











Appendix D: Procedures for the Disinfection of Water Mains (Attachment B)

line, and at least one set from each branch. If trench water or excessive quantities of dirt entered the
new main during construction, samples should be taken at intervals of approximately 200 ft and
identified by location.

Sample Collection Procedures

~ Use only sterile bottles furnished by the laboratory. Keep the bottles sealed until used. Each
sample bottle should contain a de-chlorinating agent (typically, sodium thiosulfate) in sufficient
amount to neutralize any residual chlorine in the water sample. Do not rinse the bottle prior to
taking the sample as such rinsing will remove the de-chlorinating agent and render the subsequent
sample invalid. Samples are not to be taken from a sampling fixture that has an aerator attached or
from a sampling fixture attached to pipe or pipe/hydrant combination having a weep hole.

C651-03 prohibits collection of samples from hoses or fire hydrants. Experience has shown that the
examination of samples collecied from these types of sampling locations may result in a false
presence of coliforms due to contamination of the sample. AWWA Standard C651-05
recommends the use of a specially installed sampling tap consisting of a smooth, unthreaded, 0.5-
inch hose bib. Alternatively, a corporation stop installed in the main equipped with a copper-tube
gooseneck assembly may be utilized as a sampling tap. After the samples have been collected, the
gooseneck assembly may be removed and retained for future use.

Be sure that the heavily chlorinated water has been thoroughly flushed from the main before
sampling. Run water through the sampling tap at a steady rate 3 to 5 minutes before beginning
sampling procedure.

Wash hands thoroughly. Remove the bottle lid just before filling, holding the lid in your free hand.
Do not contaminate the inner surface of the cap of the bottle with your hands. Fill the bottle to the
shoulder or fill line. Do not overflow the bottle or splash water into or out of the bottle or onto the
outside rim of the bottle. Replace the lid and tighten securely.

Complete the appropriate sample documentation provided by the laboratory. This will typically
include a sample label and chain of custody form. If the KDHE laboratory is being utilized, a
KDHE Sampling Data Card must be completed instead of a chain of custody form. The KDHE
Sampling Data Card requires completion of the following information: collection date, collector's
last name and first initial, time of collection, collection location, and chlorine residual.

Sample Delivery to Laboratory

Deliver the samples to the laboratory prompily after collection. There are strict time limits on the
amount of time that may elapse between sample collection and analysis before the sample is
considered too old to analyze. Check with your laboratory on sample holding time requirements.
The EPA requires that samples reach the laboratory within 30 hours of collection. Unless special
arrangements are made, schedule the collection of samples so that they do not arrive at the
laboratory on weekends or holidays. Samples should be held at a temperature of 40 °F (4°C). If
practicable, place samples in an iced cooler for storage during transport if transport time will exceed
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one hour. At no time, however, should the sample container be allowed to become immersed or
submerged in the ice or melted ice water. Check with the laboratory for specific packaging and
transport recommendations.
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Appendix D: Procedures for the Disinfection of Water Mains (Attachment C)

ATTACHMENT C

EXAMPLE CALCULATIONS FOR THE DISINFECTION
OF WATER MAINS WITH CHL.ORINE
1. FLUSHING RATE ~ Calculate the flushing rate for a given velocity (T'able 1).
Example:

Calculate the flushing rate for a 6-inch diameter pipe which would provide a velocity of 2.5
ft/sec within the main. ‘

Formulas:
Areann, I = nf(dia, ft)2/ 4] = cross-sectional area of main

Flushing rate, gpm
= (Areamain, f)*(Velocity, fi/sec)*(7.48 gal/ft’)*(60 sec/min)

Solution:
Ateanain, ¥ =7[(6 in)*(1 f/12 in)[*/4 = 0.196 f¥*
Flushing rate, gpm
= (0.196 f)*(2.5 fi/sec)y*(7.48 gal/ft’)*(60 sec/min)
=220 gpm
2. PREPLACEMENT OF HTH GRANULES IN MAIN - Calculation of the amount of
calcium hypochlorite (HTH) granules required for disinfection of a water main with a
chlorine dose of 25 mg/L (Table 3).

Example:

Calculate the quantity of calcium hypochlorite granules required to disinfect 1,000 feet of a
4-inch diameter PVC pipe. Assume granules contain 65 percent available chlorine by

weight.
Formulas;
V0lmain, MG = n(dia, ft)%/4*(length, f)*(7.48 gal/fy*(1 MG/1x10° gal)

Cl needed, 1b = (Vol, MGY*(Cl dose, mg/L)*(8.34 Ib/gal)
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Calcium hypochlorite needed, b = (Cl, needed, ib)/(percent available Cl,/100)
Solution:

Volmain, MG = (4 in)*(1 f/12 in)|7/4%(1,000 f)*(7.48 gal/f)*(1 MG/1x10° gal)
=0.000653 MG

Calcium hypochlorite needed for disinfection of 1,000 ft of 4-in pipe, 0z
= (0.000653 MG)Y*(25 mg/L Cl»)*(8.34 lb/gah)*(16 0z/1b)/(0.65)
=340z

This answer could also be obtained from Table 3 which is expressed in terms of the ounces
of calcium hypochlorite granules required each 500-foot interval. In this example, since the
pipe is 1,000 feet long, the amount of granules required must be doubled so the amount
neededis 2 * 1.7 0z=3.4 oz

3. PREPLACEMENT OF HTH TABLETS IN MAIN ~ Calculation of the number of 5-g
calcium hypochlorite tablets (65 percent available chlorine) for disinfection of a water
main with an initial chlorine dose of 25 mg/L. (Table 4).

Example:

Calculate the number of 5-g calcium hypochlorite tablets (65 percent available chlorine)
necessary to apply an initial chlorine dose of 25 mg/IL to 846 feet of 8-inch diameter PVC

pipe.
Formulas:
Volumain, MG = nt[(dia, ft)/4]*(length, ft)*(7.48 gal/f*y*(1 MG/1x10° gal)

Calcium hypochlorite needed, 1b
= (Vol, MG)*(Cl, dose, mg/L)*(8.34 Ib/gal)/(percent available Cl,/100)

Solution:

Volnain, MG = (8 in)*(1 f/12 in)|/4%(846 f)*(7.48 gal/f?y*(1 MG/1x10° gal)
= 0.00221 MG

Calcium hypochlorite needed for disinfection of 846 ft of 8-in pipe, Ib
=(0.00221 MG)*(25 mg/L Cly)*(8.34 1b/gal)/(65%/100)
=0.71 1b

Weight per 5-g tablet of calcium hypochlorite, Ib/tablet

= (5 g/tablet)*(0.035274 oz/g)*(1 Ib/16 0z)
= (.011 Ib/tablet
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Number of tablets providing 0.71 Ib of calcium hypochlorite, tablets
= (0.71 Ib calcium hypochlorite)*(1 tablet/0.011 Ib)
= 64.5 tablets

Since there are approximately 47 sections of 18-foot sections in an 846-foot length of main,
the number of tablets required per 18-foot section is 64.5 tablets/47 sections = 1.37 tablets
per section, Assuming partial tablets are not possible, 2 tablets should be used per section
of pipe for a total of 94 tablets for the 846 fi length of pipe. As Table 4 indicates, this
solution could also be obtained from 2 tablets for each 18-foot section of 8-inch pipe.

4. CONTINUOUS METHOD
Procedure 1: Addition of Premixed Chlorinated Water (Table 5)
Example:
Calculate the amount of hypochlorite (sodium or calcium) necessary for disinfection of 500
ft of 6-inch main by the addition of premixed chlorinated water. For this problem, assume
calcium hypochlorite is 65 percent available chlorine and sodium hypochlorite is a 15
percent available chlorine solution.
Formulas:

Volmain, MG = ntf(dia, f1)*/4]*(Length, fty*(7.48 gal/ft*y*(1 MG/1x10° gal)

Utilizing calcium hypochlorite,
1bs of HTH = (Volnain, MG)*(8.34 Ib/gal)*(25 mg/L. Ch)/(percent available Cl,/100)

Utilizing sodium hypochlorite,
minimum volume, gal = (Volp.in)*(25 mg/L Ch)/(Concsem, mg/L as Cly), where a |
percent available chlorine solution as sodium hypochlorite
is approximately equivalent to 10,000 mg/L as Cl,.

Solution:

Volmain, MG = wt[(6/12)%/4]*(500 f)]*(7.48 gal/f2)*(1 MG/1x10° gal)
=734 x 10™* MG or 734 gal

Utilizing 65 percent available chlorine calcium hypochlorite, the required amount of HTH
in Ibs to be added to 734 gal:

=(7134x 107 MG)*(8.34 b/gal)* (25 mg/L Cl2)/(0.65)
=0241bor3.80z
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The volume of 15 percent available chlorine sodium hypochlorite to be added to 734
gallons:

= (734 gal)*(25 mg/L Ch)/(150,000 mg/L)
=0.12 gal

This answer can also be obtained from Table 5 which indicates that for a 100-foot section of
6-inch diameter water main, 0.024 gal of 15 percent available chlorine sodium hypochlorite
or 0.75 ounces of 65 percent available chlorine HTH are required for a 25 mg/L chlorine
dose. Since the problem statement specifies a 500-foot main, the table entries should be
multiplied by 5 yielding the minimum quantities of 0.12 gal of 15 percent available chlorine
sodium hypochlorite or 3.8 0z of 65 percent available chlorine HTH.

Procedure 2: Injection of Concentrated Chlorine Solution (Table 5)

Example:

Calculate the amount of hypochlorite (sodium or calcium) necessary for disinfection of
5,250 ft of 8-inch diameter main by the continuous method. For this problem, assume
calcium hypochlorite is 65 percent available chlorine and sodium hypochlorite is a 15
percent available chlorine solution.

Formulas:

Volmain, MG = n[(dia, f)>/4]*(length, f)]*(7.48 gal/f)*(1 MG/1x10° gal)

Chlorine feed rate (Cly geq), Io/hr
= (Qgp, gpm)*(1440 min/day)*(1 day/24 hr)*(1 MG/ 1x10° gal)*(25 mg/L)

Calcium Hypochlorite
Calcium hypochlorite, Ib/hr = (Cly geeq, Ib/hr)/(percent available Cly/100)
HTH, in 1b = (Volpai, MG)*(8.34 Ib/gal)*(25 mg/L Cly)/(percent available Cl,/100}
Chlorine concentration in prepared chlorine solution, mg/L
= (HTH, Ib)/(Volem)* (1x10° gal/1 MG)
*(1 mg/1./8.34 Io/MG)Y*(percent available Cl,/100)
Sodium Hypochlorite

Flow rate of water into main (Qgy), gpm
= [(Concgom) * (Qsomn, gpm)/25 mg/L)] — (Qsotn, gpm)
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Solution:

Volmain, MG = a[(8 in)*(1 /12 in)[/4](5,250 ft)*(7.48 gal/ft’y*(1 MG/1x10° gal)
=(0.0137 MG

Calcium Hypochlorite

Assume a chlorine solution injection rate of 2.5 gal/hr (0.0417 gpm) and a filling rate of 150

gpm.

Cl, feed rate, Ib/hr
= (150 gpm)*(1440 min/24 he)*(1 MG/ 1x10° gal)*(8.34 Ib/gal)*(25 mg/L)
= 1.88 Ib/hr

Calcium hypochlorite feed rate, 1b/hr
= (1.88 Ib/hr)/(65%/100)
= 2.89 lb/hr

Calcium hypochlorite necessary for disinfection of 5,250 ft of main, 1b
= (0.0137 MG)*(25 mg/L Cl;)*(8.34 1b/gal)/(65%/100)
=441b

The time it takes to fill the main, Tgy, which may be assumed equivalent to the period of
chlorine solution injection, Tinection, is determined by dividing the volume of the main by the
rate of filling: 13,700 gal/150 gpm = 91 min. For a chlorine solution injection rate, Qsomn, of
0.0417 gpm, the required volume of chlorine solution, Vol is 3.8 gal. The combination
of 4.4 1b of HTH in 3.8 gal of water results in a chlorine solution with a concentration
estimated by the following:

Chlorine concentration in solution, mg/L as Cl;

= (4.4 1b/3.8 gal)*(65%/100)*(1x10° gal/1 MG)*(1 mg/L/8.34 Ib/MG)
= 90,200 mg/L or an approximately 9% solution.

Sodium Hypochlorite

In this case, assume the 15 percent available chlorine sodium hypochlorite solution will be
pumped into the main without dilution at an injection rate of 2.5 gal/hr (0.0417 gpm). The
required main filling rate, Qg, can be calculated as follows:

Qan, gpm = [(0.0417 gpm)*(150,000 mg/L)]/(25 mg/L) - 0.0417 =250 gpm

The required volume of sodium hypochlorite solution is calculated from Tipection and the

assumed injection rate:
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Volgom, gal = (55 miny*(0.0417 gpm) = 2.3 gal

An alternative approach is to calculate the required feed rate of sodium hypochlorite. For an
assumed main filling rate of 150 gpm (Qgy), a 15 percent available chlorine solution, and an
injection rate of 2.5 gal/hr (0.0417 gpm), the sodium hypochlorite feed rate (Na-hypogeqg) to
form a 25 mg/L chlorine dose is calculated from the following equation:

Sodium hypochlorite feed rate (15 percent available chlorine), lb/hr
= [(150 gpm)*(1440 min/day)*(1 day/24 hr)*(1 MG/1x10° gal)
*(8.34 b/galy*(25 mg/L. CL)1/(15%/100)
=12.5 Ib/hr

Sodium hypochlorite feed rate (15 percent available chlorine), gal/hr
= [(150 gpm)*(1440 min/day)*(1 day/24 hr)*(1 MG/1x10° gal)
*(25 mg/L Cl)]/(15%/100)
= 1.5 gal/hr
Tﬁn, min= Tgnjecﬁm, min = 13,700 gai/lSO gpm = 91 min
Volnanypo, gal = (91 min}y*(0.0417 gpm) = 3.8 gal of sodium hypochlorite
Sodium hypochlorite, 1b

= (12.5 Ib/hr)*(91 miny*(1 hr/60 min)
=18.91b

Sodium hypochlorite, gal
= (1.5 gal/hr)*(91 min)*(1 hr/60 min)
=773 gal :

S. SLUG METHOD - Calculation of the amount of chlorine necessary to form a slug of
chlorinated water in a main with an initial chlorine dose of 100 mg/L.

Example:

Calculate the amount of chlorine gas required to create a slug of chlorinated water in 5,000
ft of a 6-inch diameter ductile iron main with an initial chlorine dose of 100 mg/L..

Formulas:

Vol, MG
= f(dia, f)/4]*(length of “slug”, ft)*(7.48 gal/f)*(1 MG/1x10° gal)

Chlorine (100 percent available chlorine} needed, 1b
= (Vol, MG)*(Cl, dose, mg/L.)*(8.34 Ib/gal}
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Soluation:

Voimajn, MG
= (r[(16 in)*(1 ft/12 in)]¥/4)*(5,000 f)*(7.48 gal/f’)*(1 MG/1x10° gal)
=0.0522 MG

Chlorine (100 percent available chlorine) needed, 1b
= (0.0522 MG)Y*(100 mg/L)*(8.34 Ib/gal)
=4351b

6. EMERGENCY MAIN DISINFECTION - Calculation of the sodium hypochlorite
pumping rate and minimum volume of hypochlorite necessary to establish initial
chlorine doses of 100 mg/L. and 300 mg/L. in a water main (Table 7).

Example:

Calculate the sodium hypochlorite pumping rate (assuming a 5 percent available chlorine
solution) and the amount of sodium hypochlorite solution necessary to establish a 300 mg/L.
chiorine dose in a 300-foot section of a 6-inch diameter main. Assume Qg into the main is
50 gpm.

Formulas:

Sodium hypochlorite solution pumping rate, gpm
= [(Cl; dose, mg/L)/(Concsotn, mg/L)1*(Qan, gpm)

Volmains gal
= (n(dia, f1)/4)*(Length, ft)*(7.48 gal/ft®)

Volume of sodium hypochlorite solution, gal
= [(Cly dose, mg/L)/{Concgom, mg/L)]*(Volnan, gal)

Solution:

Sodium hypochlorite solution pumping rate, gpm
= [(300 mg/L. C1,)/(50,000 mg/L Cl;)]*(50 gpm)
=(0.3 gpm

Voliain, gal
= (w[(6 in)*(1 fi/12 in)]2/4)*(300 ft)*(7.48 g,al/ft3 )
=441 gal

Volume of sodium hypochlorite solution, gal

= [(300 mg/L Cl)/(50,000 mg/L)]*441 gal
=2.65 gal
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Tinjection, Mint = 2.65 gal/0.3 gpm = 441 gal/50 gpm = 8.8 min

The volume of sodium hypochlorite solution calculated in this problem can also be
determined from Table 7. Table 7 indicates for a 6-inch pipe, 0.88 gal of 5-percent sodium
hypochlorite solution is required to establish a 300 mg/L dose of Ck, in a 100-ft section of
main. For a 300-ft section of main, the necessary volume of sodium hypochlorite from
Table 7 for a 100-ft section should be multiplied by 3 to give 2.6 gal.
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