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Part 1: 

Executive Summary: 

Water supply forecasting for the Ashland City area has not been projected for the next 25 to 50 years. A 

population growth of 15,000 residents is expected in the next 50 years based on current population growth 

trends. Daily water consumption is expected to grow by 2.1MGD to a total of 5.03MGD by 2060. 

Assessment of past trends shows a high chance of drier years due to climate changes, while current water 

conservation practices however help mitigate these fears. The primary contaminant concerns in the water 

supply reservoir revolve around algae growth. Heavy silting against the damn and high nutrient release by 

sediments creates areas of concern for both treatment and the reservoir ecosystem. 

Overview of Ashland: 

The city of Ashland Oregon currently has about 21,000 residents who require water for their homes, 

businesses, and agriculture irrigation. The city is built in Rogue valley which is rich in water runoff from 

yearly snowpack. In the past the city has primarily used Reeder reservoir for its water needs which some 

temporary pumping from Hyatt reservoir during drought years. The Reeder reservoir is replenished 

constantly by two creeks that run out from the Rogue River National Forest in the mountains south of 

Ashland. 

The two creeks are named Ashland Creek East Fork and Ashland Creek West Fork which derive their 

water from separate parts of the Rogue River National Forest. Flow data provided by USGS in appendix 

pages 1-4 allow an understanding to the volume of water that is coming into Reeder reservoir. In recent 

years, namely 2006 and 2009 the Ashland area has seen fairly severe drought which has decreased the 

average inflow rate for both creeks. For instance, the 2009 drought caused the annual average flow to 

change from 7402 ft
3
/s in 2008 to 4461 ft

3
/s in 2009, a drop of 40% (1). These droughts cause a 

deficiency in water supply in Reeder reservoir for the city of Ashland and require the use of pumps to 

transport water from Hyatt reservoir almost 20 miles to the water treatment plant. Hyatt reservoir has a 
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much larger capacity than Reeder reservoir and is not used for any other municipality so the level in the 

reservoir stays very steady. 

Costs of pumping from Hyatt reservoir during the hot summer days of the year is very expensive so the 

city of Ashland has put into effect many water saving plans to help reduce the load on the city. Following 

the trend from measurements throughout the last 11 years in figure 1 clearly shows that water usage per 

capita is dropping significantly while the population grows. 

Figure 1: Water Usage per capita from 1998-2009 

 

This trend shows a very significant move towards water conservation already and the city is always 

looking to the future as more water conservation techniques have been established in the university and 

public parks in 2010 with many more surely to come. From this chart we can see that the population of 

roughly 21,000 people is asserting a demand of 2.94 MGD in 2009. 
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Population Forecasting: 

Looking far into the future of Ashlandôs water requirements requires an understanding of usage per 

person, and population in the future. Ashland city council has created a plan for economic growth which 

establishes a goal of a 1.06% (2) population growth per year. This population growth is not far from the 

recent estimate of population growth since 2005 of 1.5% (2). There is some concern that due to the 

economic slump of the country and the relatively high price of living in Ashland that the population 

growth could be as low as 0.32% (2) annually. Detailed population forecast data is not available for 

Ashland so extrapolating population data is not possible, however city council takes an active role in 

accomplishing a 1.06% growth rate so using it for future estimates is most realistic.  

Running a population forecast using the 1.06% annual growth over the next 25 and 50 years gives a 

projected population of 27,624 and 35,955 respectively. Appendix page 5 shows the population per year 

over the time period described along with the yearly average water demand based on a conservative 

estimate of 140 gpcd assumed from the graph in figure 1.  

Raw Water Supply: 

Data for the water supply to the Reeder reservoir was provided by the USGS and data has been tabulated 

in appendix page 6 detailing the average flow rates per month on an average basis (data averaged from 

1920 to 2009) and worst case scenario which takes the lowest flow rates ever recorded and assumes they 

all occur in the same year. Running an average and worst case scenario helps pinpoint months of reservoir 

loss and reservoir gain.  

At 25 year projections for water use on an average raw water supply there should be no worry about the 

reservoir drying up. At the same 25 year projection on a worst case scenario event water usage will 

surpass water supply by 0.28MGD. If this sort of drought occurs more frequently due to climate change 

then the city will still be alright for the next 25 years and plans can be made for more permanent source 

water collection.  
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At a 50 year projection assuming an average raw water supply the months of concern would be August to 

October where the monthly consumption will exceed the monthly supply. However, the region has an 

incredibly high water flow in the month of June, which also commands one of the biggest water usages of 

the year. This flow of an average 23MGD will fill the reservoir and still have ample water to use on 

agriculture that is in full production. The month of July has an incredible drop in raw water flow from 

23MGD down to 9.5MGD which is still enough to supply the city and agriculture with water, but not 

much left over to supply the reservoir. It also should be understood that water usage is not the only factor 

affecting the reservoir, but evaporation during hot summer temperatures plays a significant role in water 

loss in the area. The reservoir is built in a rather mountainous region so the ratio of surface area to volume 

is low which helps to minimize water losses. 

Although the worst case scenario estimate of water supply is not realistic, as is the average water supply 

due to the new trend of drier years due to climate change, the actual future of water supply exists 

someplace in between.  

Historical records of average water depth in the reservoir show that the current draw from the reservoir 

are not a problem to ensure at least a 35% minimum water level. However as can be seen below in figure 

2, 2002 dropped slightly below the target depth in the months of September and October. Also, the more 

recent 2009 drought required TID supplemental water to be provided to the water supply in order to bring 

the reservoir level back to target. Solutions for preventing a drop below the target level would include 

water conservation, annual supplemental water, or an increase in the reservoir capacity. 
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Figure 2: Reeder Reservoir Drawdown 

 

Location of Plant: 

An item of concern for Ashland is the possibility of the Reeder reservoir dam failing and a huge 

surge of water flowing down to cover both the water treatment plant and a portion of the city itself. 

Warning systems have already been installed and are maintained to warn residents of Ashland in the 

unlikely failure of the dam. Risk assessment was calculated by adding the possibility of failure for two 

scenarios, earthquake and reservoir overflow. Assessments on the stability of the dam for both scenerios 

show failure as very unlikely, and in the eventuality that the dam does break, the water supply is 

compromised regardless of whether the treatment plant can be operated. Therefore moving the treatment 

plant would incur construction and operational costs that do not outweigh the unlikely possibility of dam 

failure.  Therefore the water treatment plant will remain at its current location which is a few miles 

downhill of the reservoir which allows for cost effective water movement from the dam to the treatment 

plant.  
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Water Source Contaminants: 

The water source which supplies Ashland with its water is the Reeder Reservoir.  The reservoir 

has been providing water to the city of Ashland for many years but there is extremely limited 

data on historical water quality.  An extensive study was done starting in 2007 and ending in 

2008 on the raw water quality.  As the water was examined, the existence of blue/green algal 

blooms and of high nutrient levels being released by the sediment became regarded as the 

primary problem for the reservoirôs water quality.  Certainly algae growth is the most distinct 

problem for the treatment of water from Reeder Reservoir.  The state of Oregon has very 

thorough information on the water quality regulations on their state website but a brief overview 

of the drinking water regulations and regulations on Disinfection By-Products are summarized in 

figure 3.  The drinking water standards follow closely the guidelines given to the states by the 

EPA but in several places exceed standards by state mandate.  There are no known threatened or 

endangered species that live in the area around Reeder Reservoir or within its waters.  Both of 

the source streams are fed primarily by snow melt. 
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Appendix 5 

 

 

Population Year gpcd Demand per day
21,000         2009 140 2.94                           
21,223         2010 140 2.97                           
21,448         2011 140 3.00                           
21,675         2012 140 3.03                           
21,905         2013 140 3.07                           
22,137         2014 140 3.10                           
22,371         2015 140 3.13                           
22,609         2016 140 3.17                           
22,848         2017 140 3.20                           
23,090         2018 140 3.23                           
23,335         2019 140 3.27                           
23,583         2020 140 3.30                           
23,833         2021 140 3.34                           
24,085         2022 140 3.37                           
24,340         2023 140 3.41                           
24,599         2024 140 3.44                           
24,859         2025 140 3.48                           
25,123         2026 140 3.52                           
25,389         2027 140 3.55                           
25,658         2028 140 3.59                           
25,930         2029 140 3.63                           
26,205         2030 140 3.67                           
26,483         2031 140 3.71                           
26,764         2032 140 3.75                           
27,047         2033 140 3.79                           
27,334         2034 140 3.83                           
27,624         2035 140 3.87                           
27,916         2036 140 3.91                           
28,212         2037 140 3.95                           
28,511         2038 140 3.99                           
28,814         2039 140 4.03                           
29,119         2040 140 4.08                           
29,428         2041 140 4.12                           
29,740         2042 140 4.16                           
30,055         2043 140 4.21                           
30,373         2044 140 4.25                           
30,695         2045 140 4.30                           
31,021         2046 140 4.34                           
31,350         2047 140 4.39                           
31,682         2048 140 4.44                           
32,018         2049 140 4.48                           
32,357         2050 140 4.53                           
32,700         2051 140 4.58                           
33,047         2052 140 4.63                           
33,397         2053 140 4.68                           
33,751         2054 140 4.73                           
34,109         2055 140 4.78                           
34,470         2056 140 4.83                           
34,836         2057 140 4.88                           
35,205         2058 140 4.93                           
35,578         2059 140 4.98                           
35,955         2060 140 5.03                           

Gallons per person per day
140 gallons

Growth factor
1.5% per year
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Appendix 6 

 

 

 
  

Total

gpd gpd

Jan 10.2 6,591,974    Jan 9.57 6,184,823    12.78 MGD

Feb 11.6 7,496,755    Feb 11.4 7,367,501    14.86 MGD

Mar 12.2 7,884,518    Mar 11.7 7,561,382    15.45 MGD

Apr 13.7 8,853,926    Apr 12.6 8,143,027    17.00 MGD

May 20.7 13,377,830 May 21.3 13,765,594 27.14 MGD

Jun 16.4 10,598,861 Jun 19.1 12,343,795 22.94 MGD

Jul 6.51 4,207,231    Jul 8.11 5,241,266    9.45    MGD

Aug 3.59 2,320,116    Aug 3.87 2,501,073    4.82    MGD

Sep 3.11 2,009,906    Sep 3.05 1,971,130    3.98    MGD

Oct 3.64 2,352,430    Oct 3.37 2,177,937    4.53    MGD

Nov 5.95 3,845,318    Nov 5.86 3,787,154    7.63    MGD

Dec 9.53 6,158,972    Dec 9.86 6,372,242    12.53 MGD

Total

gpd gpd

Jan 2.81 1,816,024    Jan 2.74 1,770,785    3.59    MGD

Feb 2.47 1,596,292    Feb 2.52 1,628,605    3.22    MGD

Mar 2.84 1,835,412    Mar 2.77 1,790,173    3.63    MGD

Apr 4.52 2,921,149    Apr 3.68 2,378,281    5.30    MGD

May 4.54 2,934,075    May 5.44 3,515,720    6.45    MGD

Jun 3.18 2,055,145    Jun 4.03 2,604,476    4.66    MGD

Jul 2.09 1,350,708    Jul 2.08 1,344,246    2.69    MGD

Aug 1.57 1,014,647    Aug 1.45 937,094       1.95    MGD

Sep 1.38 891,855       Sep 1.67 1,079,274    1.97    MGD

Oct 1.98 1,279,619    Oct 2.06 1,331,320    2.61    MGD

Nov 2.44 1,576,904    Nov 2.67 1,725,546    3.30    MGD

Dec 2.9 1,874,189    Dec 2.74 1,770,785    3.64    MGD

EAST FORK

1925-2009 AVG (cfs)

Yearly Averages

Worst Case Scenerio

WEST FORK

1925-2009 AVG (cfs)

WEST FORK

1925-2009 AVG (cfs)

EAST FORK

1925-2009 AVG (cfs)

25 year avg consumption

3.87                  MGD

50 year avg consumption

5.03                  MGD
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Part 2: 

Executive Summary 

Raw water retrieval for the Ashland Water Treatment Facility is detailed in the following report. Design 

specifications have been provided for an intake tower at Reeder Reservoir to supply 50 year water 

demands of 3,500 gpm during non peak months. Due to concerns about the availability of water in Reeder 

Reservoir in peak usage months during the summer, a new pipeline and pump station should be 

constructed at Emigrant Lake to supply a 50 year projected flow of 6,000 gpm the water treatment 

facility. Details and specifications for the pumping system, intake system, and pipeline as well as 

maintenance and cost concerns have been addressed. The facility is designed to prevent excessive 

withdrawals from Reeder Reservoir in drought years while still providing the necessary amount of water 

needed for the City of Ashland. 

Intake Tower 

To ensure the highest quality of drinking water for the City of Ashland, an intake tower with variable 

screened intakes at elevations of 20ft, 45ft, and 70ft from the bottom of the reservoir. The tower should be 

built on the east side of the dam in the deep portion of the reservoir. The tower should not act as an 

obstruction to the dam for maintenance and should not pose a threat the integrity of the dam if the tower 

were to somehow fall over. The bottom of the intake tower is placed 90 feet below the maximum water 

surface elevation. The lowest drawdown point of Reeder Reservoir is around 35ft at which point the 

reservoir is only at 30% capacity and must no longer be used for potable water. 

 The intake tower should have three wedge wire tee intake ports from Concord Screen. A schematic of the 

intake tower is provided in Figure 1-A and 1-B of the appendix. As the water level drops in the reservoir 

the intake used will switch to insure that the water with the least amount of suspended solids and highest 

dissolved oxygen level is being drawn from the reservoir. Shallow depths have more floating debris and 

algal growths which will cause problems for the intake screens since course screening will not be used. 
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Deeper portions of the reservoir, especially portions underneath the thermocline have low levels of 

suspended solids but also very little dissolved oxygen. Water with low oxygen levels often is associated 

with foul odors and taste which can be expensive to treat at the treatment plant. Variable depth intake is 

the cheapest solution for solving water intake problems. 

The tee shaped screen inlets are made of 38 inch treated steel pipes extending out from the tower. Fine 

screens on both sides of the tee increase the available surface area for water to enter the screen which 

reduces strong underwater currents that may transport larger sediments into the filters. The tee sections 

specified for the intake tower are the T-38 screens from Concord Screening. Each tee section has an 

intake capacity of 2,000-7,000 gallons per minute from Table 2 in the appendix. The maximum estimated 

water demand in 50 years is about 6,300 gpm which occurs in the summer where most of the water 

demand will be met by supplementary pumping from Emigrant Lake. Therefore, the highest flow 

estimated to move through the Reeder Reservoir intake is about 3,200 gpm. As long as the screens are 

maintained, the necessary flow can be accomplished from using one inlet port at a time.  

Simple and low cost maintenance for the intake tower is of great importance because the tower is some 

distance away from the plant. An intake tower that can operate and clean itself without an operator is key 

to keeping costs low. The screens are all rigged with an air compressor that is located at the top of the 

water inlet tower. When flow into the screen drops below a desirable level the valve closes and 

compressed air is pumped to the inside of the inlet. The air is distributed evenly throughout the inlet tee 

and the compressor has a rate of three times the inlet capacity, so approximately 2,400 ft
3
 per minute of 

air is forced out the screen detaching any algal growth or debris. Persistent algal growth concerns can be 

addressed with the addition of copper sulfate to the air injection system which is capable of handling 

chemical additions. Blue green algae are very susceptible to copper sulfate and will be neutralized quickly 

upon addition. 
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Extreme cold temperatures should not pose an issue for the intake tower. The lowest recorded monthly 

average temperature in Ashland is 27°F (1). A very small amount of freezing can be expected in the 

reservoir system but the problem would be isolated and easily fixed with the compressed air system. 

Emigrant Lake Pumping Station 

Future projections of population growth and climate change create uncertainty in having a consistent 

water supply in the summer months in the future. Reeder Reservoir capacity has already met its limits in 

the recent past and will continue to do so if the climate continues to spell drought for the city. Currently, 

the Talent Irrigation Ditch delivers raw water to the treatment plant to help supplement Ashlandôs water 

supply. However, the City of Talent has an allocation limit to the amount of water that can be served to 

Ashland and water demand for Talent is also expected to increase in the future. To lower the strain on the 

reservoir, temporary pumping is necessary from Emigrant Lake which will provide raw water to the 

treatment facility for Ashland. The pipeline will be 6 miles long with 270 ft of lift from Emigrant Lake to 

the water treatment plant. The designed capacity for the pipeline in 50 years is 6000 gpm for which, if 

used early in the summer season in conjunction with Reeder Reservoir, should prevent a water shortage. 

The path of the pipeline follows existing roads as much as possible to minimize permitting costs which is 

shown in Figure 2 in the appendix. The pipeline should be placed around the mountain between emigrant 

lake and the treatment facility to minimize costs due to high pumping lift. By diverting the pipeline 

around the mountain, almost 1000 ft of required lift is alleviated saving great deals on money in pump 

costs and operational costs. The most cost effective size of pipe was calculated at a 30 inch diameter steel 

pipe which keeps the flow velocity close to about 5-7 fps during the flow transition between levels now 

and in 50 years. 

Intake for the Emigrant Lake pumping will consist again of two submerged T-34 intake tee sections 

described in Table 2 of the appendix. Each intake has an inflow capacity of 1,700 to 5,900 gpm and is self 

maintained with the same mechanisms as the intake tower. Assuming that both intakes are operating at 
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50% capacity where would be more than enough flow through the system. Also, if one screen must be 

taken offline, the other screen running near 100% capacity will be able to meet almost all of the water 

demand and the rest of the demand can be taken from Reeder Reservoir. The pumping requirements are 

fulfilled with three Hydroflo vertical turbine pumps in parallel capable of delivering flows between head 

shown in Figure 3-A through 3-D. The pump curves provided in the figures are created for 3 stage pumps 

which supply only a third of the needed lift. Tripling the stages and the motor size should provide the 300 

ft of lift needed for the whole pumping project. 

Three pumps are used to provide redundancy in the case of a single pump failure. The flow in the pumps 

is controlled by an electromagnetic flow meter at the joint of the three outlet pipes. A pressure gauge after 

the flow meter is installed to watch the internal pipe pressure to ensure pipe integrity is maintained. An air 

vacuum relief valve is also added to release trapped air in the pipe that may have been added due to pump 

cavitations. Finally a butterfly valve is installed to prevent water hammer in the event of sudden power 

loss. The available net positive suction head for the pump is estimated at about 15ft which includes a 3 ft 

minor loss, a 2 ft safety factor, and a 10 ft suction lift (worst case scenario). The required net positive 

suction head for the pump is only 8.4 ft which is well within the available range. The pumps will all be 

housed in a covered pump station located on the shoreline of Emigrant Lake. A skylight on the roof will 

allow for crane access to pull out the pumps if maintenance is required. The pump house schematics are 

provided in Figures 4-A and 4-B of the appendix.  
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Appendix 1 
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Appendix 2 

 

Figure 2: Pipeline Layout for Emigrant Lake pumping system 
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Appendix 3 

 

Figure 3-A: Pump curves for two pumps in parallel for Emigrant Lake supplementary water 

 

Figure 3-B: Pump curves for three pumps in series for Emigrant Lake supplementary water 
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Appendix 4 

 

Figure 3-C: Manufacturer details for Emigrant Lake supplementary water pumps 

 

 

Figure 3-D: Manufacturer details on centrifugal pump 

 

Table 1: Pumping head requirements for Emigrant Lake 

supplement water 25 and 50 year projections 

 

25 year 50 year

Length = 6 6 miles

Diameter= 2.5 2.5 ft

Flow= 3700 6300 gpm

Steel Pipe

Friction C= 120 110

Length= 31,680    31,680    ft

Friction C= 120 110

Diameter= 30 30 in

Kp= 3.02E-06 3.54E-06

hf= 12.04      37.85      ft

2150ft

2410ft

38            ft

298          ft

Elevation head required

Total required head=

Frictional headloss in pipe

Hazen -Williams

Emigrant lake elevation=

Highest peak elevation=

Headloss in pipe=
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Appendix 5 

Table 2: Flow specifications for Intake Tee Sections 

 

 

Figure 4-A: Top view of Emigrant Lake pump station 
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Appendix 6 

 

Figure 4-B: Side view of Emigrant Lake pump station and valves 
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Part 3: 

Executive Summary 

Initial treatment strategies for the Ashland Water Treatment Plant are detailed in this report. The 

recommendation for the treatment plant is to use three 5 hp inline blenders with a volume of 3.5 ft
3 
each. 

Coagulant addition can be modified easily and homogeneously to acquire charge neutralization which 

significantly minimizes the cost of operation. The mixed water is fed via pipe to the flocculation basins. 

Four basins have been planned, three for the new plant and a fourth in year 2030. The numerous basins 

will provide great amounts of flexibility and ensure that retention time in the flocculation basins stays 

between 25 ï 45 minutes. Pilot and jar testing will reveal the exact parameters of operation to optimize 

the flocculation process. However, based on current estimations, the plant can be built with confidence 

that the optimal design can be met with the structures specified. 

Rapid Mixing  

Rapid mixing encompasses the part of the water treatment process in which coagulant is added to the 

water in order to promote the agglomeration of small particles into larger more easily settleable and 

filterable particles.  The two most common types of rapid mixing technologies are the back mix reactor 

and the in-line blender.  Though each has its own criteria for design, both mixing types are largely based 

on retention time in the mixing zone and the velocity gradient (G). 

For this system both a back-mix reactor and an in-line blender where designed in order to compare the 

two styles of mixing as well as to determine which would be more financially viable.  When designing the 

mixing systems the calculations were largely based on an assumed G value and an assumed retention 

time.  For this design project, using those parameters is sufficient, but it is important to note that in an 

actual water treatment plant design, appropriate parameters should be based on chemical diffusion rates, 

the degree of turbulence associated with internal forces and the Reynolds number. 
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Mechanical Back-Mix reactors are the most common type of reactor in the water treatment industry.   The 

machinery is not as complicated in a back mix reactor as in an In-Line Blender therefore highly skilled 

operators are not required.  A back mix reactor is a cylindrical or cubical tank that has one or more 

impellers installed which churn the water and eliminate stagnant pockets of water within the tank.  

Generally in rapid mixing between four and six flat or angled propeller blades are used to mix the water.  

Back mix reactors work very well with sweep coagulation techniques (which will be discussed later in 

this report) and in fact sweep coagulation could be one of the primary reasons back-mix reactors are 

falling out of common use.  Theyôre unnecessarily expensive.  

In-Line Blenders are becoming more and more popular in water treatment plant design.  In line blenders 

are distinctly different from back mix reactors in that they typically have a G value of between 3000 and 

5000 s
-1
 and have retention times in the mixing zone of less than one second.  In-Line Blenders work best 

when the primary means of coagulation is adsorptive in nature, meaning that smaller more appropriate 

amounts of coagulant have been added in order to destabilize the charge associated with a particles face 

or edge.   

The calculations and final sizing for the tanks and mixers are included in Table 1 and 2 of the Appendix.  

For the design of the back mix reactor, an assumed G value of 650 s
-1
 and a detention time of 45 seconds 

were used.  This G value is mid-range for a typical back mix reactor and was chosen to allow for the 

flexibility of flow over the next 50 years.  After using known equations and using maximum flows from 

2010 and 2060 preliminary values for total volume needed and power required both now and in 2060 was 

found.  Also, the dimensions of a cylindrical tank were found assuming that height was 1.25 times the 

diameter of the cylinder.  All of these values are summarized in Table 2 in the Appendix.  When 

designing the In-Line Blender, the G value chosen for an In-Line Blender was 4000 s
-1
 (Dennett, 2010). 

The flow values were the same as those assumed for the back mix reactor and a detention time of 0.5 

seconds was chosen.  The summarized results of calculations can be found in Table 1 in the Appendix.  
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The inline blender is recommended for the project due to its comparatively compact size, high mixing 

efficiency, lower coagulant requirement and lower power cost. The 18 inch blenders are provided by 

Walker Process which incorporates mixing and well dispersed coagulant addition in the blender which 

can be seen in Figure 2 in the Appendix. The system is simple to expand upon and dosage is easy to 

adjust. Water exiting the rapid mix reactor moves to the flocculation basin where it exits the pipe and hits 

the first baffle wall. 

Flocculation Basin 

After the rapid mix process, the water moves into a 3-stage flocculation process to allow the newly added 

coagulants to form flocs with the suspended solids in the water which will be settled and filtered out. The 

flocculation basins consist of 4 separate basins with each channel containing 3 compartments separated by 

redwood baffles. As the water passes through each compartment, the mixing power is decreased which 

allows for flocs to grow in size. Initial mixing power is necessary to gently stir the water enough to allow 

collisions of the coagulant with the suspended solids in the water. This slight mixing power is then 

decreased so that the small flocs that have formed in the previous compartment can combine into larger 

flocs in the following compartment. The water passes between the compartment walls through openings 

in the compartment baffles on the bottom and top of the basin. The opening in the bottom and top of the 

baffle is 2 ft high and extends the entire width of the basin. This size of opening allows for water to travel 

between compartments at a rate that is lower than the blade velocity which prevents disturbing the flocs 

due to turbulence, but also provides sufficient protection from short circuiting in the system. The baffle 

openings are placed in an under, over configuration which forces water to travel the furthest possible 

distance across the channel. Each compartment is equipped with a variable speed horizontal-shaft paddle-

wheel flocculator. Exact speeds of the flocculator wheels depends on amount of flow in the channel as 

well as the results of bench jar testing which can be used to optimize the system. Current estimations of 

mixing power and paddle velocities is specified in Tables 3-1 to 3-3 in the Appendix. The flocculators 

specified will be provided by JMS who have over 30 years of water treatment engineering experience and 

build stainless steel custom fit paddle wheel designs. 
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The plant is designed so that the number of basins used can be changed to meet the fluctuating water 

demand due to seasonal peaking and a growing population. Each of the flocculation basins is capable of 

conveying about 4.7 cfs with a total retention time of about 30 minutes. The minimum desired retention 

time for any one basin is 25 minutes in order to provide proper flocculation time to optimize settling in 

the next process. A maximum desired retention time for any one basin is 45 minutes to minimize settling 

in the flocculation basin which would require a sludge capture and removal system on the bottom of the 

flocculation channel. Currently, the peak flow of the plant in the summer season should be handled just 

by two flocculation basins with a third installed to provide redundancy. By about the year 2030, a fourth 

basin must be installed to add redundancy to the process for the summer seasons when 3 basins will be 

required to convey the desired flow. A layout of the flocculation basin can be found in Figure 3 and 4 of 

the Appendix. 

Optimization of each variable in the flocculation basin is seasonally dependent and further bench testing 

must be conducted to confirm or deny current estimations. The overall design is implemented to 

maximize flexibility without compromising performance. Dimensional details for the flocculation basins 

can be found in Table 3 in the Appendix. 

The coagulant used for the flocculation process was chosen from between two very widely used 

coagulants; aluminum sulfate and ferric chloride. Aluminum sulfate, also known as alum, is a very 

inexpensive coagulant and is widely used in water and wastewater treatment processes. Alum is acidic by 

nature so typically source water requires enough alkalinity to buffer the acidity and to prevent pH change, 

which can greatly affect the strength of the flocs. The last alkalinity report of raw water from Reeder 

Reservoir was 34 mg/L as CaCO3 which is much less then would normally be desirable for the use of 

alum (DHS, 2004). Due to this constraint, ferric chloride is specified as the coagulant used because 

although it is acidic like alum, it is effective over a broader range of pH and will yield good results even 

in the lower pH range.  
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Appendix 1 

Table 1: Inline blender specifications 

 

Table 2: Back mix reactor specifications

 

Inline Blenders
DT= 0.5 sec

Max flow in 2010 8.2 cfs

Max flow in 2035 10.8cfs

Max flow in 2060 14 cfs

Blender VT 2010 4.1 ft3

Blender VT 2035 5.4 ft3

Blender VT 2060 7 ft3

G= 4000sec-1

V= 3.5 ft3

µ= 0.00002344lb*s/ft 2 @60°

ft*lb/sec hp

Power per blender= 1313 2.4

Power 2010= 1538 2.8

Power 2035= 2025 3.7
Power 2060= 2625 4.8

Using 3.5ft3 volume blenders

Back mix reactor

DT= 45 sec

Max flow in 2010 8.2 cfs

Max flow in 2060 14 cfs

Reactor VT 2010 369 ft3

Reactor VT 2060 630 ft3

Using 300ft3 volume reactors

G= 650 sec-1

Volume= 335 ft3

µ= 0.00002344lb*sec/ft 2 at 60°F

ft*lb/sec hp

Power per reactor= 3318 6.0

Power 2010= 3654 6.6

Power 2060= 6239 11.3

Dimensions

Diamiter 7 ft

Height 8.75 ft
Volume atained= 337 ft3
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Appendix 2 

Table 3: Flocculation basin requirements 

 

 

Table 3-1: Compartment 1 in flocculation basin 

 

 

  

Floculation Basin

Q50 years(max)= 14.02ft3/sec

Qcurrent(min)= 4.55 ft3/sec

# of basins= 3

Q50 years(per basin)= 4.7 ft3/sec

Desired 50 year retention time= 30 min

Required volume(per basin)= 8412ft3

Current retention time= 31 min

volume of each compartment= 2804ft3

width of floc basin= 12 ft

height/width of each compartment= 15.3 ft

Current velocity of water= 0.02 ft/sec

50 year velocity of water= 0.03 ft/sec

viscosity summer= 0.00002344

viscosity winter= 0.00003732

Compartment 1

G= 60

Powersummer= 236.6ft-lb/sec

Powerwinter= 376.7ft-lb/sec

width of blade= 0.5 ft

number of blades= 8

Area of each paddle= 6 ft2

Total paddle blade area= 48 ft2

CD paddle= 1.5

density of water= 1.94

velocity of paddlesummer= 1.5 ft/sec

velocity of paddlewinter= 1.8 ft/sec
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Table 3-2: Compartment 2 in flocculation basin 

 

 

Table 3-3: Compartment 3 in flocculation basin 

 

 
  

Compartment 2

G= 25

Powersummer= 41.1 ft-lb/sec

Powerwinter= 65.4 ft-lb/sec

width of blade= 0.5 ft

number of blades= 8

Area of each paddle= 6 ft2

Total paddle blade area= 48 ft2

CD paddle= 1.5

density of water= 1.94

velocity of paddlesummer= 0.8 ft/sec

velocity of paddlewinter= 1.0 ft/sec

Compartment 3

G= 12

Powersummer= 9.5 ft-lb/sec

Powerwinter= 15.1 ft-lb/sec

width of blade= 0.5 ft

number of blades= 8

Area of each paddle= 6 ft2

Total paddle blade area= 48 ft2

CD paddle= 1.5

density of water= 1.94

velocity of paddlesummer= 0.5 ft/sec

velocity of paddlewinter= 2.7 ft/sec
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Figure 1: Inline blender schematics 

 

 

Figure 2: Inline blender manufacturer schematics 

  



32 
 

 

Appendix 5 

 

Figure 3: Flocculation basin schematics 

 

 
Figure 4: Rapid mix and flocculation basin site layout 
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Part 4: 

Executive Summary 

Sedimentation processes for the Ashland water treatment facility are detailed in the following report. The 

sedimentation is accomplished using high rate plate settlers in 50 foot long sedimentation basins that are 

attached to the flocculation basins. Diffuser walls are used to distribute the flow into the sedimentation 

basin evenly. The sizing of plates and the basin were varied to optimize a removal rate of about 91% 

while maintaining a low cost in plate and basin cost. A chain and flight sludge conveying system is used 

to push all sludge to a hopper which can be evacuated at necessary intervals. Settling efficiencies are 

based on typical particle settling rate distributions, but jar testing is necessary with the coagulant dosing 

to more accurately predict how the flocs will settle in the basin. Settled water will leave the basin in 

launders which use V-notch weirs to control the flow dispersion over the basin. Separate rectangular 

channels from each sedimentation basin will converge into a single channel that will transport the post 

sedimentation flow to the dual media filters. 

Diffuser Wall:  

Flocculated water leaving the flocculation basins must pass into the sedimentation basins. A concrete 

diffuser wall separates the flocculation basins and the sedimentation basins. The purpose of the diffuser 

wall is to evenly distribute water in the settling basin and minimize the velocity of flocs passing into the 

sedimentation basin in order to maintain the integrity of the floc structure. The diffuser wall is made up of 

several small circular openings called ports which have a headloss approximately four times larger than 

the approach waterôs kinetic energy to equalize flow distribution. The smaller the ports used, the higher 

the velocity gradient through each hole will be which can destabilize floc sizes. Not having enough holes 

will not generate the wanted headloss to diffuse the approach energy. The baffle wall configuration 

chosen consists of 95 3-inch diameter ports. The ports are spaced across the face of the wall in 7 rows 

each row containing 14 ports. The velocity through the ports falls near 1 ft/sec which falls into 
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recommended specifications. Details of the spacing for the ports as well as additional design 

considerations can be found on Table 1 in the Appendix. 

Sedimentation Basin: 

The sedimentation basin functions to settle out newly formed flocs and collect the sludge at the bottom of 

the basin for removal. Influent flocs enter evenly over the entire face of the diffuser wall requiring settling 

of particles from every height of the basin. Traditional settling practices of creating a long enough basin 

so that the critical settling time is reached require a very long basin which increases the cost of the sludge 

removal of the settler. The design specified is a high rate plate settler which uses angled plates to decrease 

the settling distance of flocs as they travel to the outflow. The plates are manufactured by Parkson which 

manufactures fiberglass plate packages custom built for the sedimentation basin reducing construction 

time and cost.  By forcing all the outflow water to be pushed through these settling plates of a height of 3 

inches at a 60° angle, the floc must only settle a maximum of 6 inches in order to settle on the bottom of 

the plates. When the plates fill with enough sludge, the weight of the sludge will overcome the frictional 

force holding the sludge to the plate and the sludge will slough off the plates acting as a self cleaning 

mechanism.  

The basin specified for the project is 50 feet long with the same 20 foot width from the flocculation basin 

and the depth of 12 feet. The plate settlers occupy 75% of the surface area in the basin each with a width 

of 3 feet and a plate length of 7 feet. Basin dimensions and drawings can be found in Figure 1 in the 

Appendix. 

When determining the amount of flocs settled the key parameters are the length of the plates, the height of 

the plates (how far the floc must settle to go from the top of the plate to the bottom of the plate), and the 

hydraulic retention time. Velocity must also be considered to ensure that a scour velocity is not reached 

which will resuspended particles; however for a high rate settler the scour velocity is typically much 

greater than the actual velocity so it is only a concern in traditional designs. 
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To optimize the design, a distribution of theoretical particle sizes was generated and the settling velocity 

calculated to understand how much of the incoming floc will be settled and how much will pass into the 

effluent. Obviously, larger particles are typically going to settle faster so the very light small particles, 

such as clay, are the particles of concern in removal efficiency. Changing the values of the length of 

basin, settler plate depth, and length of plates to achieve at least an 90% removal rate of particles was 

acquired. If the depth of plates is decreased by half then the number of plates requires nearly doubles, 

however the removal efficiency does not double. After about 90% settling efficiency and further increase 

in parameters concerning settling rates yields diminishing results and the cost to benefit ratio is not high 

enough to justify the change. The values for plate settlers and basin dimensions can be found in Table 2 in 

the Appendix. The efficiency of particles removed depending on their settling velocity can be found in 

Table 3 in the Appendix.  

Sludge Removal 

Sludge removal for settled sludge in the system is accomplished by scraping the sludge that falls from 

settling and from sloughing off the plate settlers on a Parksonôs SuperScraperÊ. The SuperScraper works 

by covering the entire bottom surface of the basin with high-density polyethylene blades which move 

towards the front of the basin. The front of the sedimentation basin has a built in hopper that the sludge 

from the super scraper is dumped into and accumulates. The blades of the scraper are hydrodynamically 

designed to cause the least amount of turbulence and to not push sludge back towards the far end of the 

sedimentation basin. When enough sludge builds up in the hopper a sludge outflow valve opens in the 

hopper that forces the water-sludge mixture to be forced out of the sedimentation basin as waste. 

Launders and Weirs: 

Flow that passes through the plate settlers raises in height until it reaches the equilibrium height of the 

water on the entrance side of the basin. Troughs, known as launders, extend out 27 feet from the effluent 

end of the basin. The launders are under the surface water level which requires that the post settled water 

flows up the side and over into the launder which is then conveyed out into the effluent channel. Each 
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launder is lined with V-notch weirs on both sides which allow the water to spill over and into the 

launders. The launders are made of drinking water standard fiberglass construction and are custom built 

for the treatment facility. The exact launder and weir height is set so that at maximum of two inches of 

water surface can exist above the bottom apex of each v-notch weir. This configuration can be more 

easily seen in Figure 2 in the Appendix.  

Water that overflows into the weirs passes into a small 1.5 ft rectangular channel which conveys the water 

to a main channel that combines all the sedimentation basin effluent together and passes into a main 

channel to be conveyed to dual media filtration. The combined channel is 2.25 ft wide and must only 

travel a short distance to the filtration basins discussed later in the report. 
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Appendix 1 

Table 1: Baffle wall design parameters 

   Flow= 4.67 cfs 

   Velocity through port= 1 ft/s 

   baffle wall= 186 ft
2
 

   port area= 4.67 ft
2
 

   Port diameter 2 3 4 5   

Area per port 0.02 0.05 0.09 0.14 ft
2
 

No of ports req 214 95 54 34   

Wall space 1 port 0.87 1.96 3.48 5.43 ft 

avg port spacing 0.93 1.40 1.86 2.33 ft 

  

    

  

Horiz row spacing 0.65 0.98 1.31 1.63 ft 

No. horizontal rows 10 7 5 4   

No. ports in 1 row 21 14 11 9   

Final spacing between rows 1.55 2.21 3.10 3.88 ft 

Final distance between ports in a row 0.72 1.14 1.45 1.81 ft 

 

 

Q50 years(max)= 14.02ft3/sec

Qcurrent(min)= 4.55ft3/sec

# of basins= 3

Q50 years(per basin)= 4.67ft3/sec

Q50 years(per basin)= 2097gallon/min

overflow rate 2.8 gpm/ft2

Dimensions:

width per basin= 20 ft

depth= 15.5 ft

length= 50 ft

volume= 15500ft3

Plate Settlers

depth of plates 3 inches

length of plates 7 ft

width of plates 3 ft

number of plates 750 plates

incline of plates 60 degrees

total plate opening area 338 ft2

hydraulic retention time= 55.3min

velocity through plates= 10 in/min

time in plates= 8.43min

Table 2: Sedimentation Basin sizing

max distance to settle in plates 6 inches
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Settling velocity in/min dist settled
influent 

particles 

*106

settled 

amount

effluent 

particles

0.656 0.1312 1.10542083 4 0.184236805 3.263053

2.0 0.39 3.32 6 55% 2.68

3.3 0.66 5.53 9 92% 0.71

4.6 0.92 7.74 13 100% 0.00

5.9 1.18 9.95 17 100% 0.00

7.2 1.44 12.16 15 100% 0.00

8.5 1.71 14.37 6 100% 0.00

9.8 1.97 16.58 3 100% 0.00

11.2 2.23 18.79 1 100% 0.00

12.5 2.49 21.00 1 100% 0.00

Total 75 6.66

removal fraction= 91%

Table 3: Particle settling in high rate plate settlers

Q= 4.67cfs

Q= 2097gpm

width of basin= 12 ft

Weir L to W ratio= 10

Weir loading rate= 17.5gpm

Allowable launder length= 27 ft each

Actual launder length= 16 ft each

Total weir length required= 64 ft

number of launders required= 2 per basin

V-notch weir angle= 90 degrees

V-notch weir width= 5.0 inches

V-notches per launder side= 39 notches

V-notches per basin= 155 notches

allowable head in V-notch= 2 in

flow through each V-notch weir= 13.5gpm

Table 4: Launder and weir dimensions
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Figure 1: Side view of sedimentation basin 

Appendix 4 

Flow= 4.67cfs

Manning's n= 0.011

Area= 0.98 ft2

Wetted Perimeter= 2.80 ft

Hydraulic radius= 0.35 ft

Width= 1.40 ft

Depth= 0.70 ft

Slope= 0.005ft/ft

Freeboard= 2 ft

Table 5: Rectangular channel from each basin

Flow= 14.02cfs

Manning's n= 0.011

Area= 2.24 ft2

Wetted Perimeter= 4.23 ft

Hydraulic radius= 0.53 ft

Width= 2.12 ft

Depth= 1.06 ft

Slope= 0.005ft/ft

Freeboard= 2 ft

Table 6: Combined Rectangular channel from all basins
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Figure 2: Enlarged view of overflow weirs 

 

 
Figure 3: Overall site layout 
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Part 5: 

 

Executive Summary 

Filtration is the final process for removing particles for the redesign of the Ashland Water Treatment 

Plant  which ensures the highest water clarity possible for the residents of Ashland. A dual media 

filtration system has been specified for the plant which uses a 15 inch sand layer and an 18 inch anthracite 

coal layer to provide a high degree of turbidity removal. The system is set on automatic backwash cycles 

based on effluent turbidity levels or high headloss in the filters. The media is kept in the filter beds by 

virtue of a carefully administered backwash flow rate so that operational costs are minimized. The 

backwash water is recycled to the front of the water treatment system. Redundancy is built in to the filters 

and pumps to ensure a smooth operation in the event of equipment failure. 

Dual Media Filtration:  

The post sedimentation process for the Ashland Water Treatment Facility is dual media filtration. This 

process is the last process for removing particulate matter in the facility which is typical for most water 

treatment plants. The filter is necessary to remove all the remaining particles suspended in the water that 

were not removed during sedimentation. The theory of the dual media filter is to pack two different types 

of media, typically anthracite coal and sand in a filtering box and to have the water run from the top 

downward and allow gravity to push the water through the filter. The anthracite layer lies on top of the 

sand layer and typically makes up a larger volume of the filter media. Anthracite coal has an incredibly 

high surface area allowing it to remove particle matter which reduces turbidity. The smaller sand layer 

utilizes its small pore space to capture any remaining fine particles in between the sand particles while 

allowing the water to seep through.  

The filters are loaded from the top via a channel from the sedimentation basins. The water is loaded into 

the filter at a rate consistent with the current filtration rate. Loading rates typically will vary between 6 

gpm/ft
2
 for a recently backwashed filter and 2 gpm/ft

2
 for a spent filter giving an average of about 4 

gpm/ft
2
. Since the rates are all variable, the average loading rate is used to determine the number of 



42 
 

 

required filters. The Ashland Water Treatment plant has been designed to contain four square dual media 

filters each with side lengths of 17 ft. At maximum flow of 5.03 mgd, only three filters running at 4 

gpm/ft
2
 capacity are required to deliver the necessary flow. This means that one filter can be taken offline 

for a backwash cycle or maintenance if required. A more likely scenario is that the filters can be operated 

at a higher loading rate because backwash cycles will not have to be run as often due to the high 

efficiency of the sedimentation basin and the low turbidity of the source water. The anthracite media is 18 

inches deep with an average particle diameter of 1.32 mm. The sand media has a depth of 15 inches with 

an average particle diameter of 0.84 mm. The media sizes and depths were design recommendations taken 

from an example of a plant with similar filtration requirements (Dennett, Dual Media Filtration, 2010). 

The manufacturer specifications for both anthracite and sand can be found in figures 4 and 5 respectively 

in the Appendix. Water passing through these filtration beds make their way to the Leopold Type S under 

drain detailed in Figure 9 in the Appendix. 

Backwash 

In order to retain the estimated maximum of 6 gpm/ft
2
 loading rate, the filters must be backwashed when 

the headloss in the filter becomes too large. Estimating that the porosity will drop from around 0.4 for a 

clean filter to about 0.05 for a filter in need of a backwash, a total headloss of 3.75 ft develops an increase 

in hydraulic head of 2.25 ft. As well, a turbidimeter in the effluent pipes leaving the filtration bed will 

alert operators to possible contamination at which point a backwash may be necessary. Typically a filter 

effluent turbidity of >0.1 NTU requires the filter to be taken offline and backwashed. A backwash cycle 

works by shutting off the influent water line and allowing for the filter to slowly drop in water level. Once 

the water level has drawn down to the level of the media, the effluent drain valve is shut off and the filter 

backwash valve is opened up. When cleaning the filter bed it is good practice to use cleaned water from 

the clearwell to ensure the best backwash performance possible. The water is pumped from the clearwell 

into the under drain to cause fluidization of the media essentially reversing the flow of the filter. The 

fluidization process causes the media particles to undergo turbulence and frequent collisions which 
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releases any filtered particles off of the media to be suspended in the water. The backwash rate varies 

with water temperature due to the change in water viscosity. When the backwash cycle initiates, there is a 

breaking point of inertia that the backwash must overcome to start fluidization. This initial backwash rate 

is dependent on the state of the filter and will vary between backwash cycles. After the initial, the flow 

rate slows down to a stable backwash rate of 15-22 gpm/ft
2
 depending on the temperature which causes a 

predetermined fluidization depth of 40 inches (found on Table 1 in the Appendix) and pushes the water 

up and into the backwash effluent channels to be taken out of the system. The backwash rate is highest in 

the summer time due to the lower viscosity of warm water which causes less turbulence and abrasion. The 

backwash rates for an 18% graded coal expansion were estimated in Figure 1 in the Appendix by 

extrapolating the curves. The expansion of the sand was solved given the 18% expansion of the anthracite 

in Table 1 of the Appendix. The backwash water is supplied from the clearwell to the filter via a single 60 

hp J-Series Gorman Rupp pump. The pump is placed in the clearwell and is connected to all of the 

backwash pipes in the pipe gallery so that only two pumps have to be purchased (keeping one pump on 

standby). The pump specified for the project is detailed in Figure 1 in the Appendix.  The backwash water 

reaching the troughs are conveyed in a 14 inch wide trough detailed in Figure 3 and figure 8 in the 

Appendix. The troughs combine into a gullet which has the same height as the media bed. At the bottom 

of the gullet an 18 inch steel pipe conveys the flow by a similar J-Series pump from Gorman Rupp to the 

head of the facility just before rapid mix to be reprocessed. The total volume of water required to achieve 

a 7 minute backwash cycle is about 44,000 gallons in the summer. For colder temperatures in the winter, 

the backwash rate is lowered resulting in only 31,000 gallons of water required for the backwash cycle. 

The backwash cycle time is a typical recommended value for water only backwash cycles (Dennett, Dual 

Media Filtration, 2010). 
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Sand: d60= 0.84mm Ґ 62.4

depth= 15 in m= 2.65

˕Ґ 0.8 ˊҐ 1.94

mf= 0.4

Sg= 2.65

Coal: d60= 1.32mm

depth= 18 in

˕Ґ 0.7

mf= 0.5

Sg= 1.5

rate chosen as 21.5gpm/ft2

chosen for 10%expansion of d90

@ 25 C

Equation 1:

˃Ґ 0.895

centipose= 1.87E-05lb/ft 2

@ 25 C

pg. 307

Vmf= 11.612gpm/ft2

= 0.026ft/sec

Remf= 7.401

Re0= 62.535862

n= 2.9427075

k= 172.15197

for a rate of 21.5gpm/ft2

= 0.4931498

le= 17.756724inches 18.4% expansionsand

+ 21.24inches 18 % expansioncoal

= 38.996724inches 18.2% expansion

rate chosen as gpm/ft2

chosen for 10%expansion of d90

@ 5 C

˃Ґ 1.519centipoise

2.91E-05lb/ft 2

@ 5 C

Table 1: Design of the Backwash filter fluidization
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Vmf= 7.289947gpm/ft2

= 0.0162444ft/sec

Remf= 4.6462851

Re0= 39.261109

n= 3.0829306

k= 122.89828

for a rate of 15.5gpm/ft2

Ґ 0.5108871

le= 18.400658inches 22.67105

+ 21.24inches 18

= 39.640658inches 20.12321

% expansion

% expansion

% expansion

Table 1-Continued: Design of the Backwash filter fluidization

Flow into plant 5.03MGD

Loading rate= 4 gpm/ft^2

filtration velocity= 8.91E-03fps 2.72E-03mps

Area req= 873 ft2

number of filters= 3

Area per filter= 291 ft^2

square dimensions= 17 ft

d10 0.50mm

d60 0.75mm

d90 0.98mm

ES 0.5 mm

UC 1.5 mm

specific weight of sand 2.6

specific weight of anthracite 1.5

specific weight of water 1

diameter of sand= 0.84mm 8.40E-04m

diameter of anthracite= 1.32mm 1.32E-03m

depth of sand= 15 inches 3.81E-01m

depth of anthracite= 18 inches 4.57E-01m

sphericity= 0.75

porosity= 0.05

kinematic viscosity= 1.787E-06at temp 0 degC

A/V sand ratio= 7143

A/V anthracite ratio= 4545

headloss thru sand= 0.81m 2.67 ft

headloss thru anthracite= 0.33m 1.08 ft

headloss total= 1.14m 3.75 ft

Table 2: Headloss in filtration beds
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number of troughs= 2

Flow= 7.0 cfs

Width= 14 inches

1.2 ft

Depth= 1.8 ft

21.5 inches

Area of flow= 301 inches2

DIMENSIONS

width= 14 inches

total depth= 24 inches

freeboard= 1 inch

Table 3: Backwash Troughs Sizing

Hazen -Williams

Length= 100 ft

Friction Coef. 120

Flow= 6257gpm

Flow= 14 cfs

Diameter= 12 14 16 18 20 inches

Kp= 8.253E-07 3.9E-07 2.03E-07 1.15E-07 6.86E-08

headloss= 3.484E-08 8.69E-09 2.61E-09 9.03E-10 3.49E-10feet

velocity= 17.7 13.0 10.0 7.9 6.4 fps

Table 4: Backwash influent and effluent pipe sizing

Summer flow rate= 21.5gpm/ft2

Winter flow rate= 15 gpm/ft2

Typical backwash time= 7 min

Filter area= 291 ft2

Summer backwash requirement= 43,796       gallons

Winter backwash requirement= 30,555       gallons

Table 5: Backwash water requirements
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Figure 1: Anthracite coal expansion vs. backwash rate (Dennett, 2010) 
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Figure 2: J-Series Gormun Rupp backwash pump curve 
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Figure 3: Backwash Trough (all dimensions in inches) 

 

 

Figure 4: Manufacturer specifications for filter anthracite coal 
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Figure 5: Manufacturer specifications for filter sand 
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Figure 6: Dual Media Filter Layout (landscape view) 
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Figure 7: Site Overview (landscape view) 

  



53 
 

 

Appendix 10 

 

Figure 8: Backwash trough manufacturer specifications 

  



54 
 

 

 

Figure 9-1: Filter under drain manufacturer specifications page 1 
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Figure 9-2: Filter under drain manufacturer specifications page 2 
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Figure 9-3: Filter under drain manufacturer specifications page 3 
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Part 6 

Executive Summary: 

The Ashland Water Treatment Facility disinfection process uses a large clearwell to double as a clean 

water storage facility as well as a serpentine mixing zone for proper chlorine contact time. A very high 

theoretical log 3.6 inactivation of Giardia is estimated using the system designed. The clearwell is a 

circular designed clearwell partially underground with a diameter of 70ô and a depth of 30ô. The chemical 

disinfectant is chlorine which provides a theoretical residual of 0.5 mg/L in the distribution system to 

protect residentsô health. 

Clearwell: 

The Ashland Water Treatment Facility requires a disinfection process by the EPA in order to protect the 

health of the residents drinking the water. The EPA goals approached were a 3 log removal of Giardia 

lambila as well as a 3 log inactivation of viruses. Since the plant is a conventional water treatment plant, 

2.5 inactivation log credits are gained so that only 0.5 log credits are required to reach the inactivation 

goal. The disinfection chemical used in the past for Ashland was chlorine which did an adequate job of 

deactivating most pathogenic organisms. The efficiency of deactivation deals with the dosage of chlorine 

along with the time which it is able to react. An analysis of a serpentine plug flow reactor was originally 

drafted to create the necessary contact time for the disinfection process. Typical chlorine contact basins 

are separate serpentine structures; however, since the inactivation goal is so low, the serpentine reactor 

was scraped and replaced by an implementation of a serpentine type plug flow reactor within the 

clearwell. The clearwell designed for the plant is a 70ô diameter partially submerged basin with a total 

depth of 30ô. Inside the clearwell are baffles placed as concentric circles 5 feet from the baffle wall 

preceding them as shown in Figure 1 in the Appendix. The baffle walls extend from the floor of the 

clearwell to the ceiling to force the water into a partitioning which acts as a serpentine plug flow reactor. 

The baffle walls are made of flexible baffle wall sections that can be riveted together to form the desired 

curvatures for the internal baffle curtains. The fiberglass wall sections are manufactured by Fiberglass 
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Fabricators Inc. which have exceptional strength qualities for this application seen in Figure 2 in the 

Appendix. The water will initially pass into the clearwell via a perforated inlet baffle to evenly 

redistribute the water over the area of the clearwell. This redistribution acts to decrease the velocity of the 

traveling water which causes a more quiescent flow through the system instead of a more rapid channel 

which can cause short circuiting. The outlet from the clearwell is an adjustable weir that is adjusted to 

create a sufficient flow distribution out of the clearwell and into the transportation pipe to the distribution 

system. Since the transportation pipe is completely downhill from the treatment facility, pumps are not 

required to move the water to the distribution tanks in the city. This eliminates concerns of pushing air 

cavities through pumps causing damage. Air pressure relief valves are required on the pipeline to release 

any excess air in the pipeline as well as shock absorbing holding tanks are required at the distribution 

system. The total volume of the clearwell is 800,000 gallons which amounts to about 16% of the daily 

summer demand in 2060. Therefore, the need for constant operation is necessary and the clearwell cannot 

be used to compensate for prolonged delays in water treatment. 

Disinfection 

Recently the City of Ashland has opted to increase the chlorine residual in the tap water from 0.1 mg/L.  

The addition of water from Emigrant Lake also will most likely introduce additional chlorine demand for 

the system which will be met with dilution and increased chlorine dosages. Bench testing must be 

conducted first to create benchmarks which aid in determining optimal chlorination rates. The proposed 

chlorination residuals in the process line is a 1 mg/L free chlorine residual at the beginning of the 

clearwell right after chlorine addition, followed by a 0.6 mg/L free chlorine residual at the end of the 

clearwell serpentine, and a 0.5 mg/L measured at the distribution system down in the valley. The 

chlorination scheme presented provides an additional 1.1 log removal in addition to the 2.5 log removal 

credits due to conventional treatment. If measurements of chlorine residual are too low at the outflow 

from the clearwell then the outlet weir can be raised and an immediate increase in chlorine dosage 

performed to help flush out the sudden influx of pathogens. The chlorine dosage is added at the holding 
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tank between the dual media filters and the clearwell. Low velocity paddle mixers are implemented to 

create sufficient mixing of the disinfectant before moving into the clearwell. The chlorine dosage that was 

calculated with the assumed chlorine residuals at a worst case scenario of 5 degrees Celsius is still 1 

mg/L. Since the plant gets all of itôs water from Reeder Reservoir during the winter, the concern of virusô 

drops significantly. A total operational chlorine dosage of 46lb/day is added to maintain the plant at its 

max flow in 2060. The values used to estimate the required CT values necessary for inactivation of 

viruses can be found in Tables 2 and 3 in the Appendix. 

Cost Analysis 

Total costs for construction and maintenance of the plant are based off a cost estimate curve and adjusted 

with the current ENR index. The current ENR index for construction and operation cost is 8950 which 

results in an approximate plant cost of $9,700,000 and an annual operational cost of approximately 

$500,000. Charts used to estimate plant costs can be found on Figures 3 and 4 in the Appendix. 
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Appendix 1 

 

  

Qmin= 2042 gpm

Qmin= 4.5 cfs

Qmax= 3496 gpm

Qmax= 7.8

Width of channel= 5 ft

n= 0.013

so= 0.0001

depth of flow= 3.9 ft

velocity= 1.0 ft/s

Clearwell Volume 800000 gal

Clearwell Volume 106952 cf

Depth 28 ft

Diameter 70 ft

# of passes 12

ERT clearwell= 91.5 min

ERT pipe= 9.2 min

ERT total= 100.8 min

residual at clearwell 1

residual at beg of pipe 0.6

residual at first house 0.5

CLEARWELL

Ctcal 54.92 (mg/L) min

CT99 165 (mg/L) min at 5 deg C and pH=7

Ctcal/CT99 0.33

PIPE

Ctcal 4.62 (mg/L) min

CT99 132 (mg/L) min at 5 deg C and pH=7

Ctcal/CT99 0.03

Total chlorine addition= 1.1 mg/L

chlorine per day= 46.1 lb/day

Total Ctcal/CT99 0.37

inactivation= 1.10 log

inactivation from prev= 2.5 log

Total inactivation= 3.6 log

Table 1: Clear well and disinfection calculations
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Appendix 2 

 

Table 2: Virus inactivation CT values 

 

 
 

Table 3: Giardia inactivation CT values 
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Appendix 3 

 

Figure 1: Top view of water treatment plant 
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Appendix 4 

 

Figure 2: Fiberglass Fabricators Inc. Baffle walls 
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Figure 3: Construction cost estimate 

 

Appendix 5 

 
 

Figure 4: Operational cost estimate 

 

       

 

 

  


