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Process Design

Flow Rate: The system design is based on production of 39,750 liters per day. This volume will be treated by the system and then flows to storage. Variations in demand are met by storage and pumping (by others). The system is expected to run at a continuous rate. The production must be met while the system is operating. When in backwash or regeneration, the system is not producing water. If we assume an operating day of 21 hours the design flow rate is 0.53 Lps (1.89 m3/hr). 

Inlet Flow and Pressure: The water flows into water treatment skid via a pump, the capacity of the pump is 16 m3/hr at 4.2 kg/cm2 (412 kPa) (1) Normal water system pressures are 200 to 550 kPa so the pump pressure is adequate. Minimum pressures for the Water King equipment are about 138 kPa. The inlet strainer (ST 101) has a minimum pressure of 35 kPa. Thus the inlet pressure is adequate. The inlet flow must meet the demands of backwashing the various units in the system. The highest backwash flow is for the Multimedia filter at 3.15 Lps (11.3 m3/hr). The pump flow of 16 m3/hr is adequate for this requirement. The inlet pump (by others) will provide adequate supply and pressure. 
Inlet Strainer (ST 201): The selected SFA 20 has a head loss of 2 kPa at 0.53 Lps. (2) The set point on the differential pressure gauge is recommended by the factory at 14 kPa. The clean bed loss through this unit is then well below the set point allowing for solids removal. The inlet pump will meet the flow demands for strainer backwash (0.76 Lps) plus the design flow of 0.53 Lps. The strainer will produce flow while backwashing so the system does not need to shut down during strainer backwash. The strainer will thus operate independent of the anticipated system level backwash and regeneration. The PLC will periodically turn on the motor and open the backwash drain valve (XV 202) for the strainer. 

Multimedia Filter: The selected FMF-FG 240 MM has a diameter of 610 MM with a cross sectional area of 0.29 m2. The maximum loading rate for multimedia filters ranges from 0.21 to 0.34 cm/sec at continuous flows to a maximum peak loading of 0.54 to 0.68 cm/sec. In the current case, applying 0.53 Lps to 0.29 m2 yields 0.18 cm/sec, which is less than the 0.21 m/sec. The loading rate is acceptable.  The raw water suspended solids is listed as 0 mg/L in the analysis provided. Thus, the solids loading on the filter will be low allowing long filter runs and infrequent backwash. The recommended initial backwash interval is 48 hours. Other pertinent design parameters are given in Attachment 1.   

Softener:  The selected MF-FG 240 has a diameter of 610 MM with a cross sectional area of 0.29 m2. The resin volume is 0.23 m3. The capacity will be about 316 equivalents of hardness removed as CaCO3. The raw water hardness is 48 mg/L or 0.96 meq/L. The capacity of the resin bed is then 329,167 liters (= 316/(.96/1000)). The demand setting for the softener should be about 300,000 liters. The run time between regenerations at 0.53 Lps is 6.55 days implying weekly regeneration.  The rated continuous flow on this unit is 3.53 Lps, which is above the applied flow of 0.53 Lps and is thus acceptable. Other pertinent design parameters are given in Attachment 3.  

Activated Carbon Filter:  The selected FMF-FG 240 AC has a diameter of 610 MM with a cross sectional area of 0.29 m2. The maximum loading rate for multimedia filters ranges from 0.21 cm/sec at continuous flows to a maximum peak loading of 0.34  cm/sec. In the current case, applying 0.53 Lps to 0.29 m2 yields 0.18 cm/sec, which is less than the 0.21 m/sec. The loading rate is acceptable.  The recommended initial backwash interval is 48 hours. Other pertinent design parameters are given in Attachment 2.  

Chemical Feed Pump Sizing: At the design flow of 0.53 Lps and a dosage of 5 mg/L of chlorine as Cl, using a standard 12% chlorine solution the chemical feed pump will be pumping 0.16 L/hr. Two variations on this scheme can be anticipated. The first is using a standard 5.25% chlorine solution (this is the strength of household bleach), which would require a feed rate of 0.37 L/hr. It is anticipated that the actual dose will be about 2 mg/L making the feed rate 0.064 L/hr with 12% solution and 0.15 L/hr with 5.25% solution. All of these flow rates can be accommodated by the selected pump flow range of 0.005 to 0.5 L/hr. 

	Item
	Units
	 

	Flow Rate 
	 
	 

	Design
	Lps
	0.53

	Design
	lpm
	31.8

	Dosage as mg/L Cl
	 
	 

	Design
	mg/L
	5

	Daily Cl req'd - Range
	 
	 

	Design Flow and Dose
	grams/day
	229

	Equivalents of Cl per day
	 
	 

	Equivalent wt of Cl
	grams/eq
	35

	Design Flow and Dose
	eq/day
	6.54

	Calculation of Cl sol'n strength
	 
	 

	Label concentration as NaOCl
	% by wt
	12%

	Equivalent wt of NaOCl
	grams/eq
	74

	Specific Gravity of Solution
	 
	1.05

	Solution strength as Cl
	eq/liter
	1.703

	Feed Rate
	 
	 

	Design Flow and Dose
	liters/day
	3.84

	Feed Rate
	 
	 

	Design Flow and Dose
	liters/hr
	0.16

	Pump Selection
	 
	 

	LMI AX1-Auto Prime
	 
	 

	Flow Range - Min
	liters/hr
	0.005

	                    Max
	liters/hr
	0.5

	Tubing
	 
	 

	OD 
	mm
	8

	ID
	mm 
	5

	Area
	cm2
	0.19625

	Design Feed Rate
	cc/sec
	0.0444671

	Velocity
	cm/sec
	4.4133733

	Travel time in 2 m of tube
	sec
	45


Security Filter (ST 301): This system is equipped with a security filter, commonly called a resin trap. In the event of a broken distributor media could be washed from the filters and softeners, possibly interfering with down stream piping and equipment. The security filter has a 2” inlet and outlet and a ½” drain. The unit is manually cleaned in the event of a resin release. Resin traps are designed as prevention devices on water treatment systems to insure against complete loss of media in the event of a failure. It is not designed as a filtering device. (4)

Pipe Sizing: For process piping use a maximum velocity of 2.44 m/sec and for backwash piping use a maximum of 4.57 m/sec for backwash piping. See Table 1 for calculations. (3)

	Table 1:  Pipe Size Calculations

	Purpose of  Pipe
	Diameter NPS (inches)
	Calc Diameter (MM)
	DN
	Area (m2)
	BW flow (gpm)
	BW flow (Lps)
	Velocity (m/s)
	Check

	Bypass
	2    
	50.8
	DN 50
	0.00203
	70
	4.44
	2.2
	< 2.44 OK

	Filter Softener Inlet Outlet
	1 1/2
	38.1
	DN 40
	0.00114
	8.4
	0.53
	0.5
	< 2.44 OK

	Strainer Backwash
	1    
	25.4
	DN 25
	0.00051
	12
	0.76
	1.5
	< 4.57 OK

	MM Backwash
	1 1/2
	38.1
	DN 40
	0.00114
	50
	3.15
	2.8
	< 4.57 OK

	Softener Backwash
	 3/4
	19.1
	DN 20
	0.00028
	15
	0.95
	3.3
	< 4.57 OK

	AC Backwash
	1 1/2
	38.1
	DN 20
	0.00114
	25
	1.58
	1.4
	< 4.57 OK


Regeneration Shut Off Kit: The system will be shut off during regeneration and backwash of the filters, strainers, and softener. The automated shut off valve XV 701 will stop all flow through the system when backwash and regeneration begins. Additionally, the strainer, multimedia filter and softener will be bypassed. This allows unimpeded flow to the various units during backwash cycles. (For example, the softener backwash water is not required to  flow through the multimedia filter.)  The automated bypass valves XV 101, 201, 401 allow the system to convert from normal operation in a series configuration to parallel operation during backwash and regeneration. 

Recommended Operation Scheme: The system has three system differential pressure transmitters (DP 101, 201, and 501) for the inlet strainer, multimedia filter and the activated carbon filter. There is also a flow meter to monitor produced water and monitor remaining softener capacity. Since the system is taken off line for backwash, allowing any of these individual monitors to initiate a system level backwash and regeneration will not be reliable. The recommended method is to put the system on a timed regeneration sequence and monitor the three differential pressures and the flow meter as alarm points. If the differential pressure set points or the demand set points are exceeded, the operator can make a decision to manually initiate a system wide backwash and regeneration or to backwash or regenerate the individual unit causing the alarm. Initial set up is recommended at 48 hours between backwash regeneration cycles with the softener regenerating every other cycle. Per the discussion above, the inlet strainer (ST 201) will operate independent of the system level backwash and regeneration cycles. The inlet strainer will not be allowed to backwash during a system level backwash and regeneration cycle. Further discussion of the operation sequence is included in Document No. 026. 

Water Quality: Table 2 provides a summary of the specified water quality characteristics and compares them to the EPA Maximum Contaminant Levels.  The specifications (XXX) call for the treatment processes listed above. 

Inlet Strainer: Since this is a defense installation the rationale of “preventing sabotage” as applied to the inlet strainer is logical. The inlet strainer is indicated based on this reasoning.  

Multi media Filter: Both analyses list the suspended solids as nil, with no color. Typically, media filters are not required on groundwater supplies unless iron and manganese are a problem. Both are present at very low levels in this water. The need for the multimedia filter is thus dependent on the expectation of filterable or suspended solids in the water at some future date. The multimedia filters are not indicated based on the given water analyses.

Softener: The water is considered soft but can be made better by a softener. Using zero hardness water (less than 17 mg/L) makes a facility easier to clean and protects boilers, water heaters and other water using appliances. A softener is indicated to improve facility maintenance and protect equipment. 

Activated Carbon: No tests were done for the organic contaminants that might be removed by carbon adsorption. For a defense facility this is a practical protection against organic contamination of the water supply due to natural or unnatural causes. Based on note (4) there may be some organics present in the water. The activated carbon filter is indicated. 

Chlorination: Although the analyses do not indicate bacterial contamination, it is standard practice to disinfect ground waters. Chlorination is indicated. 

	Table 2: Water Quality Characteristics and Comparison to EPA MCL

	 
	Item
	Units
	New Supply
	Existing Water Supply 
	EPA Standards (MCL)
	Result
	Indicated Treatment

	a.
	pH
	units
	6.67
	7.65
	6.0 to 8.5
	OK (2)
	None

	b
	DO
	mg/L
	4.3
	8.25
	--
	 
	None

	c.
	Conductivity
	microS/cm
	112
	133
	--
	 
	(5)

	d.
	Color
	 
	no color
	no color
	--
	 
	None

	e.
	Suspended Solids
	mg/L
	0
	0
	--
	 
	None

	f.
	Total Dissolved Solids
	mg/L
	56
	66.5
	600
	OK (2)
	None

	g.
	Coliform 
	CFU/100 ml
	<5
	<5
	8
	OK (2)
	None

	h.
	Total Bacterial Count
	CFU/ml
	10
	15
	100
	OK (2)
	None

	I.
	Total Organic Carbon
	mg/L
	0.7
	0.44
	4
	OK (2)
	None

	j.
	Chemical Oxygen Demand
	mg/L
	24
	28
	25
	(4)
	(4)

	k.
	Biochemical Oxygen Demand
	mg/L
	0
	0.05
	1
	OK (2)
	None

	l.
	Nitrate 
	mg/L as N
	0.1
	0.04
	10
	OK (2)
	None

	m.
	Nitrite
	mg/L as N
	0.002
	0.002
	0.1
	OK (2)
	None

	n.
	Sulfate
	mg/L
	13
	13.5
	25
	OK (2)
	None

	o.
	Sulfide
	mg/L
	0.001
	0
	--
	 
	 

	p.
	Phosphate
	mg/L
	0.02
	0.28
	--
	 
	 

	q.
	Ammonia
	mg/L as N
	0.05
	0.02
	0.1
	OK (2)
	None

	r.
	Arsenic
	mg/L
	<0.01
	<0.01
	0.01
	OK (2)
	None

	s.
	Selenium
	mg/L
	<0.01
	<0.01
	0.01
	OK (2)
	None

	t.
	Chromium
	mg/L
	<0.02
	<0.02
	0.05
	OK (2)
	None

	u.
	Zinc
	mg/L
	<0.007
	0.014
	5
	OK (2)
	None

	v.
	Cadmium
	mg/L
	<0.005
	<0.005
	0.005
	OK (2)
	None

	w.
	Lead
	mg/L
	<0.05
	<0.05
	0.05
	OK (2)
	None

	x.
	Nickel
	mg/L
	<0.02
	<0.02
	0.1
	OK (2)
	None

	y.
	Iron
	mg/L
	<0.006
	<0.006
	0.3
	OK (2)
	None

	z.
	Manganese
	mg/L
	<0.004
	<0.004
	0.05
	OK (2)
	None

	aa.
	Magnesium
	mg/L
	2.2
	3.82
	--
	(3)
	(3)

	bb.
	Copper
	mg/L
	<0.003
	<0.003
	1
	OK (2)
	None

	cc.
	Calcium
	mg/L
	11.46
	12.71
	--
	(3)
	(3)

	dd.
	Sodium
	mg/L
	2.74
	3.89
	--
	(5)
	(5)

	ee.
	Potassium
	mg/L
	0.59
	0.46
	--
	(5)
	(5)

	 
	Mercury
	mg/L
	(1)
	(1)
	0.002
	(1)
	 


	 
	Notes: 

	(1)
	No data available on Mercury

	(2)
	Data shows both water sources to have less than EPA MCL of listed contaminant

	(3)
	Total Hardness in mg/L as CaCO3 is  38 mg/L as calcium carbonate for the new supply and 48 mg/L for the existing supply. ( 0.96 meq/L Hardness) General guidelines for classification of waters are: 
0 to 60 mg/L (milligrams per liter) as calcium carbonate is classified as soft; 61 to 120 mg/L as moderately hard; 121 to 180 mg/L as hard; and more than 180 mg/L as very hard.
From US Geological Survey website - http://water.usgs.gov/owq/hardness-alkalinity.html. This water is considered soft for domestic uses (bathing and washing clothes). A softener is not indicated for domestic uses of this water. It is reasonable to soften the water to protect boilers and water heaters from scaling.  

	(4)
	TOC and COD are closely related since both indicate dissolved organics. A COD of 25 mg/L is unexpected with such a low TOC and no color.

	(5)
	Non toxic salts. No treatment required at levels shown. 

	Source
	Specifications 09/30/2009 Section 15471-1.5 B.


References:

(1) Email Subject: Questions #2; From J.H. Cheng; To: Jim Bowie; Date: Tuesday, June 8, 2010; 10:06 pm.

(2) Phone conversation – June 25, 2010 – Patrick and Jim Bowie. Per Patrick “headloss in SFA 20 is 0.3 psi at 8 gpm. Backwash rates are 8 to 12 gpm. Backwash time is about 2 minutes. Backwash frequency depends on solids loading. Strainer does not need to go off line to backwash. Strained flow will continue during backwash if flow and pressure are adequate. To perform backwash, turn on motor and open backwash drain. It is OK to operate strainer with skid mounted PLC not supplied by Sure Flow. It is also OK to use an automated backwash valve not supplied by Sure Flow. Peak capacity of the unit is around 120 gpm.”

(3) California State Plumbing Code max flow in copper pipe is 8 fps (2.44 m/sec). Water King standard maximum for backwash drain piping is 15 fps. Remember that backwash drain piping is a free discharge so full system pressure is available. 

(4) Res-Corp literature. See Document No 001. 

(5) Specifications XXXX. 
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