic Water Treatment, New York, NY: McGraw-Hill

Book Company - Note: This is a great desk reference if you can �nd it.)
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Get Tested | Hardness

There are some warning signs of a problem with hardness and issues with hardness

can occur when the hardness is too low or too high, but these issues can be controlled

by changing both the cationic and the anionic concentrations in your water. Problems

associated with hardness are not normally associated with an odor problem, but more

typically an aesthetic problem, such as a coating, �lm, scale, hard water spots, and

poor sudsing. Since hardness is a general term that covers a group of cations, it is

normally necessary to conduct a comprehensive water test and not just test the

hardness of the water. Your best course of action is to get your water tested and

compile as much information as possible about your water supply source, well

construction, surrounding land-use, and local geology.

Level 1 | Observational Self-Testing

Level 1 Testing is done with simple observations that an individual can make with

their own senses such as sight, smell, and taste. These observations can be readily

apparent or can be observed as they change over time. In addition, accessible

related information about the home can also be used to narrow down the cause of

your water issues.

https://www.knowyourh2o.com/indoor-3/level-1-testing
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=Cc6ZYWZfLZaf6N5_KgrAP2aGvqAmqlIHudfH61JSpErCQHxABIISsypcBYMm-y438pMwUoAHx_7PGAsgBA6gDAcgDyQSqBOoBT9C2ktYOboHw-iYJIwBvX2PogKoI8qq9SzYaxZ9XX4E46kn_KfIW64M3n9tU3qG9eLlUXBCToyjuL6_jwYr-3iXvzcXtEJ31PMPYwp3PuKvBYOv36WE1qWhrUXDbu5G9b3S8Dl1TLcgeq35BTU5mfVsrl6DXcoEPs4gLprDojhXY8DMAX1Ihxz3AwDSm7NvtEodD6v4zSHg_rYKFVQr1dOTMtCHENC1Zn-Txeg71RGz7rU2yWMhrbDh5gM_5dCNz0lnQpBaB8RO_T9405DxtGGnkG5dWJC5J38L8mIfgeqjetrD2sC_5xPGGwATmn6zqnASIBfuu1b1HoAYDgAf3_8u5AagH2baxAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB6--sQKoB9XJG6gHpr4bqAeaBqgH89EbqAeW2BuoB6qbsQKoB4OtsQKoB-C9sQKoB_-esQKoB9-fsQKoB8qpsQKoB-ulsQKoB-qxsQKoB5m1sQKoB763sQLYBwHSCC8IgIGAQBABGB4yBIOAgA46EJ_QgICAgISAIJDAgICAgAhIvf3BOljT4b7x3KiEA7EJPdFIb8NcRbaACgGYCwHICwHaDBEKCxCgxbS_kPyvxIABEgIBA6oNAlVTyA0B2BMN0BUBmBYB-BYBgBcB&ae=1&ase=2&gclid=EAIaIQobChMI54q_8dyohAMVH6UAAB3Z0AuVEAEYASAAEgIP_fD_BwE&num=1&cid=CAQSOwAvHhf_tnYEQuDk1kKnG3yRCmuIk481PeXG7KZde0UpgyFSS7XV-USQ3oGCYb4OMYJK8HGVpTeRJtBbGAE&sig=AOD64_2XGfiPReLCvaZT4-klVz3yYPcu-A&client=ca-pub-1790876435268565&rf=2&nb=17&adurl=https://go.involta.com/green-bay%3Futm_source%3Dgoogle%26utm_medium%3Dbanner%26utm_campaign%3Dgreen-bay%26creative%3D684637077792%26keyword%3D%26matchtype%3D%26network%3Dd%26device%3Dc%26gclid%3DEAIaIQobChMI54q_8dyohAMVH6UAAB3Z0AuVEAEYASAAEgIP_fD_BwE


Notes on Level 1 Testing for Hardness

Hard water interferes with almost every cleaning task from laundering and dish

washing to bathing and personal grooming. Clothes laundered in hard water may

look dingy and feel harsh and scratchy. Dishes and glasses may be spotted when

dry. Hard water may cause a �lm on glass shower doors, shower walls, bathtubs,

sinks, faucets, etc. Hair washed in hard water may feel sticky and look dull. Water

�ow may be reduced by deposits in pipes and aeration devices may have a

chemical coating that appears white or gray.

Observations for Hardness

Water hardness problems can be an issue if the hardness is too low or high.  Very

low hardness may be associated with chemical corrosion of the water and a

metallic or acidic taste and elevated hardness can be associated with chemical

coatings, �lms, coatings, clogged piping, and dingy clothing.

Try Our Level 1 Drinking Water Self-Diagnostic Tool

Have water issues? Answer our self-diagnosis questionnaire from your

observations to get an initial diagnosis. Then follow our recommended

steps to remediate your issue.

Self-Diagnostic Tool

Level 2 | Do-It-Yourself Water Testing

Level 2 Testing is Do-It-Yourself testing that can be done in your own home using a

Testing Kit. After you’ve done Level 1 Testing, Level 2 Testing can con�rm if your

observations are correct. If your test results reveal the presence of a contaminant

https://www.knowyourh2o.com/indoor-6/corrosivity
https://www.knowyourh2o.com/indoor-3/self-test-web-app
https://www.knowyourh2o.com/indoor-3/level-2-testing


that is cause for concern, you can either proceed to determine the best treatment

(see below) or continue to Level 3 Testing.

Notes on Level 2 Testing for Hardness

There are a number of low cost ways to measure the total hardness of your

water at home. In most cases these at-home tests are very easy to use, but do

not provide a very accurate or precise measure of the water hardness, but can

provide a value to help you to determine if the water is soft, slightly hard,

moderately hard, hard, or very hard.

Recommended Level 2 Tests

L2-AMAZ-H-13 Amazon

Health Metric Drinking Water Test Kit for Municipal Tap and Well
Water

L2-AMAZ-H-06 Amazon

Hanna Instruments HI 9813-6N Waterproof pH/EC/TDS
Temperature Meter Clean and Calibration Check

Level 3 | Informational Water Testing

Level 3 Testing is done through an accredited Water Testing Laboratory. With

Level 3 Testing, you can order a testing kit that is used to prepare your sample and

View

View

https://www.knowyourh2o.com/partners/amazon
https://amzn.to/3I2JDQ5
https://knowyourh2o.com/partners/amazon
https://amzn.to/2uR9AOE
https://www.knowyourh2o.com/indoor-3/level-3-testing
https://amzn.to/3I2JDQ5
https://amzn.to/2uR9AOE
https://amzn.to/3I2JDQ5


submit it to the lab. By utilizing a lab, you have the assurance that a certi�ed water

expert had analyzed your water sample. If your test results reveal the presence of a

contaminant that is cause for concern, you can either proceed to determine the

best treatment options (see below) or continue to Level 4 Testing - Certi�ed

Testing.

Notes on Level 3 Testing for Hardness

Most informational water tests provide testing for the total hardness and some

test kits provide additional insight into the other cations and anions that are

contained within the water. These comprehensive water testing kit results are

needed to determine whether the water needs treatment and, if so, to help

design the treatment system.

Recommended Level 3 Tests

L3-NATE-C-1 National Testing Labs

City Water Basic

L3-NATE-C-2 National Testing Labs

City Water Deluxe

L3-NATE-C-4 National Testing Labs

Corrosion Check

L3-NATE-W-2 National Testing Labs

Water Check Deluxe

L3-TASC-E-07 Tap Score

Extended Well Water

L3-TASC-E-05 Tap Score

Extended City Water Test

View

View

View

View

View

View

https://knowyourh2o.com/partners/national-testing-labs
https://watercheck.com/collections/city-water-tests/products/city-check-basic?aff=3
https://knowyourh2o.com/partners/national-testing-labs
https://watercheck.com/collections/city-water-tests/products/city-check-deluxe?aff=3
https://knowyourh2o.com/partners/national-testing-labs
https://watercheck.com/collections/symptom-checker/products/corrosion-check?aff=3
https://knowyourh2o.com/partners/national-testing-labs
https://watercheck.com/products/water-check-with-pesticide-option?aff=3
https://knowyourh2o.com/partners/tap-score
https://mytapscore.com/collections/well-water-tests/products/extended-well-water-test?rfsn=2615807.4d4632
https://knowyourh2o.com/partners/tap-score
https://mytapscore.com/collections/city-water-tests/products/extended-city-water-test?rfsn=2615807.4d4632
https://watercheck.com/collections/city-water-tests/products/city-check-basic?aff=3
https://watercheck.com/collections/city-water-tests/products/city-check-deluxe?aff=3
https://watercheck.com/collections/symptom-checker/products/corrosion-check?aff=3
https://watercheck.com/products/water-check-with-pesticide-option?aff=3
https://mytapscore.com/collections/well-water-tests/products/extended-well-water-test?rfsn=2615807.4d4632
https://mytapscore.com/collections/city-water-tests/products/extended-city-water-test?rfsn=2615807.4d4632


Level 4 | Certi�ed Water Testing

A Level 4 Certi�ed Test Test uses chain-of-custody with a water professional

coming to your home to prepare the water sample and then works with an

accredited laboratory in order to certify your test results. This type of testing not

only gives you the highest level of assurance in the accuracy of your test results,

but can also be used as a document in legal cases. For Baseline Testing, we

recommend that you use Certi�ed Testing.

Notes on Level 4 Testing for Hardness

If you require certi�ed testing for total hardness or a hardness-related issue, we

strongly recommend completing the diagnostic analysis to ensure that the water

does not show signs of having a bacteria problem or a problem related to the

presence of a speci�c cation like Aluminum, Iron, and Manganese or elevated

anions like Chloride, carbonates, bicarbonate, or Sulfate. If you need assistance,

please Contact our team.

https://www.knowyourh2o.com/indoor-3/level-4-testing
https://www.knowyourh2o.com/indoor-3/level-4-baseline-testing
https://www.knowyourh2o.com/indoor-6/aluminum
https://www.knowyourh2o.com/indoor-6/iron
https://www.knowyourh2o.com/indoor-6/manganese
https://www.knowyourh2o.com/indoor-6/chloride
https://www.knowyourh2o.com/indoor-6/sulfur-hydrogen-sulfide-sulfate-and-sulfate-reducing-bacteria
https://www.knowyourh2o.com/contact
https://mytapscore.com/collections/well-water-tests/products/extended-well-water-test?rfsn=2615807.4d4632


Get Treatment | Hardness

In most cases pretreatment will not be necessary, but if you have a Bacterial problem

or have high settleable solids or Turbidity, it may be necessary to install a whole-

house pretreatment system that may include a disinfection system or a back

washable/ disposable Particle Filter. The most common means to soften a water or to

reduce the total hardness is the use of a water softener ion exchange system (using

salt) or a non-precipitating water softener (no salt) that helps to sequester (bind the

multivalent cations into complexes that keep them in solution) the multivalent cations.

The "salt" based units will exchange sodium or potassium ions for the multivalent

cations such as calcium and magnesium whereas, the "no salt or salt free" will typically

sequester the multivalent cations by complexing them with additives such as NUVO

(citric acid) and Aquios (polyphosphate). Another type of “no salt” system contains an

active media, i.e., catalytic media, that removes the hardness cations by causing them

to precipitate or crystalize. Typically, the NUVO and Aquios units are needed when we

are only looking to slightly reduce the water hardness.

Short-Term Treatment

Scatter charcoal throughout your home
and watch what happens overnight.

https://www.knowyourh2o.com/indoor-6/bacteria
https://www.knowyourh2o.com/indoor-6/turbidity
https://www.knowyourh2o.com/indoor-4/particle-filtration
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=Cw4eWpJfLZdGDKdqc18cP3cmJqA7i47Tkb67RwfmMEZ3H7-2AEBABIISsypcBYMm-y438pMwUoAHa27OEA8gBCagDAcgDywSqBPcBT9D9Z5wLd3Y6EzYayYKjlHCKkH4CUdZ-FIFUPZzr1b9IH6_tXIrDpA1RTgRbakOaOUVVVpcZMNvE2uDOccckB-C-VQQzQ_-YS-8vvvCzi6sHkAHapQGyhXeaY0b_wKzKU7gA1FhSEtiOEkqFqWXeigbBnuXWdLG8YxZ_g0DZqkBHoAUQugiKcwweRI78IguEHoxDvAXgTu2xlYIaT1hBn846w-8uETQkSXS9i236ad6R2RFEe_hs8zthcrfeZXpcW-QY27oRQ1YbMdmTHuhgHTQf75ap2mot9_D4M_FBBXn_m9J_y8sd_aj2mD0mX5mMK2W2mMkzuMAEzour0ZEEiAXroILDRpAGAaAGLoAHjqTMe4gHAZAHAqgH2baxAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB6--sQKoB9XJG6gHpr4bqAeaBqgH89EbqAeW2BuoB6qbsQKoB4OtsQKoB-C9sQKoB_-esQKoB9-fsQKoB8qpsQKoB-ulsQKoB-qxsQKoB5m1sQKoB763sQLYBwDSCCcIABACGBoyAQA6Dp_QgICAgASQwICAgIAISL39wTpYnaeRld2ohAOxCaxCLrvSyx2QgAoBmAsByAsBgAwB2gwRCgsQwMqs89TbybvvARICAQOqDQJVU8gNAbgT5APYEwzQFQGYFgH4FgGAFwE&ae=1&ase=2&gclid=Cj0KCQiAw6yuBhDrARIsACf94RU8AriAlv7Sh0Kf3zbkAdmTDL8zfs_Sa7XspJBnf1Ij1asB27x7IfQaAuoOEALw_wcB&num=1&cid=CAQSQgAvHhf_HezYX_MDc3JDDnOPnnzr3vlPHYP8_E3ckpq8TVuX2VjGD9a_NSqjK2upMxjO3Tv6vKo1qMCBLXd7BNGT3xgB&sig=AOD64_1r2zBhbW9x3qAPQ35EtykfOtgFzw&client=ca-pub-1790876435268565&rf=1&nb=19&adurl=https://naturefreshpurifier.com/blog/charcoal.php%3FaffId%3DFAA74003%26c1%3Dus%26c2%3Dcharcoal_noos%26fid%3D10%26gclid%3DCj0KCQiAw6yuBhDrARIsACf94RU8AriAlv7Sh0Kf3zbkAdmTDL8zfs_Sa7XspJBnf1Ij1asB27x7IfQaAuoOEALw_wcB
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=Cw4eWpJfLZdGDKdqc18cP3cmJqA7i47Tkb67RwfmMEZ3H7-2AEBABIISsypcBYMm-y438pMwUoAHa27OEA8gBCagDAcgDywSqBPcBT9D9Z5wLd3Y6EzYayYKjlHCKkH4CUdZ-FIFUPZzr1b9IH6_tXIrDpA1RTgRbakOaOUVVVpcZMNvE2uDOccckB-C-VQQzQ_-YS-8vvvCzi6sHkAHapQGyhXeaY0b_wKzKU7gA1FhSEtiOEkqFqWXeigbBnuXWdLG8YxZ_g0DZqkBHoAUQugiKcwweRI78IguEHoxDvAXgTu2xlYIaT1hBn846w-8uETQkSXS9i236ad6R2RFEe_hs8zthcrfeZXpcW-QY27oRQ1YbMdmTHuhgHTQf75ap2mot9_D4M_FBBXn_m9J_y8sd_aj2mD0mX5mMK2W2mMkzuMAEzour0ZEEiAXroILDRpAGAaAGLoAHjqTMe4gHAZAHAqgH2baxAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB6--sQKoB9XJG6gHpr4bqAeaBqgH89EbqAeW2BuoB6qbsQKoB4OtsQKoB-C9sQKoB_-esQKoB9-fsQKoB8qpsQKoB-ulsQKoB-qxsQKoB5m1sQKoB763sQLYBwDSCCcIABACGBoyAQA6Dp_QgICAgASQwICAgIAISL39wTpYnaeRld2ohAOxCaxCLrvSyx2QgAoBmAsByAsBgAwB2gwRCgsQwMqs89TbybvvARICAQOqDQJVU8gNAbgT5APYEwzQFQGYFgH4FgGAFwE&ae=1&ase=2&gclid=Cj0KCQiAw6yuBhDrARIsACf94RU8AriAlv7Sh0Kf3zbkAdmTDL8zfs_Sa7XspJBnf1Ij1asB27x7IfQaAuoOEALw_wcB&num=1&cid=CAQSQgAvHhf_HezYX_MDc3JDDnOPnnzr3vlPHYP8_E3ckpq8TVuX2VjGD9a_NSqjK2upMxjO3Tv6vKo1qMCBLXd7BNGT3xgB&sig=AOD64_1r2zBhbW9x3qAPQ35EtykfOtgFzw&client=ca-pub-1790876435268565&rf=1&nb=9&adurl=https://naturefreshpurifier.com/blog/charcoal.php%3FaffId%3DFAA74003%26c1%3Dus%26c2%3Dcharcoal_noos%26fid%3D10%26gclid%3DCj0KCQiAw6yuBhDrARIsACf94RU8AriAlv7Sh0Kf3zbkAdmTDL8zfs_Sa7XspJBnf1Ij1asB27x7IfQaAuoOEALw_wcB
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=Cw4eWpJfLZdGDKdqc18cP3cmJqA7i47Tkb67RwfmMEZ3H7-2AEBABIISsypcBYMm-y438pMwUoAHa27OEA8gBCagDAcgDywSqBPcBT9D9Z5wLd3Y6EzYayYKjlHCKkH4CUdZ-FIFUPZzr1b9IH6_tXIrDpA1RTgRbakOaOUVVVpcZMNvE2uDOccckB-C-VQQzQ_-YS-8vvvCzi6sHkAHapQGyhXeaY0b_wKzKU7gA1FhSEtiOEkqFqWXeigbBnuXWdLG8YxZ_g0DZqkBHoAUQugiKcwweRI78IguEHoxDvAXgTu2xlYIaT1hBn846w-8uETQkSXS9i236ad6R2RFEe_hs8zthcrfeZXpcW-QY27oRQ1YbMdmTHuhgHTQf75ap2mot9_D4M_FBBXn_m9J_y8sd_aj2mD0mX5mMK2W2mMkzuMAEzour0ZEEiAXroILDRpAGAaAGLoAHjqTMe4gHAZAHAqgH2baxAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB6--sQKoB9XJG6gHpr4bqAeaBqgH89EbqAeW2BuoB6qbsQKoB4OtsQKoB-C9sQKoB_-esQKoB9-fsQKoB8qpsQKoB-ulsQKoB-qxsQKoB5m1sQKoB763sQLYBwDSCCcIABACGBoyAQA6Dp_QgICAgASQwICAgIAISL39wTpYnaeRld2ohAOxCaxCLrvSyx2QgAoBmAsByAsBgAwB2gwRCgsQwMqs89TbybvvARICAQOqDQJVU8gNAbgT5APYEwzQFQGYFgH4FgGAFwE&ae=1&ase=2&gclid=Cj0KCQiAw6yuBhDrARIsACf94RU8AriAlv7Sh0Kf3zbkAdmTDL8zfs_Sa7XspJBnf1Ij1asB27x7IfQaAuoOEALw_wcB&num=1&cid=CAQSQgAvHhf_HezYX_MDc3JDDnOPnnzr3vlPHYP8_E3ckpq8TVuX2VjGD9a_NSqjK2upMxjO3Tv6vKo1qMCBLXd7BNGT3xgB&sig=AOD64_1r2zBhbW9x3qAPQ35EtykfOtgFzw&client=ca-pub-1790876435268565&rf=1&nb=0&adurl=https://naturefreshpurifier.com/blog/charcoal.php%3FaffId%3DFAA74003%26c1%3Dus%26c2%3Dcharcoal_noos%26fid%3D10%26gclid%3DCj0KCQiAw6yuBhDrARIsACf94RU8AriAlv7Sh0Kf3zbkAdmTDL8zfs_Sa7XspJBnf1Ij1asB27x7IfQaAuoOEALw_wcB
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=Cw4eWpJfLZdGDKdqc18cP3cmJqA7i47Tkb67RwfmMEZ3H7-2AEBABIISsypcBYMm-y438pMwUoAHa27OEA8gBCagDAcgDywSqBPcBT9D9Z5wLd3Y6EzYayYKjlHCKkH4CUdZ-FIFUPZzr1b9IH6_tXIrDpA1RTgRbakOaOUVVVpcZMNvE2uDOccckB-C-VQQzQ_-YS-8vvvCzi6sHkAHapQGyhXeaY0b_wKzKU7gA1FhSEtiOEkqFqWXeigbBnuXWdLG8YxZ_g0DZqkBHoAUQugiKcwweRI78IguEHoxDvAXgTu2xlYIaT1hBn846w-8uETQkSXS9i236ad6R2RFEe_hs8zthcrfeZXpcW-QY27oRQ1YbMdmTHuhgHTQf75ap2mot9_D4M_FBBXn_m9J_y8sd_aj2mD0mX5mMK2W2mMkzuMAEzour0ZEEiAXroILDRpAGAaAGLoAHjqTMe4gHAZAHAqgH2baxAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB6--sQKoB9XJG6gHpr4bqAeaBqgH89EbqAeW2BuoB6qbsQKoB4OtsQKoB-C9sQKoB_-esQKoB9-fsQKoB8qpsQKoB-ulsQKoB-qxsQKoB5m1sQKoB763sQLYBwDSCCcIABACGBoyAQA6Dp_QgICAgASQwICAgIAISL39wTpYnaeRld2ohAOxCaxCLrvSyx2QgAoBmAsByAsBgAwB2gwRCgsQwMqs89TbybvvARICAQOqDQJVU8gNAbgT5APYEwzQFQGYFgH4FgGAFwE&ae=1&ase=2&gclid=Cj0KCQiAw6yuBhDrARIsACf94RU8AriAlv7Sh0Kf3zbkAdmTDL8zfs_Sa7XspJBnf1Ij1asB27x7IfQaAuoOEALw_wcB&num=1&cid=CAQSQgAvHhf_HezYX_MDc3JDDnOPnnzr3vlPHYP8_E3ckpq8TVuX2VjGD9a_NSqjK2upMxjO3Tv6vKo1qMCBLXd7BNGT3xgB&sig=AOD64_1r2zBhbW9x3qAPQ35EtykfOtgFzw&client=ca-pub-1790876435268565&rf=1&nb=0&adurl=https://naturefreshpurifier.com/blog/charcoal.php%3FaffId%3DFAA74003%26c1%3Dus%26c2%3Dcharcoal_noos%26fid%3D10%26gclid%3DCj0KCQiAw6yuBhDrARIsACf94RU8AriAlv7Sh0Kf3zbkAdmTDL8zfs_Sa7XspJBnf1Ij1asB27x7IfQaAuoOEALw_wcB
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In the short term and assuming you do not have a problem with any trace

metals, you can boil the water and then �lter the water. The process of boiling

will cause some of the carbonate to be converted to CO2 and the cations causing

"temporary hardness" will form a precipitate that can be �ltered from the water.

You could also install a faucet-mounted or under-the-counter �ltration system

that contains a catalytic medium.  If you use one of the Aquios or Nuvo units, you

may want to consider adding a point-of-use Reverse Osmosis unit.

Recommended Short-Term Water Treatments

ST-AMAZ-A-02 Amazon

Aquios AQFS220 Full-House Salt-Free Water-Softener and
Filter System

ST-AMAZ-N-01 Amazon

Nuvo H2O Dphb - a Home Water-Softener System

ST-CRYS-W-02 Crystal Quest

Water Softener and Whole-House Dual System

Contact a KnowYourH2O Recommended Professional

Not Up for A DIY or you have a series of issues: Need Help Identifying a Local

KnowYourH20 Team Professional? Contact Us

View

View

View

https://www.knowyourh2o.com/indoor-4/reverse-osmosis
https://knowyourh2o.com/partners/amazon
https://amzn.to/2u2yGKK
https://knowyourh2o.com/partners/amazon
https://amzn.to/3egOWtR
https://knowyourh2o.com/partners/filter-water
https://crystalquest.com/products/smart-whole-house-water-filter?aff=24
https://www.knowyourh2o.com/contact
https://amzn.to/2u2yGKK
https://amzn.to/3egOWtR
https://crystalquest.com/products/smart-whole-house-water-filter?aff=24
https://crystalquest.com/products/smart-whole-house-water-filter?aff=24


Long-Term Treatment

In the long term, the choice of options depends on the situation and degree of

your problem. If you are only looking to slightly reduce the hardness of the water

and you have limited space, you may want to consider the NUVO or Aquios units

which will require that you change one or more �lter cartridges every 6 months.

There are also no-salt systems that contain a catalytic medium which would have

to be rebedded every 750,000 gallons or more depending on the degree of

hardness. For very hard water, we suggest the standard "salt" based water

softening systems. These systems will have an automatic backwash cycle and

have a "salt" tank to create the brine that is used to regenerate the system. Do

note, however, that such ion exchange systems add sodium to the water which

could be a problem for people with high blood pressure.

Recommended Long-Term Water Treatments

LT-CRYS-S-02 Crystal Quest

Salt-Free Water Softener Anti-Scale System

LT-FILT-W-02 Filter Water

Water Softener and Whole-House Dual System (Code
A27AC)

LT-AMAZ-U-01 Amazon

Ukoke RO75GP 6 Stages Reverse Osmosis Water Filtration
System, NSF/ANSI 58 & IAPMO Platinum Seal Certi�ed

View

View

View

https://knowyourh2o.com/partners/crystal-quest
https://crystalquest.com/products/salt-free-water-softener?aff=24
https://knowyourh2o.com/partners/filter-water
https://www.filterwater.com/pc-411-24-water-softener-and-whole-house-dual-system.aspx?affid=10156
https://knowyourh2o.com/partners/amazon
https://amzn.to/30KnDlm
https://crystalquest.com/products/salt-free-water-softener?aff=24
https://www.filterwater.com/pc-411-24-water-softener-and-whole-house-dual-system.aspx?affid=10156
https://amzn.to/30KnDlm


Contact a KnowYourH2O Recommended Professional

Not Up for A DIY or you have a series of issues: Need Help Identifying a Local

Know Your H20 Team Professional? Contact Us

Recommended Reading

Amazon

Water Treatment Grade 1 WSO: AWWA Water System Operations WSO

Amazon

Water Treatment Grade 2 WSO: AWWA Water System Operations WSO

Amazon

Water Treatment Grades 3 and 4 WSO: AWWA Water System Operations WSO

https://www.knowyourh2o.com/contact
https://knowyourh2o.com/partners/amazon
https://amzn.to/36ly54q
https://knowyourh2o.com/partners/amazon
https://amzn.to/2sKC8ZJ
https://knowyourh2o.com/partners/amazon
https://amzn.to/2ZMzKxE
https://crystalquest.com/products/salt-free-water-softener?aff=24
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APPENDIX G 

Risk and Benefit Table for Main Filter Plant Alternatives 



Risk Level Benefit Level Option 1 Keep Existing Filtration Treatment Process

High - Yes Low - No Option 2 Ion Exchange Treatment Process

Medium Medium Option 3 Reverse Osmosis/ Nanofiltration Treatment Process

Low - No High - Yes Option 4 Pellet Softening

Option 5 Change from Ground Water Source to Surface Water Source

No Change

Replace Filter 

Tank

at Existing 

Location

Alternative 1 Alternative 2

Option 1 Option 1 Option 1 Option 2 Option 3 Option 4 Option 1 Option 2 Option 3 Option 4 Option 5

Main Water Filter Plant

Boil Water Notice Risk High Low Low Low Low Low Low Low Low Low Low

Potential for River Flooding Risk Medium Medium Medium Medium Medium Medium Low Low Low Low Low

Year Round Dry Land Access Benefit No -Medium No -Medium No -Medium No -Medium No -Medium No -Medium Yes Yes Yes Yes Yes

Facility Operates During Power Outage Benefit No No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Ground Storage Reservoirs

Boil Water Notice Risk High High Low Low Low Low Low Low Low Low Low

Groundwater Infiltration Risk High High Low Low Low Low Low Low Low Low Low

Potential for River Flooding Risk Medium Medium Medium Medium Medium Medium Low Low Low Low Low

Year Round Dry Land Access Benefit No -Medium No -Medium No -Medium No -Medium No -Medium No -Medium Yes Yes Yes Yes Yes

Facility Operates During Power Outage Benefit No No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Main Booster Pump Station

Boil Water Notice Risk High High Low Low Low Low Low Low Low Low Low

Draining Water Tower Fast Risk High High Low Low Low Low Low Low Low Low Low

Potential for River Flooding Risk Medium Medium Medium Medium Medium Medium Low Low Low Low Low

Year Round Dry Land Access Benefit No -Medium No -Medium No -Medium No -Medium No -Medium No -Medium Yes Yes Yes Yes Yes

Solves Pump Priming Issue Benefit No No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Facility Operates During Power Outage Benefit Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Well 4 Site

Potential for River Flooding Risk Medium Medium Low Low Low Low Low Low Low Low Low

Year Round Dry Land Access Benefit No -Medium No -Medium No -Medium No -Medium No -Medium No -Medium Yes Yes Yes Yes Yes

Facility Operates During Power Outage Benefit No No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Well 5 Site

Facility Operates During Power Outage Benefit No No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Well 8 Water Filter Plant

Build Raw Water Transmission Main to Well 9 Risk No No No Yes Yes Yes No Yes Yes Yes No

Facility Operates During Power Outage Benefit No No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Well 9 Water Filter Plant

Add Building to Well Site Risk No No No Yes Yes Yes No Yes Yes Yes No

Replace Media in Existing Pressure Filter Benefit No Yes No Yes Yes Yes No Yes Yes Yes No

Facility Operates During Power Outage Benefit Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Risks and Benefits for Main Filter Plant Alternatives and Water Treatment Options

Water Treatment Options

Switch to 

Surface Water

New Water Treatment Plant

at New Site

Alternative 4

Rebuild Water Treatment Plant Building and Reserviors

at Current Location

Alternative 3

Description

Kaukauna Utilities 
Water Study 

3/6/2024

Risk or 

Benefit



Risk Level Benefit Level Option 1 Keep Existing Filtration Treatment Process

High - Yes Low - No Option 2 Ion Exchange Treatment Process

Medium Medium Option 3 Reverse Osmosis/ Nanofiltration Treatment Process

Low - No High - Yes Option 4 Pellet Softening

Option 5 Change from Ground Water Source to Surface Water Source

No Change

Replace Filter 

Tank

at Existing 

Location

Alternative 1 Alternative 2

Option 1 Option 1 Option 1 Option 2 Option 3 Option 4 Option 1 Option 2 Option 3 Option 4 Option 5

Risks and Benefits for Main Filter Plant Alternatives and Water Treatment Options

Water Treatment Options

Switch to 

Surface Water

New Water Treatment Plant

at New Site

Alternative 4

Rebuild Water Treatment Plant Building and Reserviors

at Current Location

Alternative 3

Description

Kaukauna Utilities 
Water Study 

3/6/2024

Risk or 

Benefit

Well 10 Site

Facility Operates During Power Outage Benefit No No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Water Treatment Process

Capital Costs Risk None Low Medium Medium High High Low Medium High High Medium

Operating Costs Risk Low Low Low Medium High Medium Low Medium High Medium High

Discharges Chlorides to the WWTP Risk No No No Yes No No No Yes No No No

Adds Sodium to the Water Risk No No No Yes No

Yes - Caustic, 

No - Lime No Yes No

Yes - Caustic, 

No - Lime No

Treatment Process Uses Excess Water Risk No No No No Yes No No No Yes No No

Uses Chemicals to remove Radium Risk Yes Yes Yes No No Yes Yes No No Yes No

Uses Chemicals for AntiScaling Risk No No No No Yes No No No Yes No No

Use Chemicals for pH Adjustment Risk No No No Yes No Yes No Yes No Yes No

New Treatment Process For Operators Risk No No No Yes Yes Yes No Yes Yes Yes No

Operator Input Risk Low Low Low Medium Low High Low Medium Low High Low

Requires Centralized Treatment Plant Risk No No No No No No No No No No No

Requires 24-hour Well Run Time Risk No No No No No No No No No No No

Requires 8-hour Minimum Well Run Time Risk No No No No No Yes No No No Yes No

Liquid Waste Risk Yes Yes Yes Yes Yes No Yes Yes Yes No No

Liquid Waste Required to go to WWTP Risk Yes Yes Yes Yes Maybe No Yes Yes Maybe No No

Amount of Liquid Waste Produced Risk 6% 6% 6% 6% 17% Minimal 6% 6% 17% Minimal No

Removes Iron Benefit Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Removes Manganese Benefit Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Removes Calcium Benefit No No No Yes Yes Yes No Yes Yes Yes Yes

Removes Magnesium Benefit No No No Yes Yes No No Yes Yes No Yes

Removes Radium Benefit Yes Yes Yes Yes Yes 50-80% Yes Yes Yes 50-80% Yes

Removes Hardness Benefit No No No Yes Yes 80-90% No Yes Yes 80-90% Yes

Removes Sulfate Benefit No No No Yes Yes Yes No Yes Yes Yes Yes

Removes Total Dissolved Solids Benefit No No No Yes Yes 80-90% No 100% 100% 80-90% Yes

Removes Strontium Benefit No No No Yes Yes Yes No Yes Yes Yes Yes

Removes PFAS Benefit No No No No Yes No No No Yes No Yes

Reduces existing Salt Usage by Customers Benefit No No No Yes Yes Yes No Yes Yes Yes Yes

Extends life of customer water heaters Benefit No No No Yes Yes Yes No Yes Yes Yes Yes



Risk Level Benefit Level Option 1 Keep Existing Filtration Treatment Process

High - Yes Low - No Option 2 Ion Exchange Treatment Process

Medium Medium Option 3 Reverse Osmosis/ Nanofiltration Treatment Process

Low - No High - Yes Option 4 Pellet Softening

Option 5 Change from Ground Water Source to Surface Water Source

No Change

Replace Filter 

Tank

at Existing 

Location

Alternative 1 Alternative 2

Option 1 Option 1 Option 1 Option 2 Option 3 Option 4 Option 1 Option 2 Option 3 Option 4 Option 5

Risks and Benefits for Main Filter Plant Alternatives and Water Treatment Options

Water Treatment Options

Switch to 

Surface Water

New Water Treatment Plant

at New Site

Alternative 4

Rebuild Water Treatment Plant Building and Reserviors

at Current Location

Alternative 3

Description

Kaukauna Utilities 
Water Study 

3/6/2024

Risk or 

Benefit

Water Age Longer than 7 days Risk No No No No No No No No No No Yes

Maintain Wells as Backup & Pump to Waste Risk No No No No No No No No No No Yes

Single Source Water Supply Main Risk No No No No No No No No No No Yes

Raises Water Rates Risk No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Kaukauna Utilities in Control of Water Rates Benefit Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No

Potential to Save Customer Softening Costs Benefit No No No Yes Yes Yes No Yes Yes Yes Yes

Grants Available Benefit No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes



APPENDIX G 

Surveys and Water Softening Costs Details 
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WATER QUALITY &
CUSTOMER SATISFACTION
Survey Analysis



Total responses:

1



Q1: Please select the option below that best describes you:

Answered: 1,302  Skipped: 7

2



Q2: Does your home or business have a water softener?

Answered: 1,304  Skipped: 5

3



Q3: About how much do you spend per month on your
softening system (including salt and maintenance)?

Answered: 1,123  Skipped: 186

4



Q4: Do you drink water from the tap or drink
bottled/filtered water? 

Answered: 1,301  Skipped: 8

5



Q5: If bottled/filtered water, do you purchase bottled
water or have a home water filter system?

Answered: 952  Skipped: 357

6



Q6: If bottled/filtered water, about how much do you
spend per month purchasing bottled water or maintaining
your home water filter system?

Answered: 938  Skipped: 371

7



Q7: How much would you be willing to pay, per month, for
the utility to soften the water so you would no longer have
to soften the water at your home or business?

Answered: 1,294  Skipped: 15

8



Q8: What improvements or changes would you like to see
to Kaukauna Utilities’ water quality? Please select all that
apply.

Answered: 1,281  Skipped: 28

9



Q9: On a scale of 1 (very dissatisfied) to 5 (very satisfied),
how satisfied are you with your water quality from
Kaukauna Utilities? 

Answered: 1,291  Skipped: 18

10



Q10: What is/are the reason/s for your answer?

11

Key themes presented below:

Wear on appliances
(faucets, fixtures, softeners,

water heaters, etc)

Poor quality
Hard water

Tastes bad
Won’t drink it



Q11: How many people reside at your address?

Answered: 1,295  Skipped: 14

12



Plumber Survey - Compiled Answers

13



Softening Company Survey - Compiled Answers

14



Current Water Softening Costs for Kaukauna Customers

Salt Costs

Cost of Salt $0.18 per pound

100            pounds per month for Kaukauna average residential customer*

$18.00 per month

$216.00 per year

*Based on plumber survey, see Appendix G. 

Water Softener Regeneration Costs

1. Water Cost

50               gallons per regeneration cycle

High estimate: regeneration cycle every 2 days

2                 days 

9,125          gallons for regeneration per year

1,220          cubic feet for regeneration per year

11.61$       per 100 cubic feet total rate (water $2.86 + wastewater $8.75)

141.61$     per year high estimate

Low estimate: regeneration cycle every 7 days

7                 days 

2,607          gallons for regeneration per year

349             cubic feet for regeneration per year

11.61$       per 100 cubic feet total rate (water $2.86 + wastewater $8.75)

40.46$       per year low estimate

Total annual water regeneration costs 40.46$                - 141.61$  

Average water cost for regeneration per year 91.04$    

Water Softener Replacement Costs

Average Water Softener Installed Cost* 1,000.00$          

Lifespan of Water Softener in Kaukauna* 10                        Year

*Based on plumber survey, see Appendix G. 

Cost per year 100.00$              

Note - all cost estimates below are done for the 0.75" water meter. These costs are then scaled for larger 

meters. See below for scaling explanation. 



Water Heater Replacement Costs

Average Water Heater Installed Cost* 1,100.00$      

Lifespan of Water Heater in Kaukauna* 7          Year

*Based on plumber survey, see Appendix G. 157.14$      

Appliance Replacement Costs

Dishwasher Cost 650.00$      

Dishwasher Installation Cost 200.00$      

Lifespan* 7  Year

Cost per year 121.43$      

Clothes Washer Cost 800.00$      

Clothes Washer Installation Cost 150.00$      

Lifespan* 7  Year

Cost per year 135.71$      

Total appliance replacement cost per year 257.14$      

*Based on plumber survey, see Appendix G.



Customer Costs with Hardness Reduction Treatment

Salt Costs

Kaukauna Avg Current Hardness 635 mg/L

Target Hardness 120 mg/L

Ratio Avg : Target 0.19

Cost of Salt $0.18 per pound

100            pounds per month for Kaukauna residential customer for current hardness*

19              pounds per month for target hardness

$3.40 per month

$40.82 per year

*Based on plumber survey, see Appendix G. 

Water Softener Regeneration Costs

1. Water Cost

50 gallons per regeneration

High Estimate

2                  current average days between regeneration

0.19            ratio between target and current hardness

10.6            days between regeneration with target hardness levels

1,724          gallons for regeneration per year

231             cubic feet for regeneration per year

11.61$       per 100 cubic feet total rate (water $2.86 + wastewater $8.75)

26.76$       per year high estimate

Low Estimate

7                  current average days between regeneration

0.19            ratio between target and current hardness

37               days between regeneration with target hardness levels

493             gallons for regeneration per year

66               cubic feet for regeneration per year

11.61$       per 100 cubic feet total rate (water $2.86 + wastewater $8.75)

7.65$          high estimate per year

Total annual water regeneration costs 7.65$                  - 26.76$    

Average cost for regeneration per year 17.20$    

Note - all cost estimates below are done for the 0.75 inch water meter. These costs are then scaled for 

larger meters. See below for scaling explanation. 



Water Softener Replacement Costs

Average Water Softener Cost* 1,000.00$          

Lifespan of Water Softener w Soft Water* 15 Year

*Based on plumber survey, see Appendix G. 

Cost per year 66.67$                

Water Heater Replacement Costs

Average Water Heater Cost* 1,100.00$          

Lifespan of Water Heater w Soft Water* 12.5 Year

*Based on plumber survey, see Appendix G. 

Cost per year 88.00$                

Appliance Replacement Costs

Dishwasher Cost 650.00$              

Dishwasher Install 200.00$              

Lifespan* 12.5 Year

Cost per year 68.00$                

Clothes Washer Cost 800.00$              

Clothes Washer Install 150.00$              

Lifespan* 12.5 Year

Cost per year 76.00$                

Total appliance replacement cost per year 144.00$              

*Based on plumber survey, see Appendix G. 



Scaling the above cost estimates for larger meters -

Meter Size 

(inch)

Cross Sectional 

Area of Service 

(Square inches)

Area Ratio to 

0.75 inch Meter

0.75 0.44 1.00

1.0 0.79 1.78

1.5 1.77 4.00

2.0 3.14 7.11

3.0 7.07 16.00

4.0 12.57 28.44

Use the ratio of the cross sectional areas as a multiplying factor for the average cost for each water service size.

Note that there is no difference between appliance replacement for 0.75 inch and 1.0 inch residential customers.



PLUMBER SURVEY
BEVERS AND FISCHER PLUMBING
11/28/2023

1. Do you do plumbing work in the City of Kaukauna?
a. YES 15 % OF THEIR WORK IS IN KAUKAUNA. 

2. How long have you been doing business in the area? 
a. 32 YEARS. 

3. Do you notice a water quality difference in Kaukauna vs other communities in the area? 
a. YES – KAUKAUNA IS WORSE. 

4. What is the lifespan for X in Kaukauna? Is there a difference between Kaukauna and 
other communities? 

a. Softener – brand preference? HE DOESN’T DO MUCH WITH SOFTENERS, 
BUT WOULD SAY THEY GENERALLY LAST 10-15 YEARS. 

b. Water Heater – brand preference? IN KAUKAUNA, 5-6 YEARS. IN OTHER 
COMMUNITIES 10-15 YEARS. 

c. Dishwasher – NO INPUT. 
d. Clothes Washer – NO INPUT. 
e. Plumbing Fixtures – NO INPUT. 

5. Do you know how much salt a typical Kaukauna customer goes through per month?  NO 
INPUT. 

6. What is the typical cost for a water heater at a residence? Installation cost? 
a. $1300 STANDARD INSTALLED
b. $2200 POWER VENT INSTALLED
c. $900-$1000 ELECTRIC. THIS IS MOST COMMON IN KAUKAUNA. 

7. Have you noticed if Kaukauna has more emergency plumbing calls/requests vs other 
communities? 

a. NO
8. Please share any additional comments or suggestions regarding Kaukauna Utilities’ 

water. 
WRIGHTSTOWN USED TO HAVE SIMILAR WATER QUALITY BEFORE SWITCHING 
TO SURFACE WATER. MANY IN THAT COMMUNITY HAVE GOTTEN RID OF 
WATER SOFTENERS. 
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PLUMBER SURVEY
GRISHBACH PLUMBING

1. Do you do plumbing work in the City of Kaukauna?
a. YES 5-10% OF THEIR WORK IS IN KAUKAUNA. 

2. How long have you been doing business in the area? 
a. 20+ YEARS. 

3. Do you notice a water quality difference in Kaukauna vs other communities in the area? 
a. YES – KAUKAUNA WATER IS MUCH HARDER. 

4. What is the lifespan for X in Kaukauna? Is there a difference between Kaukauna and 
other communities? 

a. Softener – brand preference? 10-12 YEARS IN KAUKAUNA VS. 15-20 YEARS 
ELSEWHERE. THEY PREFER CLACK VALVES, FROM CAPITAL WATER 
CONDITIONING IN MADISON. 

b. Water Heater – brand preference? 7-8 YEARS IN KAUKAUNA VS. 10-15 
YEARS ELSEWHERE. 

c. Dishwasher – 10-15 YEARS WITH WATER SOFTENER VS. 5-10 YEARS 
WITHOUT WATER SOFTENER (DEPENDS ON WATER SOFTENING AT 
RESIDENCE IN KAUKAUNA). 

d. Clothes Washer – 10-15 YEARS WITH WATER SOFTENER VS. 5-10 YEARS 
WITHOUT WATER SOFTENER (DEPENDS ON WATER SOFTENING AT 
RESIDENCE IN KAUKAUNA). 

e. Plumbing Fixtures – 5-10 YEARS IN KAUKAUNA VS. 20+ YEARS 
ELSEWHERE. 

5. Do you know how much salt a typical Kaukauna customer goes through per month? NO. 
6. What is the typical cost for a water heater at a residence? Installation cost? 

a. $2000+ POWER VENTED GAS
b. $1500 STANDARD VENTED GAS
c. $1300-1400 ELECTRIC

7. Have you noticed if Kaukauna has more emergency plumbing calls/requests vs other 
communities? 

a. NO
8. Please share any additional comments or suggestions regarding Kaukauna Utilities’ 

water. 
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PLUMBER SURVEY
JEFF’S WATER CONDITIONING AND PLUMBING
11/28/2023

1. Do you do plumbing work in the City of Kaukauna?
a. YES 30-40% OF THEIR WORK IS DONE IN KAUKAUNA. 

2. How long have you been doing business in the area? 
a. 50 YEARS 

3. Do you notice a water quality difference in Kaukauna vs other communities in the area? 
a. YES – HE SEES HIGH HARDNESS, HIGH TDS, RADIUM HIGH.

4. What is the lifespan for X in Kaukauna? Is there a difference between Kaukauna and 
other communities? 

a. Softener – brand preference? 15 YR, ABOUT THE SAME
b. Water Heater – brand preference? 10 YRS, ABOUT THE SAME
c. Dishwasher – NO WATER SOFTENER 3 YR, W WATER SOFTENER 10 YR
d. Clothes Washer
e. Plumbing Fixtures – 5 YR NO WATER S, 15 YR W WATER S

5. Do you know how much salt a typical Kaukauna customer goes through per month? 1 
LB/DAY/PERSON KAKAUNA 

6. What is the typical cost for a water heater at a residence? Installation cost? 
$1,000 W INSTALL

7. Have you noticed if Kaukauna has more emergency plumbing calls/requests vs other 
communities? 

a. NO
8. Please share any additional comments or suggestions regarding Kaukauna Utilities’ 

water. 
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PLUMBER SURVEY
Ken’s Plumbing
12/7/2023

1. Do you do plumbing work in the City of Kaukauna?
a. YES 10% OF WORK IS IN KAUKAUMNA

2. How long have you been doing business in the area? 
a. 41 YEARS

3. Do you notice a water quality difference in Kaukauna vs other communities in the area? 
a. YES – WATER IS HARDER AND IS HARDER ON FIXTURES AND 

APPLIANCES. 
4. What is the lifespan for X in Kaukauna? Is there a difference between Kaukauna and 

other communities? 
a. Softener – brand preference? N/A
b. Water Heater – brand preference? 6-8 YEARS IN KAUKAUNA, 10-12 YEARS 

ELSEWHERE
c. Dishwasher 6-8 YEARS IN KAUKAUNA, 10-12 YEARS ELSEWHERE
d. Clothes Washer N/A
e. Plumbing Fixtures N/A

5. Do you know how much salt a typical Kaukauna customer goes through per month? N/A
6. What is the typical cost for a water heater at a residence? Installation cost? $900 

ELECTRIC
7. Have you noticed if Kaukauna has more emergency plumbing calls/requests vs other 

communities? 
a. NO

8. Please share any additional comments or suggestions regarding Kaukauna Utilities’ 
water. 
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PLUMBER SURVEY
Midwest Mechanical
12/4/2023 

1. Do you do plumbing work in the City of Kaukauna?
a. YES ABOUT 15% OF THEIR WORK IS IN KAUKAUNA. 

2. How long have you been doing business in the area? 
a. 7 YEARS

3. Do you notice a water quality difference in Kaukauna vs other communities in the area? 
a. Yes – WORST WATER IN THE AREA DUE TO HIGH HARDNESS. 

4. What is the lifespan for X in Kaukauna? Is there a difference between Kaukauna and 
other communities? 

a. Softener – brand preference? 8-10 YEARS KAUKAUNA, NOT NEEDED 
ELSEWHERE. BRAND PREFERENCE IS WATER RIGHT. 

b. Water Heater – brand preference? 6-7 YEARS WITH HARD WATER IN 
KAUKAUNA, 10-15 YEARS WITH SOFT WATER. 

c. Dishwasher 6-8 YEARS WITH HARD WATER, 10-15 WITH SOFTENED 
WATER. 

d. Clothes Washer N/A
e. Plumbing Fixtures HALF THE LIFESPAN WITH HARD WATER. 

5. Do you know how much salt a typical Kaukauna customer goes through per month? 60 
LB/ MONTH, DEPENDING ON SIZE OF HOUSEHOLD. 

6. What is the typical cost for a water heater at a residence? Installation cost? $900-1100 
ELECTRIC INSTALLED. 

7. Have you noticed if Kaukauna has more emergency plumbing calls/requests vs other 
communities? 

a. NO
8. Please share any additional comments or suggestions regarding Kaukauna Utilities’ 

water. N/A
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PLUMBER SURVEY
VANDEHEY IDEAL PLUMBING
11/28/2023

1. Do you do plumbing work in the City of Kaukauna?
a. Yes – 50% OF THEIR WORK IS IN KAUKAUNA.  

2. How long have you been doing business in the area? 
a. 25 YEARS

3. Do you notice a water quality difference in Kaukauna vs other communities in the area? 
a. Yes

i. If yes, what are the major differences? YES – MOSTLY DUE TO 
HARDNESS AND POSSIBLY AN ADDITIVE THAT’S PUT IN FOR 
TREATMENT. 75% OF THE HOUSES HAVE WATER SOFTENERS 
AND THEY ARE NEEDED. WATER THAT GOES THROUGH WATER 
HEATERS AND APPLIANCES SHOULD BE SOFTENED WATER AS 
LONG AS PEOPLE TAKE CARE OF THE SOFTENER. HE HAS SEEN 
THAT PEOPLE DON’T KEEP ENOUGH SALT IN THE WATER 
SOFTENER. 

4. What is the lifespan for X in Kaukauna? Is there a difference between Kaukauna and 
other communities? 

a. Softener – brand preference? KAUKAUA WATER SOFTENERS WORK TWICE 
AS HARD. CAN REBED SYSTEM, AND THEN THEY’D BE GOOD TO GO. 
WILL BREAK DOWN TWICE AS FAST. DEPENDS ON THE SOFTENER – HE 
MOSTLY DOES HELLENBRAND (PACKER CITY SOFT WATER IS THE 
SUPPLIER). 15 YEAR LIFE BUT IT DEPENDS ON THE SOFTENER I.E. 
BOUGHT AT MENARDS WOULDN’T HOLD UP AS WELL. 

b. Water Heater – brand preference? YES – DEPENDS ON THE BRAND AND 
QUALITY OF WATER HEATER. IF MAINTENANCE IS KEPT UP ON THEM, 
FLUSH THEM OUT EVERY YEAR. WOULD STILL SAY THAT THERE IS A 
DIFFERENCE. HE USED TO LIVE IN KAUKAUNA AND HAD A WATER 
HEATER THAT LASTED 17 YEARS, BUT HE HAS SEEN 8 YEARS LIFESPAN. 
10-12 YEARS OLD WOULD BE THE END OF THE LIFESPAN IN KAUKAUNA. 

c. Dishwasher – NO INPUT. 
d. Clothes Washer – NO INPUT. 
e. Plumbing Fixtures – NO INPUT. 

5. Do you know how much salt a typical Kaukauna customer goes through per month? (1-
2) 50 LB BAGS. 

6. What is the typical cost for a water heater at a residence? Installation cost?
a.  ELECTRIC $1000 INSTALLED. 
b. CONVENTIONAL NATURAL GAS $1300-1400 INSTALLED. 
c. POWER VENT NATURAL GAS +$2000 INSTALLED. 
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7. Have you noticed if Kaukauna has more emergency plumbing calls/requests vs other 
communities? 

a. No
8. Please share any additional comments or suggestions regarding Kaukauna Utilities’ 

water. 



PLUMBER SURVEY

WILDE PLUMBING (PLUMBER I TALKED TO IS A KAUKAUNA CITY RESIDENT)

11/29/2023

1. Do you do plumbing work in the City of Kaukauna?

a. YES 50% OF HIS WORK IS IN KAUKAUNA. 

2. How long have you been doing business in the area? 

a. 42 YEARS

3. Do you notice a water quality difference in Kaukauna vs other communities in the area? 

a. YES – THE STATUS QUO IN KAUKAUNA IS TO HAVE A WATER SOFTENER 

DUE TO THE HIGH WATER HARDNESS. 

4. What is the lifespan for X in Kaukauna? Is there a difference between Kaukauna and 

other communities? 

a. Softener – brand preference? 10-20 YEARS. NO DIFFERENCE BETWEEN 

KAUKAUNA AND OTHER COMMUNITIES. THIS PLUMBER INSTALLS WATER 

SOFTENERS THAT ARE BIGGER FOR KAUKAUNA. GETTING THEM AT A 

BIG BOX STORE WOULD NOT BE SIZED CORRECTLY FOR KAUKAUNA, 

TOO SMALL. 

b. Water Heater – brand preference? 3-7 YEARS IN KAUKAUNA WITH WATER 

SOFTENER. 1-3 YEARS IN KAUKAUNA WITHOUT WATER SOFTENER. 

OTHER COMMUNITIES WOULD SEE A LIFESPAN OF 20 YEARS. 

c. Dishwasher – 10-12 YEARS. NO DIFFERENCE BETWEEN KAUKAUNA AND 

OTHER COMMUNITIES IF WATER IS SOFTENED CORRECTLY. DEPENDS 

ON THE QUALITY OF DISHWASHER BOUGHT. 

d. Clothes Washer – NO INPUT. 

e. Plumbing Fixtures – NO INPUT. 

5. Do you know how much salt a typical Kaukauna customer goes through per month? HE 

GOES THROUGH 7 BAGS IN THREE MONTHS. IF THE WATER SOFTENER IS 

OLDER, THIS WOULD BE HIGHER. 

6. What is the typical cost for a water heater at a residence? Installation cost? 

a. $1400 INSTALLED FOR ELECTRIC

b. $1600 INSTALLED FOR 40 GALLON GAS. 

c. ELECTRIC IS MORE COMMON IN KAUKAUNA BECAUSE KAUKAUNA HAS 

ITS OWN ELECTRIC COMPANY SO IT IS CHEAPER, BUT GAS IS MORE 

EFFICIENT. 

7. Have you noticed if Kaukauna has more emergency plumbing calls/requests vs other 

communities? 

a. NO
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8. Please share any additional comments or suggestions regarding Kaukauna Utilities’ 

water. 



SOFTENING COMPANY SURVEY
Contractor 1
1/2/2024

1. Do you do business in the City of Kaukauna?
a. YES 40-50% OF BUSINESS IS DONE IN CITY OF KAUKAUNA. 

2. How long have you been doing business in the area? 
a. 50+ YEARS

3. How long does your average water softener last?  
a. 15-20 YEARS 
b. Do you notice any difference in Kaukauna? 

i. HIGH HARDNESS 
4. What brand of water softener do you sell? 

a. CLACK
5. How much does an average water softener cost for a Kaukauna residence? How much 

does installation cost? 
a. $1550

6. How much does an average water softener cost for a commercial business or apartment 
complex in Kaukauna? How much does installation cost? 

a. $5,000 - $20,000
7. On average, how much salt does a Kaukauna home go through monthly? 

a. 100 LB
8. What percentage of Kaukauna homes and businesses would you estimate currently 

have water softeners ?
a. 99%

Company 1
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Conventional Ion Exchange Technology

763.559.2837
www.kuritaamerica.com
Tonka Water, a Kurita brand

©2018

RIDION™

Proven, reliable ion 

exchange processes
Tonka Water, a Kurita brand’s RidION™ ion exchange 
systems solve a broad range of water treatment issues 
from uranium removal, to hardness and barium reduction. 
RidION™ systems incorporate the newest technologies in 
resin regeneration, guaranteeing an efficient and 
effective process with custom controls for your system. 
Tonka Water’s RidION™ systems incorporate the latest 
resin technology utilizing the highest quality resins 
furnished by well-known manufacturers.  Our unique 
regenerant distribution system accomplishes complete 
and uniform regeneration of the resin.  With over 200 
conventional ion exchange installations in the United 
States alone, Tonka Water’s approach is proven 
consistently effective. 

Treatment:

ADVANTAGES

• PLC-based regeneration
controls

• Unique non-plugging,
non-corroding regenerant
distribution system

• Arsenic

• Barium

• Hardness

• Nitrates/sulfate

• Organics

• Perchlorate

• Radium

• Fluoride

• Uranium



 Kurita America Inc. 
6600 94th Avenue North  Minneapolis, MN 55445 
www.kuritaamerica.com  866-663-7633 

May 8, 2023 

Jeff Wolford, PE 
CBS Squared, Inc. 

RE: Kaukauna, WI 
RidION™ Ion Exchange System for Softening 
Preliminary Proposal and Budgetary Estimate 

Dear Jeff, 

In accordance with our understanding of the above project, Tonka Water, a Kurita brand, is pleased to 
provide information concerning the following process equipment. For this project, Tonka Water is 
proposing:  

Tonka Water RidION™ Ion Exchange System for Hardness Removal 

 Each vertical pressure vessel is to be constructed of carbon steel, ASME code stamped, and will
include:

• Schedule 80 PVC header-lateral inlet distributor with upturned elbows
• Schedule 80 PVC header-lateral brine distribution grid
• Cation exchange resin -- NSF approved
• Graded support gravels
• Schedule 80 PVC header-lateral underdrain with Tonka Water non-metallic gravel

retaining nozzles (concrete subfill required by installing contractor)
• Full interior finish painting; exterior blasted and primed at factory (finish painting by

others on site)
 Additional components and services are included as follows:

• System valves, including electrically actuated Bray wafer-style butterfly valves for
system regeneration, including heaters but no limit switches

• Ductile iron vessel facepiping (shipped loose for installation by others)
• Backwash rate of flow meter
• Vessel effluent flow meters, one per vessel
• Fully automated Allen-Bradley PLC control system and panel
• Skid -mounted brine delivery and dilution components, including brine pump, brine

meter, valves, check valves, and other components for a fully functional brine delivery
and dilution system.

• Brine maker/salt storage silo, FRP construction, insulated for placement outdoors
• Freight
• Field services consisting of installation inspection, media installation supervision, start-

up and operator training



 
 
 
 

 
 
 
 

Kurita America Inc. 
6600 94th Avenue North  Minneapolis, MN 55445 
www.kuritaamerica.com  866-663-7633 
 

Well 4, 5 and 10 

Total Design Flow: 1600 gpm 
Total Treated Flow: 1232.5 gpm 
Total Bypass Flow: 367.5 gpm 
Softener Load Rate: 2.7 gpm/sf 
Number of Vessels: 4 
Dimensions: 12'-0'' diameter x 13'-2'' approx. overall height 
Working Pressure: 100 psi 
Test Pressure: 130 psi 
Raw Water Hardness: 653 mg/L 
Design Blended Effluent: 150 mg/L 
Resin - Depth: 48 inches 
Gravel - Depth: 15 inches 

 
The budgetary price for this system is: $ 1,780,000.00 
 
Well 8 and 9 

Total Design Flow: 1760 gpm 
Total Treated Flow: 1320.7 gpm 
Total Bypass Flow: 439.3 gpm 
Softener Load Rate: 2.9 gpm/sf 
Number of Vessels: 4 
Dimensions: 12'-0'' diameter x 13'-2'' approx. overall height 
Working Pressure: 100 psi 
Test Pressure: 130 psi 
Raw Water Hardness: 601 mg/L 
Design Blended Effluent: 150 mg/L 
Resin - Depth: 48 inches 
Gravel - Depth: 15 inches 

 
The budgetary price for this system is: $ 1,780,000.00 
 
 
We look forward to working with you on this water treatment project. If you have any questions, please 
feel free to call me at 612.708.6517 
 
Sincerely, 
 

Alan Schneider 
Territory Manager 
 
cc: Jason Metz, William/Reid, Ltd. 
 



Hi Jeff  

From our engineering team:

Here is the rundown of wastewater and rough operational cost comparisons for the IEX vs. NF softening 
systems.  I used the Main WTP designs for this comparison:

Assumptions:
 Waste and energy/chemical/etc costs based on per MG finished water (treated + blend) for 

Main WTP design (Wells 4, 5, 10)
 Softening from ~667 mg/L total hardness to 150 mg/L 
 Salt costs ~ $100/ton
 Antiscalant cost ~$10/lbs
 Metabisulfite (dechlorination) cost ~$2/lbs
 Energy cost ~$0.15/kWhr
 Energy costs calc’d based on pumping through system (DP for each)
 CIP frequency – every 6 months
 1 mg/L chlorine residual to NF system
 Resin changeout every 10 years
 NF membrane changeout every 5 years

WASTEWATER

IEX: ~61,100 gallons per MG finished (6.1% waste)
NF: ~165,600 gallons per MG finished (16.5% waste)

CHEMICAL CONSUMPTION COST

IEX - Salt: ~$440 per MG finished

NF – Anti-Scalant: ~$56 per MG finished
NF – Metabisulfite: ~$50 per MG finished
NF – CIP: ~$2,000 per 6 months (actual may vary by need)

OTHER CONSUMABLES

IEX - Resin changeout (every 10 years): ~$61,000 (material and delivery cost ONLY – installation costs 
not included)

NF – Cartridge filters (Monthly): ~$950 monthly (material and shipping costs ONLY)
NF – DuPont NF90 changeout (every 5 years): ~$262,000 (material and shipping costs ONLY)

ENERGY USE

IEX - ~$9 per MG finished



NF - ~$160 per MG finished

Hope this helps!

Alan Schneider
Tonka Water Territory Manager
Mobile 612-708-6517 | Main 800-530-1887| a.schneider@kurita-water.com
Kurita America Inc. | Tonka Water, a Kurita brand | www.kuritaamerica.com  

How are we doing? Take our short survey!

KURITA

mailto:a.schneider@kurita-water.com
http://www.kuritaamerica.com/
https://forms.office.com/Pages/ResponsePage.aspx?id=otLyvO4tm0GXHyHlFw-_hMqivK_Ve61Do8ofHnGL-zVUQjBWT1ZGU0U1UDFTSjRIODA4M0FaOVpRQi4u
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FLUX™ RO/NF
Nanofiltration and Reverse Osmosis Treatment

Tonka Water, a Kurita 
brand’s Membrane 

Technologies

We solve a broad range of treatment 
challenges with guaranteed results.

As a manufacturer of membrane systems, the Tonka Water 
brand brings you the latest technologies, as well as years 
of treatment experience. Being a single-source equipment 
provider, we are able to guarantee system performance of 
a stand alone membrane system or a membrane system 
combined with our other treatment equipment. Our Flux™ 
RO/NF membrane systems offer solutions across the full 
membrane filtration spectrum:

Nanofiltration for removal of nitrates, DBP precursors, 
dissolved organics, and softening applications.

Reverse Osmosis for desalination and removal of nitrates, 
chloride, other inorganic compounds and softening 
applications.

BENEFITS

• Factory assembled and wired
• Shop tested and field ready
• Single responsible system supplier
• Integrated controls including

pre-treatment and post-treatment
• Pilot and full-scale design

capability - up to 900psi



• Fully automated

• State-of-the-art technology

• Internet-based control available

• Superior fouling and chemical resistance

• Full spectrum of NF/RO membrane elements

• Backed by Tonka Water guarantee

• Available in single- or two-pass configurations

• Softening

• Color removal

• TDS reduction

• TOC removal

• Radium removal

Eliminate fragmented responsibility with full system control and integrated start-up

Features:

Tonka Water Brand Guarantee
Tonka Water, a Kurita brand provides the best 
custom manufactured water treatment systems 
in the industry.  Our people will deliver excellent 
service and support for your project from 
conceptual and cost-effective design, to 
construction and commissioning; and throughout 
the system warranty and operational life of the 
project.   

Thousands of quality water treatment installations since 1956.

763.559.2837
www.kuritaamerica.com
Tonka Water, a Kurita brand

©2018

Treatment:



 
 
 
 

 
 
 
 

Kurita America Inc. 
12270 43rd Street NE  St. Michael, MN 55376 
www.uswaterservices.com  (866) 663-7633 

 
May 15, 2023 
 
 
 
Jeff Wolford, P.E. 
CBS Squared, Inc. 
 
 
RE: Kaukauna, WI 
 Flux NF™ Nanofiltration System  
 Preliminary Proposal and Budgetary Estimate 
 
Dear Jeff, 
 
In accordance with our understanding of the above project, Tonka Water, a Kurita brand, is pleased to 
provide information concerning the following process equipment. For this project, Tonka Water is 
proposing:  
 
Main WTP (Wells 4, 5, 10): 
 
Tonka Water Flux NF™ Nanofiltration System for Softening 

 
Design Parameters: 

 

Total Influent Flow: 1,600 gpm 
Treated Flow, per Train (skid): 444 gpm 
Bypass Flow, per Train (skid): 91 gpm 
Permeate flow, per Train (skid): 355 gpm 
Concentrate Waste Flow, per Train (skid) : 87 gpm 
Total Combined Effluent Flow: 1,338 gpm 
Total System Recovery: 83.4% 
Design Raw Water Hardness: 667 mg/L as CaCO3 
Design Blended Finished Total Hardness: 150 mg/L as CaCO3 
Number of Trains (skids): 3 

Array: 9x6, 6L 
Elements: DuPont/FilmTec NF90-400/34i 
Total Number of Elements: 270 
Approximate Skid Dimensions, Per: 7.5’ wide x 25’ long x 8’ high 

 

 Tonka Water membrane skids are fully skid mounted, plumbed, wired and factory tested.  Each 
membrane skid will include the following: 

• Painted steel skid 
• Cartridge pre-filter, 1 micron 
• Fiberglass membrane housings with cross-flow membranes 



 
 
 
 

 
 
 
 

Kurita America Inc. 
12270 43rd Street NE  St. Michael, MN 55376 
www.uswaterservices.com  (866) 663-7633 

• High pressure feed pump with variable frequency drive 
• Piping and valves.  Low pressure will be Sch. 80 PVC; high pressure will be Sch. 10 type 

316 stainless steel 
• Meters and instrumentation for measuring and transmitting flow rates, pressures, pH, 

ORP, temperature, and conductivity, as required, for proper monitoring of the system 
• Fully automated Allen-Bradley PLC control panel, mounted on main membrane skid 
• Remote I/O panels, mounted on additional skids 

 
 Additional components and services are included as follows: 

• One (1) Clean-In-Place (CIP) system, skid mounted, including chemical tank, heater, 
recirculation pump, valves, piping, and control panel. 

• Chemical feed systems for feeding sodium bisulfite and antiscalant to each skid/train.  
Each feed system consists of one (1) chemical feed pump assembly with platform for 
wall mounting (wall-mounting by others), one (1) chemical feed tank, and suction 
piping/tubing with foot valve.  Feed tubing between the chemical feed pump and feed 
points are by others. 

• Freight 
• Field services consisting of installation inspection, start-up and operator training 

 
Second WTP (Wells 8 & 9): 
 
Tonka Water Flux NF™ Nanofiltration System for Softening 

 
Design Parameters: 

 

Total Influent Flow: 1,750 gpm 
Treated Flow, per Train (skid): 467 gpm 
Bypass Flow, per Train (skid): 117 gpm 
Permeate flow, per Train (skid): 374 gpm 
Concentrate Waste Flow, per Train (skid) : 94 gpm 
Total Combined Effluent Flow: 1,473 gpm 
Total System Recovery: 84% 
Design Raw Water Total Hardness:  601 mg/L as CaCO3 
Design Blended Finished Total Hardness: 150 mg/L as CaCO3 
Number of Trains (skids): 3 

Array: 9x6, 6L 
Elements: DuPont/FilmTec NF90-400/34i 
Total Number of Elements: 270 
Approximate Skid Dimensions, Per: 7.5’ wide x 25’ long x 8’ high 

 

 Tonka Water membrane skids are fully skid mounted, plumbed, wired and factory tested.  Each 
membrane skid will include the following: 

• Painted steel skid 
• Cartridge pre-filter, 1 micron 



 
 
 
 

 
 
 
 

Kurita America Inc. 
12270 43rd Street NE  St. Michael, MN 55376 
www.uswaterservices.com  (866) 663-7633 

• Fiberglass membrane housings with cross-flow membranes 
• High pressure feed pump with variable frequency drive 
• Piping and valves.  Low pressure will be Sch. 80 PVC; high pressure will be Sch. 10 type 

316 stainless steel 
• Meters and instrumentation for measuring and transmitting flow rates, pressures, pH, 

ORP, temperature, and conductivity, as required, for proper monitoring of the system 
• Fully automated Allen-Bradley PLC control panel, mounted on main membrane skid 
• Remote I/O panels, mounted on additional skids 

 
 Additional components and services are included as follows: 

• One (1) Clean-In-Place (CIP) system, skid mounted, including chemical tank, heater, 
recirculation pump, valves, piping, and control panel. 

• Chemical feed systems for feeding sodium bisulfite and antiscalant to each skid/train.  
Each feed system consists of one (1) chemical feed pump assembly with platform for 
wall mounting (wall-mounting by others), one (1) chemical feed tank, and suction 
piping/tubing with foot valve.  Feed tubing between the chemical feed pump and feed 
points are by others. 

• Freight 
• Field services consisting of installation inspection, start-up and operator training 

 
The budgetary price for EACH system is: $ 1,523,000 
 
We look forward to working with you on this water treatment project. If you have any questions, please 
feel free to call me at 612.708.6517. 
 
Sincerely, 
 

Alan Schneider 
Territory Manager 
 
cc: Jason Metz, William/Reid, Ltd. 
 
Attachments:  NF treatment skid example drawing 
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Design Specs:
Designed inlet flow:1.
Designed inlet pressure:2.
Designed product flow:3.

Notes:
Unloading and install by others.1.
All external loads supported by others.2.
Approx. operating weight: 13,000 lbs3.
Approx. shipping weight: 12,000 lbs4.
Electrical terminations by others.5.
Interconnecting piping by others.6.
Skid coating: Black Powder Coat7.
Skid material: Mild Steel8.
Piping material9.
9a: Low pressure piping: Sch. 80 PVC
9b: High pressure piping: 304SS
Allow for 48" of clearance on both ends10.
of RO for membrane removal.
Allow for 48" of clearance above filter housing11.

            for filter removal.
Electrical conduit material to be:12.
Air line material to be: LLDPE13.

REV. DESCRIPTION DATE DRWN CHK'D APP'D
0 Initial Release 10/31/14 KAE NEB NEB

Connection # Name Size Description
100.01 Air Inlet 1/2" Compression
100.02 Raw Water Inlet 6" 150# RF Flg.
100.03 CIP Inlet 6" 150# RF Flg.
100.04 Reject 3" 150# RF Flg.
100.05 Reject CIP Return 3" 150# RF Flg.
100.06 Permeate 4" 150# RF Flg.
100.07 Permeate CIP Return 4" 150# RF Flg.

TOLERANCES UNLESS OTHERWISE NOTED
    ALL DIMENSIONS SHOWN IN INCHES

.X 3.0
DECIMALS

.XXX 0.500
.XX 1.00

ANGLES

1
FRAC

 N/A
NOTICE ON REPRODUCTIONS

THIS DRAWING, THE DESIGN AND THE PATENTS IT COVERS, ARE THE PROPERTY OF USWS.
THEY ARE LOANED MERELY AND ON THE BORROWER'S EXPRESS AGREEMENT THAT THEY WILL NOT
BE REPRODUCED, COPIED, LOANED, EXHIBITED, NOR USED EXCEPT IN THE LIMITED WAY AND THE

PRIVATE USE PERMITTED BY WRITTEN CONSENT GIVEN BY THE LENDER TO THE BORROWER. USHR 300G Silver
JOB NO. 

REV

Y:\Travis\USHR\USHR-300\

Designer: KAE
Page: 1 of 1

BA C D E

1

3

2

4

Standard Product Line 0

USHR 300 Silver
Date: 10/31/14



FRONT ELEVATION

PLAN VIEW

D www.tonkawater.com
(763) 559-2837

13305 WATERTOWER CIRCLE
PLYMOUTH, MN 55441

DO NOT SCALE DRAWING

ALL RIGHTS TO MANUFACTURE, COPY,
REPRODUCE OR DISPOSE OF THIS DRAWING
OR ITS CONTENTS ARE RESERVED UNLESS
OTHERWISE SPECIFIED IN WRITING BY TONKA
EQUIPMENT COMPANY.
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From: Jim Groose <Jim.Groose@watersurplus.com> 
Sent: Monday, July 17, 2023 1:01 PM
To: Jeff Wolford <jwolford@cbssquaredinc.com>
Cc: Dileep Agnihotri <Dileep.A@watersurplus.com>; Jody Burgess <jody.burgess@watersurplus.com>
Subject: Kaukauna - Filtration and RO Treatment Budget Estimates

Jeff,

We have gone over the sizing for the RO and filtration system for the two sites. We have the following two sites 
that you specified for us to give you sizing recommendations and budgetary costs for each site. We would 
recommend that the systems be designed with Low E membranes because it will provide the softening at a lower 
RO operating pressure and save energy over the long haul. Nanofiltration produces permeate at a slightly lower 
pressure but has a significant cost adder for the NF membranes.

Site 1 – Wells 4, 5 and 10 – Pumping Capacity = 1,600 gpm – Average hardness = 665 mg/L as Ca CO3

Site #2 – Wells 8 & 9 – Pumping Capacity = 1,750 gpm – Average Hardness = 630 mg/L as CaCO3

The target hardness is the hardness of Lake Michigan around 130 mg/L. This is a 80.5% and 79.4% reduction from 
Sites 1 and 2, respectively.

Reverse Osmosis (RO) System Design:

With a target around 80% reduction, the two sites look like this for a process flow rate:

Site 1:
               Influent to RO Systems (3 RO skids) = 1,330 gpm
               Bypass Around RO System = 270 gpm
               Permeate produced at 80% recovery = 1,064 gpm (355 gpm/skid)
               Concentrate waste = 266 gpm
               Blended Product = 1,330 gpm at 130 mg/L of hardness as CaCO3

Site 2:
               Influent to RO Systems (2 RO skids) = 1,450 gpm
               Bypass Around RO System = 300 gpm
               Permeate produced at 80% recovery = 1,160 gpm (580 gpm/skid)
               Concentrate waste = 290 gpm
               Blended Product = 1,450 gpm at 130 mg/L of hardness as CaCO3

               
We did a performance projection with our ImpactRO design, and it is possible to achieve up to 85% recovery with 
lower pressure, better flux distribution which reduces future membrane cleanings, and makes membranes last 
longer. In addition, a patented micro-disruption design interrupts precipitation and provides longer lives between 
membrane cleanings.

Pressure Filter Design:

For Site #1, 1,600 gpm design, we would design with catalytic OxiPlus75 filter media and a target 6.25 gpm/ft2 
surface loading rate. This would need 256 ft2 of filter surface area which would be a 10’ diameter x 28’ OAL 4 cell 
horizontal filter. An alternate design would be 16 – 54” diameter filter vessels which represents a 6.29 gpm/ft2 
loading rate design. The advantage of the small vessel design is that one or two vessels can be taken offline and 
still treat the water prior to the RO. If you use the single horizontal vessel design, if something requires 
maintenance, the entire horizontal vessel must come offline. This provides a built-in redundancy.

mailto:Jim.Groose@watersurplus.com
mailto:jwolford@cbssquaredinc.com
mailto:Dileep.A@watersurplus.com
mailto:jody.burgess@watersurplus.com


For Site #2, 1,750 gpm design, we would design with catalytic OxiPlus75 filter media and a target 6.25 gpm/ft2 
surface loading rate. This would need 280 ft2 of filter surface area which would be a 10’ diameter x 30’ OAL 4 cell 
horizontal filter. An alternate design would be 18 – 54” diameter filter vessels which represents a 6.11 gpm/ft2 
loading rate design. Again, the smaller vessel design has a bigger turn down ratio and more redundancy if a vessel 
should require repair or maintenance.

Budget Equipment Pricing – 2023 (Correct for Inflation if project is 2024 or beyond):

Filters with Catalytic OxiPlus75 Filter Media, Face Piping, Controls and Compressor:

Site 1 – 10’ dia x 28’ OAL horizontal filter = $800,000
               16 x 54” dia x 60” Straight Side vertical vessels = $725,000
Site 2 – 10’ x 30’ OAL horizontal filter = $850,000
               18 x 54” dia x 60” Straight side vertical vessels = $775,000

RO Filters ImpactRO Design including common cartridge filter housing for all RO’s, Low E Membranes, Pressure 
housings, High Pressure pump, 1 Master Control Panel (MCP), 2 Remote IO Panels (site #1) or 1 Remote IO Panel 
(Site #2), and one spare HMI with a stainless-steel structural frame for 30 year engineered life. It includes 
operating features which evens out the flux rate to the membranes, lowers the average pressure the RO operates 
at to lower power costs, reduces the frequency of chemical cleanings and lengthens the overall life of the 
membranes.

Site #1 – 3 – 355 gpm RO skids - $418,000 each or $1,254,000 total for three units.

Site #2 – 2 – 580 gpm RO skids - $572,000 each or $1,144,000 total for two units.

Please also set aside any budget you may need for:
1. Forwarding pumps to RO
2. Chemical feed pumps – Acid (maybe if pH is 7.5 or higher), Antiscalant, Dechlorination with sodium 

bisulfite
3. Inflation per year until project happens. Industrial/municipal inflation has been higher than Consumer 

Price Index (CPI).
4. Due to high Ca and hardness, you would need 2.2mg/L of Avista Vitec 7000 as Antiscalant.
5. We would also like to have full inorganic scan for each well. Strontium, barium, pH and other inorganics 

can dramatically affect recovery efficiencies. A full inorganic scan helps make sure we identify the best 
antiscalant to feed to the system.

Any questions about this information, let me know.

JIM GROOSE
SENIOR VICE PRESIDENT
BUSINESS DEVELOPMENT

Direct 815.240.3705  | Office 815.636.8833  | Email jim.groose@watersurplus.com  | LinkedIn
726 Beacon Street, Loves Park, IL 61111  | watersurplus.com
Cell 815.222.8444

mailto:jim.groose@watersurplus.com
https://urldefense.com/v3/__https:/www.linkedin.com/in/james-groose-a045a011/__;!!ETWISUBM!gCl9Aum2E_SZzCEkggFn8FZWb83D6jK_Q1j6LO56q5HfsgzWs4G0Y0fmdT_i8mI$
https://urldefense.com/v3/__https:/watersurplus.com/__;!!ETWISUBM!gCl9Aum2E_SZzCEkggFn8FZWb83D6jK_Q1j6LO56q5HfsgzWs4G0Y0fmUw3QBuU$
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Why and When to Consider 
Pellet Softening     

Copyright© 2021 Veolia Water Technologies, Inc. 
May not be reproduced without permission.  Confidential Information.



Why Use Pellet Softening?
• Simple operation, no moving parts
• Small process footprint 
• No mechanical dewatering of waste pellets required (pellets self-dewater to 95% solids)
• Reduces hardness, iron, manganese, along with other compounds that can be precipitated  
• Can operate with caustic or lime for pH adjustment
• Pellets can be repurposed (crushed for reactor seed, construction fill, concrete production, animal feed supplement)

When to Use Pellet Softening?
• Current or future disposal limitations for lime sludge or membrane brine 
• Need to expand capacity but don’t have the space 
• Lime softening operating costs increasing (sludge disposal, cost of lime, lime equipment failure, filter performance)
• New water source to be treated with high hardness  
• Pretreatment to ion exchange: minimize brine production and extend media life   
• Treatment of membrane brine / concentrate for potential recovery/reuse

Why and When to Use Pellet Softening

Copyright© 2021 Veolia Water Technologies, Inc. 
May not be reproduced without permission. Confidential Information.



ACTINA Pellet 
Softening Process 

Copyright© 2021 Veolia Water Technologies, Inc. 
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What is it and what does it do? 
○ Simple, fluidized bed reactor that uses a catalyst (silica sand and/or crushed pellets) to promote calcium carbonate precipitation 
○ Reduces calcium hardness (70 – 90%) while producing a reusable, easily dewatered pellet
○ Reduces Iron, Magnesium, Manganese, and other compounds through the precipitation reaction

Fluidized 
Bed

Influent 

Effluent 

ACTINA™ Pellet Softening Process

Copyright© 2021 Veolia Water Technologies, Inc. 
May not be reproduced without permission. Confidential Information.



ACTINA™ Pellet Softening Process Flow Diagram



How is the influent flow distributed through the reactor? 
• At the bottom of the reactor is a strainer plate which has numerous flow distribution nozzle strainers installed 
• Veolia’s strainers are specifically designed for pellet softening and allow for material in raw water to pass
• Even distribution of flow is critical to pellet softening  

Fluidized 
Bed

Influent 

Effluent 

ACTINA™ Pellet Softening Process (continued)

Copyright© 2021 Veolia Water Technologies, Inc. 
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What chemicals are required? 
● Raw water pH is increased to 8.8 – 9.5 with caustic soda or lime to reduce calcium carbonate solubility
● Softened water (post ACTINA) pH is reduced with acid or CO2 to stop the precipitation of calcium carbonate
● Caustic or lime + softened carrier water is pumped to a removable “Chandelier” that sits in the reactor, just above

nozzle deck
● Exclusive Veolia Nozzle design ensures equal distribution of chemical across reactor cross section

Influent 

Fluidized 
Bed

Effluent 

ACTINA™ Pellet Softening Process (continued)

Copyright© 2021 Veolia Water Technologies, Inc. 
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What chemicals are required? 
● The fluidized bed catalyst can be sand, or calcium carbonate pellets 
● Softened water pH is reduced with acid or CO2 to stop the precipitation of calcium carbonate
● Catalyst is added by pump or eductor into the side of the reactor or at the top
● Fresh catalyst is added periodically over the course of a day (2 to 3 x) 
● Post pH adjustment is added into ACTINA effluent box  

Influent 

Fluidized 
Bed

Effluent 

Acid or CO2

ACTINA™ Pellet Softening Process (continued)

Mid Capacity Systems Bulk Bag + Inductor Large Capacity Systems Silo +Feed Auger Typical Seed Washer (remove fines)

Small Capacity 
Systems Seed 

Eductor



When and how are the mature pellets extracted from the reactor? 
o Pressure is continuously measured above and below strainer plate
o Once a predetermined differential pressure is reach the pellets are extracted by a pump or gravity
o After each extraction the pipe is flushed 
o Pellet extraction and catalyst addition is automated, without stopping influent flow 

Pellet Extraction Pipe

Extraction Pipe Flush

Pressure Sensor above Strainer Plate

Pressure Sensor below Strainer Plate

Strainer Plate Weld 

ACTINA™ Pellet Softening Process (continued)

Copyright© 2021 Veolia Water Technologies, Inc. 
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How are the extracted pellets dewatered and handled? 
o Pellets are self draining – no mechanical dewatering required  
o Bin with drain capabilities most common (1 or 1 + 1 standby) 
o For larger facilities, a silo with truck unloading 

ACTINA™ Pellet Softening Process (continued)

Copyright© 2021 Veolia Water Technologies, Inc. 
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ACTINA™ 
Performance and O&M Cost Savings  
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Parameter (mg/l)

Total Hardness
Calcium Hardness

Magnesium Hardness

Total Organic Carbon

Iron
Manganese

Fluoride
Sulfate

pH Adjustment + 
Filtration

55 to 75 %
75 to 95%
10 to 20%

5 to 10% with NaOH

15 to 20% with lime

50 to 85%
70 to 80%
10 to 30%
10  to 20%

Pellet Softening Expected Performance  

A B C

Influent Groundwater Quality 
Vial A = Iron 3 mg/l, TH 300 mg/l
Vial B = Manganese 1 mg/l, TH 475 mg/l
Vial C = No Iron or Mn, TH  400 mg/l



Pellet Softening Nano/RO Filtration Reject Performance Examples  

Influent Total Hardness 
at Time of Testing 



Pellet Softening Operating Cost Example  

Boynton Beach, FL 
8 MGD Lime Softening Annual Chemical and Sludge Handling Costs (Existing)

Estimated Pellet Softening Chemical and Pellet Handling Costs (with Caustic)
Caustic = $340,000
Polymer = $0

Pellet Handling/Hauling = $30,000
Sludge Lagoon Dredging = $8,500
Catalyst (sand) = $40,000

Yearly TOTAL = $420,000

Lime = $480,000
Polymer = $27,000
Sludge Handling/Hauling = $100,000
Sludge Lagoon Dredging = $30,000

Yearly TOTAL = $637,000

Existing Lime Sludge Lagoon 

$220,000 savings per year 
(Additional savings in labor and 

power not included in this number)



Pellet Softening Life Cycle Cost Example (by Stantec)   

New Smyrna Beach, FL 
5 MGD Lime Softening Plant 

● Similar initial evaluation completed for chemical, sludge hauling and lagoon dredging was completed  
● Pellet softening showed a $330,000 per year saving potential

● Four treatment options considered to increase capacity from 5 MGD to 8.3 MGD

20 YEAR NPV COMPARISONS (Capital, OPEX, installation)
Membrane Softening at New Site = $44,100,000
Lime and Membrane Softening at Existing Site = $34,900,000
Expand Lime Softening at Existing Site = $29,120,000
Pellet Softening at Existing Site = $21,500,000

✔ Pellet Softening:  
✔ 42% less chemicals compared options with lime 

softening

✔ 95% less energy than membranes 
✔ 50% less energy than lime softening

✔ 47% less labor than lime softening 



ACTINA™ 
References and Installation 

Examples   
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50+ Installations Worldwide

• 30 years of design experience

• Largest installation 80 MGD

• Smallest installations 0.2 MGD

• 17 installations 2 MGD or less

• 19 installations with flow rates 2 – 10
MGD

• 14 installations > 10 MGD

• Latest installations benefit from lessons
learned and operating experience

ACTINA™ Installation Base

Copyright© 2021 Veolia Water Technologies, Inc. 
May not be reproduced without permission. Confidential Information.



 

ACTINA™ Pilot and Fullscale References - USA

ACTINA™ Pilot Study
ACTINA™ Installation (Current or Future)
ACTINA™ Pilot Study and Future Installation



Courtesy of Carollo Engineering 

17 Feet Diameter

25 Feet Tall 

ACTINA™ Installation Example

Copyright© 2021 Veolia Water Technologies, Inc. 
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South Adams County, Colorado 
• 3 Pellet Reactors each rated for 4.6 MGD ( 13.8 MGD total)
• Media Filtration 
• Ion Exchange (caustic carry water) 
• Commissioned March 2021



ACTINA™ Installation Example

Copyright© 2021 Veolia Water Technologies, Inc. 
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South Adams County, Colorado 
• 3 Pellet Reactors each rated for 4.6 MGD ( 13.8 MGD total)
• Media Filtration 
• Ion Exchange (caustic carry water) 
• Commissioned March 2021



ACTINA™ 
Pilot Testing Discussion  
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● Pilots Consist of Two skids
• ACTINA Reactor 
• Control Panel with Chemical Feed

● Can be used with caustic or lime
● Automatic control of pellet extraction
● Numerous reactor heights available to test  

Copyright© 2021 Veolia Water Technologies, Inc. 
May not be reproduced without permission. Confidential Information.

ACTINA™ Pilot Units

 Pilots are rated to 
treat 10 – 14 gpm 



Water Technologies
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Wrap-Up

Simple to Operate Technology

Self-Dewatering Pellets

30+ Years of Experience & Expertise

Demonstration Units Available

Additional Questions?
Harrison Fowler
Sales Engineer - Softening
harrison.fowler@veolia.com
910-625-5536

mailto:harrison.fowler@veolia.com


Kruger Project: 5704149001

Proposal Date: 2/15/2024

This document is confidential and may contain proprietary information.
It is not to be disclosed to a third party without the written consent of Veolia Water Technologies.

Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
Tel: 919-677-8310 ● Fax: 919-677-0082
www.veoliawatertech.com



1. PRICING TERMS AND SCHEDULE

1.1. DESCRIPTION OF WORK

Kruger, an equipment supplier, proposes and agrees to furnish all labor services, materials, equipment,
and all other items and facilities necessary to supply and deliver the equipment items as specified in
these Proposal Documents and conditions stated herein.

1.2. PROPOSAL PRICE

Price includes ACTINA system as well as instrumentation and controls as detailed herein. Kruger’s
budget proposal is expressly conditioned upon the scope of supply, all terms and conditions, pricing
and Kruger’s Terms of Sale as included herein.

The price excludes sales and/or use taxes. Buyer agrees to provide the necessary tax-exempt
certification or Reseller documentation for sales taxes exemption within thirty (30) days after receipt of
a purchase agreement executed by all parties.

Kruger shall furnish and deliver (DDP Jobsite, freight estimated) ACTINA Equipment as well as
instrumentation and controls, equipment drawings, start-up and other services, in conformance to the
requirements set forth in this document for the Lump Sum price of:

$2,830,000

Please note the price above is for the equipment and labor for both sites. There is currently no
allowance for pilot testing in the price above.

The price is valid for 14 days from the date of this Proposal. The proposed goods may be affected by
the ongoing market fluctuations impacting material and shipping costs. Kruger reserves the right to
re-evaluate the Proposal price prior to order acceptance.

The price above includes $120,000 of shipping and freight costs. Please note that this shipping
allowance is the total for both sites. Please note that shipping will be billed based on actual price at time
of delivery.

1.3. LIQUIDATED DAMAGES

Kruger shall not accept liquidated damages from Buyer, unless otherwise agreed to in writing between
Buyer and Supplier. In any event, Kruger shall not be liable for liquidated damages imposed on an
installing general contractor by the Owner.

1.4. TERMS OF PAYMENT AND CONDITION OF SALE

The terms of payment are 30% upon execution of contract and 70% upon delivery of equipment to
destination.

Payment shall not be contingent upon receipt of funds by the CONTRACTOR from the OWNER and
there shall be no retention in payments due to Kruger. All payment terms are net 30 days from the date
of invoice. Final payment shall not exceed 120 days from delivery of equipment. All other payment
terms are as defined in Kruger’s Standard Terms of Sale.

1.5. BONDS

Pricing does not include bonds. If bonds are required, Kruger shall provide a quotation as an adder
that will be based upon a quotation from our Surety.

Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
Tel: 919-677-8310 ● Fax: 919-677-0082
www.veoliawatertech.com
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1.6. DELIVERY SCHEDULE

Equipment drawings will be submitted within 6 to 8 weeks of receipt of an executed Purchase
Agreement signed by all parties.

All equipment will be delivered within 20-24 weeks of the delivery and acceptance of equipment
drawings.

If Kruger is able to ship equipment sooner than the above schedule, the contractor must accept
deliveries and provide adequate storage on-site for such equipment.

Operation and Maintenance Manuals will be submitted within 30 days prior to delivery of equipment.

1.7. CONTACT INFORMATION

This budget proposal is respectfully submitted by:

Kruger Contact

Name Harrison Fowler

Company Veolia Kruger

Address Cary, NC

Mobile (910) 625-5536

Email harrison.fowler@veolia.com

1.8. PROPRIETARY INFORMATION

The information or data contained in this proposal is proprietary to Kruger and should not be copied,
reproduced, duplicated, or disclosed to any third party, in whole or part, without the prior written consent
of Kruger. This restriction will not apply to any information or data that is available to the public
generally.

1.9. STATEMENT REGARDING COVID-19

Veolia shall not be held liable in the event of a non-compliance with its obligations set forth herein to the
extent such non-compliance is due to the consequences of the Covid-19 pandemic including without
limitation (i) obligation to comply with the legislation enacted or measures taken by the authorities to
address the Covid-19 pandemic (including mandatory closures, requisitions, transport limitations, social
distancing requirements), (ii) observance of hygiene and security rules and recommendations resulting
from the Covid-19 pandemic, (iii) inability to supply or distribute to relevant personnel appropriate
personal protective equipment for the tasks to be performed, as a result of shortages of supply resulting
from the Covid-19 pandemic, (iv) inability of a Veolia subcontractor or supplier to comply with its
obligations for the reasons mentioned above; and to the extent the resulting impediments cannot be
reasonably overcome.

In the event such consequences of the Covid-19 pandemic render Veolia's performance hereunder
more onerous than could have been anticipated at the date hereof the parties shall negotiate alternative
contractual terms, including for delivery/performance dates or service levels, which reasonably allow for
the impact of the consequences of the Covid-19 pandemic referred to here above.

Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
Tel: 919-677-8310 ● Fax: 919-677-0082
www.veoliawatertech.com
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1.10. CONTRACT PRICE

Veolia shall be entitled to an adjustment of the Contract Price and/or time of performance in connection
with exceptional circumstances beyond Veolia's control such as, without limitation, raw materials
shortages, sudden fluctuations of raw material pricing, extension, suspension or delay of the the project
schedule, sudden disruption on production of Goods and/or spare parts required for the Project, which
may affect the execution of Veolia's timely performance of the Work or affect it financially. Veolia shall
notify the Owner accordingly within ten (10) days from the actual knowledge of such circumstances.
Following submission of such notice, Veolia shall provide relevant justification reasonably satisfactory to
the Owner to proceed to the necessary adjustments to the Contract Price and/or time of performance
under the Contract.

Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
Tel: 919-677-8310 ● Fax: 919-677-0082
www.veoliawatertech.com
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2. KRUGER - TERMS OF SALE

1. Applicable Terms. These terms govern the purchase and sale of the equipment and related services, if any (collectively, "Equipment"), referred to in Seller’s
purchase order, quotation, proposal or acknowledgment, as the case may be ("Seller’s Documentation"). Whether these terms are included in an offer or an
acceptance by Seller, such offer or acceptance is conditioned on Buyer’s assent to these terms. Seller rejects all additional or different terms in any of
Buyer’s forms or documents.

2. Payment. Buyer shall pay Seller the full purchase price as set forth in Seller’s Documentation. Unless Seller’s Documentation provides otherwise, freight,
storage, insurance and all taxes, duties or other governmental charges relating to the Equipment shall be paid by Buyer. If Seller is required to pay any such
charges, Buyer shall immediately reimburse Seller. All payments are due within 30 days after receipt of invoice. Buyer shall be charged the lower of 1 ½%
interest per month or the maximum legal rate on all amounts not received by the due date and shall pay all of Seller’s reasonable costs (including attorneys’
fees) of collecting amounts due but unpaid. All orders are subject to credit approval.

3. Delivery. Delivery of the Equipment shall be in material compliance with the schedule in Seller’s Documentation. Unless Seller’s Documentation provides
otherwise, Delivery terms are F.O.B. Seller’s facility.

4. Ownership of Materials. All devices, designs (including drawings, plans and specifications), estimates, prices, notes, electronic data and other documents or
information prepared or disclosed by Seller, and all related intellectual property rights, shall remain Seller’s property. Seller grants Buyer a non-exclusive,
non-transferable license to use any such material solely for Buyer’s use of the Equipment. Buyer shall not disclose any such material to third parties without
Seller’s prior written consent.

5. Changes. Seller shall not implement any changes in the scope of work described in Seller’s Documentation unless Buyer and Seller agree in writing to the
details of the change and any resulting price, schedule or other contractual modifications. This includes any changes necessitated by a change in applicable
law occurring after the effective date of any contract including these terms.

6. Warranty. Subject to the following sentence, Seller warrants to Buyer that the Equipment shall materially conform to the description in Seller’s
Documentation and shall be free from defects in material and workmanship. The foregoing warranty shall not apply to any Equipment that is specified or
otherwise demanded by Buyer and is not manufactured or selected by Seller, as to which (i) Seller hereby assigns to Buyer, to the extent assignable, any
warranties made to Seller and (ii) Seller shall have no other liability to Buyer under warranty, tort or any other legal theory. If Buyer gives Seller prompt
written notice of breach of this warranty within 18 months from delivery or 1 year from beneficial use, whichever occurs first (the "Warranty Period"), Seller
shall, at its sole option and as Buyer’s sole remedy, repair or replace the subject parts or refund the purchase price therefore. If Seller determines that any
claimed breach is not, in fact, covered by this warranty, Buyer shall pay Seller its then customary charges for any repair or replacement made by Seller.
Seller’s warranty is conditioned on Buyer’s (a) operating and maintaining the Equipment in accordance with Seller’s instructions, (b) not making any
unauthorized repairs or alterations, and (c) not being in default of any payment obligation to Seller. Seller’s warranty does not cover damage caused by
chemical action or abrasive material, misuse or improper installation (unless installed by Seller). THE WARRANTIES SET FORTH IN THIS SECTION ARE
SELLER’S SOLE AND EXCLUSIVE WARRANTIES AND ARE SUBJECT TO SECTION 10 BELOW. SELLER MAKES NO OTHER WARRANTIES OF ANY
KIND, EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR PURPOSE.

7. Indemnity. Seller shall indemnify, defend and hold Buyer harmless from any claim, cause of action or liability incurred by Buyer as a result of third party
claims for personal injury, death or damage to tangible property, to the extent caused by Seller's negligence. Seller shall have the sole authority to direct the
defense of and settle any indemnified claim. Seller’s indemnification is conditioned on Buyer (a) promptly, within the Warranty Period, notifying Seller of any
claim, and (b) providing reasonable cooperation in the defense of any claim.

8. Force Majeure. Neither Seller nor Buyer shall have any liability for any breach (except for breach of payment obligations) caused by extreme weather or
other act of God, strike or other labor shortage or disturbance, fire, accident, war or civil disturbance, delay of carriers, failure of normal sources of supply, act
of government or any other cause beyond such party's reasonable control.

9. Cancellation. If Buyer cancels or suspends its order for any reason other than Seller’s breach, Buyer shall promptly pay Seller for work performed prior to
cancellation or suspension and any other direct costs incurred by Seller as a result of such cancellation or suspension.

10. LIMITATION OF LIABILITY. NOTWITHSTANDING ANYTHING ELSE TO THE CONTRARY, SELLER SHALL NOT BE LIABLE FOR ANY
CONSEQUENTIAL, INCIDENTAL, SPECIAL, PUNITIVE OR OTHER INDIRECT DAMAGES, AND SELLER’S TOTAL LIABILITY ARISING AT ANY TIME
FROM THE SALE OR USE OF THE EQUIPMENT SHALL NOT EXCEED THE PURCHASE PRICE PAID FOR THE EQUIPMENT. THESE LIMITATIONS
APPLY WHETHER THE LIABILITY IS BASED ON CONTRACT, TORT, STRICT LIABILITY OR ANY OTHER THEORY.

11. Miscellaneous. If these terms are issued in connection with a government contract, they shall be deemed to include those federal acquisition regulations that
are required by law to be included. These terms, together with any quotation, purchase order or acknowledgement issued or signed by the Seller, comprise
the complete and exclusive statement of the agreement between the parties (the “Agreement”) and supersede any terms contained in Buyer’s documents,
unless separately signed by Seller. No part of the Agreement may be changed or canceled except by a written document signed by Seller and Buyer. No
course of dealing or performance, usage of trade or failure to enforce any term shall be used to modify the Agreement. If any of these terms is
unenforceable, such term shall be limited only to the extent necessary to make it enforceable, and all other terms shall remain in full force and effect. Buyer
may not assign or permit any other transfer of the Agreement without Seller’s prior written consent. The Agreement shall be governed by the laws of the
State of North Carolina without regard to its conflict of laws provisions.

Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
Tel: 919-677-8310 ● Fax: 919-677-0082
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3. DESIGN SUMMARY

3.1. DESIGN CRITERIA
The proposed System is designed per the following design summary:

Table 1: Influent & Effluent Design Criteria

Treatment Capacity MGD

Treatment Flow
2.3
&

2.52

Raw Water Characteristics Value

pH 7.2

Alkalinity, mg/L as CaCO3 188.6

Total Hardness, mg/L as CaCO3 677

Calcium, mg/L 226.6

Magnesium, mg/L 20.6

Strontium, mg/L 23.6

Iron, mg/L 0.62

Softened Water Characteristics Expected Effluent Performance

Total Hardness, mg/L as CaCO3 120-150
 

Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
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4. EQUIPMENT SCOPE OF SUPPLY

Equipment Items Qty Description

800 & 875 gpm
(2.3 & 2.52 MGD

Total Flow)
Pellet Softening

Reactor

4

● 304 SS construction, flat bottom
● One manways, one above and one below the strainer deck per reactor
● One pellet extraction pipes per reactor and an adjustable effluent weir
● Sufficient number of flow strainers to evenly distribute influent flow

through the reactor bed
● Influent and Effluent flow flanged connections
● Two reactors designed for 800 gpm (2.3 MGD)
● Two reactors designed for 875 gpm (2.52 MGD)

Removable Caustic
Soda Injection

Chandelier
5

● One per reactor + one shelf spare
● 304 SS frame with lifting connection
● Sufficient number of chemical dispersion nozzles required for the size of

the reactor

Sodium Hydroxide
Feed Skid 2

● One skid per site
● Corrosion resistant chemical skid
● Volumetric metering pumps with variable speed drives
● Skid components to include:

○ Pressure relief valves
○ Check valves
○ Isolation valves
○ Calibration column
○ Pressure gauge
○ Piping and fittings

Seed Washer 2

● One seed washer per site
● 304 SS construction
● Flow strainers to evenly distribute flow through the washer
● Influent and outlet flow flanged connections
● Two seed extraction pipes with flanged connections

Pellet Extraction
Pump 4

● 4 duty, one per reactor
● Belt driven, centrifugal slurry pump with food grade rubber casing liners

and impeller
● Closed vane impeller
● Dry gland
● IEEE841 Motor
● Subframe and drip tray
● Standard paint finish
● 1 pump per reactor in duty

Seed Transfer
Pump 4

● 4 duty, one per reactor
● V-Belt and pulley driven, cast iron centrifugal slurry pump with food grade

rubber liner and open vane impeller
● Dry gland seal with drip pan
● TEFC, premium efficient, inverter duty motor, 230/460V, 3-phase, 60 Hz,

10 HP (Est.)

Carrier Water
Softener 2

● One carrier water softener skid per site
● Two vessel, ion exchange softener
● Electronic controllers with digital display
● Polyethylene brine storage tank
● Automatic backwash flow controller
● Ion exchange media

Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
Tel: 919-677-8310 ● Fax: 919-677-0082
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Valves LOT

● One (1) 9” Influent Automated Butterfly Valve (4 Total)
● One (1) 12” Effluent Automated Butterfly Valve (4 Total)
● Two (2) Automated Pinch Valves per Extraction Line (8 Total)
● One (1) Solenoid Valve per Extraction Line (4 Total)
● Manual valves as required

Spare Parts 1 lot ● 50 flow strainers

4.1. Control Panel and Instrumentation

ACTINA Control Panel
Two (2) main PLC Based Control panels, one for each site, will be supplied to control the ACTINA
Process based on operator setpoints. All field wiring and field terminations are by others. The Control
Panel will be completely assembled, tested, and programmed for the required functionality. U. L.
labeled Panel’s will be comprised of the following:

Qty Description Manufacturer

2 NEMA 12 Enclosure Saginaw

2 PLC Processor Allen Bradley

2 HMI Operator Interface Allen Bradley

2 PLC and Operator Interface Programming Kruger

2 PLC site Start-Up and Testing Kruger

Per agreement with the owner, the ACTINA PLC will communicate with the Plant SCADA System via
Allen Bradley Ethernet IP. Any third party modules, gateways or configuration required is the
responsibility of the integrator.

Each PLC Control Panel will include the necessary input/output plus twenty percent (20%) “Live” spare
wired signals for future or additional signal interface.

All PLC and Operator Interface programming are based on Kruger standards. Any requests or
requirements that would deviate from this standard will result in additional costs. Kruger will be
providing PLC/Operator Interface programming only for the Kruger supplied PLC Control Panel.

The PLC Program and Operator Interface Program and its associated Graphic screens developed by
Kruger are for use on the Kruger supplied PLC and Operator Interface only. The Kruger supplied PLC
Program and Operator Interface Program and its associated Graphic screens cannot be used, whole or
any part for other uses.

Kruger will use Allen Bradley development software for PLC Programming and Operator Interface
Programming; the development software is licensed to Kruger and will not be provided as part of this
scope. Kruger will not be providing any PLC, Network, Operator Interface, SCADA, or Alarm
Notification software.
Kruger will supply copies of the completed PLC and Operator Interface programs at job completion.
Prior to supplying completed PLC and Operator Interface programs, Kruger requests that a
non-disclosure agreement be signed and returned to Kruger.
Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
Tel: 919-677-8310 ● Fax: 919-677-0082
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Factory testing of the Kruger PLC Control Panel will be conducted by Kruger personnel at a Kruger
selected Panel Facility. Kruger reserves the right to conduct this testing when it is deemed appropriate
in regards to Kruger personnel. Kruger has an established Panel testing criteria and will conduct all
Panel and Software testing per Kruger standards. When said Panel/Software testing is complete, a Test
Report will be generated per Kruger standards. Other party’s are welcome to witness panel testing at
no expense to Kruger. Testing can be witnessed at an agreed upon date that does not impact delivery
or start-up schedules.

No other Instruments, Control Panel Components (PLC or other components) will be supplied unless
they are explicitly listed in this Scope of Supply.

Field Instruments

Qty Description Manufacturer

4 Immersion pH Meter DPD1P1 w/ SC200 Transmitter Hach

4 Solitax Turbidity Probe Hach

8 Differential Pressure Transmitter (PMD75) Endress+Hauser

Kruger will calibrate and start-up Instruments supplied by Kruger. Instruments supplied by others will
require calibration and start-up by others.

IMPORTANT NOTE: NO ADDITIONAL TOOLS AND/OR SPARE PARTS OTHER THAN LISTED
ABOVE WILL BE PROVIDED AS PART OF KRUGER’S SCOPE OF SUPPLY. OIL AND
LUBRICANTS ARE NOT INCLUDED AS PART OF KRUGER’S SCOPE OF SUPPLY. THESE ARE
TO BE THE RESPONSIBILITY OF THE CONTRACTOR.

4.2. SCOPE OF WORK
Kruger is responsible for process design and equipment procurement required for the ACTINA
process. Kruger scope of work does not include any equipment, materials or other services not
specifically defined in this proposal. The equipment scope of supply shall include the equipment as
shown in the attached scope of supply.

4.3. PROCESS DESIGN AND ENGINEERING
Kruger will perform engineering in accordance with the applicable national codes, standards, and/or
regulations (except where otherwise noted) in effect at the time of this proposal. Reactor drawings will
not be stamped by a professional engineer, if this is required a cost adder will apply. Additionally,
Kruger will provide equipment drawings only, site layout and piping runs by others. Kruger is not
responsible for the design, selection, installation, operation, or maintenance of any material, equipment,
or services provided by others.

Kruger will provide process engineering and design support for the system as follows:
1. Technical instruction for operation and start-up of the system
2. Equipment drawings
3. Equipment installation instructions
4. O&M manuals

Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
Tel: 919-677-8310 ● Fax: 919-677-0082
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4.4. FIELD SERVICE
Kruger shall supply the following services of one (1) system-trained representative as detailed herein,
per site:

● Ten (10) days, in not more than four (4) trips to assist with inspection check-out, start-up,
and operator training.

NOTES:

● Please note that the trips and days describe above are for EACH site.
● Man-days are eight hour days Monday through Friday that include travel time.
● Man-days and/or trips required beyond those indicated above will be billed at Kruger’s

published standard rates at time of service, plus travel and lodging costs. Such additional
days could become necessary for correction of improperly installed equipment or
instrumentation, prolonged construction time, or Contractor’s failure to properly coordinate
start-up and training.

Veolia Water Technologies, Inc. (dba Kruger)
4001 Weston Parkway ● Cary, NC 27513 USA
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5. ITEMS NOT INCLUDED

5.1. SCOPE OF SUPPLY BY OTHERS

Unless otherwise indicated in this Scope of Supply document, the Contractor shall furnish the following items. The
Contractors scope is not necessarily limited to this list:

1. Others shall provide access to the facilities for Kruger field personnel to inspect the installed Kruger equipment. This
access shall include, but not be limited to, the following:

a. Safe ingress and egress at the reactors.
b. Provisions, such as scaffolding or lifting devices, to allow the Kruger inspector to gain close access to installed

equipment for a complete and proper inspection.
c. Sufficient lighting for safety and inspection visibility purposes.
d. Provisions for atmospheric monitoring and ventilation, if necessary.
e. Personnel available to provide remedy for items that can be corrected during or just after the inspection.

2. Receiving (preparation of receiving reports), unloading, storage, maintenance preservation and protection of all
equipment, and materials provided by Kruger.

3. Installation of all equipment and materials provided by Kruger.
4. Supply and install all bulk storage tanks, pads, and supports not included in Kruger scope of supply.
5. Supply, fabrication, installation, cleaning, pickling, and/or passivation of all stainless steel piping components not provided

by Kruger.
6. All cutting, welding, fitting, and finishing for all field fabricated piping.
7. Supply and installation of all flange gaskets and bolts for all piping components not supplied by Kruger.
8. Supply and installation of all pipe supports and connection points not supplied by Kruger.
9. Provide all motor control centers, motor starters, panels, transformers, and VFDs other than supplied by Kruger.
10. Install and terminate all motor control centers, motor starters, panels, transformers, and VFDs.
11. Supply and install all chandelier lifting systems and any required cabling
12. Supply and install all required caustic feed monitoring equipment to include rotameters, pressure gauges and safety

panels to house the equipment
13. Supply and install all piping/tubing required to deliver caustic soda and softened carrier water to each pellet softening

reactor and to each chandelier tubing manifold.
14. Supply and install all electrical power and control wiring and conduit to the equipment served plus interconnection

between Kruger’s furnished equipment as required, including wire, cable, junction boxes, fittings, conduit, etc.
15. Provide softened carrier water for the delivery of caustic soda to each pellet softening reactor
16. Provide and install all stainless tubing with grease fittings routed to 4 feet above the floor for any grease fitting located

above 5 feet.
17. Provide all anchor bolts, epoxy anchor adhesive / applicators and mounting hardware not provided by Kruger.
18. Provide and install all piping required to interconnect to the Supplier’s equipment.
19. Provide all nameplates, safety signs and labels.
20. The Contractor shall coordinate the installation and timing of interface points such as piping and electrical with the

Supplier.
21. Video recording of any training activities.
22. Supply and install all sunshields, heat tracing and/or additional enclosures as needed when installing equipment and

instrumentation outdoors.
23. Collecting samples from the process (including necessary labor, composite samplers, etc.) during the project, including

startup, performance testing, and operation of the system.
24. Laboratory testing of process samples during the project, including startup, performance testing, and operation of the

system.
25. Provide all chemicals, lubricants, glycol, oils, or grease and other supplies required for equipment start-up or plant

operation.
26. Seismic calculations. If seismic calculations are required, they can be provided at additional cost.
27. All other equipment and services not otherwise listed as specifically supplied by Kruger.

Veolia Water Technologies, Inc. (dba Kruger)
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6. OPERATIONS INFORMATION
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7. ACTINA REACTOR DRAWING
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BASE SCENARIO

ID Label
Elevation 

(ft) Is Active?
Demand 

(gpm)
Hydraulic 
Grade (ft)

Pressure 
(psi)

1317 1-FLOW 699.8 TRUE 1 859.91 69.3
1319 1-RES 698 TRUE 3 859.9 70
1191 2-FLOW 690 TRUE 1 859.93 73.5
1197 2-RES 690 TRUE 1 859.93 73.5
1604 3-FLOW 701 TRUE 1 859.82 68.7
1606 3-RES 699 TRUE 1 859.82 69.6
1755 4-FLOW 725.23 TRUE 1 859.85 58.2
1754 4-RES 723.64 TRUE 1 859.85 58.9
201 5-FLOW 746.82 TRUE 1 859.8 48.9
199 5-RES 745.17 TRUE 1 859.8 49.6
805 6-FLOW 719.81 TRUE 1 859.81 60.6
809 6-RES 718 TRUE 1 859.81 61.4
573 7-FLOW 721.97 TRUE 1 859.76 59.6
576 7-RES 723.98 TRUE 1 859.76 58.7
34 J-1 731.58 TRUE 1 859.79 55.5
36 J-2 723.69 TRUE 1 859.81 58.9
40 J-3 716.09 TRUE 1 859.81 62.2
56 J-11 718.27 TRUE 1 859.84 61.3
60 J-12 719.68 TRUE 1 859.82 60.6
63 J-13 731.17 TRUE 1 859.82 55.7
67 J-14 733.9 TRUE 1 859.81 54.5
70 J-15 720.93 TRUE 1 859.81 60.1
77 J-17 725.73 TRUE 1 859.82 58
80 J-18 717.13 TRUE 1 859.98 61.8
84 J-19 713.66 TRUE 1 859.87 63.3
87 J-20 727.79 TRUE 1 859.85 57.1
89 J-21 727.38 TRUE 1 859.85 57.3
93 J-22 724.44 TRUE 1 859.85 58.6
95 J-23 725 TRUE 1 859.85 58.3
98 J-24 729 TRUE 1 859.85 56.6

100 J-25 729.33 TRUE 1 859.85 56.5
103 J-26 725.84 TRUE 1 859.85 58
105 J-27 724 TRUE 1 859.85 58.8
108 J-28 722 TRUE 1 859.85 59.6
110 J-29 720.89 TRUE 1 859.85 60.1
113 J-30 720.74 TRUE 1 859.85 60.2
117 J-31 727.59 TRUE 1 859.81 57.2
120 J-33 730 TRUE 1 859.81 56.2
123 J-34 735.39 TRUE 1 859.81 53.8
125 J-35 732 TRUE 1 859.81 55.3
128 J-36 732 TRUE 1 859.81 55.3
132 J-37 732 TRUE 1 859.82 55.3
135 J-38 738.66 TRUE 1 859.81 52.4
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139 J-39 731.59 TRUE 1 859.82 55.5
142 J-40 731.56 TRUE 1 859.82 55.5
146 J-41 734.8 TRUE 1 859.81 54.1
149 J-42 736 TRUE 1 859.8 53.6
151 J-43 740.61 TRUE 1 859.8 51.6
154 J-44 747.94 TRUE 1 859.8 48.4
156 J-45 745.17 TRUE 1 859.8 49.6
158 J-46 745.96 TRUE 1 859.8 49.3
161 J-47 747.34 TRUE 1 859.8 48.7
163 J-48 740.85 TRUE 1 859.8 51.5
166 J-49 736.29 TRUE 1 859.8 53.4
168 J-50 735.04 TRUE 1 859.8 54
170 J-51 755.07 TRUE 1 859.8 45.3
172 J-52 747.33 TRUE 1 859.8 48.7
175 J-53 750.92 TRUE 1 859.8 47.1
177 J-54 749.85 TRUE 1 859.8 47.6
180 J-55 752.1 TRUE 1 859.8 46.6
182 J-56 749.01 TRUE 1 859.8 47.9
185 J-57 750.97 TRUE 1 859.8 47.1
187 J-58 745.71 TRUE 1 859.8 49.4
188 J-59 745.49 TRUE 1 859.8 49.5
192 J-60 747 TRUE 1 859.8 48.8
196 J-61 746 TRUE 1 859.8 49.2
204 J-64 745.73 TRUE 1 859.8 49.4
208 J-65 747.62 TRUE 1 859.8 48.5
212 J-66 738 TRUE 1 859.8 52.7
215 J-67 746.89 TRUE 1 859.8 48.9
219 J-68 741.05 TRUE 1 859.8 51.4
222 J-69 743.83 TRUE 1 859.81 50.2
224 J-70 747 TRUE 1 859.81 48.8
227 J-71 741.14 TRUE 1 859.81 51.3
229 J-72 745.63 TRUE 1 859.81 49.4
233 J-73 748.32 TRUE 1 859.81 48.2
235 J-74 750.84 TRUE 1 859.81 47.1
238 J-75 739.77 TRUE 1 859.81 51.9
240 J-76 742.87 TRUE 1 859.8 50.6
244 J-77 746.68 TRUE 1 859.8 48.9
248 J-78 732 TRUE 1 859.81 55.3
251 J-79 744.02 TRUE 1 859.81 50.1
253 J-80 744.39 TRUE 1 859.81 49.9
257 J-81 737.62 TRUE 1 859.81 52.9
261 J-82 728 TRUE 1 859.81 57
264 J-83 730.86 TRUE 1 859.81 55.8
268 J-84 730.48 TRUE 1 859.81 56
271 J-85 733 TRUE 1 859.81 54.9
275 J-86 734.15 TRUE 1 859.81 54.4
278 J-87 733 TRUE 1 859.81 54.9



282 J-88 734.15 TRUE 1 859.81 54.4
285 J-89 736.14 TRUE 1 859.81 53.5
289 J-90 735 TRUE 1 859.81 54
292 J-91 736.61 TRUE 1 859.81 53.3
294 J-92 733 TRUE 1 859.79 54.9
298 J-93 739 TRUE 1 859.81 52.3
302 J-94 732.14 TRUE 1 859.79 55.2
305 J-95 727 TRUE 1 859.8 57.5
309 J-96 727.78 TRUE 1 859.79 57.1
312 J-97 733 TRUE 1 859.79 54.9
316 J-98 727.37 TRUE 1 859.79 57.3
319 J-99 731.02 TRUE 1 859.74 55.7
321 J-100 731.71 TRUE 1 859.74 55.4
324 J-101 732.82 TRUE 1 859.74 54.9
326 J-102 727.94 TRUE 1 859.74 57
329 J-103 720.16 TRUE 1 859.73 60.4
331 J-104 720.61 TRUE 1 859.73 60.2
333 J-105 730.61 TRUE 1 859.73 55.9
335 J-106 734.46 TRUE 1 859.73 54.2
337 J-107 719.69 TRUE 1 859.73 60.6
341 J-108 730.81 TRUE 1 859.73 55.8
344 J-109 725.77 TRUE 1 859.73 58
346 J-110 722 TRUE 1 859.73 59.6
348 J-111 728.53 TRUE 1 859.73 56.8
350 J-112 732.05 TRUE 1 859.73 55.2
352 J-113 733.66 TRUE 1 859.73 54.5
356 J-114 725.11 TRUE 1 859.73 58.2
358 J-115 728.84 TRUE 1 859.73 56.6
361 J-116 724.65 TRUE 1 859.73 58.4
363 J-117 728.08 TRUE 1 859.73 57
118 J-118 726.4 TRUE 1 859.81 57.7
366 J-118 724 TRUE 1 859.72 58.7
368 J-119 724.6 TRUE 1 859.72 58.5
374 J-121 726.83 TRUE 1 859.72 57.5
376 J-122 731.72 TRUE 1 859.72 55.4
379 J-123 728.45 FALSE (N/A) (N/A) (N/A)
381 J-124 732 TRUE 1 859.72 55.3
384 J-125 730.77 TRUE 1 859.72 55.8
386 J-126 735.36 TRUE 1 859.72 53.8
390 J-127 741.71 TRUE 1 859.72 51.1
393 J-128 745.85 TRUE 1 859.72 49.3
395 J-129 741 TRUE 1 859.72 51.4
398 J-130 743.24 TRUE 1 859.72 50.4
405 J-133 739.91 TRUE 1 859.72 51.8
407 J-134 740.81 TRUE 1 859.72 51.4
409 J-135 738.56 TRUE 1 859.72 52.4
412 J-136 729.04 TRUE 1 859.72 56.5



415 J-137 726.81 TRUE 1 859.72 57.5
418 J-138 725 TRUE 1 859.72 58.3
421 J-139 728.47 TRUE 1 859.73 56.8
422 J-140 724.78 TRUE 1 859.73 58.4
424 J-141 726.05 TRUE 1 859.73 57.8
430 J-142 720.22 TRUE 1 859.73 60.4
433 J-143 722.45 TRUE 1 859.73 59.4
435 J-144 726.09 TRUE 1 859.73 57.8
437 J-145 727 TRUE 1 859.73 57.4
439 J-146 725 TRUE 1 859.73 58.3
442 J-147 725.83 TRUE 1 859.73 57.9
446 J-148 721 TRUE 1 859.73 60
449 J-149 724.94 TRUE 1 859.74 58.3
453 J-150 732.98 TRUE 1 859.74 54.8
456 J-151 726.29 TRUE 1 859.74 57.7
460 J-152 731.93 TRUE 1 859.75 55.3
461 J-153 732.13 TRUE 1 859.75 55.2
465 J-154 732.01 TRUE 1 859.75 55.3
468 J-155 721.14 TRUE 1 859.76 60
470 J-156 724.9 TRUE 1 859.76 58.3
472 J-157 715.91 TRUE 1 859.76 62.2
474 J-158 714.98 TRUE 1 859.75 62.6
476 J-159 715.11 TRUE 1 859.75 62.6
479 J-160 725.93 TRUE 1 859.74 57.9
481 J-161 730.96 TRUE 1 859.74 55.7
484 J-162 727.76 TRUE 1 859.74 57.1
487 J-163 738.05 TRUE 1 859.74 52.7
489 J-164 732.54 TRUE 1 859.74 55
491 J-165 730.62 TRUE 1 859.74 55.9
494 J-166 718 TRUE 1 859.74 61.3
498 J-167 738.93 TRUE 1 859.74 52.3
499 J-168 740.45 TRUE 1 859.74 51.6
503 J-169 742.53 TRUE 1 859.75 50.7
507 J-170 726.53 TRUE 1 859.74 57.6
510 J-171 725.61 TRUE 1 859.74 58
512 J-172 725.48 TRUE 1 859.73 58.1
514 J-173 727.52 TRUE 1 859.73 57.2
516 J-174 723.98 TRUE 1 859.73 58.7
518 J-175 724 TRUE 1 859.72 58.7
523 J-176 725.03 TRUE 1 859.72 58.3
525 J-177 728.06 TRUE 1 859.72 57
527 J-178 727.54 TRUE 1 859.72 57.2
530 J-179 730.62 TRUE 1 859.72 55.9
532 J-180 731.87 TRUE 1 859.72 55.3
534 J-181 717.64 TRUE 1 859.72 61.5
538 J-183 633.58 TRUE 1 859.79 97.9
540 J-184 628.59 TRUE 1 859.79 100



542 J-185 635.54 TRUE 1 859.79 97
544 J-186 650.32 TRUE 1 859.79 90.6
546 J-187 656.47 TRUE 1 859.79 88
548 J-188 670.99 TRUE 1 859.79 81.7
550 J-189 709.18 TRUE 1 859.78 65.2
552 J-190 709 TRUE 1 859.78 65.2
554 J-191 707.29 TRUE 1 859.78 66
556 J-192 714.18 TRUE 1 859.77 63
558 J-193 715.35 TRUE 1 859.76 62.5
563 J-194 717 TRUE 1 859.76 61.8
566 J-195 720 TRUE 1 859.76 60.5
568 J-196 724.66 TRUE 1 859.76 58.4
570 J-197 722.51 TRUE 1 859.76 59.4
578 J-200 726 TRUE 1 859.79 57.9
581 J-201 726 TRUE 1 859.79 57.9
583 J-202 727 TRUE 1 859.79 57.5
586 J-203 727.82 TRUE 1 859.79 57.1
590 J-204 724.15 TRUE 1 859.79 58.7
593 J-205 723.07 TRUE 1 859.79 59.2
595 J-206 725.33 TRUE 1 859.79 58.2
598 J-207 721.07 TRUE 1 859.79 60
600 J-208 725.85 TRUE 1 859.79 58
603 J-209 726 TRUE 1 859.79 57.9
605 J-210 728 TRUE 1 859.8 57
608 J-211 716.66 TRUE 1 859.8 61.9
610 J-212 717 TRUE 1 859.8 61.8
612 J-213 717.77 TRUE 1 859.8 61.5
614 J-214 723 TRUE 1 859.8 59.2
616 J-215 724.18 TRUE 1 859.8 58.7
618 J-216 722.88 TRUE 1 859.8 59.2
620 J-217 722 TRUE 1 859.8 59.6
622 J-218 718.3 TRUE 1 859.8 61.2
624 J-219 721 TRUE 1 859.8 60.1
626 J-220 717.03 TRUE 1 859.8 61.8
630 J-221 713.39 TRUE 1 859.8 63.3
632 J-222 720.27 TRUE 1 859.8 60.4
635 J-223 720.8 TRUE 1 859.8 60.1
637 J-224 714 TRUE 1 859.8 63.1
639 J-225 712 TRUE 1 859.8 63.9
641 J-226 707.42 TRUE 1 859.8 65.9
643 J-227 656.62 TRUE 1 859.79 87.9
646 J-228 713.52 TRUE 1 859.79 63.3
649 J-229 711.15 TRUE 1 859.79 64.3
651 J-230 703.02 TRUE 1 859.79 67.8
653 J-231 705.43 TRUE 1 859.79 66.8
656 J-232 698.98 TRUE 1 859.79 69.6
659 J-233 669.59 TRUE 1 859.79 82.3



661 J-234 635.73 TRUE 1 859.79 96.9
664 J-235 639.3 TRUE 1 859.8 95.4
667 J-236 716.62 TRUE 1 859.76 61.9
669 J-237 719.71 TRUE 1 859.76 60.6
671 J-238 703.62 TRUE 1 859.76 67.6
674 J-239 720.62 TRUE 1 859.81 60.2
677 J-240 721.45 TRUE 1 859.81 59.9
680 J-241 713.52 TRUE 1 859.83 63.3
683 J-242 716.76 TRUE 1 859.87 61.9
687 J-243 710 TRUE 1 859.85 64.8
690 J-244 713 TRUE 1 859.84 63.5
692 J-245 712.09 TRUE 1 859.86 63.9
694 J-246 714.92 TRUE 1 859.92 62.7
698 J-247 709 TRUE 1 859.88 65.3
701 J-248 708.85 TRUE 1 859.86 65.3
703 J-249 715 TRUE 1 859.86 62.7
705 J-250 717 TRUE 1 859.86 61.8
707 J-251 711 TRUE 1 859.87 64.4
709 J-252 710 TRUE 1 859.87 64.8
712 J-253 713.36 TRUE 1 859.87 63.4
715 J-254 712.52 TRUE 1 859.86 63.7
717 J-255 714.31 TRUE 1 859.86 63
719 J-256 712 TRUE 1 859.86 64
721 J-257 713 TRUE 1 859.86 63.5
724 J-258 713.77 TRUE 1 859.86 63.2
726 J-259 712.53 TRUE 1 859.86 63.7
729 J-260 712 TRUE 1 859.85 64
733 J-262 716.59 TRUE 1 859.86 62
735 J-263 715 TRUE 1 859.86 62.7
737 J-264 715.31 TRUE 1 859.87 62.5
740 J-265 714 TRUE 1 859.85 63.1
742 J-266 715.21 TRUE 1 859.85 62.6
744 J-267 718 TRUE 1 859.85 61.4
746 J-268 719.86 TRUE 1 859.85 60.6
750 J-269 716.36 TRUE 1 859.85 62.1
752 J-270 717 TRUE 1 859.85 61.8
754 J-271 714 TRUE 1 859.85 63.1
759 J-272 720.04 TRUE 1 859.84 60.5
761 J-273 718.81 TRUE 1 859.84 61
763 J-274 718.66 TRUE 1 859.84 61.1
765 J-275 721.72 TRUE 1 859.84 59.8
767 J-276 722.94 TRUE 1 859.84 59.2
770 J-277 725 TRUE 1 859.83 58.3
772 J-278 733.47 TRUE 1 859.83 54.7
774 J-279 724.61 TRUE 1 859.82 58.5
776 J-280 716.97 TRUE 1 859.82 61.8
778 J-281 723.35 TRUE 1 859.82 59



781 J-282 722.69 TRUE 1 859.82 59.3
784 J-283 722.99 TRUE 1 859.82 59.2
786 J-284 717.92 TRUE 1 859.82 61.4
788 J-285 722.49 TRUE 1 859.82 59.4
790 J-286 722.28 TRUE 1 859.81 59.5
792 J-287 722.85 TRUE 1 859.81 59.3
794 J-288 717.53 TRUE 1 859.81 61.6
796 J-289 718.17 TRUE 1 859.81 61.3
799 J-290 720.17 TRUE 1 859.81 60.4
801 J-291 716.4 TRUE 1 859.81 62
802 J-292 728.93 TRUE 1 859.81 56.6
807 J-294 715 TRUE 1 859.81 62.7
811 J-296 720.28 TRUE 1 859.81 60.4
813 J-297 712.66 TRUE 1 859.81 63.7
815 J-298 710.61 TRUE 1 859.81 64.5
817 J-299 714.91 TRUE 1 859.81 62.7
820 J-300 719.58 TRUE 1 859.81 60.7
822 J-301 719.77 TRUE 1 859.81 60.6
824 J-302 721.49 TRUE 1 859.82 59.8
826 J-303 720.13 TRUE 1 859.82 60.4
828 J-304 722.76 TRUE 1 859.83 59.3
830 J-305 710.32 TRUE 1 859.83 64.7
832 J-306 721.53 TRUE 1 859.83 59.8
834 J-307 706 TRUE 1 859.83 66.6
836 J-308 710.63 TRUE 1 859.83 64.6
838 J-309 702.36 TRUE 1 859.83 68.1
841 J-310 699.69 TRUE 1 859.82 69.3
843 J-311 700.96 TRUE 1 859.82 68.7
846 J-312 701.86 TRUE 1 859.82 68.3
848 J-313 698.46 TRUE 1 859.81 69.8
850 J-314 703.05 TRUE 1 859.82 67.8
853 J-315 710.03 TRUE 1 859.82 64.8
855 J-316 708.95 TRUE 1 859.81 65.3
857 J-317 713.69 TRUE 1 859.82 63.2
861 J-318 712.41 TRUE 1 859.86 63.8
863 J-319 713.94 TRUE 1 859.85 63.1
865 J-320 712.55 TRUE 1 859.85 63.7
867 J-321 714 TRUE 1 859.85 63.1
870 J-322 714 TRUE 1 859.86 63.1
873 J-323 716.98 TRUE 1 859.86 61.8
877 J-324 720.55 TRUE 1 859.86 60.3
880 J-325 706.65 TRUE 1 859.81 66.3
882 J-326 705.73 TRUE 1 859.81 66.7
884 J-327 705.7 TRUE 1 859.81 66.7
886 J-328 705.73 TRUE 1 859.81 66.7
889 J-329 709.25 TRUE 1 859.81 65.1
891 J-330 702.26 TRUE 1 859.81 68.2



893 J-331 706 TRUE 1 859.81 66.5
896 J-332 703.52 TRUE 1 859.81 67.6
898 J-333 698.76 TRUE 1 859.8 69.7
900 J-334 710.64 TRUE 1 859.8 64.5
907 J-336 708 TRUE 1 859.81 65.7
912 J-338 711.15 TRUE 1 859.81 64.3
915 J-339 712.15 TRUE 1 859.8 63.9
919 J-340 716.12 TRUE 1 859.81 62.2
923 J-341 706.05 TRUE 1 859.82 66.5
926 J-342 707.69 TRUE 1 859.82 65.8
929 J-343 714 TRUE 1 859.81 63.1
933 J-345 710.64 TRUE 1 859.81 64.5
936 J-346 709.85 TRUE 1 859.81 64.9
939 J-347 692.57 TRUE 1 859.81 72.4
941 J-348 691.48 TRUE 1 859.81 72.8
943 J-349 702.43 TRUE 1 859.81 68.1
945 J-350 706.77 TRUE 1 859.81 66.2
947 J-351 702.42 TRUE 1 859.81 68.1
949 J-352 703.59 TRUE 1 859.81 67.6
951 J-353 699.66 TRUE 1 859.81 69.3
954 J-354 709.41 TRUE 1 859.81 65.1
956 J-355 704.39 TRUE 1 859.81 67.2
960 J-356 704.08 TRUE 1 859.81 67.4
964 J-357 697 TRUE 1 859.81 70.4
969 J-358 715.19 TRUE 1 859.81 62.6
971 J-359 709.27 TRUE 1 859.81 65.1
973 J-360 716.89 TRUE 1 859.81 61.8
976 J-361 699.52 TRUE 1 859.81 69.3
979 J-362 698.91 TRUE 1 859.81 69.6
981 J-363 700.99 TRUE 1 859.81 68.7
983 J-364 708.84 TRUE 1 859.81 65.3
985 J-365 707.02 TRUE 1 859.81 66.1
988 J-366 704.51 TRUE 1 859.81 67.2
992 J-367 697 TRUE 1 859.81 70.4
998 J-368 712.68 TRUE 1 859.81 63.7

1000 J-369 703.86 TRUE 1 859.81 67.5
1003 J-370 703.99 TRUE 1 859.81 67.4
371 J-371 730.98 TRUE 1 859.72 55.7

1007 J-371 702.93 TRUE 1 859.81 67.9
1009 J-372 697.52 TRUE 1 859.81 70.2
1012 J-373 693 TRUE 1 859.81 72.2
1014 J-374 692.31 TRUE 1 859.81 72.5
1016 J-375 695.97 TRUE 1 859.81 70.9
1018 J-376 697 TRUE 1 859.81 70.4
1021 J-377 679.19 TRUE 1 859.81 78.1
1023 J-378 693.2 TRUE 1 859.81 72.1
1026 J-379 692 TRUE 1 859.81 72.6



1029 J-380 704.49 TRUE 1 859.81 67.2
1033 J-382 706 TRUE 1 859.81 66.5
1035 J-383 707.55 TRUE 1 859.81 65.9
1037 J-384 707.41 TRUE 1 859.81 65.9
1039 J-385 712.67 TRUE 1 859.81 63.7
1042 J-386 709.41 TRUE 1 859.81 65.1
1044 J-387 705 TRUE 1 859.81 67
1046 J-388 712.24 TRUE 1 859.81 63.8
1048 J-389 706.88 TRUE 1 859.81 66.2
1051 J-390 698 TRUE 1 859.81 70
1058 J-391 704 TRUE 1 859.81 67.4
1062 J-392 693.32 TRUE 1 859.81 72
1064 J-393 685.26 TRUE 1 859.81 75.5
1066 J-394 680.59 TRUE 1 859.81 77.5
1068 J-395 675.95 TRUE 1 859.81 79.5
1070 J-396 687.74 TRUE 1 859.81 74.4
1074 J-397 698.73 TRUE 1 859.81 69.7
1076 J-398 703.81 TRUE 1 859.81 67.5
1079 J-399 647.43 TRUE 1 859.81 91.9
401 J-401 741 TRUE 1 859.72 51.4

1084 J-401 643 TRUE 1 859.81 93.8
1087 J-402 643 TRUE 1 859.81 93.8
1091 J-403 644.36 TRUE 1 859.81 93.2
1094 J-404 645.97 TRUE 1 859.82 92.5
1096 J-405 646.02 TRUE 1 859.81 92.5
1098 J-406 644 TRUE 1 859.81 93.4
1100 J-407 642.63 TRUE 1 859.81 94
1104 J-408 659 TRUE 1 859.81 86.9
1106 J-409 660.11 TRUE 1 859.81 86.4
1108 J-410 656.39 TRUE 1 859.81 88
1110 J-411 655.19 TRUE 1 859.81 88.5
1112 J-412 656 TRUE 1 859.81 88.2
1114 J-413 653.83 TRUE 1 859.81 89.1
1117 J-414 643.01 TRUE 1 859.8 93.8
1119 J-415 646.63 TRUE 1 859.8 92.2
1124 J-416 661.4 TRUE 1 859.81 85.8
1127 J-417 658.92 TRUE 1 859.81 86.9
1130 J-418 657.74 TRUE 1 859.81 87.4
1132 J-419 658.05 TRUE 1 859.81 87.3
1134 J-420 660 TRUE 1 859.81 86.4
1136 J-421 704.97 TRUE 1 859.81 67
1138 J-422 711.86 TRUE 1 859.81 64
1140 J-423 710.29 TRUE 1 859.81 64.7
1143 J-424 709.58 TRUE 1 859.81 65
1145 J-425 706 TRUE 1 859.81 66.5
1147 J-426 659.3 TRUE 1 859.81 86.8
1152 J-427 707.92 TRUE 1 859.81 65.7



1154 J-428 711.64 TRUE 1 859.81 64.1
1157 J-429 711 TRUE 1 859.81 64.4
1159 J-430 705.06 TRUE 1 859.81 67
1165 J-431 709 TRUE 1 859.81 65.2
1167 J-432 706.97 TRUE 1 859.81 66.1
1171 J-433 715.92 TRUE 1 859.76 62.2
1175 J-434 710 TRUE 1 860 64.9
1177 J-435 711.08 TRUE 1 860 64.4
1180 J-436 710.97 TRUE 1 859.99 64.5
1182 J-437 704.85 TRUE 1 859.98 67.1
1186 J-439 698.88 TRUE 1 859.96 69.7
1188 J-440 696 TRUE 1 859.95 70.9
1193 J-442 690 TRUE 1 859.93 73.5
1195 J-443 695.82 TRUE 1 859.93 71
1199 J-445 699 TRUE 1 859.93 69.6
1203 J-447 694 TRUE 1 859.91 71.8
1205 J-448 693.12 TRUE 1 859.91 72.2
1207 J-449 696 TRUE 1 859.91 70.9
1209 J-450 711 TRUE 1 859.91 64.4
1211 J-451 709.88 TRUE 1 859.9 64.9
1213 J-452 715 TRUE 1 859.9 62.7
1215 J-453 705.41 TRUE 1 859.9 66.8
1217 J-454 707.98 TRUE 1 859.91 65.7
1220 J-455 717.85 TRUE 1 859.91 61.5
1223 J-456 703.5 TRUE 1 859.9 67.7
1225 J-457 712.71 TRUE 1 859.9 63.7
1228 J-458 710.81 TRUE 1 859.9 64.5
1230 J-459 712.3 TRUE 1 859.89 63.9
1232 J-460 699.24 TRUE 1 859.88 69.5
1234 J-461 703.17 TRUE 1 859.88 67.8
1236 J-462 698 TRUE 1 859.88 70
1238 J-463 704.51 TRUE 1 859.88 67.2
1240 J-464 705.31 TRUE 1 859.89 66.9
1242 J-465 700.79 TRUE 1 859.89 68.8
1244 J-466 696.64 TRUE 1 859.88 70.6
1246 J-467 690.75 TRUE 1 859.88 73.2
1249 J-468 688.79 TRUE 1 859.88 74
1251 J-469 686.71 TRUE 1 859.88 74.9
1253 J-470 692.02 TRUE 1 859.87 72.6
1255 J-471 694.13 TRUE 1 859.87 71.7
1257 J-472 701.74 TRUE 1 859.87 68.4
1259 J-473 709.01 TRUE 1 859.88 65.3
1261 J-474 686.83 TRUE 1 859.88 74.9
1264 J-475 711.41 TRUE 1 859.88 64.2
1266 J-476 691.23 TRUE 1 859.88 73
1268 J-477 687.9 TRUE 1 859.88 74.4
1271 J-478 706 TRUE 1 859.88 66.6



1274 J-479 703 TRUE 1 859.89 67.9
1277 J-480 702 TRUE 1 859.89 68.3
1280 J-481 702.43 TRUE 1 859.9 68.1
1283 J-482 699 TRUE 1 859.9 69.6
1285 J-483 706 TRUE 1 859.9 66.6
1287 J-484 706 TRUE 1 859.9 66.6
1289 J-485 708.74 TRUE 1 859.9 65.4
1291 J-486 699.56 TRUE 1 859.91 69.4
1293 J-487 702.41 TRUE 1 859.93 68.2
1298 J-489 699 TRUE 1 859.97 69.6
1300 J-490 698.55 TRUE 1 859.97 69.8
1304 J-491 711.02 TRUE 1 860 64.5
1308 J-492 695.43 TRUE 1 859.95 71.2
1310 J-493 701 TRUE 1 859.95 68.8
1312 J-494 699.99 TRUE 1 859.95 69.2
1321 J-497 702 TRUE 1 859.89 68.3
1323 J-498 697.73 TRUE 1 859.93 70.2
1326 J-499 697.78 TRUE 1 859.94 70.2
1328 J-500 699.87 TRUE 1 859.94 69.3
1330 J-501 711.45 TRUE 1 859.94 64.2
1332 J-502 716.07 TRUE 1 859.93 62.2
1336 J-504 712.63 TRUE 1 859.93 63.7
1338 J-505 716 TRUE 1 859.92 62.3
1342 J-507 726.32 TRUE 1 859.88 57.8
1344 J-508 728.98 TRUE 1 859.88 56.6
1346 J-509 720.16 TRUE 1 859.88 60.5
1349 J-510 712.17 TRUE 1 859.93 63.9
1352 J-511 703.84 TRUE 1 859.93 67.5
1355 J-513 706.1 TRUE 1 859.93 66.6
1356 J-514 704.45 TRUE 1 859.93 67.3
1361 J-516 720 TRUE 1 859.89 60.5
1364 J-517 704.52 TRUE 1 859.88 67.2
1366 J-518 705.4 TRUE 1 859.88 66.8
1368 J-519 718.85 TRUE 1 859.88 61
1370 J-520 719 TRUE 1 859.83 60.9
1372 J-521 725.53 TRUE 1 859.82 58.1
1374 J-522 713.21 TRUE 1 859.82 63.4
1376 J-523 712 TRUE 1 859.82 64
1378 J-524 717.43 TRUE 1 859.82 61.6
1381 J-525 712 TRUE 1 859.82 64
1383 J-526 721 TRUE 1 859.82 60.1
1386 J-527 712.24 TRUE 1 859.82 63.9
1388 J-528 718.08 TRUE 1 859.82 61.3
1390 J-529 714 TRUE 1 859.82 63.1
1392 J-530 716.43 TRUE 1 859.82 62
1395 J-531 719.03 TRUE 1 859.82 60.9
1397 J-532 721.4 TRUE 1 859.82 59.9



1400 J-533 707.68 TRUE 1 859.82 65.8
1402 J-534 700.93 TRUE 1 859.82 68.7
1404 J-535 703 TRUE 1 859.82 67.9
1406 J-536 701 TRUE 1 859.82 68.7
1408 J-537 707.65 TRUE 1 859.82 65.8
1410 J-538 710.4 TRUE 1 859.82 64.7
1412 J-539 708 TRUE 1 859.82 65.7
1414 J-540 707.89 TRUE 1 859.83 65.7
1416 J-541 703.02 TRUE 1 859.83 67.8
1418 J-542 703.23 TRUE 1 859.84 67.8
1420 J-543 701 TRUE 1 859.85 68.7
1422 J-544 701.26 TRUE 1 859.87 68.6
1424 J-545 705.25 TRUE 1 859.87 66.9
1426 J-546 706.16 TRUE 1 859.87 66.5
1428 J-547 698.82 TRUE 1 859.87 69.7
1430 J-548 697.26 TRUE 1 859.87 70.4
1433 J-549 714.13 TRUE 1 859.88 63.1
1436 J-550 718.37 TRUE 1 859.88 61.2
1438 J-551 717.77 TRUE 1 859.88 61.5
1440 J-552 719 TRUE 1 859.88 61
1444 J-553 714.74 TRUE 1 859.93 62.8
1446 J-554 714.94 TRUE 1 859.93 62.7
1449 J-555 705.15 TRUE 1 859.87 66.9
1451 J-556 714.39 TRUE 1 859.87 62.9
1454 J-557 710.61 TRUE 1 859.87 64.6
1456 J-558 708.63 TRUE 1 859.87 65.4
1458 J-559 705.13 TRUE 1 859.88 67
1460 J-560 703 TRUE 1 859.89 67.9
1464 J-561 702.51 TRUE 1 859.86 68.1
1466 J-562 708.23 TRUE 1 859.87 65.6
1471 J-563 713.49 TRUE 1 859.84 63.3
1473 J-564 699.24 TRUE 1 859.84 69.5
1475 J-565 693 TRUE 1 859.86 72.2
1477 J-566 690 TRUE 1 859.84 73.5
1480 J-567 707.3 TRUE 1 859.83 66
1482 J-568 702 TRUE 1 859.83 68.3
1484 J-569 691.8 TRUE 1 859.83 72.7
1486 J-570 688 TRUE 1 859.83 74.3
1489 J-571 688.25 TRUE 1 859.83 74.2
1491 J-572 630 TRUE 1 859.83 99.4
1493 J-573 610 TRUE 1 859.83 108.1
1495 J-574 687.29 TRUE 1 859.83 74.6
1501 J-576 695.89 TRUE 1 859.83 70.9
1503 J-577 709.22 TRUE 1 859.83 65.2
1505 J-578 719.76 TRUE 1 859.83 60.6
1507 J-579 712.27 TRUE 1 859.83 63.8
1509 J-580 704.76 TRUE 1 859.84 67.1



1511 J-581 702 TRUE 1 859.83 68.3
1513 J-582 704.19 TRUE 1 859.82 67.3
1516 J-583 705 TRUE 1 859.82 67
1518 J-584 712.25 TRUE 1 859.82 63.8
1520 J-585 711.92 TRUE 1 859.82 64
1523 J-587 711.97 TRUE 1 859.82 64
1525 J-588 715.65 TRUE 1 859.82 62.4
1527 J-589 708.24 TRUE 1 859.82 65.6
1529 J-590 698.07 TRUE 1 859.82 70
1531 J-591 701.26 TRUE 1 859.82 68.6
1533 J-592 713 TRUE 1 859.82 63.5
1535 J-593 717 TRUE 1 859.82 61.8
1537 J-594 711 TRUE 1 859.82 64.4
1539 J-595 714 TRUE 1 859.82 63.1
1541 J-596 724.05 TRUE 1 859.82 58.7
1543 J-597 720.14 TRUE 1 859.82 60.4
1545 J-598 718 TRUE 1 859.82 61.4
1547 J-599 715 TRUE 1 859.82 62.7
1551 J-601 713 TRUE 1 859.82 63.5
1554 J-602 711 TRUE 1 859.82 64.4
1557 J-603 718.89 TRUE 1 859.82 61
1559 J-604 711 TRUE 1 859.82 64.4
1562 J-605 714.84 TRUE 1 859.82 62.7
1565 J-606 716 TRUE 1 859.82 62.2
1569 J-607 711 TRUE 1 859.82 64.4
1571 J-608 709 TRUE 1 859.82 65.3
1573 J-609 712.1 TRUE 1 859.82 63.9
1575 J-610 718.5 TRUE 1 859.82 61.1
1577 J-611 712 TRUE 1 859.82 64
1579 J-612 716.69 TRUE 1 859.82 61.9
1584 J-613 715.08 TRUE 1 859.82 62.6
1591 J-614 714.83 TRUE 1 859.82 62.7
1594 J-615 711.8 TRUE 1 859.82 64
1597 J-616 712.23 TRUE 1 859.82 63.9
1602 J-617 708.95 TRUE 1 859.82 65.3
1608 J-620 699.49 TRUE 1 859.82 69.4
1611 J-621 699.21 TRUE 1 859.82 69.5
1614 J-622 703.7 TRUE 1 859.82 67.5
1617 J-623 677.55 TRUE 1 859.81 78.9
1620 J-625 674.68 TRUE 1 859.81 80.1
1624 J-626 707.6 TRUE 1 859.82 65.9
1626 J-627 711.43 TRUE 1 859.82 64.2
1628 J-628 712.35 TRUE 1 859.82 63.8
1630 J-629 703.7 TRUE 1 859.82 67.5
1632 J-630 701.54 TRUE 1 859.82 68.5
1634 J-631 707.26 TRUE 1 859.82 66
1636 J-632 708.25 TRUE 1 859.82 65.6



1638 J-633 708.28 TRUE 1 859.82 65.6
1640 J-634 695.11 TRUE 1 859.82 71.3
1644 J-636 704.58 TRUE 1 859.82 67.2
1647 J-637 703.8 TRUE 1 859.82 67.5
1651 J-638 705.91 TRUE 1 859.82 66.6
1653 J-639 701 TRUE 1 859.82 68.7
1655 J-640 706.73 TRUE 1 859.82 66.2
1657 J-641 711.54 TRUE 1 859.82 64.2
1659 J-642 709.2 TRUE 1 859.83 65.2
1663 J-643 713.23 TRUE 1 859.84 63.4
1665 J-644 707.77 TRUE 1 859.84 65.8
1667 J-645 716.73 TRUE 1 859.84 61.9
1674 J-646 705.03 TRUE 1 859.83 67
1676 J-647 707.83 TRUE 1 859.83 65.8
1679 J-648 720.04 TRUE 1 859.83 60.5
1682 J-649 701.18 TRUE 1 859.83 68.6
1685 J-650 701.62 TRUE 1 859.83 68.5
1687 J-651 701.9 TRUE 1 859.84 68.3
1690 J-652 703.24 TRUE 1 859.84 67.8
1696 J-655 703.9 TRUE 1 859.83 67.5
1699 J-656 700.26 TRUE 1 859.83 69
1702 J-657 676.37 TRUE 1 859.82 79.4
1499 J-659 695.33 TRUE 1 859.83 71.2
1706 J-659 641 TRUE 1 859.82 94.7
1708 J-660 643.52 TRUE 1 859.82 93.6
1712 J-661 623.71 TRUE 4 859.81 102.1
1714 J-662 663.25 TRUE 1 859.81 85
1717 J-663 672.85 TRUE 1 859.82 80.9
1721 J-664 681.97 TRUE 1 859.82 76.9
1723 J-665 700.54 TRUE 1 859.82 68.9
1736 J-666 713 TRUE 1 859.92 63.6
1740 J-667 712 TRUE 1 859.92 64
1743 J-668 715.96 TRUE 1 859.95 62.3
1747 J-669 721 TRUE 1 859.86 60.1
1750 J-670 718.36 TRUE 1 859.85 61.2
1761 J-673 641.28 TRUE 1 859.82 94.6
1764 J-674 640.35 TRUE 1 859.82 95
1766 J-675 655.35 TRUE 1 859.81 88.5
1767 J-676 657.65 TRUE 1 859.81 87.5
1771 J-677 707.71 TRUE 1 859.81 65.8
1774 J-678 709.38 TRUE 1 859.81 65.1
1786 J-680 725.36 TRUE 0 859.73 58.1
1792 J-682 726.32 TRUE 0 859.73 57.7
1809 J-685 792 FALSE (N/A) (N/A) (N/A)
1811 J-686 740 FALSE (N/A) (N/A) (N/A)
1813 J-687 699 FALSE (N/A) (N/A) (N/A)
1817 J-689 694.06 TRUE 25 859.77 71.7



1821 J-690 696 FALSE (N/A) (N/A) (N/A)
1824 J-691 720 FALSE (N/A) (N/A) (N/A)
1829 J-692 802 FALSE (N/A) (N/A) (N/A)
1832 J-693 740 FALSE (N/A) (N/A) (N/A)
1834 J-694 742 FALSE (N/A) (N/A) (N/A)
1836 J-695 798 FALSE (N/A) (N/A) (N/A)
1839 J-696 746.01 TRUE 5 859.8 49.2
1845 J-697 725.84 TRUE 0 859.73 57.9
1852 J-698 663 FALSE (N/A) (N/A) (N/A)
1855 J-699 626.33 FALSE (N/A) (N/A) (N/A)
1859 J-700 677 FALSE (N/A) (N/A) (N/A)
1906 J-702 735 FALSE (N/A) (N/A) (N/A)
1927 J-707 714 FALSE (N/A) (N/A) (N/A)
1929 J-708 724 FALSE (N/A) (N/A) (N/A)
1943 J-714 709 FALSE (N/A) (N/A) (N/A)
1945 J-715 0 FALSE (N/A) (N/A) (N/A)
1947 J-716 0 FALSE (N/A) (N/A) (N/A)
1949 J-717 0 FALSE (N/A) (N/A) (N/A)
1952 J-718 94.23 FALSE (N/A) (N/A) (N/A)
1956 J-719 698.05 TRUE 0 859.95 70
1959 J-720 0 FALSE (N/A) (N/A) (N/A)
1962 J-721 322.39 FALSE (N/A) (N/A) (N/A)
1966 J-722 0 FALSE (N/A) (N/A) (N/A)
1969 J-723 160.87 FALSE (N/A) (N/A) (N/A)
1973 J-724 697.19 TRUE 0 859.95 70.4
1977 J-725 717 FALSE (N/A) (N/A) (N/A)
1981 J-726 714.1 TRUE 0 859.93 63.1
1985 J-727 708.51 TRUE 0 859.98 65.5
1990 J-729 709 FALSE (N/A) (N/A) (N/A)
731 J-731 713 TRUE 1 859.86 63.5
904 J-904 710.34 TRUE 1 859.81 64.7

1031 J-1031 713.26 TRUE 1 859.81 63.4
1082 J-1082 649.29 TRUE 1 859.81 91.1
1184 J-1184 696.23 TRUE 1 859.97 70.8
1201 J-1201 697 TRUE 1 859.91 70.5
1296 J-1296 700.72 TRUE 1 859.95 68.9
1334 J-1334 712.37 TRUE 1 859.93 63.8
1340 J-1340 714.13 TRUE 1 859.89 63.1
1549 J-1549 717.5 TRUE 1 859.82 61.6
1642 J-1642 699.3 TRUE 1 859.82 69.4
1704 J-1704 666.38 TRUE 1 859.82 83.7
1780 J-1780 697.01 TRUE 0 859.95 70.5
1806 J-1806 727.59 TRUE 0 859.73 57.2



BASE SCENARIO
Junction 
Label

Fire Flow 
(Available) (gpm)

Satisfies Fire Flow 
Constraints?

Fire Flow 
Status

 Flow (Needed) 
(gpm)

Flow (Available) 
(gpm)

Pressure (Calculated 
Residual) (psi)

Pressure (Calculated System 
Lower Limit) (psi)

Junction w/ Minimum 
Pressure

1-FLOW 8,625 TRUE Passed 500 8,626 30 30.8 1-RES
1-RES 3,068 TRUE Passed 500 3,071 30 44.7 J-51
2-FLOW 7,371 TRUE Passed 500 7,372 30 30 2-RES
2-RES 4,072 TRUE Passed 500 4,073 30 44.7 J-51
3-FLOW 2,802 TRUE Passed 500 2,803 30 30.9 3-RES
3-RES 2,395 TRUE Passed 500 2,396 30 39.7 3-FLOW
4-FLOW 3,288 TRUE Passed 500 3,289 30 30.7 4-RES
4-RES 2,386 TRUE Passed 500 2,387 30 42.5 4-FLOW
5-FLOW 2,737 TRUE Passed 500 2,738 30 27.7 J-51
5-RES 1,669 TRUE Passed 500 1,670 30 38 J-51
6-FLOW 1,955 TRUE Passed 500 1,956 30 30.8 6-RES
6-RES 1,272 TRUE Passed 500 1,273 30 44.8 J-51
7-FLOW 2,064 TRUE Passed 500 2,065 30 29.1 J-196
7-RES 1,859 TRUE Passed 500 1,860 30 34.2 J-196
J-1 4,846 TRUE Passed 500 4,847 30 34.3 J-128
J-2 6,881 TRUE Passed 500 6,882 30 31.8 J-128
J-3 7,655 TRUE Passed 500 7,656 30 35 J-51
J-11 8,084 TRUE Passed 500 8,085 30 30.2 J-51
J-12 7,762 TRUE Passed 500 7,763 30 30.3 J-51
J-13 4,488 TRUE Passed 500 4,489 30 34.5 J-51
J-14 3,671 TRUE Passed 500 3,672 30 40.6 J-51
J-15 7,178 TRUE Passed 500 7,179 30 32.1 J-14
J-17 5,465 TRUE Passed 500 5,466 30 28.1 J-51
J-18 10,000 TRUE Passed 500 10,001 58.5 42.3 J-51
J-19 9,082 TRUE Passed 500 9,083 30 29.4 J-51
J-20 4,037 TRUE Passed 500 4,038 30 33.6 J-23
J-21 4,134 TRUE Passed 500 4,135 30 35.6 J-20
J-22 1,995 TRUE Passed 500 1,996 30 43.9 J-51
J-23 3,660 TRUE Passed 500 3,661 30 30.2 J-22
J-24 1,861 TRUE Passed 500 1,862 30 44 J-51
J-25 3,235 TRUE Passed 500 3,236 30 30.1 J-24
J-26 1,804 TRUE Passed 500 1,805 30 43.9 J-51
J-27 3,352 TRUE Passed 500 3,353 30 29.2 J-26
J-28 2,085 TRUE Passed 500 2,086 30 43.4 J-51
J-29 3,651 TRUE Passed 500 3,652 30 29.5 J-28
J-30 6,156 TRUE Passed 500 6,157 30 29.6 J-51
J-31 2,455 TRUE Passed 500 2,456 30 33.5 J-33
J-33 2,657 TRUE Passed 500 2,658 30 31 J-31

cdevalk
Text Box
Table 2: Fire Flow Results



J-34 2,565 TRUE Passed 500 2,566 30 37 J-51
J-35 3,124 TRUE Passed 500 3,125 30 28.5 J-34
J-36 4,025 TRUE Passed 500 4,026 30 26.9 J-51
J-37 4,543 TRUE Passed 500 4,544 30 26.1 J-51
J-38 3,963 TRUE Passed 500 3,964 30 25.9 J-51
J-39 3,810 TRUE Passed 500 3,811 30 30.1 J-51
J-40 3,743 TRUE Passed 500 3,744 30 30.3 J-51
J-41 4,045 TRUE Passed 500 4,046 30 24.6 J-51
J-42 2,588 TRUE Passed 500 2,589 30 32.1 J-51
J-43 3,259 TRUE Passed 500 3,260 30 25.3 J-51
J-44 1,938 TRUE Passed 500 1,939 30 37.4 J-51
J-45 2,051 TRUE Passed 500 2,052 30 35.7 J-46
J-46 2,493 TRUE Passed 500 2,494 30 30.3 J-45
J-47 1,772 TRUE Passed 500 1,773 30 38 J-48
J-48 2,290 TRUE Passed 500 2,291 30 27.2 J-47
J-49 2,668 TRUE Passed 500 2,669 30 30.5 J-50
J-50 2,161 TRUE Passed 500 2,162 30 36.5 J-51
J-51 927 TRUE Passed 500 928 30 43.2 J-55
J-52 2,100 TRUE Passed 500 2,101 30 26.6 J-51
J-53 1,807 TRUE Passed 500 1,808 30 32 J-54
J-54 1,929 TRUE Passed 500 1,930 30 29.5 J-53
J-55 1,610 TRUE Passed 500 1,611 30 34 J-56
J-56 1,854 TRUE Passed 500 1,855 30 28.7 J-55
J-57 1,792 TRUE Passed 500 1,793 30 37.2 J-51
J-58 1,977 TRUE Passed 500 1,978 30 31.3 J-55
J-59 2,181 TRUE Passed 500 2,182 30 28.4 J-55
J-60 2,024 TRUE Passed 500 2,025 30 28.6 J-55
J-61 2,858 TRUE Passed 500 2,859 30 26.7 J-51
J-64 2,735 TRUE Passed 500 2,736 30 26.6 J-51
J-65 2,856 TRUE Passed 500 2,857 30 27.5 J-51
J-66 3,655 TRUE Passed 500 3,656 30 23.5 J-51
J-67 3,202 TRUE Passed 500 3,203 30 28.1 J-51
J-68 3,477 TRUE Passed 500 3,478 30 25.6 J-51
J-69 2,212 TRUE Passed 500 2,213 30 36.9 J-51
J-70 2,960 TRUE Passed 500 2,961 30 31.2 J-51
J-71 2,684 TRUE Passed 500 2,685 30 30.9 J-72
J-72 2,618 TRUE Passed 500 2,619 30 33.5 J-71
J-73 1,104 TRUE Passed 500 1,105 30 43 J-51
J-74 2,546 TRUE Passed 500 2,547 30 31.1 J-73
J-75 3,771 TRUE Passed 500 3,772 30 25.8 J-74
J-76 3,514 TRUE Passed 500 3,515 30 27.1 J-51
J-77 3,248 TRUE Passed 500 3,249 30 27.7 J-51



J-78 4,035 TRUE Passed 500 4,036 30 23.5 J-51
J-79 3,323 TRUE Passed 500 3,324 30 30 J-51
J-80 3,634 TRUE Passed 500 3,635 30 28.1 J-51
J-81 3,779 TRUE Passed 500 3,780 30 24.3 J-51
J-82 4,631 TRUE Passed 500 4,633 30 22.3 J-51
J-83 4,689 TRUE Passed 500 4,690 30 22.1 J-51
J-84 4,676 TRUE Passed 500 4,677 30 21.9 J-51
J-85 4,251 TRUE Passed 500 4,252 30 23.6 J-51
J-86 4,034 TRUE Passed 500 4,035 30 25 J-51
J-87 3,720 TRUE Passed 500 3,722 30 29 J-51
J-88 3,303 TRUE Passed 500 3,304 30 31.7 J-51
J-89 3,891 TRUE Passed 500 3,892 30 25.6 J-51
J-90 3,117 TRUE Passed 500 3,118 30 29.3 J-91
J-91 1,601 TRUE Passed 500 1,602 30 41.2 J-51
J-92 5,252 TRUE Passed 500 5,253 30 30.5 J-94
J-93 3,680 TRUE Passed 500 3,681 30 24.3 J-51
J-94 5,250 TRUE Passed 500 5,251 30 30.3 J-92
J-95 6,421 TRUE Passed 500 6,422 30 31.2 J-210
J-96 5,305 TRUE Passed 500 5,306 30 31.5 J-209
J-97 5,280 TRUE Passed 500 5,281 30 30.4 J-92
J-98 5,398 TRUE Passed 500 5,399 30 28.1 J-128
J-99 2,570 TRUE Passed 500 2,571 30 32.4 J-128
J-100 3,115 TRUE Passed 500 3,116 30 25.6 J-128
J-101 2,377 TRUE Passed 500 2,378 30 33.7 J-128
J-102 3,135 TRUE Passed 500 3,136 30 23.9 J-128
J-103 2,790 TRUE Passed 500 2,791 30 21.9 J-128
J-104 2,590 TRUE Passed 500 2,591 30 25 J-128
J-105 2,602 TRUE Passed 500 2,603 30 24.3 J-128
J-106 2,496 TRUE Passed 500 2,497 30 26 J-128
J-107 2,682 TRUE Passed 500 2,683 30 23.4 J-128
J-108 2,569 TRUE Passed 500 2,570 30 24.7 J-128
J-109 2,650 TRUE Passed 500 2,651 30 23.3 J-128
J-110 2,667 TRUE Passed 500 2,668 30 23.9 J-128
J-111 2,468 TRUE Passed 500 2,469 30 27.4 J-128
J-112 2,288 TRUE Passed 500 2,289 30 30.6 J-128
J-113 2,086 TRUE Passed 500 2,087 30 33 J-128
J-114 2,030 TRUE Passed 500 2,031 30 32.4 J-128
J-115 2,225 TRUE Passed 500 2,226 30 29.5 J-128
J-116 1,930 TRUE Passed 500 1,931 30 33.3 J-128
J-117 2,099 TRUE Passed 500 2,100 30 30.8 J-128
J-118 1,866 TRUE Passed 500 1,867 30 40.6 J-51
J-118 1,951 TRUE Passed 500 1,952 30 31.7 J-128



J-119 2,125 TRUE Passed 500 2,126 30 28.9 J-128
J-121 1,693 TRUE Passed 500 1,694 30 33.4 J-128
J-122 1,915 TRUE Passed 500 1,916 30 29.5 J-128
J-124 1,780 TRUE Passed 500 1,781 30 28.5 J-128
J-125 1,431 TRUE Passed 500 1,432 30 29.5 J-180
J-126 1,712 TRUE Passed 500 1,713 30 28.8 J-128
J-127 1,569 TRUE Passed 500 1,570 30 28.6 J-128
J-128 962 TRUE Passed 500 963 30 42.3 J-129
J-129 1,553 TRUE Passed 500 1,554 30 27.9 J-128
J-130 1,622 TRUE Passed 500 1,623 30 29.7 J-128
J-133 1,748 TRUE Passed 500 1,749 30 29.2 J-128
J-134 1,610 TRUE Passed 500 1,611 30 32.5 J-135
J-135 1,722 TRUE Passed 500 1,723 30 29 J-134
J-136 1,948 TRUE Passed 500 1,949 30 26.4 J-134
J-137 2,036 TRUE Passed 500 2,037 30 25.5 J-128
J-138 2,192 TRUE Passed 500 2,193 30 23.7 J-128
J-139 2,519 TRUE Passed 500 2,520 30 29.4 J-128
J-140 2,180 TRUE Passed 500 2,181 30 32.3 J-141
J-141 2,285 TRUE Passed 500 2,286 30 30.5 J-140
J-142 2,707 TRUE Passed 500 2,708 30 23.3 J-128
J-143 2,843 TRUE Passed 500 2,844 30 20.7 J-128
J-144 2,665 TRUE Passed 500 2,666 30 22.2 J-128
J-145 2,253 TRUE Passed 500 2,254 30 29.2 J-128
J-146 2,747 TRUE Passed 500 2,748 30 21.5 J-128
J-147 2,724 TRUE Passed 500 2,725 30 22.1 J-128
J-148 2,916 TRUE Passed 500 2,917 30 19.9 J-128
J-149 3,185 TRUE Passed 500 3,186 30 21.9 J-128
J-150 3,241 TRUE Passed 500 3,242 30 25.2 J-128
J-151 2,993 TRUE Passed 500 2,994 30 23.8 J-128
J-152 2,200 TRUE Passed 500 2,201 30 38.5 J-128
J-153 3,508 TRUE Passed 500 3,509 30 24.4 J-128
J-154 3,441 TRUE Passed 500 3,442 30 25.6 J-128
J-155 2,925 TRUE Passed 500 2,926 30 30.9 J-196
J-156 2,921 TRUE Passed 500 2,922 30 37.4 J-196
J-157 3,126 TRUE Passed 500 3,127 30 28.4 J-237
J-158 2,443 TRUE Passed 500 2,445 30 36.6 J-128
J-159 3,133 TRUE Passed 500 3,134 30 28.9 J-163
J-160 3,058 TRUE Passed 500 3,059 30 28.3 J-163
J-161 2,960 TRUE Passed 500 2,961 30 29.3 J-163
J-162 3,035 TRUE Passed 500 3,036 30 28.3 J-163
J-163 2,638 TRUE Passed 500 2,639 30 32.8 J-169
J-164 2,851 TRUE Passed 500 2,852 30 30.1 J-168



J-165 3,013 TRUE Passed 500 3,014 30 28.6 J-163
J-166 3,263 TRUE Passed 500 3,264 30 18.8 J-128
J-167 1,969 TRUE Passed 500 1,970 30 35.2 J-168
J-168 2,294 TRUE Passed 500 2,295 30 30.7 J-167
J-169 2,633 TRUE Passed 500 2,634 30 31.8 J-168
J-170 2,955 TRUE Passed 500 2,956 30 24.1 J-128
J-171 1,947 TRUE Passed 500 1,948 30 37.2 J-128
J-172 2,530 TRUE Passed 500 2,531 30 22.8 J-128
J-173 2,243 TRUE Passed 500 2,244 30 27.7 J-128
J-174 2,305 TRUE Passed 500 2,306 30 26.4 J-128
J-175 2,483 TRUE Passed 500 2,484 30 22.5 J-128
J-176 2,242 TRUE Passed 500 2,243 30 27 J-128
J-177 1,773 TRUE Passed 500 1,774 30 34.6 J-128
J-178 2,038 TRUE Passed 500 2,039 30 28.7 J-179
J-179 1,020 TRUE Passed 500 1,021 30 43.7 J-128
J-180 1,040 TRUE Passed 500 1,041 30 39.3 J-128
J-181 2,216 TRUE Passed 500 2,217 30 27.4 J-128
J-183 7,998 TRUE Passed 500 7,999 30 3.8 J-689
J-184 744 TRUE Passed 500 745 30 45.1 J-51
J-185 6,517 TRUE Passed 500 6,518 30 23.6 J-186
J-186 4,727 TRUE Passed 500 4,728 30 40.8 J-128
J-187 4,990 TRUE Passed 500 4,991 30 23.7 J-188
J-188 3,820 TRUE Passed 500 3,821 30 42.5 J-128
J-189 4,622 TRUE Passed 500 4,623 30 35.8 J-128
J-190 4,681 TRUE Passed 500 4,682 30 36.1 J-128
J-191 4,040 TRUE Passed 500 4,041 30 31.3 J-192
J-192 3,484 TRUE Passed 500 3,485 30 37.3 J-196
J-193 3,357 TRUE Passed 500 3,358 30 30.4 J-196
J-194 2,846 TRUE Passed 500 2,847 30 26.7 J-196
J-195 2,252 TRUE Passed 500 2,253 30 28 J-196
J-196 1,872 TRUE Passed 500 1,873 30 33.9 J-197
J-197 2,024 TRUE Passed 500 2,025 30 29.1 J-196
J-200 4,474 TRUE Passed 500 4,475 30 30 J-201
J-201 3,982 TRUE Passed 500 3,983 30 35.3 J-200
J-202 4,344 TRUE Passed 500 4,345 30 31.2 J-206
J-203 4,325 TRUE Passed 500 4,326 30 33.3 J-204
J-204 3,403 TRUE Passed 500 3,404 30 30.5 J-205
J-205 2,797 TRUE Passed 500 2,798 30 38.6 J-204
J-206 3,695 TRUE Passed 500 3,696 30 31.8 J-207
J-207 3,094 TRUE Passed 500 3,095 30 37.7 J-206
J-208 4,868 TRUE Passed 500 4,869 30 29.9 J-209
J-209 3,766 TRUE Passed 500 3,767 30 39.8 J-128



J-210 6,346 TRUE Passed 500 6,347 30 32.2 J-95
J-211 5,607 TRUE Passed 500 5,608 30 32.3 J-212
J-212 4,505 TRUE Passed 500 4,506 30 30.4 J-213
J-213 3,477 TRUE Passed 500 3,478 30 39.8 J-215
J-214 2,720 TRUE Passed 500 2,721 30 29.5 J-215
J-215 2,269 TRUE Passed 500 2,270 30 38.2 J-214
J-216 798 TRUE Passed 500 799 30 45 J-51
J-217 3,276 TRUE Passed 500 3,277 30 29.5 J-215
J-218 1,835 TRUE Passed 500 1,836 30 44.3 J-51
J-219 3,983 TRUE Passed 500 3,984 30 30 J-215
J-220 1,916 TRUE Passed 500 1,917 30 44.2 J-51
J-221 2,304 TRUE Passed 500 2,305 30 43.9 J-51
J-222 4,413 TRUE Passed 500 4,414 30 33 J-221
J-223 4,857 TRUE Passed 500 4,858 30 32 J-222
J-224 5,682 TRUE Passed 500 5,683 30 36.8 J-223
J-225 5,895 TRUE Passed 500 5,897 30 38.6 J-224
J-226 7,500 TRUE Passed 500 7,501 30 32.6 J-334
J-227 6,261 TRUE Passed 500 6,262 30 23.4 J-191
J-228 4,773 TRUE Passed 500 4,774 30 32.6 J-229
J-229 4,718 TRUE Passed 500 4,719 30 32.7 J-228
J-230 2,898 TRUE Passed 500 2,899 30 43.5 J-51
J-231 4,420 TRUE Passed 500 4,421 30 31 J-230
J-232 4,919 TRUE Passed 500 4,920 30 34.5 J-231
J-233 6,445 TRUE Passed 500 6,446 30 27.4 J-232
J-234 9,683 TRUE Passed 500 9,684 30 6 J-689
J-235 10,000 TRUE Passed 500 10,001 41 18.5 J-689
J-236 2,265 TRUE Passed 500 2,266 30 28.7 J-237
J-237 1,898 TRUE Passed 500 1,899 30 38.8 J-236
J-238 1,081 TRUE Passed 500 1,082 30 44.8 J-51
J-239 9,923 TRUE Passed 500 9,924 30 28.9 J-128
J-240 9,656 TRUE Passed 500 9,657 30 30 J-128
J-241 8,011 TRUE Passed 500 8,012 30 35.1 J-51
J-242 7,799 TRUE Passed 500 7,800 30 35.3 J-51
J-243 9,325 TRUE Passed 500 9,326 30 33.7 J-51
J-244 5,195 TRUE Passed 500 5,196 30 41 J-51
J-245 9,577 TRUE Passed 500 9,578 30 34.5 J-51
J-246 8,855 TRUE Passed 500 8,856 30 37.6 J-51
J-247 10,000 TRUE Passed 500 10,001 40 35.2 J-51
J-248 7,091 TRUE Passed 500 7,092 30 33.2 J-318
J-249 2,424 TRUE Passed 500 2,425 30 29.1 J-250
J-250 1,326 TRUE Passed 500 1,327 30 44.8 J-51
J-251 7,307 TRUE Passed 500 7,308 30 37.6 J-51



J-252 7,252 TRUE Passed 500 7,253 30 38.7 J-51
J-253 3,136 TRUE Passed 500 3,137 30 43.7 J-51
J-254 7,778 TRUE Passed 500 7,779 30 26.5 J-324
J-255 7,134 TRUE Passed 500 7,135 30 36.1 J-51
J-256 4,152 TRUE Passed 500 4,153 30 41.7 J-51
J-257 7,102 TRUE Passed 500 7,103 30 36.4 J-51
J-258 7,063 TRUE Passed 500 7,064 30 36.4 J-51
J-259 4,413 TRUE Passed 500 4,414 30 41.3 J-51
J-260 6,261 TRUE Passed 500 6,262 30 33.7 J-731
J-262 7,158 TRUE Passed 500 7,159 30 35.6 J-51
J-263 4,227 TRUE Passed 500 4,228 30 40 J-266
J-264 7,629 TRUE Passed 500 7,630 30 34 J-51
J-265 3,968 TRUE Passed 500 3,969 30 29.5 J-266
J-266 2,788 TRUE Passed 500 2,789 30 43.3 J-51
J-267 6,047 TRUE Passed 500 6,048 30 32.6 J-268
J-268 5,308 TRUE Passed 500 5,309 30 32.4 4-FLOW
J-269 6,196 TRUE Passed 500 6,197 30 31.8 J-267
J-270 7,532 TRUE Passed 500 7,533 30 32.8 J-272
J-271 6,451 TRUE Passed 500 6,452 30 35.2 J-260
J-272 6,446 TRUE Passed 500 6,447 30 30.4 J-276
J-273 4,918 TRUE Passed 500 4,919 30 30.1 J-274
J-274 4,540 TRUE Passed 500 4,541 30 34.2 J-273
J-275 6,094 TRUE Passed 500 6,095 30 32.3 J-278
J-276 5,881 TRUE Passed 500 5,882 30 35.2 J-275
J-277 5,909 TRUE Passed 500 5,910 30 28.3 J-278
J-278 4,295 TRUE Passed 500 4,296 30 38.4 J-283
J-279 3,864 TRUE Passed 500 3,865 30 34 J-281
J-280 1,439 TRUE Passed 500 1,440 30 44.7 J-51
J-281 3,170 TRUE Passed 500 3,171 30 32.8 J-280
J-282 3,018 TRUE Passed 500 3,019 30 29.9 J-283
J-283 2,395 TRUE Passed 500 2,396 30 30.2 J-285
J-284 1,381 TRUE Passed 500 1,382 30 44.8 J-51
J-285 2,027 TRUE Passed 500 2,028 30 37.7 J-283
J-286 4,282 TRUE Passed 500 4,283 30 27.1 J-292
J-287 3,487 TRUE Passed 500 3,488 30 27.4 J-292
J-288 2,044 TRUE Passed 500 2,045 30 35.3 J-290
J-289 2,306 TRUE Passed 500 2,307 30 29.1 J-290
J-290 2,123 TRUE Passed 500 2,124 30 34.4 J-289
J-291 1,148 TRUE Passed 500 1,149 30 44.9 J-51
J-292 2,488 TRUE Passed 500 2,489 30 33.9 6-FLOW
J-294 1,385 TRUE Passed 500 1,386 30 44.3 6-FLOW
J-296 6,057 TRUE Passed 500 6,058 30 30.1 J-292



J-297 6,212 TRUE Passed 500 6,213 30 39.3 J-292
J-298 8,195 TRUE Passed 500 8,196 30 36.1 J-51
J-299 9,128 TRUE Passed 500 9,129 30 34.2 J-51
J-300 4,058 TRUE Passed 500 4,059 30 29.9 J-301
J-301 3,275 TRUE Passed 500 3,276 30 39.9 J-300
J-302 3,690 TRUE Passed 500 3,691 30 30.6 J-303
J-303 3,039 TRUE Passed 500 3,040 30 38.9 J-302
J-304 5,421 TRUE Passed 500 5,422 30 36.1 J-302
J-305 5,640 TRUE Passed 500 5,641 30 25.1 J-306
J-306 2,375 TRUE Passed 500 2,376 30 44.1 J-51
J-307 7,596 TRUE Passed 500 7,597 30 30 J-306
J-308 6,710 TRUE Passed 500 6,711 30 39 J-51
J-309 3,578 TRUE Passed 500 3,579 30 43 J-51
J-310 3,407 TRUE Passed 500 3,408 30 43.1 J-51
J-311 3,874 TRUE Passed 500 3,876 30 40.2 J-309
J-312 3,806 TRUE Passed 500 3,807 30 42.7 J-51
J-313 4,303 TRUE Passed 500 4,304 30 42.1 J-51
J-314 3,201 TRUE Passed 500 3,202 30 43.3 J-51
J-315 2,585 TRUE Passed 500 2,586 30 43.8 J-51
J-316 4,403 TRUE Passed 500 4,404 30 41.7 J-51
J-317 3,261 TRUE Passed 500 3,262 30 43.2 J-51
J-318 6,447 TRUE Passed 500 6,448 30 34 J-319
J-319 6,156 TRUE Passed 500 6,157 30 34.8 J-321
J-320 6,193 TRUE Passed 500 6,194 30 34.3 J-319
J-321 3,227 TRUE Passed 500 3,228 30 43.5 J-51
J-322 3,435 TRUE Passed 500 3,436 30 41.7 J-323
J-323 3,034 TRUE Passed 500 3,035 30 42.2 J-250
J-324 4,155 TRUE Passed 500 4,156 30 41.8 J-51
J-325 10,000 TRUE Passed 500 10,001 38.4 28.5 J-128
J-326 10,000 TRUE Passed 500 10,001 39 28.8 J-128
J-327 6,741 TRUE Passed 500 6,742 30 37.9 J-51
J-328 10,000 TRUE Passed 500 10,001 39.8 28.9 J-128
J-329 9,858 TRUE Passed 500 9,860 30 28.2 J-128
J-330 1,707 TRUE Passed 500 1,708 30 44.5 J-51
J-331 5,824 TRUE Passed 500 5,825 30 31.6 J-330
J-332 6,111 TRUE Passed 500 6,112 30 39.2 J-51
J-333 4,438 TRUE Passed 500 4,439 30 41.6 J-51
J-334 7,532 TRUE Passed 500 7,533 30 33.3 J-226
J-336 6,426 TRUE Passed 500 6,427 30 38 J-51
J-338 7,065 TRUE Passed 500 7,066 30 35.8 J-339
J-339 6,105 TRUE Passed 500 6,106 30 35.6 J-215
J-340 10,000 TRUE Passed 500 10,001 32.7 28.5 J-128



J-341 7,296 TRUE Passed 500 7,297 30 36 J-306
J-342 3,928 TRUE Passed 500 3,929 30 42.6 J-51
J-343 6,997 TRUE Passed 500 6,999 30 38.3 J-51
J-345 4,730 TRUE Passed 500 4,731 30 41.7 J-51
J-346 3,554 TRUE Passed 500 3,555 30 43 J-51
J-347 10,000 TRUE Passed 500 10,001 46.3 29.8 J-128
J-348 10,000 TRUE Passed 500 10,001 48 30 J-128
J-349 10,000 TRUE Passed 500 10,001 43.1 30 J-128
J-350 10,000 TRUE Passed 500 10,001 41.2 30 J-128
J-351 8,243 TRUE Passed 500 8,244 30 35.4 J-128
J-352 8,499 TRUE Passed 500 8,500 30 34.6 J-128
J-353 9,043 TRUE Passed 500 9,044 30 32.9 J-128
J-354 10,000 TRUE Passed 500 10,001 31.2 31 J-128
J-355 8,456 TRUE Passed 500 8,457 30 35.5 J-51
J-356 7,948 TRUE Passed 500 7,949 30 35.1 J-365
J-357 10,000 TRUE Passed 500 10,001 43.3 29.3 J-128
J-358 9,878 TRUE Passed 500 9,879 30 31.7 J-128
J-359 9,628 TRUE Passed 500 9,629 30 26.7 J-360
J-360 1,495 TRUE Passed 500 1,496 30 44.7 J-51
J-361 8,126 TRUE Passed 500 8,127 30 36.2 J-51
J-362 10,000 TRUE Passed 500 10,001 44.3 30.2 J-128
J-363 7,678 TRUE Passed 500 7,679 30 37 J-51
J-364 6,847 TRUE Passed 500 6,848 30 38.4 J-366
J-365 7,234 TRUE Passed 500 7,235 30 37.7 J-51
J-366 6,709 TRUE Passed 500 6,710 30 37.9 J-364
J-367 8,249 TRUE Passed 500 8,250 30 35.6 J-128
J-368 5,711 TRUE Passed 500 5,712 30 40.4 J-51
J-369 8,327 TRUE Passed 500 8,328 30 36 J-51
J-370 10,000 TRUE Passed 500 10,001 31.8 30.9 J-360
J-371 2,088 TRUE Passed 500 2,089 30 28.6 J-128
J-371 10,000 TRUE Passed 500 10,001 30.2 31.2 J-128
J-372 6,754 TRUE Passed 500 6,755 30 38.7 J-51
J-373 10,000 TRUE Passed 500 10,001 46.8 30.4 J-128
J-374 10,000 TRUE Passed 500 10,001 47 30.5 J-128
J-375 10,000 TRUE Passed 500 10,001 44.4 30.5 J-128
J-376 7,679 TRUE Passed 500 7,680 30 37.2 J-51
J-377 10,000 TRUE Passed 500 10,001 51 30.5 J-128
J-378 10,000 TRUE Passed 500 10,001 40.3 30.7 J-128
J-379 10,000 TRUE Passed 500 10,001 43.6 30.6 J-128
J-380 6,436 TRUE Passed 500 6,437 30 39.4 J-51
J-382 6,944 TRUE Passed 500 6,945 30 38.5 J-51
J-383 6,380 TRUE Passed 500 6,381 30 39.5 J-51



J-384 6,657 TRUE Passed 500 6,658 30 39.2 J-51
J-385 8,742 TRUE Passed 500 8,743 30 35.2 J-128
J-386 9,417 TRUE Passed 500 9,419 30 33 J-128
J-387 8,105 TRUE Passed 500 8,106 30 35.6 J-388
J-388 6,105 TRUE Passed 500 6,106 30 39.8 J-51
J-389 4,836 TRUE Passed 500 4,837 30 33.8 J-390
J-390 1,826 TRUE Passed 500 1,827 30 44.5 J-51
J-391 6,498 TRUE Passed 500 6,499 30 39.2 J-51
J-392 10,000 TRUE Passed 500 10,001 39.1 30.7 J-128
J-393 7,325 TRUE Passed 500 7,326 30 37.7 J-430
J-394 8,606 TRUE Passed 500 8,607 30 28.4 J-424
J-395 8,783 TRUE Passed 500 8,784 30 26.1 J-425
J-396 10,000 TRUE Passed 500 10,001 39.8 30.8 J-128
J-397 5,943 TRUE Passed 500 5,944 30 27.8 J-398
J-398 1,617 TRUE Passed 500 1,618 30 44.6 J-51
J-399 10,000 TRUE Passed 500 10,001 63.7 30 J-128
J-401 1,627 TRUE Passed 500 1,628 30 28.4 J-128
J-401 10,000 TRUE Passed 500 10,001 61.4 32.2 J-128
J-402 10,000 TRUE Passed 500 10,001 62 32.1 J-128
J-403 10,000 TRUE Passed 500 10,001 40.8 32.4 J-128
J-404 9,579 TRUE Passed 500 9,580 30 36.3 J-128
J-405 4,492 TRUE Passed 500 4,493 30 42.7 J-51
J-406 10,000 TRUE Passed 500 10,001 57.6 31.7 J-128
J-407 10,000 TRUE Passed 500 10,001 63.9 31.7 J-128
J-408 10,000 TRUE Passed 500 10,001 44.5 31 J-128
J-409 3,335 TRUE Passed 500 3,336 30 43.4 J-51
J-410 10,000 TRUE Passed 500 10,001 50.9 31 J-128
J-411 3,403 TRUE Passed 500 3,404 30 43.3 J-51
J-412 10,000 TRUE Passed 500 10,001 55.5 31 J-128
J-413 10,000 TRUE Passed 500 10,001 61.6 30.4 J-128
J-414 10,000 TRUE Passed 500 10,001 54.1 27.2 J-128
J-415 1,919 TRUE Passed 500 1,920 30 44.4 J-51
J-416 10,000 TRUE Passed 500 10,001 58.3 30.5 J-128
J-417 10,000 TRUE Passed 500 10,001 54.7 30.9 J-128
J-418 5,259 TRUE Passed 500 5,260 30 29.9 J-419
J-419 3,344 TRUE Passed 500 3,345 30 43.5 J-51
J-420 10,000 TRUE Passed 500 10,001 34.5 32 J-421
J-421 8,752 TRUE Passed 500 8,753 30 31.8 J-423
J-422 6,428 TRUE Passed 500 6,429 30 39.8 J-51
J-423 8,610 TRUE Passed 500 8,611 30 32.7 J-422
J-424 4,523 TRUE Passed 500 4,524 30 42.2 J-51
J-425 3,891 TRUE Passed 500 3,892 30 42.8 J-51



J-426 8,928 TRUE Passed 500 8,929 30 23.5 J-425
J-427 7,362 TRUE Passed 500 7,363 30 34 J-424
J-428 8,701 TRUE Passed 500 8,702 30 34.7 J-423
J-429 8,680 TRUE Passed 500 8,681 30 34.7 J-428
J-430 3,746 TRUE Passed 500 3,747 30 43 J-51
J-431 6,838 TRUE Passed 500 6,839 30 30.9 J-432
J-432 2,184 TRUE Passed 500 2,185 30 44.3 J-51
J-433 3,377 TRUE Passed 500 3,378 30 30 J-237
J-434 10,000 TRUE Passed 500 10,001 61.8 45 J-51
J-435 10,000 TRUE Passed 500 10,001 63.1 45 J-51
J-436 10,000 TRUE Passed 500 10,001 59.7 44.8 J-51
J-437 8,324 TRUE Passed 500 8,325 30 44.5 J-51
J-439 6,582 TRUE Passed 500 6,583 30 31.7 J-719
J-440 6,473 TRUE Passed 500 6,474 30 32.1 J-1780
J-442 7,526 TRUE Passed 500 7,527 30 27.5 J-443
J-443 2,062 TRUE Passed 500 2,063 30 45.1 J-51
J-445 8,710 TRUE Passed 500 8,711 30 30.8 J-455
J-447 5,980 TRUE Passed 500 5,981 30 27.1 J-450
J-448 4,774 TRUE Passed 500 4,775 30 39.8 J-450
J-449 5,674 TRUE Passed 500 5,675 30 23.5 J-450
J-450 3,875 TRUE Passed 500 3,876 30 44.6 J-51
J-451 5,472 TRUE Passed 500 5,473 30 35 J-452
J-452 4,984 TRUE Passed 500 4,985 30 31.8 J-458
J-453 4,639 TRUE Passed 500 4,640 30 39.8 J-454
J-454 4,465 TRUE Passed 500 4,466 30 42.8 J-453
J-455 5,943 TRUE Passed 500 5,944 30 38.1 J-454
J-456 5,994 TRUE Passed 500 5,995 30 37.1 J-455
J-457 4,775 TRUE Passed 500 4,776 30 39.9 J-452
J-458 2,780 TRUE Passed 500 2,781 30 44.8 J-51
J-459 2,707 TRUE Passed 500 2,708 30 33.4 J-463
J-460 3,717 TRUE Passed 500 3,718 30 33.5 J-459
J-461 1,536 TRUE Passed 500 1,537 30 29.4 J-463
J-462 1,351 TRUE Passed 500 1,352 30 37.4 J-463
J-463 1,236 TRUE Passed 500 1,237 30 42.5 J-461
J-464 4,836 TRUE Passed 500 4,837 30 38.1 J-457
J-465 4,989 TRUE Passed 500 4,990 30 36.4 J-464
J-466 5,282 TRUE Passed 500 5,283 30 37.6 J-465
J-467 5,951 TRUE Passed 500 5,952 30 29 J-460
J-468 5,878 TRUE Passed 500 5,879 30 33.5 J-459
J-469 6,417 TRUE Passed 500 6,418 30 35.4 J-474
J-470 7,639 TRUE Passed 500 7,640 30 42 J-51
J-471 10,000 TRUE Passed 500 10,001 36.7 33.7 J-556



J-472 6,516 TRUE Passed 500 6,517 30 40.7 J-473
J-473 5,987 TRUE Passed 500 5,988 30 36.6 J-475
J-474 5,582 TRUE Passed 500 5,583 30 43.6 J-51
J-475 5,152 TRUE Passed 500 5,153 30 40.9 J-478
J-476 2,202 TRUE Passed 500 2,203 30 41.3 J-477
J-477 2,232 TRUE Passed 500 2,233 30 39.1 J-476
J-478 5,108 TRUE Passed 500 5,109 30 39.4 J-475
J-479 5,249 TRUE Passed 500 5,250 30 39.6 J-478
J-480 5,574 TRUE Passed 500 5,575 30 37.7 J-479
J-481 5,916 TRUE Passed 500 5,917 30 35.7 J-480
J-482 3,080 TRUE Passed 500 3,081 30 25.8 J-485
J-483 1,896 TRUE Passed 500 1,897 30 28.8 J-485
J-484 1,743 TRUE Passed 500 1,744 30 34.1 J-485
J-485 1,415 TRUE Passed 500 1,416 30 45.1 J-51
J-486 8,877 TRUE Passed 500 8,878 30 41.1 1-FLOW
J-487 10,000 TRUE Passed 500 10,001 38.4 43 J-51
J-489 10,000 TRUE Passed 500 10,001 50.8 44.2 J-51
J-490 10,000 TRUE Passed 500 10,001 36 38.5 J-437
J-491 10,000 TRUE Passed 500 10,001 63 45.1 J-51
J-492 10,000 TRUE Passed 500 10,001 48.3 43.4 J-51
J-493 9,463 TRUE Passed 500 9,464 30 36.5 J-494
J-494 9,582 TRUE Passed 500 9,583 30 35.2 J-493
J-497 10,000 TRUE Passed 500 10,001 44.6 41.2 J-51
J-498 10,000 TRUE Passed 500 10,001 47 42.6 J-51
J-499 10,000 TRUE Passed 500 10,001 39.9 39 J-500
J-500 6,429 TRUE Passed 500 6,430 30 44 J-51
J-501 10,000 TRUE Passed 500 10,001 38.6 37.8 J-502
J-502 4,732 TRUE Passed 500 4,733 30 31.3 J-726
J-504 3,021 TRUE Passed 500 3,022 30 40.4 J-1334
J-505 3,720 TRUE Passed 500 3,721 30 42.3 J-554
J-507 4,120 TRUE Passed 500 4,121 30 33 J-508
J-508 4,119 TRUE Passed 500 4,120 30 34 J-507
J-509 4,841 TRUE Passed 500 4,842 30 30.8 J-508
J-510 5,490 TRUE Passed 500 5,491 30 32.6 J-513
J-511 2,209 TRUE Passed 500 2,210 30 37.8 J-513
J-513 2,251 TRUE Passed 500 2,252 30 37.5 J-514
J-514 2,543 TRUE Passed 500 2,544 30 29.3 J-513
J-516 4,806 TRUE Passed 500 4,807 30 38 J-508
J-517 5,252 TRUE Passed 500 5,253 30 30.2 J-549
J-518 4,776 TRUE Passed 500 4,777 30 26.2 J-549
J-519 5,128 TRUE Passed 500 5,129 30 29.7 J-508
J-520 4,315 TRUE Passed 500 4,316 30 32.5 J-521



J-521 3,551 TRUE Passed 500 3,552 30 37 J-603
J-522 3,726 TRUE Passed 500 3,727 30 27.5 J-603
J-523 4,064 TRUE Passed 500 4,065 30 27.8 J-603
J-524 3,922 TRUE Passed 500 3,923 30 29.7 J-521
J-525 4,363 TRUE Passed 500 4,364 30 31.4 J-521
J-526 4,205 TRUE Passed 500 4,206 30 33.5 J-521
J-527 4,292 TRUE Passed 500 4,293 30 32.6 J-528
J-528 3,969 TRUE Passed 500 3,970 30 35.4 J-610
J-529 4,184 TRUE Passed 500 4,185 30 36.9 J-613
J-530 4,207 TRUE Passed 500 4,208 30 38.1 J-596
J-531 2,700 TRUE Passed 500 2,701 30 44.4 J-51
J-532 2,909 TRUE Passed 500 2,910 30 44.4 J-51
J-533 7,597 TRUE Passed 500 7,598 30 31.8 J-532
J-534 8,448 TRUE Passed 500 8,449 30 29.7 J-535
J-535 7,863 TRUE Passed 500 7,864 30 30.9 J-536
J-536 7,094 TRUE Passed 500 7,095 30 36.5 J-535
J-537 8,045 TRUE Passed 500 8,046 30 35.6 J-647
J-538 8,537 TRUE Passed 500 8,538 30 36.5 J-648
J-539 9,672 TRUE Passed 500 9,673 30 31 J-538
J-540 2,906 TRUE Passed 500 2,907 30 42.4 J-648
J-541 3,142 TRUE Passed 500 3,143 30 44.3 J-51
J-542 6,256 TRUE Passed 500 6,257 30 40.9 J-644
J-543 8,426 TRUE Passed 500 8,427 30 34.9 J-542
J-544 9,438 TRUE Passed 500 9,439 30 33.7 J-546
J-545 5,219 TRUE Passed 500 5,220 30 29.6 J-546
J-546 2,020 TRUE Passed 500 2,021 30 44.9 J-51
J-547 4,897 TRUE Passed 500 4,898 30 30.7 J-548
J-548 1,754 TRUE Passed 500 1,755 30 45 J-51
J-549 1,603 TRUE Passed 500 1,604 30 45 J-51
J-550 4,232 TRUE Passed 500 4,233 30 29.7 J-552
J-551 2,824 TRUE Passed 500 2,825 30 44.7 J-51
J-552 2,276 TRUE Passed 500 2,277 30 44.9 J-51
J-553 3,756 TRUE Passed 500 3,757 30 29.9 J-554
J-554 2,452 TRUE Passed 500 2,453 30 45 J-51
J-555 10,000 TRUE Passed 500 10,001 30.6 32.2 J-556
J-556 3,860 TRUE Passed 500 3,861 30 44.2 J-51
J-557 3,423 TRUE Passed 500 3,424 30 30.9 J-558
J-558 1,746 TRUE Passed 500 1,748 30 44.9 J-51
J-559 10,000 TRUE Passed 500 10,001 35.1 36.8 J-557
J-560 10,000 TRUE Passed 500 10,001 43.9 41 J-51
J-561 3,550 TRUE Passed 500 3,551 30 44.2 J-51
J-562 10,000 TRUE Passed 500 10,001 30.6 34.4 J-556



J-563 2,727 TRUE Passed 500 2,728 30 44.5 J-51
J-564 10,000 TRUE Passed 500 10,001 30.7 33.8 J-563
J-565 10,000 TRUE Passed 500 10,001 33.6 37.4 J-556
J-566 7,719 TRUE Passed 500 7,720 30 41 J-51
J-567 9,586 TRUE Passed 500 9,587 30 36.4 J-578
J-568 8,476 TRUE Passed 500 8,477 30 37.1 J-574
J-569 7,048 TRUE Passed 500 7,049 30 37.8 J-570
J-570 6,433 TRUE Passed 500 6,434 30 41.8 J-51
J-571 6,828 TRUE Passed 500 6,829 30 38.9 J-574
J-572 8,236 TRUE Passed 500 8,237 30 19.6 J-574
J-573 4,625 TRUE Passed 500 4,626 30 43.1 J-51
J-574 7,280 TRUE Passed 500 7,281 30 33 J-571
J-576 10,000 TRUE Passed 500 10,001 31.3 34.5 J-568
J-577 10,000 TRUE Passed 500 10,001 31 33.6 J-578
J-578 3,040 TRUE Passed 500 3,041 30 44.2 J-51
J-579 4,041 TRUE Passed 500 4,042 30 43.7 J-51
J-580 4,120 TRUE Passed 500 4,121 30 43.7 J-51
J-581 3,895 TRUE Passed 500 3,896 30 43.7 J-51
J-582 6,090 TRUE Passed 500 6,091 30 38.8 J-581
J-583 6,586 TRUE Passed 500 6,587 30 41.3 J-51
J-584 7,397 TRUE Passed 500 7,398 30 36.4 J-585
J-585 5,725 TRUE Passed 500 5,726 30 38.2 J-587
J-587 5,319 TRUE Passed 500 5,320 30 37.8 J-588
J-588 4,970 TRUE Passed 500 4,971 30 42.6 J-587
J-589 5,140 TRUE Passed 500 5,141 30 38.3 J-588
J-590 6,506 TRUE Passed 500 6,508 30 28.6 J-591
J-591 5,967 TRUE Passed 500 5,968 30 35.8 J-590
J-592 5,697 TRUE Passed 500 5,698 30 35.5 J-596
J-593 4,202 TRUE Passed 500 4,203 30 35.8 J-596
J-594 4,097 TRUE Passed 500 4,098 30 26 J-596
J-595 3,330 TRUE Passed 500 3,331 30 27 J-596
J-596 2,795 TRUE Passed 500 2,796 30 34.9 J-597
J-597 2,906 TRUE Passed 500 2,907 30 31.3 J-596
J-598 2,990 TRUE Passed 500 2,991 30 31.9 J-597
J-599 3,177 TRUE Passed 500 3,178 30 31.2 J-1549
J-601 2,801 TRUE Passed 500 2,802 30 34.4 J-1549
J-602 4,018 TRUE Passed 500 4,019 30 31.7 J-1549
J-603 2,135 TRUE Passed 500 2,136 30 44.7 J-51
J-604 4,030 TRUE Passed 500 4,031 30 30.2 J-596
J-605 2,972 TRUE Passed 500 2,973 30 30.8 J-596
J-606 3,075 TRUE Passed 500 3,076 30 29.5 J-596
J-607 3,882 TRUE Passed 500 3,883 30 31 J-596



J-608 4,008 TRUE Passed 500 4,009 30 31.1 J-596
J-609 4,075 TRUE Passed 500 4,076 30 31.1 J-596
J-610 3,979 TRUE Passed 500 3,980 30 34 J-596
J-611 4,281 TRUE Passed 500 4,282 30 28.4 J-596
J-612 3,781 TRUE Passed 500 3,782 30 35.6 J-596
J-613 3,905 TRUE Passed 500 3,906 30 38.5 J-596
J-614 5,888 TRUE Passed 500 5,889 30 34.2 J-596
J-615 6,167 TRUE Passed 500 6,168 30 30.4 J-614
J-616 6,301 TRUE Passed 500 6,302 30 32.2 J-615
J-617 6,222 TRUE Passed 500 6,223 30 40.3 3-FLOW
J-620 7,153 TRUE Passed 500 7,154 30 28.7 J-617
J-621 8,706 TRUE Passed 500 8,707 30 28.7 J-617
J-622 8,319 TRUE Passed 500 8,320 30 32.9 J-626
J-623 8,555 TRUE Passed 500 8,556 30 34 J-617
J-625 9,435 TRUE Passed 500 9,437 30 28 J-617
J-626 8,133 TRUE Passed 500 8,134 30 33.1 J-627
J-627 8,049 TRUE Passed 500 8,050 30 34.7 J-628
J-628 8,236 TRUE Passed 500 8,237 30 33.4 J-627
J-629 8,712 TRUE Passed 500 8,714 30 31.3 J-628
J-630 8,909 TRUE Passed 500 8,910 30 32 J-629
J-631 8,920 TRUE Passed 500 8,921 30 36 J-630
J-632 4,856 TRUE Passed 500 4,857 30 30 J-633
J-633 2,921 TRUE Passed 500 2,922 30 44.1 J-51
J-634 7,471 TRUE Passed 500 7,472 30 30.1 J-633
J-636 9,506 TRUE Passed 500 9,507 30 33.3 J-631
J-637 3,559 TRUE Passed 500 3,560 30 43.8 J-51
J-638 9,900 TRUE Passed 500 9,901 30 33.3 J-539
J-639 10,000 TRUE Passed 500 10,001 34 36.5 J-640
J-640 10,000 TRUE Passed 500 10,001 30.2 35.4 J-641
J-641 5,189 TRUE Passed 500 5,190 30 42.7 J-51
J-642 3,794 TRUE Passed 500 3,795 30 43.8 J-51
J-643 2,909 TRUE Passed 500 2,910 30 44.4 J-51
J-644 4,989 TRUE Passed 500 4,990 30 37.3 J-645
J-645 2,530 TRUE Passed 500 2,531 30 44.6 J-51
J-646 6,886 TRUE Passed 500 6,887 30 38.8 J-648
J-647 4,521 TRUE Passed 500 4,522 30 43.4 J-51
J-648 2,754 TRUE Passed 500 2,755 30 44.4 J-51
J-649 3,472 TRUE Passed 500 3,473 30 29.8 J-650
J-650 1,755 TRUE Passed 500 1,756 30 44.8 J-51
J-651 7,336 TRUE Passed 500 7,337 30 29.4 J-652
J-652 2,864 TRUE Passed 500 2,865 30 44.4 J-51
J-655 6,844 TRUE Passed 500 6,846 30 31.6 J-656



J-656 3,347 TRUE Passed 500 3,348 30 44.1 J-51
J-657 10,000 TRUE Passed 500 10,001 32.1 35.6 J-128
J-659 10,000 TRUE Passed 500 10,001 31.5 31.7 J-568
J-659 10,000 TRUE Passed 500 10,001 36.6 35.6 J-128
J-660 10,000 TRUE Passed 500 10,001 37.9 35.4 J-128
J-661 798 TRUE Passed 500 803 30 45.1 J-51
J-662 10,000 TRUE Passed 500 10,001 51.5 34.2 J-128
J-663 10,000 TRUE Passed 500 10,001 42.6 35.1 J-128
J-664 10,000 TRUE Passed 500 10,001 30.5 36.5 J-128
J-665 10,000 TRUE Passed 500 10,001 32.9 36.8 J-639
J-666 10,000 TRUE Passed 500 10,001 40.9 38.2 J-51
J-667 9,277 TRUE Passed 500 9,278 30 34.4 J-51
J-668 10,000 TRUE Passed 500 10,001 47.6 40.3 J-51
J-669 4,031 TRUE Passed 500 4,032 30 40.7 J-21
J-670 4,582 TRUE Passed 500 4,583 30 33.8 J-21
J-673 10,000 TRUE Passed 500 10,001 37 36.3 J-128
J-674 4,065 TRUE Passed 500 4,066 30 43.4 J-51
J-675 3,792 TRUE Passed 500 3,793 30 43 J-51
J-676 5,325 TRUE Passed 500 5,326 30 31 J-675
J-677 2,321 TRUE Passed 500 2,322 30 29.3 J-678
J-678 1,734 TRUE Passed 500 1,735 30 44.6 J-51
J-680 2,920 TRUE Passed 500 2,920 30 24.2 J-128
J-682 2,567 TRUE Passed 500 2,567 30 24.8 J-128
J-689 2,303 TRUE Passed 500 2,328 30 44.1 J-51
J-696 2,670 TRUE Passed 500 2,675 30 29.2 J-51
J-697 2,598 TRUE Passed 500 2,598 30 22.5 J-128
J-719 4,427 TRUE Passed 500 4,427 30 39.7 J-724
J-724 4,265 TRUE Passed 500 4,265 30 34.1 J-1780
J-726 3,959 TRUE Passed 500 3,959 30 31.6 J-504
J-727 7,584 TRUE Passed 500 7,584 30 44.7 J-51
J-731 5,506 TRUE Passed 500 5,507 30 39.3 J-51
J-904 6,508 TRUE Passed 500 6,509 30 37.9 J-51
J-1031 8,911 TRUE Passed 500 8,912 30 34.5 J-128
J-1082 10,000 TRUE Passed 500 10,001 57.5 33.8 J-128
J-1184 9,001 TRUE Passed 500 9,002 30 37.6 J-439
J-1201 7,844 TRUE Passed 500 7,845 30 26.1 J-455
J-1296 10,000 TRUE Passed 500 10,001 42.5 43.3 J-51
J-1334 3,683 TRUE Passed 500 3,684 30 29.9 J-504
J-1340 3,788 TRUE Passed 500 3,789 30 39.4 J-508
J-1549 2,827 TRUE Passed 500 2,828 30 35.3 J-601
J-1642 8,335 TRUE Passed 500 8,336 30 39.2 J-51
J-1704 10,000 TRUE Passed 500 10,001 37.4 34.7 J-568



J-1780 4,346 TRUE Passed 500 4,346 30 32.4 J-724
J-1806 2,252 TRUE Passed 500 2,252 30 32.6 J-128

Scenario 1: Hillcrest Water Main Pipe Upsizing
1-FLOW 8,628 TRUE Passed 500 8,629 30 30.8 1-RES
1-RES 3,068 TRUE Passed 500 3,071 30 44.7 J-51
2-FLOW 7,372 TRUE Passed 500 7,373 30 30 2-RES
2-RES 4,072 TRUE Passed 500 4,073 30 44.7 J-51
3-FLOW 2,802 TRUE Passed 500 2,803 30 30.9 3-RES
3-RES 2,395 TRUE Passed 500 2,396 30 39.7 3-FLOW
4-FLOW 3,288 TRUE Passed 500 3,289 30 30.7 4-RES
4-RES 2,386 TRUE Passed 500 2,387 30 42.5 4-FLOW
5-FLOW 2,741 TRUE Passed 500 2,742 30 27.7 J-51
5-RES 1,670 TRUE Passed 500 1,671 30 38 J-51
6-FLOW 1,955 TRUE Passed 500 1,956 30 30.8 6-RES
6-RES 1,272 TRUE Passed 500 1,273 30 44.8 J-51
7-FLOW 2,116 TRUE Passed 500 2,117 30 29.1 J-196
7-RES 1,899 TRUE Passed 500 1,900 30 34.4 J-196
J-1 5,017 TRUE Passed 500 5,018 30 35.1 J-94
J-2 7,002 TRUE Passed 500 7,003 30 33.3 J-95
J-3 7,676 TRUE Passed 500 7,677 30 35.1 J-51
J-11 8,121 TRUE Passed 500 8,123 30 30.4 J-51
J-12 7,813 TRUE Passed 500 7,814 30 30.5 J-51
J-13 4,503 TRUE Passed 500 4,504 30 34.6 J-51
J-14 3,690 TRUE Passed 500 3,691 30 40.7 J-51
J-15 7,257 TRUE Passed 500 7,258 30 32.4 J-14
J-17 5,485 TRUE Passed 500 5,486 30 28.1 J-51
J-18 10,000 TRUE Passed 500 10,001 58.5 42.3 J-51
J-19 9,085 TRUE Passed 500 9,086 30 29.4 J-51
J-20 4,038 TRUE Passed 500 4,039 30 33.6 J-23
J-21 4,134 TRUE Passed 500 4,135 30 35.6 J-20
J-22 1,995 TRUE Passed 500 1,996 30 43.9 J-51
J-23 3,660 TRUE Passed 500 3,661 30 30.2 J-22
J-24 1,861 TRUE Passed 500 1,862 30 44 J-51
J-25 3,236 TRUE Passed 500 3,237 30 30.1 J-24
J-26 1,804 TRUE Passed 500 1,805 30 43.9 J-51
J-27 3,352 TRUE Passed 500 3,353 30 29.2 J-26
J-28 2,085 TRUE Passed 500 2,086 30 43.4 J-51
J-29 3,652 TRUE Passed 500 3,653 30 29.5 J-28
J-30 6,160 TRUE Passed 500 6,161 30 29.6 J-51
J-31 2,457 TRUE Passed 500 2,458 30 33.5 J-33
J-33 2,659 TRUE Passed 500 2,660 30 31 J-31
J-34 2,567 TRUE Passed 500 2,569 30 37.1 J-51



J-35 3,127 TRUE Passed 500 3,128 30 28.5 J-34
J-36 4,031 TRUE Passed 500 4,032 30 27 J-51
J-37 4,549 TRUE Passed 500 4,550 30 26.2 J-51
J-38 3,970 TRUE Passed 500 3,972 30 25.9 J-51
J-39 3,815 TRUE Passed 500 3,816 30 30.1 J-51
J-40 3,748 TRUE Passed 500 3,749 30 30.3 J-51
J-41 4,052 TRUE Passed 500 4,053 30 24.6 J-51
J-42 2,590 TRUE Passed 500 2,591 30 32.1 J-51
J-43 3,264 TRUE Passed 500 3,265 30 25.3 J-51
J-44 1,939 TRUE Passed 500 1,940 30 37.4 J-51
J-45 2,053 TRUE Passed 500 2,054 30 35.7 J-46
J-46 2,496 TRUE Passed 500 2,497 30 30.3 J-45
J-47 1,774 TRUE Passed 500 1,775 30 38 J-48
J-48 2,292 TRUE Passed 500 2,293 30 27.2 J-47
J-49 2,671 TRUE Passed 500 2,672 30 30.5 J-50
J-50 2,162 TRUE Passed 500 2,163 30 36.5 J-51
J-51 927 TRUE Passed 500 928 30 43.2 J-55
J-52 2,102 TRUE Passed 500 2,103 30 26.6 J-51
J-53 1,808 TRUE Passed 500 1,809 30 32 J-54
J-54 1,931 TRUE Passed 500 1,932 30 29.5 J-53
J-55 1,611 TRUE Passed 500 1,612 30 34 J-56
J-56 1,855 TRUE Passed 500 1,856 30 28.7 J-55
J-57 1,793 TRUE Passed 500 1,794 30 37.3 J-51
J-58 1,979 TRUE Passed 500 1,980 30 31.3 J-55
J-59 2,183 TRUE Passed 500 2,184 30 28.4 J-55
J-60 2,026 TRUE Passed 500 2,027 30 28.6 J-55
J-61 2,862 TRUE Passed 500 2,863 30 26.7 J-51
J-64 2,739 TRUE Passed 500 2,740 30 26.6 J-51
J-65 2,860 TRUE Passed 500 2,861 30 27.5 J-51
J-66 3,662 TRUE Passed 500 3,663 30 23.5 J-51
J-67 3,207 TRUE Passed 500 3,208 30 28.1 J-51
J-68 3,483 TRUE Passed 500 3,484 30 25.6 J-51
J-69 2,214 TRUE Passed 500 2,215 30 36.9 J-51
J-70 2,965 TRUE Passed 500 2,966 30 31.2 J-51
J-71 2,687 TRUE Passed 500 2,688 30 30.9 J-72
J-72 2,621 TRUE Passed 500 2,622 30 33.5 J-71
J-73 1,105 TRUE Passed 500 1,106 30 43 J-51
J-74 2,550 TRUE Passed 500 2,551 30 31.1 J-73
J-75 3,779 TRUE Passed 500 3,780 30 25.8 J-74
J-76 3,521 TRUE Passed 500 3,522 30 27.1 J-51
J-77 3,254 TRUE Passed 500 3,255 30 27.7 J-51
J-78 4,042 TRUE Passed 500 4,043 30 23.5 J-51



J-79 3,328 TRUE Passed 500 3,329 30 30 J-51
J-80 3,641 TRUE Passed 500 3,642 30 28.1 J-51
J-81 3,786 TRUE Passed 500 3,787 30 24.3 J-51
J-82 4,641 TRUE Passed 500 4,642 30 22.3 J-51
J-83 4,700 TRUE Passed 500 4,701 30 22.1 J-51
J-84 4,686 TRUE Passed 500 4,687 30 21.9 J-51
J-85 4,259 TRUE Passed 500 4,260 30 23.6 J-51
J-86 4,041 TRUE Passed 500 4,042 30 25 J-51
J-87 3,727 TRUE Passed 500 3,728 30 29.1 J-51
J-88 3,308 TRUE Passed 500 3,309 30 31.7 J-51
J-89 3,898 TRUE Passed 500 3,899 30 25.6 J-51
J-90 3,121 TRUE Passed 500 3,122 30 29.3 J-91
J-91 1,602 TRUE Passed 500 1,603 30 41.2 J-51
J-92 5,508 TRUE Passed 500 5,509 30 30.5 J-94
J-93 3,687 TRUE Passed 500 3,688 30 24.3 J-51
J-94 5,496 TRUE Passed 500 5,497 30 30.4 J-92
J-95 6,560 TRUE Passed 500 6,561 30 31.3 J-210
J-96 5,483 TRUE Passed 500 5,485 30 31.6 J-209
J-97 5,549 TRUE Passed 500 5,550 30 30.4 J-92
J-98 5,713 TRUE Passed 500 5,714 30 30.3 J-97
J-99 2,904 TRUE Passed 500 2,905 30 35.3 J-128
J-100 3,750 TRUE Passed 500 3,751 30 27.2 J-128
J-101 2,672 TRUE Passed 500 2,673 30 36.5 J-128
J-102 3,789 TRUE Passed 500 3,790 30 25.5 J-128
J-103 3,240 TRUE Passed 500 3,241 30 23 J-128
J-104 2,954 TRUE Passed 500 2,955 30 26.6 J-128
J-105 3,051 TRUE Passed 500 3,052 30 24.6 J-128
J-106 2,921 TRUE Passed 500 2,922 30 26.4 J-128
J-107 3,079 TRUE Passed 500 3,080 30 24.9 J-128
J-108 2,998 TRUE Passed 500 2,999 30 25.1 J-128
J-109 3,077 TRUE Passed 500 3,078 30 24 J-128
J-110 3,069 TRUE Passed 500 3,070 30 25.3 J-128
J-111 2,820 TRUE Passed 500 2,821 30 28.9 J-128
J-112 2,584 TRUE Passed 500 2,585 30 32.3 J-128
J-113 2,317 TRUE Passed 500 2,318 30 34.9 J-128
J-114 2,213 TRUE Passed 500 2,214 30 34.4 J-128
J-115 2,485 TRUE Passed 500 2,486 30 31.1 J-128
J-116 2,086 TRUE Passed 500 2,087 30 34.6 J-117
J-117 2,314 TRUE Passed 500 2,315 30 31.5 J-116
J-118 1,867 TRUE Passed 500 1,868 30 40.6 J-51
J-118 2,111 TRUE Passed 500 2,112 30 33.5 J-128
J-119 2,334 TRUE Passed 500 2,335 30 30.3 J-118



J-121 1,803 TRUE Passed 500 1,804 30 34.9 J-128
J-122 2,090 TRUE Passed 500 2,091 30 30.5 J-128
J-124 1,922 TRUE Passed 500 1,923 30 29.2 J-128
J-125 1,503 TRUE Passed 500 1,504 30 29.5 J-180
J-126 1,847 TRUE Passed 500 1,848 30 29.3 J-128
J-127 1,689 TRUE Passed 500 1,690 30 28.6 J-128
J-128 994 TRUE Passed 500 995 30 42.9 J-129
J-129 1,667 TRUE Passed 500 1,668 30 27.9 J-128
J-130 1,758 TRUE Passed 500 1,759 30 29.9 J-128
J-133 1,907 TRUE Passed 500 1,908 30 29.5 J-128
J-134 1,737 TRUE Passed 500 1,738 30 32.8 J-135
J-135 1,869 TRUE Passed 500 1,870 30 29 J-134
J-136 2,124 TRUE Passed 500 2,125 30 26.6 J-134
J-137 2,229 TRUE Passed 500 2,230 30 26.1 J-128
J-138 2,427 TRUE Passed 500 2,428 30 24.2 J-134
J-139 2,882 TRUE Passed 500 2,883 30 31.5 J-128
J-140 2,399 TRUE Passed 500 2,400 30 32.8 J-141
J-141 2,544 TRUE Passed 500 2,545 30 30.5 J-140
J-142 3,127 TRUE Passed 500 3,128 30 24.6 J-128
J-143 3,360 TRUE Passed 500 3,361 30 21 J-128
J-144 3,111 TRUE Passed 500 3,112 30 22.5 J-128
J-145 2,518 TRUE Passed 500 2,519 30 30.9 J-128
J-146 3,228 TRUE Passed 500 3,229 30 21.6 J-128
J-147 3,199 TRUE Passed 500 3,200 30 22.3 J-128
J-148 3,465 TRUE Passed 500 3,466 30 20.1 J-128
J-149 3,894 TRUE Passed 500 3,895 30 23 J-128
J-150 3,931 TRUE Passed 500 3,932 30 26.5 J-128
J-151 3,587 TRUE Passed 500 3,588 30 25.2 J-128
J-152 2,371 TRUE Passed 500 2,373 30 41 J-128
J-153 4,258 TRUE Passed 500 4,259 30 25.7 J-128
J-154 4,148 TRUE Passed 500 4,149 30 27.2 J-128
J-155 3,071 TRUE Passed 500 3,072 30 31 J-196
J-156 3,083 TRUE Passed 500 3,084 30 37.9 J-196
J-157 5,203 TRUE Passed 500 5,204 30 25.9 J-128
J-158 3,034 TRUE Passed 500 3,035 30 37.4 J-128
J-159 4,676 TRUE Passed 500 4,677 30 23.9 J-128
J-160 4,264 TRUE Passed 500 4,265 30 25.8 J-128
J-161 4,045 TRUE Passed 500 4,046 30 27.2 J-128
J-162 4,187 TRUE Passed 500 4,188 30 26.3 J-128
J-163 3,254 TRUE Passed 500 3,255 30 33.6 J-169
J-164 3,593 TRUE Passed 500 3,594 30 30.3 J-168
J-165 4,040 TRUE Passed 500 4,041 30 26.5 J-128



J-166 4,091 TRUE Passed 500 4,092 30 18.8 J-128
J-167 2,173 TRUE Passed 500 2,174 30 36.4 J-168
J-168 2,636 TRUE Passed 500 2,637 30 30.7 J-167
J-169 3,129 TRUE Passed 500 3,130 30 32.5 J-168
J-170 3,529 TRUE Passed 500 3,530 30 25.6 J-128
J-171 2,099 TRUE Passed 500 2,100 30 39.8 J-128
J-172 2,902 TRUE Passed 500 2,903 30 23.2 J-128
J-173 2,506 TRUE Passed 500 2,507 30 28.9 J-128
J-174 2,574 TRUE Passed 500 2,575 30 27.7 J-128
J-175 2,823 TRUE Passed 500 2,824 30 23.1 J-128
J-176 2,494 TRUE Passed 500 2,495 30 27.6 J-179
J-177 1,904 TRUE Passed 500 1,905 30 35.5 J-179
J-178 2,234 TRUE Passed 500 2,235 30 28.7 J-179
J-179 1,048 TRUE Passed 500 1,049 30 44.7 J-128
J-180 1,070 TRUE Passed 500 1,071 30 40.1 J-128
J-181 2,430 TRUE Passed 500 2,431 30 28.9 J-179
J-183 8,144 TRUE Passed 500 8,145 30 3.8 J-689
J-184 744 TRUE Passed 500 745 30 45.1 J-51
J-185 6,628 TRUE Passed 500 6,629 30 23.6 J-186
J-186 4,775 TRUE Passed 500 4,776 30 39.3 J-128
J-187 5,155 TRUE Passed 500 5,156 30 23.7 J-188
J-188 3,905 TRUE Passed 500 3,906 30 41.8 J-128
J-189 6,635 TRUE Passed 500 6,636 30 24.5 J-128
J-190 6,683 TRUE Passed 500 6,685 30 24.5 J-128
J-191 4,221 TRUE Passed 500 4,222 30 31.7 J-192
J-192 3,621 TRUE Passed 500 3,622 30 38.5 J-196
J-193 3,524 TRUE Passed 500 3,525 30 31 J-196
J-194 2,968 TRUE Passed 500 2,969 30 26.7 J-196
J-195 2,317 TRUE Passed 500 2,318 30 28 J-196
J-196 1,914 TRUE Passed 500 1,915 30 34 J-197
J-197 2,074 TRUE Passed 500 2,075 30 29.1 J-196
J-200 4,621 TRUE Passed 500 4,622 30 30 J-201
J-201 4,089 TRUE Passed 500 4,090 30 35.5 J-200
J-202 4,477 TRUE Passed 500 4,478 30 31.2 J-206
J-203 4,451 TRUE Passed 500 4,452 30 33.4 J-204
J-204 3,465 TRUE Passed 500 3,466 30 30.5 J-205
J-205 2,832 TRUE Passed 500 2,833 30 38.8 J-204
J-206 3,776 TRUE Passed 500 3,777 30 31.8 J-207
J-207 3,140 TRUE Passed 500 3,141 30 38 J-206
J-208 5,016 TRUE Passed 500 5,017 30 29.9 J-209
J-209 3,838 TRUE Passed 500 3,839 30 40.7 J-208
J-210 6,487 TRUE Passed 500 6,488 30 32.3 J-95



J-211 5,633 TRUE Passed 500 5,634 30 32.3 J-212
J-212 4,518 TRUE Passed 500 4,519 30 30.4 J-213
J-213 3,483 TRUE Passed 500 3,484 30 39.8 J-215
J-214 2,723 TRUE Passed 500 2,724 30 29.5 J-215
J-215 2,271 TRUE Passed 500 2,272 30 38.2 J-214
J-216 798 TRUE Passed 500 799 30 45 J-51
J-217 3,281 TRUE Passed 500 3,282 30 29.5 J-215
J-218 1,836 TRUE Passed 500 1,837 30 44.3 J-51
J-219 3,991 TRUE Passed 500 3,992 30 30 J-215
J-220 1,917 TRUE Passed 500 1,918 30 44.3 J-51
J-221 2,305 TRUE Passed 500 2,306 30 43.9 J-51
J-222 4,422 TRUE Passed 500 4,423 30 33 J-221
J-223 4,868 TRUE Passed 500 4,869 30 32 J-222
J-224 5,695 TRUE Passed 500 5,696 30 36.9 J-223
J-225 5,909 TRUE Passed 500 5,910 30 38.7 J-224
J-226 7,544 TRUE Passed 500 7,545 30 32.6 J-334
J-227 6,585 TRUE Passed 500 6,586 30 25.3 J-191
J-228 6,728 TRUE Passed 500 6,729 30 26.8 J-128
J-229 6,835 TRUE Passed 500 6,836 30 26.6 J-128
J-230 3,399 TRUE Passed 500 3,401 30 42.9 J-128
J-231 7,049 TRUE Passed 500 7,050 30 26.6 J-128
J-232 7,553 TRUE Passed 500 7,554 30 25.3 J-128
J-233 9,230 TRUE Passed 500 9,231 30 17.6 J-128
J-234 9,978 TRUE Passed 500 9,979 30 5.8 J-689
J-235 10,000 TRUE Passed 500 10,001 46 16.2 J-128
J-236 2,832 TRUE Passed 500 2,834 30 28.7 J-237
J-237 2,225 TRUE Passed 500 2,226 30 41.3 J-236
J-238 1,127 TRUE Passed 500 1,128 30 44.8 J-51
J-239 9,956 TRUE Passed 500 9,957 30 29.6 J-51
J-240 9,687 TRUE Passed 500 9,688 30 30.3 J-51
J-241 8,021 TRUE Passed 500 8,022 30 35.2 J-51
J-242 7,816 TRUE Passed 500 7,817 30 35.5 J-51
J-243 9,330 TRUE Passed 500 9,331 30 33.8 J-51
J-244 5,196 TRUE Passed 500 5,197 30 41 J-51
J-245 9,580 TRUE Passed 500 9,581 30 34.5 J-51
J-246 8,864 TRUE Passed 500 8,865 30 37.8 J-51
J-247 10,000 TRUE Passed 500 10,001 40 35.2 J-51
J-248 7,091 TRUE Passed 500 7,092 30 33.2 J-318
J-249 2,424 TRUE Passed 500 2,425 30 29.1 J-250
J-250 1,326 TRUE Passed 500 1,327 30 44.8 J-51
J-251 7,308 TRUE Passed 500 7,309 30 37.7 J-51
J-252 7,253 TRUE Passed 500 7,254 30 38.7 J-51



J-253 3,136 TRUE Passed 500 3,137 30 43.7 J-51
J-254 7,780 TRUE Passed 500 7,781 30 26.5 J-324
J-255 7,135 TRUE Passed 500 7,136 30 36.1 J-51
J-256 4,153 TRUE Passed 500 4,154 30 41.7 J-51
J-257 7,103 TRUE Passed 500 7,104 30 36.5 J-51
J-258 7,064 TRUE Passed 500 7,065 30 36.4 J-51
J-259 4,413 TRUE Passed 500 4,414 30 41.3 J-51
J-260 6,262 TRUE Passed 500 6,263 30 33.7 J-731
J-262 7,159 TRUE Passed 500 7,160 30 35.6 J-51
J-263 4,228 TRUE Passed 500 4,229 30 40 J-266
J-264 7,631 TRUE Passed 500 7,632 30 34.1 J-51
J-265 3,969 TRUE Passed 500 3,970 30 29.5 J-266
J-266 2,788 TRUE Passed 500 2,789 30 43.3 J-51
J-267 6,047 TRUE Passed 500 6,049 30 32.6 J-268
J-268 5,308 TRUE Passed 500 5,309 30 32.4 4-FLOW
J-269 6,197 TRUE Passed 500 6,198 30 31.8 J-267
J-270 7,533 TRUE Passed 500 7,534 30 32.8 J-272
J-271 6,451 TRUE Passed 500 6,453 30 35.2 J-260
J-272 6,447 TRUE Passed 500 6,448 30 30.4 J-276
J-273 4,918 TRUE Passed 500 4,919 30 30.1 J-274
J-274 4,540 TRUE Passed 500 4,541 30 34.2 J-273
J-275 6,094 TRUE Passed 500 6,095 30 32.3 J-278
J-276 5,881 TRUE Passed 500 5,882 30 35.2 J-275
J-277 5,909 TRUE Passed 500 5,910 30 28.3 J-278
J-278 4,295 TRUE Passed 500 4,296 30 38.4 J-283
J-279 3,864 TRUE Passed 500 3,865 30 34 J-281
J-280 1,439 TRUE Passed 500 1,440 30 44.7 J-51
J-281 3,170 TRUE Passed 500 3,171 30 32.8 J-280
J-282 3,018 TRUE Passed 500 3,019 30 29.9 J-283
J-283 2,395 TRUE Passed 500 2,396 30 30.2 J-285
J-284 1,381 TRUE Passed 500 1,382 30 44.8 J-51
J-285 2,027 TRUE Passed 500 2,028 30 37.7 J-283
J-286 4,282 TRUE Passed 500 4,283 30 27.1 J-292
J-287 3,487 TRUE Passed 500 3,488 30 27.4 J-292
J-288 2,044 TRUE Passed 500 2,045 30 35.3 J-290
J-289 2,306 TRUE Passed 500 2,307 30 29.1 J-290
J-290 2,123 TRUE Passed 500 2,124 30 34.4 J-289
J-291 1,148 TRUE Passed 500 1,149 30 44.9 J-51
J-292 2,488 TRUE Passed 500 2,489 30 33.9 6-FLOW
J-294 1,385 TRUE Passed 500 1,386 30 44.3 6-FLOW
J-296 6,057 TRUE Passed 500 6,058 30 30.1 J-292
J-297 6,213 TRUE Passed 500 6,214 30 39.3 J-292



J-298 8,199 TRUE Passed 500 8,200 30 36.1 J-51
J-299 9,132 TRUE Passed 500 9,133 30 34 J-128
J-300 4,058 TRUE Passed 500 4,059 30 29.9 J-301
J-301 3,275 TRUE Passed 500 3,276 30 39.9 J-300
J-302 3,690 TRUE Passed 500 3,691 30 30.6 J-303
J-303 3,039 TRUE Passed 500 3,040 30 38.9 J-302
J-304 5,421 TRUE Passed 500 5,422 30 36.1 J-302
J-305 5,640 TRUE Passed 500 5,641 30 25.1 J-306
J-306 2,375 TRUE Passed 500 2,376 30 44.1 J-51
J-307 7,596 TRUE Passed 500 7,597 30 30 J-306
J-308 6,710 TRUE Passed 500 6,711 30 39 J-51
J-309 3,578 TRUE Passed 500 3,579 30 43 J-51
J-310 3,407 TRUE Passed 500 3,408 30 43.1 J-51
J-311 3,875 TRUE Passed 500 3,876 30 40.2 J-309
J-312 3,806 TRUE Passed 500 3,807 30 42.7 J-51
J-313 4,303 TRUE Passed 500 4,304 30 42.1 J-51
J-314 3,201 TRUE Passed 500 3,202 30 43.3 J-51
J-315 2,586 TRUE Passed 500 2,587 30 43.8 J-51
J-316 4,404 TRUE Passed 500 4,405 30 41.7 J-51
J-317 3,261 TRUE Passed 500 3,262 30 43.2 J-51
J-318 6,447 TRUE Passed 500 6,448 30 34 J-319
J-319 6,156 TRUE Passed 500 6,158 30 34.8 J-321
J-320 6,193 TRUE Passed 500 6,194 30 34.3 J-319
J-321 3,227 TRUE Passed 500 3,228 30 43.5 J-51
J-322 3,435 TRUE Passed 500 3,436 30 41.7 J-323
J-323 3,034 TRUE Passed 500 3,035 30 42.2 J-250
J-324 4,155 TRUE Passed 500 4,156 30 41.9 J-51
J-325 10,000 TRUE Passed 500 10,001 38.5 29.3 J-128
J-326 10,000 TRUE Passed 500 10,001 39 29.3 J-128
J-327 6,743 TRUE Passed 500 6,744 30 38 J-51
J-328 10,000 TRUE Passed 500 10,001 39.8 29.4 J-128
J-329 9,880 TRUE Passed 500 9,881 30 28.9 J-128
J-330 1,707 TRUE Passed 500 1,708 30 44.5 J-51
J-331 5,827 TRUE Passed 500 5,828 30 31.6 J-330
J-332 6,112 TRUE Passed 500 6,113 30 39.3 J-51
J-333 4,441 TRUE Passed 500 4,442 30 41.7 J-51
J-334 7,569 TRUE Passed 500 7,570 30 33.4 J-226
J-336 6,441 TRUE Passed 500 6,442 30 38.1 J-51
J-338 7,085 TRUE Passed 500 7,086 30 35.8 J-339
J-339 6,124 TRUE Passed 500 6,125 30 35.7 J-215
J-340 10,000 TRUE Passed 500 10,001 32.9 29.5 J-128
J-341 7,296 TRUE Passed 500 7,297 30 36 J-306



J-342 3,929 TRUE Passed 500 3,930 30 42.6 J-51
J-343 6,998 TRUE Passed 500 6,999 30 38.3 J-51
J-345 4,730 TRUE Passed 500 4,731 30 41.7 J-51
J-346 3,554 TRUE Passed 500 3,555 30 43 J-51
J-347 10,000 TRUE Passed 500 10,001 46.3 29.6 J-128
J-348 10,000 TRUE Passed 500 10,001 48 29.5 J-128
J-349 10,000 TRUE Passed 500 10,001 43.1 29.5 J-128
J-350 10,000 TRUE Passed 500 10,001 41.2 29.4 J-128
J-351 8,246 TRUE Passed 500 8,247 30 35 J-128
J-352 8,502 TRUE Passed 500 8,503 30 34.2 J-128
J-353 9,046 TRUE Passed 500 9,047 30 32.5 J-128
J-354 10,000 TRUE Passed 500 10,001 31.3 30.4 J-128
J-355 8,459 TRUE Passed 500 8,460 30 35.2 J-128
J-356 7,951 TRUE Passed 500 7,952 30 35.1 J-365
J-357 10,000 TRUE Passed 500 10,001 43.4 29.5 J-128
J-358 9,884 TRUE Passed 500 9,885 30 31.2 J-128
J-359 9,633 TRUE Passed 500 9,634 30 26.7 J-360
J-360 1,495 TRUE Passed 500 1,496 30 44.7 J-51
J-361 8,129 TRUE Passed 500 8,130 30 36 J-128
J-362 10,000 TRUE Passed 500 10,001 44.4 29.4 J-128
J-363 7,683 TRUE Passed 500 7,684 30 36.6 J-128
J-364 6,850 TRUE Passed 500 6,851 30 38.4 J-51
J-365 7,236 TRUE Passed 500 7,237 30 37.6 J-51
J-366 6,711 TRUE Passed 500 6,712 30 37.9 J-364
J-367 8,262 TRUE Passed 500 8,263 30 34.8 J-128
J-368 5,712 TRUE Passed 500 5,713 30 40.3 J-51
J-369 8,332 TRUE Passed 500 8,333 30 35.8 J-128
J-370 10,000 TRUE Passed 500 10,001 31.8 30.6 J-128
J-371 2,312 TRUE Passed 500 2,313 30 29.7 J-128
J-371 10,000 TRUE Passed 500 10,001 30.3 30.5 J-128
J-372 6,757 TRUE Passed 500 6,758 30 38.7 J-51
J-373 10,000 TRUE Passed 500 10,001 46.9 29.5 J-128
J-374 10,000 TRUE Passed 500 10,001 47.1 29.4 J-128
J-375 10,000 TRUE Passed 500 10,001 44.6 29.3 J-128
J-376 7,688 TRUE Passed 500 7,689 30 36.6 J-128
J-377 10,000 TRUE Passed 500 10,001 51.3 29.1 J-128
J-378 10,000 TRUE Passed 500 10,001 40.5 29.5 J-128
J-379 10,000 TRUE Passed 500 10,001 43.8 29.5 J-128
J-380 6,441 TRUE Passed 500 6,442 30 39.4 J-51
J-382 6,948 TRUE Passed 500 6,949 30 38.5 J-51
J-383 6,383 TRUE Passed 500 6,384 30 39.4 J-51
J-384 6,662 TRUE Passed 500 6,663 30 39.2 J-51



J-385 8,754 TRUE Passed 500 8,755 30 34.5 J-128
J-386 9,427 TRUE Passed 500 9,428 30 32.3 J-128
J-387 8,110 TRUE Passed 500 8,111 30 35.6 J-388
J-388 6,107 TRUE Passed 500 6,108 30 39.8 J-51
J-389 4,836 TRUE Passed 500 4,837 30 33.8 J-390
J-390 1,826 TRUE Passed 500 1,827 30 44.5 J-51
J-391 6,501 TRUE Passed 500 6,502 30 39.1 J-51
J-392 10,000 TRUE Passed 500 10,001 39.3 29.5 J-128
J-393 7,333 TRUE Passed 500 7,334 30 37.7 J-430
J-394 8,619 TRUE Passed 500 8,620 30 28.5 J-424
J-395 8,796 TRUE Passed 500 8,797 30 26.2 J-425
J-396 10,000 TRUE Passed 500 10,001 40 29.6 J-128
J-397 5,949 TRUE Passed 500 5,950 30 27.8 J-398
J-398 1,617 TRUE Passed 500 1,618 30 44.6 J-51
J-399 10,000 TRUE Passed 500 10,001 64.4 27.5 J-128
J-401 1,758 TRUE Passed 500 1,759 30 28.5 J-128
J-401 10,000 TRUE Passed 500 10,001 61.8 30.4 J-128
J-402 10,000 TRUE Passed 500 10,001 62.5 30.3 J-128
J-403 10,000 TRUE Passed 500 10,001 41.2 30.7 J-128
J-404 9,598 TRUE Passed 500 9,599 30 35.1 J-128
J-405 4,495 TRUE Passed 500 4,496 30 42.6 J-51
J-406 10,000 TRUE Passed 500 10,001 58 29.8 J-128
J-407 10,000 TRUE Passed 500 10,001 64.4 29.7 J-128
J-408 10,000 TRUE Passed 500 10,001 44.8 29.4 J-128
J-409 3,336 TRUE Passed 500 3,337 30 43.3 J-51
J-410 10,000 TRUE Passed 500 10,001 51.2 29.5 J-128
J-411 3,404 TRUE Passed 500 3,405 30 43.3 J-51
J-412 10,000 TRUE Passed 500 10,001 55.8 29.5 J-128
J-413 10,000 TRUE Passed 500 10,001 62 28.6 J-128
J-414 10,000 TRUE Passed 500 10,001 56.2 22.7 J-128
J-415 1,921 TRUE Passed 500 1,922 30 44.4 J-51
J-416 10,000 TRUE Passed 500 10,001 58.6 29 J-128
J-417 10,000 TRUE Passed 500 10,001 54.9 29.6 J-128
J-418 5,261 TRUE Passed 500 5,262 30 29.9 J-419
J-419 3,345 TRUE Passed 500 3,346 30 43.4 J-51
J-420 10,000 TRUE Passed 500 10,001 34.6 32.2 J-421
J-421 8,766 TRUE Passed 500 8,767 30 31.8 J-423
J-422 6,433 TRUE Passed 500 6,434 30 39.8 J-51
J-423 8,624 TRUE Passed 500 8,625 30 32.7 J-422
J-424 4,525 TRUE Passed 500 4,526 30 42.1 J-51
J-425 3,893 TRUE Passed 500 3,894 30 42.8 J-51
J-426 8,941 TRUE Passed 500 8,942 30 23.6 J-425



J-427 7,372 TRUE Passed 500 7,373 30 34.1 J-424
J-428 8,715 TRUE Passed 500 8,716 30 34.7 J-423
J-429 8,693 TRUE Passed 500 8,694 30 34.8 J-428
J-430 3,747 TRUE Passed 500 3,748 30 43 J-51
J-431 6,844 TRUE Passed 500 6,845 30 30.9 J-432
J-432 2,185 TRUE Passed 500 2,186 30 44.3 J-51
J-433 5,246 TRUE Passed 500 5,247 30 25.8 J-128
J-434 10,000 TRUE Passed 500 10,001 61.8 45 J-51
J-435 10,000 TRUE Passed 500 10,001 63.1 45 J-51
J-436 10,000 TRUE Passed 500 10,001 59.7 44.8 J-51
J-437 8,324 TRUE Passed 500 8,325 30 44.5 J-51
J-439 6,582 TRUE Passed 500 6,583 30 31.7 J-719
J-440 6,474 TRUE Passed 500 6,475 30 32.1 J-1780
J-442 7,527 TRUE Passed 500 7,528 30 27.5 J-443
J-443 2,062 TRUE Passed 500 2,063 30 45.1 J-51
J-445 8,711 TRUE Passed 500 8,712 30 30.8 J-455
J-447 5,981 TRUE Passed 500 5,982 30 27.1 J-450
J-448 4,774 TRUE Passed 500 4,775 30 39.8 J-450
J-449 5,675 TRUE Passed 500 5,676 30 23.5 J-450
J-450 3,875 TRUE Passed 500 3,876 30 44.6 J-51
J-451 5,473 TRUE Passed 500 5,474 30 35 J-452
J-452 4,985 TRUE Passed 500 4,986 30 31.8 J-458
J-453 4,639 TRUE Passed 500 4,640 30 39.8 J-454
J-454 4,465 TRUE Passed 500 4,466 30 42.8 J-453
J-455 5,944 TRUE Passed 500 5,945 30 38.1 J-454
J-456 5,995 TRUE Passed 500 5,996 30 37.1 J-455
J-457 4,776 TRUE Passed 500 4,777 30 39.9 J-452
J-458 2,781 TRUE Passed 500 2,782 30 44.8 J-51
J-459 2,707 TRUE Passed 500 2,708 30 33.4 J-463
J-460 3,717 TRUE Passed 500 3,718 30 33.5 J-459
J-461 1,536 TRUE Passed 500 1,537 30 29.4 J-463
J-462 1,351 TRUE Passed 500 1,352 30 37.4 J-463
J-463 1,236 TRUE Passed 500 1,237 30 42.5 J-461
J-464 4,837 TRUE Passed 500 4,838 30 38.1 J-457
J-465 4,990 TRUE Passed 500 4,991 30 36.4 J-464
J-466 5,283 TRUE Passed 500 5,284 30 37.6 J-465
J-467 5,952 TRUE Passed 500 5,953 30 29 J-460
J-468 5,879 TRUE Passed 500 5,880 30 33.5 J-459
J-469 6,419 TRUE Passed 500 6,420 30 35.4 J-474
J-470 7,643 TRUE Passed 500 7,644 30 42 J-51
J-471 10,000 TRUE Passed 500 10,001 36.7 33.8 J-556
J-472 6,518 TRUE Passed 500 6,519 30 40.8 J-473



J-473 5,989 TRUE Passed 500 5,990 30 36.6 J-475
J-474 5,583 TRUE Passed 500 5,584 30 43.6 J-51
J-475 5,153 TRUE Passed 500 5,154 30 40.9 J-478
J-476 2,202 TRUE Passed 500 2,203 30 41.3 J-477
J-477 2,232 TRUE Passed 500 2,233 30 39.1 J-476
J-478 5,109 TRUE Passed 500 5,110 30 39.4 J-475
J-479 5,250 TRUE Passed 500 5,251 30 39.6 J-478
J-480 5,575 TRUE Passed 500 5,576 30 37.7 J-479
J-481 5,917 TRUE Passed 500 5,918 30 35.7 J-480
J-482 3,080 TRUE Passed 500 3,081 30 25.8 J-485
J-483 1,896 TRUE Passed 500 1,897 30 28.8 J-485
J-484 1,743 TRUE Passed 500 1,744 30 34.1 J-485
J-485 1,415 TRUE Passed 500 1,416 30 45.1 J-51
J-486 8,880 TRUE Passed 500 8,881 30 41.1 1-FLOW
J-487 10,000 TRUE Passed 500 10,001 38.4 43 J-51
J-489 10,000 TRUE Passed 500 10,001 50.8 44.2 J-51
J-490 10,000 TRUE Passed 500 10,001 36 38.5 J-437
J-491 10,000 TRUE Passed 500 10,001 63 45.1 J-51
J-492 10,000 TRUE Passed 500 10,001 48.3 43.4 J-51
J-493 9,464 TRUE Passed 500 9,465 30 36.5 J-494
J-494 9,584 TRUE Passed 500 9,585 30 35.2 J-493
J-497 10,000 TRUE Passed 500 10,001 44.7 41.2 J-51
J-498 10,000 TRUE Passed 500 10,001 47 42.6 J-51
J-499 10,000 TRUE Passed 500 10,001 39.9 39 J-500
J-500 6,429 TRUE Passed 500 6,430 30 44 J-51
J-501 10,000 TRUE Passed 500 10,001 38.6 37.8 J-502
J-502 4,733 TRUE Passed 500 4,734 30 31.3 J-726
J-504 3,021 TRUE Passed 500 3,022 30 40.4 J-1334
J-505 3,720 TRUE Passed 500 3,721 30 42.3 J-554
J-507 4,120 TRUE Passed 500 4,121 30 33 J-508
J-508 4,119 TRUE Passed 500 4,120 30 34 J-507
J-509 4,842 TRUE Passed 500 4,843 30 30.8 J-508
J-510 5,490 TRUE Passed 500 5,491 30 32.6 J-513
J-511 2,209 TRUE Passed 500 2,210 30 37.8 J-513
J-513 2,251 TRUE Passed 500 2,252 30 37.5 J-514
J-514 2,543 TRUE Passed 500 2,544 30 29.3 J-513
J-516 4,807 TRUE Passed 500 4,808 30 38 J-508
J-517 5,253 TRUE Passed 500 5,254 30 30.2 J-549
J-518 4,776 TRUE Passed 500 4,777 30 26.2 J-549
J-519 5,129 TRUE Passed 500 5,130 30 29.7 J-508
J-520 4,316 TRUE Passed 500 4,317 30 32.5 J-521
J-521 3,552 TRUE Passed 500 3,553 30 37 J-603



J-522 3,727 TRUE Passed 500 3,728 30 27.5 J-603
J-523 4,065 TRUE Passed 500 4,066 30 27.8 J-603
J-524 3,923 TRUE Passed 500 3,924 30 29.7 J-521
J-525 4,364 TRUE Passed 500 4,365 30 31.4 J-521
J-526 4,206 TRUE Passed 500 4,207 30 33.5 J-521
J-527 4,293 TRUE Passed 500 4,294 30 32.6 J-528
J-528 3,970 TRUE Passed 500 3,971 30 35.4 J-610
J-529 4,185 TRUE Passed 500 4,186 30 36.9 J-613
J-530 4,209 TRUE Passed 500 4,210 30 38.1 J-596
J-531 2,700 TRUE Passed 500 2,701 30 44.4 J-51
J-532 2,910 TRUE Passed 500 2,911 30 44.3 J-51
J-533 7,605 TRUE Passed 500 7,606 30 31.8 J-532
J-534 8,459 TRUE Passed 500 8,460 30 29.7 J-535
J-535 7,872 TRUE Passed 500 7,873 30 30.9 J-536
J-536 7,100 TRUE Passed 500 7,101 30 36.5 J-535
J-537 8,055 TRUE Passed 500 8,056 30 35.6 J-647
J-538 8,551 TRUE Passed 500 8,552 30 36.5 J-648
J-539 9,692 TRUE Passed 500 9,693 30 31 J-538
J-540 2,906 TRUE Passed 500 2,907 30 42.4 J-648
J-541 3,143 TRUE Passed 500 3,144 30 44.2 J-51
J-542 6,260 TRUE Passed 500 6,261 30 40.9 J-644
J-543 8,434 TRUE Passed 500 8,435 30 34.9 J-542
J-544 9,447 TRUE Passed 500 9,448 30 33.7 J-546
J-545 5,221 TRUE Passed 500 5,222 30 29.6 J-546
J-546 2,020 TRUE Passed 500 2,021 30 44.9 J-51
J-547 4,898 TRUE Passed 500 4,899 30 30.7 J-548
J-548 1,754 TRUE Passed 500 1,756 30 45 J-51
J-549 1,603 TRUE Passed 500 1,604 30 45 J-51
J-550 4,233 TRUE Passed 500 4,234 30 29.7 J-552
J-551 2,825 TRUE Passed 500 2,826 30 44.7 J-51
J-552 2,276 TRUE Passed 500 2,277 30 44.9 J-51
J-553 3,756 TRUE Passed 500 3,757 30 29.9 J-554
J-554 2,452 TRUE Passed 500 2,453 30 45 J-51
J-555 10,000 TRUE Passed 500 10,001 30.7 32.3 J-556
J-556 3,861 TRUE Passed 500 3,862 30 44.1 J-51
J-557 3,424 TRUE Passed 500 3,425 30 30.9 J-558
J-558 1,747 TRUE Passed 500 1,748 30 44.9 J-51
J-559 10,000 TRUE Passed 500 10,001 35.2 36.8 J-557
J-560 10,000 TRUE Passed 500 10,001 44 40.9 J-51
J-561 3,550 TRUE Passed 500 3,551 30 44.2 J-51
J-562 10,000 TRUE Passed 500 10,001 30.6 34.4 J-556
J-563 2,728 TRUE Passed 500 2,729 30 44.5 J-51



J-564 10,000 TRUE Passed 500 10,001 30.8 33.9 J-563
J-565 10,000 TRUE Passed 500 10,001 33.7 37.4 J-556
J-566 7,727 TRUE Passed 500 7,728 30 40.9 J-51
J-567 9,606 TRUE Passed 500 9,607 30 36.4 J-578
J-568 8,490 TRUE Passed 500 8,491 30 37.1 J-574
J-569 7,055 TRUE Passed 500 7,056 30 37.8 J-570
J-570 6,438 TRUE Passed 500 6,439 30 41.8 J-51
J-571 6,835 TRUE Passed 500 6,836 30 38.9 J-574
J-572 8,243 TRUE Passed 500 8,244 30 19.6 J-574
J-573 4,626 TRUE Passed 500 4,627 30 43.1 J-51
J-574 7,287 TRUE Passed 500 7,288 30 33.1 J-571
J-576 10,000 TRUE Passed 500 10,001 31.5 34.7 J-568
J-577 10,000 TRUE Passed 500 10,001 31.2 33.7 J-578
J-578 3,040 TRUE Passed 500 3,041 30 44.2 J-51
J-579 4,043 TRUE Passed 500 4,044 30 43.7 J-51
J-580 4,121 TRUE Passed 500 4,122 30 43.7 J-51
J-581 3,896 TRUE Passed 500 3,897 30 43.7 J-51
J-582 6,095 TRUE Passed 500 6,096 30 38.8 J-581
J-583 6,592 TRUE Passed 500 6,593 30 41.2 J-51
J-584 7,406 TRUE Passed 500 7,407 30 36.4 J-585
J-585 5,730 TRUE Passed 500 5,731 30 38.3 J-587
J-587 5,323 TRUE Passed 500 5,324 30 37.8 J-588
J-588 4,973 TRUE Passed 500 4,974 30 42.6 J-51
J-589 5,143 TRUE Passed 500 5,144 30 38.3 J-588
J-590 6,512 TRUE Passed 500 6,513 30 28.6 J-591
J-591 5,971 TRUE Passed 500 5,972 30 35.8 J-590
J-592 5,701 TRUE Passed 500 5,702 30 35.5 J-596
J-593 4,204 TRUE Passed 500 4,205 30 35.8 J-596
J-594 4,098 TRUE Passed 500 4,099 30 26 J-596
J-595 3,330 TRUE Passed 500 3,331 30 27 J-596
J-596 2,795 TRUE Passed 500 2,796 30 34.9 J-597
J-597 2,906 TRUE Passed 500 2,907 30 31.3 J-596
J-598 2,991 TRUE Passed 500 2,992 30 31.9 J-597
J-599 3,178 TRUE Passed 500 3,179 30 31.2 J-1549
J-601 2,801 TRUE Passed 500 2,802 30 34.4 J-1549
J-602 4,019 TRUE Passed 500 4,020 30 31.7 J-1549
J-603 2,135 TRUE Passed 500 2,136 30 44.7 J-51
J-604 4,031 TRUE Passed 500 4,032 30 30.2 J-596
J-605 2,972 TRUE Passed 500 2,973 30 30.8 J-596
J-606 3,076 TRUE Passed 500 3,077 30 29.5 J-596
J-607 3,883 TRUE Passed 500 3,884 30 31 J-596
J-608 4,009 TRUE Passed 500 4,010 30 31.1 J-596



J-609 4,076 TRUE Passed 500 4,077 30 31.1 J-596
J-610 3,980 TRUE Passed 500 3,981 30 34 J-596
J-611 4,282 TRUE Passed 500 4,283 30 28.4 J-596
J-612 3,782 TRUE Passed 500 3,783 30 35.6 J-596
J-613 3,906 TRUE Passed 500 3,907 30 38.5 J-596
J-614 5,892 TRUE Passed 500 5,893 30 34.2 J-596
J-615 6,171 TRUE Passed 500 6,172 30 30.4 J-614
J-616 6,306 TRUE Passed 500 6,307 30 32.2 J-615
J-617 6,228 TRUE Passed 500 6,229 30 40.3 3-FLOW
J-620 7,161 TRUE Passed 500 7,162 30 28.7 J-617
J-621 8,720 TRUE Passed 500 8,721 30 28.7 J-617
J-622 8,331 TRUE Passed 500 8,332 30 32.9 J-626
J-623 8,566 TRUE Passed 500 8,567 30 34.1 J-617
J-625 9,449 TRUE Passed 500 9,450 30 28 J-617
J-626 8,145 TRUE Passed 500 8,146 30 33.1 J-627
J-627 8,062 TRUE Passed 500 8,063 30 34.7 J-628
J-628 8,249 TRUE Passed 500 8,250 30 33.4 J-627
J-629 8,727 TRUE Passed 500 8,728 30 31.3 J-628
J-630 8,924 TRUE Passed 500 8,925 30 32 J-629
J-631 8,936 TRUE Passed 500 8,937 30 36.1 J-630
J-632 4,859 TRUE Passed 500 4,860 30 30 J-633
J-633 2,922 TRUE Passed 500 2,923 30 44.1 J-51
J-634 7,482 TRUE Passed 500 7,483 30 30.1 J-633
J-636 9,525 TRUE Passed 500 9,526 30 33.3 J-631
J-637 3,560 TRUE Passed 500 3,561 30 43.8 J-51
J-638 9,921 TRUE Passed 500 9,922 30 33.3 J-539
J-639 10,000 TRUE Passed 500 10,001 34.2 35.9 J-128
J-640 10,000 TRUE Passed 500 10,001 30.4 35.5 J-641
J-641 5,192 TRUE Passed 500 5,193 30 42.7 J-51
J-642 3,795 TRUE Passed 500 3,796 30 43.8 J-51
J-643 2,910 TRUE Passed 500 2,911 30 44.4 J-51
J-644 4,991 TRUE Passed 500 4,992 30 37.3 J-645
J-645 2,530 TRUE Passed 500 2,531 30 44.6 J-51
J-646 6,892 TRUE Passed 500 6,893 30 38.8 J-648
J-647 4,522 TRUE Passed 500 4,523 30 43.3 J-51
J-648 2,755 TRUE Passed 500 2,756 30 44.4 J-51
J-649 3,473 TRUE Passed 500 3,474 30 29.8 J-650
J-650 1,755 TRUE Passed 500 1,756 30 44.8 J-51
J-651 7,341 TRUE Passed 500 7,342 30 29.4 J-652
J-652 2,864 TRUE Passed 500 2,865 30 44.4 J-51
J-655 6,850 TRUE Passed 500 6,851 30 31.6 J-656
J-656 3,348 TRUE Passed 500 3,349 30 44.1 J-51



J-657 10,000 TRUE Passed 500 10,001 32.3 34.4 J-128
J-659 10,000 TRUE Passed 500 10,001 31.6 31.9 J-568
J-659 10,000 TRUE Passed 500 10,001 36.8 34.3 J-128
J-660 10,000 TRUE Passed 500 10,001 38.1 34.1 J-128
J-661 798 TRUE Passed 500 803 30 45.1 J-51
J-662 10,000 TRUE Passed 500 10,001 51.8 32.8 J-128
J-663 10,000 TRUE Passed 500 10,001 42.8 33.8 J-128
J-664 10,000 TRUE Passed 500 10,001 30.7 35.3 J-128
J-665 10,000 TRUE Passed 500 10,001 33.1 35.7 J-128
J-666 10,000 TRUE Passed 500 10,001 40.9 38.3 J-51
J-667 9,279 TRUE Passed 500 9,280 30 34.5 J-51
J-668 10,000 TRUE Passed 500 10,001 47.7 40.4 J-51
J-669 4,031 TRUE Passed 500 4,032 30 40.7 J-21
J-670 4,583 TRUE Passed 500 4,584 30 33.8 J-21
J-673 10,000 TRUE Passed 500 10,001 37.2 35.1 J-128
J-674 4,066 TRUE Passed 500 4,067 30 43.3 J-51
J-675 3,793 TRUE Passed 500 3,794 30 43 J-51
J-676 5,328 TRUE Passed 500 5,329 30 31 J-675
J-677 2,321 TRUE Passed 500 2,322 30 29.3 J-678
J-678 1,734 TRUE Passed 500 1,735 30 44.6 J-51
J-680 3,465 TRUE Passed 500 3,465 30 25.7 J-128
J-682 2,956 TRUE Passed 500 2,956 30 25.9 J-128
J-689 2,309 TRUE Passed 500 2,334 30 44.1 J-51
J-696 2,673 TRUE Passed 500 2,678 30 29.2 J-51
J-697 3,005 TRUE Passed 500 3,005 30 22.9 J-128
J-719 4,427 TRUE Passed 500 4,427 30 39.7 J-724
J-724 4,265 TRUE Passed 500 4,265 30 34.1 J-1780
J-726 3,959 TRUE Passed 500 3,959 30 31.6 J-504
J-727 7,584 TRUE Passed 500 7,584 30 44.7 J-51
J-731 5,506 TRUE Passed 500 5,507 30 39.3 J-51
J-904 6,521 TRUE Passed 500 6,522 30 38 J-51
J-1031 8,921 TRUE Passed 500 8,922 30 33.8 J-128
J-1082 10,000 TRUE Passed 500 10,001 57.8 32.3 J-128
J-1184 9,002 TRUE Passed 500 9,003 30 37.6 J-439
J-1201 7,846 TRUE Passed 500 7,847 30 26.1 J-455
J-1296 10,000 TRUE Passed 500 10,001 42.5 43.2 J-51
J-1334 3,684 TRUE Passed 500 3,685 30 29.9 J-504
J-1340 3,788 TRUE Passed 500 3,789 30 39.4 J-508
J-1549 2,828 TRUE Passed 500 2,829 30 35.3 J-601
J-1642 8,350 TRUE Passed 500 8,351 30 39 J-51
J-1704 10,000 TRUE Passed 500 10,001 37.6 34.9 J-568
J-1780 4,346 TRUE Passed 500 4,346 30 32.4 J-724



J-1806 2,504 TRUE Passed 500 2,504 30 34.9 J-128

Scenario 2: Loop at Evergreen Drive
1-FLOW 8,637 TRUE Passed 500 8,638 30 30.8 1-RES
1-RES 3,069 TRUE Passed 500 3,072 30 44.7 J-51
2-FLOW 7,373 TRUE Passed 500 7,374 30 30 2-RES
2-RES 4,072 TRUE Passed 500 4,073 30 44.7 J-51
3-FLOW 2,816 TRUE Passed 500 2,817 30 30.9 3-RES
3-RES 2,404 TRUE Passed 500 2,405 30 39.8 3-FLOW
4-FLOW 3,290 TRUE Passed 500 3,291 30 30.7 4-RES
4-RES 2,387 TRUE Passed 500 2,388 30 42.5 4-FLOW
5-FLOW 2,741 TRUE Passed 500 2,742 30 27.7 J-51
5-RES 1,670 TRUE Passed 500 1,671 30 38 J-51
6-FLOW 1,957 TRUE Passed 500 1,958 30 30.8 6-RES
6-RES 1,273 TRUE Passed 500 1,274 30 44.8 J-51
7-FLOW 2,066 TRUE Passed 500 2,067 30 29.1 J-196
7-RES 1,860 TRUE Passed 500 1,861 30 34.2 J-196
J-1 4,862 TRUE Passed 500 4,863 30 34.4 J-128
J-2 6,916 TRUE Passed 500 6,917 30 31.9 J-128
J-3 7,701 TRUE Passed 500 7,702 30 35.2 J-51
J-11 8,115 TRUE Passed 500 8,116 30 30.4 J-51
J-12 7,798 TRUE Passed 500 7,799 30 30.4 J-51
J-13 4,498 TRUE Passed 500 4,499 30 34.6 J-51
J-14 3,678 TRUE Passed 500 3,679 30 40.7 J-51
J-15 7,211 TRUE Passed 500 7,212 30 32.2 J-14
J-17 5,479 TRUE Passed 500 5,480 30 28.1 J-51
J-18 10,000 TRUE Passed 500 10,001 58.6 42.3 J-51
J-19 9,107 TRUE Passed 500 9,108 30 29.5 J-51
J-20 4,042 TRUE Passed 500 4,043 30 33.6 J-23
J-21 4,138 TRUE Passed 500 4,139 30 35.6 J-20
J-22 1,996 TRUE Passed 500 1,997 30 43.9 J-51
J-23 3,663 TRUE Passed 500 3,664 30 30.2 J-22
J-24 1,862 TRUE Passed 500 1,863 30 44 J-51
J-25 3,238 TRUE Passed 500 3,239 30 30.1 J-24
J-26 1,805 TRUE Passed 500 1,806 30 43.9 J-51
J-27 3,355 TRUE Passed 500 3,356 30 29.2 J-26
J-28 2,086 TRUE Passed 500 2,087 30 43.4 J-51
J-29 3,655 TRUE Passed 500 3,656 30 29.5 J-28
J-30 6,168 TRUE Passed 500 6,169 30 29.7 J-51
J-31 2,457 TRUE Passed 500 2,458 30 33.5 J-33
J-33 2,659 TRUE Passed 500 2,660 30 31 J-31
J-34 2,568 TRUE Passed 500 2,569 30 37.1 J-51
J-35 3,127 TRUE Passed 500 3,128 30 28.5 J-34



J-36 4,032 TRUE Passed 500 4,033 30 26.9 J-51
J-37 4,551 TRUE Passed 500 4,552 30 26.2 J-51
J-38 3,970 TRUE Passed 500 3,971 30 25.9 J-51
J-39 3,816 TRUE Passed 500 3,817 30 30.1 J-51
J-40 3,748 TRUE Passed 500 3,749 30 30.3 J-51
J-41 4,052 TRUE Passed 500 4,053 30 24.6 J-51
J-42 2,590 TRUE Passed 500 2,591 30 32.1 J-51
J-43 3,264 TRUE Passed 500 3,265 30 25.3 J-51
J-44 1,939 TRUE Passed 500 1,940 30 37.4 J-51
J-45 2,053 TRUE Passed 500 2,054 30 35.7 J-46
J-46 2,496 TRUE Passed 500 2,497 30 30.3 J-45
J-47 1,774 TRUE Passed 500 1,775 30 38 J-48
J-48 2,292 TRUE Passed 500 2,293 30 27.2 J-47
J-49 2,671 TRUE Passed 500 2,672 30 30.5 J-50
J-50 2,162 TRUE Passed 500 2,163 30 36.5 J-51
J-51 927 TRUE Passed 500 928 30 43.2 J-55
J-52 2,102 TRUE Passed 500 2,103 30 26.6 J-51
J-53 1,808 TRUE Passed 500 1,809 30 32 J-54
J-54 1,931 TRUE Passed 500 1,932 30 29.5 J-53
J-55 1,611 TRUE Passed 500 1,612 30 34 J-56
J-56 1,855 TRUE Passed 500 1,856 30 28.7 J-55
J-57 1,793 TRUE Passed 500 1,794 30 37.3 J-51
J-58 1,979 TRUE Passed 500 1,980 30 31.3 J-55
J-59 2,183 TRUE Passed 500 2,184 30 28.4 J-55
J-60 2,026 TRUE Passed 500 2,027 30 28.6 J-55
J-61 2,862 TRUE Passed 500 2,863 30 26.7 J-51
J-64 2,739 TRUE Passed 500 2,740 30 26.6 J-51
J-65 2,860 TRUE Passed 500 2,861 30 27.5 J-51
J-66 3,661 TRUE Passed 500 3,662 30 23.5 J-51
J-67 3,207 TRUE Passed 500 3,208 30 28.1 J-51
J-68 3,483 TRUE Passed 500 3,484 30 25.6 J-51
J-69 2,214 TRUE Passed 500 2,215 30 36.9 J-51
J-70 2,965 TRUE Passed 500 2,966 30 31.2 J-51
J-71 2,687 TRUE Passed 500 2,688 30 30.9 J-72
J-72 2,621 TRUE Passed 500 2,622 30 33.5 J-71
J-73 1,105 TRUE Passed 500 1,106 30 43 J-51
J-74 2,550 TRUE Passed 500 2,551 30 31.1 J-73
J-75 3,778 TRUE Passed 500 3,779 30 25.8 J-74
J-76 3,520 TRUE Passed 500 3,521 30 27.1 J-51
J-77 3,253 TRUE Passed 500 3,254 30 27.7 J-51
J-78 4,042 TRUE Passed 500 4,043 30 23.5 J-51
J-79 3,328 TRUE Passed 500 3,329 30 30 J-51



J-80 3,641 TRUE Passed 500 3,642 30 28.1 J-51
J-81 3,786 TRUE Passed 500 3,787 30 24.3 J-51
J-82 4,641 TRUE Passed 500 4,642 30 22.3 J-51
J-83 4,699 TRUE Passed 500 4,700 30 22.1 J-51
J-84 4,686 TRUE Passed 500 4,687 30 21.9 J-51
J-85 4,259 TRUE Passed 500 4,260 30 23.6 J-51
J-86 4,041 TRUE Passed 500 4,042 30 25 J-51
J-87 3,726 TRUE Passed 500 3,727 30 29.1 J-51
J-88 3,308 TRUE Passed 500 3,309 30 31.7 J-51
J-89 3,898 TRUE Passed 500 3,899 30 25.6 J-51
J-90 3,120 TRUE Passed 500 3,122 30 29.3 J-91
J-91 1,602 TRUE Passed 500 1,603 30 41.2 J-51
J-92 5,273 TRUE Passed 500 5,274 30 30.5 J-94
J-93 3,686 TRUE Passed 500 3,687 30 24.3 J-51
J-94 5,270 TRUE Passed 500 5,271 30 30.3 J-92
J-95 6,453 TRUE Passed 500 6,454 30 31.2 J-210
J-96 5,325 TRUE Passed 500 5,326 30 31.5 J-209
J-97 5,301 TRUE Passed 500 5,302 30 30.4 J-92
J-98 5,419 TRUE Passed 500 5,420 30 28.2 J-128
J-99 2,574 TRUE Passed 500 2,575 30 32.5 J-128
J-100 3,122 TRUE Passed 500 3,123 30 25.6 J-128
J-101 2,380 TRUE Passed 500 2,381 30 33.8 J-128
J-102 3,141 TRUE Passed 500 3,142 30 23.9 J-128
J-103 2,794 TRUE Passed 500 2,795 30 21.9 J-128
J-104 2,594 TRUE Passed 500 2,595 30 25 J-128
J-105 2,606 TRUE Passed 500 2,607 30 24.3 J-128
J-106 2,500 TRUE Passed 500 2,501 30 26 J-128
J-107 2,686 TRUE Passed 500 2,687 30 23.4 J-128
J-108 2,573 TRUE Passed 500 2,574 30 24.7 J-128
J-109 2,653 TRUE Passed 500 2,654 30 23.3 J-128
J-110 2,671 TRUE Passed 500 2,672 30 23.9 J-128
J-111 2,471 TRUE Passed 500 2,472 30 27.4 J-128
J-112 2,291 TRUE Passed 500 2,292 30 30.6 J-128
J-113 2,089 TRUE Passed 500 2,090 30 33.1 J-128
J-114 2,032 TRUE Passed 500 2,033 30 32.5 J-128
J-115 2,227 TRUE Passed 500 2,228 30 29.5 J-128
J-116 1,932 TRUE Passed 500 1,933 30 33.3 J-128
J-117 2,101 TRUE Passed 500 2,102 30 30.8 J-128
J-118 1,867 TRUE Passed 500 1,868 30 40.6 J-51
J-118 1,953 TRUE Passed 500 1,954 30 31.8 J-128
J-119 2,127 TRUE Passed 500 2,128 30 28.9 J-128
J-121 1,694 TRUE Passed 500 1,695 30 33.4 J-128



J-122 1,917 TRUE Passed 500 1,918 30 29.5 J-128
J-124 1,782 TRUE Passed 500 1,783 30 28.5 J-128
J-125 1,432 TRUE Passed 500 1,433 30 29.5 J-180
J-126 1,714 TRUE Passed 500 1,715 30 28.8 J-128
J-127 1,571 TRUE Passed 500 1,572 30 28.6 J-128
J-128 963 TRUE Passed 500 964 30 42.3 J-129
J-129 1,554 TRUE Passed 500 1,555 30 27.9 J-128
J-130 1,623 TRUE Passed 500 1,624 30 29.7 J-128
J-133 1,750 TRUE Passed 500 1,751 30 29.2 J-128
J-134 1,612 TRUE Passed 500 1,613 30 32.5 J-135
J-135 1,724 TRUE Passed 500 1,725 30 29 J-134
J-136 1,950 TRUE Passed 500 1,951 30 26.4 J-134
J-137 2,038 TRUE Passed 500 2,039 30 25.5 J-128
J-138 2,195 TRUE Passed 500 2,196 30 23.7 J-128
J-139 2,523 TRUE Passed 500 2,524 30 29.4 J-128
J-140 2,182 TRUE Passed 500 2,183 30 32.3 J-141
J-141 2,288 TRUE Passed 500 2,289 30 30.5 J-140
J-142 2,710 TRUE Passed 500 2,711 30 23.3 J-128
J-143 2,847 TRUE Passed 500 2,848 30 20.7 J-128
J-144 2,669 TRUE Passed 500 2,670 30 22.2 J-128
J-145 2,256 TRUE Passed 500 2,257 30 29.2 J-128
J-146 2,751 TRUE Passed 500 2,752 30 21.5 J-128
J-147 2,728 TRUE Passed 500 2,730 30 22.1 J-128
J-148 2,921 TRUE Passed 500 2,922 30 19.9 J-128
J-149 3,191 TRUE Passed 500 3,192 30 21.9 J-128
J-150 3,248 TRUE Passed 500 3,249 30 25.2 J-128
J-151 2,999 TRUE Passed 500 3,000 30 23.8 J-128
J-152 2,203 TRUE Passed 500 2,204 30 38.6 J-128
J-153 3,517 TRUE Passed 500 3,518 30 24.4 J-128
J-154 3,449 TRUE Passed 500 3,450 30 25.6 J-128
J-155 2,930 TRUE Passed 500 2,931 30 30.9 J-196
J-156 2,926 TRUE Passed 500 2,927 30 37.5 J-196
J-157 3,131 TRUE Passed 500 3,132 30 28.4 J-237
J-158 2,446 TRUE Passed 500 2,447 30 36.6 J-128
J-159 3,138 TRUE Passed 500 3,139 30 28.9 J-163
J-160 3,063 TRUE Passed 500 3,064 30 28.3 J-163
J-161 2,966 TRUE Passed 500 2,967 30 29.3 J-163
J-162 3,041 TRUE Passed 500 3,042 30 28.3 J-163
J-163 2,643 TRUE Passed 500 2,644 30 32.8 J-169
J-164 2,856 TRUE Passed 500 2,857 30 30.1 J-168
J-165 3,019 TRUE Passed 500 3,020 30 28.6 J-163
J-166 3,269 TRUE Passed 500 3,270 30 18.8 J-128



J-167 1,971 TRUE Passed 500 1,972 30 35.2 J-168
J-168 2,298 TRUE Passed 500 2,299 30 30.7 J-167
J-169 2,638 TRUE Passed 500 2,639 30 31.8 J-168
J-170 2,960 TRUE Passed 500 2,961 30 24.2 J-128
J-171 1,949 TRUE Passed 500 1,950 30 37.3 J-128
J-172 2,533 TRUE Passed 500 2,535 30 22.8 J-128
J-173 2,245 TRUE Passed 500 2,246 30 27.7 J-128
J-174 2,307 TRUE Passed 500 2,309 30 26.4 J-128
J-175 2,486 TRUE Passed 500 2,487 30 22.5 J-128
J-176 2,245 TRUE Passed 500 2,246 30 27 J-128
J-177 1,775 TRUE Passed 500 1,776 30 34.6 J-128
J-178 2,040 TRUE Passed 500 2,041 30 28.7 J-179
J-179 1,020 TRUE Passed 500 1,021 30 43.7 J-128
J-180 1,041 TRUE Passed 500 1,042 30 39.3 J-128
J-181 2,218 TRUE Passed 500 2,219 30 27.5 J-128
J-183 8,034 TRUE Passed 500 8,035 30 3.8 J-689
J-184 744 TRUE Passed 500 745 30 45.1 J-51
J-185 6,538 TRUE Passed 500 6,539 30 23.6 J-186
J-186 4,736 TRUE Passed 500 4,737 30 41 J-128
J-187 5,001 TRUE Passed 500 5,002 30 23.7 J-188
J-188 3,826 TRUE Passed 500 3,827 30 42.6 J-128
J-189 4,637 TRUE Passed 500 4,638 30 36 J-128
J-190 4,696 TRUE Passed 500 4,697 30 36.2 J-128
J-191 4,049 TRUE Passed 500 4,050 30 31.3 J-192
J-192 3,491 TRUE Passed 500 3,492 30 37.4 J-196
J-193 3,363 TRUE Passed 500 3,364 30 30.4 J-196
J-194 2,850 TRUE Passed 500 2,851 30 26.7 J-196
J-195 2,255 TRUE Passed 500 2,256 30 28 J-196
J-196 1,874 TRUE Passed 500 1,875 30 33.9 J-197
J-197 2,026 TRUE Passed 500 2,027 30 29.1 J-196
J-200 4,486 TRUE Passed 500 4,487 30 30 J-201
J-201 3,992 TRUE Passed 500 3,993 30 35.3 J-200
J-202 4,355 TRUE Passed 500 4,356 30 31.2 J-206
J-203 4,336 TRUE Passed 500 4,337 30 33.3 J-204
J-204 3,409 TRUE Passed 500 3,410 30 30.5 J-205
J-205 2,800 TRUE Passed 500 2,801 30 38.6 J-204
J-206 3,702 TRUE Passed 500 3,703 30 31.8 J-207
J-207 3,099 TRUE Passed 500 3,100 30 37.8 J-206
J-208 4,883 TRUE Passed 500 4,884 30 29.9 J-209
J-209 3,774 TRUE Passed 500 3,775 30 39.9 J-128
J-210 6,378 TRUE Passed 500 6,379 30 32.2 J-95
J-211 5,628 TRUE Passed 500 5,629 30 32.3 J-212



J-212 4,517 TRUE Passed 500 4,518 30 30.4 J-213
J-213 3,483 TRUE Passed 500 3,484 30 39.8 J-215
J-214 2,723 TRUE Passed 500 2,724 30 29.5 J-215
J-215 2,271 TRUE Passed 500 2,272 30 38.2 J-214
J-216 798 TRUE Passed 500 799 30 45 J-51
J-217 3,282 TRUE Passed 500 3,283 30 29.5 J-215
J-218 1,836 TRUE Passed 500 1,837 30 44.3 J-51
J-219 3,993 TRUE Passed 500 3,994 30 30 J-215
J-220 1,917 TRUE Passed 500 1,918 30 44.3 J-51
J-221 2,306 TRUE Passed 500 2,307 30 43.9 J-51
J-222 4,425 TRUE Passed 500 4,426 30 33 J-221
J-223 4,873 TRUE Passed 500 4,874 30 32 J-222
J-224 5,704 TRUE Passed 500 5,705 30 36.9 J-223
J-225 5,920 TRUE Passed 500 5,921 30 38.7 J-224
J-226 7,546 TRUE Passed 500 7,548 30 32.6 J-334
J-227 6,280 TRUE Passed 500 6,281 30 23.5 J-191
J-228 4,790 TRUE Passed 500 4,791 30 32.6 J-229
J-229 4,734 TRUE Passed 500 4,735 30 32.7 J-228
J-230 2,903 TRUE Passed 500 2,904 30 43.6 J-51
J-231 4,432 TRUE Passed 500 4,433 30 31 J-230
J-232 4,935 TRUE Passed 500 4,936 30 34.5 J-231
J-233 6,471 TRUE Passed 500 6,472 30 27.4 J-232
J-234 9,745 TRUE Passed 500 9,747 30 6 J-689
J-235 10,000 TRUE Passed 500 10,001 41.9 19.4 J-689
J-236 2,267 TRUE Passed 500 2,268 30 28.7 J-237
J-237 1,899 TRUE Passed 500 1,900 30 38.8 J-236
J-238 1,082 TRUE Passed 500 1,083 30 44.9 J-51
J-239 10,000 TRUE Passed 500 10,001 30.1 29.2 J-128
J-240 9,746 TRUE Passed 500 9,747 30 30.2 J-51
J-241 8,051 TRUE Passed 500 8,052 30 35.3 J-51
J-242 7,818 TRUE Passed 500 7,819 30 35.4 J-51
J-243 9,373 TRUE Passed 500 9,374 30 33.9 J-51
J-244 5,208 TRUE Passed 500 5,209 30 41.1 J-51
J-245 9,621 TRUE Passed 500 9,622 30 34.7 J-51
J-246 8,868 TRUE Passed 500 8,869 30 37.8 J-51
J-247 10,000 TRUE Passed 500 10,001 40.2 35.5 J-51
J-248 7,111 TRUE Passed 500 7,112 30 33.2 J-318
J-249 2,426 TRUE Passed 500 2,427 30 29.1 J-250
J-250 1,326 TRUE Passed 500 1,327 30 44.9 J-51
J-251 7,326 TRUE Passed 500 7,327 30 37.8 J-253
J-252 7,270 TRUE Passed 500 7,271 30 38.9 J-51
J-253 3,138 TRUE Passed 500 3,139 30 43.7 J-51



J-254 7,801 TRUE Passed 500 7,802 30 26.5 J-324
J-255 7,151 TRUE Passed 500 7,152 30 36.2 J-51
J-256 4,157 TRUE Passed 500 4,158 30 41.7 J-51
J-257 7,120 TRUE Passed 500 7,121 30 36.6 J-51
J-258 7,081 TRUE Passed 500 7,082 30 36.5 J-51
J-259 4,418 TRUE Passed 500 4,419 30 41.3 J-51
J-260 6,274 TRUE Passed 500 6,275 30 33.7 J-731
J-262 7,175 TRUE Passed 500 7,176 30 35.7 J-51
J-263 4,232 TRUE Passed 500 4,233 30 40 J-266
J-264 7,647 TRUE Passed 500 7,648 30 34.2 J-51
J-265 3,972 TRUE Passed 500 3,973 30 29.5 J-266
J-266 2,789 TRUE Passed 500 2,790 30 43.3 J-51
J-267 6,059 TRUE Passed 500 6,060 30 32.6 J-268
J-268 5,316 TRUE Passed 500 5,317 30 32.4 4-FLOW
J-269 6,209 TRUE Passed 500 6,210 30 31.8 J-267
J-270 7,555 TRUE Passed 500 7,556 30 32.9 J-272
J-271 6,465 TRUE Passed 500 6,466 30 35.2 J-260
J-272 6,464 TRUE Passed 500 6,466 30 30.4 J-276
J-273 4,927 TRUE Passed 500 4,928 30 30.1 J-274
J-274 4,548 TRUE Passed 500 4,549 30 34.2 J-273
J-275 6,112 TRUE Passed 500 6,113 30 32.3 J-278
J-276 5,896 TRUE Passed 500 5,897 30 35.2 J-275
J-277 5,928 TRUE Passed 500 5,929 30 28.3 J-278
J-278 4,306 TRUE Passed 500 4,307 30 38.4 J-283
J-279 3,871 TRUE Passed 500 3,872 30 34 J-281
J-280 1,440 TRUE Passed 500 1,441 30 44.7 J-51
J-281 3,174 TRUE Passed 500 3,175 30 32.8 J-280
J-282 3,022 TRUE Passed 500 3,023 30 29.9 J-283
J-283 2,397 TRUE Passed 500 2,398 30 30.2 J-285
J-284 1,381 TRUE Passed 500 1,382 30 44.8 J-51
J-285 2,028 TRUE Passed 500 2,029 30 37.7 J-283
J-286 4,292 TRUE Passed 500 4,293 30 27.1 J-292
J-287 3,493 TRUE Passed 500 3,494 30 27.4 J-292
J-288 2,046 TRUE Passed 500 2,047 30 35.3 J-290
J-289 2,308 TRUE Passed 500 2,309 30 29.1 J-290
J-290 2,124 TRUE Passed 500 2,125 30 34.4 J-289
J-291 1,149 TRUE Passed 500 1,150 30 44.9 J-51
J-292 2,491 TRUE Passed 500 2,492 30 33.9 6-FLOW
J-294 1,385 TRUE Passed 500 1,386 30 44.3 6-FLOW
J-296 6,083 TRUE Passed 500 6,085 30 30.1 J-292
J-297 6,242 TRUE Passed 500 6,243 30 39.4 J-292
J-298 8,262 TRUE Passed 500 8,263 30 36.3 J-51



J-299 9,218 TRUE Passed 500 9,219 30 34.4 J-51
J-300 4,067 TRUE Passed 500 4,068 30 29.9 J-301
J-301 3,280 TRUE Passed 500 3,281 30 40 J-300
J-302 3,697 TRUE Passed 500 3,698 30 30.6 J-303
J-303 3,043 TRUE Passed 500 3,044 30 38.9 J-302
J-304 5,438 TRUE Passed 500 5,439 30 36.1 J-302
J-305 5,656 TRUE Passed 500 5,657 30 25.1 J-306
J-306 2,377 TRUE Passed 500 2,378 30 44.2 J-51
J-307 7,631 TRUE Passed 500 7,632 30 30.1 J-306
J-308 6,734 TRUE Passed 500 6,735 30 39.2 J-51
J-309 3,583 TRUE Passed 500 3,584 30 43.1 J-51
J-310 3,411 TRUE Passed 500 3,412 30 43.2 J-51
J-311 3,881 TRUE Passed 500 3,882 30 40.2 J-309
J-312 3,812 TRUE Passed 500 3,813 30 42.8 J-51
J-313 4,312 TRUE Passed 500 4,313 30 42.2 J-51
J-314 3,205 TRUE Passed 500 3,206 30 43.4 J-51
J-315 2,588 TRUE Passed 500 2,589 30 43.9 J-51
J-316 4,413 TRUE Passed 500 4,414 30 41.8 J-51
J-317 3,265 TRUE Passed 500 3,266 30 43.2 J-51
J-318 6,464 TRUE Passed 500 6,465 30 34 J-319
J-319 6,173 TRUE Passed 500 6,174 30 34.8 J-321
J-320 6,210 TRUE Passed 500 6,211 30 34.3 J-319
J-321 3,230 TRUE Passed 500 3,231 30 43.6 J-51
J-322 3,438 TRUE Passed 500 3,439 30 41.8 J-323
J-323 3,037 TRUE Passed 500 3,038 30 42.2 J-250
J-324 4,160 TRUE Passed 500 4,161 30 41.9 J-51
J-325 10,000 TRUE Passed 500 10,001 38.9 29.1 J-128
J-326 10,000 TRUE Passed 500 10,001 39.6 29.4 J-128
J-327 6,774 TRUE Passed 500 6,775 30 38.1 J-51
J-328 10,000 TRUE Passed 500 10,001 40.4 29.6 J-128
J-329 9,958 TRUE Passed 500 9,959 30 28.5 J-128
J-330 1,708 TRUE Passed 500 1,709 30 44.5 J-51
J-331 5,848 TRUE Passed 500 5,849 30 31.6 J-330
J-332 6,138 TRUE Passed 500 6,139 30 39.4 J-51
J-333 4,448 TRUE Passed 500 4,449 30 41.7 J-51
J-334 7,580 TRUE Passed 500 7,581 30 33.4 J-226
J-336 6,455 TRUE Passed 500 6,456 30 38.1 J-51
J-338 7,103 TRUE Passed 500 7,104 30 35.8 J-339
J-339 6,131 TRUE Passed 500 6,132 30 35.7 J-215
J-340 10,000 TRUE Passed 500 10,001 33.3 29 J-128
J-341 7,329 TRUE Passed 500 7,330 30 36.1 J-306
J-342 3,936 TRUE Passed 500 3,937 30 42.7 J-51



J-343 7,035 TRUE Passed 500 7,036 30 38.5 J-51
J-345 4,743 TRUE Passed 500 4,744 30 41.8 J-51
J-346 3,560 TRUE Passed 500 3,561 30 43.1 J-51
J-347 10,000 TRUE Passed 500 10,001 47 30.5 J-128
J-348 10,000 TRUE Passed 500 10,001 48.7 30.7 J-128
J-349 10,000 TRUE Passed 500 10,001 43.8 30.7 J-128
J-350 10,000 TRUE Passed 500 10,001 41.9 30.7 J-128
J-351 8,308 TRUE Passed 500 8,309 30 35.7 J-128
J-352 8,571 TRUE Passed 500 8,572 30 34.9 J-128
J-353 9,124 TRUE Passed 500 9,125 30 33.2 J-128
J-354 10,000 TRUE Passed 500 10,001 31.9 31.6 J-128
J-355 8,524 TRUE Passed 500 8,525 30 35.7 J-51
J-356 8,009 TRUE Passed 500 8,010 30 35.1 J-365
J-357 10,000 TRUE Passed 500 10,001 44 29.9 J-128
J-358 9,996 TRUE Passed 500 9,997 30 32 J-128
J-359 9,731 TRUE Passed 500 9,732 30 26.7 J-360
J-360 1,495 TRUE Passed 500 1,497 30 44.7 J-51
J-361 8,184 TRUE Passed 500 8,185 30 36.4 J-51
J-362 10,000 TRUE Passed 500 10,001 45.1 30.9 J-128
J-363 7,733 TRUE Passed 500 7,734 30 37.2 J-51
J-364 6,891 TRUE Passed 500 6,892 30 38.4 J-366
J-365 7,282 TRUE Passed 500 7,283 30 37.9 J-51
J-366 6,748 TRUE Passed 500 6,749 30 38 J-364
J-367 8,316 TRUE Passed 500 8,317 30 35.9 J-128
J-368 5,736 TRUE Passed 500 5,737 30 40.5 J-51
J-369 8,395 TRUE Passed 500 8,396 30 36.2 J-51
J-370 10,000 TRUE Passed 500 10,001 32.5 31.7 J-360
J-371 2,090 TRUE Passed 500 2,091 30 28.7 J-128
J-371 10,000 TRUE Passed 500 10,001 31 31.8 J-128
J-372 6,792 TRUE Passed 500 6,793 30 38.9 J-51
J-373 10,000 TRUE Passed 500 10,001 47.6 31.1 J-128
J-374 10,000 TRUE Passed 500 10,001 47.8 31.2 J-128
J-375 10,000 TRUE Passed 500 10,001 45.2 31.2 J-128
J-376 7,734 TRUE Passed 500 7,735 30 37.4 J-51
J-377 10,000 TRUE Passed 500 10,001 51.9 31.2 J-128
J-378 10,000 TRUE Passed 500 10,001 41.2 31.4 J-128
J-379 10,000 TRUE Passed 500 10,001 44.5 31.3 J-128
J-380 6,475 TRUE Passed 500 6,476 30 39.6 J-51
J-382 6,990 TRUE Passed 500 6,991 30 38.7 J-51
J-383 6,417 TRUE Passed 500 6,418 30 39.6 J-51
J-384 6,705 TRUE Passed 500 6,706 30 39.4 J-51
J-385 8,849 TRUE Passed 500 8,850 30 35.5 J-128



J-386 9,526 TRUE Passed 500 9,527 30 33.3 J-128
J-387 8,172 TRUE Passed 500 8,173 30 35.7 J-388
J-388 6,138 TRUE Passed 500 6,139 30 40 J-51
J-389 4,852 TRUE Passed 500 4,853 30 33.8 J-390
J-390 1,827 TRUE Passed 500 1,828 30 44.5 J-51
J-391 6,535 TRUE Passed 500 6,536 30 39.3 J-51
J-392 10,000 TRUE Passed 500 10,001 39.9 31.4 J-128
J-393 7,374 TRUE Passed 500 7,375 30 37.9 J-430
J-394 8,680 TRUE Passed 500 8,681 30 28.6 J-424
J-395 8,858 TRUE Passed 500 8,859 30 26.3 J-425
J-396 10,000 TRUE Passed 500 10,001 40.7 31.5 J-128
J-397 5,972 TRUE Passed 500 5,973 30 27.8 J-398
J-398 1,618 TRUE Passed 500 1,619 30 44.7 J-51
J-399 10,000 TRUE Passed 500 10,001 64.6 30.7 J-128
J-401 1,629 TRUE Passed 500 1,630 30 28.4 J-128
J-401 10,000 TRUE Passed 500 10,001 62.4 33 J-128
J-402 10,000 TRUE Passed 500 10,001 63.1 32.9 J-128
J-403 10,000 TRUE Passed 500 10,001 41.9 33.2 J-128
J-404 9,673 TRUE Passed 500 9,674 30 36.9 J-128
J-405 4,503 TRUE Passed 500 4,504 30 42.8 J-51
J-406 10,000 TRUE Passed 500 10,001 58.6 32.4 J-128
J-407 10,000 TRUE Passed 500 10,001 65 32.4 J-128
J-408 10,000 TRUE Passed 500 10,001 45.4 31.7 J-128
J-409 3,339 TRUE Passed 500 3,340 30 43.4 J-51
J-410 10,000 TRUE Passed 500 10,001 51.8 31.7 J-128
J-411 3,408 TRUE Passed 500 3,409 30 43.4 J-51
J-412 10,000 TRUE Passed 500 10,001 56.5 31.7 J-128
J-413 10,000 TRUE Passed 500 10,001 62.5 31.1 J-128
J-414 10,000 TRUE Passed 500 10,001 54.9 27.9 J-128
J-415 1,920 TRUE Passed 500 1,921 30 44.5 J-51
J-416 10,000 TRUE Passed 500 10,001 59.2 31.2 J-128
J-417 10,000 TRUE Passed 500 10,001 55.6 31.6 J-128
J-418 5,278 TRUE Passed 500 5,279 30 29.9 J-419
J-419 3,350 TRUE Passed 500 3,351 30 43.5 J-51
J-420 10,000 TRUE Passed 500 10,001 36 33.3 J-421
J-421 8,880 TRUE Passed 500 8,881 30 31.8 J-423
J-422 6,481 TRUE Passed 500 6,482 30 40 J-51
J-423 8,733 TRUE Passed 500 8,734 30 32.8 J-422
J-424 4,541 TRUE Passed 500 4,542 30 42.3 J-51
J-425 3,903 TRUE Passed 500 3,904 30 42.9 J-51
J-426 8,996 TRUE Passed 500 8,997 30 23.7 J-425
J-427 7,428 TRUE Passed 500 7,429 30 34.1 J-424



J-428 8,821 TRUE Passed 500 8,822 30 34.8 J-423
J-429 8,792 TRUE Passed 500 8,793 30 34.9 J-428
J-430 3,756 TRUE Passed 500 3,757 30 43.1 J-51
J-431 6,894 TRUE Passed 500 6,895 30 30.9 J-432
J-432 2,187 TRUE Passed 500 2,188 30 44.3 J-51
J-433 3,384 TRUE Passed 500 3,385 30 30 J-237
J-434 10,000 TRUE Passed 500 10,001 61.8 45 J-51
J-435 10,000 TRUE Passed 500 10,001 63.1 45 J-51
J-436 10,000 TRUE Passed 500 10,001 59.8 44.7 J-51
J-437 8,324 TRUE Passed 500 8,325 30 44.5 J-51
J-439 6,583 TRUE Passed 500 6,584 30 31.7 J-719
J-440 6,474 TRUE Passed 500 6,475 30 32.1 J-1780
J-442 7,529 TRUE Passed 500 7,530 30 27.5 J-443
J-443 2,062 TRUE Passed 500 2,063 30 45.1 J-51
J-445 8,716 TRUE Passed 500 8,717 30 30.8 J-455
J-447 5,984 TRUE Passed 500 5,985 30 27.1 J-450
J-448 4,776 TRUE Passed 500 4,777 30 39.8 J-450
J-449 5,678 TRUE Passed 500 5,679 30 23.5 J-450
J-450 3,876 TRUE Passed 500 3,877 30 44.6 J-51
J-451 5,476 TRUE Passed 500 5,477 30 35 J-452
J-452 4,989 TRUE Passed 500 4,990 30 31.8 J-458
J-453 4,641 TRUE Passed 500 4,642 30 39.8 J-454
J-454 4,467 TRUE Passed 500 4,469 30 42.9 J-453
J-455 5,948 TRUE Passed 500 5,949 30 38.1 J-454
J-456 6,000 TRUE Passed 500 6,001 30 37.1 J-455
J-457 4,779 TRUE Passed 500 4,780 30 39.9 J-452
J-458 2,782 TRUE Passed 500 2,783 30 44.8 J-51
J-459 2,708 TRUE Passed 500 2,709 30 33.4 J-463
J-460 3,719 TRUE Passed 500 3,720 30 33.5 J-459
J-461 1,536 TRUE Passed 500 1,537 30 29.4 J-463
J-462 1,351 TRUE Passed 500 1,352 30 37.4 J-463
J-463 1,236 TRUE Passed 500 1,237 30 42.5 J-461
J-464 4,840 TRUE Passed 500 4,841 30 38.1 J-457
J-465 4,994 TRUE Passed 500 4,995 30 36.4 J-464
J-466 5,288 TRUE Passed 500 5,289 30 37.6 J-465
J-467 5,959 TRUE Passed 500 5,960 30 29 J-460
J-468 5,886 TRUE Passed 500 5,887 30 33.5 J-459
J-469 6,429 TRUE Passed 500 6,430 30 35.4 J-474
J-470 7,670 TRUE Passed 500 7,671 30 42.2 J-51
J-471 10,000 TRUE Passed 500 10,001 37.2 34.3 J-556
J-472 6,535 TRUE Passed 500 6,536 30 40.8 J-473
J-473 6,000 TRUE Passed 500 6,001 30 36.6 J-475



J-474 5,590 TRUE Passed 500 5,591 30 43.7 J-51
J-475 5,160 TRUE Passed 500 5,161 30 40.9 J-478
J-476 2,203 TRUE Passed 500 2,204 30 41.3 J-477
J-477 2,232 TRUE Passed 500 2,233 30 39.1 J-476
J-478 5,114 TRUE Passed 500 5,115 30 39.5 J-475
J-479 5,254 TRUE Passed 500 5,255 30 39.6 J-478
J-480 5,580 TRUE Passed 500 5,581 30 37.7 J-479
J-481 5,922 TRUE Passed 500 5,923 30 35.7 J-480
J-482 3,081 TRUE Passed 500 3,082 30 25.8 J-485
J-483 1,896 TRUE Passed 500 1,897 30 28.8 J-485
J-484 1,743 TRUE Passed 500 1,744 30 34.1 J-485
J-485 1,415 TRUE Passed 500 1,416 30 45.1 J-51
J-486 8,886 TRUE Passed 500 8,887 30 41.1 1-FLOW
J-487 10,000 TRUE Passed 500 10,001 38.4 43.1 J-51
J-489 10,000 TRUE Passed 500 10,001 50.8 44.2 J-51
J-490 10,000 TRUE Passed 500 10,001 36 38.5 J-437
J-491 10,000 TRUE Passed 500 10,001 63 45.1 J-51
J-492 10,000 TRUE Passed 500 10,001 48.3 43.4 J-51
J-493 9,464 TRUE Passed 500 9,465 30 36.5 J-494
J-494 9,583 TRUE Passed 500 9,584 30 35.2 J-493
J-497 10,000 TRUE Passed 500 10,001 44.8 41.4 J-51
J-498 10,000 TRUE Passed 500 10,001 47 42.5 J-51
J-499 10,000 TRUE Passed 500 10,001 40.1 39.2 J-500
J-500 6,438 TRUE Passed 500 6,439 30 43.9 J-51
J-501 10,000 TRUE Passed 500 10,001 40.8 41.6 J-508
J-502 5,933 TRUE Passed 500 5,934 30 32.2 J-554
J-504 4,843 TRUE Passed 500 4,844 30 33.9 J-707
J-505 4,122 TRUE Passed 500 4,123 30 44.4 J-51
J-507 4,120 TRUE Passed 500 4,121 30 33 J-508
J-508 4,119 TRUE Passed 500 4,120 30 34 J-507
J-509 4,844 TRUE Passed 500 4,845 30 30.7 J-508
J-510 5,519 TRUE Passed 500 5,520 30 32.6 J-513
J-511 2,211 TRUE Passed 500 2,212 30 37.8 J-513
J-513 2,253 TRUE Passed 500 2,254 30 37.5 J-514
J-514 2,545 TRUE Passed 500 2,546 30 29.3 J-513
J-516 4,807 TRUE Passed 500 4,808 30 38 J-508
J-517 5,257 TRUE Passed 500 5,258 30 30.2 J-549
J-518 4,780 TRUE Passed 500 4,781 30 26.2 J-549
J-519 5,138 TRUE Passed 500 5,139 30 29.6 J-508
J-520 4,833 TRUE Passed 500 4,834 30 34.4 J-526
J-521 4,082 TRUE Passed 500 4,083 30 38.8 J-603
J-522 4,308 TRUE Passed 500 4,309 30 27.5 J-603



J-523 4,869 TRUE Passed 500 4,870 30 27.8 J-603
J-524 4,592 TRUE Passed 500 4,593 30 31 J-521
J-525 5,022 TRUE Passed 500 5,023 30 33.8 J-521
J-526 4,775 TRUE Passed 500 4,776 30 35.8 J-520
J-527 4,969 TRUE Passed 500 4,970 30 34.6 J-528
J-528 4,605 TRUE Passed 500 4,606 30 37.8 J-610
J-529 4,710 TRUE Passed 500 4,711 30 39.3 J-613
J-530 4,728 TRUE Passed 500 4,729 30 41.2 J-529
J-531 2,798 TRUE Passed 500 2,799 30 44.5 J-51
J-532 3,038 TRUE Passed 500 3,039 30 44.5 J-51
J-533 8,168 TRUE Passed 500 8,169 30 34.7 J-616
J-534 8,765 TRUE Passed 500 8,766 30 29.7 J-535
J-535 8,115 TRUE Passed 500 8,116 30 30.9 J-536
J-536 7,277 TRUE Passed 500 7,278 30 36.8 J-535
J-537 8,322 TRUE Passed 500 8,323 30 35.7 J-647
J-538 8,816 TRUE Passed 500 8,817 30 37 J-648
J-539 10,000 TRUE Passed 500 10,001 30.3 31.4 J-538
J-540 2,916 TRUE Passed 500 2,917 30 42.5 J-648
J-541 3,153 TRUE Passed 500 3,154 30 44.3 J-51
J-542 6,304 TRUE Passed 500 6,305 30 41 J-644
J-543 8,529 TRUE Passed 500 8,530 30 35 J-542
J-544 9,530 TRUE Passed 500 9,531 30 33.8 J-546
J-545 5,232 TRUE Passed 500 5,233 30 29.6 J-546
J-546 2,022 TRUE Passed 500 2,023 30 44.9 J-51
J-547 4,903 TRUE Passed 500 4,904 30 30.7 J-548
J-548 1,755 TRUE Passed 500 1,756 30 45 J-51
J-549 1,604 TRUE Passed 500 1,605 30 45 J-51
J-550 4,233 TRUE Passed 500 4,234 30 29.7 J-552
J-551 2,825 TRUE Passed 500 2,826 30 44.7 J-51
J-552 2,276 TRUE Passed 500 2,277 30 44.9 J-51
J-553 4,292 TRUE Passed 500 4,293 30 29.9 J-554
J-554 2,593 TRUE Passed 500 2,594 30 44.9 J-51
J-555 10,000 TRUE Passed 500 10,001 31.1 32.7 J-556
J-556 3,867 TRUE Passed 500 3,868 30 44.2 J-51
J-557 3,427 TRUE Passed 500 3,428 30 30.9 J-558
J-558 1,747 TRUE Passed 500 1,748 30 45 J-51
J-559 10,000 TRUE Passed 500 10,001 35.5 37.2 J-557
J-560 10,000 TRUE Passed 500 10,001 44.2 41.2 J-51
J-561 3,556 TRUE Passed 500 3,557 30 44.2 J-51
J-562 10,000 TRUE Passed 500 10,001 31 34.9 J-556
J-563 2,732 TRUE Passed 500 2,733 30 44.5 J-51
J-564 10,000 TRUE Passed 500 10,001 31.6 34.6 J-563



J-565 10,000 TRUE Passed 500 10,001 34.3 37.9 J-556
J-566 7,772 TRUE Passed 500 7,773 30 41.2 J-51
J-567 9,726 TRUE Passed 500 9,727 30 36.7 J-578
J-568 8,576 TRUE Passed 500 8,577 30 37.1 J-574
J-569 7,099 TRUE Passed 500 7,100 30 37.9 J-570
J-570 6,469 TRUE Passed 500 6,470 30 42 J-51
J-571 6,875 TRUE Passed 500 6,876 30 39 J-574
J-572 8,285 TRUE Passed 500 8,286 30 19.8 J-574
J-573 4,634 TRUE Passed 500 4,635 30 43.3 J-51
J-574 7,335 TRUE Passed 500 7,336 30 33.1 J-571
J-576 10,000 TRUE Passed 500 10,001 32.4 35.6 J-568
J-577 10,000 TRUE Passed 500 10,001 32.2 34.7 J-578
J-578 3,048 TRUE Passed 500 3,049 30 44.3 J-51
J-579 4,059 TRUE Passed 500 4,060 30 43.8 J-51
J-580 4,137 TRUE Passed 500 4,138 30 43.8 J-51
J-581 3,913 TRUE Passed 500 3,914 30 43.8 J-51
J-582 6,161 TRUE Passed 500 6,162 30 38.9 J-581
J-583 6,733 TRUE Passed 500 6,734 30 41.5 J-51
J-584 7,665 TRUE Passed 500 7,666 30 36.8 J-585
J-585 5,848 TRUE Passed 500 5,849 30 38.6 J-587
J-587 5,417 TRUE Passed 500 5,418 30 38.1 J-588
J-588 5,056 TRUE Passed 500 5,057 30 42.8 J-51
J-589 5,231 TRUE Passed 500 5,232 30 38.6 J-588
J-590 6,705 TRUE Passed 500 6,706 30 28.6 J-591
J-591 6,128 TRUE Passed 500 6,129 30 36.1 J-590
J-592 6,232 TRUE Passed 500 6,233 30 37.4 J-614
J-593 4,798 TRUE Passed 500 4,799 30 38.8 J-613
J-594 5,075 TRUE Passed 500 5,076 30 27.9 J-596
J-595 3,977 TRUE Passed 500 3,978 30 28 J-596
J-596 3,273 TRUE Passed 500 3,274 30 36.2 J-597
J-597 3,444 TRUE Passed 500 3,445 30 32.1 J-596
J-598 3,616 TRUE Passed 500 3,617 30 32.4 J-597
J-599 4,428 TRUE Passed 500 4,429 30 35.6 J-596
J-601 3,786 TRUE Passed 500 3,787 30 41.1 J-708
J-602 5,036 TRUE Passed 500 5,037 30 32.3 J-521
J-603 2,250 TRUE Passed 500 2,251 30 44.8 J-51
J-604 5,126 TRUE Passed 500 5,127 30 33.9 J-596
J-605 3,489 TRUE Passed 500 3,490 30 32.4 J-596
J-606 3,632 TRUE Passed 500 3,633 30 30.8 J-596
J-607 4,759 TRUE Passed 500 4,760 30 34.8 J-596
J-608 4,894 TRUE Passed 500 4,895 30 35.5 J-596
J-609 4,932 TRUE Passed 500 4,933 30 34.4 J-610



J-610 4,736 TRUE Passed 500 4,737 30 36.6 J-528
J-611 5,234 TRUE Passed 500 5,235 30 31.2 J-612
J-612 4,419 TRUE Passed 500 4,420 30 39.8 J-610
J-613 4,388 TRUE Passed 500 4,389 30 42.1 J-593
J-614 6,493 TRUE Passed 500 6,494 30 35.1 J-615
J-615 6,800 TRUE Passed 500 6,801 30 30.9 J-614
J-616 6,917 TRUE Passed 500 6,918 30 32.8 J-615
J-617 6,377 TRUE Passed 500 6,378 30 40.5 3-FLOW
J-620 7,340 TRUE Passed 500 7,341 30 28.9 J-617
J-621 8,987 TRUE Passed 500 8,988 30 29 J-617
J-622 8,590 TRUE Passed 500 8,591 30 33.2 J-626
J-623 8,736 TRUE Passed 500 8,737 30 35.1 J-617
J-625 9,669 TRUE Passed 500 9,670 30 28.8 J-623
J-626 8,404 TRUE Passed 500 8,405 30 33.4 J-627
J-627 8,326 TRUE Passed 500 8,328 30 35 J-628
J-628 8,531 TRUE Passed 500 8,532 30 33.7 J-627
J-629 9,005 TRUE Passed 500 9,006 30 31.7 J-628
J-630 9,202 TRUE Passed 500 9,203 30 32.2 J-629
J-631 9,214 TRUE Passed 500 9,215 30 36.3 J-630
J-632 4,893 TRUE Passed 500 4,894 30 30 J-633
J-633 2,931 TRUE Passed 500 2,932 30 44.2 J-51
J-634 7,567 TRUE Passed 500 7,568 30 30.3 J-633
J-636 9,834 TRUE Passed 500 9,835 30 33.6 J-631
J-637 3,584 TRUE Passed 500 3,585 30 43.9 J-51
J-638 10,000 TRUE Passed 500 10,001 31.7 35.2 J-539
J-639 10,000 TRUE Passed 500 10,001 35.5 37.8 J-51
J-640 10,000 TRUE Passed 500 10,001 31.6 36.9 J-641
J-641 5,231 TRUE Passed 500 5,232 30 42.9 J-51
J-642 3,811 TRUE Passed 500 3,812 30 43.9 J-51
J-643 2,916 TRUE Passed 500 2,917 30 44.4 J-51
J-644 5,016 TRUE Passed 500 5,017 30 37.4 J-645
J-645 2,534 TRUE Passed 500 2,535 30 44.6 J-51
J-646 7,002 TRUE Passed 500 7,003 30 39.2 J-648
J-647 4,566 TRUE Passed 500 4,567 30 43.5 J-51
J-648 2,765 TRUE Passed 500 2,766 30 44.5 J-51
J-649 3,486 TRUE Passed 500 3,487 30 29.8 J-650
J-650 1,758 TRUE Passed 500 1,759 30 44.9 J-51
J-651 7,438 TRUE Passed 500 7,439 30 29.4 J-652
J-652 2,872 TRUE Passed 500 2,873 30 44.5 J-51
J-655 6,996 TRUE Passed 500 6,997 30 31.6 J-656
J-656 3,367 TRUE Passed 500 3,369 30 44.2 J-51
J-657 10,000 TRUE Passed 500 10,001 33.4 36.5 J-128



J-659 10,000 TRUE Passed 500 10,001 32.6 32.8 J-568
J-659 10,000 TRUE Passed 500 10,001 37.7 36.4 J-128
J-660 10,000 TRUE Passed 500 10,001 39.1 36.2 J-128
J-661 798 TRUE Passed 500 803 30 45.1 J-51
J-662 10,000 TRUE Passed 500 10,001 52.7 35.1 J-128
J-663 10,000 TRUE Passed 500 10,001 43.8 36 J-128
J-664 10,000 TRUE Passed 500 10,001 31.9 37.3 J-128
J-665 10,000 TRUE Passed 500 10,001 34.4 37.7 J-51
J-666 10,000 TRUE Passed 500 10,001 41 38.4 J-51
J-667 9,292 TRUE Passed 500 9,293 30 34.6 J-51
J-668 10,000 TRUE Passed 500 10,001 47.7 40.5 J-51
J-669 4,035 TRUE Passed 500 4,036 30 40.7 J-21
J-670 4,588 TRUE Passed 500 4,589 30 33.8 J-21
J-673 10,000 TRUE Passed 500 10,001 38.2 37.1 J-128
J-674 4,074 TRUE Passed 500 4,075 30 43.5 J-51
J-675 3,800 TRUE Passed 500 3,801 30 43.1 J-51
J-676 5,344 TRUE Passed 500 5,345 30 31 J-675
J-677 2,324 TRUE Passed 500 2,325 30 29.3 J-678
J-678 1,736 TRUE Passed 500 1,737 30 44.6 J-51
J-680 2,925 TRUE Passed 500 2,925 30 24.2 J-128
J-682 2,571 TRUE Passed 500 2,571 30 24.9 J-128
J-689 2,306 TRUE Passed 500 2,331 30 44.2 J-51
J-696 2,673 TRUE Passed 500 2,678 30 29.2 J-51
J-697 2,601 TRUE Passed 500 2,601 30 22.5 J-128
J-707 4,613 TRUE Passed 500 4,613 30 35.4 J-708
J-708 4,344 TRUE Passed 500 4,344 30 34.7 J-1549
J-719 4,428 TRUE Passed 500 4,428 30 39.7 J-724
J-724 4,266 TRUE Passed 500 4,266 30 34.1 J-1780
J-726 5,293 TRUE Passed 500 5,293 30 35.9 J-1334
J-727 7,584 TRUE Passed 500 7,584 30 44.7 J-51
J-731 5,515 TRUE Passed 500 5,516 30 39.4 J-51
J-904 6,539 TRUE Passed 500 6,540 30 38.1 J-51
J-1031 9,015 TRUE Passed 500 9,016 30 34.8 J-128
J-1082 10,000 TRUE Passed 500 10,001 58.6 34.7 J-128
J-1184 9,002 TRUE Passed 500 9,003 30 37.6 J-439
J-1201 7,851 TRUE Passed 500 7,852 30 26.1 J-455
J-1296 10,000 TRUE Passed 500 10,001 42.6 43.3 J-51
J-1334 5,303 TRUE Passed 500 5,304 30 33.7 J-504
J-1340 3,808 TRUE Passed 500 3,809 30 39.2 J-508
J-1549 4,627 TRUE Passed 500 4,628 30 28.4 J-708
J-1642 8,473 TRUE Passed 500 8,474 30 39.4 J-51
J-1704 10,000 TRUE Passed 500 10,001 38.5 35.8 J-568



J-1780 4,346 TRUE Passed 500 4,346 30 32.4 J-724
J-1806 2,255 TRUE Passed 500 2,255 30 32.6 J-128

Scenario 3: 12-Inch SE Expansion - No Pressure Zones 
*NOTE: to meet fire flow constraints, the minimum residual pressure was lowered to 24 psi. 
1-FLOW 9,334 TRUE Passed 500 9,335 24 18.7 J-692
1-RES 3,305 TRUE Passed 500 3,308 24 23.4 J-692
2-FLOW 7,904 TRUE Passed 500 7,905 24 21.7 J-692
2-RES 4,364 TRUE Passed 500 4,365 24 23.4 J-692
3-FLOW 3,020 TRUE Passed 500 3,022 24 22.5 J-692
3-RES 2,578 TRUE Passed 500 2,579 24 23 J-692
4-FLOW 3,646 TRUE Passed 500 3,647 24 22.3 J-692
4-RES 2,638 TRUE Passed 500 2,639 24 23.2 J-692
5-FLOW 3,976 TRUE Passed 500 3,977 24 18.1 J-692
5-RES 2,071 TRUE Passed 500 2,072 24 22.2 J-692
6-FLOW 2,148 TRUE Passed 500 2,149 24 23.4 J-692
6-RES 1,395 TRUE Passed 500 1,396 24 24 J-692
7-FLOW 2,345 TRUE Passed 500 2,346 24 21.1 J-692
7-RES 2,107 TRUE Passed 500 2,108 24 21.6 J-692
J-1 5,672 TRUE Passed 500 5,673 24 14.1 J-692
J-2 7,775 TRUE Passed 500 7,776 24 10.1 J-692
J-3 8,414 TRUE Passed 500 8,415 24 10.9 J-692
J-11 8,955 TRUE Passed 500 8,956 24 10.5 J-692
J-12 8,613 TRUE Passed 500 8,614 24 9.4 J-692
J-13 5,131 TRUE Passed 500 5,132 24 17.2 J-692
J-14 4,137 TRUE Passed 500 4,138 24 19.3 J-692
J-15 7,999 TRUE Passed 500 8,000 24 10.1 J-692
J-17 6,330 TRUE Passed 500 6,331 24 14.2 J-692
J-18 10,000 TRUE Passed 500 10,001 58.4 21.8 J-692
J-19 10,000 TRUE Passed 500 10,001 24.4 14.1 J-692
J-20 4,501 TRUE Passed 500 4,502 24 21.3 J-692
J-21 4,604 TRUE Passed 500 4,605 24 21.3 J-692
J-22 2,209 TRUE Passed 500 2,210 24 23.5 J-692
J-23 4,063 TRUE Passed 500 4,064 24 21.8 J-692
J-24 2,075 TRUE Passed 500 2,076 24 23.5 J-692
J-25 3,617 TRUE Passed 500 3,618 24 22.2 J-692
J-26 2,002 TRUE Passed 500 2,003 24 23.6 J-692
J-27 3,721 TRUE Passed 500 3,723 24 22 J-692
J-28 2,303 TRUE Passed 500 2,304 24 23.3 J-692
J-29 4,045 TRUE Passed 500 4,046 24 21.5 J-692
J-30 7,013 TRUE Passed 500 7,014 24 16.6 J-692
J-31 2,839 TRUE Passed 500 2,840 24 21.5 J-692
J-33 3,112 TRUE Passed 500 3,113 24 21 J-692



J-34 3,039 TRUE Passed 500 3,040 24 21.1 J-692
J-35 3,751 TRUE Passed 500 3,752 24 19.8 J-692
J-36 5,077 TRUE Passed 500 5,078 24 16.8 J-692
J-37 5,663 TRUE Passed 500 5,664 24 16.1 J-692
J-38 5,289 TRUE Passed 500 5,290 24 15.7 J-692
J-39 4,664 TRUE Passed 500 4,665 24 18 J-692
J-40 4,588 TRUE Passed 500 4,589 24 18 J-692
J-41 5,353 TRUE Passed 500 5,354 24 15.6 J-692
J-42 3,267 TRUE Passed 500 3,268 24 20 J-692
J-43 4,575 TRUE Passed 500 4,576 24 16.8 J-692
J-44 2,443 TRUE Passed 500 2,444 24 21.7 J-692
J-45 2,600 TRUE Passed 500 2,601 24 21.3 J-692
J-46 3,336 TRUE Passed 500 3,337 24 19.8 J-692
J-47 2,204 TRUE Passed 500 2,205 24 22.1 J-692
J-48 2,888 TRUE Passed 500 2,889 24 20.8 J-692
J-49 3,382 TRUE Passed 500 3,383 24 19.8 J-692
J-50 2,616 TRUE Passed 500 2,617 24 21.3 J-692
J-51 1,140 TRUE Passed 500 1,141 24 23.6 J-692
J-52 2,780 TRUE Passed 500 2,781 24 20.7 J-51
J-53 2,350 TRUE Passed 500 2,351 24 21.7 J-692
J-54 2,530 TRUE Passed 500 2,531 24 21.3 J-692
J-55 2,061 TRUE Passed 500 2,062 24 22.2 J-692
J-56 2,393 TRUE Passed 500 2,394 24 21.6 J-692
J-57 2,310 TRUE Passed 500 2,311 24 21.8 J-692
J-58 2,539 TRUE Passed 500 2,540 24 21.3 J-692
J-59 2,867 TRUE Passed 500 2,868 24 20.7 J-692
J-60 2,635 TRUE Passed 500 2,636 24 21.1 J-692
J-61 4,148 TRUE Passed 500 4,149 24 17.7 J-692
J-64 4,077 TRUE Passed 500 4,078 24 17.6 J-692
J-65 4,147 TRUE Passed 500 4,148 24 17.8 J-692
J-66 5,154 TRUE Passed 500 5,155 24 15.4 J-692
J-67 4,614 TRUE Passed 500 4,615 24 16.8 J-692
J-68 4,927 TRUE Passed 500 4,928 24 16 J-692
J-69 2,747 TRUE Passed 500 2,748 24 21.2 J-692
J-70 4,018 TRUE Passed 500 4,019 24 18.5 J-692
J-71 3,394 TRUE Passed 500 3,395 24 19.9 J-692
J-72 3,375 TRUE Passed 500 3,376 24 20 J-692
J-73 1,309 TRUE Passed 500 1,310 24 23.5 J-692
J-74 3,345 TRUE Passed 500 3,346 24 20.1 J-692
J-75 5,136 TRUE Passed 500 5,137 24 15.8 J-692
J-76 4,849 TRUE Passed 500 4,850 24 16.4 J-692
J-77 4,706 TRUE Passed 500 4,707 24 16.5 J-692



J-78 5,348 TRUE Passed 500 5,349 24 15.4 J-692
J-79 4,413 TRUE Passed 500 4,414 24 17.8 J-692
J-80 4,930 TRUE Passed 500 4,931 24 16.6 J-692
J-81 5,183 TRUE Passed 500 5,184 24 15.6 J-692
J-82 5,953 TRUE Passed 500 5,954 24 14.2 J-692
J-83 6,087 TRUE Passed 500 6,088 24 13.8 J-692
J-84 6,088 TRUE Passed 500 6,089 24 13.8 J-692
J-85 5,610 TRUE Passed 500 5,611 24 14.9 J-692
J-86 5,303 TRUE Passed 500 5,304 24 15.6 J-692
J-87 4,657 TRUE Passed 500 4,659 24 17.5 J-692
J-88 4,075 TRUE Passed 500 4,076 24 18.8 J-692
J-89 5,157 TRUE Passed 500 5,158 24 15.9 J-692
J-90 3,868 TRUE Passed 500 3,869 24 19.1 J-692
J-91 1,856 TRUE Passed 500 1,857 24 22.8 J-692
J-92 6,287 TRUE Passed 500 6,288 24 11.8 J-692
J-93 5,141 TRUE Passed 500 5,142 24 15.6 J-692
J-94 6,258 TRUE Passed 500 6,259 24 12 J-692
J-95 7,336 TRUE Passed 500 7,338 24 10.9 J-692
J-96 6,168 TRUE Passed 500 6,169 24 13 J-692
J-97 6,345 TRUE Passed 500 6,346 24 11.6 J-692
J-98 6,507 TRUE Passed 500 6,508 24 10.5 J-692
J-99 3,629 TRUE Passed 500 3,630 24 14.1 J-692
J-100 5,146 TRUE Passed 500 5,147 24 6 J-692
J-101 3,341 TRUE Passed 500 3,342 24 15.2 J-692
J-102 5,256 TRUE Passed 500 5,257 24 4.7 J-692
J-103 4,766 TRUE Passed 500 4,767 24 4.1 J-692
J-104 4,138 TRUE Passed 500 4,139 24 8.1 J-692
J-105 4,817 TRUE Passed 500 4,818 24 3 J-692
J-106 4,599 TRUE Passed 500 4,600 24 4.7 J-692
J-107 4,396 TRUE Passed 500 4,397 24 6.5 J-692
J-108 4,661 TRUE Passed 500 4,662 24 4.3 J-692
J-109 4,665 TRUE Passed 500 4,666 24 4.4 J-692
J-110 4,422 TRUE Passed 500 4,423 24 6.5 J-692
J-111 4,017 TRUE Passed 500 4,018 24 9.3 J-692
J-112 3,577 TRUE Passed 500 3,578 24 12.2 J-692
J-113 3,091 TRUE Passed 500 3,092 24 14.7 J-692
J-114 2,847 TRUE Passed 500 2,848 24 15.6 J-692
J-115 3,418 TRUE Passed 500 3,419 24 12.4 J-692
J-116 2,656 TRUE Passed 500 2,657 24 16.5 J-692
J-117 3,111 TRUE Passed 500 3,112 24 14.1 J-692
J-118 2,118 TRUE Passed 500 2,119 24 22.6 J-692
J-118 2,778 TRUE Passed 500 2,779 24 15.8 J-692



J-119 3,226 TRUE Passed 500 3,227 24 13.3 J-692
J-121 2,477 TRUE Passed 500 2,478 24 17.1 J-692
J-122 3,299 TRUE Passed 500 3,300 24 12.7 J-692
J-123 4,087 TRUE Passed 500 4,112 29.6 0 J-692
J-124 4,768 TRUE Passed 500 4,769 24 0.9 J-692
J-125 3,210 TRUE Passed 500 3,211 24 11.7 J-692
J-126 4,017 TRUE Passed 500 4,018 24 6 J-692
J-127 3,224 TRUE Passed 500 3,225 24 11.8 J-692
J-128 1,322 TRUE Passed 500 1,323 24 21.5 J-692
J-129 2,958 TRUE Passed 500 2,959 24 13.5 J-692
J-130 2,992 TRUE Passed 500 2,993 24 13.5 J-692
J-133 3,007 TRUE Passed 500 3,008 24 13.5 J-692
J-134 2,496 TRUE Passed 500 2,497 24 16.5 J-692
J-135 2,753 TRUE Passed 500 2,754 24 15.1 J-692
J-136 3,083 TRUE Passed 500 3,084 24 13.2 J-692
J-137 3,270 TRUE Passed 500 3,271 24 12 J-692
J-138 3,607 TRUE Passed 500 3,608 24 9.9 J-692
J-139 4,846 TRUE Passed 500 4,847 24 4.7 J-692
J-140 3,103 TRUE Passed 500 3,104 24 14.9 J-692
J-141 3,387 TRUE Passed 500 3,388 24 13.4 J-692
J-142 4,501 TRUE Passed 500 4,502 24 5.5 J-692
J-143 5,207 TRUE Passed 500 5,208 24 0.3 J-692
J-144 5,096 TRUE Passed 500 5,097 24.1 0 J-692
J-145 3,519 TRUE Passed 500 3,520 24 11.4 J-692
J-146 5,152 TRUE Passed 500 5,153 24.4 0 J-692
J-147 5,072 TRUE Passed 500 5,073 24 0.9 J-692
J-148 5,296 TRUE Passed 500 5,297 24.3 0 J-692
J-149 5,587 TRUE Passed 500 5,588 24 1.7 J-692
J-150 5,373 TRUE Passed 500 5,374 24 5.4 J-692
J-151 5,325 TRUE Passed 500 5,326 24 2.6 J-692
J-152 2,777 TRUE Passed 500 2,778 24 18.4 J-692
J-153 5,678 TRUE Passed 500 5,679 24 4.8 J-692
J-154 5,419 TRUE Passed 500 5,420 24 6.3 J-692
J-155 3,439 TRUE Passed 500 3,440 24 18.1 J-692
J-156 3,415 TRUE Passed 500 3,416 24 18.5 J-692
J-157 3,647 TRUE Passed 500 3,648 24 17.5 J-692
J-158 2,938 TRUE Passed 500 2,939 24 18.2 J-692
J-159 4,029 TRUE Passed 500 4,030 24 13.9 J-692
J-160 4,199 TRUE Passed 500 4,200 24 12.7 J-692
J-161 4,174 TRUE Passed 500 4,175 24 12.6 J-692
J-162 4,222 TRUE Passed 500 4,223 24 12.5 J-692
J-163 3,698 TRUE Passed 500 3,699 24 14.7 J-692



J-164 4,005 TRUE Passed 500 4,006 24 13.3 J-692
J-165 4,342 TRUE Passed 500 4,343 24 11.6 J-692
J-166 5,645 TRUE Passed 500 5,646 24 0.4 J-692
J-167 2,503 TRUE Passed 500 2,504 24 19.3 J-692
J-168 3,079 TRUE Passed 500 3,080 24 17.2 J-692
J-169 3,825 TRUE Passed 500 3,826 24 14.1 J-692
J-170 5,278 TRUE Passed 500 5,279 24 2.8 J-692
J-171 2,541 TRUE Passed 500 2,542 24 18.1 J-692
J-172 4,672 TRUE Passed 500 4,673 24 2.5 J-692
J-173 3,634 TRUE Passed 500 3,635 24 10.1 J-692
J-174 3,707 TRUE Passed 500 3,708 24 9.6 J-692
J-175 4,390 TRUE Passed 500 4,391 24 4.6 J-692
J-176 3,558 TRUE Passed 500 3,559 24 10.5 J-692
J-177 2,442 TRUE Passed 500 2,443 24 17 J-692
J-178 3,045 TRUE Passed 500 3,046 24 13.7 J-692
J-179 1,220 TRUE Passed 500 1,221 24 22 J-692
J-180 1,540 TRUE Passed 500 1,541 24 20.6 J-692
J-181 3,276 TRUE Passed 500 3,277 24 12.3 J-692
J-183 9,289 TRUE Passed 500 9,290 36.4 0 J-692
J-184 778 TRUE Passed 500 779 24 24.1 J-692
J-185 7,547 TRUE Passed 500 7,548 24 7.2 J-692
J-186 5,267 TRUE Passed 500 5,268 24 15 J-692
J-187 5,496 TRUE Passed 500 5,497 24 14.1 J-692
J-188 4,168 TRUE Passed 500 4,169 24 17.9 J-692
J-189 5,228 TRUE Passed 500 5,229 24 14.4 J-692
J-190 5,273 TRUE Passed 500 5,274 24 14.6 J-692
J-191 4,524 TRUE Passed 500 4,525 24 16.7 J-692
J-192 3,942 TRUE Passed 500 3,943 24 17.9 J-692
J-193 3,878 TRUE Passed 500 3,879 24 17.4 J-692
J-194 3,288 TRUE Passed 500 3,289 24 18.7 J-692
J-195 2,565 TRUE Passed 500 2,566 24 20.6 J-692
J-196 2,126 TRUE Passed 500 2,127 24 21.6 J-692
J-197 2,300 TRUE Passed 500 2,301 24 21.2 J-692
J-200 5,183 TRUE Passed 500 5,184 24 15.3 J-692
J-201 4,571 TRUE Passed 500 4,572 24 17 J-692
J-202 5,023 TRUE Passed 500 5,024 24 15.8 J-692
J-203 4,995 TRUE Passed 500 4,996 24 16 J-692
J-204 3,849 TRUE Passed 500 3,850 24 18.9 J-692
J-205 3,134 TRUE Passed 500 3,135 24 20.4 J-692
J-206 4,208 TRUE Passed 500 4,209 24 18 J-692
J-207 3,469 TRUE Passed 500 3,470 24 19.7 J-692
J-208 5,616 TRUE Passed 500 5,617 24 14.5 J-692



J-209 4,275 TRUE Passed 500 4,276 24 18.1 J-692
J-210 7,271 TRUE Passed 500 7,272 24 11 J-692
J-211 6,180 TRUE Passed 500 6,181 24 15.5 J-692
J-212 4,951 TRUE Passed 500 4,952 24 18.3 J-692
J-213 3,817 TRUE Passed 500 3,818 24 20.5 J-692
J-214 3,003 TRUE Passed 500 3,004 24 21.8 J-692
J-215 2,508 TRUE Passed 500 2,509 24 22.5 J-692
J-216 880 TRUE Passed 500 881 24 24.2 J-692
J-217 3,614 TRUE Passed 500 3,615 24 20.8 J-692
J-218 2,012 TRUE Passed 500 2,013 24 23.1 J-692
J-219 4,393 TRUE Passed 500 4,394 24 19.5 J-692
J-220 2,098 TRUE Passed 500 2,099 24 23 J-692
J-221 2,514 TRUE Passed 500 2,515 24 22.5 J-692
J-222 4,864 TRUE Passed 500 4,865 24 18.6 J-692
J-223 5,361 TRUE Passed 500 5,362 24 17.6 J-692
J-224 6,227 TRUE Passed 500 6,228 24 15.7 J-692
J-225 6,449 TRUE Passed 500 6,450 24 15.2 J-692
J-226 8,207 TRUE Passed 500 8,208 24 10.4 J-692
J-227 6,763 TRUE Passed 500 6,764 24 11.1 J-692
J-228 5,374 TRUE Passed 500 5,375 24 14.9 J-692
J-229 5,285 TRUE Passed 500 5,286 24 15.2 J-692
J-230 3,160 TRUE Passed 500 3,161 24 20.6 J-692
J-231 4,895 TRUE Passed 500 4,896 24 16.5 J-692
J-232 5,441 TRUE Passed 500 5,442 24 15.2 J-692
J-233 7,089 TRUE Passed 500 7,090 24 10.6 J-692
J-234 9,918 TRUE Passed 500 9,919 42.2 0 J-692
J-235 10,000 TRUE Passed 500 10,001 49.8 1.5 J-692
J-236 2,566 TRUE Passed 500 2,567 24 20.5 J-692
J-237 2,139 TRUE Passed 500 2,140 24 21.5 J-692
J-238 1,177 TRUE Passed 500 1,178 24 23.3 J-692
J-239 10,000 TRUE Passed 500 10,001 29.7 6.7 J-692
J-240 10,000 TRUE Passed 500 10,001 28.1 6.8 J-692
J-241 8,752 TRUE Passed 500 8,753 24 12 J-692
J-242 8,573 TRUE Passed 500 8,574 24 14.8 J-692
J-243 10,000 TRUE Passed 500 10,001 25.1 10.9 J-692
J-244 5,662 TRUE Passed 500 5,663 24 19 J-692
J-245 10,000 TRUE Passed 500 10,001 27 12.5 J-692
J-246 9,694 TRUE Passed 500 9,695 24 16.8 J-692
J-247 10,000 TRUE Passed 500 10,001 39.7 14.3 J-692
J-248 7,696 TRUE Passed 500 7,697 24 16.9 J-692
J-249 2,649 TRUE Passed 500 2,650 24 23.1 J-250
J-250 1,453 TRUE Passed 500 1,454 24 24.1 J-692



J-251 7,953 TRUE Passed 500 7,954 24 16.6 J-692
J-252 7,881 TRUE Passed 500 7,882 24 17.1 J-692
J-253 3,421 TRUE Passed 500 3,422 24 22.8 J-692
J-254 8,499 TRUE Passed 500 8,500 24 15.5 J-692
J-255 7,818 TRUE Passed 500 7,819 24 16.8 J-692
J-256 4,527 TRUE Passed 500 4,528 24 21.3 J-692
J-257 7,763 TRUE Passed 500 7,764 24 16.7 J-692
J-258 7,728 TRUE Passed 500 7,729 24 16.7 J-692
J-259 4,814 TRUE Passed 500 4,815 24 21 J-692
J-260 6,836 TRUE Passed 500 6,837 24 18.2 J-692
J-262 7,876 TRUE Passed 500 7,877 24 16.9 J-692
J-263 4,626 TRUE Passed 500 4,627 24 21.2 J-692
J-264 8,402 TRUE Passed 500 8,403 24 16.2 J-692
J-265 4,337 TRUE Passed 500 4,338 24 21.5 J-692
J-266 3,050 TRUE Passed 500 3,051 24 22.8 J-692
J-267 6,654 TRUE Passed 500 6,655 24 18.5 J-692
J-268 5,853 TRUE Passed 500 5,854 24 19.7 J-692
J-269 6,804 TRUE Passed 500 6,805 24 18.3 J-692
J-270 8,275 TRUE Passed 500 8,276 24 15.6 J-692
J-271 7,059 TRUE Passed 500 7,060 24 17.8 J-692
J-272 7,090 TRUE Passed 500 7,091 24 17.3 J-692
J-273 5,396 TRUE Passed 500 5,397 24 19.9 J-692
J-274 4,980 TRUE Passed 500 4,981 24 20.4 J-692
J-275 6,711 TRUE Passed 500 6,712 24 17.8 J-692
J-276 6,489 TRUE Passed 500 6,490 24 18.2 J-692
J-277 6,532 TRUE Passed 500 6,533 24 17.9 J-692
J-278 4,813 TRUE Passed 500 4,814 24 20.5 J-692
J-279 4,269 TRUE Passed 500 4,270 24 21.1 J-692
J-280 1,576 TRUE Passed 500 1,577 24 23.9 J-692
J-281 3,497 TRUE Passed 500 3,498 24 22.1 J-692
J-282 3,327 TRUE Passed 500 3,328 24 22.3 J-692
J-283 2,642 TRUE Passed 500 2,643 24 23 J-692
J-284 1,514 TRUE Passed 500 1,515 24 24 J-692
J-285 2,234 TRUE Passed 500 2,235 24 23.4 J-692
J-286 4,716 TRUE Passed 500 4,717 24 20.4 J-692
J-287 3,844 TRUE Passed 500 3,845 24 21.4 J-292
J-288 2,240 TRUE Passed 500 2,241 24 23.3 J-692
J-289 2,528 TRUE Passed 500 2,529 24 23.1 J-692
J-290 2,333 TRUE Passed 500 2,334 24 23.3 J-692
J-291 1,257 TRUE Passed 500 1,258 24 24.1 J-692
J-292 2,768 TRUE Passed 500 2,769 24 22.8 J-692
J-294 1,513 TRUE Passed 500 1,514 24 23.9 J-692



J-296 6,656 TRUE Passed 500 6,657 24 17 J-692
J-297 6,771 TRUE Passed 500 6,772 24 16.3 J-692
J-298 8,933 TRUE Passed 500 8,934 24 10.9 J-692
J-299 10,000 TRUE Passed 500 10,001 24 8.3 J-692
J-300 4,454 TRUE Passed 500 4,455 24 20.7 J-692
J-301 3,596 TRUE Passed 500 3,597 24 21.9 J-692
J-302 4,060 TRUE Passed 500 4,061 24 21.4 J-692
J-303 3,338 TRUE Passed 500 3,339 24 22.3 J-692
J-304 5,973 TRUE Passed 500 5,974 24 18.6 J-692
J-305 6,128 TRUE Passed 500 6,129 24 18.3 J-692
J-306 2,615 TRUE Passed 500 2,616 24 23 J-692
J-307 8,225 TRUE Passed 500 8,226 24 14.3 J-692
J-308 7,295 TRUE Passed 500 7,296 24 16.5 J-692
J-309 3,861 TRUE Passed 500 3,862 24 21.5 J-692
J-310 3,668 TRUE Passed 500 3,669 24 21.7 J-692
J-311 4,176 TRUE Passed 500 4,177 24 21 J-692
J-312 4,105 TRUE Passed 500 4,106 24 21 J-692
J-313 4,630 TRUE Passed 500 4,631 24 20.1 J-692
J-314 3,457 TRUE Passed 500 3,458 24 21.9 J-692
J-315 2,810 TRUE Passed 500 2,811 24 22.6 J-692
J-316 4,780 TRUE Passed 500 4,781 24 19.7 J-692
J-317 3,556 TRUE Passed 500 3,557 24 21.7 J-692
J-318 7,021 TRUE Passed 500 7,022 24 17.7 J-692
J-319 6,715 TRUE Passed 500 6,716 24 18 J-692
J-320 6,745 TRUE Passed 500 6,746 24 17.9 J-692
J-321 3,521 TRUE Passed 500 3,522 24 22.4 J-692
J-322 3,747 TRUE Passed 500 3,748 24 22.2 J-692
J-323 3,322 TRUE Passed 500 3,323 24 22.6 J-692
J-324 4,572 TRUE Passed 500 4,573 24 21.3 J-692
J-325 10,000 TRUE Passed 500 10,001 38.5 6.5 J-692
J-326 10,000 TRUE Passed 500 10,001 39.1 6.4 J-692
J-327 7,313 TRUE Passed 500 7,314 24 13.8 J-692
J-328 10,000 TRUE Passed 500 10,001 39.9 6.4 J-692
J-329 10,000 TRUE Passed 500 10,001 29.4 5.8 J-692
J-330 1,842 TRUE Passed 500 1,844 24 23.4 J-692
J-331 6,318 TRUE Passed 500 6,319 24 16 J-692
J-332 6,615 TRUE Passed 500 6,616 24 15.4 J-692
J-333 4,782 TRUE Passed 500 4,783 24 19 J-692
J-334 8,264 TRUE Passed 500 8,265 24 10.4 J-692
J-336 7,004 TRUE Passed 500 7,005 24 14 J-692
J-338 7,734 TRUE Passed 500 7,735 24 12.1 J-692
J-339 6,685 TRUE Passed 500 6,686 24 14.6 J-692



J-340 10,000 TRUE Passed 500 10,001 32.9 6.6 J-692
J-341 7,901 TRUE Passed 500 7,902 24 14.8 J-692
J-342 4,259 TRUE Passed 500 4,260 24 20.8 J-692
J-343 7,640 TRUE Passed 500 7,641 24 14.7 J-692
J-345 5,143 TRUE Passed 500 5,144 24 19.3 J-692
J-346 3,861 TRUE Passed 500 3,862 24 21.2 J-692
J-347 10,000 TRUE Passed 500 10,001 46.4 6.7 J-692
J-348 10,000 TRUE Passed 500 10,001 48 6.8 J-692
J-349 10,000 TRUE Passed 500 10,001 43.2 6.8 J-692
J-350 10,000 TRUE Passed 500 10,001 41.3 6.8 J-692
J-351 8,935 TRUE Passed 500 8,936 24 9.8 J-692
J-352 9,226 TRUE Passed 500 9,227 24 9 J-692
J-353 9,792 TRUE Passed 500 9,793 24 7.2 J-692
J-354 10,000 TRUE Passed 500 10,001 31.2 7.5 J-692
J-355 9,172 TRUE Passed 500 9,173 24 9.8 J-692
J-356 8,626 TRUE Passed 500 8,627 24 10.6 J-692
J-357 10,000 TRUE Passed 500 10,001 43.4 6.4 J-692
J-358 10,000 TRUE Passed 500 10,001 29.2 7.8 J-692
J-359 10,000 TRUE Passed 500 10,001 27.5 7.8 J-692
J-360 1,636 TRUE Passed 500 1,637 24 23.7 J-692
J-361 8,775 TRUE Passed 500 8,776 24 10.9 J-692
J-362 10,000 TRUE Passed 500 10,001 44.4 6.9 J-692
J-363 8,309 TRUE Passed 500 8,310 24 11.5 J-692
J-364 7,454 TRUE Passed 500 7,455 24 13.7 J-692
J-365 7,864 TRUE Passed 500 7,865 24 12.6 J-692
J-366 7,272 TRUE Passed 500 7,273 24 14.1 J-692
J-367 8,911 TRUE Passed 500 8,912 24 9.9 J-692
J-368 6,225 TRUE Passed 500 6,226 24 17.2 J-692
J-369 9,022 TRUE Passed 500 9,023 24 10.5 J-692
J-370 10,000 TRUE Passed 500 10,001 31.7 7.7 J-692
J-371 3,449 TRUE Passed 500 3,450 24 12 J-692
J-371 10,000 TRUE Passed 500 10,001 30.2 7.6 J-692
J-372 7,274 TRUE Passed 500 7,275 24 14.5 J-692
J-373 10,000 TRUE Passed 500 10,001 46.9 6.9 J-692
J-374 10,000 TRUE Passed 500 10,001 47.1 6.9 J-692
J-375 10,000 TRUE Passed 500 10,001 44.6 6.8 J-692
J-376 8,284 TRUE Passed 500 8,285 24 11.7 J-692
J-377 10,000 TRUE Passed 500 10,001 51.3 6.8 J-692
J-378 10,000 TRUE Passed 500 10,001 40.5 7 J-692
J-379 10,000 TRUE Passed 500 10,001 43.8 7 J-692
J-380 6,969 TRUE Passed 500 6,970 24 15.1 J-692
J-382 7,529 TRUE Passed 500 7,530 24 14.1 J-692



J-383 6,923 TRUE Passed 500 6,924 24 15.4 J-692
J-384 7,222 TRUE Passed 500 7,223 24 14.8 J-692
J-385 9,556 TRUE Passed 500 9,558 24 8.9 J-692
J-386 10,000 TRUE Passed 500 10,001 26 7.5 J-692
J-387 8,789 TRUE Passed 500 8,790 24 11 J-692
J-388 6,654 TRUE Passed 500 6,655 24 16.1 J-692
J-389 5,240 TRUE Passed 500 5,241 24 18.9 J-692
J-390 1,964 TRUE Passed 500 1,965 24 23.4 J-692
J-391 7,034 TRUE Passed 500 7,035 24 15 J-692
J-392 10,000 TRUE Passed 500 10,001 39.2 7 J-692
J-393 7,826 TRUE Passed 500 7,827 24 13.2 J-692
J-394 9,181 TRUE Passed 500 9,182 24 9.7 J-692
J-395 9,348 TRUE Passed 500 9,349 24 9.2 J-692
J-396 10,000 TRUE Passed 500 10,001 40 7 J-692
J-397 6,409 TRUE Passed 500 6,410 24 16.1 J-692
J-398 1,747 TRUE Passed 500 1,748 24 23.5 J-692
J-399 10,000 TRUE Passed 500 10,001 64.7 6 J-692
J-401 3,330 TRUE Passed 500 3,331 24 11.1 J-692
J-401 10,000 TRUE Passed 500 10,001 61.5 6.9 J-692
J-402 10,000 TRUE Passed 500 10,001 62.2 6.9 J-692
J-403 10,000 TRUE Passed 500 10,001 40.9 7 J-692
J-404 10,000 TRUE Passed 500 10,001 25.6 7.9 J-692
J-405 4,711 TRUE Passed 500 4,712 24 19.6 J-692
J-406 10,000 TRUE Passed 500 10,001 57.8 6.8 J-692
J-407 10,000 TRUE Passed 500 10,001 64.2 6.8 J-692
J-408 10,000 TRUE Passed 500 10,001 44.7 6.9 J-692
J-409 3,515 TRUE Passed 500 3,516 24 21.4 J-692
J-410 10,000 TRUE Passed 500 10,001 51.1 6.9 J-692
J-411 3,581 TRUE Passed 500 3,582 24 21.3 J-692
J-412 10,000 TRUE Passed 500 10,001 55.8 6.9 J-692
J-413 10,000 TRUE Passed 500 10,001 62.1 6.5 J-692
J-414 10,000 TRUE Passed 500 10,001 57.7 4.1 J-692
J-415 2,016 TRUE Passed 500 2,017 24 23 J-692
J-416 10,000 TRUE Passed 500 10,001 58.7 6.7 J-692
J-417 10,000 TRUE Passed 500 10,001 54.9 7 J-692
J-418 5,536 TRUE Passed 500 5,537 24 18.3 J-692
J-419 3,521 TRUE Passed 500 3,522 24 21.6 J-692
J-420 10,000 TRUE Passed 500 10,001 34.2 8.5 J-692
J-421 9,478 TRUE Passed 500 9,479 24 9.5 J-692
J-422 6,999 TRUE Passed 500 7,000 24 15.4 J-692
J-423 9,374 TRUE Passed 500 9,375 24 9.7 J-692
J-424 4,913 TRUE Passed 500 4,914 24 19.3 J-692



J-425 4,213 TRUE Passed 500 4,214 24 20.4 J-692
J-426 9,432 TRUE Passed 500 9,433 24 8.9 J-692
J-427 8,000 TRUE Passed 500 8,001 24 12.8 J-692
J-428 9,492 TRUE Passed 500 9,493 24 9.2 J-692
J-429 9,464 TRUE Passed 500 9,465 24 9.2 J-692
J-430 4,051 TRUE Passed 500 4,052 24 20.7 J-692
J-431 7,428 TRUE Passed 500 7,429 24 14.4 J-692
J-432 2,367 TRUE Passed 500 2,368 24 23 J-692
J-433 3,938 TRUE Passed 500 3,939 24 16.8 J-692
J-434 10,000 TRUE Passed 500 10,001 61.8 24.1 J-692
J-435 10,000 TRUE Passed 500 10,001 63.1 24.2 J-692
J-436 10,000 TRUE Passed 500 10,001 59.7 23.6 J-692
J-437 9,023 TRUE Passed 500 9,024 24 22.9 J-692
J-439 7,099 TRUE Passed 500 7,100 24 22.8 J-692
J-440 6,968 TRUE Passed 500 6,969 24 22.7 J-692
J-442 8,071 TRUE Passed 500 8,072 24 21.5 J-443
J-443 2,218 TRUE Passed 500 2,219 24 24.2 J-692
J-445 9,409 TRUE Passed 500 9,410 24 20.2 J-692
J-447 6,431 TRUE Passed 500 6,432 24 21.7 J-692
J-448 5,128 TRUE Passed 500 5,129 24 22.5 J-692
J-449 6,110 TRUE Passed 500 6,111 24 17.5 J-450
J-450 4,223 TRUE Passed 500 4,224 24 23 J-692
J-451 5,963 TRUE Passed 500 5,964 24 21.8 J-692
J-452 5,460 TRUE Passed 500 5,461 24 22.1 J-692
J-453 5,032 TRUE Passed 500 5,033 24 22.5 J-692
J-454 4,854 TRUE Passed 500 4,855 24 22.6 J-692
J-455 6,534 TRUE Passed 500 6,535 24 21.6 J-692
J-456 6,496 TRUE Passed 500 6,497 24 21.4 J-692
J-457 5,218 TRUE Passed 500 5,219 24 22.2 J-692
J-458 3,030 TRUE Passed 500 3,031 24 23.6 J-692
J-459 2,954 TRUE Passed 500 2,955 24 23.5 J-692
J-460 4,010 TRUE Passed 500 4,011 24 22.8 J-692
J-461 1,661 TRUE Passed 500 1,662 24 23.4 J-463
J-462 1,455 TRUE Passed 500 1,456 24 24.3 J-692
J-463 1,338 TRUE Passed 500 1,339 24 24.3 J-692
J-464 5,247 TRUE Passed 500 5,248 24 22.1 J-692
J-465 5,393 TRUE Passed 500 5,394 24 21.9 J-692
J-466 5,693 TRUE Passed 500 5,694 24 21.6 J-692
J-467 6,391 TRUE Passed 500 6,392 24 20.8 J-692
J-468 6,305 TRUE Passed 500 6,306 24 20.8 J-692
J-469 6,881 TRUE Passed 500 6,882 24 20 J-692
J-470 8,255 TRUE Passed 500 8,256 24 17.2 J-692



J-471 10,000 TRUE Passed 500 10,001 37.6 14.1 J-692
J-472 7,073 TRUE Passed 500 7,074 24 19.2 J-692
J-473 6,532 TRUE Passed 500 6,533 24 20.3 J-692
J-474 5,980 TRUE Passed 500 5,981 24 20.9 J-692
J-475 5,627 TRUE Passed 500 5,628 24 21.4 J-692
J-476 2,361 TRUE Passed 500 2,362 24 23.8 J-692
J-477 2,387 TRUE Passed 500 2,389 24 23.8 J-692
J-478 5,548 TRUE Passed 500 5,549 24 21.6 J-692
J-479 5,685 TRUE Passed 500 5,686 24 21.7 J-692
J-480 6,033 TRUE Passed 500 6,034 24 21.5 J-692
J-481 6,406 TRUE Passed 500 6,407 24 21.4 J-692
J-482 3,321 TRUE Passed 500 3,322 24 19.8 J-485
J-483 2,056 TRUE Passed 500 2,057 24 22.8 J-485
J-484 1,890 TRUE Passed 500 1,891 24 24.2 J-692
J-485 1,539 TRUE Passed 500 1,540 24 24.3 J-692
J-486 9,602 TRUE Passed 500 9,603 24 19.1 J-692
J-487 10,000 TRUE Passed 500 10,001 38.4 20.1 J-692
J-489 10,000 TRUE Passed 500 10,001 50.7 22.5 J-692
J-490 10,000 TRUE Passed 500 10,001 35.9 22.3 J-692
J-491 10,000 TRUE Passed 500 10,001 63 24.3 J-692
J-492 10,000 TRUE Passed 500 10,001 48.3 20.9 J-692
J-493 10,000 TRUE Passed 500 10,001 25.9 20.5 J-692
J-494 10,000 TRUE Passed 500 10,001 26.8 20.5 J-692
J-497 10,000 TRUE Passed 500 10,001 44.9 16.8 J-692
J-498 10,000 TRUE Passed 500 10,001 47 19.4 J-692
J-499 10,000 TRUE Passed 500 10,001 39.9 19.6 J-692
J-500 6,940 TRUE Passed 500 6,941 24 21.7 J-692
J-501 10,000 TRUE Passed 500 10,001 38.6 20.6 J-692
J-502 5,186 TRUE Passed 500 5,187 24 22.9 J-692
J-504 3,297 TRUE Passed 500 3,298 24 23.8 J-692
J-505 4,075 TRUE Passed 500 4,076 24 23.3 J-692
J-507 4,574 TRUE Passed 500 4,575 24 22.5 J-692
J-508 4,592 TRUE Passed 500 4,593 24 22.5 J-692
J-509 5,331 TRUE Passed 500 5,332 24 21.9 J-692
J-510 5,991 TRUE Passed 500 5,992 24 22.4 J-692
J-511 2,391 TRUE Passed 500 2,393 24 24.1 J-692
J-513 2,442 TRUE Passed 500 2,443 24 24.1 J-692
J-514 2,754 TRUE Passed 500 2,755 24 23.3 J-513
J-516 5,292 TRUE Passed 500 5,293 24 22 J-692
J-517 5,691 TRUE Passed 500 5,692 24 21.4 J-692
J-518 5,177 TRUE Passed 500 5,178 24 20.2 J-549
J-519 5,639 TRUE Passed 500 5,640 24 21.5 J-692



J-520 4,742 TRUE Passed 500 4,743 24 21.4 J-692
J-521 3,936 TRUE Passed 500 3,937 24 22.1 J-692
J-522 4,068 TRUE Passed 500 4,069 24 21.5 J-603
J-523 4,431 TRUE Passed 500 4,432 24 21.5 J-692
J-524 4,301 TRUE Passed 500 4,302 24 21.7 J-692
J-525 4,757 TRUE Passed 500 4,758 24 21.2 J-692
J-526 4,633 TRUE Passed 500 4,634 24 21.4 J-692
J-527 4,681 TRUE Passed 500 4,682 24 21.2 J-692
J-528 4,356 TRUE Passed 500 4,357 24 21.5 J-692
J-529 4,571 TRUE Passed 500 4,572 24 21.2 J-692
J-530 4,609 TRUE Passed 500 4,610 24 21.2 J-692
J-531 2,965 TRUE Passed 500 2,966 24 22.9 J-692
J-532 3,205 TRUE Passed 500 3,206 24 22.7 J-692
J-533 8,269 TRUE Passed 500 8,270 24 15 J-692
J-534 9,158 TRUE Passed 500 9,159 24 13.4 J-692
J-535 8,532 TRUE Passed 500 8,533 24 14.7 J-692
J-536 7,676 TRUE Passed 500 7,677 24 16.2 J-692
J-537 8,770 TRUE Passed 500 8,771 24 14.1 J-692
J-538 9,345 TRUE Passed 500 9,346 24 12.3 J-692
J-539 10,000 TRUE Passed 500 10,001 28.1 10.6 J-692
J-540 3,154 TRUE Passed 500 3,155 24 22.6 J-692
J-541 3,397 TRUE Passed 500 3,398 24 22.4 J-692
J-542 6,784 TRUE Passed 500 6,785 24 18.5 J-692
J-543 9,145 TRUE Passed 500 9,146 24 15.2 J-692
J-544 10,000 TRUE Passed 500 10,001 26 14.7 J-692
J-545 5,661 TRUE Passed 500 5,662 24 20.9 J-692
J-546 2,190 TRUE Passed 500 2,191 24 23.8 J-692
J-547 5,281 TRUE Passed 500 5,282 24 21.6 J-692
J-548 1,888 TRUE Passed 500 1,889 24 24 J-692
J-549 1,752 TRUE Passed 500 1,753 24 24.1 J-692
J-550 4,649 TRUE Passed 500 4,650 24 22.4 J-692
J-551 3,100 TRUE Passed 500 3,101 24 23.4 J-692
J-552 2,501 TRUE Passed 500 2,502 24 23.8 J-692
J-553 4,109 TRUE Passed 500 4,110 24 23.4 J-692
J-554 2,682 TRUE Passed 500 2,684 24 24 J-692
J-555 10,000 TRUE Passed 500 10,001 31.4 14.4 J-692
J-556 4,226 TRUE Passed 500 4,227 24 22 J-692
J-557 3,730 TRUE Passed 500 3,731 24 22.5 J-692
J-558 1,898 TRUE Passed 500 1,899 24 23.9 J-692
J-559 10,000 TRUE Passed 500 10,001 35.7 15.3 J-692
J-560 10,000 TRUE Passed 500 10,001 44.2 16.3 J-692
J-561 3,840 TRUE Passed 500 3,841 24 22.1 J-692



J-562 10,000 TRUE Passed 500 10,001 31.2 14.8 J-692
J-563 2,981 TRUE Passed 500 2,982 24 22.7 J-692
J-564 10,000 TRUE Passed 500 10,001 32.8 11.5 J-692
J-565 10,000 TRUE Passed 500 10,001 35 13.2 J-692
J-566 8,474 TRUE Passed 500 8,475 24 14.2 J-692
J-567 10,000 TRUE Passed 500 10,001 29.5 10.3 J-692
J-568 10,000 TRUE Passed 500 10,001 25.4 7.7 J-692
J-569 8,116 TRUE Passed 500 8,117 24 12.8 J-692
J-570 7,163 TRUE Passed 500 7,164 24 15.5 J-692
J-571 8,254 TRUE Passed 500 8,255 24 11.3 J-692
J-572 10,000 TRUE Passed 500 10,001 31.8 4.5 J-692
J-573 7,805 TRUE Passed 500 7,806 24 4.3 J-692
J-574 9,231 TRUE Passed 500 9,232 24 8.1 J-692
J-576 10,000 TRUE Passed 500 10,001 34.4 8.9 J-692
J-577 10,000 TRUE Passed 500 10,001 33 9.7 J-692
J-578 3,346 TRUE Passed 500 3,347 24 22.2 J-692
J-579 4,413 TRUE Passed 500 4,414 24 21.1 J-692
J-580 4,466 TRUE Passed 500 4,467 24 21.1 J-692
J-581 4,210 TRUE Passed 500 4,211 24 21.2 J-692
J-582 6,611 TRUE Passed 500 6,612 24 17.5 J-692
J-583 7,143 TRUE Passed 500 7,144 24 16.5 J-692
J-584 8,083 TRUE Passed 500 8,084 24 14.7 J-692
J-585 6,241 TRUE Passed 500 6,242 24 18 J-692
J-587 5,796 TRUE Passed 500 5,797 24 18.7 J-692
J-588 5,435 TRUE Passed 500 5,436 24 19.3 J-692
J-589 5,578 TRUE Passed 500 5,579 24 19 J-692
J-590 7,006 TRUE Passed 500 7,007 24 16.6 J-692
J-591 6,439 TRUE Passed 500 6,440 24 17.7 J-692
J-592 6,221 TRUE Passed 500 6,222 24 18.6 J-692
J-593 4,607 TRUE Passed 500 4,608 24 21.1 J-692
J-594 4,463 TRUE Passed 500 4,464 24 20.3 J-596
J-595 3,637 TRUE Passed 500 3,638 24 21.3 J-596
J-596 3,091 TRUE Passed 500 3,092 24 22.8 J-692
J-597 3,197 TRUE Passed 500 3,198 24 22.7 J-692
J-598 3,281 TRUE Passed 500 3,282 24 22.6 J-692
J-599 3,474 TRUE Passed 500 3,475 24 22.5 J-692
J-601 3,056 TRUE Passed 500 3,057 24 22.9 J-692
J-602 4,377 TRUE Passed 500 4,378 24 21.6 J-692
J-603 2,345 TRUE Passed 500 2,346 24 23.5 J-692
J-604 4,389 TRUE Passed 500 4,390 24 21.5 J-692
J-605 3,249 TRUE Passed 500 3,250 24 22.7 J-692
J-606 3,366 TRUE Passed 500 3,367 24 22.6 J-692



J-607 4,228 TRUE Passed 500 4,229 24 21.7 J-692
J-608 4,356 TRUE Passed 500 4,357 24 21.5 J-692
J-609 4,444 TRUE Passed 500 4,445 24 21.4 J-692
J-610 4,369 TRUE Passed 500 4,370 24 21.5 J-692
J-611 4,668 TRUE Passed 500 4,669 24 21.2 J-692
J-612 4,143 TRUE Passed 500 4,144 24 21.7 J-692
J-613 4,270 TRUE Passed 500 4,271 24 21.5 J-692
J-614 6,444 TRUE Passed 500 6,445 24 18.3 J-692
J-615 6,729 TRUE Passed 500 6,730 24 17.9 J-692
J-616 6,880 TRUE Passed 500 6,881 24 17.6 J-692
J-617 6,759 TRUE Passed 500 6,760 24 16.9 J-692
J-620 7,710 TRUE Passed 500 7,711 24 15 J-692
J-621 9,390 TRUE Passed 500 9,391 24 11.1 J-692
J-622 9,007 TRUE Passed 500 9,008 24 12.2 J-692
J-623 9,093 TRUE Passed 500 9,094 24 11.5 J-692
J-625 10,000 TRUE Passed 500 10,001 24.2 9.2 J-692
J-626 8,840 TRUE Passed 500 8,841 24 12.7 J-692
J-627 8,787 TRUE Passed 500 8,788 24 12.9 J-692
J-628 9,007 TRUE Passed 500 9,008 24 12.5 J-692
J-629 9,461 TRUE Passed 500 9,462 24 11.5 J-692
J-630 9,663 TRUE Passed 500 9,664 24 11 J-692
J-631 9,735 TRUE Passed 500 9,736 24 10.8 J-692
J-632 5,280 TRUE Passed 500 5,281 24 19.2 J-692
J-633 3,171 TRUE Passed 500 3,172 24 22.2 J-692
J-634 8,069 TRUE Passed 500 8,070 24 13.8 J-692
J-636 10,000 TRUE Passed 500 10,001 26.7 10.2 J-692
J-637 3,847 TRUE Passed 500 3,848 24 21.5 J-692
J-638 10,000 TRUE Passed 500 10,001 29.7 10.3 J-692
J-639 10,000 TRUE Passed 500 10,001 34.9 9.6 J-692
J-640 10,000 TRUE Passed 500 10,001 31.5 9.7 J-692
J-641 5,672 TRUE Passed 500 5,673 24 18.9 J-692
J-642 4,128 TRUE Passed 500 4,129 24 21.3 J-692
J-643 3,176 TRUE Passed 500 3,177 24 22.6 J-692
J-644 5,426 TRUE Passed 500 5,427 24 20.1 J-692
J-645 2,772 TRUE Passed 500 2,773 24 23 J-692
J-646 7,479 TRUE Passed 500 7,480 24 17.1 J-692
J-647 4,910 TRUE Passed 500 4,911 24 20.6 J-692
J-648 3,029 TRUE Passed 500 3,030 24 22.7 J-692
J-649 3,748 TRUE Passed 500 3,749 24 22.1 J-692
J-650 1,895 TRUE Passed 500 1,896 24 23.8 J-692
J-651 7,951 TRUE Passed 500 7,952 24 16.6 J-692
J-652 3,096 TRUE Passed 500 3,097 24 22.8 J-692



J-655 7,423 TRUE Passed 500 7,424 24 16.8 J-692
J-656 3,610 TRUE Passed 500 3,611 24 22.1 J-692
J-657 10,000 TRUE Passed 500 10,001 32.6 8.3 J-692
J-659 10,000 TRUE Passed 500 10,001 35.2 8.6 J-692
J-659 10,000 TRUE Passed 500 10,001 37.5 8 J-692
J-660 10,000 TRUE Passed 500 10,001 38.7 7.9 J-692
J-661 833 TRUE Passed 500 837 24 24.3 J-692
J-662 10,000 TRUE Passed 500 10,001 51.6 7.4 J-692
J-663 10,000 TRUE Passed 500 10,001 42.9 8 J-692
J-664 10,000 TRUE Passed 500 10,001 31.4 9.1 J-692
J-665 10,000 TRUE Passed 500 10,001 33.7 9.4 J-692
J-666 10,000 TRUE Passed 500 10,001 40.7 17.5 J-692
J-667 10,000 TRUE Passed 500 10,001 25.2 17.1 J-692
J-668 10,000 TRUE Passed 500 10,001 47.5 19.7 J-692
J-669 4,449 TRUE Passed 500 4,450 24 21.5 J-692
J-670 5,042 TRUE Passed 500 5,043 24 20.8 J-692
J-673 10,000 TRUE Passed 500 10,001 38.9 8.3 J-692
J-674 4,267 TRUE Passed 500 4,268 24 20.5 J-692
J-675 3,989 TRUE Passed 500 3,990 24 20.8 J-692
J-676 5,607 TRUE Passed 500 5,608 24 18.1 J-692
J-677 2,516 TRUE Passed 500 2,517 24 22.8 J-692
J-678 1,883 TRUE Passed 500 1,884 24 23.5 J-692
J-680 5,276 TRUE Passed 500 5,276 24 2.4 J-692
J-682 4,353 TRUE Passed 500 4,353 24 6.6 J-692
J-685 1,235 TRUE Passed 500 1,260 24 20.3 J-692
J-686 3,485 TRUE Passed 500 3,535 24 4.8 J-692
J-687 4,221 TRUE Passed 500 4,246 24 2.2 J-692
J-689 5,934 TRUE Passed 500 5,959 24 4.4 J-692
J-690 4,973 TRUE Passed 500 4,998 28.9 0 J-692
J-691 4,401 TRUE Passed 500 4,426 30.1 0 J-692
J-692 317 FALSE Residual Pressure Failed 500 317 24 25.8 J-695
J-693 4,315 TRUE Passed 500 4,340 24 9.4 J-692
J-694 3,556 TRUE Passed 500 3,581 24 6.1 J-695
J-695 681 TRUE Passed 500 706 24 23.1 J-692
J-696 4,377 TRUE Passed 500 4,382 24 16.1 J-692
J-697 5,005 TRUE Passed 500 5,005 24.7 0 J-692
J-698 3,137 TRUE Passed 500 3,162 24 13.6 J-692
J-699 6,943 TRUE Passed 500 6,968 33.6 0 J-692
J-700 4,056 TRUE Passed 500 4,081 24 9.8 J-692
J-702 3,799 TRUE Passed 500 3,799 24 7 J-692
J-719 4,772 TRUE Passed 500 4,772 24 23.6 J-692
J-724 4,594 TRUE Passed 500 4,594 24 23.6 J-692



J-726 4,328 TRUE Passed 500 4,328 24 23.3 J-692
J-727 8,247 TRUE Passed 500 8,247 24 23.4 J-692
J-731 6,015 TRUE Passed 500 6,016 24 19.4 J-692
J-904 7,109 TRUE Passed 500 7,110 24 13.7 J-692
J-1031 9,755 TRUE Passed 500 9,756 24 8.2 J-692
J-1082 10,000 TRUE Passed 500 10,001 57.5 7.2 J-692
J-1184 9,691 TRUE Passed 500 9,692 24 22.2 J-692
J-1201 8,462 TRUE Passed 500 8,463 24 20.4 J-692
J-1296 10,000 TRUE Passed 500 10,001 42.5 20.6 J-692
J-1334 4,020 TRUE Passed 500 4,021 24 23.5 J-692
J-1340 4,140 TRUE Passed 500 4,141 24 22.9 J-692
J-1549 3,100 TRUE Passed 500 3,101 24 22.8 J-692
J-1642 9,055 TRUE Passed 500 9,056 24 11.7 J-692
J-1704 10,000 TRUE Passed 500 10,001 40.2 8.5 J-692
J-1780 4,680 TRUE Passed 500 4,680 24 23.6 J-692
J-1806 3,449 TRUE Passed 500 3,449 24 13.1 J-692

Scenario 4: 16-Inch SE Expansion - No Pressure Zone
*NOTE: to meet fire flow constraints, the minimum residual pressure was lowered to 24 psi. 
1-FLOW 9,351 TRUE Passed 500 9,352 24 18.8 J-692
1-RES 3,306 TRUE Passed 500 3,309 24 23.5 J-692
2-FLOW 7,909 TRUE Passed 500 7,910 24 21.8 J-692
2-RES 4,365 TRUE Passed 500 4,366 24 23.5 J-692
3-FLOW 3,022 TRUE Passed 500 3,023 24 22.6 J-692
3-RES 2,579 TRUE Passed 500 2,580 24 23 J-692
4-FLOW 3,650 TRUE Passed 500 3,651 24 22.4 J-692
4-RES 2,640 TRUE Passed 500 2,641 24 23.3 J-692
5-FLOW 4,348 TRUE Passed 500 4,349 24 17 J-692
5-RES 2,122 TRUE Passed 500 2,123 24 22.2 J-692
6-FLOW 2,148 TRUE Passed 500 2,149 24 23.5 J-692
6-RES 1,395 TRUE Passed 500 1,396 24 24.1 J-692
7-FLOW 2,359 TRUE Passed 500 2,360 24 21.9 J-692
7-RES 2,119 TRUE Passed 500 2,120 24 22.3 J-692
J-1 5,730 TRUE Passed 500 5,731 24 15.4 J-692
J-2 7,833 TRUE Passed 500 7,834 24 11.3 J-692
J-3 8,439 TRUE Passed 500 8,440 24 11.6 J-692
J-11 9,020 TRUE Passed 500 9,021 24 11.3 J-692
J-12 8,678 TRUE Passed 500 8,679 24 10.4 J-692
J-13 5,186 TRUE Passed 500 5,187 24 17.6 J-692
J-14 4,154 TRUE Passed 500 4,155 24 19.8 J-692
J-15 8,058 TRUE Passed 500 8,059 24 11.1 J-692
J-17 6,446 TRUE Passed 500 6,447 24 14.5 J-692
J-18 10,000 TRUE Passed 500 10,001 58.4 21.9 J-692



J-19 10,000 TRUE Passed 500 10,001 24.8 14.4 J-692
J-20 4,509 TRUE Passed 500 4,510 24 21.5 J-692
J-21 4,612 TRUE Passed 500 4,613 24 21.4 J-692
J-22 2,210 TRUE Passed 500 2,211 24 23.6 J-692
J-23 4,069 TRUE Passed 500 4,070 24 21.9 J-692
J-24 2,076 TRUE Passed 500 2,077 24 23.6 J-692
J-25 3,623 TRUE Passed 500 3,624 24 22.3 J-692
J-26 2,004 TRUE Passed 500 2,005 24 23.7 J-692
J-27 3,729 TRUE Passed 500 3,730 24 22.1 J-692
J-28 2,306 TRUE Passed 500 2,307 24 23.4 J-692
J-29 4,056 TRUE Passed 500 4,057 24 21.7 J-692
J-30 7,097 TRUE Passed 500 7,098 24 16.7 J-692
J-31 2,879 TRUE Passed 500 2,881 24 21.5 J-692
J-33 3,166 TRUE Passed 500 3,167 24 21 J-692
J-34 3,094 TRUE Passed 500 3,095 24 21.2 J-692
J-35 3,847 TRUE Passed 500 3,848 24 19.7 J-692
J-36 5,310 TRUE Passed 500 5,311 24 16.4 J-692
J-37 5,893 TRUE Passed 500 5,894 24 15.8 J-692
J-38 5,652 TRUE Passed 500 5,653 24 14.9 J-692
J-39 4,824 TRUE Passed 500 4,825 24 17.8 J-692
J-40 4,751 TRUE Passed 500 4,752 24 17.8 J-692
J-41 5,716 TRUE Passed 500 5,717 24 14.7 J-692
J-42 3,405 TRUE Passed 500 3,406 24 19.7 J-692
J-43 4,993 TRUE Passed 500 4,994 24 15.5 J-692
J-44 2,515 TRUE Passed 500 2,516 24 21.6 J-692
J-45 2,688 TRUE Passed 500 2,689 24 21.2 J-692
J-46 3,525 TRUE Passed 500 3,526 24 19.3 J-692
J-47 2,259 TRUE Passed 500 2,261 24 22 J-692
J-48 2,997 TRUE Passed 500 2,998 24 20.6 J-692
J-49 3,532 TRUE Passed 500 3,533 24 19.5 J-692
J-50 2,685 TRUE Passed 500 2,686 24 21.3 J-692
J-51 1,151 TRUE Passed 500 1,152 24 23.7 J-692
J-52 2,911 TRUE Passed 500 2,912 24 20.6 J-692
J-53 2,434 TRUE Passed 500 2,435 24 21.6 J-692
J-54 2,631 TRUE Passed 500 2,632 24 21.2 J-692
J-55 2,119 TRUE Passed 500 2,120 24 22.2 J-692
J-56 2,477 TRUE Passed 500 2,478 24 21.5 J-692
J-57 2,384 TRUE Passed 500 2,385 24 21.7 J-692
J-58 2,632 TRUE Passed 500 2,633 24 21.2 J-692
J-59 3,001 TRUE Passed 500 3,002 24 20.4 J-692
J-60 2,743 TRUE Passed 500 2,744 24 21 J-692
J-61 4,542 TRUE Passed 500 4,544 24 16.6 J-692



J-64 4,519 TRUE Passed 500 4,520 24 16.3 J-692
J-65 4,539 TRUE Passed 500 4,540 24 16.6 J-692
J-66 5,661 TRUE Passed 500 5,662 24 13.8 J-692
J-67 5,069 TRUE Passed 500 5,070 24 15.5 J-692
J-68 5,405 TRUE Passed 500 5,406 24 14.6 J-692
J-69 2,826 TRUE Passed 500 2,827 24 21.1 J-692
J-70 4,280 TRUE Passed 500 4,281 24 17.9 J-692
J-71 3,529 TRUE Passed 500 3,530 24 19.7 J-692
J-72 3,521 TRUE Passed 500 3,522 24 19.7 J-692
J-73 1,319 TRUE Passed 500 1,320 24 23.6 J-692
J-74 3,491 TRUE Passed 500 3,492 24 19.9 J-692
J-75 5,529 TRUE Passed 500 5,530 24 14.8 J-692
J-76 5,238 TRUE Passed 500 5,239 24 15.3 J-692
J-77 5,190 TRUE Passed 500 5,191 24 15 J-692
J-78 5,728 TRUE Passed 500 5,729 24 14.4 J-692
J-79 4,675 TRUE Passed 500 4,676 24 17.3 J-692
J-80 5,273 TRUE Passed 500 5,274 24 15.9 J-692
J-81 5,611 TRUE Passed 500 5,612 24 14.5 J-692
J-82 6,306 TRUE Passed 500 6,307 24 13.4 J-692
J-83 6,463 TRUE Passed 500 6,464 24 13 J-692
J-84 6,476 TRUE Passed 500 6,477 24 12.9 J-692
J-85 5,995 TRUE Passed 500 5,996 24 13.9 J-692
J-86 5,647 TRUE Passed 500 5,649 24 14.8 J-692
J-87 4,862 TRUE Passed 500 4,863 24 17.1 J-692
J-88 4,222 TRUE Passed 500 4,223 24 18.6 J-692
J-89 5,503 TRUE Passed 500 5,504 24 15.1 J-692
J-90 4,011 TRUE Passed 500 4,012 24 18.9 J-692
J-91 1,873 TRUE Passed 500 1,874 24 22.9 J-692
J-92 6,372 TRUE Passed 500 6,373 24 13.5 J-692
J-93 5,611 TRUE Passed 500 5,612 24 14.2 J-692
J-94 6,339 TRUE Passed 500 6,340 24 13.6 J-692
J-95 7,396 TRUE Passed 500 7,397 24 12.2 J-692
J-96 6,229 TRUE Passed 500 6,230 24 14.4 J-692
J-97 6,434 TRUE Passed 500 6,435 24 13.3 J-692
J-98 6,606 TRUE Passed 500 6,607 24 12.5 J-692
J-99 3,789 TRUE Passed 500 3,790 24 16.6 J-692
J-100 5,587 TRUE Passed 500 5,588 24 9.4 J-692
J-101 3,484 TRUE Passed 500 3,485 24 17.4 J-692
J-102 5,742 TRUE Passed 500 5,743 24 8.1 J-692
J-103 5,336 TRUE Passed 500 5,337 24 7.4 J-692
J-104 4,544 TRUE Passed 500 4,545 24 11.2 J-692
J-105 5,606 TRUE Passed 500 5,607 24 5.3 J-692



J-106 5,315 TRUE Passed 500 5,316 24 7.1 J-692
J-107 4,862 TRUE Passed 500 4,863 24 9.7 J-692
J-108 5,356 TRUE Passed 500 5,358 24 6.8 J-692
J-109 5,299 TRUE Passed 500 5,300 24 7.2 J-692
J-110 4,888 TRUE Passed 500 4,889 24 9.8 J-692
J-111 4,393 TRUE Passed 500 4,394 24 12.3 J-692
J-112 3,847 TRUE Passed 500 3,848 24 14.8 J-692
J-113 3,281 TRUE Passed 500 3,282 24 17 J-692
J-114 2,997 TRUE Passed 500 2,998 24 17.8 J-692
J-115 3,686 TRUE Passed 500 3,687 24 15.1 J-692
J-116 2,782 TRUE Passed 500 2,783 24 18.6 J-692
J-117 3,318 TRUE Passed 500 3,319 24 16.5 J-692
J-118 2,135 TRUE Passed 500 2,136 24 22.7 J-692
J-118 2,925 TRUE Passed 500 2,926 24 18 J-692
J-119 3,455 TRUE Passed 500 3,456 24 15.8 J-692
J-121 2,596 TRUE Passed 500 2,597 24 19 J-692
J-122 3,590 TRUE Passed 500 3,591 24 15.1 J-692
J-123 5,634 TRUE Passed 500 5,659 30.6 0 J-692
J-124 5,989 TRUE Passed 500 5,990 24 0.5 J-692
J-125 3,654 TRUE Passed 500 3,655 24 13.8 J-692
J-126 4,870 TRUE Passed 500 4,872 24 7.2 J-692
J-127 3,712 TRUE Passed 500 3,713 24 13.6 J-692
J-128 1,362 TRUE Passed 500 1,363 24 22.5 J-692
J-129 3,318 TRUE Passed 500 3,319 24 15.5 J-692
J-130 3,348 TRUE Passed 500 3,349 24 15.5 J-692
J-133 3,325 TRUE Passed 500 3,326 24 15.7 J-692
J-134 2,678 TRUE Passed 500 2,679 24 18.4 J-692
J-135 2,986 TRUE Passed 500 2,987 24 17.2 J-692
J-136 3,357 TRUE Passed 500 3,358 24 15.6 J-692
J-137 3,583 TRUE Passed 500 3,584 24 14.6 J-692
J-138 4,008 TRUE Passed 500 4,009 24 12.6 J-692
J-139 5,441 TRUE Passed 500 5,442 24 7.4 J-692
J-140 3,258 TRUE Passed 500 3,259 24 17.3 J-692
J-141 3,589 TRUE Passed 500 3,590 24 16 J-692
J-142 5,025 TRUE Passed 500 5,026 24 8.8 J-692
J-143 6,049 TRUE Passed 500 6,051 24 3 J-692
J-144 6,119 TRUE Passed 500 6,120 24 1.3 J-692
J-145 3,838 TRUE Passed 500 3,839 24 14.1 J-692
J-146 6,162 TRUE Passed 500 6,163 24 1.6 J-692
J-147 5,953 TRUE Passed 500 5,954 24 3.1 J-692
J-148 6,161 TRUE Passed 500 6,162 24 2.7 J-692
J-149 6,197 TRUE Passed 500 6,198 24 5.4 J-692



J-150 5,829 TRUE Passed 500 5,830 24 8.8 J-692
J-151 5,927 TRUE Passed 500 5,928 24 6.1 J-692
J-152 2,836 TRUE Passed 500 2,837 24 20 J-692
J-153 6,119 TRUE Passed 500 6,120 24 8.3 J-692
J-154 5,797 TRUE Passed 500 5,798 24 9.8 J-692
J-155 3,478 TRUE Passed 500 3,479 24 19.5 J-692
J-156 3,448 TRUE Passed 500 3,449 24 19.7 J-692
J-157 3,689 TRUE Passed 500 3,690 24 18.9 J-692
J-158 2,989 TRUE Passed 500 2,990 24 19.7 J-692
J-159 4,146 TRUE Passed 500 4,147 24 16.3 J-692
J-160 4,368 TRUE Passed 500 4,369 24 15.3 J-692
J-161 4,360 TRUE Passed 500 4,361 24 15.2 J-692
J-162 4,402 TRUE Passed 500 4,403 24 15.1 J-692
J-163 3,851 TRUE Passed 500 3,852 24 16.9 J-692
J-164 4,181 TRUE Passed 500 4,182 24 15.8 J-692
J-165 4,559 TRUE Passed 500 4,560 24 14.4 J-692
J-166 6,290 TRUE Passed 500 6,291 24 4.2 J-692
J-167 2,558 TRUE Passed 500 2,559 24 20.6 J-692
J-168 3,176 TRUE Passed 500 3,177 24 19 J-692
J-169 4,007 TRUE Passed 500 4,008 24 16.4 J-692
J-170 5,879 TRUE Passed 500 5,880 24 6.2 J-692
J-171 2,614 TRUE Passed 500 2,615 24 19.8 J-692
J-172 5,514 TRUE Passed 500 5,515 24 4.5 J-692
J-173 4,030 TRUE Passed 500 4,031 24 12.8 J-692
J-174 4,107 TRUE Passed 500 4,108 24 12.4 J-692
J-175 5,075 TRUE Passed 500 5,076 24 7.1 J-692
J-176 3,920 TRUE Passed 500 3,921 24 13.3 J-692
J-177 2,569 TRUE Passed 500 2,570 24 19 J-692
J-178 3,282 TRUE Passed 500 3,283 24 16.2 J-692
J-179 1,240 TRUE Passed 500 1,241 24 22.9 J-692
J-180 1,594 TRUE Passed 500 1,595 24 21.8 J-692
J-181 3,531 TRUE Passed 500 3,532 24 15.1 J-692
J-183 9,936 TRUE Passed 500 9,937 31.7 0 J-692
J-184 779 TRUE Passed 500 780 24 24.2 J-692
J-185 7,641 TRUE Passed 500 7,642 24 8.9 J-692
J-186 5,305 TRUE Passed 500 5,306 24 16 J-692
J-187 5,533 TRUE Passed 500 5,534 24 15.3 J-692
J-188 4,188 TRUE Passed 500 4,189 24 18.7 J-692
J-189 5,276 TRUE Passed 500 5,277 24 15.7 J-692
J-190 5,317 TRUE Passed 500 5,318 24 15.9 J-692
J-191 4,554 TRUE Passed 500 4,555 24 17.9 J-692
J-192 3,970 TRUE Passed 500 3,971 24 19 J-692



J-193 3,915 TRUE Passed 500 3,916 24 18.8 J-692
J-194 3,319 TRUE Passed 500 3,320 24 19.9 J-692
J-195 2,582 TRUE Passed 500 2,583 24 21.5 J-692
J-196 2,138 TRUE Passed 500 2,139 24 22.3 J-692
J-197 2,313 TRUE Passed 500 2,314 24 22 J-692
J-200 5,230 TRUE Passed 500 5,231 24 16.6 J-692
J-201 4,605 TRUE Passed 500 4,606 24 18.1 J-692
J-202 5,065 TRUE Passed 500 5,066 24 17.1 J-692
J-203 5,036 TRUE Passed 500 5,037 24 17.2 J-692
J-204 3,870 TRUE Passed 500 3,871 24 19.8 J-692
J-205 3,147 TRUE Passed 500 3,148 24 21.1 J-692
J-206 4,234 TRUE Passed 500 4,235 24 19 J-692
J-207 3,485 TRUE Passed 500 3,486 24 20.5 J-692
J-208 5,665 TRUE Passed 500 5,666 24 15.8 J-692
J-209 4,300 TRUE Passed 500 4,301 24 19 J-692
J-210 7,330 TRUE Passed 500 7,331 24 12.3 J-692
J-211 6,197 TRUE Passed 500 6,198 24 16.2 J-692
J-212 4,960 TRUE Passed 500 4,961 24 18.8 J-692
J-213 3,822 TRUE Passed 500 3,823 24 20.8 J-692
J-214 3,006 TRUE Passed 500 3,007 24 22.1 J-692
J-215 2,510 TRUE Passed 500 2,511 24 22.7 J-692
J-216 881 TRUE Passed 500 882 24 24.3 J-692
J-217 3,619 TRUE Passed 500 3,620 24 21.2 J-692
J-218 2,014 TRUE Passed 500 2,015 24 23.3 J-692
J-219 4,400 TRUE Passed 500 4,401 24 19.9 J-692
J-220 2,099 TRUE Passed 500 2,100 24 23.2 J-692
J-221 2,516 TRUE Passed 500 2,517 24 22.7 J-692
J-222 4,873 TRUE Passed 500 4,874 24 19.1 J-692
J-223 5,372 TRUE Passed 500 5,373 24 18.1 J-692
J-224 6,241 TRUE Passed 500 6,242 24 16.4 J-692
J-225 6,464 TRUE Passed 500 6,465 24 15.8 J-692
J-226 8,236 TRUE Passed 500 8,237 24 11.3 J-692
J-227 6,799 TRUE Passed 500 6,800 24 12.7 J-692
J-228 5,414 TRUE Passed 500 5,415 24 16 J-692
J-229 5,322 TRUE Passed 500 5,323 24 16.3 J-692
J-230 3,169 TRUE Passed 500 3,170 24 21.1 J-692
J-231 4,922 TRUE Passed 500 4,923 24 17.4 J-692
J-232 5,472 TRUE Passed 500 5,473 24 16.2 J-692
J-233 7,137 TRUE Passed 500 7,138 24 11.9 J-692
J-234 10,000 TRUE Passed 500 10,001 43.1 2 J-692
J-235 10,000 TRUE Passed 500 10,001 50.9 3.4 J-692
J-236 2,584 TRUE Passed 500 2,585 24 21.4 J-692



J-237 2,150 TRUE Passed 500 2,151 24 22.2 J-692
J-238 1,180 TRUE Passed 500 1,181 24 23.7 J-692
J-239 10,000 TRUE Passed 500 10,001 29.9 7.7 J-692
J-240 10,000 TRUE Passed 500 10,001 28.4 7.8 J-692
J-241 8,771 TRUE Passed 500 8,772 24 12.6 J-692
J-242 8,603 TRUE Passed 500 8,604 24 15.4 J-692
J-243 10,000 TRUE Passed 500 10,001 25.2 11.5 J-692
J-244 5,666 TRUE Passed 500 5,667 24 19.2 J-692
J-245 10,000 TRUE Passed 500 10,001 27.1 12.9 J-692
J-246 9,712 TRUE Passed 500 9,713 24 17.3 J-692
J-247 10,000 TRUE Passed 500 10,001 39.8 14.6 J-692
J-248 7,702 TRUE Passed 500 7,703 24 17.1 J-692
J-249 2,649 TRUE Passed 500 2,650 24 23.1 J-250
J-250 1,453 TRUE Passed 500 1,454 24 24.2 J-692
J-251 7,963 TRUE Passed 500 7,964 24 16.8 J-692
J-252 7,888 TRUE Passed 500 7,889 24 17.3 J-692
J-253 3,422 TRUE Passed 500 3,423 24 22.9 J-692
J-254 8,517 TRUE Passed 500 8,518 24 15.7 J-692
J-255 7,836 TRUE Passed 500 7,837 24 17 J-692
J-256 4,530 TRUE Passed 500 4,531 24 21.5 J-692
J-257 7,778 TRUE Passed 500 7,779 24 16.9 J-692
J-258 7,744 TRUE Passed 500 7,745 24 16.9 J-692
J-259 4,818 TRUE Passed 500 4,819 24 21.1 J-692
J-260 6,848 TRUE Passed 500 6,849 24 18.4 J-692
J-262 7,897 TRUE Passed 500 7,898 24 17.1 J-692
J-263 4,631 TRUE Passed 500 4,632 24 21.4 J-692
J-264 8,431 TRUE Passed 500 8,432 24 16.4 J-692
J-265 4,341 TRUE Passed 500 4,342 24 21.7 J-692
J-266 3,051 TRUE Passed 500 3,052 24 22.9 J-692
J-267 6,667 TRUE Passed 500 6,668 24 18.7 J-692
J-268 5,864 TRUE Passed 500 5,865 24 19.9 J-692
J-269 6,817 TRUE Passed 500 6,818 24 18.4 J-692
J-270 8,293 TRUE Passed 500 8,294 24 15.9 J-692
J-271 7,071 TRUE Passed 500 7,072 24 18 J-692
J-272 7,100 TRUE Passed 500 7,101 24 17.5 J-692
J-273 5,400 TRUE Passed 500 5,402 24 20 J-692
J-274 4,984 TRUE Passed 500 4,985 24 20.6 J-692
J-275 6,719 TRUE Passed 500 6,720 24 17.9 J-692
J-276 6,497 TRUE Passed 500 6,498 24 18.4 J-692
J-277 6,539 TRUE Passed 500 6,540 24 18 J-692
J-278 4,816 TRUE Passed 500 4,817 24 20.6 J-692
J-279 4,271 TRUE Passed 500 4,272 24 21.2 J-692



J-280 1,576 TRUE Passed 500 1,577 24 24 J-692
J-281 3,498 TRUE Passed 500 3,499 24 22.2 J-692
J-282 3,328 TRUE Passed 500 3,329 24 22.4 J-692
J-283 2,642 TRUE Passed 500 2,643 24 23.1 J-692
J-284 1,514 TRUE Passed 500 1,515 24 24 J-692
J-285 2,234 TRUE Passed 500 2,235 24 23.5 J-692
J-286 4,719 TRUE Passed 500 4,720 24 20.6 J-692
J-287 3,846 TRUE Passed 500 3,847 24 21.4 J-292
J-288 2,240 TRUE Passed 500 2,241 24 23.4 J-692
J-289 2,529 TRUE Passed 500 2,530 24 23.1 J-290
J-290 2,334 TRUE Passed 500 2,335 24 23.3 J-692
J-291 1,257 TRUE Passed 500 1,258 24 24.2 J-692
J-292 2,769 TRUE Passed 500 2,770 24 22.9 J-692
J-294 1,513 TRUE Passed 500 1,514 24 24 J-692
J-296 6,662 TRUE Passed 500 6,663 24 17.2 J-692
J-297 6,777 TRUE Passed 500 6,778 24 16.7 J-692
J-298 8,949 TRUE Passed 500 8,950 24 11.4 J-692
J-299 10,000 TRUE Passed 500 10,001 24.2 8.9 J-692
J-300 4,456 TRUE Passed 500 4,457 24 20.9 J-692
J-301 3,597 TRUE Passed 500 3,598 24 22 J-692
J-302 4,061 TRUE Passed 500 4,062 24 21.5 J-692
J-303 3,339 TRUE Passed 500 3,340 24 22.4 J-692
J-304 5,977 TRUE Passed 500 5,978 24 18.8 J-692
J-305 6,132 TRUE Passed 500 6,133 24 18.5 J-692
J-306 2,616 TRUE Passed 500 2,617 24 23.1 J-692
J-307 8,234 TRUE Passed 500 8,235 24 14.7 J-692
J-308 7,301 TRUE Passed 500 7,302 24 16.8 J-692
J-309 3,862 TRUE Passed 500 3,863 24 21.6 J-692
J-310 3,670 TRUE Passed 500 3,671 24 21.8 J-692
J-311 4,178 TRUE Passed 500 4,179 24 21.2 J-692
J-312 4,107 TRUE Passed 500 4,108 24 21.2 J-692
J-313 4,632 TRUE Passed 500 4,633 24 20.3 J-692
J-314 3,458 TRUE Passed 500 3,459 24 22 J-692
J-315 2,811 TRUE Passed 500 2,812 24 22.7 J-692
J-316 4,784 TRUE Passed 500 4,785 24 19.9 J-692
J-317 3,558 TRUE Passed 500 3,559 24 21.9 J-692
J-318 7,026 TRUE Passed 500 7,027 24 17.9 J-692
J-319 6,720 TRUE Passed 500 6,721 24 18.3 J-692
J-320 6,750 TRUE Passed 500 6,751 24 18.1 J-692
J-321 3,522 TRUE Passed 500 3,523 24 22.5 J-692
J-322 3,749 TRUE Passed 500 3,750 24 22.3 J-692
J-323 3,322 TRUE Passed 500 3,323 24 22.7 J-692



J-324 4,575 TRUE Passed 500 4,576 24 21.4 J-692
J-325 10,000 TRUE Passed 500 10,001 38.7 7.5 J-692
J-326 10,000 TRUE Passed 500 10,001 39.3 7.3 J-692
J-327 7,326 TRUE Passed 500 7,327 24 14.4 J-692
J-328 10,000 TRUE Passed 500 10,001 40.1 7.3 J-692
J-329 10,000 TRUE Passed 500 10,001 29.7 6.9 J-692
J-330 1,843 TRUE Passed 500 1,844 24 23.5 J-692
J-331 6,329 TRUE Passed 500 6,330 24 16.4 J-692
J-332 6,626 TRUE Passed 500 6,627 24 15.9 J-692
J-333 4,787 TRUE Passed 500 4,788 24 19.4 J-692
J-334 8,292 TRUE Passed 500 8,293 24 11.2 J-692
J-336 7,020 TRUE Passed 500 7,021 24 14.7 J-692
J-338 7,755 TRUE Passed 500 7,756 24 12.9 J-692
J-339 6,701 TRUE Passed 500 6,702 24 15.3 J-692
J-340 10,000 TRUE Passed 500 10,001 33.1 7.6 J-692
J-341 7,909 TRUE Passed 500 7,910 24 15.1 J-692
J-342 4,261 TRUE Passed 500 4,262 24 21 J-692
J-343 7,650 TRUE Passed 500 7,651 24 15.1 J-692
J-345 5,147 TRUE Passed 500 5,148 24 19.6 J-692
J-346 3,863 TRUE Passed 500 3,864 24 21.4 J-692
J-347 10,000 TRUE Passed 500 10,001 46.6 7.5 J-692
J-348 10,000 TRUE Passed 500 10,001 48.2 7.6 J-692
J-349 10,000 TRUE Passed 500 10,001 43.4 7.6 J-692
J-350 10,000 TRUE Passed 500 10,001 41.5 7.6 J-692
J-351 8,954 TRUE Passed 500 8,955 24 10.4 J-692
J-352 9,248 TRUE Passed 500 9,249 24 9.6 J-692
J-353 9,816 TRUE Passed 500 9,817 24 8 J-692
J-354 10,000 TRUE Passed 500 10,001 31.4 8.3 J-692
J-355 9,190 TRUE Passed 500 9,191 24 10.4 J-692
J-356 8,644 TRUE Passed 500 8,645 24 11.2 J-692
J-357 10,000 TRUE Passed 500 10,001 43.7 7.4 J-692
J-358 10,000 TRUE Passed 500 10,001 29.4 8.5 J-692
J-359 10,000 TRUE Passed 500 10,001 27.6 8.5 J-692
J-360 1,637 TRUE Passed 500 1,638 24 23.8 J-692
J-361 8,790 TRUE Passed 500 8,791 24 11.4 J-692
J-362 10,000 TRUE Passed 500 10,001 44.6 7.7 J-692
J-363 8,325 TRUE Passed 500 8,326 24 12.1 J-692
J-364 7,467 TRUE Passed 500 7,468 24 14.2 J-692
J-365 7,879 TRUE Passed 500 7,880 24 13.2 J-692
J-366 7,284 TRUE Passed 500 7,285 24 14.6 J-692
J-367 8,930 TRUE Passed 500 8,931 24 10.5 J-692
J-368 6,231 TRUE Passed 500 6,232 24 17.5 J-692



J-369 9,037 TRUE Passed 500 9,038 24 11 J-692
J-370 10,000 TRUE Passed 500 10,001 31.9 8.4 J-692
J-371 3,762 TRUE Passed 500 3,763 24 14.4 J-692
J-371 10,000 TRUE Passed 500 10,001 30.4 8.3 J-692
J-372 7,283 TRUE Passed 500 7,284 24 14.9 J-692
J-373 10,000 TRUE Passed 500 10,001 47.1 7.6 J-692
J-374 10,000 TRUE Passed 500 10,001 47.3 7.6 J-692
J-375 10,000 TRUE Passed 500 10,001 44.8 7.6 J-692
J-376 8,299 TRUE Passed 500 8,300 24 12.2 J-692
J-377 10,000 TRUE Passed 500 10,001 51.5 7.5 J-692
J-378 10,000 TRUE Passed 500 10,001 40.7 7.7 J-692
J-379 10,000 TRUE Passed 500 10,001 44 7.7 J-692
J-380 6,978 TRUE Passed 500 6,979 24 15.5 J-692
J-382 7,539 TRUE Passed 500 7,540 24 14.5 J-692
J-383 6,931 TRUE Passed 500 6,932 24 15.8 J-692
J-384 7,231 TRUE Passed 500 7,232 24 15.2 J-692
J-385 9,576 TRUE Passed 500 9,577 24 9.4 J-692
J-386 10,000 TRUE Passed 500 10,001 26.1 8.2 J-692
J-387 8,803 TRUE Passed 500 8,804 24 11.5 J-692
J-388 6,662 TRUE Passed 500 6,663 24 16.4 J-692
J-389 5,244 TRUE Passed 500 5,245 24 19.2 J-692
J-390 1,964 TRUE Passed 500 1,965 24 23.5 J-692
J-391 7,043 TRUE Passed 500 7,044 24 15.4 J-692
J-392 10,000 TRUE Passed 500 10,001 39.4 7.7 J-692
J-393 7,836 TRUE Passed 500 7,837 24 13.6 J-692
J-394 9,195 TRUE Passed 500 9,196 24 10.2 J-692
J-395 9,363 TRUE Passed 500 9,364 24 9.7 J-692
J-396 10,000 TRUE Passed 500 10,001 40.2 7.7 J-692
J-397 6,418 TRUE Passed 500 6,419 24 16.5 J-692
J-398 1,748 TRUE Passed 500 1,749 24 23.6 J-692
J-399 10,000 TRUE Passed 500 10,001 65 6.9 J-692
J-401 3,853 TRUE Passed 500 3,854 24 12.9 J-692
J-401 10,000 TRUE Passed 500 10,001 61.8 7.4 J-692
J-402 10,000 TRUE Passed 500 10,001 62.5 7.4 J-692
J-403 10,000 TRUE Passed 500 10,001 41.2 7.4 J-692
J-404 10,000 TRUE Passed 500 10,001 26.2 7.9 J-692
J-405 4,715 TRUE Passed 500 4,716 24 19.7 J-692
J-406 10,000 TRUE Passed 500 10,001 58.1 7.4 J-692
J-407 10,000 TRUE Passed 500 10,001 64.5 7.3 J-692
J-408 10,000 TRUE Passed 500 10,001 44.9 7.6 J-692
J-409 3,517 TRUE Passed 500 3,518 24 21.6 J-692
J-410 10,000 TRUE Passed 500 10,001 51.3 7.6 J-692



J-411 3,582 TRUE Passed 500 3,583 24 21.5 J-692
J-412 10,000 TRUE Passed 500 10,001 56 7.6 J-692
J-413 10,000 TRUE Passed 500 10,001 62.3 7.3 J-692
J-414 10,000 TRUE Passed 500 10,001 58.3 5.4 J-692
J-415 2,017 TRUE Passed 500 2,018 24 23.2 J-692
J-416 10,000 TRUE Passed 500 10,001 58.9 7.5 J-692
J-417 10,000 TRUE Passed 500 10,001 55.1 7.7 J-692
J-418 5,540 TRUE Passed 500 5,541 24 18.6 J-692
J-419 3,522 TRUE Passed 500 3,523 24 21.7 J-692
J-420 10,000 TRUE Passed 500 10,001 34.4 8.8 J-692
J-421 9,496 TRUE Passed 500 9,497 24 9.9 J-692
J-422 7,007 TRUE Passed 500 7,009 24 15.7 J-692
J-423 9,392 TRUE Passed 500 9,393 24 10.1 J-692
J-424 4,917 TRUE Passed 500 4,918 24 19.6 J-692
J-425 4,216 TRUE Passed 500 4,217 24 20.7 J-692
J-426 9,446 TRUE Passed 500 9,447 24 9.5 J-692
J-427 8,013 TRUE Passed 500 8,014 24 13.3 J-692
J-428 9,512 TRUE Passed 500 9,513 24 9.7 J-692
J-429 9,483 TRUE Passed 500 9,484 24 9.7 J-692
J-430 4,054 TRUE Passed 500 4,055 24 20.9 J-692
J-431 7,438 TRUE Passed 500 7,439 24 14.7 J-692
J-432 2,367 TRUE Passed 500 2,368 24 23.1 J-692
J-433 3,983 TRUE Passed 500 3,984 24 18.3 J-692
J-434 10,000 TRUE Passed 500 10,001 61.8 24.2 J-692
J-435 10,000 TRUE Passed 500 10,001 63.1 24.3 J-692
J-436 10,000 TRUE Passed 500 10,001 59.7 23.7 J-692
J-437 9,025 TRUE Passed 500 9,026 24 23 J-692
J-439 7,101 TRUE Passed 500 7,103 24 22.8 J-692
J-440 6,970 TRUE Passed 500 6,971 24 22.8 J-692
J-442 8,076 TRUE Passed 500 8,077 24 21.5 J-443
J-443 2,219 TRUE Passed 500 2,220 24 24.3 J-692
J-445 9,420 TRUE Passed 500 9,421 24 20.3 J-692
J-447 6,436 TRUE Passed 500 6,437 24 21.8 J-692
J-448 5,131 TRUE Passed 500 5,132 24 22.6 J-692
J-449 6,115 TRUE Passed 500 6,116 24 17.5 J-450
J-450 4,225 TRUE Passed 500 4,226 24 23.1 J-692
J-451 5,968 TRUE Passed 500 5,969 24 21.9 J-692
J-452 5,465 TRUE Passed 500 5,466 24 22.1 J-692
J-453 5,034 TRUE Passed 500 5,035 24 22.6 J-692
J-454 4,857 TRUE Passed 500 4,858 24 22.7 J-692
J-455 6,541 TRUE Passed 500 6,542 24 21.6 J-692
J-456 6,502 TRUE Passed 500 6,503 24 21.5 J-692



J-457 5,222 TRUE Passed 500 5,223 24 22.2 J-692
J-458 3,030 TRUE Passed 500 3,031 24 23.6 J-692
J-459 2,955 TRUE Passed 500 2,956 24 23.6 J-692
J-460 4,012 TRUE Passed 500 4,013 24 22.9 J-692
J-461 1,661 TRUE Passed 500 1,662 24 23.4 J-463
J-462 1,455 TRUE Passed 500 1,456 24 24.3 J-692
J-463 1,338 TRUE Passed 500 1,339 24 24.4 J-692
J-464 5,251 TRUE Passed 500 5,252 24 22.1 J-692
J-465 5,397 TRUE Passed 500 5,398 24 22 J-692
J-466 5,699 TRUE Passed 500 5,700 24 21.6 J-692
J-467 6,399 TRUE Passed 500 6,400 24 20.9 J-692
J-468 6,313 TRUE Passed 500 6,314 24 20.9 J-692
J-469 6,892 TRUE Passed 500 6,893 24 20 J-692
J-470 8,284 TRUE Passed 500 8,285 24 17.2 J-692
J-471 10,000 TRUE Passed 500 10,001 38.1 14 J-692
J-472 7,090 TRUE Passed 500 7,091 24 19.2 J-692
J-473 6,544 TRUE Passed 500 6,545 24 20.3 J-692
J-474 5,988 TRUE Passed 500 5,989 24 20.9 J-692
J-475 5,634 TRUE Passed 500 5,635 24 21.4 J-692
J-476 2,361 TRUE Passed 500 2,362 24 23.8 J-692
J-477 2,388 TRUE Passed 500 2,389 24 23.8 J-692
J-478 5,553 TRUE Passed 500 5,554 24 21.7 J-692
J-479 5,690 TRUE Passed 500 5,691 24 21.8 J-692
J-480 6,038 TRUE Passed 500 6,039 24 21.6 J-692
J-481 6,412 TRUE Passed 500 6,413 24 21.5 J-692
J-482 3,322 TRUE Passed 500 3,323 24 19.8 J-485
J-483 2,056 TRUE Passed 500 2,057 24 22.8 J-485
J-484 1,890 TRUE Passed 500 1,891 24 24.2 J-692
J-485 1,539 TRUE Passed 500 1,540 24 24.4 J-692
J-486 9,617 TRUE Passed 500 9,618 24 19.1 J-692
J-487 10,000 TRUE Passed 500 10,001 38.5 20.2 J-692
J-489 10,000 TRUE Passed 500 10,001 50.8 22.6 J-692
J-490 10,000 TRUE Passed 500 10,001 36 22.4 J-692
J-491 10,000 TRUE Passed 500 10,001 63 24.4 J-692
J-492 10,000 TRUE Passed 500 10,001 48.3 21 J-692
J-493 10,000 TRUE Passed 500 10,001 25.9 20.6 J-692
J-494 10,000 TRUE Passed 500 10,001 26.9 20.6 J-692
J-497 10,000 TRUE Passed 500 10,001 45.1 16.9 J-692
J-498 10,000 TRUE Passed 500 10,001 47.1 19.5 J-692
J-499 10,000 TRUE Passed 500 10,001 40 19.7 J-692
J-500 6,944 TRUE Passed 500 6,945 24 21.8 J-692
J-501 10,000 TRUE Passed 500 10,001 38.7 20.7 J-692



J-502 5,187 TRUE Passed 500 5,188 24 23 J-692
J-504 3,297 TRUE Passed 500 3,298 24 23.8 J-692
J-505 4,076 TRUE Passed 500 4,077 24 23.4 J-692
J-507 4,577 TRUE Passed 500 4,578 24 22.6 J-692
J-508 4,595 TRUE Passed 500 4,596 24 22.5 J-692
J-509 5,335 TRUE Passed 500 5,336 24 21.9 J-692
J-510 5,994 TRUE Passed 500 5,995 24 22.5 J-692
J-511 2,392 TRUE Passed 500 2,393 24 24.2 J-692
J-513 2,442 TRUE Passed 500 2,443 24 24.2 J-692
J-514 2,754 TRUE Passed 500 2,755 24 23.3 J-513
J-516 5,295 TRUE Passed 500 5,296 24 22.1 J-692
J-517 5,696 TRUE Passed 500 5,697 24 21.5 J-692
J-518 5,181 TRUE Passed 500 5,182 24 20.2 J-549
J-519 5,644 TRUE Passed 500 5,645 24 21.6 J-692
J-520 4,747 TRUE Passed 500 4,748 24 21.4 J-692
J-521 3,939 TRUE Passed 500 3,940 24 22.2 J-692
J-522 4,070 TRUE Passed 500 4,071 24 21.5 J-603
J-523 4,434 TRUE Passed 500 4,435 24 21.6 J-692
J-524 4,305 TRUE Passed 500 4,306 24 21.8 J-692
J-525 4,761 TRUE Passed 500 4,763 24 21.3 J-692
J-526 4,637 TRUE Passed 500 4,638 24 21.5 J-692
J-527 4,685 TRUE Passed 500 4,686 24 21.2 J-692
J-528 4,360 TRUE Passed 500 4,361 24 21.6 J-692
J-529 4,575 TRUE Passed 500 4,576 24 21.3 J-692
J-530 4,613 TRUE Passed 500 4,614 24 21.3 J-692
J-531 2,967 TRUE Passed 500 2,968 24 22.9 J-692
J-532 3,206 TRUE Passed 500 3,208 24 22.7 J-692
J-533 8,293 TRUE Passed 500 8,294 24 15.1 J-692
J-534 9,190 TRUE Passed 500 9,191 24 13.3 J-692
J-535 8,559 TRUE Passed 500 8,560 24 14.7 J-692
J-536 7,695 TRUE Passed 500 7,696 24 16.3 J-692
J-537 8,801 TRUE Passed 500 8,802 24 14.1 J-692
J-538 9,387 TRUE Passed 500 9,388 24 12.2 J-692
J-539 10,000 TRUE Passed 500 10,001 28.5 10.6 J-692
J-540 3,155 TRUE Passed 500 3,156 24 22.7 J-692
J-541 3,399 TRUE Passed 500 3,400 24 22.5 J-692
J-542 6,798 TRUE Passed 500 6,799 24 18.5 J-692
J-543 9,176 TRUE Passed 500 9,177 24 15.1 J-692
J-544 10,000 TRUE Passed 500 10,001 26.3 14.7 J-692
J-545 5,667 TRUE Passed 500 5,668 24 20.9 J-692
J-546 2,190 TRUE Passed 500 2,191 24 23.8 J-692
J-547 5,285 TRUE Passed 500 5,286 24 21.6 J-692



J-548 1,889 TRUE Passed 500 1,890 24 24.1 J-692
J-549 1,752 TRUE Passed 500 1,753 24 24.2 J-692
J-550 4,652 TRUE Passed 500 4,653 24 22.5 J-692
J-551 3,101 TRUE Passed 500 3,102 24 23.5 J-692
J-552 2,501 TRUE Passed 500 2,502 24 23.8 J-692
J-553 4,110 TRUE Passed 500 4,111 24 23.5 J-692
J-554 2,683 TRUE Passed 500 2,684 24 24.1 J-692
J-555 10,000 TRUE Passed 500 10,001 31.8 14.4 J-692
J-556 4,231 TRUE Passed 500 4,232 24 22.1 J-692
J-557 3,734 TRUE Passed 500 3,735 24 22.6 J-692
J-558 1,898 TRUE Passed 500 1,899 24 23.9 J-692
J-559 10,000 TRUE Passed 500 10,001 36 15.3 J-692
J-560 10,000 TRUE Passed 500 10,001 44.5 16.4 J-692
J-561 3,843 TRUE Passed 500 3,844 24 22.2 J-692
J-562 10,000 TRUE Passed 500 10,001 31.6 14.8 J-692
J-563 2,984 TRUE Passed 500 2,985 24 22.8 J-692
J-564 10,000 TRUE Passed 500 10,001 33.7 11.4 J-692
J-565 10,000 TRUE Passed 500 10,001 35.6 13.1 J-692
J-566 8,551 TRUE Passed 500 8,552 24 14 J-692
J-567 10,000 TRUE Passed 500 10,001 30.5 10.1 J-692
J-568 10,000 TRUE Passed 500 10,001 28.1 7.2 J-692
J-569 8,300 TRUE Passed 500 8,302 24 12.1 J-692
J-570 7,256 TRUE Passed 500 7,257 24 15.2 J-692
J-571 8,584 TRUE Passed 500 8,585 24 9.9 J-692
J-572 10,000 TRUE Passed 500 10,001 40 3.3 J-692
J-573 7,961 TRUE Passed 500 7,962 50.6 0 J-692
J-574 9,774 TRUE Passed 500 9,775 24 5.6 J-692
J-576 10,000 TRUE Passed 500 10,001 35.5 8.7 J-692
J-577 10,000 TRUE Passed 500 10,001 33.9 9.6 J-692
J-578 3,350 TRUE Passed 500 3,351 24 22.3 J-692
J-579 4,420 TRUE Passed 500 4,421 24 21.2 J-692
J-580 4,471 TRUE Passed 500 4,472 24 21.2 J-692
J-581 4,215 TRUE Passed 500 4,216 24 21.3 J-692
J-582 6,628 TRUE Passed 500 6,629 24 17.5 J-692
J-583 7,160 TRUE Passed 500 7,161 24 16.5 J-692
J-584 8,107 TRUE Passed 500 8,108 24 14.7 J-692
J-585 6,252 TRUE Passed 500 6,253 24 18.1 J-692
J-587 5,805 TRUE Passed 500 5,806 24 18.8 J-692
J-588 5,443 TRUE Passed 500 5,444 24 19.4 J-692
J-589 5,585 TRUE Passed 500 5,587 24 19.1 J-692
J-590 7,018 TRUE Passed 500 7,019 24 16.7 J-692
J-591 6,449 TRUE Passed 500 6,450 24 17.7 J-692



J-592 6,231 TRUE Passed 500 6,232 24 18.7 J-692
J-593 4,611 TRUE Passed 500 4,612 24 21.2 J-692
J-594 4,466 TRUE Passed 500 4,467 24 20.3 J-596
J-595 3,640 TRUE Passed 500 3,641 24 21.3 J-596
J-596 3,092 TRUE Passed 500 3,093 24 22.9 J-692
J-597 3,198 TRUE Passed 500 3,199 24 22.8 J-692
J-598 3,283 TRUE Passed 500 3,284 24 22.7 J-692
J-599 3,476 TRUE Passed 500 3,477 24 22.5 J-692
J-601 3,057 TRUE Passed 500 3,058 24 22.9 J-692
J-602 4,380 TRUE Passed 500 4,381 24 21.6 J-692
J-603 2,346 TRUE Passed 500 2,347 24 23.5 J-692
J-604 4,393 TRUE Passed 500 4,394 24 21.6 J-692
J-605 3,251 TRUE Passed 500 3,252 24 22.7 J-692
J-606 3,368 TRUE Passed 500 3,369 24 22.6 J-692
J-607 4,231 TRUE Passed 500 4,232 24 21.8 J-692
J-608 4,360 TRUE Passed 500 4,361 24 21.6 J-692
J-609 4,447 TRUE Passed 500 4,448 24 21.5 J-692
J-610 4,373 TRUE Passed 500 4,374 24 21.6 J-692
J-611 4,672 TRUE Passed 500 4,673 24 21.2 J-692
J-612 4,146 TRUE Passed 500 4,147 24 21.8 J-692
J-613 4,274 TRUE Passed 500 4,275 24 21.6 J-692
J-614 6,456 TRUE Passed 500 6,457 24 18.4 J-692
J-615 6,742 TRUE Passed 500 6,743 24 18 J-692
J-616 6,894 TRUE Passed 500 6,895 24 17.7 J-692
J-617 6,771 TRUE Passed 500 6,772 24 17 J-692
J-620 7,726 TRUE Passed 500 7,727 24 15.1 J-692
J-621 9,417 TRUE Passed 500 9,418 24 11.2 J-692
J-622 9,034 TRUE Passed 500 9,035 24 12.2 J-692
J-623 9,112 TRUE Passed 500 9,113 24 11.7 J-692
J-625 10,000 TRUE Passed 500 10,001 24.4 9.5 J-692
J-626 8,868 TRUE Passed 500 8,869 24 12.7 J-692
J-627 8,816 TRUE Passed 500 8,817 24 12.9 J-692
J-628 9,041 TRUE Passed 500 9,042 24 12.5 J-692
J-629 9,498 TRUE Passed 500 9,499 24 11.4 J-692
J-630 9,703 TRUE Passed 500 9,704 24 10.9 J-692
J-631 9,781 TRUE Passed 500 9,782 24 10.7 J-692
J-632 5,290 TRUE Passed 500 5,291 24 19.3 J-692
J-633 3,173 TRUE Passed 500 3,174 24 22.3 J-692
J-634 8,100 TRUE Passed 500 8,101 24 13.8 J-692
J-636 10,000 TRUE Passed 500 10,001 27.1 10.2 J-692
J-637 3,850 TRUE Passed 500 3,851 24 21.6 J-692
J-638 10,000 TRUE Passed 500 10,001 30.1 10.3 J-692



J-639 10,000 TRUE Passed 500 10,001 35.5 9.5 J-692
J-640 10,000 TRUE Passed 500 10,001 32.2 9.6 J-692
J-641 5,686 TRUE Passed 500 5,687 24 19 J-692
J-642 4,134 TRUE Passed 500 4,135 24 21.4 J-692
J-643 3,178 TRUE Passed 500 3,179 24 22.7 J-692
J-644 5,436 TRUE Passed 500 5,437 24 20.1 J-692
J-645 2,774 TRUE Passed 500 2,775 24 23.1 J-692
J-646 7,497 TRUE Passed 500 7,498 24 17.1 J-692
J-647 4,915 TRUE Passed 500 4,916 24 20.6 J-692
J-648 3,031 TRUE Passed 500 3,032 24 22.8 J-692
J-649 3,751 TRUE Passed 500 3,752 24 22.2 J-692
J-650 1,895 TRUE Passed 500 1,896 24 23.8 J-692
J-651 7,972 TRUE Passed 500 7,973 24 16.6 J-692
J-652 3,098 TRUE Passed 500 3,099 24 22.9 J-692
J-655 7,441 TRUE Passed 500 7,442 24 16.8 J-692
J-656 3,612 TRUE Passed 500 3,613 24 22.2 J-692
J-657 10,000 TRUE Passed 500 10,001 33.2 8.3 J-692
J-659 10,000 TRUE Passed 500 10,001 36.6 8.3 J-692
J-659 10,000 TRUE Passed 500 10,001 38.1 7.9 J-692
J-660 10,000 TRUE Passed 500 10,001 39.2 7.9 J-692
J-661 833 TRUE Passed 500 837 24 24.4 J-692
J-662 10,000 TRUE Passed 500 10,001 52.1 7.6 J-692
J-663 10,000 TRUE Passed 500 10,001 43.4 8 J-692
J-664 10,000 TRUE Passed 500 10,001 32 9 J-692
J-665 10,000 TRUE Passed 500 10,001 34.3 9.3 J-692
J-666 10,000 TRUE Passed 500 10,001 40.7 17.7 J-692
J-667 10,000 TRUE Passed 500 10,001 25.4 17.4 J-692
J-668 10,000 TRUE Passed 500 10,001 47.5 19.8 J-692
J-669 4,455 TRUE Passed 500 4,456 24 21.6 J-692
J-670 5,049 TRUE Passed 500 5,050 24 20.9 J-692
J-673 10,000 TRUE Passed 500 10,001 39.7 8.2 J-692
J-674 4,273 TRUE Passed 500 4,274 24 20.6 J-692
J-675 3,991 TRUE Passed 500 3,992 24 21 J-692
J-676 5,611 TRUE Passed 500 5,612 24 18.4 J-692
J-677 2,517 TRUE Passed 500 2,518 24 22.9 J-692
J-678 1,884 TRUE Passed 500 1,885 24 23.6 J-692
J-680 5,894 TRUE Passed 500 5,894 24 5.8 J-692
J-682 4,863 TRUE Passed 500 4,863 24 9.6 J-692
J-685 1,936 TRUE Passed 500 1,961 24 20 J-692
J-686 5,367 TRUE Passed 500 5,417 24 1.5 J-692
J-687 5,912 TRUE Passed 500 5,937 33.4 0 J-692
J-689 7,058 TRUE Passed 500 7,083 31.6 0 J-692



J-690 6,211 TRUE Passed 500 6,236 38.7 0 J-692
J-691 5,808 TRUE Passed 500 5,833 32.6 0 J-692
J-692 535 TRUE Passed 500 535 24 25.8 J-695
J-693 5,667 TRUE Passed 500 5,692 24 7.2 J-692
J-694 5,418 TRUE Passed 500 5,443 24 2.7 J-692
J-695 1,136 TRUE Passed 500 1,161 24 22.8 J-692
J-696 5,197 TRUE Passed 500 5,202 24 13 J-692
J-697 6,139 TRUE Passed 500 6,139 24 0.7 J-692
J-698 5,718 TRUE Passed 500 5,743 24 3.8 J-692
J-699 7,209 TRUE Passed 500 7,234 59.2 0 J-692
J-700 6,524 TRUE Passed 500 6,549 27.7 0 J-692
J-702 5,101 TRUE Passed 500 5,101 24 5.3 J-692
J-719 4,772 TRUE Passed 500 4,772 24 23.6 J-692
J-724 4,595 TRUE Passed 500 4,595 24 23.7 J-692
J-726 4,329 TRUE Passed 500 4,329 24 23.4 J-692
J-727 8,248 TRUE Passed 500 8,248 24 23.4 J-692
J-731 6,023 TRUE Passed 500 6,024 24 19.6 J-692
J-904 7,126 TRUE Passed 500 7,127 24 14.4 J-692
J-1031 9,777 TRUE Passed 500 9,778 24 8.8 J-692
J-1082 10,000 TRUE Passed 500 10,001 57.9 7.5 J-692
J-1184 9,694 TRUE Passed 500 9,695 24 22.3 J-692
J-1201 8,471 TRUE Passed 500 8,472 24 20.5 J-692
J-1296 10,000 TRUE Passed 500 10,001 42.6 20.7 J-692
J-1334 4,021 TRUE Passed 500 4,022 24 23.5 J-692
J-1340 4,142 TRUE Passed 500 4,143 24 23 J-692
J-1549 3,102 TRUE Passed 500 3,103 24 22.9 J-692
J-1642 9,102 TRUE Passed 500 9,103 24 11.6 J-692
J-1704 10,000 TRUE Passed 500 10,001 41.3 8.3 J-692
J-1780 4,681 TRUE Passed 500 4,681 24 23.7 J-692
J-1806 3,657 TRUE Passed 500 3,657 24 15.8 J-692

Scenario 5: 12-Inch SE Expansion - Pressure Zone Addition
1-FLOW 8,805 TRUE Passed 500 8,806 30 30.8 1-RES
1-RES 3,090 TRUE Passed 500 3,094 30 48.5 J-692
2-FLOW 7,437 TRUE Passed 500 7,438 30 30 2-RES
2-RES 4,093 TRUE Passed 500 4,094 30 48.5 J-692
3-FLOW 2,846 TRUE Passed 500 2,847 30 30.9 3-RES
3-RES 2,427 TRUE Passed 500 2,428 30 40 3-FLOW
4-FLOW 3,236 TRUE Passed 500 3,237 30 30.7 4-RES
4-RES 2,371 TRUE Passed 500 2,372 30 42.4 4-FLOW
5-FLOW 1,779 TRUE Passed 500 1,780 30 27.3 J-51
5-RES 1,521 TRUE Passed 500 1,522 30 35.8 J-692
6-FLOW 1,979 TRUE Passed 500 1,980 30 30.8 6-RES



6-RES 1,282 TRUE Passed 500 1,283 30 46.9 6-FLOW
7-FLOW 1,610 TRUE Passed 500 1,611 30 29 J-196
7-RES 1,498 TRUE Passed 500 1,499 30 32.7 J-196
J-1 3,864 TRUE Passed 500 3,865 30 32.2 J-92
J-2 6,189 TRUE Passed 500 6,190 30 29.5 J-97
J-3 7,800 TRUE Passed 500 7,801 30 39.6 J-97
J-11 7,358 TRUE Passed 500 7,359 30 29.4 J-13
J-12 7,234 TRUE Passed 500 7,235 30 32.3 J-14
J-13 3,508 TRUE Passed 500 3,509 30 36.3 J-17
J-14 3,533 TRUE Passed 500 3,534 30 47.1 J-92
J-15 6,653 TRUE Passed 500 6,654 30 30.1 J-14
J-17 3,776 TRUE Passed 500 3,777 30 30.4 J-13
J-18 10,000 TRUE Passed 500 10,001 58.9 48.4 J-692
J-19 7,896 TRUE Passed 500 7,897 30 27.6 J-25
J-20 3,901 TRUE Passed 500 3,902 30 33.3 J-23
J-21 4,011 TRUE Passed 500 4,012 30 35.1 J-20
J-22 1,978 TRUE Passed 500 1,979 30 48.1 J-25
J-23 3,532 TRUE Passed 500 3,533 30 30.2 J-22
J-24 1,838 TRUE Passed 500 1,839 30 46.4 J-25
J-25 3,104 TRUE Passed 500 3,106 30 30.1 J-24
J-26 1,775 TRUE Passed 500 1,776 30 48.5 J-692
J-27 3,166 TRUE Passed 500 3,167 30 29.2 J-26
J-28 2,027 TRUE Passed 500 2,028 30 48.1 J-26
J-29 3,361 TRUE Passed 500 3,362 30 29.5 J-28
J-30 4,464 TRUE Passed 500 4,465 30 35 J-28
J-31 1,670 TRUE Passed 500 1,671 30 31.2 J-33
J-33 1,695 TRUE Passed 500 1,696 30 30.6 J-74
J-34 1,653 TRUE Passed 500 1,654 30 32.1 J-74
J-35 1,747 TRUE Passed 500 1,748 30 28.5 J-34
J-36 1,822 TRUE Passed 500 1,823 30 25.7 J-74
J-37 1,795 TRUE Passed 500 1,796 30 26.7 J-74
J-38 1,804 TRUE Passed 500 1,805 30 26.3 J-74
J-39 1,793 TRUE Passed 500 1,794 30 26.8 J-74
J-40 1,800 TRUE Passed 500 1,801 30 26.5 J-74
J-41 1,845 TRUE Passed 500 1,846 30 24.9 J-74
J-42 1,762 TRUE Passed 500 1,763 30 28.4 J-51
J-43 1,829 TRUE Passed 500 1,830 30 25.9 J-51
J-44 1,565 TRUE Passed 500 1,566 30 35.2 J-51
J-45 1,620 TRUE Passed 500 1,621 30 33.3 J-51
J-46 1,711 TRUE Passed 500 1,712 30 30 J-47
J-47 1,525 TRUE Passed 500 1,526 30 35.8 J-692
J-48 1,686 TRUE Passed 500 1,687 30 27.2 J-47



J-49 1,769 TRUE Passed 500 1,770 30 28.2 J-51
J-50 1,664 TRUE Passed 500 1,665 30 31.9 J-51
J-51 1,131 TRUE Passed 500 1,132 30 39.2 J-692
J-52 1,660 TRUE Passed 500 1,661 30 26.6 J-51
J-53 1,563 TRUE Passed 500 1,564 30 31.6 J-54
J-54 1,603 TRUE Passed 500 1,604 30 29.5 J-53
J-55 1,492 TRUE Passed 500 1,493 30 33.7 J-56
J-56 1,581 TRUE Passed 500 1,582 30 28.7 J-55
J-57 1,544 TRUE Passed 500 1,545 30 35.6 J-51
J-58 1,625 TRUE Passed 500 1,626 30 30.1 J-55
J-59 1,680 TRUE Passed 500 1,682 30 27.9 J-55
J-60 1,637 TRUE Passed 500 1,638 30 28.3 J-55
J-61 1,787 TRUE Passed 500 1,788 30 27 J-51
J-64 1,812 TRUE Passed 500 1,813 30 26 J-51
J-65 1,765 TRUE Passed 500 1,766 30 28 J-51
J-66 1,859 TRUE Passed 500 1,860 30 24.9 J-74
J-67 1,759 TRUE Passed 500 1,760 30 28.7 J-51
J-68 1,822 TRUE Passed 500 1,823 30 26.2 J-74
J-69 1,621 TRUE Passed 500 1,622 30 33.2 J-74
J-70 1,717 TRUE Passed 500 1,718 30 29.7 J-74
J-71 1,711 TRUE Passed 500 1,712 30 28.4 J-74
J-72 1,677 TRUE Passed 500 1,678 30 30.3 J-74
J-73 1,198 TRUE Passed 500 1,199 30 38.6 J-692
J-74 1,626 TRUE Passed 500 1,627 30 31.1 J-73
J-75 1,810 TRUE Passed 500 1,811 30 25.5 J-74
J-76 1,781 TRUE Passed 500 1,782 30 27.2 J-74
J-77 1,770 TRUE Passed 500 1,771 30 28.4 J-74
J-78 1,882 TRUE Passed 500 1,883 30 23.5 J-74
J-79 1,738 TRUE Passed 500 1,739 30 29.1 J-74
J-80 1,744 TRUE Passed 500 1,745 30 28.7 J-74
J-81 1,841 TRUE Passed 500 1,842 30 25.3 J-74
J-82 1,897 TRUE Passed 500 1,898 30 22.5 J-74
J-83 1,868 TRUE Passed 500 1,869 30 23.7 J-74
J-84 1,876 TRUE Passed 500 1,877 30 23.4 J-74
J-85 1,864 TRUE Passed 500 1,865 30 23.8 J-74
J-86 1,850 TRUE Passed 500 1,851 30 24.3 J-74
J-87 1,820 TRUE Passed 500 1,821 30 25.5 J-74
J-88 1,786 TRUE Passed 500 1,787 30 26.7 J-74
J-89 1,834 TRUE Passed 500 1,835 30 24.8 J-74
J-90 1,776 TRUE Passed 500 1,777 30 27 J-74
J-91 1,433 TRUE Passed 500 1,434 30 36.6 J-692
J-92 3,937 TRUE Passed 500 3,938 30 30.4 J-97



J-93 1,838 TRUE Passed 500 1,839 30 25.5 J-74
J-94 3,963 TRUE Passed 500 3,964 30 29.9 J-92
J-95 5,664 TRUE Passed 500 5,665 30 29.9 J-97
J-96 4,303 TRUE Passed 500 4,304 30 30.3 J-97
J-97 3,944 TRUE Passed 500 3,945 30 30.3 J-92
J-98 3,998 TRUE Passed 500 3,999 30 29.9 J-97
J-99 3,250 TRUE Passed 500 3,251 30 25.1 J-692
J-100 4,023 TRUE Passed 500 4,024 30 21.2 J-692
J-101 3,150 TRUE Passed 500 3,151 30 25.6 J-692
J-102 4,269 TRUE Passed 500 4,270 30 19.3 J-692
J-103 4,962 TRUE Passed 500 4,963 30 13.6 J-692
J-104 4,509 TRUE Passed 500 4,510 30 18.1 J-692
J-105 5,232 TRUE Passed 500 5,233 30 11.2 J-692
J-106 5,025 TRUE Passed 500 5,026 30 13.2 J-692
J-107 4,713 TRUE Passed 500 4,714 30 16.2 J-692
J-108 5,054 TRUE Passed 500 5,055 30 12.9 J-692
J-109 5,023 TRUE Passed 500 5,024 30 13.2 J-692
J-110 4,676 TRUE Passed 500 4,677 30 16.3 J-692
J-111 4,306 TRUE Passed 500 4,307 30 19.5 J-692
J-112 3,844 TRUE Passed 500 3,845 30 22.6 J-692
J-113 3,365 TRUE Passed 500 3,366 30 24.8 J-692
J-114 3,150 TRUE Passed 500 3,151 30 26 J-692
J-115 3,836 TRUE Passed 500 3,837 30 23 J-692
J-116 2,957 TRUE Passed 500 2,958 30 27.1 J-692
J-117 3,484 TRUE Passed 500 3,485 30 24.5 J-692
J-118 1,522 TRUE Passed 500 1,523 30 35.8 J-692
J-118 3,111 TRUE Passed 500 3,112 30 26.2 J-692
J-119 3,659 TRUE Passed 500 3,660 30 23.9 J-692
J-121 2,817 TRUE Passed 500 2,818 30 28 J-692
J-122 3,883 TRUE Passed 500 3,884 30 22.8 J-692
J-123 4,236 TRUE Passed 500 4,261 30 2.3 J-692
J-124 5,903 TRUE Passed 500 5,904 30 3 J-692
J-125 4,009 TRUE Passed 500 4,010 30 24.9 J-692
J-126 5,126 TRUE Passed 500 5,127 30 13.9 J-692
J-127 4,248 TRUE Passed 500 4,249 30 23.1 J-692
J-128 1,643 TRUE Passed 500 1,644 30 37.8 J-692
J-129 3,846 TRUE Passed 500 3,847 30 25.9 J-692
J-130 4,022 TRUE Passed 500 4,023 30 25.2 J-692
J-133 4,071 TRUE Passed 500 4,072 30 25.2 J-692
J-134 3,233 TRUE Passed 500 3,234 30 28.5 J-692
J-135 3,629 TRUE Passed 500 3,630 30 27 J-692
J-136 4,071 TRUE Passed 500 4,072 30 25.4 J-692



J-137 4,363 TRUE Passed 500 4,364 30 23.9 J-692
J-138 4,990 TRUE Passed 500 4,991 30 20 J-692
J-139 4,349 TRUE Passed 500 4,350 30 17.3 J-692
J-140 3,282 TRUE Passed 500 3,283 30 24.9 J-692
J-141 3,575 TRUE Passed 500 3,576 30 23.7 J-692
J-142 4,839 TRUE Passed 500 4,840 30 15.1 J-692
J-143 5,425 TRUE Passed 500 5,426 30 9.1 J-692
J-144 5,934 TRUE Passed 500 5,935 30 3.7 J-692
J-145 4,135 TRUE Passed 500 4,136 30 21.4 J-692
J-146 5,717 TRUE Passed 500 5,718 30 5.9 J-692
J-147 5,496 TRUE Passed 500 5,497 30 8.3 J-692
J-148 5,403 TRUE Passed 500 5,405 30 9.2 J-692
J-149 4,577 TRUE Passed 500 4,578 30 16.7 J-692
J-150 3,920 TRUE Passed 500 3,921 30 21.9 J-692
J-151 4,575 TRUE Passed 500 4,576 30 16.4 J-692
J-152 2,580 TRUE Passed 500 2,581 30 29.2 J-692
J-153 3,790 TRUE Passed 500 3,791 30 22.7 J-692
J-154 3,701 TRUE Passed 500 3,702 30 23.2 J-692
J-155 1,861 TRUE Passed 500 1,862 30 31.1 J-196
J-156 2,183 TRUE Passed 500 2,184 30 32.8 J-196
J-157 2,123 TRUE Passed 500 2,124 30 28.4 J-237
J-158 1,169 TRUE Passed 500 1,170 30 33 J-159
J-159 1,230 TRUE Passed 500 1,231 30 30.1 J-158
J-160 3,187 TRUE Passed 500 3,188 30 25.5 J-692
J-161 3,230 TRUE Passed 500 3,231 30 25.3 J-692
J-162 3,229 TRUE Passed 500 3,230 30 25.3 J-692
J-163 3,068 TRUE Passed 500 3,069 30 26.2 J-692
J-164 3,241 TRUE Passed 500 3,242 30 25.2 J-692
J-165 3,391 TRUE Passed 500 3,392 30 24.5 J-692
J-166 4,874 TRUE Passed 500 4,875 30 14.2 J-692
J-167 2,438 TRUE Passed 500 2,439 30 30.2 J-692
J-168 2,776 TRUE Passed 500 2,777 30 27.9 J-692
J-169 3,127 TRUE Passed 500 3,128 30 25.8 J-692
J-170 4,579 TRUE Passed 500 4,580 30 16.3 J-692
J-171 2,642 TRUE Passed 500 2,643 30 28.6 J-692
J-172 6,648 TRUE Passed 500 6,649 30.7 0 J-692
J-173 5,154 TRUE Passed 500 5,155 30 17.8 J-692
J-174 5,291 TRUE Passed 500 5,292 30 17.4 J-692
J-175 7,232 TRUE Passed 500 7,233 32.6 0 J-692
J-176 10,000 TRUE Passed 500 10,001 33.8 2.2 J-692
J-177 4,064 TRUE Passed 500 4,065 30 34.1 J-692
J-178 6,326 TRUE Passed 500 6,327 30 24.9 J-692



J-179 1,717 TRUE Passed 500 1,718 30 43.7 J-692
J-180 1,806 TRUE Passed 500 1,807 30 36.6 J-692
J-181 10,000 TRUE Passed 500 10,001 87.7 44.3 J-692
J-183 10,000 TRUE Passed 500 10,001 31.7 22.1 J-237
J-184 750 TRUE Passed 500 751 30.1 48.5 J-692
J-185 7,310 TRUE Passed 500 7,311 30 23.6 J-186
J-186 5,098 TRUE Passed 500 5,099 30 46 J-156
J-187 5,166 TRUE Passed 500 5,167 30 23.7 J-188
J-188 3,936 TRUE Passed 500 3,937 30 46.4 J-237
J-189 4,124 TRUE Passed 500 4,125 30 28.7 J-237
J-190 4,259 TRUE Passed 500 4,260 30 31.9 J-237
J-191 3,461 TRUE Passed 500 3,462 30 26.7 J-196
J-192 2,848 TRUE Passed 500 2,849 30 28.6 J-196
J-193 2,447 TRUE Passed 500 2,448 30 26.5 J-196
J-194 1,954 TRUE Passed 500 1,955 30 26.7 J-196
J-195 1,706 TRUE Passed 500 1,707 30 28 J-196
J-196 1,502 TRUE Passed 500 1,503 30 32.9 J-197
J-197 1,588 TRUE Passed 500 1,589 30 29.1 J-196
J-200 3,690 TRUE Passed 500 3,691 30 30 J-201
J-201 3,400 TRUE Passed 500 3,401 30 33.9 J-200
J-202 3,625 TRUE Passed 500 3,626 30 31.1 J-206
J-203 3,626 TRUE Passed 500 3,627 30 32.4 J-202
J-204 3,044 TRUE Passed 500 3,045 30 30.5 J-205
J-205 2,593 TRUE Passed 500 2,594 30 37.4 J-204
J-206 3,237 TRUE Passed 500 3,238 30 31.9 J-207
J-207 2,828 TRUE Passed 500 2,829 30 36.3 J-206
J-208 4,020 TRUE Passed 500 4,021 30 29.9 J-209
J-209 3,332 TRUE Passed 500 3,333 30 38.3 J-208
J-210 5,578 TRUE Passed 500 5,579 30 29.9 J-97
J-211 5,606 TRUE Passed 500 5,607 30 32.5 J-212
J-212 4,549 TRUE Passed 500 4,550 30 30.5 J-213
J-213 3,518 TRUE Passed 500 3,519 30 40.1 J-215
J-214 2,755 TRUE Passed 500 2,756 30 29.5 J-215
J-215 2,296 TRUE Passed 500 2,297 30 38.4 J-214
J-216 803 TRUE Passed 500 804 30 48.5 J-692
J-217 3,322 TRUE Passed 500 3,323 30 29.5 J-215
J-218 1,853 TRUE Passed 500 1,854 30 48.5 J-692
J-219 4,044 TRUE Passed 500 4,045 30 30 J-215
J-220 1,935 TRUE Passed 500 1,936 30 48.5 J-692
J-221 2,332 TRUE Passed 500 2,333 30 48.4 J-692
J-222 4,495 TRUE Passed 500 4,496 30 33 J-221
J-223 4,956 TRUE Passed 500 4,957 30 32 J-222



J-224 5,826 TRUE Passed 500 5,827 30 37.1 J-223
J-225 6,061 TRUE Passed 500 6,062 30 39 J-224
J-226 7,734 TRUE Passed 500 7,735 30 32.9 J-334
J-227 5,756 TRUE Passed 500 5,758 30 12.7 J-196
J-228 4,538 TRUE Passed 500 4,539 30 32.9 J-229
J-229 4,548 TRUE Passed 500 4,549 30 31.9 J-228
J-230 2,912 TRUE Passed 500 2,913 30 48.1 J-692
J-231 4,380 TRUE Passed 500 4,381 30 31 J-230
J-232 4,958 TRUE Passed 500 4,959 30 33.6 J-231
J-233 6,701 TRUE Passed 500 6,702 30 26.6 J-232
J-234 10,000 TRUE Passed 500 10,001 44.5 24 J-237
J-235 10,000 TRUE Passed 500 10,001 52.7 26.4 J-156
J-236 1,774 TRUE Passed 500 1,775 30 28.7 J-237
J-237 1,568 TRUE Passed 500 1,569 30 36.6 J-236
J-238 1,021 TRUE Passed 500 1,022 30 48.5 J-692
J-239 10,000 TRUE Passed 500 10,001 31.1 31.4 J-240
J-240 9,903 TRUE Passed 500 9,904 30 32.6 J-239
J-241 8,213 TRUE Passed 500 8,214 30 42.5 J-14
J-242 7,537 TRUE Passed 500 7,538 30 37.9 J-13
J-243 9,636 TRUE Passed 500 9,637 30 35.4 J-244
J-244 5,315 TRUE Passed 500 5,316 30 46.5 J-317
J-245 9,907 TRUE Passed 500 9,908 30 40.4 J-243
J-246 8,788 TRUE Passed 500 8,789 30 40.2 J-242
J-247 10,000 TRUE Passed 500 10,001 41.9 44.8 J-323
J-248 7,277 TRUE Passed 500 7,278 30 33.5 J-318
J-249 2,447 TRUE Passed 500 2,448 30 29.1 J-250
J-250 1,334 TRUE Passed 500 1,335 30 48.5 J-692
J-251 7,386 TRUE Passed 500 7,387 30 38.1 J-253
J-252 7,406 TRUE Passed 500 7,407 30 45.1 J-253
J-253 3,164 TRUE Passed 500 3,165 30 48.5 J-692
J-254 7,635 TRUE Passed 500 7,636 30 26.5 J-324
J-255 6,900 TRUE Passed 500 6,901 30 35.9 J-262
J-256 4,134 TRUE Passed 500 4,135 30 48.4 J-692
J-257 6,958 TRUE Passed 500 6,959 30 36.6 J-258
J-258 6,913 TRUE Passed 500 6,914 30 37.3 J-257
J-259 4,388 TRUE Passed 500 4,389 30 47.5 J-256
J-260 6,142 TRUE Passed 500 6,143 30 33.5 J-731
J-262 6,815 TRUE Passed 500 6,816 30 37.4 J-255
J-263 4,182 TRUE Passed 500 4,183 30 39.8 J-266
J-264 7,111 TRUE Passed 500 7,112 30 35 J-25
J-265 3,933 TRUE Passed 500 3,934 30 29.5 J-266
J-266 2,782 TRUE Passed 500 2,783 30 45.7 J-265



J-267 5,861 TRUE Passed 500 5,862 30 32.1 J-268
J-268 5,140 TRUE Passed 500 5,141 30 31.8 4-FLOW
J-269 6,021 TRUE Passed 500 6,022 30 31.6 J-267
J-270 7,360 TRUE Passed 500 7,361 30 33.4 J-272
J-271 6,324 TRUE Passed 500 6,325 30 35 J-260
J-272 6,464 TRUE Passed 500 6,466 30 30.6 J-276
J-273 4,965 TRUE Passed 500 4,966 30 30.1 J-274
J-274 4,583 TRUE Passed 500 4,585 30 34.3 J-273
J-275 6,176 TRUE Passed 500 6,177 30 32.7 J-273
J-276 5,929 TRUE Passed 500 5,930 30 35.4 J-275
J-277 6,048 TRUE Passed 500 6,049 30 28.5 J-278
J-278 4,402 TRUE Passed 500 4,403 30 38.6 J-283
J-279 3,953 TRUE Passed 500 3,954 30 34.1 J-281
J-280 1,451 TRUE Passed 500 1,452 30 48.5 J-692
J-281 3,226 TRUE Passed 500 3,227 30 32.8 J-280
J-282 3,068 TRUE Passed 500 3,069 30 29.9 J-283
J-283 2,427 TRUE Passed 500 2,428 30 30.2 J-285
J-284 1,391 TRUE Passed 500 1,392 30 48.5 J-692
J-285 2,050 TRUE Passed 500 2,051 30 37.9 J-283
J-286 4,394 TRUE Passed 500 4,395 30 27.1 J-292
J-287 3,562 TRUE Passed 500 3,564 30 27.4 J-292
J-288 2,069 TRUE Passed 500 2,070 30 35.5 J-290
J-289 2,338 TRUE Passed 500 2,339 30 29.1 J-290
J-290 2,150 TRUE Passed 500 2,151 30 34.5 J-289
J-291 1,156 TRUE Passed 500 1,157 30 48.5 J-692
J-292 2,530 TRUE Passed 500 2,531 30 34 6-FLOW
J-294 1,396 TRUE Passed 500 1,397 30 44.6 6-FLOW
J-296 6,290 TRUE Passed 500 6,291 30 30.3 J-292
J-297 6,445 TRUE Passed 500 6,446 30 40.3 J-292
J-298 8,609 TRUE Passed 500 8,610 30 40.5 J-292
J-299 9,670 TRUE Passed 500 9,671 30 37.5 J-292
J-300 4,157 TRUE Passed 500 4,158 30 29.9 J-301
J-301 3,339 TRUE Passed 500 3,340 30 40.3 J-300
J-302 3,769 TRUE Passed 500 3,770 30 30.6 J-303
J-303 3,092 TRUE Passed 500 3,093 30 39.2 J-302
J-304 5,586 TRUE Passed 500 5,587 30 36.5 J-302
J-305 5,798 TRUE Passed 500 5,800 30 25.1 J-306
J-306 2,408 TRUE Passed 500 2,410 30 48.5 J-692
J-307 7,874 TRUE Passed 500 7,875 30 30.5 J-306
J-308 6,924 TRUE Passed 500 6,925 30 40 J-320
J-309 3,637 TRUE Passed 500 3,638 30 45.9 J-311
J-310 3,460 TRUE Passed 500 3,461 30 46.2 J-314



J-311 3,944 TRUE Passed 500 3,945 30 40.5 J-309
J-312 3,877 TRUE Passed 500 3,878 30 48.3 J-692
J-313 4,392 TRUE Passed 500 4,393 30 48.1 J-692
J-314 3,251 TRUE Passed 500 3,252 30 48.3 J-692
J-315 2,620 TRUE Passed 500 2,621 30 48.4 J-692
J-316 4,492 TRUE Passed 500 4,493 30 44.2 J-317
J-317 3,315 TRUE Passed 500 3,316 30 46.7 J-315
J-318 6,617 TRUE Passed 500 6,618 30 34.3 J-319
J-319 6,322 TRUE Passed 500 6,323 30 35 J-321
J-320 6,363 TRUE Passed 500 6,364 30 34.5 J-319
J-321 3,272 TRUE Passed 500 3,273 30 47.4 J-322
J-322 3,483 TRUE Passed 500 3,484 30 42.1 J-323
J-323 3,072 TRUE Passed 500 3,073 30 42.4 J-250
J-324 4,152 TRUE Passed 500 4,153 30 48.4 J-692
J-325 10,000 TRUE Passed 500 10,001 40.5 33.6 J-97
J-326 10,000 TRUE Passed 500 10,001 41.7 35 J-97
J-327 6,957 TRUE Passed 500 6,958 30 45.4 J-97
J-328 10,000 TRUE Passed 500 10,001 42.7 35.7 J-97
J-329 10,000 TRUE Passed 500 10,001 32 35.1 J-215
J-330 1,724 TRUE Passed 500 1,725 30 48.5 J-692
J-331 6,002 TRUE Passed 500 6,003 30 31.6 J-330
J-332 6,307 TRUE Passed 500 6,308 30 42.9 J-331
J-333 4,534 TRUE Passed 500 4,535 30 48 J-692
J-334 7,792 TRUE Passed 500 7,793 30 33.4 J-226
J-336 6,589 TRUE Passed 500 6,590 30 40.4 J-215
J-338 7,229 TRUE Passed 500 7,230 30 35.9 J-339
J-339 6,205 TRUE Passed 500 6,206 30 35.7 J-215
J-340 10,000 TRUE Passed 500 10,001 34.4 33 J-97
J-341 7,559 TRUE Passed 500 7,560 30 36.8 J-306
J-342 4,011 TRUE Passed 500 4,012 30 48.2 J-692
J-343 7,286 TRUE Passed 500 7,287 30 45.3 J-278
J-345 4,857 TRUE Passed 500 4,858 30 48 J-692
J-346 3,627 TRUE Passed 500 3,628 30 48.3 J-692
J-347 10,000 TRUE Passed 500 10,001 49.9 38.5 J-97
J-348 10,000 TRUE Passed 500 10,001 51.7 39.4 J-97
J-349 10,000 TRUE Passed 500 10,001 46.9 39.7 J-97
J-350 10,000 TRUE Passed 500 10,001 45.1 40 J-97
J-351 8,630 TRUE Passed 500 8,631 30 40.1 J-365
J-352 8,916 TRUE Passed 500 8,917 30 38.8 J-365
J-353 9,490 TRUE Passed 500 9,491 30 38 J-352
J-354 10,000 TRUE Passed 500 10,001 35 38.5 J-358
J-355 8,868 TRUE Passed 500 8,869 30 42.8 J-361



J-356 8,318 TRUE Passed 500 8,319 30 35.6 J-365
J-357 10,000 TRUE Passed 500 10,001 46.5 36.6 J-97
J-358 10,000 TRUE Passed 500 10,001 33.1 35.4 J-360
J-359 10,000 TRUE Passed 500 10,001 31.3 28 J-360
J-360 1,510 TRUE Passed 500 1,511 30 48.5 J-692
J-361 8,485 TRUE Passed 500 8,486 30 43.4 J-355
J-362 10,000 TRUE Passed 500 10,001 48.3 40.5 J-97
J-363 8,021 TRUE Passed 500 8,022 30 38 J-364
J-364 7,142 TRUE Passed 500 7,143 30 38.9 J-366
J-365 7,551 TRUE Passed 500 7,552 30 40.5 J-364
J-366 6,977 TRUE Passed 500 6,978 30 38.7 J-364
J-367 8,643 TRUE Passed 500 8,644 30 36.9 J-398
J-368 5,913 TRUE Passed 500 5,914 30 43.8 J-389
J-369 8,725 TRUE Passed 500 8,726 30 41.1 J-368
J-370 10,000 TRUE Passed 500 10,001 35.6 34.7 J-360
J-371 4,004 TRUE Passed 500 4,005 30 22 J-692
J-371 10,000 TRUE Passed 500 10,001 34.1 38.5 J-292
J-372 7,001 TRUE Passed 500 7,002 30 47.3 J-692
J-373 10,000 TRUE Passed 500 10,001 50.9 40.9 J-97
J-374 10,000 TRUE Passed 500 10,001 51.1 41 J-97
J-375 10,000 TRUE Passed 500 10,001 48.6 41.2 J-97
J-376 8,015 TRUE Passed 500 8,016 30 45.8 J-97
J-377 10,000 TRUE Passed 500 10,001 55.3 41.4 J-97
J-378 10,000 TRUE Passed 500 10,001 44.5 41.3 J-97
J-379 10,000 TRUE Passed 500 10,001 47.7 41.2 J-97
J-380 6,684 TRUE Passed 500 6,685 30 47.3 J-692
J-382 7,229 TRUE Passed 500 7,230 30 44 J-383
J-383 6,625 TRUE Passed 500 6,626 30 41.7 J-388
J-384 6,926 TRUE Passed 500 6,927 30 44.8 J-431
J-385 9,247 TRUE Passed 500 9,248 30 38.4 J-429
J-386 9,979 TRUE Passed 500 9,980 30 36.7 J-1031
J-387 8,489 TRUE Passed 500 8,490 30 36.4 J-388
J-388 6,341 TRUE Passed 500 6,342 30 41.7 J-389
J-389 4,973 TRUE Passed 500 4,974 30 33.8 J-390
J-390 1,844 TRUE Passed 500 1,845 30 48.5 J-692
J-391 6,745 TRUE Passed 500 6,746 30 47.3 J-692
J-392 10,000 TRUE Passed 500 10,001 43.2 41.4 J-97
J-393 7,590 TRUE Passed 500 7,591 30 38.7 J-430
J-394 8,959 TRUE Passed 500 8,960 30 29.3 J-424
J-395 9,136 TRUE Passed 500 9,137 30 26.8 J-425
J-396 10,000 TRUE Passed 500 10,001 44 41.5 J-97
J-397 6,151 TRUE Passed 500 6,152 30 27.8 J-398



J-398 1,635 TRUE Passed 500 1,636 30 48.5 J-692
J-399 10,000 TRUE Passed 500 10,001 68.8 39.7 J-156
J-401 4,391 TRUE Passed 500 4,392 30 22 J-692
J-401 10,000 TRUE Passed 500 10,001 65.9 42.4 J-156
J-402 10,000 TRUE Passed 500 10,001 66.5 42.3 J-156
J-403 10,000 TRUE Passed 500 10,001 45.3 42.7 J-156
J-404 10,000 TRUE Passed 500 10,001 30 43 J-660
J-405 4,574 TRUE Passed 500 4,575 30 47.9 J-692
J-406 10,000 TRUE Passed 500 10,001 62.1 41.9 J-156
J-407 10,000 TRUE Passed 500 10,001 68.5 41.8 J-156
J-408 10,000 TRUE Passed 500 10,001 48.8 41.8 J-156
J-409 3,384 TRUE Passed 500 3,385 30 48.2 J-692
J-410 10,000 TRUE Passed 500 10,001 55.2 41.9 J-97
J-411 3,452 TRUE Passed 500 3,453 30 48.2 J-692
J-412 10,000 TRUE Passed 500 10,001 59.9 41.9 J-97
J-413 10,000 TRUE Passed 500 10,001 66.2 41.1 J-156
J-414 10,000 TRUE Passed 500 10,001 61.5 34.1 J-156
J-415 1,940 TRUE Passed 500 1,941 30 48.4 J-692
J-416 10,000 TRUE Passed 500 10,001 62.7 41.5 J-97
J-417 10,000 TRUE Passed 500 10,001 58.9 41.7 J-97
J-418 5,366 TRUE Passed 500 5,367 30 29.9 J-419
J-419 3,390 TRUE Passed 500 3,391 30 48.2 J-692
J-420 10,000 TRUE Passed 500 10,001 38.3 35.9 J-421
J-421 9,204 TRUE Passed 500 9,205 30 32.2 J-423
J-422 6,693 TRUE Passed 500 6,694 30 45.8 J-431
J-423 9,080 TRUE Passed 500 9,081 30 33.1 J-422
J-424 4,657 TRUE Passed 500 4,658 30 44.9 J-678
J-425 3,988 TRUE Passed 500 3,989 30 48.1 J-692
J-426 9,247 TRUE Passed 500 9,248 30 24.5 J-425
J-427 7,704 TRUE Passed 500 7,705 30 34.5 J-424
J-428 9,193 TRUE Passed 500 9,194 30 35.1 J-423
J-429 9,165 TRUE Passed 500 9,166 30 35.3 J-428
J-430 3,834 TRUE Passed 500 3,835 30 48.1 J-692
J-431 7,127 TRUE Passed 500 7,129 30 30.9 J-432
J-432 2,216 TRUE Passed 500 2,217 30 48.4 J-692
J-433 2,411 TRUE Passed 500 2,412 30 28.4 J-237
J-434 10,000 TRUE Passed 500 10,001 61.9 48.5 J-692
J-435 10,000 TRUE Passed 500 10,001 63.2 48.5 J-692
J-436 10,000 TRUE Passed 500 10,001 59.9 48.5 J-692
J-437 8,363 TRUE Passed 500 8,364 30 48.4 J-692
J-439 6,622 TRUE Passed 500 6,623 30 31.7 J-719
J-440 6,514 TRUE Passed 500 6,515 30 32.1 J-1780



J-442 7,597 TRUE Passed 500 7,598 30 27.5 J-443
J-443 2,068 TRUE Passed 500 2,069 30 48.5 J-692
J-445 8,833 TRUE Passed 500 8,834 30 31.2 J-455
J-447 6,049 TRUE Passed 500 6,050 30 27.3 J-450
J-448 4,818 TRUE Passed 500 4,819 30 40.1 J-450
J-449 5,739 TRUE Passed 500 5,740 30 23.5 J-450
J-450 3,911 TRUE Passed 500 3,912 30 48.4 J-692
J-451 5,547 TRUE Passed 500 5,548 30 35.3 J-452
J-452 5,056 TRUE Passed 500 5,057 30 31.8 J-458
J-453 4,689 TRUE Passed 500 4,690 30 40 J-454
J-454 4,512 TRUE Passed 500 4,513 30 43.1 J-453
J-455 6,036 TRUE Passed 500 6,037 30 38.2 J-454
J-456 6,080 TRUE Passed 500 6,081 30 37.4 J-455
J-457 4,842 TRUE Passed 500 4,843 30 40.2 J-452
J-458 2,803 TRUE Passed 500 2,804 30 48.5 J-692
J-459 2,731 TRUE Passed 500 2,732 30 33.4 J-463
J-460 3,756 TRUE Passed 500 3,757 30 33.6 J-459
J-461 1,543 TRUE Passed 500 1,544 30 29.4 J-463
J-462 1,356 TRUE Passed 500 1,357 30 37.4 J-463
J-463 1,241 TRUE Passed 500 1,242 30 42.6 J-461
J-464 4,902 TRUE Passed 500 4,903 30 38.4 J-457
J-465 5,057 TRUE Passed 500 5,058 30 36.6 J-464
J-466 5,359 TRUE Passed 500 5,360 30 37.8 J-465
J-467 6,048 TRUE Passed 500 6,049 30 29 J-460
J-468 5,974 TRUE Passed 500 5,975 30 33.8 J-459
J-469 6,542 TRUE Passed 500 6,543 30 35.5 J-474
J-470 7,885 TRUE Passed 500 7,886 30 47.1 J-556
J-471 10,000 TRUE Passed 500 10,001 40.3 37.1 J-556
J-472 6,692 TRUE Passed 500 6,693 30 41.3 J-473
J-473 6,127 TRUE Passed 500 6,128 30 36.8 J-475
J-474 5,676 TRUE Passed 500 5,677 30 46.3 J-475
J-475 5,249 TRUE Passed 500 5,250 30 41.1 J-478
J-476 2,216 TRUE Passed 500 2,217 30 41.4 J-477
J-477 2,246 TRUE Passed 500 2,247 30 39.2 J-476
J-478 5,190 TRUE Passed 500 5,191 30 39.9 J-475
J-479 5,326 TRUE Passed 500 5,327 30 40 J-478
J-480 5,655 TRUE Passed 500 5,656 30 37.9 J-479
J-481 6,002 TRUE Passed 500 6,003 30 35.9 J-480
J-482 3,101 TRUE Passed 500 3,102 30 25.8 J-485
J-483 1,905 TRUE Passed 500 1,906 30 28.8 J-485
J-484 1,751 TRUE Passed 500 1,752 30 34.1 J-485
J-485 1,421 TRUE Passed 500 1,422 30 45.3 J-484



J-486 9,043 TRUE Passed 500 9,044 30 41.6 1-FLOW
J-487 10,000 TRUE Passed 500 10,001 39.5 45.4 J-455
J-489 10,000 TRUE Passed 500 10,001 51.2 48.3 J-692
J-490 10,000 TRUE Passed 500 10,001 36.4 38.9 J-437
J-491 10,000 TRUE Passed 500 10,001 63.1 48.5 J-692
J-492 10,000 TRUE Passed 500 10,001 49.1 48 J-692
J-493 9,581 TRUE Passed 500 9,582 30 36.6 J-494
J-494 9,701 TRUE Passed 500 9,702 30 35.3 J-493
J-497 10,000 TRUE Passed 500 10,001 46.8 47.2 J-692
J-498 10,000 TRUE Passed 500 10,001 48.2 47.8 J-692
J-499 10,000 TRUE Passed 500 10,001 41.1 40.2 J-500
J-500 6,497 TRUE Passed 500 6,498 30 48.3 J-692
J-501 10,000 TRUE Passed 500 10,001 39.5 38.7 J-502
J-502 4,773 TRUE Passed 500 4,774 30 31.3 J-726
J-504 3,038 TRUE Passed 500 3,039 30 40.5 J-1334
J-505 3,749 TRUE Passed 500 3,750 30 42.4 J-554
J-507 4,184 TRUE Passed 500 4,185 30 33.1 J-508
J-508 4,185 TRUE Passed 500 4,186 30 34.1 J-507
J-509 4,923 TRUE Passed 500 4,924 30 30.9 J-508
J-510 5,545 TRUE Passed 500 5,546 30 32.6 J-513
J-511 2,218 TRUE Passed 500 2,219 30 37.9 J-513
J-513 2,261 TRUE Passed 500 2,262 30 37.5 J-514
J-514 2,554 TRUE Passed 500 2,555 30 29.3 J-513
J-516 4,881 TRUE Passed 500 4,882 30 38.4 J-508
J-517 5,335 TRUE Passed 500 5,336 30 30.4 J-549
J-518 4,844 TRUE Passed 500 4,845 30 26.2 J-549
J-519 5,220 TRUE Passed 500 5,221 30 29.8 J-508
J-520 4,410 TRUE Passed 500 4,411 30 32.7 J-521
J-521 3,627 TRUE Passed 500 3,628 30 37.2 J-603
J-522 3,796 TRUE Passed 500 3,797 30 27.5 J-603
J-523 4,145 TRUE Passed 500 4,146 30 27.8 J-603
J-524 4,003 TRUE Passed 500 4,004 30 29.9 J-521
J-525 4,455 TRUE Passed 500 4,456 30 31.6 J-521
J-526 4,301 TRUE Passed 500 4,302 30 33.8 J-521
J-527 4,386 TRUE Passed 500 4,387 30 32.8 J-528
J-528 4,056 TRUE Passed 500 4,057 30 35.7 J-610
J-529 4,278 TRUE Passed 500 4,279 30 37.2 J-613
J-530 4,305 TRUE Passed 500 4,306 30 38.6 J-596
J-531 2,744 TRUE Passed 500 2,745 30 48.4 J-692
J-532 2,960 TRUE Passed 500 2,961 30 48.4 J-692
J-533 7,908 TRUE Passed 500 7,909 30 32.3 J-532
J-534 8,811 TRUE Passed 500 8,812 30 29.7 J-535



J-535 8,182 TRUE Passed 500 8,183 30 30.9 J-536
J-536 7,346 TRUE Passed 500 7,347 30 36.9 J-535
J-537 8,404 TRUE Passed 500 8,405 30 36 J-647
J-538 8,987 TRUE Passed 500 8,988 30 37.4 J-648
J-539 10,000 TRUE Passed 500 10,001 31.7 32.7 J-538
J-540 2,952 TRUE Passed 500 2,953 30 42.9 J-648
J-541 3,192 TRUE Passed 500 3,193 30 46.6 J-648
J-542 6,442 TRUE Passed 500 6,443 30 41.7 J-644
J-543 8,742 TRUE Passed 500 8,743 30 35.3 J-542
J-544 9,802 TRUE Passed 500 9,804 30 34.1 J-546
J-545 5,322 TRUE Passed 500 5,323 30 29.6 J-546
J-546 2,037 TRUE Passed 500 2,038 30 48.5 J-692
J-547 4,971 TRUE Passed 500 4,972 30 30.7 J-548
J-548 1,765 TRUE Passed 500 1,766 30 48.5 J-692
J-549 1,613 TRUE Passed 500 1,614 30 48.5 J-692
J-550 4,293 TRUE Passed 500 4,294 30 29.7 J-552
J-551 2,852 TRUE Passed 500 2,853 30 46.4 J-552
J-552 2,295 TRUE Passed 500 2,296 30 48.5 J-692
J-553 3,783 TRUE Passed 500 3,784 30 29.9 J-554
J-554 2,463 TRUE Passed 500 2,465 30 48 J-553
J-555 10,000 TRUE Passed 500 10,001 34 35.5 J-556
J-556 3,936 TRUE Passed 500 3,937 30 48.3 J-692
J-557 3,478 TRUE Passed 500 3,479 30 30.9 J-558
J-558 1,761 TRUE Passed 500 1,762 30 48.5 J-692
J-559 10,000 TRUE Passed 500 10,001 38 39.8 J-557
J-560 10,000 TRUE Passed 500 10,001 46.2 47.1 J-692
J-561 3,612 TRUE Passed 500 3,613 30 48.3 J-692
J-562 10,000 TRUE Passed 500 10,001 33.7 37.6 J-556
J-563 2,779 TRUE Passed 500 2,780 30 48.4 J-692
J-564 10,000 TRUE Passed 500 10,001 36.2 38.8 J-563
J-565 10,000 TRUE Passed 500 10,001 37.9 40.8 J-556
J-566 8,188 TRUE Passed 500 8,189 30 46.5 J-692
J-567 10,000 TRUE Passed 500 10,001 33.2 39.8 J-578
J-568 9,994 TRUE Passed 500 9,995 30 39.2 J-569
J-569 7,898 TRUE Passed 500 7,899 30 38.2 J-570
J-570 6,934 TRUE Passed 500 6,935 30 46.4 J-569
J-571 8,094 TRUE Passed 500 8,095 30 43.8 J-574
J-572 10,000 TRUE Passed 500 10,001 37.4 25.1 J-574
J-573 7,812 TRUE Passed 500 7,813 30 41.2 J-692
J-574 9,115 TRUE Passed 500 9,116 30 33.5 J-571
J-576 10,000 TRUE Passed 500 10,001 38.5 41.7 J-578
J-577 10,000 TRUE Passed 500 10,001 36.9 38.8 J-578



J-578 3,112 TRUE Passed 500 3,113 30 48.3 J-692
J-579 4,146 TRUE Passed 500 4,147 30 48.1 J-578
J-580 4,214 TRUE Passed 500 4,215 30 47.8 J-644
J-581 3,983 TRUE Passed 500 3,984 30 48.1 J-692
J-582 6,312 TRUE Passed 500 6,313 30 39.3 J-581
J-583 6,831 TRUE Passed 500 6,832 30 45.3 J-584
J-584 7,732 TRUE Passed 500 7,733 30 36.9 J-585
J-585 5,925 TRUE Passed 500 5,926 30 38.8 J-587
J-587 5,493 TRUE Passed 500 5,494 30 38.3 J-588
J-588 5,129 TRUE Passed 500 5,131 30 43.2 J-587
J-589 5,293 TRUE Passed 500 5,294 30 38.9 J-588
J-590 6,720 TRUE Passed 500 6,721 30 28.6 J-591
J-591 6,153 TRUE Passed 500 6,154 30 36.1 J-590
J-592 5,879 TRUE Passed 500 5,880 30 36 J-596
J-593 4,302 TRUE Passed 500 4,303 30 36.1 J-596
J-594 4,182 TRUE Passed 500 4,183 30 26.1 J-596
J-595 3,388 TRUE Passed 500 3,389 30 27.1 J-596
J-596 2,843 TRUE Passed 500 2,844 30 35 J-597
J-597 2,955 TRUE Passed 500 2,956 30 31.4 J-596
J-598 3,040 TRUE Passed 500 3,041 30 32 J-597
J-599 3,231 TRUE Passed 500 3,232 30 31.3 J-1549
J-601 2,842 TRUE Passed 500 2,843 30 34.6 J-1549
J-602 4,098 TRUE Passed 500 4,099 30 31.8 J-1549
J-603 2,161 TRUE Passed 500 2,162 30 48.5 J-692
J-604 4,111 TRUE Passed 500 4,112 30 30.5 J-596
J-605 3,019 TRUE Passed 500 3,020 30 31 J-596
J-606 3,127 TRUE Passed 500 3,128 30 29.6 J-596
J-607 3,958 TRUE Passed 500 3,959 30 31.3 J-596
J-608 4,086 TRUE Passed 500 4,087 30 31.4 J-596
J-609 4,160 TRUE Passed 500 4,161 30 31.4 J-596
J-610 4,067 TRUE Passed 500 4,068 30 34.3 J-596
J-611 4,374 TRUE Passed 500 4,375 30 28.6 J-596
J-612 3,859 TRUE Passed 500 3,860 30 35.9 J-596
J-613 3,988 TRUE Passed 500 3,989 30 38.9 J-596
J-614 6,086 TRUE Passed 500 6,087 30 34.6 J-596
J-615 6,376 TRUE Passed 500 6,377 30 30.5 J-614
J-616 6,521 TRUE Passed 500 6,522 30 32.3 J-615
J-617 6,447 TRUE Passed 500 6,448 30 40.8 3-FLOW
J-620 7,419 TRUE Passed 500 7,420 30 28.9 J-617
J-621 9,104 TRUE Passed 500 9,105 30 28.9 J-617
J-622 8,701 TRUE Passed 500 8,702 30 33.3 J-626
J-623 8,865 TRUE Passed 500 8,866 30 35.2 J-617



J-625 9,805 TRUE Passed 500 9,806 30 28.8 J-623
J-626 8,517 TRUE Passed 500 8,518 30 33.6 J-627
J-627 8,447 TRUE Passed 500 8,448 30 35.2 J-628
J-628 8,661 TRUE Passed 500 8,662 30 33.7 J-627
J-629 9,148 TRUE Passed 500 9,149 30 31.7 J-628
J-630 9,359 TRUE Passed 500 9,360 30 32.2 J-629
J-631 9,414 TRUE Passed 500 9,415 30 36.4 J-630
J-632 5,016 TRUE Passed 500 5,017 30 30 J-633
J-633 2,981 TRUE Passed 500 2,982 30 48.3 J-692
J-634 7,810 TRUE Passed 500 7,811 30 30.5 J-633
J-636 10,000 TRUE Passed 500 10,001 30.4 34.1 J-631
J-637 3,632 TRUE Passed 500 3,633 30 48.2 J-692
J-638 10,000 TRUE Passed 500 10,001 33.3 36.6 J-539
J-639 10,000 TRUE Passed 500 10,001 38.9 41.5 J-665
J-640 10,000 TRUE Passed 500 10,001 35.4 40 J-641
J-641 5,376 TRUE Passed 500 5,377 30 44.7 J-642
J-642 3,887 TRUE Passed 500 3,888 30 48.2 J-692
J-643 2,961 TRUE Passed 500 2,962 30 48.1 J-645
J-644 5,124 TRUE Passed 500 5,125 30 37.8 J-645
J-645 2,570 TRUE Passed 500 2,571 30 48.4 J-692
J-646 7,122 TRUE Passed 500 7,123 30 39.8 J-648
J-647 4,631 TRUE Passed 500 4,632 30 45.2 J-648
J-648 2,803 TRUE Passed 500 2,804 30 48.4 J-692
J-649 3,531 TRUE Passed 500 3,532 30 29.8 J-650
J-650 1,771 TRUE Passed 500 1,772 30 48.5 J-692
J-651 7,586 TRUE Passed 500 7,587 30 29.4 J-652
J-652 2,904 TRUE Passed 500 2,905 30 48.4 J-692
J-655 7,084 TRUE Passed 500 7,085 30 31.6 J-656
J-656 3,404 TRUE Passed 500 3,405 30 48.3 J-692
J-657 10,000 TRUE Passed 500 10,001 36.9 44.4 J-578
J-659 10,000 TRUE Passed 500 10,001 39.5 41.5 J-568
J-659 10,000 TRUE Passed 500 10,001 41.8 44.6 J-578
J-660 10,000 TRUE Passed 500 10,001 43 42 J-404
J-661 801 TRUE Passed 500 805 30 48.5 J-692
J-662 10,000 TRUE Passed 500 10,001 56.1 44.6 J-156
J-663 10,000 TRUE Passed 500 10,001 47.3 44.3 J-633
J-664 10,000 TRUE Passed 500 10,001 35.5 43.1 J-578
J-665 10,000 TRUE Passed 500 10,001 37.7 41.6 J-639
J-666 10,000 TRUE Passed 500 10,001 42.1 47.9 J-692
J-667 8,696 TRUE Passed 500 8,697 30 34.8 J-25
J-668 10,000 TRUE Passed 500 10,001 48.4 48.2 J-692
J-669 3,933 TRUE Passed 500 3,934 30 40.2 J-21



J-670 4,456 TRUE Passed 500 4,457 30 33.3 J-21
J-673 10,000 TRUE Passed 500 10,001 43.2 43.6 J-674
J-674 4,141 TRUE Passed 500 4,143 30 48 J-692
J-675 3,849 TRUE Passed 500 3,850 30 48.1 J-692
J-676 5,436 TRUE Passed 500 5,437 30 31 J-675
J-677 2,357 TRUE Passed 500 2,358 30 29.3 J-678
J-678 1,755 TRUE Passed 500 1,756 30 45.2 J-677
J-680 4,644 TRUE Passed 500 4,644 30 15.6 J-692
J-682 4,728 TRUE Passed 500 4,728 30 16 J-692
J-685 1,972 TRUE Passed 500 1,997 30 28.1 J-692
J-686 3,347 TRUE Passed 500 3,397 30 17.1 J-692
J-687 3,015 TRUE Passed 500 3,040 30 43.2 J-692
J-689 5,948 TRUE Passed 500 5,973 30 39.7 J-692
J-690 5,122 TRUE Passed 500 5,147 30 29.6 J-687
J-691 5,062 TRUE Passed 500 5,087 30 16.8 J-692
J-692 1,595 TRUE Passed 500 1,595 30 34.2 J-695
J-693 3,316 TRUE Passed 500 3,341 30 22.2 J-692
J-694 3,609 TRUE Passed 500 3,634 30 12.5 J-695
J-695 1,643 TRUE Passed 500 1,668 30 32.3 J-692
J-696 1,880 TRUE Passed 500 1,885 30 26.1 J-51
J-697 6,301 TRUE Passed 500 6,301 30.9 0 J-692
J-698 3,008 TRUE Passed 500 3,033 30 43.9 J-692
J-699 7,424 TRUE Passed 500 7,449 30 29 J-689
J-700 3,985 TRUE Passed 500 4,010 30 41.7 J-692
J-702 4,738 TRUE Passed 500 4,738 30 19.1 J-692
J-719 4,447 TRUE Passed 500 4,447 30 39.8 J-724
J-724 4,283 TRUE Passed 500 4,283 30 34.2 J-1780
J-726 3,988 TRUE Passed 500 3,988 30 31.6 J-504
J-727 7,612 TRUE Passed 500 7,612 30 48.5 J-692
J-731 5,421 TRUE Passed 500 5,422 30 41.2 J-260
J-904 6,696 TRUE Passed 500 6,697 30 41.9 J-336
J-1031 9,440 TRUE Passed 500 9,441 30 38.1 J-385
J-1082 10,000 TRUE Passed 500 10,001 62 44.1 J-156
J-1184 9,055 TRUE Passed 500 9,056 30 37.7 J-439
J-1201 7,959 TRUE Passed 500 7,960 30 26.3 J-455
J-1296 10,000 TRUE Passed 500 10,001 43.4 48 J-692
J-1334 3,709 TRUE Passed 500 3,710 30 29.9 J-504
J-1340 3,828 TRUE Passed 500 3,829 30 39.8 J-508
J-1549 2,871 TRUE Passed 500 2,872 30 35.4 J-601
J-1642 8,783 TRUE Passed 500 8,784 30 41.9 J-633
J-1704 10,000 TRUE Passed 500 10,001 44.5 42.6 J-659
J-1780 4,364 TRUE Passed 500 4,364 30 32.5 J-724



J-1806 3,526 TRUE Passed 500 3,526 30 23.5 J-692

Scenario 6: 16-Inch SE Expansion - Pressure Zone Addition
1-FLOW 8,889 TRUE Passed 500 8,890 30 30.8 1-RES
1-RES 3,097 TRUE Passed 500 3,100 30 43.1 J-692
2-FLOW 7,466 TRUE Passed 500 7,467 30 30 2-RES
2-RES 4,099 TRUE Passed 500 4,100 30 43.1 J-692
3-FLOW 2,863 TRUE Passed 500 2,864 30 30.9 3-RES
3-RES 2,438 TRUE Passed 500 2,439 30 40.1 3-FLOW
4-FLOW 3,242 TRUE Passed 500 3,243 30 30.7 4-RES
4-RES 2,375 TRUE Passed 500 2,376 30 42.4 4-FLOW
5-FLOW 2,500 TRUE Passed 500 2,501 30 27.1 J-692
5-RES 1,822 TRUE Passed 500 1,823 30 30.7 J-692
6-FLOW 1,984 TRUE Passed 500 1,985 30 30.8 6-RES
6-RES 1,285 TRUE Passed 500 1,286 30 43.2 J-692
7-FLOW 1,618 TRUE Passed 500 1,619 30 29 J-196
7-RES 1,505 TRUE Passed 500 1,506 30 32.8 J-196
J-1 3,892 TRUE Passed 500 3,893 30 32.2 J-92
J-2 6,263 TRUE Passed 500 6,264 30 29.6 J-97
J-3 7,920 TRUE Passed 500 7,921 30 40.1 J-97
J-11 7,427 TRUE Passed 500 7,428 30 29.5 J-13
J-12 7,317 TRUE Passed 500 7,318 30 32.5 J-14
J-13 3,526 TRUE Passed 500 3,527 30 36.3 J-17
J-14 3,554 TRUE Passed 500 3,555 30 43 J-692
J-15 6,730 TRUE Passed 500 6,731 30 30.3 J-14
J-17 3,795 TRUE Passed 500 3,796 30 30.4 J-13
J-18 10,000 TRUE Passed 500 10,001 59 43 J-692
J-19 7,931 TRUE Passed 500 7,932 30 27.6 J-30
J-20 3,910 TRUE Passed 500 3,911 30 33.3 J-23
J-21 4,021 TRUE Passed 500 4,022 30 35.2 J-20
J-22 1,982 TRUE Passed 500 1,983 30 43.3 J-692
J-23 3,539 TRUE Passed 500 3,540 30 30.2 J-22
J-24 1,842 TRUE Passed 500 1,843 30 43.3 J-692
J-25 3,110 TRUE Passed 500 3,111 30 30.1 J-24
J-26 1,778 TRUE Passed 500 1,779 30 43.3 J-692
J-27 3,172 TRUE Passed 500 3,173 30 29.2 J-26
J-28 2,030 TRUE Passed 500 2,031 30 43.3 J-692
J-29 3,367 TRUE Passed 500 3,368 30 29.5 J-28
J-30 4,473 TRUE Passed 500 4,474 30 35 J-28
J-31 2,030 TRUE Passed 500 2,031 30 29.5 J-692
J-33 2,097 TRUE Passed 500 2,098 30 29.1 J-692
J-34 2,039 TRUE Passed 500 2,040 30 29.4 J-692
J-35 2,230 TRUE Passed 500 2,231 30 28.4 J-692



J-36 2,422 TRUE Passed 500 2,423 30 27.5 J-692
J-37 2,350 TRUE Passed 500 2,351 30 27.8 J-692
J-38 2,453 TRUE Passed 500 2,454 30 27.3 J-692
J-39 2,340 TRUE Passed 500 2,341 30 27.9 J-692
J-40 2,359 TRUE Passed 500 2,360 30 27.8 J-692
J-41 2,523 TRUE Passed 500 2,524 30 26.3 J-74
J-42 2,303 TRUE Passed 500 2,304 30 28.1 J-692
J-43 2,559 TRUE Passed 500 2,560 30 26.8 J-692
J-44 1,930 TRUE Passed 500 1,931 30 30 J-692
J-45 2,034 TRUE Passed 500 2,035 30 29.5 J-692
J-46 2,278 TRUE Passed 500 2,279 30 28.2 J-692
J-47 1,840 TRUE Passed 500 1,841 30 30.6 J-692
J-48 2,157 TRUE Passed 500 2,158 30 27.2 J-47
J-49 2,326 TRUE Passed 500 2,327 30 28 J-692
J-50 2,061 TRUE Passed 500 2,062 30 29.3 J-692
J-51 1,200 TRUE Passed 500 1,201 30 34.8 J-692
J-52 2,155 TRUE Passed 500 2,156 30 26.7 J-51
J-53 1,949 TRUE Passed 500 1,950 30 29.9 J-692
J-54 2,033 TRUE Passed 500 2,034 30 29.5 J-692
J-55 1,800 TRUE Passed 500 1,801 30 30.8 J-692
J-56 1,974 TRUE Passed 500 1,975 30 28.7 J-55
J-57 1,906 TRUE Passed 500 1,907 30 30.2 J-692
J-58 2,052 TRUE Passed 500 2,053 30 29.4 J-692
J-59 2,189 TRUE Passed 500 2,190 30 28.5 J-55
J-60 2,092 TRUE Passed 500 2,093 30 28.6 J-55
J-61 2,516 TRUE Passed 500 2,517 30 27 J-692
J-64 2,594 TRUE Passed 500 2,595 30 26.1 J-51
J-65 2,470 TRUE Passed 500 2,471 30 27.2 J-692
J-66 2,617 TRUE Passed 500 2,618 30 25.2 J-74
J-67 2,438 TRUE Passed 500 2,439 30 27.4 J-692
J-68 2,547 TRUE Passed 500 2,548 30 26.7 J-74
J-69 2,026 TRUE Passed 500 2,027 30 29.5 J-692
J-70 2,309 TRUE Passed 500 2,310 30 28 J-692
J-71 2,224 TRUE Passed 500 2,225 30 28.5 J-692
J-72 2,182 TRUE Passed 500 2,183 30 28.7 J-692
J-73 1,287 TRUE Passed 500 1,288 30 34.2 J-692
J-74 2,104 TRUE Passed 500 2,105 30 29.1 J-692
J-75 2,487 TRUE Passed 500 2,488 30 25.8 J-74
J-76 2,443 TRUE Passed 500 2,444 30 27.4 J-692
J-77 2,470 TRUE Passed 500 2,471 30 27.2 J-692
J-78 2,597 TRUE Passed 500 2,598 30 24.8 J-74
J-79 2,331 TRUE Passed 500 2,332 30 27.9 J-692



J-80 2,355 TRUE Passed 500 2,356 30 27.8 J-692
J-81 2,552 TRUE Passed 500 2,553 30 26.1 J-74
J-82 2,587 TRUE Passed 500 2,588 30 24.4 J-74
J-83 2,538 TRUE Passed 500 2,539 30 25.5 J-74
J-84 2,556 TRUE Passed 500 2,557 30 25.1 J-74
J-85 2,556 TRUE Passed 500 2,557 30 25 J-74
J-86 2,529 TRUE Passed 500 2,530 30 25.4 J-74
J-87 2,428 TRUE Passed 500 2,429 30 27.5 J-692
J-88 2,348 TRUE Passed 500 2,349 30 27.8 J-692
J-89 2,509 TRUE Passed 500 2,510 30 25.6 J-74
J-90 2,332 TRUE Passed 500 2,333 30 27.9 J-692
J-91 1,628 TRUE Passed 500 1,629 30 31.9 J-692
J-92 3,967 TRUE Passed 500 3,968 30 30.4 J-97
J-93 2,565 TRUE Passed 500 2,566 30 26 J-74
J-94 3,994 TRUE Passed 500 3,995 30 29.9 J-92
J-95 5,729 TRUE Passed 500 5,730 30 30 J-97
J-96 4,338 TRUE Passed 500 4,339 30 30.3 J-97
J-97 3,975 TRUE Passed 500 3,976 30 30.3 J-92
J-98 4,026 TRUE Passed 500 4,027 30 29.9 J-97
J-99 3,279 TRUE Passed 500 3,280 30 25 J-692
J-100 4,206 TRUE Passed 500 4,207 30 22.1 J-692
J-101 3,162 TRUE Passed 500 3,163 30 25.4 J-692
J-102 4,509 TRUE Passed 500 4,510 30 20.5 J-692
J-103 5,304 TRUE Passed 500 5,305 30 15.4 J-692
J-104 4,705 TRUE Passed 500 4,706 30 19.6 J-692
J-105 5,680 TRUE Passed 500 5,681 30 12.6 J-692
J-106 5,419 TRUE Passed 500 5,420 30 14.6 J-692
J-107 4,963 TRUE Passed 500 4,964 30 17.9 J-692
J-108 5,442 TRUE Passed 500 5,443 30 14.4 J-692
J-109 5,380 TRUE Passed 500 5,381 30 14.9 J-692
J-110 4,942 TRUE Passed 500 4,943 30 18 J-692
J-111 4,499 TRUE Passed 500 4,500 30 20.7 J-692
J-112 3,957 TRUE Passed 500 3,958 30 23.3 J-692
J-113 3,389 TRUE Passed 500 3,390 30 24.9 J-692
J-114 3,126 TRUE Passed 500 3,127 30 25.6 J-692
J-115 3,903 TRUE Passed 500 3,904 30 23.6 J-692
J-116 2,910 TRUE Passed 500 2,911 30 26.3 J-692
J-117 3,503 TRUE Passed 500 3,504 30 24.7 J-692
J-118 1,748 TRUE Passed 500 1,749 30 31.1 J-692
J-118 3,077 TRUE Passed 500 3,078 30 25.7 J-692
J-119 3,690 TRUE Passed 500 3,691 30 24.3 J-692
J-121 2,751 TRUE Passed 500 2,752 30 26.8 J-692



J-122 3,942 TRUE Passed 500 3,943 30 23.4 J-692
J-123 5,983 TRUE Passed 500 6,008 30 0.4 J-692
J-124 6,666 TRUE Passed 500 6,667 30 3.1 J-692
J-125 4,216 TRUE Passed 500 4,217 30 24.8 J-692
J-126 5,672 TRUE Passed 500 5,673 30 14.2 J-692
J-127 4,475 TRUE Passed 500 4,476 30 23.5 J-692
J-128 1,550 TRUE Passed 500 1,551 30 34.4 J-692
J-129 3,941 TRUE Passed 500 3,942 30 25.9 J-692
J-130 4,109 TRUE Passed 500 4,110 30 25.3 J-692
J-133 4,117 TRUE Passed 500 4,118 30 25.4 J-692
J-134 3,181 TRUE Passed 500 3,183 30 27.5 J-692
J-135 3,603 TRUE Passed 500 3,604 30 26.5 J-692
J-136 4,088 TRUE Passed 500 4,089 30 25.5 J-692
J-137 4,419 TRUE Passed 500 4,420 30 24.4 J-692
J-138 5,138 TRUE Passed 500 5,139 30 21.4 J-692
J-139 4,897 TRUE Passed 500 4,898 30 17.3 J-692
J-140 3,312 TRUE Passed 500 3,313 30 25 J-692
J-141 3,657 TRUE Passed 500 3,658 30 24.2 J-692
J-142 5,120 TRUE Passed 500 5,121 30 16.9 J-692
J-143 5,902 TRUE Passed 500 5,903 30 10.8 J-692
J-144 6,585 TRUE Passed 500 6,586 30 4.9 J-692
J-145 4,229 TRUE Passed 500 4,230 30 22.4 J-692
J-146 6,308 TRUE Passed 500 6,309 30 7.3 J-692
J-147 6,017 TRUE Passed 500 6,018 30 9.8 J-692
J-148 5,874 TRUE Passed 500 5,875 30 11 J-692
J-149 4,901 TRUE Passed 500 4,903 30 18 J-692
J-150 4,080 TRUE Passed 500 4,081 30 22.7 J-692
J-151 4,947 TRUE Passed 500 4,948 30 17.6 J-692
J-152 2,518 TRUE Passed 500 2,519 30 27.7 J-692
J-153 3,917 TRUE Passed 500 3,918 30 23.4 J-692
J-154 3,810 TRUE Passed 500 3,811 30 23.8 J-692
J-155 1,872 TRUE Passed 500 1,873 30 31.1 J-196
J-156 2,200 TRUE Passed 500 2,201 30 32.9 J-196
J-157 2,137 TRUE Passed 500 2,138 30 28.4 J-237
J-158 1,173 TRUE Passed 500 1,174 30 33 J-159
J-159 1,234 TRUE Passed 500 1,236 30 30.1 J-158
J-160 3,196 TRUE Passed 500 3,197 30 25.3 J-692
J-161 3,247 TRUE Passed 500 3,248 30 25.2 J-692
J-162 3,245 TRUE Passed 500 3,246 30 25.2 J-692
J-163 3,057 TRUE Passed 500 3,058 30 25.7 J-692
J-164 3,260 TRUE Passed 500 3,261 30 25.1 J-692
J-165 3,438 TRUE Passed 500 3,439 30 24.7 J-692



J-166 5,218 TRUE Passed 500 5,219 30 16 J-692
J-167 2,360 TRUE Passed 500 2,361 30 28.5 J-692
J-168 2,724 TRUE Passed 500 2,725 30 26.9 J-692
J-169 3,128 TRUE Passed 500 3,129 30 25.5 J-692
J-170 4,963 TRUE Passed 500 4,964 30 17.5 J-692
J-171 2,600 TRUE Passed 500 2,601 30 27.3 J-692
J-172 7,466 TRUE Passed 500 7,467 30 1 J-692
J-173 5,333 TRUE Passed 500 5,334 30 19.5 J-692
J-174 5,478 TRUE Passed 500 5,479 30 19.2 J-692
J-175 8,219 TRUE Passed 500 8,220 30.9 0 J-692
J-176 10,000 TRUE Passed 500 10,001 39.1 9 J-692
J-177 3,967 TRUE Passed 500 3,968 30 31.3 J-692
J-178 6,326 TRUE Passed 500 6,327 30 25 J-692
J-179 1,671 TRUE Passed 500 1,672 30 38.9 J-692
J-180 1,737 TRUE Passed 500 1,738 30 33.6 J-692
J-181 10,000 TRUE Passed 500 10,001 87.2 39.7 J-692
J-183 10,000 TRUE Passed 500 10,001 36.8 25.5 J-237
J-184 751 TRUE Passed 500 752 30 43.1 J-692
J-185 7,462 TRUE Passed 500 7,463 30 23.6 J-186
J-186 5,172 TRUE Passed 500 5,173 30 40.6 J-692
J-187 5,238 TRUE Passed 500 5,239 30 23.7 J-188
J-188 3,983 TRUE Passed 500 3,984 30 41.8 J-692
J-189 4,185 TRUE Passed 500 4,186 30 28.7 J-237
J-190 4,323 TRUE Passed 500 4,324 30 32.1 J-237
J-191 3,497 TRUE Passed 500 3,498 30 26.8 J-196
J-192 2,874 TRUE Passed 500 2,875 30 28.7 J-196
J-193 2,466 TRUE Passed 500 2,467 30 26.5 J-196
J-194 1,965 TRUE Passed 500 1,966 30 26.7 J-196
J-195 1,715 TRUE Passed 500 1,716 30 28 J-196
J-196 1,509 TRUE Passed 500 1,510 30 32.9 J-197
J-197 1,596 TRUE Passed 500 1,597 30 29.1 J-196
J-200 3,713 TRUE Passed 500 3,714 30 30 J-201
J-201 3,419 TRUE Passed 500 3,420 30 34 J-200
J-202 3,648 TRUE Passed 500 3,649 30 31.1 J-206
J-203 3,649 TRUE Passed 500 3,650 30 32.4 J-202
J-204 3,058 TRUE Passed 500 3,059 30 30.5 J-205
J-205 2,602 TRUE Passed 500 2,603 30 37.5 J-204
J-206 3,254 TRUE Passed 500 3,255 30 31.9 J-207
J-207 2,839 TRUE Passed 500 2,840 30 36.3 J-206
J-208 4,049 TRUE Passed 500 4,050 30 29.9 J-209
J-209 3,351 TRUE Passed 500 3,352 30 38.3 J-208
J-210 5,642 TRUE Passed 500 5,643 30 30 J-97



J-211 5,669 TRUE Passed 500 5,670 30 32.6 J-212
J-212 4,590 TRUE Passed 500 4,591 30 30.5 J-213
J-213 3,540 TRUE Passed 500 3,541 30 40.2 J-215
J-214 2,769 TRUE Passed 500 2,770 30 29.5 J-215
J-215 2,306 TRUE Passed 500 2,307 30 38.5 J-214
J-216 804 TRUE Passed 500 805 30 43.3 J-692
J-217 3,343 TRUE Passed 500 3,344 30 29.5 J-215
J-218 1,858 TRUE Passed 500 1,859 30 43.2 J-692
J-219 4,077 TRUE Passed 500 4,078 30 30 J-215
J-220 1,941 TRUE Passed 500 1,942 30 43.2 J-692
J-221 2,340 TRUE Passed 500 2,341 30 43.1 J-692
J-222 4,537 TRUE Passed 500 4,538 30 33 J-221
J-223 5,009 TRUE Passed 500 5,010 30 32.1 J-222
J-224 5,897 TRUE Passed 500 5,898 30 37.3 J-223
J-225 6,138 TRUE Passed 500 6,139 30 39.3 J-224
J-226 7,870 TRUE Passed 500 7,871 30 33 J-334
J-227 5,819 TRUE Passed 500 5,820 30 13.1 J-196
J-228 4,612 TRUE Passed 500 4,613 30 33 J-229
J-229 4,621 TRUE Passed 500 4,622 30 32 J-228
J-230 2,939 TRUE Passed 500 2,940 30 42.7 J-692
J-231 4,445 TRUE Passed 500 4,446 30 31 J-230
J-232 5,039 TRUE Passed 500 5,040 30 33.8 J-231
J-233 6,820 TRUE Passed 500 6,821 30 26.9 J-232
J-234 10,000 TRUE Passed 500 10,001 47.9 27 J-237
J-235 10,000 TRUE Passed 500 10,001 55.5 29.1 J-156
J-236 1,784 TRUE Passed 500 1,785 30 28.7 J-237
J-237 1,576 TRUE Passed 500 1,577 30 36.6 J-236
J-238 1,024 TRUE Passed 500 1,025 30 43.1 J-692
J-239 10,000 TRUE Passed 500 10,001 32.3 32.6 J-240
J-240 10,000 TRUE Passed 500 10,001 30.7 33.3 J-239
J-241 8,320 TRUE Passed 500 8,321 30 41.6 J-692
J-242 7,589 TRUE Passed 500 7,590 30 38.2 J-13
J-243 9,761 TRUE Passed 500 9,763 30 35.6 J-244
J-244 5,355 TRUE Passed 500 5,356 30 42.7 J-692
J-245 10,000 TRUE Passed 500 10,001 30.1 40.8 J-243
J-246 8,831 TRUE Passed 500 8,832 30 40.4 J-242
J-247 10,000 TRUE Passed 500 10,001 42.5 41.9 J-692
J-248 7,335 TRUE Passed 500 7,336 30 33.6 J-318
J-249 2,451 TRUE Passed 500 2,452 30 29.1 J-250
J-250 1,335 TRUE Passed 500 1,336 30 43.3 J-692
J-251 7,432 TRUE Passed 500 7,433 30 38.2 J-253
J-252 7,454 TRUE Passed 500 7,455 30 42.6 J-692



J-253 3,169 TRUE Passed 500 3,170 30 43.2 J-692
J-254 7,681 TRUE Passed 500 7,682 30 26.5 J-324
J-255 6,935 TRUE Passed 500 6,936 30 35.9 J-262
J-256 4,144 TRUE Passed 500 4,145 30 43.1 J-692
J-257 6,995 TRUE Passed 500 6,996 30 36.7 J-258
J-258 6,951 TRUE Passed 500 6,952 30 37.3 J-257
J-259 4,400 TRUE Passed 500 4,401 30 43.1 J-692
J-260 6,171 TRUE Passed 500 6,172 30 33.5 J-731
J-262 6,848 TRUE Passed 500 6,849 30 37.4 J-255
J-263 4,192 TRUE Passed 500 4,193 30 39.8 J-266
J-264 7,145 TRUE Passed 500 7,146 30 35.1 J-25
J-265 3,942 TRUE Passed 500 3,943 30 29.5 J-266
J-266 2,786 TRUE Passed 500 2,787 30 43.2 J-692
J-267 5,887 TRUE Passed 500 5,888 30 32.1 J-268
J-268 5,158 TRUE Passed 500 5,159 30 31.8 4-FLOW
J-269 6,048 TRUE Passed 500 6,049 30 31.6 J-267
J-270 7,409 TRUE Passed 500 7,410 30 33.5 J-272
J-271 6,356 TRUE Passed 500 6,357 30 35 J-260
J-272 6,510 TRUE Passed 500 6,511 30 30.6 J-276
J-273 4,991 TRUE Passed 500 4,992 30 30.1 J-274
J-274 4,604 TRUE Passed 500 4,605 30 34.3 J-273
J-275 6,222 TRUE Passed 500 6,224 30 32.7 J-273
J-276 5,970 TRUE Passed 500 5,971 30 35.4 J-275
J-277 6,102 TRUE Passed 500 6,103 30 28.5 J-278
J-278 4,434 TRUE Passed 500 4,435 30 38.7 J-283
J-279 3,977 TRUE Passed 500 3,978 30 34.2 J-281
J-280 1,453 TRUE Passed 500 1,454 30 43.2 J-692
J-281 3,241 TRUE Passed 500 3,242 30 32.8 J-280
J-282 3,080 TRUE Passed 500 3,081 30 29.9 J-283
J-283 2,434 TRUE Passed 500 2,435 30 30.2 J-285
J-284 1,394 TRUE Passed 500 1,395 30 43.2 J-692
J-285 2,055 TRUE Passed 500 2,056 30 37.9 J-283
J-286 4,428 TRUE Passed 500 4,429 30 27.1 J-292
J-287 3,582 TRUE Passed 500 3,583 30 27.4 J-292
J-288 2,074 TRUE Passed 500 2,075 30 35.5 J-290
J-289 2,344 TRUE Passed 500 2,345 30 29.1 J-290
J-290 2,156 TRUE Passed 500 2,157 30 34.5 J-289
J-291 1,158 TRUE Passed 500 1,159 30 43.2 J-692
J-292 2,540 TRUE Passed 500 2,541 30 33.9 6-FLOW
J-294 1,399 TRUE Passed 500 1,400 30 43.2 J-692
J-296 6,369 TRUE Passed 500 6,370 30 30.4 J-292
J-297 6,530 TRUE Passed 500 6,531 30 40.6 J-292



J-298 8,780 TRUE Passed 500 8,781 30 40.6 J-692
J-299 9,893 TRUE Passed 500 9,894 30 37.7 J-343
J-300 4,185 TRUE Passed 500 4,186 30 29.9 J-301
J-301 3,356 TRUE Passed 500 3,357 30 40.4 J-300
J-302 3,790 TRUE Passed 500 3,791 30 30.6 J-303
J-303 3,104 TRUE Passed 500 3,105 30 39.3 J-302
J-304 5,637 TRUE Passed 500 5,638 30 36.6 J-302
J-305 5,849 TRUE Passed 500 5,850 30 25.1 J-306
J-306 2,416 TRUE Passed 500 2,417 30 43.1 J-692
J-307 7,969 TRUE Passed 500 7,970 30 30.7 J-306
J-308 6,996 TRUE Passed 500 6,997 30 40.2 J-320
J-309 3,655 TRUE Passed 500 3,656 30 43 J-692
J-310 3,476 TRUE Passed 500 3,477 30 43 J-692
J-311 3,966 TRUE Passed 500 3,967 30 40.6 J-309
J-312 3,899 TRUE Passed 500 3,900 30 42.9 J-692
J-313 4,422 TRUE Passed 500 4,423 30 42.7 J-692
J-314 3,266 TRUE Passed 500 3,267 30 43 J-692
J-315 2,629 TRUE Passed 500 2,630 30 43.1 J-692
J-316 4,524 TRUE Passed 500 4,526 30 42.8 J-692
J-317 3,331 TRUE Passed 500 3,332 30 43 J-692
J-318 6,669 TRUE Passed 500 6,670 30 34.4 J-319
J-319 6,373 TRUE Passed 500 6,374 30 35.1 J-321
J-320 6,416 TRUE Passed 500 6,417 30 34.6 J-319
J-321 3,282 TRUE Passed 500 3,283 30 43.1 J-692
J-322 3,494 TRUE Passed 500 3,495 30 42.1 J-323
J-323 3,079 TRUE Passed 500 3,081 30 42.5 J-250
J-324 4,164 TRUE Passed 500 4,165 30 43.1 J-692
J-325 10,000 TRUE Passed 500 10,001 41.8 34.8 J-97
J-326 10,000 TRUE Passed 500 10,001 43.1 36.2 J-97
J-327 7,053 TRUE Passed 500 7,054 30 41.6 J-692
J-328 10,000 TRUE Passed 500 10,001 44.2 36.9 J-97
J-329 10,000 TRUE Passed 500 10,001 33.5 36.4 J-97
J-330 1,728 TRUE Passed 500 1,729 30 43.2 J-692
J-331 6,077 TRUE Passed 500 6,078 30 31.6 J-330
J-332 6,390 TRUE Passed 500 6,391 30 41.8 J-692
J-333 4,572 TRUE Passed 500 4,573 30 42.5 J-692
J-334 7,933 TRUE Passed 500 7,934 30 33.5 J-226
J-336 6,674 TRUE Passed 500 6,675 30 40.8 J-215
J-338 7,334 TRUE Passed 500 7,335 30 36 J-339
J-339 6,280 TRUE Passed 500 6,281 30 36 J-215
J-340 10,000 TRUE Passed 500 10,001 35.6 34.2 J-97
J-341 7,650 TRUE Passed 500 7,651 30 37.1 J-306



J-342 4,037 TRUE Passed 500 4,038 30 42.9 J-692
J-343 7,392 TRUE Passed 500 7,393 30 41.7 J-692
J-345 4,901 TRUE Passed 500 4,902 30 42.6 J-692
J-346 3,650 TRUE Passed 500 3,651 30 42.9 J-692
J-347 10,000 TRUE Passed 500 10,001 51.4 39.6 J-692
J-348 10,000 TRUE Passed 500 10,001 53.3 39.5 J-692
J-349 10,000 TRUE Passed 500 10,001 48.5 39.4 J-692
J-350 10,000 TRUE Passed 500 10,001 46.7 39.4 J-692
J-351 8,801 TRUE Passed 500 8,802 30 40.3 J-692
J-352 9,101 TRUE Passed 500 9,102 30 39.2 J-365
J-353 9,692 TRUE Passed 500 9,693 30 38.4 J-352
J-354 10,000 TRUE Passed 500 10,001 36.6 39.6 J-692
J-355 9,044 TRUE Passed 500 9,045 30 40.3 J-692
J-356 8,480 TRUE Passed 500 8,481 30 35.9 J-365
J-357 10,000 TRUE Passed 500 10,001 48 37.8 J-97
J-358 10,000 TRUE Passed 500 10,001 34.6 37 J-360
J-359 10,000 TRUE Passed 500 10,001 32.9 29.6 J-360
J-360 1,514 TRUE Passed 500 1,515 30 43.2 J-692
J-361 8,636 TRUE Passed 500 8,637 30 40.5 J-692
J-362 10,000 TRUE Passed 500 10,001 50 39.3 J-692
J-363 8,171 TRUE Passed 500 8,172 30 38.4 J-364
J-364 7,268 TRUE Passed 500 7,269 30 39.1 J-366
J-365 7,687 TRUE Passed 500 7,688 30 40.8 J-364
J-366 7,090 TRUE Passed 500 7,091 30 39 J-364
J-367 8,818 TRUE Passed 500 8,820 30 37.3 J-398
J-368 5,988 TRUE Passed 500 5,989 30 42.1 J-692
J-369 8,893 TRUE Passed 500 8,894 30 40.4 J-692
J-370 10,000 TRUE Passed 500 10,001 37.1 36.3 J-360
J-371 4,088 TRUE Passed 500 4,089 30 22.8 J-692
J-371 10,000 TRUE Passed 500 10,001 35.7 39.5 J-692
J-372 7,104 TRUE Passed 500 7,105 30 41.4 J-692
J-373 10,000 TRUE Passed 500 10,001 52.6 39.2 J-692
J-374 10,000 TRUE Passed 500 10,001 52.9 39.1 J-692
J-375 10,000 TRUE Passed 500 10,001 50.4 39 J-692
J-376 8,161 TRUE Passed 500 8,162 30 40.5 J-692
J-377 10,000 TRUE Passed 500 10,001 57.2 39 J-692
J-378 10,000 TRUE Passed 500 10,001 46.3 39.1 J-692
J-379 10,000 TRUE Passed 500 10,001 49.5 39.1 J-692
J-380 6,790 TRUE Passed 500 6,791 30 41.4 J-692
J-382 7,349 TRUE Passed 500 7,350 30 41.2 J-692
J-383 6,726 TRUE Passed 500 6,727 30 41.6 J-692
J-384 7,044 TRUE Passed 500 7,045 30 41.3 J-692



J-385 9,483 TRUE Passed 500 9,484 30 38.8 J-429
J-386 10,000 TRUE Passed 500 10,001 31.5 38.3 J-1031
J-387 8,655 TRUE Passed 500 8,656 30 36.7 J-388
J-388 6,437 TRUE Passed 500 6,438 30 41.8 J-692
J-389 5,024 TRUE Passed 500 5,025 30 33.8 J-390
J-390 1,849 TRUE Passed 500 1,850 30 43.2 J-692
J-391 6,848 TRUE Passed 500 6,849 30 41.5 J-692
J-392 10,000 TRUE Passed 500 10,001 45.1 39 J-692
J-393 7,708 TRUE Passed 500 7,709 30 39.2 J-430
J-394 9,122 TRUE Passed 500 9,123 30 29.7 J-424
J-395 9,300 TRUE Passed 500 9,301 30 27.1 J-425
J-396 10,000 TRUE Passed 500 10,001 45.9 39 J-692
J-397 6,237 TRUE Passed 500 6,238 30 27.8 J-398
J-398 1,639 TRUE Passed 500 1,640 30 43.2 J-692
J-399 10,000 TRUE Passed 500 10,001 70.9 38.4 J-692
J-401 4,657 TRUE Passed 500 4,658 30 22.4 J-692
J-401 10,000 TRUE Passed 500 10,001 68.1 38.4 J-692
J-402 10,000 TRUE Passed 500 10,001 68.8 38.4 J-692
J-403 10,000 TRUE Passed 500 10,001 47.5 38.4 J-692
J-404 10,000 TRUE Passed 500 10,001 32.6 38 J-692
J-405 4,609 TRUE Passed 500 4,610 30 42.3 J-692
J-406 10,000 TRUE Passed 500 10,001 64.2 38.5 J-692
J-407 10,000 TRUE Passed 500 10,001 70.7 38.4 J-692
J-408 10,000 TRUE Passed 500 10,001 50.8 38.8 J-692
J-409 3,401 TRUE Passed 500 3,402 30 42.8 J-692
J-410 10,000 TRUE Passed 500 10,001 57.2 38.8 J-692
J-411 3,469 TRUE Passed 500 3,470 30 42.8 J-692
J-412 10,000 TRUE Passed 500 10,001 61.8 38.9 J-692
J-413 10,000 TRUE Passed 500 10,001 68.2 38.7 J-692
J-414 10,000 TRUE Passed 500 10,001 63.9 36.6 J-156
J-415 1,946 TRUE Passed 500 1,947 30 43 J-692
J-416 10,000 TRUE Passed 500 10,001 64.6 38.9 J-692
J-417 10,000 TRUE Passed 500 10,001 60.8 39 J-692
J-418 5,412 TRUE Passed 500 5,413 30 29.9 J-419
J-419 3,407 TRUE Passed 500 3,408 30 42.8 J-692
J-420 10,000 TRUE Passed 500 10,001 40.1 37.7 J-421
J-421 9,428 TRUE Passed 500 9,429 30 32.4 J-423
J-422 6,812 TRUE Passed 500 6,813 30 41.4 J-692
J-423 9,310 TRUE Passed 500 9,311 30 33.2 J-422
J-424 4,710 TRUE Passed 500 4,712 30 42.4 J-692
J-425 4,025 TRUE Passed 500 4,026 30 42.7 J-692
J-426 9,394 TRUE Passed 500 9,395 30 24.9 J-425



J-427 7,858 TRUE Passed 500 7,859 30 34.7 J-424
J-428 9,432 TRUE Passed 500 9,433 30 35.3 J-423
J-429 9,397 TRUE Passed 500 9,398 30 35.6 J-428
J-430 3,867 TRUE Passed 500 3,868 30 42.7 J-692
J-431 7,257 TRUE Passed 500 7,258 30 30.9 J-432
J-432 2,225 TRUE Passed 500 2,226 30 43.1 J-692
J-433 2,430 TRUE Passed 500 2,431 30 28.4 J-237
J-434 10,000 TRUE Passed 500 10,001 61.9 43.2 J-692
J-435 10,000 TRUE Passed 500 10,001 63.2 43.2 J-692
J-436 10,000 TRUE Passed 500 10,001 59.9 43.2 J-692
J-437 8,378 TRUE Passed 500 8,379 30 43.1 J-692
J-439 6,637 TRUE Passed 500 6,638 30 31.7 J-719
J-440 6,529 TRUE Passed 500 6,530 30 32.1 J-1780
J-442 7,627 TRUE Passed 500 7,629 30 27.5 J-443
J-443 2,071 TRUE Passed 500 2,072 30 43.3 J-692
J-445 8,888 TRUE Passed 500 8,889 30 31.4 J-455
J-447 6,078 TRUE Passed 500 6,079 30 27.3 J-450
J-448 4,834 TRUE Passed 500 4,835 30 40.2 J-450
J-449 5,767 TRUE Passed 500 5,768 30 23.5 J-450
J-450 3,923 TRUE Passed 500 3,924 30 43.1 J-692
J-451 5,579 TRUE Passed 500 5,580 30 35.4 J-452
J-452 5,086 TRUE Passed 500 5,087 30 31.8 J-458
J-453 4,709 TRUE Passed 500 4,710 30 40.1 J-454
J-454 4,531 TRUE Passed 500 4,532 30 43 J-692
J-455 6,076 TRUE Passed 500 6,077 30 38.3 J-454
J-456 6,117 TRUE Passed 500 6,118 30 37.5 J-455
J-457 4,870 TRUE Passed 500 4,871 30 40.3 J-452
J-458 2,809 TRUE Passed 500 2,810 30 43.2 J-692
J-459 2,738 TRUE Passed 500 2,739 30 33.4 J-463
J-460 3,771 TRUE Passed 500 3,772 30 33.7 J-459
J-461 1,546 TRUE Passed 500 1,547 30 29.4 J-463
J-462 1,359 TRUE Passed 500 1,360 30 37.5 J-463
J-463 1,243 TRUE Passed 500 1,244 30 42.6 J-461
J-464 4,929 TRUE Passed 500 4,930 30 38.5 J-457
J-465 5,085 TRUE Passed 500 5,086 30 36.7 J-464
J-466 5,391 TRUE Passed 500 5,393 30 37.9 J-465
J-467 6,091 TRUE Passed 500 6,092 30 29.1 J-460
J-468 6,016 TRUE Passed 500 6,017 30 33.9 J-459
J-469 6,599 TRUE Passed 500 6,600 30 35.6 J-474
J-470 8,004 TRUE Passed 500 8,005 30 41.3 J-692
J-471 10,000 TRUE Passed 500 10,001 42 38.7 J-556
J-472 6,774 TRUE Passed 500 6,775 30 41.5 J-473



J-473 6,190 TRUE Passed 500 6,192 30 36.9 J-475
J-474 5,717 TRUE Passed 500 5,718 30 42.6 J-692
J-475 5,292 TRUE Passed 500 5,293 30 41.2 J-478
J-476 2,220 TRUE Passed 500 2,221 30 41.4 J-477
J-477 2,249 TRUE Passed 500 2,250 30 39.3 J-476
J-478 5,225 TRUE Passed 500 5,226 30 40 J-475
J-479 5,358 TRUE Passed 500 5,359 30 40.1 J-478
J-480 5,689 TRUE Passed 500 5,690 30 38.1 J-479
J-481 6,039 TRUE Passed 500 6,040 30 36 J-480
J-482 3,107 TRUE Passed 500 3,108 30 25.8 J-485
J-483 1,908 TRUE Passed 500 1,909 30 28.8 J-485
J-484 1,754 TRUE Passed 500 1,755 30 34.1 J-485
J-485 1,423 TRUE Passed 500 1,424 30 43.3 J-692
J-486 9,119 TRUE Passed 500 9,120 30 41.9 1-FLOW
J-487 10,000 TRUE Passed 500 10,001 39.9 42.3 J-692
J-489 10,000 TRUE Passed 500 10,001 51.3 43 J-692
J-490 10,000 TRUE Passed 500 10,001 36.6 39.1 J-437
J-491 10,000 TRUE Passed 500 10,001 63.1 43.3 J-692
J-492 10,000 TRUE Passed 500 10,001 49.4 42.6 J-692
J-493 9,636 TRUE Passed 500 9,637 30 36.7 J-494
J-494 9,755 TRUE Passed 500 9,756 30 35.4 J-493
J-497 10,000 TRUE Passed 500 10,001 47.8 41.2 J-692
J-498 10,000 TRUE Passed 500 10,001 48.8 42.1 J-692
J-499 10,000 TRUE Passed 500 10,001 41.6 40.7 J-500
J-500 6,525 TRUE Passed 500 6,526 30 42.9 J-692
J-501 10,000 TRUE Passed 500 10,001 39.9 39.1 J-502
J-502 4,787 TRUE Passed 500 4,788 30 31.3 J-726
J-504 3,043 TRUE Passed 500 3,044 30 40.5 J-1334
J-505 3,757 TRUE Passed 500 3,758 30 42.5 J-554
J-507 4,209 TRUE Passed 500 4,210 30 33.1 J-508
J-508 4,211 TRUE Passed 500 4,212 30 34.1 J-507
J-509 4,958 TRUE Passed 500 4,959 30 31 J-508
J-510 5,566 TRUE Passed 500 5,567 30 32.6 J-513
J-511 2,221 TRUE Passed 500 2,222 30 37.9 J-513
J-513 2,264 TRUE Passed 500 2,265 30 37.6 J-514
J-514 2,558 TRUE Passed 500 2,559 30 29.3 J-513
J-516 4,912 TRUE Passed 500 4,913 30 38.5 J-508
J-517 5,372 TRUE Passed 500 5,373 30 30.4 J-549
J-518 4,873 TRUE Passed 500 4,874 30 26.2 J-549
J-519 5,261 TRUE Passed 500 5,262 30 29.8 J-508
J-520 4,451 TRUE Passed 500 4,452 30 32.9 J-521
J-521 3,658 TRUE Passed 500 3,659 30 37.2 J-603



J-522 3,826 TRUE Passed 500 3,827 30 27.5 J-603
J-523 4,180 TRUE Passed 500 4,181 30 27.8 J-603
J-524 4,038 TRUE Passed 500 4,039 30 29.9 J-521
J-525 4,496 TRUE Passed 500 4,497 30 31.8 J-521
J-526 4,343 TRUE Passed 500 4,344 30 33.9 J-521
J-527 4,426 TRUE Passed 500 4,427 30 32.9 J-528
J-528 4,093 TRUE Passed 500 4,094 30 35.8 J-610
J-529 4,319 TRUE Passed 500 4,320 30 37.3 J-613
J-530 4,347 TRUE Passed 500 4,348 30 38.8 J-596
J-531 2,759 TRUE Passed 500 2,760 30 43.1 J-692
J-532 2,980 TRUE Passed 500 2,981 30 43 J-692
J-533 8,066 TRUE Passed 500 8,067 30 32.5 J-532
J-534 9,000 TRUE Passed 500 9,001 30 29.7 J-535
J-535 8,345 TRUE Passed 500 8,346 30 30.9 J-536
J-536 7,472 TRUE Passed 500 7,473 30 37.2 J-535
J-537 8,589 TRUE Passed 500 8,590 30 36.3 J-647
J-538 9,225 TRUE Passed 500 9,226 30 37.8 J-648
J-539 10,000 TRUE Passed 500 10,001 33.7 34.7 J-538
J-540 2,971 TRUE Passed 500 2,972 30 43 J-692
J-541 3,212 TRUE Passed 500 3,213 30 43 J-692
J-542 6,533 TRUE Passed 500 6,534 30 41.9 J-692
J-543 8,905 TRUE Passed 500 8,906 30 35.6 J-542
J-544 9,989 TRUE Passed 500 9,990 30 34.2 J-546
J-545 5,368 TRUE Passed 500 5,369 30 29.6 J-546
J-546 2,041 TRUE Passed 500 2,042 30 43.2 J-692
J-547 5,003 TRUE Passed 500 5,004 30 30.7 J-548
J-548 1,768 TRUE Passed 500 1,769 30 43.2 J-692
J-549 1,616 TRUE Passed 500 1,617 30 43.2 J-692
J-550 4,318 TRUE Passed 500 4,319 30 29.7 J-552
J-551 2,861 TRUE Passed 500 2,862 30 43.1 J-692
J-552 2,300 TRUE Passed 500 2,301 30 43.2 J-692
J-553 3,790 TRUE Passed 500 3,791 30 29.9 J-554
J-554 2,467 TRUE Passed 500 2,469 30 43.2 J-692
J-555 10,000 TRUE Passed 500 10,001 35.5 37 J-556
J-556 3,967 TRUE Passed 500 3,968 30 42.9 J-692
J-557 3,500 TRUE Passed 500 3,501 30 30.9 J-558
J-558 1,765 TRUE Passed 500 1,766 30 43.2 J-692
J-559 10,000 TRUE Passed 500 10,001 39.3 40.6 J-692
J-560 10,000 TRUE Passed 500 10,001 47.3 41 J-692
J-561 3,638 TRUE Passed 500 3,639 30 42.9 J-692
J-562 10,000 TRUE Passed 500 10,001 35.2 39.1 J-556
J-563 2,799 TRUE Passed 500 2,800 30 43 J-692



J-564 10,000 TRUE Passed 500 10,001 38.6 38.7 J-692
J-565 10,000 TRUE Passed 500 10,001 39.9 39.5 J-692
J-566 8,408 TRUE Passed 500 8,409 30 39.7 J-692
J-567 10,000 TRUE Passed 500 10,001 36 38.2 J-692
J-568 10,000 TRUE Passed 500 10,001 34.7 36.2 J-692
J-569 8,256 TRUE Passed 500 8,257 30 38.3 J-692
J-570 7,149 TRUE Passed 500 7,150 30 39.9 J-692
J-571 8,622 TRUE Passed 500 8,623 30 37.1 J-692
J-572 10,000 TRUE Passed 500 10,001 48.3 33.8 J-574
J-573 10,000 TRUE Passed 500 10,001 30.6 20.1 J-692
J-574 9,946 TRUE Passed 500 9,947 30 34 J-571
J-576 10,000 TRUE Passed 500 10,001 41.6 37.6 J-692
J-577 10,000 TRUE Passed 500 10,001 39.7 38.1 J-692
J-578 3,142 TRUE Passed 500 3,143 30 42.9 J-692
J-579 4,194 TRUE Passed 500 4,195 30 42.6 J-692
J-580 4,256 TRUE Passed 500 4,257 30 42.7 J-692
J-581 4,022 TRUE Passed 500 4,023 30 42.7 J-692
J-582 6,420 TRUE Passed 500 6,422 30 39.6 J-581
J-583 6,953 TRUE Passed 500 6,954 30 41.4 J-692
J-584 7,903 TRUE Passed 500 7,904 30 37.2 J-585
J-585 6,021 TRUE Passed 500 6,022 30 39 J-587
J-587 5,574 TRUE Passed 500 5,575 30 38.6 J-588
J-588 5,203 TRUE Passed 500 5,204 30 42.3 J-692
J-589 5,364 TRUE Passed 500 5,365 30 39.2 J-588
J-590 6,824 TRUE Passed 500 6,825 30 28.6 J-591
J-591 6,243 TRUE Passed 500 6,244 30 36.2 J-590
J-592 5,965 TRUE Passed 500 5,966 30 36.3 J-596
J-593 4,345 TRUE Passed 500 4,346 30 36.3 J-596
J-594 4,218 TRUE Passed 500 4,219 30 26.1 J-596
J-595 3,411 TRUE Passed 500 3,412 30 27.1 J-596
J-596 2,861 TRUE Passed 500 2,862 30 35.1 J-597
J-597 2,973 TRUE Passed 500 2,974 30 31.5 J-596
J-598 3,059 TRUE Passed 500 3,060 30 32 J-597
J-599 3,252 TRUE Passed 500 3,253 30 31.3 J-1549
J-601 2,857 TRUE Passed 500 2,858 30 34.6 J-1549
J-602 4,132 TRUE Passed 500 4,133 30 31.9 J-1549
J-603 2,169 TRUE Passed 500 2,170 30 43.1 J-692
J-604 4,145 TRUE Passed 500 4,146 30 30.6 J-596
J-605 3,037 TRUE Passed 500 3,039 30 31 J-596
J-606 3,147 TRUE Passed 500 3,148 30 29.7 J-596
J-607 3,990 TRUE Passed 500 3,991 30 31.4 J-596
J-608 4,120 TRUE Passed 500 4,121 30 31.5 J-596



J-609 4,196 TRUE Passed 500 4,197 30 31.5 J-596
J-610 4,105 TRUE Passed 500 4,106 30 34.4 J-596
J-611 4,415 TRUE Passed 500 4,416 30 28.6 J-596
J-612 3,892 TRUE Passed 500 3,893 30 36 J-596
J-613 4,023 TRUE Passed 500 4,024 30 39.1 J-596
J-614 6,181 TRUE Passed 500 6,182 30 34.8 J-596
J-615 6,477 TRUE Passed 500 6,478 30 30.5 J-614
J-616 6,629 TRUE Passed 500 6,630 30 32.3 J-615
J-617 6,557 TRUE Passed 500 6,558 30 41 3-FLOW
J-620 7,553 TRUE Passed 500 7,554 30 29 J-617
J-621 9,315 TRUE Passed 500 9,316 30 29 J-617
J-622 8,902 TRUE Passed 500 8,903 30 33.5 J-626
J-623 9,025 TRUE Passed 500 9,026 30 35.8 J-617
J-625 10,000 TRUE Passed 500 10,001 30 28.8 J-623
J-626 8,719 TRUE Passed 500 8,720 30 33.8 J-627
J-627 8,655 TRUE Passed 500 8,656 30 35.4 J-628
J-628 8,886 TRUE Passed 500 8,887 30 33.9 J-627
J-629 9,380 TRUE Passed 500 9,381 30 32 J-628
J-630 9,600 TRUE Passed 500 9,601 30 32.4 J-629
J-631 9,680 TRUE Passed 500 9,681 30 36.5 J-630
J-632 5,092 TRUE Passed 500 5,093 30 30 J-633
J-633 3,005 TRUE Passed 500 3,006 30 42.9 J-692
J-634 7,986 TRUE Passed 500 7,987 30 30.8 J-633
J-636 10,000 TRUE Passed 500 10,001 32.5 36.1 J-631
J-637 3,663 TRUE Passed 500 3,664 30 42.8 J-692
J-638 10,000 TRUE Passed 500 10,001 35.4 38.6 J-539
J-639 10,000 TRUE Passed 500 10,001 41.3 38.5 J-692
J-640 10,000 TRUE Passed 500 10,001 37.9 38.4 J-692
J-641 5,466 TRUE Passed 500 5,467 30 42 J-692
J-642 3,928 TRUE Passed 500 3,929 30 42.7 J-692
J-643 2,982 TRUE Passed 500 2,983 30 43 J-692
J-644 5,187 TRUE Passed 500 5,188 30 38.1 J-645
J-645 2,585 TRUE Passed 500 2,586 30 43.1 J-692
J-646 7,240 TRUE Passed 500 7,241 30 40.3 J-648
J-647 4,681 TRUE Passed 500 4,682 30 42.6 J-692
J-648 2,822 TRUE Passed 500 2,823 30 43 J-692
J-649 3,555 TRUE Passed 500 3,556 30 29.8 J-650
J-650 1,776 TRUE Passed 500 1,777 30 43.2 J-692
J-651 7,713 TRUE Passed 500 7,714 30 29.4 J-652
J-652 2,919 TRUE Passed 500 2,921 30 43 J-692
J-655 7,203 TRUE Passed 500 7,204 30 31.6 J-656
J-656 3,427 TRUE Passed 500 3,428 30 42.9 J-692



J-657 10,000 TRUE Passed 500 10,001 39.4 38.3 J-692
J-659 10,000 TRUE Passed 500 10,001 42.9 37.3 J-692
J-659 10,000 TRUE Passed 500 10,001 44.5 38 J-692
J-660 10,000 TRUE Passed 500 10,001 45.7 38 J-692
J-661 802 TRUE Passed 500 806 30 43.2 J-692
J-662 10,000 TRUE Passed 500 10,001 58.5 38.3 J-692
J-663 10,000 TRUE Passed 500 10,001 49.7 38.3 J-692
J-664 10,000 TRUE Passed 500 10,001 37.9 38.3 J-692
J-665 10,000 TRUE Passed 500 10,001 40.1 38.4 J-692
J-666 10,000 TRUE Passed 500 10,001 42.4 42.5 J-692
J-667 8,726 TRUE Passed 500 8,727 30 34.9 J-25
J-668 10,000 TRUE Passed 500 10,001 48.6 42.8 J-692
J-669 3,942 TRUE Passed 500 3,943 30 40.2 J-21
J-670 4,467 TRUE Passed 500 4,468 30 33.3 J-21
J-673 10,000 TRUE Passed 500 10,001 46.1 37.8 J-692
J-674 4,175 TRUE Passed 500 4,176 30 42.4 J-692
J-675 3,871 TRUE Passed 500 3,872 30 42.7 J-692
J-676 5,483 TRUE Passed 500 5,484 30 31 J-675
J-677 2,368 TRUE Passed 500 2,369 30 29.3 J-678
J-678 1,760 TRUE Passed 500 1,761 30 43.2 J-692
J-680 5,073 TRUE Passed 500 5,073 30 16.6 J-692
J-682 4,998 TRUE Passed 500 4,998 30 17.7 J-692
J-685 2,437 TRUE Passed 500 2,462 30 26.7 J-692
J-686 5,174 TRUE Passed 500 5,224 30 10.7 J-692
J-687 5,426 TRUE Passed 500 5,451 30 29.4 J-692
J-689 8,003 TRUE Passed 500 8,028 30 22.6 J-692
J-690 7,731 TRUE Passed 500 7,756 30 16 J-692
J-691 6,929 TRUE Passed 500 6,954 30 7 J-692
J-692 1,718 TRUE Passed 500 1,718 30 32.4 J-695
J-693 4,258 TRUE Passed 500 4,283 30 19.5 J-692
J-694 5,160 TRUE Passed 500 5,185 30 9.8 J-692
J-695 1,922 TRUE Passed 500 1,947 30 29.7 J-692
J-696 2,870 TRUE Passed 500 2,875 30 25.4 J-692
J-697 7,151 TRUE Passed 500 7,151 30 0.3 J-692
J-698 5,593 TRUE Passed 500 5,618 30 29.6 J-692
J-699 10,000 TRUE Passed 500 10,025 33.7 13.4 J-692
J-700 6,795 TRUE Passed 500 6,820 30 24.8 J-692
J-702 5,800 TRUE Passed 500 5,800 30 15.3 J-692
J-719 4,452 TRUE Passed 500 4,452 30 39.8 J-724
J-724 4,288 TRUE Passed 500 4,288 30 34.2 J-1780
J-726 3,996 TRUE Passed 500 3,996 30 31.6 J-504
J-727 7,621 TRUE Passed 500 7,621 30 43.1 J-692



J-731 5,442 TRUE Passed 500 5,443 30 41.3 J-260
J-904 6,788 TRUE Passed 500 6,789 30 41.8 J-692
J-1031 9,683 TRUE Passed 500 9,684 30 38.5 J-385
J-1082 10,000 TRUE Passed 500 10,001 64.3 38.3 J-692
J-1184 9,077 TRUE Passed 500 9,078 30 37.8 J-439
J-1201 8,009 TRUE Passed 500 8,010 30 26.4 J-455
J-1296 10,000 TRUE Passed 500 10,001 43.8 42.5 J-692
J-1334 3,715 TRUE Passed 500 3,716 30 29.9 J-504
J-1340 3,843 TRUE Passed 500 3,844 30 39.9 J-508
J-1549 2,888 TRUE Passed 500 2,889 30 35.5 J-601
J-1642 9,022 TRUE Passed 500 9,023 30 39.4 J-692
J-1704 10,000 TRUE Passed 500 10,001 47.6 37.5 J-692
J-1780 4,369 TRUE Passed 500 4,369 30 32.5 J-724
J-1806 3,664 TRUE Passed 500 3,664 30 24 J-692

Scenario 7: 12-Inch North Expansion
Note: Minimum residual pressure was lowered to 24 psi so that fire flow scenarios could be run.
1-FLOW 9,379 TRUE Passed 500 9,380 24 19.2 J-692
1-RES 3,308 TRUE Passed 500 3,311 24 23.6 J-692
2-FLOW 8,636 TRUE Passed 500 8,637 24 20.3 J-692
2-RES 4,485 TRUE Passed 500 4,486 24 23.1 J-692
3-FLOW 3,029 TRUE Passed 500 3,030 24 22.9 J-692
3-RES 2,584 TRUE Passed 500 2,585 24 23.3 J-692
4-FLOW 3,658 TRUE Passed 500 3,659 24 22.7 J-692
4-RES 2,644 TRUE Passed 500 2,645 24 23.5 J-692
5-FLOW 4,038 TRUE Passed 500 4,039 24 19.2 J-692
5-RES 2,084 TRUE Passed 500 2,085 24 22.7 J-692
6-FLOW 2,153 TRUE Passed 500 2,154 24 23.7 J-692
6-RES 1,397 TRUE Passed 500 1,398 24 24.2 J-692
7-FLOW 2,364 TRUE Passed 500 2,365 24 21.8 J-692
7-RES 2,122 TRUE Passed 500 2,123 24 22.3 J-692
J-1 5,785 TRUE Passed 500 5,786 24 15.7 J-692
J-2 7,960 TRUE Passed 500 7,961 24 12 J-692
J-3 8,588 TRUE Passed 500 8,589 24 12.7 J-692
J-11 9,116 TRUE Passed 500 9,117 24 12.6 J-692
J-12 8,801 TRUE Passed 500 8,802 24 11.6 J-692
J-13 5,196 TRUE Passed 500 5,197 24 18.4 J-692
J-14 4,179 TRUE Passed 500 4,180 24 20.2 J-692
J-15 8,177 TRUE Passed 500 8,178 24 12 J-692
J-17 6,433 TRUE Passed 500 6,434 24 15.8 J-692
J-18 10,000 TRUE Passed 500 10,001 58.5 22.2 J-692
J-19 10,000 TRUE Passed 500 10,001 25.1 15.8 J-692
J-20 4,521 TRUE Passed 500 4,522 24 21.9 J-692



J-21 4,625 TRUE Passed 500 4,626 24 21.9 J-692
J-22 2,213 TRUE Passed 500 2,214 24 23.8 J-692
J-23 4,078 TRUE Passed 500 4,079 24 22.3 J-692
J-24 2,078 TRUE Passed 500 2,079 24 23.8 J-692
J-25 3,630 TRUE Passed 500 3,631 24 22.7 J-692
J-26 2,006 TRUE Passed 500 2,007 24 23.8 J-692
J-27 3,735 TRUE Passed 500 3,736 24 22.5 J-692
J-28 2,308 TRUE Passed 500 2,309 24 23.6 J-692
J-29 4,061 TRUE Passed 500 4,062 24 22.1 J-692
J-30 7,080 TRUE Passed 500 7,081 24 17.9 J-692
J-31 2,855 TRUE Passed 500 2,856 24 22.1 J-692
J-33 3,132 TRUE Passed 500 3,133 24 21.7 J-692
J-34 3,059 TRUE Passed 500 3,060 24 21.8 J-692
J-35 3,784 TRUE Passed 500 3,785 24 20.7 J-692
J-36 5,145 TRUE Passed 500 5,146 24 18.1 J-692
J-37 5,742 TRUE Passed 500 5,743 24 17.5 J-692
J-38 5,380 TRUE Passed 500 5,381 24 17.1 J-692
J-39 4,717 TRUE Passed 500 4,718 24 19.1 J-692
J-40 4,641 TRUE Passed 500 4,642 24 19.1 J-692
J-41 5,441 TRUE Passed 500 5,442 24 17 J-692
J-42 3,297 TRUE Passed 500 3,298 24 20.9 J-692
J-43 4,649 TRUE Passed 500 4,651 24 18.1 J-692
J-44 2,461 TRUE Passed 500 2,462 24 22.3 J-692
J-45 2,621 TRUE Passed 500 2,622 24 22 J-692
J-46 3,375 TRUE Passed 500 3,376 24 20.7 J-692
J-47 2,219 TRUE Passed 500 2,220 24 22.6 J-692
J-48 2,913 TRUE Passed 500 2,914 24 21.2 J-47
J-49 3,415 TRUE Passed 500 3,416 24 20.7 J-692
J-50 2,634 TRUE Passed 500 2,635 24 22 J-692
J-51 1,144 TRUE Passed 500 1,145 24 23.9 J-692
J-52 2,807 TRUE Passed 500 2,808 24 20.7 J-51
J-53 2,370 TRUE Passed 500 2,371 24 22.3 J-692
J-54 2,552 TRUE Passed 500 2,553 24 22 J-692
J-55 2,076 TRUE Passed 500 2,077 24 22.7 J-692
J-56 2,413 TRUE Passed 500 2,414 24 22.2 J-692
J-57 2,329 TRUE Passed 500 2,330 24 22.4 J-692
J-58 2,560 TRUE Passed 500 2,561 24 22 J-692
J-59 2,895 TRUE Passed 500 2,896 24 21.4 J-692
J-60 2,659 TRUE Passed 500 2,660 24 21.8 J-692
J-61 4,215 TRUE Passed 500 4,216 24 18.9 J-692
J-64 4,144 TRUE Passed 500 4,145 24 18.8 J-692
J-65 4,215 TRUE Passed 500 4,216 24 18.9 J-692



J-66 5,248 TRUE Passed 500 5,249 24 16.9 J-692
J-67 4,698 TRUE Passed 500 4,699 24 18 J-692
J-68 5,016 TRUE Passed 500 5,017 24 17.4 J-692
J-69 2,769 TRUE Passed 500 2,770 24 21.9 J-692
J-70 4,076 TRUE Passed 500 4,077 24 19.5 J-692
J-71 3,428 TRUE Passed 500 3,429 24 20.8 J-692
J-72 3,412 TRUE Passed 500 3,413 24 20.8 J-692
J-73 1,314 TRUE Passed 500 1,315 24 23.8 J-692
J-74 3,384 TRUE Passed 500 3,385 24 20.9 J-692
J-75 5,227 TRUE Passed 500 5,228 24 17.2 J-692
J-76 4,935 TRUE Passed 500 4,936 24 17.7 J-692
J-77 4,794 TRUE Passed 500 4,795 24 17.8 J-692
J-78 5,434 TRUE Passed 500 5,435 24 16.9 J-692
J-79 4,478 TRUE Passed 500 4,479 24 19 J-692
J-80 5,015 TRUE Passed 500 5,016 24 17.9 J-692
J-81 5,273 TRUE Passed 500 5,274 24 17.1 J-692
J-82 6,054 TRUE Passed 500 6,055 24 15.8 J-692
J-83 6,199 TRUE Passed 500 6,200 24 15.4 J-692
J-84 6,200 TRUE Passed 500 6,201 24 15.4 J-692
J-85 5,708 TRUE Passed 500 5,709 24 16.4 J-692
J-86 5,390 TRUE Passed 500 5,391 24 17 J-692
J-87 4,718 TRUE Passed 500 4,719 24 18.6 J-692
J-88 4,119 TRUE Passed 500 4,120 24 19.8 J-692
J-89 5,242 TRUE Passed 500 5,243 24 17.3 J-692
J-90 3,909 TRUE Passed 500 3,910 24 20.1 J-692
J-91 1,863 TRUE Passed 500 1,864 24 23.2 J-692
J-92 6,443 TRUE Passed 500 6,444 24 13.7 J-692
J-93 5,234 TRUE Passed 500 5,235 24 17 J-692
J-94 6,409 TRUE Passed 500 6,410 24 13.9 J-692
J-95 7,511 TRUE Passed 500 7,512 24 12.8 J-692
J-96 6,296 TRUE Passed 500 6,297 24 14.7 J-692
J-97 6,506 TRUE Passed 500 6,507 24 13.5 J-692
J-98 6,673 TRUE Passed 500 6,674 24 12.6 J-692
J-99 3,725 TRUE Passed 500 3,726 24 15.8 J-692
J-100 5,392 TRUE Passed 500 5,393 24 8.2 J-692
J-101 3,425 TRUE Passed 500 3,426 24 16.7 J-692
J-102 5,513 TRUE Passed 500 5,514 24 7 J-692
J-103 5,003 TRUE Passed 500 5,004 24 6.5 J-692
J-104 4,306 TRUE Passed 500 4,307 24 10.3 J-692
J-105 5,117 TRUE Passed 500 5,118 24 5.2 J-692
J-106 4,877 TRUE Passed 500 4,878 24 6.8 J-692
J-107 4,589 TRUE Passed 500 4,590 24 8.8 J-692



J-108 4,932 TRUE Passed 500 4,933 24 6.5 J-692
J-109 4,916 TRUE Passed 500 4,917 24 6.6 J-692
J-110 4,620 TRUE Passed 500 4,621 24 8.8 J-692
J-111 4,182 TRUE Passed 500 4,183 24 11.3 J-692
J-112 3,702 TRUE Passed 500 3,703 24 13.9 J-692
J-113 3,181 TRUE Passed 500 3,182 24 16.2 J-692
J-114 2,915 TRUE Passed 500 2,916 24 17.1 J-692
J-115 3,533 TRUE Passed 500 3,534 24 14.2 J-692
J-116 2,713 TRUE Passed 500 2,715 24 17.9 J-692
J-117 3,201 TRUE Passed 500 3,202 24 15.7 J-692
J-118 2,126 TRUE Passed 500 2,127 24 23 J-692
J-118 2,842 TRUE Passed 500 2,843 24 17.2 J-692
J-119 3,322 TRUE Passed 500 3,323 24 15.1 J-692
J-121 2,529 TRUE Passed 500 2,530 24 18.4 J-692
J-122 3,415 TRUE Passed 500 3,416 24 14.4 J-692
J-123 4,505 TRUE Passed 500 4,530 29.1 0 J-692
J-124 5,124 TRUE Passed 500 5,125 24 2.8 J-692
J-125 3,342 TRUE Passed 500 3,343 24 13.4 J-692
J-126 4,272 TRUE Passed 500 4,273 24 7.9 J-692
J-127 3,379 TRUE Passed 500 3,381 24 13.4 J-692
J-128 1,340 TRUE Passed 500 1,341 24 22.2 J-692
J-129 3,079 TRUE Passed 500 3,080 24 15.1 J-692
J-130 3,119 TRUE Passed 500 3,120 24 15 J-692
J-133 3,125 TRUE Passed 500 3,126 24 15.1 J-692
J-134 2,569 TRUE Passed 500 2,570 24 17.8 J-692
J-135 2,844 TRUE Passed 500 2,845 24 16.6 J-692
J-136 3,188 TRUE Passed 500 3,189 24 14.9 J-692
J-137 3,388 TRUE Passed 500 3,389 24 13.9 J-692
J-138 3,755 TRUE Passed 500 3,756 24 11.9 J-692
J-139 5,095 TRUE Passed 500 5,096 24 6.8 J-692
J-140 3,180 TRUE Passed 500 3,181 24 16.4 J-692
J-141 3,485 TRUE Passed 500 3,486 24 15 J-692
J-142 4,712 TRUE Passed 500 4,713 24 7.9 J-692
J-143 5,530 TRUE Passed 500 5,531 24 2.7 J-692
J-144 5,457 TRUE Passed 500 5,458 24 2.1 J-692
J-145 3,647 TRUE Passed 500 3,648 24 13.3 J-692
J-146 5,539 TRUE Passed 500 5,540 24 2 J-692
J-147 5,398 TRUE Passed 500 5,399 24 3.1 J-692
J-148 5,653 TRUE Passed 500 5,654 24 2.3 J-692
J-149 5,895 TRUE Passed 500 5,896 24 4.1 J-692
J-150 5,638 TRUE Passed 500 5,639 24 7.6 J-692
J-151 5,618 TRUE Passed 500 5,619 24 4.8 J-692



J-152 2,820 TRUE Passed 500 2,821 24 19.6 J-692
J-153 5,956 TRUE Passed 500 5,957 24 7.1 J-692
J-154 5,663 TRUE Passed 500 5,664 24 8.7 J-692
J-155 3,486 TRUE Passed 500 3,487 24 19.3 J-692
J-156 3,461 TRUE Passed 500 3,462 24 19.7 J-692
J-157 3,700 TRUE Passed 500 3,701 24 18.8 J-692
J-158 2,977 TRUE Passed 500 2,978 24 19.4 J-692
J-159 4,115 TRUE Passed 500 4,116 24 15.7 J-692
J-160 4,314 TRUE Passed 500 4,315 24 14.6 J-692
J-161 4,298 TRUE Passed 500 4,299 24 14.5 J-692
J-162 4,343 TRUE Passed 500 4,344 24 14.4 J-692
J-163 3,799 TRUE Passed 500 3,800 24 16.2 J-692
J-164 4,120 TRUE Passed 500 4,121 24 15 J-692
J-165 4,482 TRUE Passed 500 4,483 24 13.5 J-692
J-166 5,950 TRUE Passed 500 5,951 24 3.1 J-692
J-167 2,542 TRUE Passed 500 2,543 24 20.2 J-692
J-168 3,146 TRUE Passed 500 3,147 24 18.4 J-692
J-169 3,945 TRUE Passed 500 3,946 24 15.7 J-692
J-170 5,568 TRUE Passed 500 5,569 24 4.9 J-692
J-171 2,583 TRUE Passed 500 2,584 24 19.2 J-692
J-172 4,959 TRUE Passed 500 4,960 24 4.8 J-692
J-173 3,783 TRUE Passed 500 3,784 24 12.1 J-692
J-174 3,857 TRUE Passed 500 3,858 24 11.7 J-692
J-175 4,630 TRUE Passed 500 4,631 24 6.9 J-692
J-176 3,695 TRUE Passed 500 3,696 24 12.5 J-692
J-177 2,496 TRUE Passed 500 2,497 24 18.3 J-692
J-178 3,140 TRUE Passed 500 3,141 24 15.4 J-692
J-179 1,231 TRUE Passed 500 1,232 24 22.6 J-692
J-180 1,562 TRUE Passed 500 1,563 24 21.4 J-692
J-181 3,376 TRUE Passed 500 3,377 24 14.2 J-692
J-183 10,000 TRUE Passed 500 10,001 31.8 3.9 J-692
J-184 779 TRUE Passed 500 780 24 24.3 J-692
J-185 7,695 TRUE Passed 500 7,696 24 11.1 J-692
J-186 5,330 TRUE Passed 500 5,331 24 17.3 J-692
J-187 5,569 TRUE Passed 500 5,570 24 16.4 J-692
J-188 4,208 TRUE Passed 500 4,209 24 19.4 J-692
J-189 5,331 TRUE Passed 500 5,332 24 16.4 J-692
J-190 5,372 TRUE Passed 500 5,373 24 16.5 J-692
J-191 4,586 TRUE Passed 500 4,587 24 18.2 J-692
J-192 3,993 TRUE Passed 500 3,994 24 19.2 J-692
J-193 3,933 TRUE Passed 500 3,934 24 18.7 J-692
J-194 3,327 TRUE Passed 500 3,328 24 19.8 J-692



J-195 2,587 TRUE Passed 500 2,588 24 21.4 J-692
J-196 2,141 TRUE Passed 500 2,142 24 22.2 J-692
J-197 2,317 TRUE Passed 500 2,318 24 21.9 J-692
J-200 5,269 TRUE Passed 500 5,270 24 16.8 J-692
J-201 4,634 TRUE Passed 500 4,635 24 18.3 J-692
J-202 5,102 TRUE Passed 500 5,103 24 17.2 J-692
J-203 5,074 TRUE Passed 500 5,075 24 17.4 J-692
J-204 3,889 TRUE Passed 500 3,890 24 19.9 J-692
J-205 3,158 TRUE Passed 500 3,159 24 21.2 J-692
J-206 4,257 TRUE Passed 500 4,258 24 19.1 J-692
J-207 3,499 TRUE Passed 500 3,500 24 20.6 J-692
J-208 5,716 TRUE Passed 500 5,717 24 16.1 J-692
J-209 4,325 TRUE Passed 500 4,326 24 19.2 J-692
J-210 7,445 TRUE Passed 500 7,446 24 12.9 J-692
J-211 6,269 TRUE Passed 500 6,270 24 16.9 J-692
J-212 5,001 TRUE Passed 500 5,002 24 19.3 J-692
J-213 3,844 TRUE Passed 500 3,845 24 21.2 J-692
J-214 3,019 TRUE Passed 500 3,020 24 22.3 J-692
J-215 2,519 TRUE Passed 500 2,520 24 22.9 J-692
J-216 882 TRUE Passed 500 883 24 24.4 J-692
J-217 3,638 TRUE Passed 500 3,640 24 21.5 J-692
J-218 2,018 TRUE Passed 500 2,019 24 23.4 J-692
J-219 4,432 TRUE Passed 500 4,433 24 20.3 J-692
J-220 2,105 TRUE Passed 500 2,106 24 23.3 J-692
J-221 2,523 TRUE Passed 500 2,524 24 22.9 J-692
J-222 4,913 TRUE Passed 500 4,914 24 19.6 J-692
J-223 5,424 TRUE Passed 500 5,425 24 18.7 J-692
J-224 6,312 TRUE Passed 500 6,313 24 17.1 J-692
J-225 6,541 TRUE Passed 500 6,542 24 16.7 J-692
J-226 8,378 TRUE Passed 500 8,379 24 12.5 J-692
J-227 6,861 TRUE Passed 500 6,862 24 13.6 J-692
J-228 5,475 TRUE Passed 500 5,476 24 16.8 J-692
J-229 5,379 TRUE Passed 500 5,380 24 17.1 J-692
J-230 3,183 TRUE Passed 500 3,184 24 21.5 J-692
J-231 4,965 TRUE Passed 500 4,966 24 18.1 J-692
J-232 5,525 TRUE Passed 500 5,526 24 17.1 J-692
J-233 7,214 TRUE Passed 500 7,215 24 13.4 J-692
J-234 10,000 TRUE Passed 500 10,001 44.7 5.6 J-692
J-235 10,000 TRUE Passed 500 10,001 52.7 6.7 J-692
J-236 2,589 TRUE Passed 500 2,590 24 21.3 J-692
J-237 2,154 TRUE Passed 500 2,155 24 22.2 J-692
J-238 1,181 TRUE Passed 500 1,182 24 23.7 J-692



J-239 10,000 TRUE Passed 500 10,001 31.4 9.6 J-692
J-240 10,000 TRUE Passed 500 10,001 29.9 9.7 J-692
J-241 8,900 TRUE Passed 500 8,901 24 13.7 J-692
J-242 8,663 TRUE Passed 500 8,664 24 16.4 J-692
J-243 10,000 TRUE Passed 500 10,001 26.2 13.1 J-692
J-244 5,705 TRUE Passed 500 5,706 24 19.8 J-692
J-245 10,000 TRUE Passed 500 10,001 28 14.4 J-692
J-246 9,757 TRUE Passed 500 9,758 24 18.1 J-692
J-247 10,000 TRUE Passed 500 10,001 40.5 15.8 J-692
J-248 7,764 TRUE Passed 500 7,765 24 18 J-692
J-249 2,654 TRUE Passed 500 2,655 24 23.1 J-250
J-250 1,454 TRUE Passed 500 1,455 24 24.3 J-692
J-251 8,025 TRUE Passed 500 8,026 24 17.7 J-692
J-252 7,947 TRUE Passed 500 7,948 24 18.1 J-692
J-253 3,429 TRUE Passed 500 3,430 24 23.1 J-692
J-254 8,587 TRUE Passed 500 8,588 24 16.8 J-692
J-255 7,887 TRUE Passed 500 7,888 24 17.9 J-692
J-256 4,545 TRUE Passed 500 4,546 24 21.9 J-692
J-257 7,834 TRUE Passed 500 7,835 24 17.9 J-692
J-258 7,799 TRUE Passed 500 7,800 24 17.8 J-692
J-259 4,835 TRUE Passed 500 4,836 24 21.6 J-692
J-260 6,887 TRUE Passed 500 6,888 24 19.1 J-692
J-262 7,946 TRUE Passed 500 7,947 24 18 J-692
J-263 4,645 TRUE Passed 500 4,646 24 21.8 J-692
J-264 8,479 TRUE Passed 500 8,480 24 17.5 J-692
J-265 4,354 TRUE Passed 500 4,355 24 22.1 J-692
J-266 3,057 TRUE Passed 500 3,058 24 23.2 J-692
J-267 6,703 TRUE Passed 500 6,704 24 19.4 J-692
J-268 5,889 TRUE Passed 500 5,890 24 20.5 J-692
J-269 6,855 TRUE Passed 500 6,856 24 19.2 J-692
J-270 8,365 TRUE Passed 500 8,366 24 16.9 J-692
J-271 7,115 TRUE Passed 500 7,116 24 18.8 J-692
J-272 7,159 TRUE Passed 500 7,160 24 18.4 J-692
J-273 5,431 TRUE Passed 500 5,432 24 20.6 J-692
J-274 5,009 TRUE Passed 500 5,010 24 21.1 J-692
J-275 6,776 TRUE Passed 500 6,777 24 18.7 J-692
J-276 6,548 TRUE Passed 500 6,549 24 19.2 J-692
J-277 6,600 TRUE Passed 500 6,601 24 18.8 J-692
J-278 4,849 TRUE Passed 500 4,850 24 21.1 J-692
J-279 4,294 TRUE Passed 500 4,295 24 21.7 J-692
J-280 1,579 TRUE Passed 500 1,580 24 24.1 J-692
J-281 3,512 TRUE Passed 500 3,513 24 22.5 J-692



J-282 3,340 TRUE Passed 500 3,341 24 22.7 J-692
J-283 2,649 TRUE Passed 500 2,650 24 23.3 J-692
J-284 1,516 TRUE Passed 500 1,517 24 24.2 J-692
J-285 2,239 TRUE Passed 500 2,240 24 23.7 J-692
J-286 4,748 TRUE Passed 500 4,749 24 21.1 J-692
J-287 3,864 TRUE Passed 500 3,865 24 21.4 J-292
J-288 2,245 TRUE Passed 500 2,246 24 23.6 J-692
J-289 2,535 TRUE Passed 500 2,536 24 23.1 J-290
J-290 2,339 TRUE Passed 500 2,340 24 23.5 J-692
J-291 1,259 TRUE Passed 500 1,260 24 24.3 J-692
J-292 2,778 TRUE Passed 500 2,779 24 23.2 J-692
J-294 1,516 TRUE Passed 500 1,517 24 24.1 J-692
J-296 6,734 TRUE Passed 500 6,735 24 18.1 J-692
J-297 6,851 TRUE Passed 500 6,852 24 17.6 J-692
J-298 9,108 TRUE Passed 500 9,109 24 12.9 J-692
J-299 10,000 TRUE Passed 500 10,001 25.7 11.1 J-692
J-300 4,481 TRUE Passed 500 4,482 24 21.4 J-692
J-301 3,612 TRUE Passed 500 3,613 24 22.3 J-692
J-302 4,081 TRUE Passed 500 4,082 24 21.9 J-692
J-303 3,351 TRUE Passed 500 3,352 24 22.7 J-692
J-304 6,029 TRUE Passed 500 6,030 24 19.4 J-692
J-305 6,179 TRUE Passed 500 6,180 24 19.1 J-306
J-306 2,622 TRUE Passed 500 2,623 24 23.3 J-692
J-307 8,331 TRUE Passed 500 8,332 24 15.8 J-692
J-308 7,371 TRUE Passed 500 7,372 24 17.6 J-692
J-309 3,877 TRUE Passed 500 3,878 24 22 J-692
J-310 3,683 TRUE Passed 500 3,684 24 22.1 J-692
J-311 4,196 TRUE Passed 500 4,197 24 21.6 J-692
J-312 4,125 TRUE Passed 500 4,126 24 21.6 J-692
J-313 4,657 TRUE Passed 500 4,658 24 20.9 J-692
J-314 3,470 TRUE Passed 500 3,471 24 22.4 J-692
J-315 2,819 TRUE Passed 500 2,820 24 23 J-692
J-316 4,814 TRUE Passed 500 4,815 24 20.5 J-692
J-317 3,572 TRUE Passed 500 3,573 24 22.2 J-692
J-318 7,080 TRUE Passed 500 7,081 24 18.7 J-692
J-319 6,771 TRUE Passed 500 6,772 24 19 J-692
J-320 6,803 TRUE Passed 500 6,804 24 18.8 J-692
J-321 3,532 TRUE Passed 500 3,533 24 22.7 J-692
J-322 3,760 TRUE Passed 500 3,761 24 22.6 J-692
J-323 3,331 TRUE Passed 500 3,332 24 23 J-692
J-324 4,592 TRUE Passed 500 4,593 24 21.8 J-692
J-325 10,000 TRUE Passed 500 10,001 40.3 9.5 J-692



J-326 10,000 TRUE Passed 500 10,001 41 9.5 J-692
J-327 7,423 TRUE Passed 500 7,424 24 15.5 J-692
J-328 10,000 TRUE Passed 500 10,001 41.8 9.5 J-692
J-329 10,000 TRUE Passed 500 10,001 31.3 9.1 J-692
J-330 1,846 TRUE Passed 500 1,848 24 23.7 J-692
J-331 6,396 TRUE Passed 500 6,398 24 17.3 J-692
J-332 6,700 TRUE Passed 500 6,701 24 16.8 J-692
J-333 4,819 TRUE Passed 500 4,820 24 20 J-692
J-334 8,441 TRUE Passed 500 8,442 24 12.4 J-692
J-336 7,110 TRUE Passed 500 7,111 24 15.6 J-692
J-338 7,875 TRUE Passed 500 7,876 24 13.9 J-692
J-339 6,784 TRUE Passed 500 6,785 24 16.1 J-692
J-340 10,000 TRUE Passed 500 10,001 34.6 9.6 J-692
J-341 7,999 TRUE Passed 500 8,000 24 16.2 J-692
J-342 4,282 TRUE Passed 500 4,283 24 21.4 J-692
J-343 7,748 TRUE Passed 500 7,749 24 16.2 J-692
J-345 5,182 TRUE Passed 500 5,183 24 20.2 J-692
J-346 3,880 TRUE Passed 500 3,881 24 21.8 J-692
J-347 10,000 TRUE Passed 500 10,001 48.2 9.8 J-692
J-348 10,000 TRUE Passed 500 10,001 49.9 9.9 J-692
J-349 10,000 TRUE Passed 500 10,001 45 10 J-692
J-350 10,000 TRUE Passed 500 10,001 43.1 10 J-692
J-351 9,115 TRUE Passed 500 9,116 24 12 J-692
J-352 9,426 TRUE Passed 500 9,427 24 11.3 J-692
J-353 10,000 TRUE Passed 500 10,001 24.1 9.8 J-692
J-354 10,000 TRUE Passed 500 10,001 32.9 10.6 J-692
J-355 9,356 TRUE Passed 500 9,357 24 12 J-692
J-356 8,793 TRUE Passed 500 8,794 24 12.7 J-692
J-357 10,000 TRUE Passed 500 10,001 45.3 9.6 J-692
J-358 10,000 TRUE Passed 500 10,001 30.9 10.8 J-692
J-359 10,000 TRUE Passed 500 10,001 29.2 10.7 J-692
J-360 1,639 TRUE Passed 500 1,640 24 23.9 J-692
J-361 8,930 TRUE Passed 500 8,931 24 13 J-692
J-362 10,000 TRUE Passed 500 10,001 46.3 10.1 J-692
J-363 8,457 TRUE Passed 500 8,458 24 13.6 J-692
J-364 7,574 TRUE Passed 500 7,575 24 15.4 J-692
J-365 7,999 TRUE Passed 500 8,000 24 14.5 J-692
J-366 7,380 TRUE Passed 500 7,381 24 15.8 J-692
J-367 9,082 TRUE Passed 500 9,083 24 12.2 J-692
J-368 6,292 TRUE Passed 500 6,293 24 18.4 J-692
J-369 9,192 TRUE Passed 500 9,193 24 12.6 J-692
J-370 10,000 TRUE Passed 500 10,001 33.4 10.7 J-692



J-371 3,575 TRUE Passed 500 3,576 24 13.7 J-692
J-371 10,000 TRUE Passed 500 10,001 31.9 10.6 J-692
J-372 7,369 TRUE Passed 500 7,370 24 16.1 J-692
J-373 10,000 TRUE Passed 500 10,001 48.8 10.1 J-692
J-374 10,000 TRUE Passed 500 10,001 49 10.1 J-692
J-375 10,000 TRUE Passed 500 10,001 46.4 10.1 J-692
J-376 8,423 TRUE Passed 500 8,424 24 13.7 J-692
J-377 10,000 TRUE Passed 500 10,001 53.2 10.1 J-692
J-378 10,000 TRUE Passed 500 10,001 42.3 10.2 J-692
J-379 10,000 TRUE Passed 500 10,001 45.6 10.2 J-692
J-380 7,060 TRUE Passed 500 7,061 24 16.7 J-692
J-382 7,638 TRUE Passed 500 7,639 24 15.7 J-692
J-383 7,012 TRUE Passed 500 7,013 24 16.9 J-692
J-384 7,321 TRUE Passed 500 7,322 24 16.4 J-692
J-385 9,780 TRUE Passed 500 9,781 24 11.2 J-692
J-386 10,000 TRUE Passed 500 10,001 27.7 10.6 J-692
J-387 8,951 TRUE Passed 500 8,952 24 13.1 J-692
J-388 6,738 TRUE Passed 500 6,739 24 17.5 J-692
J-389 5,282 TRUE Passed 500 5,283 24 19.9 J-692
J-390 1,968 TRUE Passed 500 1,969 24 23.7 J-692
J-391 7,126 TRUE Passed 500 7,127 24 16.6 J-692
J-392 10,000 TRUE Passed 500 10,001 41.1 10.2 J-692
J-393 7,928 TRUE Passed 500 7,929 24 15.1 J-692
J-394 9,331 TRUE Passed 500 9,332 24 12 J-692
J-395 9,500 TRUE Passed 500 9,501 24 11.6 J-692
J-396 10,000 TRUE Passed 500 10,001 41.8 10.2 J-692
J-397 6,482 TRUE Passed 500 6,483 24 17.6 J-692
J-398 1,751 TRUE Passed 500 1,752 24 23.8 J-692
J-399 10,000 TRUE Passed 500 10,001 66.7 9.7 J-692
J-401 3,497 TRUE Passed 500 3,498 24 12.8 J-692
J-401 10,000 TRUE Passed 500 10,001 63.3 10.4 J-692
J-402 10,000 TRUE Passed 500 10,001 64.1 10.3 J-692
J-403 10,000 TRUE Passed 500 10,001 42.7 10.4 J-692
J-404 10,000 TRUE Passed 500 10,001 27.3 11.4 J-692
J-405 4,732 TRUE Passed 500 4,733 24 20.6 J-692
J-406 10,000 TRUE Passed 500 10,001 59.7 10.3 J-692
J-407 10,000 TRUE Passed 500 10,001 66.1 10.2 J-692
J-408 10,000 TRUE Passed 500 10,001 46.6 10.2 J-692
J-409 3,527 TRUE Passed 500 3,528 24 22.1 J-692
J-410 10,000 TRUE Passed 500 10,001 53 10.2 J-692
J-411 3,593 TRUE Passed 500 3,594 24 22 J-692
J-412 10,000 TRUE Passed 500 10,001 57.6 10.2 J-692



J-413 10,000 TRUE Passed 500 10,001 64 10 J-692
J-414 10,000 TRUE Passed 500 10,001 60.1 8.4 J-692
J-415 2,020 TRUE Passed 500 2,021 24 23.4 J-692
J-416 10,000 TRUE Passed 500 10,001 60.6 10 J-692
J-417 10,000 TRUE Passed 500 10,001 56.7 10.2 J-692
J-418 5,569 TRUE Passed 500 5,570 24 19.5 J-692
J-419 3,532 TRUE Passed 500 3,533 24 22.2 J-692
J-420 10,000 TRUE Passed 500 10,001 35.8 11.4 J-692
J-421 9,670 TRUE Passed 500 9,671 24 11.8 J-692
J-422 7,093 TRUE Passed 500 7,094 24 16.9 J-692
J-423 9,574 TRUE Passed 500 9,575 24 11.9 J-692
J-424 4,952 TRUE Passed 500 4,953 24 20.3 J-692
J-425 4,238 TRUE Passed 500 4,239 24 21.2 J-692
J-426 9,569 TRUE Passed 500 9,570 24 11.5 J-692
J-427 8,133 TRUE Passed 500 8,134 24 14.7 J-692
J-428 9,705 TRUE Passed 500 9,706 24 11.5 J-692
J-429 9,675 TRUE Passed 500 9,676 24 11.5 J-692
J-430 4,074 TRUE Passed 500 4,075 24 21.5 J-692
J-431 7,536 TRUE Passed 500 7,537 24 16 J-692
J-432 2,373 TRUE Passed 500 2,374 24 23.3 J-692
J-433 4,001 TRUE Passed 500 4,002 24 18.3 J-692
J-434 10,000 TRUE Passed 500 10,001 61.8 24.2 J-692
J-435 10,000 TRUE Passed 500 10,001 63.1 24.2 J-692
J-436 10,000 TRUE Passed 500 10,001 59.9 23.5 J-692
J-437 9,481 TRUE Passed 500 9,482 24 21.7 J-692
J-439 9,834 TRUE Passed 500 9,835 24 20.1 J-692
J-440 9,385 TRUE Passed 500 9,386 24 20.1 J-692
J-442 8,766 TRUE Passed 500 8,767 24 20.2 J-692
J-443 2,234 TRUE Passed 500 2,235 24 24.2 J-692
J-445 9,910 TRUE Passed 500 9,911 24 19.1 J-692
J-447 6,520 TRUE Passed 500 6,521 24 21.5 J-692
J-448 5,174 TRUE Passed 500 5,175 24 22.5 J-692
J-449 6,184 TRUE Passed 500 6,185 24 17.5 J-450
J-450 4,252 TRUE Passed 500 4,253 24 23.1 J-692
J-451 6,030 TRUE Passed 500 6,031 24 21.8 J-692
J-452 5,506 TRUE Passed 500 5,507 24 22.1 J-692
J-453 5,072 TRUE Passed 500 5,073 24 22.5 J-692
J-454 4,893 TRUE Passed 500 4,894 24 22.6 J-692
J-455 6,643 TRUE Passed 500 6,644 24 21.4 J-692
J-456 6,565 TRUE Passed 500 6,566 24 21.4 J-692
J-457 5,253 TRUE Passed 500 5,254 24 22.3 J-692
J-458 3,037 TRUE Passed 500 3,038 24 23.7 J-692



J-459 2,960 TRUE Passed 500 2,961 24 23.7 J-692
J-460 4,021 TRUE Passed 500 4,022 24 23 J-692
J-461 1,663 TRUE Passed 500 1,664 24 23.4 J-463
J-462 1,456 TRUE Passed 500 1,457 24 24.4 J-692
J-463 1,339 TRUE Passed 500 1,340 24 24.4 J-692
J-464 5,276 TRUE Passed 500 5,277 24 22.2 J-692
J-465 5,421 TRUE Passed 500 5,422 24 22.1 J-692
J-466 5,721 TRUE Passed 500 5,722 24 21.8 J-692
J-467 6,423 TRUE Passed 500 6,424 24 21.2 J-692
J-468 6,333 TRUE Passed 500 6,334 24 21.2 J-692
J-469 6,909 TRUE Passed 500 6,910 24 20.6 J-692
J-470 8,298 TRUE Passed 500 8,299 24 18.5 J-692
J-471 10,000 TRUE Passed 500 10,001 38.3 16 J-692
J-472 7,103 TRUE Passed 500 7,104 24 20.1 J-692
J-473 6,561 TRUE Passed 500 6,562 24 20.9 J-692
J-474 6,000 TRUE Passed 500 6,001 24 21.4 J-692
J-475 5,650 TRUE Passed 500 5,651 24 21.8 J-692
J-476 2,363 TRUE Passed 500 2,364 24 24 J-692
J-477 2,390 TRUE Passed 500 2,391 24 23.9 J-692
J-478 5,572 TRUE Passed 500 5,573 24 21.9 J-692
J-479 5,715 TRUE Passed 500 5,717 24 21.9 J-692
J-480 6,074 TRUE Passed 500 6,075 24 21.7 J-692
J-481 6,460 TRUE Passed 500 6,461 24 21.4 J-692
J-482 3,327 TRUE Passed 500 3,328 24 19.8 J-485
J-483 2,058 TRUE Passed 500 2,059 24 22.8 J-485
J-484 1,892 TRUE Passed 500 1,893 24 24.3 J-692
J-485 1,539 TRUE Passed 500 1,540 24 24.4 J-692
J-486 9,665 TRUE Passed 500 9,666 24 19.2 J-692
J-487 10,000 TRUE Passed 500 10,001 39.5 19.8 J-692
J-489 10,000 TRUE Passed 500 10,001 52.1 22 J-692
J-490 10,000 TRUE Passed 500 10,001 40.4 21.4 J-692
J-491 10,000 TRUE Passed 500 10,001 63 24.3 J-692
J-492 10,000 TRUE Passed 500 10,001 48.5 21.1 J-692
J-493 10,000 TRUE Passed 500 10,001 26.2 20.4 J-692
J-494 10,000 TRUE Passed 500 10,001 27.1 20.5 J-692
J-497 10,000 TRUE Passed 500 10,001 45.4 17.9 J-692
J-498 10,000 TRUE Passed 500 10,001 47.7 19.7 J-692
J-499 10,000 TRUE Passed 500 10,001 41 19.8 J-692
J-500 6,989 TRUE Passed 500 6,990 24 21.9 J-692
J-501 10,000 TRUE Passed 500 10,001 43 20.6 J-692
J-502 7,271 TRUE Passed 500 7,272 24 21.5 J-692
J-504 5,239 TRUE Passed 500 5,240 24 22.6 J-692



J-505 4,735 TRUE Passed 500 4,736 24 22.9 J-692
J-507 4,666 TRUE Passed 500 4,667 24 22.6 J-692
J-508 4,688 TRUE Passed 500 4,689 24 22.6 J-692
J-509 5,428 TRUE Passed 500 5,429 24 22.1 J-692
J-510 6,129 TRUE Passed 500 6,130 24 22.4 J-692
J-511 2,401 TRUE Passed 500 2,402 24 24.2 J-692
J-513 2,452 TRUE Passed 500 2,453 24 24.2 J-692
J-514 2,767 TRUE Passed 500 2,768 24 23.3 J-513
J-516 5,372 TRUE Passed 500 5,373 24 22.3 J-692
J-517 5,757 TRUE Passed 500 5,758 24 21.8 J-692
J-518 5,233 TRUE Passed 500 5,234 24 20.2 J-549
J-519 5,742 TRUE Passed 500 5,743 24 21.8 J-692
J-520 4,770 TRUE Passed 500 4,771 24 21.9 J-692
J-521 3,954 TRUE Passed 500 3,955 24 22.5 J-692
J-522 4,084 TRUE Passed 500 4,085 24 21.5 J-603
J-523 4,451 TRUE Passed 500 4,452 24 21.9 J-603
J-524 4,322 TRUE Passed 500 4,323 24 22.2 J-692
J-525 4,782 TRUE Passed 500 4,783 24 21.8 J-692
J-526 4,659 TRUE Passed 500 4,660 24 22 J-692
J-527 4,704 TRUE Passed 500 4,705 24 21.8 J-692
J-528 4,377 TRUE Passed 500 4,378 24 22.1 J-692
J-529 4,593 TRUE Passed 500 4,594 24 21.8 J-692
J-530 4,632 TRUE Passed 500 4,633 24 21.8 J-692
J-531 2,974 TRUE Passed 500 2,975 24 23.2 J-692
J-532 3,215 TRUE Passed 500 3,216 24 23.1 J-692
J-533 8,362 TRUE Passed 500 8,363 24 16.7 J-692
J-534 9,267 TRUE Passed 500 9,268 24 15.4 J-692
J-535 8,623 TRUE Passed 500 8,624 24 16.4 J-692
J-536 7,744 TRUE Passed 500 7,745 24 17.8 J-692
J-537 8,875 TRUE Passed 500 8,876 24 15.9 J-692
J-538 9,483 TRUE Passed 500 9,484 24 14.5 J-692
J-539 10,000 TRUE Passed 500 10,001 29.3 13.3 J-692
J-540 3,162 TRUE Passed 500 3,163 24 23 J-692
J-541 3,405 TRUE Passed 500 3,406 24 22.9 J-692
J-542 6,825 TRUE Passed 500 6,826 24 19.6 J-692
J-543 9,228 TRUE Passed 500 9,229 24 16.7 J-692
J-544 10,000 TRUE Passed 500 10,001 26.8 16.4 J-692
J-545 5,692 TRUE Passed 500 5,693 24 21.5 J-692
J-546 2,193 TRUE Passed 500 2,194 24 24 J-692
J-547 5,318 TRUE Passed 500 5,320 24 22 J-692
J-548 1,891 TRUE Passed 500 1,892 24 24.2 J-692
J-549 1,755 TRUE Passed 500 1,756 24 24.3 J-692



J-550 4,723 TRUE Passed 500 4,724 24 22.6 J-692
J-551 3,123 TRUE Passed 500 3,124 24 23.6 J-692
J-552 2,514 TRUE Passed 500 2,515 24 23.9 J-692
J-553 4,964 TRUE Passed 500 4,965 24 22.9 J-692
J-554 2,900 TRUE Passed 500 2,901 24 23.9 J-692
J-555 10,000 TRUE Passed 500 10,001 32 16.2 J-692
J-556 4,237 TRUE Passed 500 4,238 24 22.5 J-692
J-557 3,738 TRUE Passed 500 3,739 24 22.9 J-692
J-558 1,900 TRUE Passed 500 1,901 24 24.1 J-692
J-559 10,000 TRUE Passed 500 10,001 36.2 16.8 J-692
J-560 10,000 TRUE Passed 500 10,001 44.7 17.6 J-692
J-561 3,849 TRUE Passed 500 3,850 24 22.7 J-692
J-562 10,000 TRUE Passed 500 10,001 31.8 16.5 J-692
J-563 2,988 TRUE Passed 500 2,989 24 23.2 J-692
J-564 10,000 TRUE Passed 500 10,001 33.8 14.2 J-692
J-565 10,000 TRUE Passed 500 10,001 35.8 15.3 J-692
J-566 8,554 TRUE Passed 500 8,555 24 16.3 J-692
J-567 10,000 TRUE Passed 500 10,001 30.7 13.3 J-692
J-568 10,000 TRUE Passed 500 10,001 27.2 11.7 J-692
J-569 8,230 TRUE Passed 500 8,231 24 15.5 J-692
J-570 7,234 TRUE Passed 500 7,235 24 17.5 J-692
J-571 8,398 TRUE Passed 500 8,399 24 14.4 J-692
J-572 10,000 TRUE Passed 500 10,001 34.5 9.9 J-692
J-573 8,046 TRUE Passed 500 8,047 24 10.1 J-692
J-574 9,438 TRUE Passed 500 9,439 24 11.9 J-692
J-576 10,000 TRUE Passed 500 10,001 35.8 12.3 J-692
J-577 10,000 TRUE Passed 500 10,001 34.3 12.9 J-692
J-578 3,358 TRUE Passed 500 3,359 24 22.8 J-692
J-579 4,432 TRUE Passed 500 4,433 24 21.8 J-692
J-580 4,483 TRUE Passed 500 4,484 24 21.9 J-692
J-581 4,226 TRUE Passed 500 4,227 24 21.9 J-692
J-582 6,664 TRUE Passed 500 6,665 24 18.9 J-692
J-583 7,210 TRUE Passed 500 7,211 24 18 J-692
J-584 8,184 TRUE Passed 500 8,185 24 16.5 J-692
J-585 6,294 TRUE Passed 500 6,295 24 19.2 J-692
J-587 5,841 TRUE Passed 500 5,842 24 19.8 J-692
J-588 5,476 TRUE Passed 500 5,477 24 20.3 J-692
J-589 5,618 TRUE Passed 500 5,619 24 20.1 J-692
J-590 7,068 TRUE Passed 500 7,069 24 18.1 J-692
J-591 6,491 TRUE Passed 500 6,492 24 18.9 J-692
J-592 6,268 TRUE Passed 500 6,269 24 19.7 J-692
J-593 4,630 TRUE Passed 500 4,631 24 21.8 J-692



J-594 4,483 TRUE Passed 500 4,484 24 20.3 J-596
J-595 3,650 TRUE Passed 500 3,651 24 21.3 J-596
J-596 3,100 TRUE Passed 500 3,101 24 23.2 J-692
J-597 3,207 TRUE Passed 500 3,208 24 23.1 J-692
J-598 3,291 TRUE Passed 500 3,292 24 23 J-692
J-599 3,486 TRUE Passed 500 3,487 24 22.9 J-692
J-601 3,064 TRUE Passed 500 3,066 24 23.2 J-692
J-602 4,396 TRUE Passed 500 4,397 24 22.1 J-692
J-603 2,350 TRUE Passed 500 2,351 24 23.7 J-692
J-604 4,409 TRUE Passed 500 4,410 24 22.1 J-692
J-605 3,259 TRUE Passed 500 3,260 24 23.1 J-692
J-606 3,377 TRUE Passed 500 3,378 24 23 J-692
J-607 4,246 TRUE Passed 500 4,247 24 22.2 J-692
J-608 4,375 TRUE Passed 500 4,376 24 22.1 J-692
J-609 4,464 TRUE Passed 500 4,465 24 22 J-692
J-610 4,390 TRUE Passed 500 4,391 24 22.1 J-692
J-611 4,690 TRUE Passed 500 4,691 24 21.8 J-692
J-612 4,161 TRUE Passed 500 4,162 24 22.3 J-692
J-613 4,289 TRUE Passed 500 4,290 24 22.1 J-692
J-614 6,497 TRUE Passed 500 6,498 24 19.5 J-692
J-615 6,786 TRUE Passed 500 6,787 24 19.1 J-692
J-616 6,940 TRUE Passed 500 6,941 24 18.9 J-692
J-617 6,825 TRUE Passed 500 6,826 24 18.3 J-692
J-620 7,796 TRUE Passed 500 7,797 24 16.7 J-692
J-621 9,536 TRUE Passed 500 9,537 24 13.5 J-692
J-622 9,141 TRUE Passed 500 9,142 24 14.4 J-692
J-623 9,209 TRUE Passed 500 9,210 24 13.8 J-692
J-625 10,000 TRUE Passed 500 10,001 25.6 12.2 J-692
J-626 8,970 TRUE Passed 500 8,971 24 14.8 J-692
J-627 8,919 TRUE Passed 500 8,920 24 15 J-692
J-628 9,147 TRUE Passed 500 9,148 24 14.6 J-692
J-629 9,605 TRUE Passed 500 9,606 24 13.8 J-692
J-630 9,811 TRUE Passed 500 9,812 24 13.4 J-692
J-631 9,896 TRUE Passed 500 9,897 24 13.3 J-692
J-632 5,317 TRUE Passed 500 5,318 24 20.3 J-692
J-633 3,182 TRUE Passed 500 3,183 24 22.7 J-692
J-634 8,166 TRUE Passed 500 8,167 24 15.9 J-692
J-636 10,000 TRUE Passed 500 10,001 28 13.1 J-692
J-637 3,862 TRUE Passed 500 3,863 24 22.2 J-692
J-638 10,000 TRUE Passed 500 10,001 30.9 13.2 J-692
J-639 10,000 TRUE Passed 500 10,001 36.3 12.7 J-692
J-640 10,000 TRUE Passed 500 10,001 32.8 12.8 J-692



J-641 5,712 TRUE Passed 500 5,713 24 20.1 J-692
J-642 4,145 TRUE Passed 500 4,146 24 22 J-692
J-643 3,184 TRUE Passed 500 3,185 24 23 J-692
J-644 5,453 TRUE Passed 500 5,454 24 21 J-692
J-645 2,778 TRUE Passed 500 2,779 24 23.4 J-692
J-646 7,538 TRUE Passed 500 7,539 24 18.4 J-692
J-647 4,933 TRUE Passed 500 4,934 24 21.4 J-692
J-648 3,037 TRUE Passed 500 3,038 24 23.1 J-692
J-649 3,759 TRUE Passed 500 3,760 24 22.6 J-692
J-650 1,897 TRUE Passed 500 1,898 24 24 J-692
J-651 8,014 TRUE Passed 500 8,015 24 18 J-692
J-652 3,103 TRUE Passed 500 3,104 24 23.2 J-692
J-655 7,486 TRUE Passed 500 7,487 24 18.2 J-692
J-656 3,620 TRUE Passed 500 3,621 24 22.6 J-692
J-657 10,000 TRUE Passed 500 10,001 34.2 11.7 J-692
J-659 10,000 TRUE Passed 500 10,001 36.8 12.1 J-692
J-659 10,000 TRUE Passed 500 10,001 39.1 11.5 J-692
J-660 10,000 TRUE Passed 500 10,001 40.3 11.4 J-692
J-661 833 TRUE Passed 500 837 24 24.5 J-692
J-662 10,000 TRUE Passed 500 10,001 53.4 11 J-692
J-663 10,000 TRUE Passed 500 10,001 44.6 11.5 J-692
J-664 10,000 TRUE Passed 500 10,001 32.8 12.3 J-692
J-665 10,000 TRUE Passed 500 10,001 35.1 12.6 J-692
J-666 10,000 TRUE Passed 500 10,001 41.1 18.6 J-692
J-667 10,000 TRUE Passed 500 10,001 25.7 18.4 J-692
J-668 10,000 TRUE Passed 500 10,001 47.7 20.4 J-692
J-669 4,466 TRUE Passed 500 4,467 24 22 J-692
J-670 5,065 TRUE Passed 500 5,066 24 21.4 J-692
J-673 10,000 TRUE Passed 500 10,001 40.5 11.8 J-692
J-674 4,282 TRUE Passed 500 4,283 24 21.4 J-692
J-675 4,003 TRUE Passed 500 4,004 24 21.6 J-692
J-676 5,641 TRUE Passed 500 5,642 24 19.3 J-692
J-677 2,524 TRUE Passed 500 2,525 24 23.2 J-692
J-678 1,887 TRUE Passed 500 1,888 24 23.7 J-692
J-680 5,568 TRUE Passed 500 5,568 24 4.5 J-692
J-682 4,561 TRUE Passed 500 4,561 24 8.8 J-692
J-685 1,368 TRUE Passed 500 1,393 24 20.4 J-692
J-686 3,840 TRUE Passed 500 3,890 24 5.6 J-692
J-687 4,833 TRUE Passed 500 4,858 24 3.9 J-692
J-689 6,414 TRUE Passed 500 6,439 24 9.4 J-692
J-690 6,025 TRUE Passed 500 6,050 25.3 0 J-692
J-691 4,983 TRUE Passed 500 5,008 28.8 0 J-692



J-692 382 FALSE Residual Pressure Failed 500 382 24 25.9 J-695
J-693 4,504 TRUE Passed 500 4,529 24 11.2 J-692
J-694 3,776 TRUE Passed 500 3,801 24 7.1 J-695
J-695 752 TRUE Passed 500 777 24 23.2 J-692
J-696 4,466 TRUE Passed 500 4,471 24 17.5 J-692
J-697 5,418 TRUE Passed 500 5,418 24 1.7 J-692
J-698 5,147 TRUE Passed 500 5,172 24 13.1 J-692
J-699 8,033 TRUE Passed 500 8,058 24 4.2 J-692
J-700 4,849 TRUE Passed 500 4,874 24 12.4 J-692
J-702 4,040 TRUE Passed 500 4,040 24 8.7 J-692
J-714 4,933 TRUE Passed 500 4,933 24 22.7 J-692
J-715 2,506 TRUE Passed 500 2,506 24 23.3 J-692
J-716 3,407 TRUE Passed 500 3,407 24 21.6 J-692
J-717 3,354 TRUE Passed 500 3,354 24 21.6 J-692
J-718 3,469 TRUE Passed 500 3,469 24 21.2 J-692
J-719 8,222 TRUE Passed 500 8,222 24 20.8 J-692
J-720 4,003 TRUE Passed 500 4,003 24 22.4 J-692
J-721 4,848 TRUE Passed 500 4,848 24 17.7 J-692
J-722 3,084 TRUE Passed 500 3,084 24 22.5 J-692
J-723 5,279 TRUE Passed 500 5,279 24 20.3 J-692
J-724 7,349 TRUE Passed 500 7,349 24 20.7 J-692
J-725 6,257 TRUE Passed 500 6,257 24 21.7 J-692
J-726 6,762 TRUE Passed 500 6,762 24 21.7 J-692
J-727 10,000 TRUE Passed 500 10,000 25.5 22 J-692
J-729 7,151 TRUE Passed 500 7,151 24 21.8 J-692
J-731 6,051 TRUE Passed 500 6,052 24 20.2 J-692
J-904 7,222 TRUE Passed 500 7,223 24 15.4 J-692
J-1031 9,995 TRUE Passed 500 9,996 24 10.6 J-692
J-1082 10,000 TRUE Passed 500 10,001 59.3 10.9 J-692
J-1184 10,000 TRUE Passed 500 10,001 30.7 21.1 J-692
J-1201 8,707 TRUE Passed 500 8,708 24 19.8 J-692
J-1296 10,000 TRUE Passed 500 10,001 43.4 20.3 J-692
J-1334 6,158 TRUE Passed 500 6,159 24 22 J-692
J-1340 4,261 TRUE Passed 500 4,262 24 23 J-692
J-1549 3,109 TRUE Passed 500 3,110 24 23.2 J-692
J-1642 9,188 TRUE Passed 500 9,189 24 14.1 J-692
J-1704 10,000 TRUE Passed 500 10,001 41.8 12 J-692
J-1780 6,896 TRUE Passed 500 6,896 24 21.2 J-692
J-1806 3,552 TRUE Passed 500 3,552 24 14.8 J-692

Scenario 8: 16-Inch North Expansion
Note: Minimum residual pressure was lowered to 24 psi so that fire flow scenarios could be run.
1-FLOW 9,414 TRUE Passed 500 9,415 24 19.5 J-692



1-RES 3,310 TRUE Passed 500 3,314 24 23.8 J-692
2-FLOW 8,789 TRUE Passed 500 8,790 24 20.1 J-692
2-RES 4,508 TRUE Passed 500 4,509 24 23.1 J-692
3-FLOW 3,036 TRUE Passed 500 3,037 24 23.2 J-692
3-RES 2,588 TRUE Passed 500 2,589 24 23.6 J-692
4-FLOW 3,670 TRUE Passed 500 3,671 24 23.1 J-692
4-RES 2,649 TRUE Passed 500 2,650 24 23.8 J-692
5-FLOW 4,505 TRUE Passed 500 4,506 24 19.1 J-692
5-RES 2,148 TRUE Passed 500 2,149 24 23 J-692
6-FLOW 2,157 TRUE Passed 500 2,158 24 23.9 J-692
6-RES 1,398 TRUE Passed 500 1,399 24 24.3 J-692
7-FLOW 2,385 TRUE Passed 500 2,386 24 22.8 J-692
7-RES 2,139 TRUE Passed 500 2,140 24 23.1 J-692
J-1 5,914 TRUE Passed 500 5,915 24 17.8 J-692
J-2 8,151 TRUE Passed 500 8,152 24 14.3 J-692
J-3 8,735 TRUE Passed 500 8,736 24 14.6 J-692
J-11 9,299 TRUE Passed 500 9,300 24 14.7 J-692
J-12 9,003 TRUE Passed 500 9,004 24 13.8 J-692
J-13 5,301 TRUE Passed 500 5,303 24 19.6 J-692
J-14 4,224 TRUE Passed 500 4,225 24 21.2 J-692
J-15 8,365 TRUE Passed 500 8,366 24 14.3 J-692
J-17 6,637 TRUE Passed 500 6,638 24 17.1 J-692
J-18 10,000 TRUE Passed 500 10,001 58.6 22.5 J-692
J-19 10,000 TRUE Passed 500 10,001 26 17.2 J-692
J-20 4,544 TRUE Passed 500 4,545 24 22.4 J-692
J-21 4,648 TRUE Passed 500 4,649 24 22.3 J-692
J-22 2,217 TRUE Passed 500 2,218 24 24 J-692
J-23 4,096 TRUE Passed 500 4,097 24 22.7 J-692
J-24 2,082 TRUE Passed 500 2,083 24 24 J-692
J-25 3,645 TRUE Passed 500 3,646 24 23 J-692
J-26 2,010 TRUE Passed 500 2,011 24 24.1 J-692
J-27 3,751 TRUE Passed 500 3,752 24 22.9 J-692
J-28 2,314 TRUE Passed 500 2,315 24 23.9 J-692
J-29 4,083 TRUE Passed 500 4,084 24 22.6 J-692
J-30 7,221 TRUE Passed 500 7,222 24 18.9 J-692
J-31 2,909 TRUE Passed 500 2,910 24 22.5 J-692
J-33 3,205 TRUE Passed 500 3,206 24 22.2 J-692
J-34 3,133 TRUE Passed 500 3,134 24 22.3 J-692
J-35 3,911 TRUE Passed 500 3,912 24 21.2 J-692
J-36 5,454 TRUE Passed 500 5,456 24 18.6 J-692
J-37 6,056 TRUE Passed 500 6,057 24 18.2 J-692
J-38 5,861 TRUE Passed 500 5,862 24 17.4 J-692



J-39 4,932 TRUE Passed 500 4,933 24 19.7 J-692
J-40 4,858 TRUE Passed 500 4,859 24 19.7 J-692
J-41 5,918 TRUE Passed 500 5,919 24 17.3 J-692
J-42 3,471 TRUE Passed 500 3,472 24 21.2 J-692
J-43 5,182 TRUE Passed 500 5,183 24 18 J-692
J-44 2,553 TRUE Passed 500 2,554 24 22.6 J-692
J-45 2,732 TRUE Passed 500 2,733 24 22.3 J-692
J-46 3,612 TRUE Passed 500 3,613 24 20.9 J-692
J-47 2,290 TRUE Passed 500 2,291 24 22.9 J-692
J-48 3,050 TRUE Passed 500 3,051 24 21.2 J-47
J-49 3,603 TRUE Passed 500 3,604 24 21 J-692
J-50 2,721 TRUE Passed 500 2,722 24 22.4 J-692
J-51 1,160 TRUE Passed 500 1,161 24 24.1 J-692
J-52 2,969 TRUE Passed 500 2,970 24 20.7 J-51
J-53 2,474 TRUE Passed 500 2,475 24 22.6 J-692
J-54 2,679 TRUE Passed 500 2,680 24 22.3 J-692
J-55 2,149 TRUE Passed 500 2,150 24 23 J-692
J-56 2,518 TRUE Passed 500 2,519 24 22.5 J-692
J-57 2,422 TRUE Passed 500 2,423 24 22.7 J-692
J-58 2,676 TRUE Passed 500 2,677 24 22.3 J-692
J-59 3,061 TRUE Passed 500 3,062 24 21.7 J-692
J-60 2,793 TRUE Passed 500 2,794 24 22.1 J-692
J-61 4,713 TRUE Passed 500 4,714 24 18.7 J-692
J-64 4,696 TRUE Passed 500 4,697 24 18.5 J-692
J-65 4,712 TRUE Passed 500 4,713 24 18.8 J-692
J-66 5,900 TRUE Passed 500 5,901 24 16.6 J-692
J-67 5,283 TRUE Passed 500 5,284 24 17.8 J-692
J-68 5,629 TRUE Passed 500 5,630 24 17.2 J-692
J-69 2,870 TRUE Passed 500 2,871 24 22.3 J-692
J-70 4,411 TRUE Passed 500 4,412 24 19.8 J-692
J-71 3,601 TRUE Passed 500 3,602 24 21.2 J-692
J-72 3,598 TRUE Passed 500 3,599 24 21.2 J-692
J-73 1,327 TRUE Passed 500 1,328 24 24 J-692
J-74 3,573 TRUE Passed 500 3,574 24 21.3 J-692
J-75 5,742 TRUE Passed 500 5,743 24 17.3 J-692
J-76 5,443 TRUE Passed 500 5,444 24 17.7 J-692
J-77 5,419 TRUE Passed 500 5,420 24 17.5 J-692
J-78 5,929 TRUE Passed 500 5,930 24 17.1 J-692
J-79 4,819 TRUE Passed 500 4,820 24 19.3 J-692
J-80 5,467 TRUE Passed 500 5,468 24 18.1 J-692
J-81 5,827 TRUE Passed 500 5,828 24 17.1 J-692
J-82 6,530 TRUE Passed 500 6,531 24 16.3 J-692



J-83 6,712 TRUE Passed 500 6,713 24 15.9 J-692
J-84 6,726 TRUE Passed 500 6,727 24 15.8 J-692
J-85 6,219 TRUE Passed 500 6,220 24 16.6 J-692
J-86 5,844 TRUE Passed 500 5,845 24 17.4 J-692
J-87 4,988 TRUE Passed 500 4,989 24 19.2 J-692
J-88 4,313 TRUE Passed 500 4,314 24 20.3 J-692
J-89 5,697 TRUE Passed 500 5,698 24 17.6 J-692
J-90 4,095 TRUE Passed 500 4,096 24 20.6 J-692
J-91 1,887 TRUE Passed 500 1,888 24 23.5 J-692
J-92 6,628 TRUE Passed 500 6,629 24 16.2 J-692
J-93 5,840 TRUE Passed 500 5,841 24 16.9 J-692
J-94 6,588 TRUE Passed 500 6,589 24 16.3 J-692
J-95 7,691 TRUE Passed 500 7,692 24 15 J-692
J-96 6,438 TRUE Passed 500 6,440 24 16.9 J-692
J-97 6,698 TRUE Passed 500 6,699 24 16 J-692
J-98 6,875 TRUE Passed 500 6,876 24 15.4 J-692
J-99 3,924 TRUE Passed 500 3,925 24 18.8 J-692
J-100 5,978 TRUE Passed 500 5,979 24 12.7 J-692
J-101 3,600 TRUE Passed 500 3,601 24 19.4 J-692
J-102 6,161 TRUE Passed 500 6,162 24 11.7 J-692
J-103 5,736 TRUE Passed 500 5,737 24 11.1 J-692
J-104 4,810 TRUE Passed 500 4,811 24 14.4 J-692
J-105 6,173 TRUE Passed 500 6,174 24 8.8 J-692
J-106 5,830 TRUE Passed 500 5,831 24 10.3 J-692
J-107 5,175 TRUE Passed 500 5,176 24 13.1 J-692
J-108 5,851 TRUE Passed 500 5,852 24 10.2 J-692
J-109 5,742 TRUE Passed 500 5,743 24 10.7 J-692
J-110 5,210 TRUE Passed 500 5,211 24 13.1 J-692
J-111 4,654 TRUE Passed 500 4,655 24 15.2 J-692
J-112 4,035 TRUE Passed 500 4,036 24 17.3 J-692
J-113 3,409 TRUE Passed 500 3,410 24 19.1 J-692
J-114 3,091 TRUE Passed 500 3,092 24 19.8 J-692
J-115 3,858 TRUE Passed 500 3,859 24 17.5 J-692
J-116 2,860 TRUE Passed 500 2,861 24 20.3 J-692
J-117 3,448 TRUE Passed 500 3,449 24 18.7 J-692
J-118 2,150 TRUE Passed 500 2,151 24 23.4 J-692
J-118 3,016 TRUE Passed 500 3,017 24 19.9 J-692
J-119 3,596 TRUE Passed 500 3,597 24 18.2 J-692
J-121 2,667 TRUE Passed 500 2,668 24 20.7 J-692
J-122 3,770 TRUE Passed 500 3,771 24 17.5 J-692
J-123 6,770 TRUE Passed 500 6,795 30.1 0 J-692
J-124 6,854 TRUE Passed 500 6,855 24 3.3 J-692



J-125 3,878 TRUE Passed 500 3,879 24 16.4 J-692
J-126 5,399 TRUE Passed 500 5,400 24 10.2 J-692
J-127 3,986 TRUE Passed 500 3,987 24 16.1 J-692
J-128 1,385 TRUE Passed 500 1,386 24 23.2 J-692
J-129 3,516 TRUE Passed 500 3,517 24 17.7 J-692
J-130 3,554 TRUE Passed 500 3,555 24 17.7 J-692
J-133 3,511 TRUE Passed 500 3,512 24 17.9 J-692
J-134 2,783 TRUE Passed 500 2,784 24 20.2 J-692
J-135 3,121 TRUE Passed 500 3,122 24 19.2 J-692
J-136 3,515 TRUE Passed 500 3,516 24 18 J-692
J-137 3,765 TRUE Passed 500 3,766 24 17.2 J-692
J-138 4,246 TRUE Passed 500 4,247 24 15.5 J-692
J-139 5,887 TRUE Passed 500 5,888 24 10.8 J-692
J-140 3,366 TRUE Passed 500 3,367 24 19.3 J-692
J-141 3,730 TRUE Passed 500 3,731 24 18.2 J-692
J-142 5,375 TRUE Passed 500 5,376 24 12.3 J-692
J-143 6,656 TRUE Passed 500 6,657 24 6.9 J-692
J-144 6,853 TRUE Passed 500 6,854 24 4.9 J-692
J-145 4,035 TRUE Passed 500 4,036 24 16.7 J-692
J-146 6,867 TRUE Passed 500 6,868 24 5.3 J-692
J-147 6,588 TRUE Passed 500 6,589 24 6.8 J-692
J-148 6,772 TRUE Passed 500 6,773 24 6.7 J-692
J-149 6,715 TRUE Passed 500 6,716 24 9.3 J-692
J-150 6,254 TRUE Passed 500 6,255 24 12.2 J-692
J-151 6,425 TRUE Passed 500 6,426 24 9.7 J-692
J-152 2,894 TRUE Passed 500 2,895 24 21.5 J-692
J-153 6,559 TRUE Passed 500 6,560 24 12 J-692
J-154 6,174 TRUE Passed 500 6,175 24 13.3 J-692
J-155 3,544 TRUE Passed 500 3,545 24 21.1 J-692
J-156 3,514 TRUE Passed 500 3,515 24 21.3 J-692
J-157 3,764 TRUE Passed 500 3,765 24 20.7 J-692
J-158 3,041 TRUE Passed 500 3,042 24 21.3 J-692
J-159 4,267 TRUE Passed 500 4,268 24 18.7 J-692
J-160 4,533 TRUE Passed 500 4,534 24 17.8 J-692
J-161 4,540 TRUE Passed 500 4,541 24 17.7 J-692
J-162 4,576 TRUE Passed 500 4,577 24 17.7 J-692
J-163 3,996 TRUE Passed 500 3,997 24 19 J-692
J-164 4,346 TRUE Passed 500 4,347 24 18.2 J-692
J-165 4,763 TRUE Passed 500 4,764 24 17.1 J-692
J-166 6,809 TRUE Passed 500 6,810 24 8.4 J-692
J-167 2,610 TRUE Passed 500 2,611 24 21.9 J-692
J-168 3,268 TRUE Passed 500 3,269 24 20.6 J-692



J-169 4,179 TRUE Passed 500 4,180 24 18.6 J-692
J-170 6,374 TRUE Passed 500 6,375 24 9.7 J-692
J-171 2,670 TRUE Passed 500 2,671 24 21.2 J-692
J-172 6,077 TRUE Passed 500 6,078 24 8.1 J-692
J-173 4,269 TRUE Passed 500 4,270 24 15.6 J-692
J-174 4,347 TRUE Passed 500 4,348 24 15.4 J-692
J-175 5,515 TRUE Passed 500 5,516 24 10.6 J-692
J-176 4,136 TRUE Passed 500 4,137 24 16.1 J-692
J-177 2,642 TRUE Passed 500 2,644 24 20.6 J-692
J-178 3,421 TRUE Passed 500 3,422 24 18.5 J-692
J-179 1,254 TRUE Passed 500 1,255 24 23.5 J-692
J-180 1,621 TRUE Passed 500 1,622 24 22.8 J-692
J-181 3,679 TRUE Passed 500 3,680 24 17.6 J-692
J-183 10,000 TRUE Passed 500 10,001 36.5 8.6 J-692
J-184 780 TRUE Passed 500 781 24 24.5 J-692
J-185 7,852 TRUE Passed 500 7,853 24 14 J-692
J-186 5,393 TRUE Passed 500 5,394 24 19 J-692
J-187 5,636 TRUE Passed 500 5,637 24 17.7 J-188
J-188 4,244 TRUE Passed 500 4,245 24 20.8 J-692
J-189 5,422 TRUE Passed 500 5,423 24 18.6 J-692
J-190 5,458 TRUE Passed 500 5,459 24 18.7 J-692
J-191 4,644 TRUE Passed 500 4,645 24 20 J-692
J-192 4,043 TRUE Passed 500 4,044 24 20.8 J-692
J-193 3,993 TRUE Passed 500 3,994 24 20.6 J-692
J-194 3,374 TRUE Passed 500 3,375 24 20.7 J-196
J-195 2,613 TRUE Passed 500 2,614 24 22 J-196
J-196 2,159 TRUE Passed 500 2,160 24 23.1 J-692
J-197 2,338 TRUE Passed 500 2,339 24 22.9 J-692
J-200 5,367 TRUE Passed 500 5,368 24 18.7 J-692
J-201 4,703 TRUE Passed 500 4,704 24 19.9 J-692
J-202 5,192 TRUE Passed 500 5,193 24 19.1 J-692
J-203 5,161 TRUE Passed 500 5,162 24 19.2 J-692
J-204 3,931 TRUE Passed 500 3,932 24 21.2 J-692
J-205 3,183 TRUE Passed 500 3,184 24 22.2 J-692
J-206 4,312 TRUE Passed 500 4,313 24 20.6 J-692
J-207 3,530 TRUE Passed 500 3,531 24 21.7 J-692
J-208 5,826 TRUE Passed 500 5,827 24 18 J-692
J-209 4,379 TRUE Passed 500 4,380 24 20.6 J-692
J-210 7,624 TRUE Passed 500 7,625 24 15.1 J-692
J-211 6,344 TRUE Passed 500 6,345 24 18.3 J-692
J-212 5,042 TRUE Passed 500 5,043 24 20.4 J-692
J-213 3,865 TRUE Passed 500 3,866 24 21.9 J-692



J-214 3,031 TRUE Passed 500 3,032 24 22.8 J-692
J-215 2,527 TRUE Passed 500 2,528 24 23.3 J-692
J-216 882 TRUE Passed 500 883 24 24.5 J-692
J-217 3,658 TRUE Passed 500 3,659 24 22.2 J-692
J-218 2,023 TRUE Passed 500 2,024 24 23.7 J-692
J-219 4,463 TRUE Passed 500 4,464 24 21.2 J-692
J-220 2,110 TRUE Passed 500 2,111 24 23.7 J-692
J-221 2,530 TRUE Passed 500 2,531 24 23.3 J-692
J-222 4,953 TRUE Passed 500 4,954 24 20.6 J-692
J-223 5,475 TRUE Passed 500 5,476 24 19.9 J-692
J-224 6,379 TRUE Passed 500 6,380 24 18.5 J-692
J-225 6,613 TRUE Passed 500 6,615 24 18.1 J-692
J-226 8,514 TRUE Passed 500 8,515 24 14.6 J-692
J-227 6,944 TRUE Passed 500 6,945 24 16.3 J-692
J-228 5,560 TRUE Passed 500 5,561 24 18.8 J-692
J-229 5,456 TRUE Passed 500 5,457 24 19 J-692
J-230 3,202 TRUE Passed 500 3,203 24 22.3 J-692
J-231 5,023 TRUE Passed 500 5,024 24 19.8 J-692
J-232 5,595 TRUE Passed 500 5,596 24 18.9 J-692
J-233 7,320 TRUE Passed 500 7,321 24 15.9 J-692
J-234 10,000 TRUE Passed 500 10,001 47.9 9.7 J-692
J-235 10,000 TRUE Passed 500 10,001 55.1 10.5 J-692
J-236 2,615 TRUE Passed 500 2,616 24 22.5 J-692
J-237 2,172 TRUE Passed 500 2,173 24 23 J-692
J-238 1,184 TRUE Passed 500 1,185 24 24.1 J-692
J-239 10,000 TRUE Passed 500 10,001 32.9 12.3 J-692
J-240 10,000 TRUE Passed 500 10,001 31.3 12.3 J-692
J-241 9,025 TRUE Passed 500 9,026 24 15.4 J-692
J-242 8,755 TRUE Passed 500 8,756 24 18 J-692
J-243 10,000 TRUE Passed 500 10,001 27.2 15 J-692
J-244 5,739 TRUE Passed 500 5,740 24 20.6 J-692
J-245 10,000 TRUE Passed 500 10,001 28.8 16.1 J-692
J-246 9,818 TRUE Passed 500 9,819 24 19.4 J-692
J-247 10,000 TRUE Passed 500 10,001 41.2 17.2 J-692
J-248 7,818 TRUE Passed 500 7,819 24 19 J-692
J-249 2,659 TRUE Passed 500 2,660 24 23.1 J-250
J-250 1,456 TRUE Passed 500 1,457 24 24.4 J-692
J-251 8,086 TRUE Passed 500 8,087 24 18.8 J-692
J-252 8,000 TRUE Passed 500 8,001 24 19.1 J-692
J-253 3,436 TRUE Passed 500 3,437 24 23.4 J-692
J-254 8,669 TRUE Passed 500 8,671 24 17.9 J-692
J-255 7,957 TRUE Passed 500 7,958 24 18.9 J-692



J-256 4,561 TRUE Passed 500 4,562 24 22.3 J-692
J-257 7,901 TRUE Passed 500 7,902 24 18.8 J-692
J-258 7,868 TRUE Passed 500 7,869 24 18.8 J-692
J-259 4,855 TRUE Passed 500 4,856 24 22.1 J-692
J-260 6,936 TRUE Passed 500 6,937 24 19.9 J-692
J-262 8,020 TRUE Passed 500 8,021 24 19 J-692
J-263 4,664 TRUE Passed 500 4,665 24 22.3 J-692
J-264 8,566 TRUE Passed 500 8,567 24 18.5 J-692
J-265 4,369 TRUE Passed 500 4,370 24 22.5 J-692
J-266 3,064 TRUE Passed 500 3,065 24 23.5 J-692
J-267 6,753 TRUE Passed 500 6,754 24 20.2 J-692
J-268 5,926 TRUE Passed 500 5,927 24 21.1 J-692
J-269 6,907 TRUE Passed 500 6,908 24 20 J-692
J-270 8,453 TRUE Passed 500 8,454 24 17.9 J-692
J-271 7,170 TRUE Passed 500 7,171 24 19.6 J-692
J-272 7,220 TRUE Passed 500 7,221 24 19.2 J-692
J-273 5,461 TRUE Passed 500 5,462 24 21.2 J-692
J-274 5,033 TRUE Passed 500 5,034 24 21.6 J-692
J-275 6,832 TRUE Passed 500 6,833 24 19.6 J-692
J-276 6,598 TRUE Passed 500 6,599 24 19.9 J-692
J-277 6,655 TRUE Passed 500 6,656 24 19.6 J-692
J-278 4,878 TRUE Passed 500 4,879 24 21.6 J-692
J-279 4,313 TRUE Passed 500 4,314 24 22.1 J-692
J-280 1,580 TRUE Passed 500 1,581 24 24.3 J-692
J-281 3,523 TRUE Passed 500 3,524 24 22.9 J-692
J-282 3,350 TRUE Passed 500 3,351 24 23 J-692
J-283 2,655 TRUE Passed 500 2,656 24 23.6 J-692
J-284 1,518 TRUE Passed 500 1,519 24 24.3 J-692
J-285 2,243 TRUE Passed 500 2,244 24 23.9 J-692
J-286 4,772 TRUE Passed 500 4,773 24 21.1 J-292
J-287 3,878 TRUE Passed 500 3,879 24 21.4 J-292
J-288 2,249 TRUE Passed 500 2,250 24 23.8 J-692
J-289 2,540 TRUE Passed 500 2,541 24 23.1 J-290
J-290 2,343 TRUE Passed 500 2,344 24 23.8 J-692
J-291 1,260 TRUE Passed 500 1,261 24 24.4 J-692
J-292 2,785 TRUE Passed 500 2,786 24 23.5 J-692
J-294 1,517 TRUE Passed 500 1,518 24 24.3 J-692
J-296 6,792 TRUE Passed 500 6,793 24 19.1 J-692
J-297 6,909 TRUE Passed 500 6,910 24 18.8 J-692
J-298 9,236 TRUE Passed 500 9,237 24 14.7 J-692
J-299 10,000 TRUE Passed 500 10,001 26.8 13.4 J-692
J-300 4,501 TRUE Passed 500 4,502 24 21.9 J-692



J-301 3,624 TRUE Passed 500 3,625 24 22.8 J-692
J-302 4,097 TRUE Passed 500 4,098 24 22.3 J-692
J-303 3,361 TRUE Passed 500 3,362 24 23 J-692
J-304 6,072 TRUE Passed 500 6,073 24 20.2 J-692
J-305 6,218 TRUE Passed 500 6,219 24 19.1 J-306
J-306 2,628 TRUE Passed 500 2,629 24 23.6 J-692
J-307 8,410 TRUE Passed 500 8,411 24 17.1 J-692
J-308 7,430 TRUE Passed 500 7,431 24 18.7 J-692
J-309 3,889 TRUE Passed 500 3,890 24 22.5 J-692
J-310 3,694 TRUE Passed 500 3,695 24 22.6 J-692
J-311 4,211 TRUE Passed 500 4,212 24 22.2 J-692
J-312 4,139 TRUE Passed 500 4,140 24 22.2 J-692
J-313 4,676 TRUE Passed 500 4,677 24 21.6 J-692
J-314 3,480 TRUE Passed 500 3,481 24 22.8 J-692
J-315 2,825 TRUE Passed 500 2,826 24 23.3 J-692
J-316 4,839 TRUE Passed 500 4,840 24 21.2 J-692
J-317 3,584 TRUE Passed 500 3,585 24 22.7 J-692
J-318 7,126 TRUE Passed 500 7,127 24 19.6 J-692
J-319 6,815 TRUE Passed 500 6,816 24 19.9 J-692
J-320 6,848 TRUE Passed 500 6,849 24 19.7 J-692
J-321 3,541 TRUE Passed 500 3,542 24 23.1 J-692
J-322 3,770 TRUE Passed 500 3,771 24 22.9 J-692
J-323 3,339 TRUE Passed 500 3,340 24 23.3 J-692
J-324 4,610 TRUE Passed 500 4,611 24 22.3 J-692
J-325 10,000 TRUE Passed 500 10,001 41.7 12.2 J-692
J-326 10,000 TRUE Passed 500 10,001 42.4 12.2 J-692
J-327 7,506 TRUE Passed 500 7,507 24 17 J-692
J-328 10,000 TRUE Passed 500 10,001 43.2 12.2 J-692
J-329 10,000 TRUE Passed 500 10,001 32.8 12 J-692
J-330 1,849 TRUE Passed 500 1,851 24 23.9 J-692
J-331 6,455 TRUE Passed 500 6,456 24 18.7 J-692
J-332 6,763 TRUE Passed 500 6,764 24 18.2 J-692
J-333 4,846 TRUE Passed 500 4,847 24 20.9 J-692
J-334 8,583 TRUE Passed 500 8,584 24 14.5 J-692
J-336 7,195 TRUE Passed 500 7,196 24 17.2 J-692
J-338 7,990 TRUE Passed 500 7,991 24 15.8 J-692
J-339 6,866 TRUE Passed 500 6,867 24 17.7 J-692
J-340 10,000 TRUE Passed 500 10,001 36.1 12.2 J-692
J-341 8,072 TRUE Passed 500 8,073 24 17.5 J-692
J-342 4,298 TRUE Passed 500 4,299 24 22 J-692
J-343 7,828 TRUE Passed 500 7,829 24 17.5 J-692
J-345 5,210 TRUE Passed 500 5,211 24 21 J-692



J-346 3,895 TRUE Passed 500 3,896 24 22.4 J-692
J-347 10,000 TRUE Passed 500 10,001 49.6 12.5 J-692
J-348 10,000 TRUE Passed 500 10,001 51.2 12.5 J-692
J-349 10,000 TRUE Passed 500 10,001 46.3 12.5 J-692
J-350 10,000 TRUE Passed 500 10,001 44.4 12.5 J-692
J-351 9,249 TRUE Passed 500 9,250 24 14 J-692
J-352 9,574 TRUE Passed 500 9,575 24 13.3 J-692
J-353 10,000 TRUE Passed 500 10,001 25.5 12.4 J-692
J-354 10,000 TRUE Passed 500 10,001 34.2 13 J-692
J-355 9,491 TRUE Passed 500 9,492 24 13.9 J-692
J-356 8,917 TRUE Passed 500 8,918 24 14.6 J-692
J-357 10,000 TRUE Passed 500 10,001 46.7 12.3 J-692
J-358 10,000 TRUE Passed 500 10,001 32.1 13.1 J-692
J-359 10,000 TRUE Passed 500 10,001 30.4 13.1 J-692
J-360 1,642 TRUE Passed 500 1,643 24 24.1 J-692
J-361 9,045 TRUE Passed 500 9,046 24 14.8 J-692
J-362 10,000 TRUE Passed 500 10,001 47.6 12.6 J-692
J-363 8,565 TRUE Passed 500 8,566 24 15.3 J-692
J-364 7,662 TRUE Passed 500 7,663 24 16.9 J-692
J-365 8,098 TRUE Passed 500 8,099 24 16.1 J-692
J-366 7,458 TRUE Passed 500 7,459 24 17.2 J-692
J-367 9,209 TRUE Passed 500 9,210 24 14 J-692
J-368 6,341 TRUE Passed 500 6,342 24 19.4 J-692
J-369 9,316 TRUE Passed 500 9,317 24 14.4 J-692
J-370 10,000 TRUE Passed 500 10,001 34.6 13.1 J-692
J-371 3,960 TRUE Passed 500 3,961 24 17 J-692
J-371 10,000 TRUE Passed 500 10,001 33.1 13 J-692
J-372 7,437 TRUE Passed 500 7,438 24 17.5 J-692
J-373 10,000 TRUE Passed 500 10,001 50.1 12.5 J-692
J-374 10,000 TRUE Passed 500 10,001 50.3 12.5 J-692
J-375 10,000 TRUE Passed 500 10,001 47.8 12.5 J-692
J-376 8,525 TRUE Passed 500 8,526 24 15.4 J-692
J-377 10,000 TRUE Passed 500 10,001 54.5 12.5 J-692
J-378 10,000 TRUE Passed 500 10,001 43.7 12.5 J-692
J-379 10,000 TRUE Passed 500 10,001 46.9 12.5 J-692
J-380 7,126 TRUE Passed 500 7,127 24 17.9 J-692
J-382 7,718 TRUE Passed 500 7,719 24 17.1 J-692
J-383 7,077 TRUE Passed 500 7,078 24 18.1 J-692
J-384 7,394 TRUE Passed 500 7,395 24 17.6 J-692
J-385 9,948 TRUE Passed 500 9,949 24 12.9 J-692
J-386 10,000 TRUE Passed 500 10,001 28.9 12.9 J-692
J-387 9,071 TRUE Passed 500 9,072 24 14.8 J-692



J-388 6,799 TRUE Passed 500 6,800 24 18.6 J-692
J-389 5,312 TRUE Passed 500 5,313 24 20.7 J-692
J-390 1,971 TRUE Passed 500 1,972 24 23.9 J-692
J-391 7,193 TRUE Passed 500 7,194 24 17.9 J-692
J-392 10,000 TRUE Passed 500 10,001 42.4 12.5 J-692
J-393 8,004 TRUE Passed 500 8,005 24 16.4 J-692
J-394 9,443 TRUE Passed 500 9,444 24 13.8 J-692
J-395 9,614 TRUE Passed 500 9,615 24 13.4 J-692
J-396 10,000 TRUE Passed 500 10,001 43.1 12.5 J-692
J-397 6,535 TRUE Passed 500 6,536 24 18.7 J-692
J-398 1,753 TRUE Passed 500 1,754 24 24 J-692
J-399 10,000 TRUE Passed 500 10,001 68.2 12.1 J-692
J-401 4,151 TRUE Passed 500 4,152 24 15.5 J-692
J-401 10,000 TRUE Passed 500 10,001 64.8 12.4 J-692
J-402 10,000 TRUE Passed 500 10,001 65.5 12.4 J-692
J-403 10,000 TRUE Passed 500 10,001 44.2 12.5 J-692
J-404 10,000 TRUE Passed 500 10,001 29 13.2 J-692
J-405 4,749 TRUE Passed 500 4,750 24 21.2 J-692
J-406 10,000 TRUE Passed 500 10,001 61.1 12.3 J-692
J-407 10,000 TRUE Passed 500 10,001 67.6 12.3 J-692
J-408 10,000 TRUE Passed 500 10,001 47.9 12.4 J-692
J-409 3,535 TRUE Passed 500 3,536 24 22.5 J-692
J-410 10,000 TRUE Passed 500 10,001 54.3 12.5 J-692
J-411 3,601 TRUE Passed 500 3,602 24 22.5 J-692
J-412 10,000 TRUE Passed 500 10,001 59 12.5 J-692
J-413 10,000 TRUE Passed 500 10,001 65.4 12.3 J-692
J-414 10,000 TRUE Passed 500 10,001 61.9 11.5 J-692
J-415 2,023 TRUE Passed 500 2,024 24 23.8 J-692
J-416 10,000 TRUE Passed 500 10,001 61.9 12.4 J-692
J-417 10,000 TRUE Passed 500 10,001 58.1 12.5 J-692
J-418 5,592 TRUE Passed 500 5,594 24 20.2 J-692
J-419 3,540 TRUE Passed 500 3,541 24 22.6 J-692
J-420 10,000 TRUE Passed 500 10,001 37 13.3 J-692
J-421 9,820 TRUE Passed 500 9,821 24 13.3 J-692
J-422 7,164 TRUE Passed 500 7,165 24 18 J-692
J-423 9,728 TRUE Passed 500 9,729 24 13.5 J-692
J-424 4,980 TRUE Passed 500 4,981 24 21 J-692
J-425 4,257 TRUE Passed 500 4,258 24 21.8 J-692
J-426 9,672 TRUE Passed 500 9,673 24 13.3 J-692
J-427 8,233 TRUE Passed 500 8,234 24 16.1 J-692
J-428 9,869 TRUE Passed 500 9,870 24 13.1 J-692
J-429 9,836 TRUE Passed 500 9,837 24 13.2 J-692



J-430 4,091 TRUE Passed 500 4,092 24 22 J-692
J-431 7,616 TRUE Passed 500 7,617 24 17.2 J-692
J-432 2,378 TRUE Passed 500 2,379 24 23.6 J-692
J-433 4,072 TRUE Passed 500 4,073 24 20.2 J-692
J-434 10,000 TRUE Passed 500 10,001 61.8 24.2 J-692
J-435 10,000 TRUE Passed 500 10,001 63.1 24.2 J-692
J-436 10,000 TRUE Passed 500 10,001 59.9 23.4 J-692
J-437 9,691 TRUE Passed 500 9,692 24 21 J-692
J-439 10,000 TRUE Passed 500 10,001 30.1 19.6 J-692
J-440 10,000 TRUE Passed 500 10,001 25.9 19.2 J-692
J-442 8,911 TRUE Passed 500 8,912 24 20 J-692
J-443 2,237 TRUE Passed 500 2,238 24 24.3 J-692
J-445 10,000 TRUE Passed 500 10,001 24.1 19 J-692
J-447 6,542 TRUE Passed 500 6,543 24 21.7 J-692
J-448 5,185 TRUE Passed 500 5,186 24 22.7 J-692
J-449 6,202 TRUE Passed 500 6,204 24 17.5 J-450
J-450 4,260 TRUE Passed 500 4,261 24 23.2 J-692
J-451 6,049 TRUE Passed 500 6,050 24 22 J-692
J-452 5,521 TRUE Passed 500 5,522 24 22.4 J-692
J-453 5,084 TRUE Passed 500 5,085 24 22.7 J-692
J-454 4,904 TRUE Passed 500 4,905 24 22.8 J-692
J-455 6,671 TRUE Passed 500 6,672 24 21.6 J-692
J-456 6,586 TRUE Passed 500 6,587 24 21.6 J-692
J-457 5,265 TRUE Passed 500 5,266 24 22.5 J-692
J-458 3,040 TRUE Passed 500 3,041 24 23.8 J-692
J-459 2,963 TRUE Passed 500 2,964 24 23.8 J-692
J-460 4,026 TRUE Passed 500 4,027 24 23.2 J-692
J-461 1,663 TRUE Passed 500 1,664 24 23.4 J-463
J-462 1,457 TRUE Passed 500 1,458 24 24.5 J-692
J-463 1,339 TRUE Passed 500 1,340 24 24.5 J-692
J-464 5,288 TRUE Passed 500 5,289 24 22.5 J-692
J-465 5,433 TRUE Passed 500 5,434 24 22.4 J-692
J-466 5,735 TRUE Passed 500 5,736 24 22.1 J-692
J-467 6,441 TRUE Passed 500 6,442 24 21.5 J-692
J-468 6,350 TRUE Passed 500 6,351 24 21.5 J-692
J-469 6,932 TRUE Passed 500 6,933 24 20.9 J-692
J-470 8,351 TRUE Passed 500 8,352 24 19 J-692
J-471 10,000 TRUE Passed 500 10,001 39.2 16.7 J-692
J-472 7,137 TRUE Passed 500 7,138 24 20.5 J-692
J-473 6,586 TRUE Passed 500 6,587 24 21.2 J-692
J-474 6,015 TRUE Passed 500 6,016 24 21.7 J-692
J-475 5,666 TRUE Passed 500 5,667 24 22.1 J-692



J-476 2,364 TRUE Passed 500 2,365 24 24.1 J-692
J-477 2,391 TRUE Passed 500 2,392 24 24.1 J-692
J-478 5,586 TRUE Passed 500 5,587 24 22.2 J-692
J-479 5,729 TRUE Passed 500 5,730 24 22.2 J-692
J-480 6,089 TRUE Passed 500 6,091 24 22 J-692
J-481 6,479 TRUE Passed 500 6,480 24 21.7 J-692
J-482 3,329 TRUE Passed 500 3,330 24 19.8 J-485
J-483 2,058 TRUE Passed 500 2,059 24 22.8 J-485
J-484 1,892 TRUE Passed 500 1,893 24 24.4 J-692
J-485 1,540 TRUE Passed 500 1,541 24 24.5 J-692
J-486 9,698 TRUE Passed 500 9,699 24 19.5 J-692
J-487 10,000 TRUE Passed 500 10,001 39.8 19.8 J-692
J-489 10,000 TRUE Passed 500 10,001 52.5 21.9 J-692
J-490 10,000 TRUE Passed 500 10,001 41.6 21 J-692
J-491 10,000 TRUE Passed 500 10,001 63 24.4 J-692
J-492 10,000 TRUE Passed 500 10,001 48.6 21.3 J-692
J-493 10,000 TRUE Passed 500 10,001 26.4 20.6 J-692
J-494 10,000 TRUE Passed 500 10,001 27.3 20.7 J-692
J-497 10,000 TRUE Passed 500 10,001 45.8 18.4 J-692
J-498 10,000 TRUE Passed 500 10,001 48 20 J-692
J-499 10,000 TRUE Passed 500 10,001 41.6 20 J-692
J-500 7,012 TRUE Passed 500 7,013 24 22.1 J-692
J-501 10,000 TRUE Passed 500 10,001 44.4 20.7 J-692
J-502 8,501 TRUE Passed 500 8,503 24 20.5 J-692
J-504 7,048 TRUE Passed 500 7,049 24 21.3 J-692
J-505 4,985 TRUE Passed 500 4,986 24 22.8 J-692
J-507 4,696 TRUE Passed 500 4,698 24 22.8 J-692
J-508 4,720 TRUE Passed 500 4,721 24 22.8 J-692
J-509 5,463 TRUE Passed 500 5,464 24 22.3 J-692
J-510 6,185 TRUE Passed 500 6,186 24 22.5 J-692
J-511 2,404 TRUE Passed 500 2,405 24 24.3 J-692
J-513 2,456 TRUE Passed 500 2,457 24 24.3 J-692
J-514 2,773 TRUE Passed 500 2,774 24 23.3 J-513
J-516 5,403 TRUE Passed 500 5,404 24 22.5 J-692
J-517 5,784 TRUE Passed 500 5,785 24 22 J-692
J-518 5,256 TRUE Passed 500 5,257 24 20.2 J-549
J-519 5,781 TRUE Passed 500 5,782 24 22 J-692
J-520 4,787 TRUE Passed 500 4,788 24 22.3 J-692
J-521 3,966 TRUE Passed 500 3,967 24 22.9 J-692
J-522 4,096 TRUE Passed 500 4,097 24 21.5 J-603
J-523 4,465 TRUE Passed 500 4,466 24 21.9 J-603
J-524 4,335 TRUE Passed 500 4,336 24 22.6 J-692



J-525 4,798 TRUE Passed 500 4,799 24 22.2 J-692
J-526 4,676 TRUE Passed 500 4,677 24 22.3 J-692
J-527 4,720 TRUE Passed 500 4,721 24 22.2 J-692
J-528 4,391 TRUE Passed 500 4,392 24 22.5 J-692
J-529 4,609 TRUE Passed 500 4,610 24 22.2 J-692
J-530 4,649 TRUE Passed 500 4,650 24 22.2 J-692
J-531 2,979 TRUE Passed 500 2,980 24 23.5 J-692
J-532 3,222 TRUE Passed 500 3,223 24 23.3 J-692
J-533 8,443 TRUE Passed 500 8,444 24 17.6 J-692
J-534 9,367 TRUE Passed 500 9,368 24 16.3 J-692
J-535 8,707 TRUE Passed 500 8,708 24 17.3 J-692
J-536 7,806 TRUE Passed 500 7,807 24 18.5 J-692
J-537 8,972 TRUE Passed 500 8,973 24 16.9 J-692
J-538 9,615 TRUE Passed 500 9,616 24 15.5 J-692
J-539 10,000 TRUE Passed 500 10,001 30.4 14.7 J-692
J-540 3,168 TRUE Passed 500 3,169 24 23.3 J-692
J-541 3,412 TRUE Passed 500 3,413 24 23.2 J-692
J-542 6,864 TRUE Passed 500 6,865 24 20.2 J-692
J-543 9,308 TRUE Passed 500 9,309 24 17.4 J-692
J-544 10,000 TRUE Passed 500 10,001 27.5 17.1 J-692
J-545 5,712 TRUE Passed 500 5,713 24 21.8 J-692
J-546 2,195 TRUE Passed 500 2,196 24 24.1 J-692
J-547 5,336 TRUE Passed 500 5,337 24 22.3 J-692
J-548 1,892 TRUE Passed 500 1,893 24 24.3 J-692
J-549 1,757 TRUE Passed 500 1,758 24 24.4 J-692
J-550 4,749 TRUE Passed 500 4,750 24 22.8 J-692
J-551 3,131 TRUE Passed 500 3,132 24 23.8 J-692
J-552 2,519 TRUE Passed 500 2,520 24 24.1 J-692
J-553 5,329 TRUE Passed 500 5,330 24 22.7 J-692
J-554 2,974 TRUE Passed 500 2,975 24 23.9 J-692
J-555 10,000 TRUE Passed 500 10,001 32.8 17 J-692
J-556 4,247 TRUE Passed 500 4,248 24 22.8 J-692
J-557 3,745 TRUE Passed 500 3,746 24 23.2 J-692
J-558 1,901 TRUE Passed 500 1,902 24 24.2 J-692
J-559 10,000 TRUE Passed 500 10,001 36.9 17.5 J-692
J-560 10,000 TRUE Passed 500 10,001 45.2 18.1 J-692
J-561 3,858 TRUE Passed 500 3,859 24 23 J-692
J-562 10,000 TRUE Passed 500 10,001 32.5 17.2 J-692
J-563 2,995 TRUE Passed 500 2,996 24 23.4 J-692
J-564 10,000 TRUE Passed 500 10,001 35.3 15.3 J-692
J-565 10,000 TRUE Passed 500 10,001 36.8 16.2 J-692
J-566 8,688 TRUE Passed 500 8,689 24 17 J-692



J-567 10,000 TRUE Passed 500 10,001 32.5 14.6 J-692
J-568 10,000 TRUE Passed 500 10,001 31 13.1 J-692
J-569 8,504 TRUE Passed 500 8,505 24 16 J-692
J-570 7,376 TRUE Passed 500 7,377 24 18.2 J-692
J-571 8,856 TRUE Passed 500 8,857 24 14.6 J-692
J-572 10,000 TRUE Passed 500 10,001 44.5 11.2 J-692
J-573 10,000 TRUE Passed 500 10,001 34.3 4 J-692
J-574 10,000 TRUE Passed 500 10,001 25.7 12 J-692
J-576 10,000 TRUE Passed 500 10,001 38 13.7 J-692
J-577 10,000 TRUE Passed 500 10,001 36.1 14.2 J-692
J-578 3,369 TRUE Passed 500 3,370 24 23.1 J-692
J-579 4,450 TRUE Passed 500 4,451 24 22.2 J-692
J-580 4,499 TRUE Passed 500 4,500 24 22.2 J-692
J-581 4,241 TRUE Passed 500 4,242 24 22.3 J-692
J-582 6,716 TRUE Passed 500 6,717 24 19.6 J-692
J-583 7,271 TRUE Passed 500 7,272 24 18.8 J-692
J-584 8,274 TRUE Passed 500 8,275 24 17.4 J-692
J-585 6,339 TRUE Passed 500 6,340 24 19.9 J-692
J-587 5,878 TRUE Passed 500 5,879 24 20.5 J-692
J-588 5,508 TRUE Passed 500 5,509 24 20.9 J-692
J-589 5,650 TRUE Passed 500 5,651 24 20.7 J-692
J-590 7,120 TRUE Passed 500 7,121 24 18.9 J-692
J-591 6,534 TRUE Passed 500 6,535 24 19.7 J-692
J-592 6,307 TRUE Passed 500 6,308 24 20.4 J-692
J-593 4,647 TRUE Passed 500 4,648 24 22.2 J-692
J-594 4,497 TRUE Passed 500 4,498 24 20.3 J-596
J-595 3,659 TRUE Passed 500 3,660 24 21.3 J-596
J-596 3,107 TRUE Passed 500 3,108 24 23.4 J-692
J-597 3,214 TRUE Passed 500 3,215 24 23.4 J-692
J-598 3,299 TRUE Passed 500 3,300 24 23.3 J-692
J-599 3,494 TRUE Passed 500 3,495 24 23.2 J-692
J-601 3,070 TRUE Passed 500 3,071 24 23.5 J-692
J-602 4,410 TRUE Passed 500 4,411 24 22.5 J-692
J-603 2,353 TRUE Passed 500 2,354 24 23.9 J-692
J-604 4,422 TRUE Passed 500 4,423 24 22.5 J-692
J-605 3,266 TRUE Passed 500 3,267 24 23.3 J-692
J-606 3,385 TRUE Passed 500 3,386 24 23.2 J-692
J-607 4,258 TRUE Passed 500 4,259 24 22.6 J-692
J-608 4,388 TRUE Passed 500 4,389 24 22.5 J-692
J-609 4,478 TRUE Passed 500 4,479 24 22.4 J-692
J-610 4,405 TRUE Passed 500 4,406 24 22.4 J-692
J-611 4,707 TRUE Passed 500 4,708 24 22.2 J-692



J-612 4,173 TRUE Passed 500 4,174 24 22.6 J-692
J-613 4,303 TRUE Passed 500 4,304 24 22.5 J-692
J-614 6,540 TRUE Passed 500 6,541 24 20.1 J-692
J-615 6,833 TRUE Passed 500 6,834 24 19.8 J-692
J-616 6,990 TRUE Passed 500 6,991 24 19.6 J-692
J-617 6,879 TRUE Passed 500 6,880 24 19.1 J-692
J-620 7,866 TRUE Passed 500 7,867 24 17.7 J-692
J-621 9,659 TRUE Passed 500 9,660 24 14.7 J-692
J-622 9,254 TRUE Passed 500 9,255 24 15.5 J-692
J-623 9,302 TRUE Passed 500 9,303 24 15.1 J-692
J-625 10,000 TRUE Passed 500 10,001 26.8 13.9 J-692
J-626 9,082 TRUE Passed 500 9,084 24 15.9 J-692
J-627 9,034 TRUE Passed 500 9,035 24 16 J-692
J-628 9,273 TRUE Passed 500 9,274 24 15.7 J-692
J-629 9,738 TRUE Passed 500 9,739 24 14.9 J-692
J-630 9,951 TRUE Passed 500 9,952 24 14.6 J-692
J-631 10,000 TRUE Passed 500 10,001 24.4 14.5 J-692
J-632 5,351 TRUE Passed 500 5,352 24 20.9 J-692
J-633 3,191 TRUE Passed 500 3,192 24 23.1 J-692
J-634 8,265 TRUE Passed 500 8,266 24 16.9 J-692
J-636 10,000 TRUE Passed 500 10,001 29.2 14.5 J-692
J-637 3,874 TRUE Passed 500 3,875 24 22.6 J-692
J-638 10,000 TRUE Passed 500 10,001 32.1 14.6 J-692
J-639 10,000 TRUE Passed 500 10,001 37.8 14.1 J-692
J-640 10,000 TRUE Passed 500 10,001 34.4 14.2 J-692
J-641 5,753 TRUE Passed 500 5,754 24 20.7 J-692
J-642 4,161 TRUE Passed 500 4,162 24 22.4 J-692
J-643 3,192 TRUE Passed 500 3,193 24 23.3 J-692
J-644 5,478 TRUE Passed 500 5,479 24 21.4 J-692
J-645 2,783 TRUE Passed 500 2,784 24 23.6 J-692
J-646 7,593 TRUE Passed 500 7,594 24 19.1 J-692
J-647 4,953 TRUE Passed 500 4,954 24 21.8 J-692
J-648 3,044 TRUE Passed 500 3,045 24 23.4 J-692
J-649 3,767 TRUE Passed 500 3,768 24 22.9 J-692
J-650 1,899 TRUE Passed 500 1,900 24 24.1 J-692
J-651 8,073 TRUE Passed 500 8,074 24 18.7 J-692
J-652 3,108 TRUE Passed 500 3,109 24 23.4 J-692
J-655 7,542 TRUE Passed 500 7,543 24 19 J-692
J-656 3,629 TRUE Passed 500 3,630 24 22.9 J-692
J-657 10,000 TRUE Passed 500 10,001 35.8 13.4 J-692
J-659 10,000 TRUE Passed 500 10,001 39.1 13.5 J-692
J-659 10,000 TRUE Passed 500 10,001 40.8 13.2 J-692



J-660 10,000 TRUE Passed 500 10,001 42 13.2 J-692
J-661 833 TRUE Passed 500 838 24 24.6 J-692
J-662 10,000 TRUE Passed 500 10,001 54.9 12.9 J-692
J-663 10,000 TRUE Passed 500 10,001 46.1 13.2 J-692
J-664 10,000 TRUE Passed 500 10,001 34.4 13.8 J-692
J-665 10,000 TRUE Passed 500 10,001 36.6 14 J-692
J-666 10,000 TRUE Passed 500 10,001 41.5 19.6 J-692
J-667 10,000 TRUE Passed 500 10,001 26.2 19.4 J-692
J-668 10,000 TRUE Passed 500 10,001 47.9 21.1 J-692
J-669 4,485 TRUE Passed 500 4,486 24 22.5 J-692
J-670 5,090 TRUE Passed 500 5,091 24 22 J-692
J-673 10,000 TRUE Passed 500 10,001 42.4 13.3 J-692
J-674 4,297 TRUE Passed 500 4,298 24 21.9 J-692
J-675 4,014 TRUE Passed 500 4,015 24 22.1 J-692
J-676 5,666 TRUE Passed 500 5,667 24 20.1 J-692
J-677 2,529 TRUE Passed 500 2,530 24 23.3 J-678
J-678 1,890 TRUE Passed 500 1,891 24 24 J-692
J-680 6,399 TRUE Passed 500 6,399 24 9.3 J-692
J-682 5,212 TRUE Passed 500 5,212 24 12.9 J-692
J-685 2,335 TRUE Passed 500 2,360 24 20.1 J-692
J-686 6,419 TRUE Passed 500 6,469 24 2.5 J-692
J-687 7,697 TRUE Passed 500 7,722 30 0 J-692
J-689 9,136 TRUE Passed 500 9,161 24 2.7 J-692
J-690 8,133 TRUE Passed 500 8,158 36.7 0 J-692
J-691 7,165 TRUE Passed 500 7,190 31.4 0 J-692
J-692 708 TRUE Passed 500 708 24 25.9 J-695
J-693 6,202 TRUE Passed 500 6,227 24 10.4 J-692
J-694 6,225 TRUE Passed 500 6,250 24 4.6 J-692
J-695 1,361 TRUE Passed 500 1,386 24 23 J-692
J-696 5,499 TRUE Passed 500 5,504 24 15.9 J-692
J-697 6,908 TRUE Passed 500 6,908 24 4.1 J-692
J-698 9,546 TRUE Passed 500 9,571 24 2.6 J-692
J-699 10,000 TRUE Passed 500 10,025 44.2 0.2 J-692
J-700 8,631 TRUE Passed 500 8,656 24 2.4 J-692
J-702 5,760 TRUE Passed 500 5,760 24 7.9 J-692
J-714 7,727 TRUE Passed 500 7,727 24 20.7 J-692
J-715 4,847 TRUE Passed 500 4,847 24 21.7 J-692
J-716 6,694 TRUE Passed 500 6,694 24 18.1 J-692
J-717 6,895 TRUE Passed 500 6,895 24 17.5 J-692
J-718 6,814 TRUE Passed 500 6,814 24 17.3 J-692
J-719 10,000 TRUE Passed 500 10,000 30.1 19 J-692
J-720 7,350 TRUE Passed 500 7,350 24 19.6 J-692



J-721 9,066 TRUE Passed 500 9,066 24 10.7 J-692
J-722 7,049 TRUE Passed 500 7,049 24 18.5 J-692
J-723 9,570 TRUE Passed 500 9,570 24 15.2 J-692
J-724 9,354 TRUE Passed 500 9,354 24 18 J-692
J-725 9,798 TRUE Passed 500 9,798 24 18.6 J-692
J-726 8,788 TRUE Passed 500 8,788 24 19.9 J-692
J-727 10,000 TRUE Passed 500 10,000 35.4 21.1 J-692
J-729 10,000 TRUE Passed 500 10,000 35 19.3 J-692
J-731 6,086 TRUE Passed 500 6,087 24 20.9 J-692
J-904 7,312 TRUE Passed 500 7,313 24 17 J-692
J-1031 10,000 TRUE Passed 500 10,001 25.2 12.8 J-692
J-1082 10,000 TRUE Passed 500 10,001 60.9 12.8 J-692
J-1184 10,000 TRUE Passed 500 10,001 32.6 20.7 J-692
J-1201 8,763 TRUE Passed 500 8,764 24 19.9 J-692
J-1296 10,000 TRUE Passed 500 10,001 43.7 20.3 J-692
J-1334 7,779 TRUE Passed 500 7,780 24 20.7 J-692
J-1340 4,298 TRUE Passed 500 4,299 24 23.1 J-692
J-1549 3,115 TRUE Passed 500 3,116 24 23.4 J-692
J-1642 9,330 TRUE Passed 500 9,331 24 15.2 J-692
J-1704 10,000 TRUE Passed 500 10,001 43.9 13.4 J-692
J-1780 8,058 TRUE Passed 500 8,058 24 19.8 J-692
J-1806 3,807 TRUE Passed 500 3,807 24 18 J-692
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