Case 14-14: Rev 8/10/14

| WATER, SEWER AND STORM DRAIN TESTING BASHNFECHNGWATER-MAINS

611.1 HYDROSTATIC TESTING: (610.15)

Water lines, including all fittings and connections to the water mains shall be tested for watertightness by subjecting each
section to hydrostatic testing in accordance with applicable provisions of AWWA C-600, except as modified below, and
shall consist of pressure testing and allowance testing.

The test section shall be slowly filled with potable water and all air shall be vented from the line. The rate of filling shall be
as determined by the Superintendent of Water Distribution, with at least 24 hour notice required before tests are scheduled.

The Contractor shall provide all vents, piping, plugs, bulkheads, valves, bracing, blocking, pumps, and measuring devices
and all other equipment necessary for making the tests, including pressure gages, and shall pay the Contracting Agency for
water used in the tests.

Hydrostatic Testing: Pressure testing may be made before or after backfilling, but backfilling must be completed before
allowance testing. If the pipe is center-loaded, a visual inspection for leaks may be made along the pipe line while the test
section is under test pressure, and all visible leaks repaired. However, if mechanical compaction is to be used in the
backfilling operations as spelled out in AWWA C-600, the tests shall not be made until the backfilling is completed and
compacted. Backfill and compaction for the full distance encompassed by restrained/welded joints shall be completed prior
to testing. All connections, blowoffs, hydrants and valves shall be tested with the main as far as is practicable. Hydrostatic
testing shall not begin until the pipe has been filled with water for at least 24 hours to allow for air venting.

(A) Pressure Testing: Unless otherwise noted in the contract documents, the minimum prescribed test pressure shall be at
least 200 psi for lines smaller than 16 inches and 150 psi for lines 16 inches or larger, not to exceed 5 psi over the
minimum prescribed test pressure, as measured at the lowest end of the section under test. The duration of each
pressure test shall be at least 2 hours, during which time the test section shall not drop below the minimum
prescribed test pressure. If the pressure in the pipe test section has not stabilized by the end of the testing period, a
hydrostatic retest will be required.

Each section of a new line between sectionalizing valves or between the last sectionalizing valve and the end of the project
shall be tested separately as required in AWWA C-600, and/or as modified in these specifications, except that any such
section less than 500 feet in length may be tested with the adjacent section, if both sections of line have the same pipe class
rating. No section greater than 1/2 mile in total pipe length shall be tested without special written permission of the

Engineer.

(B) Testing Allowance/Makeup Water: Makeup water volume shall be determined after the pressure test has been
satisfactorily completed and all backfilling and compaction has been completed to top of trench. Testing allowance shall be
defined as the maximum quantity of makeup water necessary to be supplied into the pipe line section under test to restore
the ending test pressure to the beginning test pressure, after the pipe line has been filled with water and all air expelled. The
Contractor shall furnish the necessary apparatus and assistance to conduct the test.

The duration of each makeup water test shall be at least 2 hours. To pass the allowance testing, the quantity of makeup water
from the pipe line shall not exceed the makeup water quantity allowed by the following formula, from AWWA C-600:

M= SDVP
148,000
in which
M = testing Allowance (makeup water), in gallons per hour.
S = length of pipe tested, in feet
D = nominal diameter of pipe, in inches.
P = test pressure of the pipe being tested, per 610.15 (A)
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Should the test on any section of the pipe line require more makeup water than allowed by the above formula, the Contractor
shall locate and repair the defective pipe, fittings, or joint until the makeup water volume is within the specified allowance.
All repairs and retests, if required, shall be made at the Contractor's expense.

Connections to the existing pipelines or existing valves shall not be made until after that section of new construction has
satisfactorily passed the hydrostatic tests.

Ductile iron pipe used in conjunction with ACP will be tested to the ACP standards, unless otherwise directed by the
Engineer. High pressure systems of all ductile iron pipe will be tested in accordance with AWWA C-600, Section 4.1.

611.2% DISINFECTING WATER MAINS

611.2.15 FLUSHING COMPLETED PIPE LINES:

(A) Preliminary Flushing: All mains 12 inches and smaller shall be flushed, prior to chlorination, as thoroughly as possible
with the water pressure and outlets available. Flushing shall be done after the pressure test has been made. It must be
understood that flushing removes only the lighter solids and cannot be relied upon to remove heavy material allowed to get
into the main during laying. It is difficult to flush mains over 12 inches in diameter, so in such instances the requirements
above, must be rigidly adhered to.

Heavy duty, factory bushed, tapped couplings, with corporation stops shall be located at all high points in the lines to allow
the air to be removed prior to testing the water lines and at disinfection points as may be required. Field taps will not be
permitted.

The couplings, at high points and disinfection points, shall be left exposed during backfilling until the testing is complete.
Couplings and corporation stops shall be left on the mains upon completion of water mains.
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(B) Valve Damage by Foreign Material: Unless proper care and thorough inspection are practiced during the laying of
water mains, small stones, pieces of concrete, particles of metal, or other foreign material may gain access to mains newly
laid or repaired. If it is believed that such foreign material(s) may be in the main, all hydrants on the line shall be thoroughly
flushed and carefully inspected after flushing to see that the entire valve operating mechanism of each hydrant is in good
condition.

611.2.26 CHLORINE RESIDUAL:

Before being placed in service, all new mains and repaired portions of, or extensions to existing mains shall be chlorinated
so that a chlorine residual of not less than 10 ppm remains in the water after 24 hours standing in the pipe.

611.2.3# METHODS OF APPLYING CHLORINE:

Any of the following methods of application of chlorine (arranged in order of preference) may be used, subject to the
approval of the Engineer.

Liquid chlorine gas-water mixture.
Direct chlorine feed.
Calcium or sodium hypochlorite and water mixture.

611.2.48 APPLICATION OF LIQUID CHLORINE:

A chlorine gas-water mixture shall be applied by means of a solution-feed chlorinating device or, if approved by the
Engineer, the dry gas may be fed directly through proper devices for regulating the rate of flow and providing effective
diffusion of the gas into the water within the pipe being treated. Chlorinating devices for feeding solutions of the chlorine
gas or of the gas itself must provide means for preventing the backflow of water into the cylinder.

611.2.59 CHLORINE-BEARING COMPOUNDS IN WATER:

On approval of the Engineer, a mixture of water and a chlorine-bearing compound of known chlorine content may be
substituted for liquid chlorine.

(A) Compounds to be Used: The chlorine-bearing compounds that may be used are: Calcium hypochlorite*, and sodium
hypochlorite**,

(B) Preparation of Mixture: High-test calcium hypochlorite must be prepared as a water mixture for introduction into the
water mains. The powder should first be made into a paste and then thinned to approximately a 1 percent chlorine solution
(10,000 ppm). The preparation of a 1 percent chlorine solution requires the following proportions of powder to water:

Product Amount Quantity
of of
Compound Water (Gallons)
High-test calcium hypochlorite (65—70% ClI) 11b. 7.50
Liquid laundry bleach (5.25% Cl) 1—2 pts. 12.6

611.2.628 POINT OF APPLICATION:

The preferred point of application of the chlorinating agent is at the beginning of the pipe line extension or any valved
section of it and through a corporation stop inserted in the top of the newly laid pipe. The water injector for delivering the
chlorine-bearing water into the pipe should be supplied from a tap on the pressure side of the gate valve controlling the flow
into the pipe line extension.

611.2.742 RATE OF APPLICATION:

Water from the existing distribution system or other source of supply shall be controlled so the rate of flow shall not exceed
500 gpm, unless approved by the Superintendent of Water Distribution, through a suitable measuring device into the newly
laid pipe line during the application of chlorine. The rate of chlorine solution flow shall be in such proportion to the rate of
water entering the pipe that the chlorine dose applied to the water entering the newly laid pipe shall produce at least 10 ppm
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of residual chlorine after 24 hours standing in the pipe. This may be expected with an application of 50 ppm, although some
conditions may require more

On lines 12 inches in diameter or less, determination of the rate of flow of water into the line to be treated may be made by
starting with the line full of water and measuring the rate of discharge at a hydrant located at the end of the pipe farthest
away from the point of chlorine application.

For lines larger than 12 inches in diameter, the disinfection operation is generally started with the line empty.

Measurement of the flow of water into and out of all lines shall be made by means of a pitot gage, current type meter, or
other approved device.

611.2.842 PREVENTING REVERSE FLOW:

Valves shall be manipulated so that the strong chlorine solution in the line being treated will not flow back into the line
supplying the water. Check valves shall be used to accomplish this.

611.2.933 RETENTION PERIOD:

Treated water shall be retained in the pipe long enough to destroy all nonspore-forming bacteria. This period should be at
least 24 hours and should produce no less than 10 ppm residual chlorine at the extreme end of the line at the end of the
retention period.

NOTE: If the circumstances are such that less than a 24 hour retention period must be used, the chlorine concentration shall
be increased to 100 ppm. Under these conditions, special care should be taken to avoid attack on pipes, valves, hydrants and
other appurtenances.

611.2.104 CHLORINATING VALVES AND HYDRANTS:
In the process of chlorinating newly laid pipe, all valves or other appurtenances shall be operated while the pipeline is filled

with the chlorinating agent._All valves in lines being disinfected shall be opened and closed several times during the 24 hour
period of disinfection.

611.2.115 FINAL FLUSHING, SAMPLING AND TESTING:

Following chlorination, all treated water in the newly laid pipeline shall be thoroughly flushed until the replacement water
throughout the new pipeline can be proved, by laboratory testing, comparable in quality to the water served to the public
from the existing water system. Prior to sampling for laboratory testing, the residual chlorine throughout the length of the
pipeline shall be reduced to 1.0 ppm or less. Once the required residual chlorine level in the pipeline is achieved, samples
shall be taken as outlined below.

The Contracting Agency or its authorized representative will collect all samples for testing of the new water mains. To
initiate the sampling and testing, the Contractor will present to the Contracting Agency a written request for such work no
later than 24 hours prior to the time when samples are to be taken.

Samples shall be taken from a tap and riser located and installed in such a way as to prevent outside contamination.
Samples shall never be taken from an unsterilized hose or fire hydrant, because such samples will seldom meet
bacteriological standards. The number of sampling locations shall be as follows: Waterlines up to but less than 150 feet in
length require one sampling riser installed as near the end as possible; lines 150 feet to 300 feet in length, two sampling
risers, one near each end of the line;

lines 300 to 3,000 feet in length, a minimum of three sampling risers. In addition, dead ends on main lines should be
represented with a sampling riser.

The number of samples taken at each sampling location shall be determined by the Contracting Agency based on one of the
following methods.

(A) One sample from each sampling location which is examined and analyzed in the laboratory over a three day (72 hour)
period.
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(B) Two samples taken on separate days from each sampling location. Satisfactory water quality of the new main shall
continue for a period of at least two days (48 hours) as demonstrated by laboratory examination of these samples.

Upon completion of laboratory testing, results of all tests shall be sent by the laboratory to the Contracting Agency. Results
of laboratory analysis will be interpreted by the Contracting Agency, and reported to the Contractor. Under no circumstance
shall the Contractor contact the laboratory. If there is need for test results before written reports are submitted, such
information shall be obtained only from the Contracting Agency or its authorized representative.

611.2.126 REPETITION OF CHLORINATION PROCEDURE:

Should the initial treatment fail to result in the conditions specified above, the original chlorination procedure shall be
repeated until satisfactory results are obtained.

611.3 SEWER LINE TESTING: (615.11)

Pressure testing of force mains shall be done in accordance with Section 611.1 ( 610.15).

Sewers and pipe lines shall be subject to acceptance testing after backfilling has been completed but prior to the placement
of the finished surface material.

The Contracting Agency reserves the right to require testing of the entire installation. Cost of repairs or corrections
necessary to conform to the following testing requirements will be borne by the Contractor at no additional cost to the
Contracting Agency.

(A) Low Pressure Air Test:

Testing will be accomplished by the means of “Low Pressure Air Testing.” Tests may be conducted by the Contractor or an
independent testing firm. However, acceptance tests shall be made only in the presence of the Engineer.

Test Procedure:

(1) Before testing, the pipe shall be thoroughly cleaned.

(2) The Contractor shall seal off the section of pipe to be tested at each manhole connection. Test plugs must be
securely braced within the manholes.

(3) A minimum of two connecting hoses to link the air inlet test plug with an above ground test monitoring panel must

be provided.

(a) _One hose is to induce air through the test plug and into the test chamber.
(b) The second hose is for the purpose of monitoring the test pressure from within the enclosed pipe.

(4) UNDER NO CIRCUMSTANCES ARE WORKERS TO BE ALLOWED IN THE CONNECTING MANHOLES
WHILE A PRESSURE TEST IS BEING CONDUCTED.

(5) Add air slowly into the test section. After an internal pressure of 4.0 psi is obtained, allow internal air temperature
to stabilize.

(6) After stabilization period, adjust the internal air pressure to 3.5 psi, disconnect the air supply and begin timing the
test.

(7) _Refer to Table 615-1 to determine the length of time (minutes) the section under test must sustain while not losing
in excess of 1 psi as monitored by the test gauge. |f the section of line to be tested includes more than one pipe size,
calculate the test time for each size and add the test times to arrive at the total test time for the section.

(8) Sections so determined to have lost 1 psi or less during the test period will have passed the leakage test. Those
sections losing in excess of 1 psi during the test period will have failed the leakage test.

(9) Appropriate repairs must then be completed and the line retested for acceptance.
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TABLE 611-1

SANITARY SEWER AIR TEST

Minimum Test Time for Various Pipe Sizes*

Nominal Pipe Size, in. T (time), min/100 ft Nominal Pipe Size, in. T (time), min/100 ft.
3 0.2 21 3.0
4 0.3 24 3.6
6 0.7 27 4.2
8 12 30 4.8
10 15 33 54
12 18 36 6.0
15 2.1 39 6.6
18 24 42 7.3

* The time has_been established using the forﬁlas contained in ASTM C828,_Appendix.

(B) Hydrostatic Test:

Exfiltration Testing (water):

Sanitary sewer testing by means of exfiltration should only be considered when low pressure air testing cannot be used and
only with the approval of the Engineer.

Testing Procedure:
(1) The Contractor shall furnish all equipment for testing.
(2) Seal off the downstream end of the line and fill with water to a minimum head of 4 feet in a stand pipe at the high
end.
(3) A period of at least one hour will be allowed for absorption time before making the test.
(4) A suitable meter or method of measuring the quantity of water used is necessary.
(5) The allowable water loss for sanitary sewers shall not exceed 0.158 gallons per hour per 100 feet of pipe per inch
of diameter of pipe under a minimum test head of 4 feet above the top of the pipe at the upper end.

(C) Deflection Test for HDPE and PVVC Pipe:

In addition to the tests prescribed above, the Contractor shall perform a deflection test on the system as directed by the
Engineer. Any part of the installation which shows deflection in excess of 5% of the nominal inside diameter per Section
738 for HDPE pipe or in excess of 5% of the average inside diameter per ASTM D3034 for PVC pipe, shall be
cerrected evaluated and appropriate remedy, if any, shall be performed.

After acceptance but prior to the termination of the warranty period, the Contracting Agency may test the long term
deflection of the sewer. If the Contracting Agency determines that the deflection has exceeded 7 2% of the average inside
diameter, that portion of the installation shall be corrected by the Contractor at no cost to the Contracting Agency.

(D) Closed Circuit T.V. Inspection:

The Contracting Agency reserves the right to visually inspect the interior of the sewer line using a television camera. Any
defects in the pipe or construction methods revealed shall be corrected by the Contractor at no additional cost to the
Contracting Agency.

611.4 POST INSTALLATION INSPECTION OF NEW MAINLINE STORM DRAINS:

(A) Video Inspection: (618.5)

The Contractor shall provide the Engineer with an annotated video inspection record (either VHS or DVD format) of the
new mainline storm drain pipeline. The video shall clearly show all joints, seals, connecting pipes, and manholes. This
video shall be provided to the Engineer, and reviewed and approved by the Engineer prior to the Contractor being allowed
to place the final pavement over the storm drain line.

(B) Deflection Test for HDPE and PVC Pipe:
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In addition to the tests prescribed above, the Contractor shall perform a deflection test on the system as directed by the
Engineer. Any part of the installation which shows deflection in excess of 5% of the nominal inside diameter per Section

738 for HDPE pipe or in excess of 5% of the average inside diameter per ASTM D3034 for PVC pipe, shall be

After acceptance but prior to the termination of the warranty period, the Contracting Agency may test the long term
deflection of the storm drain. If the Contracting Agency determines that the deflection has exceeded 7 2% of the average
inside diameter, that portion of the installation shall be corrected by the Contractor at no cost to the Contracting Agency.

611.5 PAYMENT : (611.17)
No separate pay item shall be contained in the proposal for disinfecting water mains. This operation shall be included in the
price bid for the water mains, installed complete in place, as specified in the proposal

The Contracting Agency will pay for the initial Sewer C.C.T.V. inspection. Any additional inspection(s) required, due to the
failure of the initial inspection, shall be paid for by the Contractor.

No separate payment will be made for this Storm Drain Video or Deflection Testing; the cost of the video and deflection
testing shall be included in the cost of the pipe.

- End of Section
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SECTION 611
WATER, SEWER AND STORM DRAIN TESTING
611.1 HYDROSTATIC TESTING:

Water lines, including all fittings and connections to the water mains shall be tested for water-tightness by subjecting each
section to hydrostatic testing in accordance with applicable provisions of AWWA C-600, except as modified below, and
shall consist of pressure testing and allowance testing.

The test section shall be slowly filled with potable water and all air shall be vented from the line. The rate of filling shall be
as determined by the Superintendent of Water Distribution, with at least 24 hour notice required before tests are scheduled.

The Contractor shall provide all vents, piping, plugs, bulkheads, valves, bracing, blocking, pumps, and measuring devices
and all other equipment necessary for making the tests, including pressure gages, and shall pay the Contracting Agency for
water used in the tests.

Hydrostatic Testing: Pressure testing may be made before or after backfilling, but backfilling must be completed before
allowance testing. If the pipe is center-loaded, a visual inspection for leaks may be made along the pipe line while the test
section is under test pressure, and all visible leaks repaired. However, if mechanical compaction is to be used in the
backfilling operations as spelled out in AWWA C-600, the tests shall not be made until the backfilling is completed and
compacted. Backfill and compaction for the full distance encompassed by restrained/welded joints shall be completed prior
to testing. All connections, blowoffs, hydrants and valves shall be tested with the main as far as is practicable. Hydrostatic
testing shall not begin until the pipe has been filled with water for at least 24 hours to allow for air venting.

(A) Pressure Testing: Unless otherwise noted in the contract documents, the minimum prescribed test pressure shall be at
least 200 psi for lines smaller than 16 inches and 150 psi for lines 16 inches or larger, not to exceed 5 psi over the
minimum prescribed test pressure, as measured at the lowest end of the section under test. The duration of each pressure
test shall be at least 2 hours, during which time the test section shall not drop below the minimum prescribed test
pressure. If the pressure in the pipe test section has not stabilized by the end of the testing period, a hydrostatic retest
will be required.

Each section of a new line between sectionalizing valves or between the last sectionalizing valve and the end of the
project shall be tested separately as required in AWWA C-600, and/or as modified in these specifications, except that
any such section less than 500 feet in length may be tested with the adjacent section, if both sections of line have the
same pipe class rating. No section greater than 1/2 mile in total pipe length shall be tested without special written
permission of the Engineer.

(B) Testing Allowance/Makeup Water: Makeup water volume shall be determined after the pressure test has been
satisfactorily completed and all backfilling and compaction has been completed to top of trench. Testing allowance
shall be defined as the maximum quantity of makeup water necessary to be supplied into the pipe line section under test
to restore the ending test pressure to the beginning test pressure, after the pipe line has been filled with water and all air
expelled. The Contractor shall furnish the necessary apparatus and assistance to conduct the test.

The duration of each makeup water test shall be at least 2 hours. To pass the allowance testing, the quantity of makeup
water from the pipe line shall not exceed the makeup water quantity allowed by the following formula, from AWWA
C-600:

M=  SDYP
148,000
in which
M = testing Allowance (makeup water), in gallons per hour.
S = length of pipe tested, in feet
D = nominal diameter of pipe, in inches.
P = test pressure of the pipe being tested, per 610.15 (A)
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SECTION 611

Should the test on any section of the pipe line require more makeup water than allowed by the above formula, the Contractor
shall locate and repair the defective pipe, fittings, or joint until the makeup water volume is within the specified allowance.
All repairs and retests, if required, shall be made at the Contractor's expense.

Connections to the existing pipelines or existing valves shall not be made until after that section of new construction has
satisfactorily passed the hydrostatic tests.

Ductile iron pipe used in conjunction with ACP will be tested to the ACP standards, unless otherwise directed by the
Engineer. High pressure systems of all ductile iron pipe will be tested in accordance with AWWA C-600, Section 4.1.

611.2 DISINFECTING WATER MAINS
611.2.1 Flushing Completed Pipe Lines:

(A) Preliminary Flushing: All mains 12 inches and smaller shall be flushed, prior to chlorination, as thoroughly as
possible with the water pressure and outlets available. Flushing shall be done after the pressure test has been made. It
must be understood that flushing removes only the lighter solids and cannot be relied upon to remove heavy material
allowed to get into the main during laying. It is difficult to flush mains over 12 inches in diameter, so in such instances
the requirements above, must be rigidly adhered to.

Heavy duty, factory bushed, tapped couplings, with corporation stops shall be located at all high points in the lines to
allow the air to be removed prior to testing the water lines and at disinfection points as may be required. Field taps will
not be permitted.

The couplings, at high points and disinfection points, shall be left exposed during backfilling until the testing is
complete. Couplings and corporation stops shall be left on the mains upon completion of water mains.

(B) Valve Damage by Foreign Material: Unless proper care and thorough inspection are practiced during the laying of
water mains, small stones, pieces of concrete, particles of metal, or other foreign material may gain access to mains
newly laid or repaired. If it is believed that such foreign material(s) may be in the main, all hydrants on the line shall be
thoroughly flushed and carefully inspected after flushing to see that the entire valve operating mechanism of each
hydrant is in good condition.

611.2.2 Chlorine Residual: Before being placed in service, all new mains and repaired portions of, or extensions to existing
mains shall be chlorinated so that a chlorine residual of not less than 10 ppm remains in the water after 24 hours standing in
the pipe.

611.2.3 Methods of Applying Chlorine: Any of the following methods of application of chlorine (arranged in order of
preference) may be used, subject to the approval of the Engineer.

e Liquid chlorine gas-water mixture.

e Direct chlorine feed.

e  Calcium or sodium hypochlorite and water mixture.

611.2.4 Application of Liquid Chlorine: A chlorine gas-water mixture shall be applied by means of a solution-feed
chlorinating device or, if approved by the Engineer, the dry gas may be fed directly through proper devices for regulating
the rate of flow and providing effective diffusion of the gas into the water within the pipe being treated. Chlorinating
devices for feeding solutions of the chlorine gas or of the gas itself must provide means for preventing the backflow of water
into the cylinder.

611.2.5 Chlorine-Bearing Compounds in Water: On approval of the Engineer, a mixture of water and a chlorine-bearing
compound of known chlorine content may be substituted for liquid chlorine.

(A) Compounds to be Used: The chlorine-bearing compounds that may be used are: Calcium hypochlorite*, and sodium
hypochlorite**.

(B) Preparation of Mixture: High-test calcium hypochlorite must be prepared as a water mixture for introduction into the
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SECTION 611

water mains. The powder should first be made into a paste and then thinned to approximately a 1 percent chlorine solution
(10,000 ppm). The preparation of a 1 percent chlorine solution requires the following proportions of powder to water:

Product Amount of Quantity of
Compound Water (Gallons)

High-test calcium hypochlorite (65—70% Cl) 11b. 7.50

Liquid laundry bleach (5.25% CI) 1—2 pts. 12.6

611.2.6 Point of Application: The preferred point of application of the chlorinating agent is at the beginning of the pipe line
extension or any valved section of it and through a corporation stop inserted in the top of the newly laid pipe. The water
injector for delivering the chlorine-bearing water into the pipe should be supplied from a tap on the pressure side of the gate
valve controlling the flow into the pipe line extension.

611.2.7 Rate of Application: Water from the existing distribution system or other source of supply shall be controlled so
the rate of flow shall not exceed 500 gpm, unless approved by the Superintendent of Water Distribution, through a suitable
measuring device into the newly laid pipe line during the application of chlorine. The rate of chlorine solution flow shall be
in such proportion to the rate of water entering the pipe that the chlorine dose applied to the water entering the newly laid
pipe shall produce at least 10 ppm of residual chlorine after 24 hours standing in the pipe. This may be expected with an
application of 50 ppm, although some conditions may require more

On lines 12 inches in diameter or less, determination of the rate of flow of water into the line to be treated may be made by
starting with the line full of water and measuring the rate of discharge at a hydrant located at the end of the pipe farthest
away from the point of chlorine application.

For lines larger than 12 inches in diameter, the disinfection operation is generally started with the line empty.

Measurement of the flow of water into and out of all lines shall be made by means of a pitot gage, current type meter, or
other approved device.

611.2.8 Preventing Reverse Flow: Valves shall be manipulated so that the strong chlorine solution in the line being treated
will not flow back into the line supplying the water. Check valves shall be used to accomplish this.

611.2.9 Retention Period: Treated water shall be retained in the pipe long enough to destroy all nonspore-forming bacteria.
This period should be at least 24 hours and should produce no less than 10 ppm residual chlorine at the extreme end of the
line at the end of the retention period.

NOTE: If the circumstances are such that less than a 24 hour retention period must be used, the chlorine concentration shall
be increased to 100 ppm. Under these conditions, special care should be taken to avoid attack on pipes, valves, hydrants and
other appurtenances.

611.2.10 Chlorinating Valves and Hydrants: In the process of chlorinating newly laid pipe, all valves or other
appurtenances shall be operated while the pipeline is filled with the chlorinating agent. All valves in lines being disinfected
shall be opened and closed several times during the 24 hour period of disinfection.

611.2.11 Final Flushing, Sampling and Testing: Following chlorination, all treated water in the newly laid pipeline shall
be thoroughly flushed until the replacement water throughout the new pipeline can be proved, by laboratory testing,
comparable in quality to the water served to the public from the existing water system. Prior to sampling for laboratory
testing, the residual chlorine throughout the length of the pipeline shall be reduced to 1.0 ppm or less. Once the required
residual chlorine level in the pipeline is achieved, samples shall be taken as outlined below.

The Contracting Agency or its authorized representative will collect all samples for testing of the new water mains. To
initiate the sampling and testing, the Contractor will present to the Contracting Agency a written request for such work no
later than 24 hours prior to the time when samples are to be taken.

Samples shall be taken from a tap and riser located and installed in such a way as to prevent outside contamination.
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SECTION 611

Samples shall never be taken from an unsterilized hose or fire hydrant, because such samples will seldom meet
bacteriological standards. The number of sampling locations shall be as follows: Waterlines up to but less than 150 feet in
length require one sampling riser installed as near the end as possible; lines 150 feet to 300 feet in length, two sampling
risers, one near each end of the line; lines 300 to 3,000 feet in length, a minimum of three sampling risers. In addition, dead
ends on main lines should be represented with a sampling riser.

The number of samples taken at each sampling location shall be determined by the Contracting Agency based on one of the
following methods.

(A) One sample from each sampling location which is examined and analyzed in the laboratory over a three day (72 hour)
period.

(B) Two samples taken on separate days from each sampling location. Satisfactory water quality of the new main shall
continue for a period of at least two days (48 hours) as demonstrated by laboratory examination of these samples.

Upon completion of laboratory testing, results of all tests shall be sent by the laboratory to the Contracting Agency. Results
of laboratory analysis will be interpreted by the Contracting Agency, and reported to the Contractor. Under no circumstance
shall the Contractor contact the laboratory. If there is need for test results before written reports are submitted, such
information shall be obtained only from the Contracting Agency or its authorized representative.

611.2.12 Repetition of Chlorination Procedure: Should the initial treatment fail to result in the conditions specified
above, the original chlorination procedure shall be repeated until satisfactory results are obtained.

611.3 SEWER LINE TESTING:
Pressure testing of force mains shall be done in accordance with Section 611.1

Sewers and pipe lines shall be subject to acceptance testing after backfilling has been completed but prior to the placement
of the finished surface material.

The Contracting Agency reserves the right to require testing of the entire installation. Cost of repairs or corrections
necessary to conform to the following testing requirements will be borne by the Contractor at no additional cost to the
Contracting Agency.

(A) Low Pressure Air Test:

Testing will be accomplished by the means of “Low Pressure Air Testing.” Tests may be conducted by the Contractor or an
independent testing firm. However, acceptance tests shall be made only in the presence of the Engineer.

Test Procedure:

(1) Before testing, the pipe shall be thoroughly cleaned.

(2) The Contractor shall seal off the section of pipe to be tested at each manhole connection. Test plugs must be
securely braced within the manholes.

(3) A minimum of two connecting hoses to link the air inlet test plug with an above ground test monitoring panel must
be provided.
(a) One hose is to induce air through the test plug and into the test chamber.
(b) The second hose is for the purpose of monitoring the test pressure from within the enclosed pipe.

(4) UNDER NO CIRCUMSTANCES ARE WORKERS TO BE ALLOWED IN THE CONNECTING MANHOLES
WHILE A PRESSURE TEST IS BEING CONDUCTED.

(5) Add air slowly into the test section. After an internal pressure of 4.0 psi is obtained, allow internal air temperature
to stabilize.

(6) After stabilization period, adjust the internal air pressure to 3.5 psi, disconnect the air supply and begin timing the
test.

(7) Refer to Table 615-1 to determine the length of time (minutes) the section under test must sustain while not losing
in excess of 1 psi as monitored by the test gauge. If the section of line to be tested includes more than one pipe
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size, calculate the test time for each size and add the test times to arrive at the total test time for the section.

(8) Sections so determined to have lost 1 psi or less during the test period will have passed the leakage test. Those
sections losing in excess of 1 psi during the test period will have failed the leakage test.

(9) Appropriate repairs must then be completed and the line retested for acceptance.

TABLE 611-1

SANITARY SEWER AIR TEST

Minimum Test Time for Various Pipe Sizes*

Nominal Pipe Size, in. T (time), min/100 ft Nominal Pipe Size, in. T (time), min/100 ft.
3 0.2 21 3.0
4 0.3 24 3.6
6 0.7 27 4.2
8 1.2 30 4.8
10 15 33 5.4
12 1.8 36 6.0
15 2.1 39 6.6
18 2.4 42 7.3

* The time has been established using the formulas contained in ASTM C828, Appendix.
(B) Hydrostatic Test:
Exfiltration Testing (water):

Sanitary sewer testing by means of exfiltration should only be considered when low pressure air testing cannot be used and
only with the approval of the Engineer.

Testing Procedure:

(1) The Contractor shall furnish all equipment for testing.

(2) Seal off the downstream end of the line and fill with water to a minimum head of 4 feet in a stand pipe at the high
end.

(3) A period of at least one hour will be allowed for absorption time before making the test.

(4) A suitable meter or method of measuring the quantity of water used is necessary.

(5) The allowable water loss for sanitary sewers shall not exceed 0.158 gallons per hour per 100 feet of pipe per inch
of diameter of pipe under a minimum test head of 4 feet above the top of the pipe at the upper end.

(C) Deflection Test for HDPE and PVC Pipe:

In addition to the tests prescribed above, the Contractor shall perform a deflection test on the system as directed by the
Engineer. Any part of the installation which shows deflection in excess of 5% of the nominal inside diameter per Section
738 for HDPE pipe or in excess of 5% of the average inside diameter per ASTM D3034 for PVC pipe, shall be evaluated
and appropriate remedy, if any, shall be performed.

After acceptance but prior to the termination of the warranty period, the Contracting Agency may test the long term
deflection of the sewer. If the Contracting Agency determines that the deflection has exceeded 7 %% of the average inside
diameter, that portion of the installation shall be corrected by the Contractor at no cost to the Contracting Agency.

(D) Closed Circuit T.V. Inspection:

The Contracting Agency reserves the right to visually inspect the interior of the sewer line using a television camera. Any
defects in the pipe or construction methods revealed shall be corrected by the Contractor at no additional cost to the
Contracting Agency.

611.4 POST INSTALLATION INSPECTION OF NEW MAINLINE STORM DRAINS:

(A) Video Inspection:
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The Contractor shall provide the Engineer with an annotated video inspection record (either VHS or DVD format) of the
new mainline storm drain pipeline. The video shall clearly show all joints, seals, connecting pipes, and manholes. This
video shall be provided to the Engineer, and reviewed and approved by the Engineer prior to the Contractor being allowed
to place the final pavement over the storm drain line.

(B) Deflection Test for HDPE and PVC Pipe:

In addition to the tests prescribed above, the Contractor shall perform a deflection test on the system as directed by the
Engineer. Any part of the installation which shows deflection in excess of 5% of the nominal inside diameter per Section
738 for HDPE pipe or in excess of 5% of the average inside diameter per ASTM D3034 for PVC pipe, shall be evaluated
and appropriate remedy, if any, shall be performed.

After acceptance but prior to the termination of the warranty period, the Contracting Agency may test the long term
deflection of the storm drain. If the Contracting Agency determines that the deflection has exceeded 7 %% of the average
inside diameter, that portion of the installation shall be corrected by the Contractor at no cost to the Contracting Agency.
611.5 PAYMENT:

No separate pay item shall be contained in the proposal for disinfecting water mains. This operation shall be included in the
price bid for the water mains, installed complete in place, as specified in the proposal

The Contracting Agency will pay for the initial Sewer C.C.T.V. inspection. Any additional inspection(s) required, due to the
failure of the initial inspection, shall be paid for by the Contractor.

No separate payment will be made for this Storm Drain Video or Deflection Testing; the cost of the video and deflection
testing shall be included in the cost of the pipe.

- End of Section -
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