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Title 10—DEPARTMENT OF
NATURAL RESOURCES
Division 20—Clean Water Commission
Chapter 8—Design Guides

10 CSR 20-8.190 Disinfection.

PURPOSE: The following criteria have been prepaaed guide for the design of disinfection
facilities. This rule is to be used with rules@8R 20-8.110[-}hrough 10 CSR 20-8.220 for
the planning and design of the complete treatmamlitfy. This rule reflects the minimum
requirements of the Missouri Clean Water Commisgshin regard[s] to adequacy of design,
submission of plans, approval of plaasd approval of completed [sewage worksdstewater
treatment facilities. It is not reasonable or prical to include all aspects of design in these
standards. The design engineer should obtain apprate reference materials which include
but are not limited to: copies of all ASTM Intert@mnal standards pertaining to disinfection
facilities and appurtenances, design manuals such\Water Environment Federation’s
Manuals of Practice, and other disinfection desigmanuals containing principles of accepted
engineering practice.Deviation from these minimum requirements wilabewed where
sufficient documentation is presented to justig/dBviation. These criteria are taken largely
fromthe 2004 edition of th&reat Lakes-Upper Mississippi River Board of S{&@nitary
Engineers]and Provincial Public Health and Environmental MargersRecommended
Standards for [Sewage Works]astewater Facilitieand are based on the best information
presently available. These criteria were origiydiled as 10 CSR 20-8.030. It is anticipated
that they will be subject to review and revisionigéically as additional information and
methods appear. [Addenda or supplements to thhigation will be furnished to consulting
engineers and city engineers. If others desineteive addenda or supplements, please advise
the Clean Water Commission so that names can bedaddhe mailing list.]

(1) Definitions. Definitions as set forth in the Clean Water Law and 10 CSR 20-2.010 shall
apply to those terms when used in this rule, unless the context clearly requires otherwise. Where
theterms“shall” and “ must” are used, they are to mean a mandatory requirement insofar as
approva by the [agency] Missouri Department of Natural Resources (departmet) is
concerned, unless justification is presented for deviation from the requirements. Other terms,
such as “ should,” “recommend,” “ preferred,” and the like, indicate [discretionary requirements
on the part of the agency and deviations are sultgemdividual consideration.jhe preference
of the department for consideration by the designregineer.
(A) Deviations. Deviations from these rules may bapproved by the department when
engineering justification satisfactory to the depatment is provided. Justification must
substantially demonstrate in writing and through cdculations that a variation(s) from
the design rules will result in either at least eqwalent or improved effectiveness.
Deviations are subject to case-by-case review withdividual project consideration.

[(2) Exceptions. This rule shall not apply to fda@s designed for twenty-two thousand five
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hundred gallons per day (22,500 gpd) (853 ar less (see 10 CSR 20-8.020 for the
requirements for those facilities).]

(2) Applicability. This rule shall apply to all wastewater treatment facilities. This rule
shall supersede when there is a conflict with 10 G520-8.020.

[(3) Forms of Disinfection. Chlorine is the mosiemonly used chemical for wastewater
disinfection. The forms most often used are lighidrine and calcium or sodium hypochlorite.
Other disinfectants, including chlorine dioxidepoe or bromine, may be accepted by the
agency in individual cases. The chemical shouldddected after due consideration of waste
flow rates, application and demand rates, pH ofiilastewater, cost of equipment, chemical
availability and maintenance problems. If chlotiea is utilized, it may be necessary to
dechlorinate if the chlorine level in the effluevauld impair the natural aquatic habitat of the
receiving stream.]

(3) General.
(A) Disinfection of the effluent shall be providedas necessary to meet applicable
standards. The design shall consider meeting bothe bacterial standards and the
disinfection residual limit in the effluent. The dsinfection process should be selected
after due consideration of waste characteristicsype of treatment process provided
prior to disinfection, waste flow rates, pH of wast, disinfection demand rates, current
technology application, cost of equipment and chermals, power cost, and maintenance
requirements.
(B) If halogens are utilized, it may be necessary to talogenate if the residual level in
the effluent exceeds effluent limitations or wouldmpair the natural aquatic habitat of
the receiving stream.
(C) Disinfection and dechlorination, where applicakbe, shall be provided during all
power outages._For additional emergency power coiaerations, refer to 10 CSR 20-
8.140(8)(A).
(D) Wastewater treatment facilities proposing disiection for wet weather events shall
be evaluated on a case-by-case basis.
(E) Where a disinfection process other thanvhat is included in this ruleis proposed,
supporting data from pilot plant installations or similar full scale installations may be
required as a basis for the design of the systenRefer to 10 CSR 20-8.140(5)(B)

[(4) Feed Equipment.
(A) Type. Solution-feed vacuum-type chlorinatoesgenerally preferred for large
chlorination installations. The use of hypochlerieeders of the positive displacement type
may be considered and are generally preferred whimmittent disinfection is required.
The preferred method of generation of chlorine wiexs the injection of a sodium chlorite
solution into the discharge line of a solution-fegs-type chlorinator with subsequent
formation of the chlorine dioxide in a reaction chider at a pH of four (4.0) or less. Ozone
dissolution is accomplished through the use of eatignal gas diffusion equipment, with
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appropriate consideration of materials. If ozosdéeing produced from air, gas preparation
equipment (driers, filters, compressors) is reqdiréf ozone is being produced from oxygen,
this equipment may not be needed as a clean dssprized gas supply will be available.]
(B) Control.
1. Chlorination without dechlorination. Facilitiesith design flows of one million
gallons per day (1.0 mgd) (3785/d) or greater shall be equipped with a chloringera
control to feed the chlorine proportional to thevil of wastewater and the chlorine
residual. Facilities with design flows between ¢h®) mgd (3785 ffd) and twenty-two
thousand five hundred (22,500) gpd (853 should be equipped with a control system
to feed the chlorine proportional to the flow ofstewater.
2. Chlorination with dechlorination. All faciliteedesigned for dechlorination must be
equipped to feed the chlorine proportional to tosvfof wastewater and the chlorine
residual. Dechlorination equipment shall be eqegpo feed in proportion to the flow of
wastewater.
3. Ozone. Facilities for disinfection with ozomesld be equipped to feed the ozone in
proportion to the flow of wastewater.]
(C) Capacity. Required disinfection capacity wdky, depending on the uses and points of
application of the disinfecting chemical. For difgction, the capacity should be adequate to
produce an effluent that will meet the coliformitsrspecified by the agency. For normal
domestic sewage, the following may be used asdeguisizing chlorination facilities.

Type of Treatment Dosage
Trickling filter plant 10 mg/l
Activated sludge plant effluent 8 mg/l
Tertiary filtration effluent 6 mg/l
Nitrified effluent 6 mg/l

(D)Standby Equipment and Spare Parts. Standbypetwgnt of sufficient capacity should be
available to replace the largest unit during shuahs. Spare parts shall be available for all
disinfection equipment to replace parts which arbjsct to wear and breakage.

(E) Water Supply. An ample supply of water shall kalalle for operating the chlorinator.
Where a booster pump is required, duplicate equigrekould be provideé&nd when
necessary, standby power as well. Protectionmdtable water supply shall conform to the
requirements of 10 CSR 20-8.140(8)(B).]

[(5) Chlorine Supply.
(A) General. The type of chlorine supply shouladefully evaluated during the planning
process. Large quantities of chlorine are contdineton cylinders and tank cars can
present a considerable hazard to plant personndltarthe surrounding area should the
containers develop leaks.
(B) Containers. The use of ton containers shoelddnsidered where the average daily
chlorine consumption is over one hundred fifty psi(L50 Ibs.) (68 kg). Both monetary
cost and the potential residential exposure to khioshould be considered when making the
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final determination.

(C) Tank Cars. At large chlorination installationensideration should be given to the use
of tank cars, generally accompanied by gas evaposatBoth monetary cost and the
potential residential exposure to chlorine shoudddonsidered when making the final
determination. Liquid chlorine lines from tank sao evaporators shall be buried and
installed in a conduit and shall not enter belovadge spaces. Systems shall be designed for
the shortest possible pipe transportation of ligcidiorine.

(D) Scales. Scales for weighing cylinders shalpb®vided at all plants using chlorine gas.
At large plants, scales of the indicating and refing type are recommended. At least a
platform scale shall be provided. Scales shalbbeorrosion-resistant material.

(E) Evaporators. Where manifolding of severalmydirs or ton containers will be required
to evaporate sufficient chlorine, consideration wdbe given to the installation of
evaporators, to produce the quantity of gas reqiire

(F) Leak Detection and Controls. A bottle of f$ix percent (56%) ammonium hydroxide
solution shall be available for detecting chlorieaks. Where ton containers or tankcars
are used, a leak repair kit approved by the Chlerinstitute shall be provided.
Consideration should be given to the provisionafstic soda solution reaction tanks for
absorbing the contents of leaking ton containersnalthe containers are in use. At large
chlorination installations, consideration should ¢en to the installation of automatic gas
detection and related alarm equipment. For ozarsgaillations, similar purpose equipment
shall be provided.]

[(6) Ozone Generation. Ozone may be produced &iiner an air or an oxygen gas source.
Generation units shall be automatically controltledadjust ozone production to meet
disinfection requirements.]

[(7) Piping and Connections. Piping systems shduglchs simple as possible, specifically
selected and manufactured to be suitable for cheoar ozone service, with a minimum number
of joints. Piping should be well supported andtpoted against temperature extremes. The
correct weight or thickness of steel is suitableuige with dry chlorine liquid or gas. Even
minute traces of water added to chlorine resulta rorrosive attack that can only be resisted by
pressure piping utilizing materials such as silvguld, platinum or Hasteloy C. Low pressure
lines made of hard rubber, saran-lined, rubber-tinpolyethylene, polyvinylchloride (PVC) or
Uscolite materials are satisfactory for wet chlaiar aqueous solutions of chlorine. Due to the
corrosiveness of wet chlorine, all lines desigretiandle dry chlorine should be protected from
the entrance of water or air containing water. Faronation systems, the selection of material
should be made with due consideration for ozone'sosive nature. Copper or aluminum alloy
should be avoided. Stainless steel with a corrosgsistance of at least equal to grade 304 L
should be specified for piping containing ozonaansubmerged applications. Unplasticized
PVC, Type 1, may be used in submerged piping, gedvihe gas temperature is below one
hundred forty degrees Fahrenheit (140 °F) (60 °GJ ¢he gas pressure is low.]

[(8) Housing.
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(A) Separation. If gas chlorination equipment,achie cylinders or ozone generation
equipment are to be in a building used for othemppses, a gas-tight room shall separate
this equipment from any other portion of the buigdi Floor drains from the chlorine room
should not be connected to floor drains from otfe&ms. Doors to this room shall open
only to the outside of the building and shall baipged with panic hardware. The rooms
shall be at ground level and should permit easyeasdo all equipment. Storage area should
be separate from the feed area. Chlorination eaugipt should be situated as close to the
application point as reasonably possible.

(B) Inspection Window. A clear glass, gas-tightdaw shall be installed in an exterior
door or interior wall of the chlorinator or ozoneegerator room to permit the units to be
viewed without entering the room.

(C) Heat. Rooms containing disinfection equipnstal be provided with a means of
heating so that a temperature of at least sixtyreleg Fahrenheit (60 °F) (16 °C) can be
maintained but the room should be protected frooesx heat. Cylinders shall be kept at
essentially room temperature. The room contaiifegozone generation units shall be
maintained above thirty-five degrees Fahrenheit®Bp(2 °C) at all times.

(D) Ventilation. With chlorination systems, forcegechanical ventilation shall be installed
which will provide one (1) complete air change penute when the room is occupied. For
ozonation systems, continuous ventilation to pm@watileast six (6) complete air changes per
hour should be installed. The entrance to thesainaust duct from the room shall be near
the floor and the point of discharge shall be stated as not to contaminate the air inlet to
any buildings or inhabited areas. Air inlets shiadl so located as to provide cross
ventilation with air and at a temperature that wilbt adversely affect the chlorination of
ozone generation equipment. The vent hose frowhibenator shall discharge to the
outside atmosphere above grade.

(E) Electrical Controls. Switches for fans andnlig shall be outside of the room at the
entrance. A labeled signal light indicating faneogtion should be provided at each
entrance, if the fan can be controlled from mor@timore one (1) point.]

[(9) Respiratory Protection. Respiratory air-pampection equipment, meeting the
requirements of the National Institute for Occupatl Safety and Health (NIOSH) shall be
available where chlorine gas is handled and shalklored at a convenient location but not
inside any room where chlorine is used or storedtructions for using, testing and replacing
mask parts including canisters, shall be postedeeljt to the equipment. The units shall use
compressed air, have at least thirty (30)-minutpazaty and be compatible with the units used
by the fire department responsible for the plant.]

[(10) Application of Chlorine or Ozone.
(A) Mixing. The disinfectant shall be positivelixed as rapidly as possible, with a complete
mix being effected in three (3) seconds. Thislmeagccomplished by either the use of
turbulent flow regime or a mechanical flash mixer.
(B) Contact Period. For a chlorination system, eimum contact period of fifteen (15)
minutes at peak hourly flow or maximum rate of paggpshall be provided after thorough
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mixing. Consideration should be given to runninige&d tracer study to assure adequate
contact time. If dechlorination is required afmmplete mixing of the effluent with the
chemical, no further contact time is necessarye fdguired contact time for an ozonation
unit varies with the type of dissolution equipmesed. Certain high rate devices require
contact times less than one (1) minute to achiésiafdction while conventional dissolution
equipment may require contact times similar to ghigtion systems.

(C) Contact Tank. The chlorine or ozone contanktshall be constructed so as to reduce
short-circuiting of flow to a practical minimum.aBles shall be parallel to the longitudinal
axis of the chamber with a minimum length to wrdtio of forty to one (40:1) (the total
length of the channel created by the baffles shbalébrty (40) times the distance between
the baffles). The tank should be designed toifaiglmaintenance and cleaning without
reducing effectiveness of disinfection. Duplidategs, mechanical scrapers or portable
deck level vacuum cleaning equipment shall be geakii Consideration should be given to
providing skimming devices on all contact tanksv&®ed tanks are discouraged.]

[(11) Evaluation of Effectiveness.
(A) Sampling. Facilities shall be included for gaimg the disinfected effluent after contact.
In large installations, or where stream conditiamarrant, provisions should be made for
continuous monitoring of effluent chlorine residual
(B) Testing. Equipment shall be provided for meaguchlorine residuals using accepted
test procedures. Automatic equipment requiredutdgasction (4)(C) of this rule may be used
to meet the requirements of this subsection. Hgeiyt shall also be required for measuring
fecal coliform using accepted test procedures gsired by 10 CSR 20-9.010.]

(4) Chlorine Disinfection.
(A) Type. Chlorine is available for disinfection n gas, liquid (hypochlorite solution),
and solid (hypochlorite tablet) form. The type of chlorineshould be carefully evaluated
during the facility planning process. The use oftdorine gas or liquid will be most
dependent on the size of the facility and the chlore dose required. Large quantities of
chlorine, such as are contained in ton cylinders ahtank cars, can present a
considerable hazard to plant personnel and to theusrounding area should such
containers develop leaks. Both monetary cost anti¢ potential public exposure to
chlorine should be considered when making the finaletermination. Facilities storing
two thousand five hundred pounds of chlorine (2,50bs Cl,) or greater must create a
risk management plan in accordance with the Clean iAAct section 112(r).
(B) Dosage. For disinfection, the capacity shalldbadequate to produce an effluent that
will meet the applicable bacterial limits specifiedby the department for that
installation. Required disinfection capacity willvary, depending on the uses and points
of application of the disinfection chemical. Thelalorination system shall be designed
on a rational basis and calculations justifying theequipment sizing and number of units
shall be submitted for the whole operating range oflow rates for the type of control to
be used. System design considerations shall inckithe controlling wastewater flow
meter (sensitivity and location), telemetering eqyument and chlorination controls. For
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normal domestic wastewater,lable 1 may be used as a guide in sizing chlorination
facilities.

Table 1 — Chlorine Dosages
Type of Treatment Dosage
Lagoon effluent 10 — 20 mg/L
Trickling filter effluent 10 mg/L
Activated sludge effluent 8 mg/L
Tertiary filtration effluent 6 mg/L
Nitrified effluent 6 mg/L

(C) Containers.
1. Gaseous chlorinecylinders. One hundred fifty pound (150 Ib) (68 kycylinders
are typically used where chlorine gas consumptiorsiless than one hundred fifty
pounds per day (150 Ibs/day) (68 kg/d). Cylindersiust be stored in an upright
position with adequate support brackets and chainat two thirds (2/3) of cylinder
height for each cylinder.
2. Gaseous chlorindon containers. The use of one (1)-ton (907 kg) m@iners
should be considered where the average daily chloe consumption is over one
hundred fifty pounds (150 Ib) (68 kg). For one (1)-ton containers provide the
following:
A. A hoist with a two (2)-ton capacity; and
B. A monorail or hoist with sufficient lifting height to pass one (1) container over
another.
3. Gaseous chlorindgank cars.
A. At large installations, the use of tank cars, geerally accompanied by
evaporators, may be considered. Area wide publiagety shall be evaluated. No
interruption of chlorination shall be permitted dur ing tank car switching.
B. The tank car being used for the chlorine supplghall be located on a dead
end, level track that is a private siding. The tak car shall be protected from
accidental bumping by other railway cars by a lockd derail device, a closed
locked switch, or both. The area shall be clearlposted “DANGER -
CHLORINE”. The tank car shall be secured by adequée fencingthat includes
gates provided with locks for personnel and rail acess.
C. The tank car site shall be provided with a suitale operating platform at the
unloading point for easy access to the protectiveolising or the tank car forthe
connection of flexible feedlines and valve operatio Adequate area lighting shall
be provided for night time operation and maintenane.
4. Liquid hypochlorite solutions.
A. Storage containers for hypochlorite solutions shhabe of sturdy, non-metallic
lined construction and shall be provided with secus tank tops and pressure
relief and overflow piping.
B. The overflow piping should be provided with a wéer seal or other device to
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prevent tanks from venting to the indoors.
C. Storage tanks should be either located or venteditside.
D. Provision shall be made for adequate protection &m light and extreme
temperatures.
E. Tanks shall be located where leakage will not caasorrosion or damage to
other equipment.
F. Secondary containment shall meet the requiremeatof 10 CSR 20-
8.140(10)(A)2.
G. Due to deterioration of hypochlorite solutions ovetime, it is recommended
that containers not be sized to hold more than on@) month’s needs. At larger
facilities and locations where delivery is not a psblem, it may be desirable to
limit on-site storage to one (1) week.
H. For additional housing considerations, refer tdl0 CSR 20-8.140(10)(B).
|. For additional safety considerations, refer to 0 CSR 20-8.140(9).
5. Dry hypochlorite compounds.
A. Dry hypochlorite compounds(tablets) should be kept in tightly closed
containers and stored in a cool, dry location.
B. Some means of dust control should be considerecgending on the size of the
facility and the quantity of compound used.
C. For additional housing considerations, refer tdl0 CSR 20-8.140(10)(B).
D. For additional safety considerations, refer to @ CSR 20-8.140(9).
(D) Equipment.
1. Scales. Scales for weighing cylinders and coirtars shall be provided at all
plants using chlorine gas. At large plants, scalex the indicating and recording
type are recommended. At minimum, a platform scale shall be provided. Scales
shall be of corrosion-resistant materials.
2. Evaporators. Evaporators must be considered to produce the guaiy of gas
required where manifolding of several cylinders orton containers will be required
to evaporate sufficient chlorine.
3. Automatic switchovers. Automatic gas containeor liquid chlorine tank
changeover must be provided.
4. Flow pacing. All chlorination systems must conder pacing chlorine dose
according to flow and chlorine residual. If usedflow control must be from effluent
flow meters and placement of residual analyzer prod must ensure appropriate lag
time for residual analyzer control.
5. Mixing. The disinfectant shall be positively mixe as rapidly as possible, with a
complete mix beingachievedin three (3) seconds. This may be accomplished by
either the use of turbulent flow regime or a mechaical flash mixer.
6. Contact period and tank.
A. For a chlorination system, a minimum contact peiod of fifteen (15) minutes
at design peak hourly flow or maximum rate of pumpae shall be provided after
thorough mixing. \When evaluatingexisting chlorine contact tanks, field tracer
studies should beberformed to assure adequate contact time.
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B. The chlorine contact tank shall be constructedesas to reduce short-circuiting
of flow to a practical minimum. Tanks not providedwith continuous mixing
shall be provided with “over-and-under” or “end-around” baffling to minimize
short-circuiting. Baffles shall be parallel to the longitudinal axiof the chamber
with a minimum length to width ratio of forty to one (40:1) (the total length of
the channel created by the baffles should be fortf40) times the distance
between the baffles), unless adequate mixing is pfded.
C. The tank should be designed to facilitate mainteance and cleaning without
reducing effectiveness of disinfection. Duplicat@nks, mechanical scrapers, or
portable deck-level vacuum cleaning equipmerighould be provided.
Consideration should be given to providing skimminglevices on all contact
tanks. Covered tanks are discouraged.
7. Piping and connections.
A. Piping materials shall be specifically selected anghanufactured to be suitable
for chlorine gas. Piping systems should be as simple as possiblewat minimum
number of joints. Piping should be well supportedand protected against
temperature extremes.
B. Due to the corrosiveness of wet chlorine, alliles designated to handle dry
chlorine shall be protected from the entrance of wir or air containing water.
Even minute traces of water added to chlorine rests in a corrosive attack. Low
pressure lines made of hard rubber, saran-lined, raber-lined, polyethylene,
polyvinyl chloride, or other approved materials aresatisfactory for wet chlorine
or aqueous solutions of chlorine.
C. Where sulfur dioxide is used, the piping and fittirgs for chlorine and sulfur
dioxide systems shall be designed so that intercoection between the two (2)
systemss not possible.
D. The chlorine system piping shall be color coded anldbeled to distinguish it
from other plant piping. For additional painting information, refer to 10 CSR
20-8.140(6)(E).
8. Standby equipment and spare parts. Standby equipemnt of sufficient capacity
should be available to replace the largest unit dumg shutdowns. Spare parts shall
be available for all disinfection equipment to rephceall parts subject to wear and
breakage.
9. Chlorinator water supply. An ample supply of wate shall be available for
operating the chlorinator. Where a booster pump isitilized, duplicate equipment
should be provided. Potable water supplyrotection shall conformwith the
requirements of 10 CSR 20-8.140(8)(C) Adequately filtered plant effluent should
be considered for use in the chlorinator.
10. Leak detection and controls.
A. A bottle of fifty-six percent (56%) ammonium hydroxide solution shall be
available for detecting chlorine leaks.
B. Where one (1)ton (907 kg) containers or tank cars are used, ad& repair kit
approved by the Chlorine Institute shall be providel.
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C. Consideration should be given to the provision ofaustic soda solution
reaction tanks for absorbing the contents of leakig one (1)-ton (907 kg)
containers where such containers are in use.
D. Consideration should be given to the installation foautomatic gas detection
and related alarm equipment.
(E) Gaseous ChlorineHousing.
1. Feed and storage rooms.
A. Chlorine gas feed and storage rooms shall be cstnucted of fire and
corrosion resistant material.
B. If gas chlorination equipment or chlorine cylinders are to be in a building
used for other purposes, a gas-tight room shall saepate this equipment from any
other portion of the building.
C. Floor surfaces shall be smooth, impervious, anslip-proof. Floor drains are
discouraged. Where provided, the floor drains shabe plugged or sealed.
D. Doors to this room shall open only to the outsidef the building, and shall be
equipped with panic hardware. Doors shall lock to prevent unauthorized access,
but do not need a key to exit the locked room usintipe panic hardware.
E. Rooms shall be well-lighted with lights that aresealed so that they will
continue working during a chlorine leak. The light and electrical equipment
shall comply with the National Electrical Code requirements for Class I, Division
2 locations.
F. Rooms shall be at ground level and should permitasy access to all
equipment.
G. Storage areas for one (1)-ton (907 kg) cylindersisuld be separated from the
feed area.
H. The storage area shall have designated areas fouif’ and “empty”
cylinders.
I. Chlorination equipment should be situated as clos® the application point as
reasonably possible.
2. Inspection window. A clear glass, gas-tightynd shatter resistantwindow shall be
installed in an exterior door or interior wall of the chlorination room to permit the
units to be viewed without entering the room.The feeder settings and scale readings
should be easily read from the inspection window _oremotely read in a separate
control room.
3. Heat.
A. Rooms containing disinfection equipment shall berpvided with a means of
heating so that a temperature of at least sixty deges Fahrenheit (60° F) (16° C)
can be maintained.
B. The room should be protected from excess heat.
C. Cylinders shall be kept at essentially room tempeature. Cylinders and gas
lines should be maintained at the same temperatuigs the feed equipment.
D. Equipment used to heat a chlorine storage or feearea shall be located a safe
distance from, and shall not blow directly onto, clorine cylinders.

10
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E. Heating or air conditioning equipment provided $all be separate from
central heating and air conditioning systems to preent chlorine gas from
entering the central system. Central heating or aing ducts shall not terminate
or pass through a chlorine room.
4. Ventilation.
A. Forced, mechanical ventilation shall be installedvith chlorination systems in
order to provide one (1) complete fresh air change per miritea when the room is
occupied. The fans shall be constructed of chemical resistamiaterials and have
chemical proof motors. Squirrel cage type fans l@ated outside the chlorine
room(s) may be approved if their fan housings andutting are airtight and
made of chlorine and corrosion resistant material.
B. The entrance to the air exhaust duct from the roonshall beno more than
twelve inches (12") (30.5 cm) ofthe floor. The point of discharge shall be so
located as not to contaminate the air inlet to anpuildings or present a hazard at
the access to the chlorinator room or other inhabg&d areas. Louvers for air
exhaust shall facilitate airtight closure.
C. Air inlets shall be so located as to provide crosgentilation with air and at
sucha temperature as tonot adversely affect the chlorination equipment. Te
outside air inlet shall be at least three feet (3(0.9 m) above grade.louvers for
air inlets shall facilitate airtight closure.
D. The vent hose from the chlorinator shall dischargé¢o the outside atmosphere
above grade.Vents shall be screened.
E. Where public exposure may be extensive, scrubbensay be required on
ventilation discharge.
5. Electrical controls. Switches for fans and ligts shall be outside of theehlorine
room at the entrance. A labeled signal light indiating fan operation should be
provided at each entrance, if the fan can be contted from more than one (1) point.
6. Ambient gas detectors. An ambient chlorine gadetector should be provided in
the chlorine storage room. The gas detector shoultk interlocked with the fan and
alarm system.
7. Protective and respiratory gear. Respiratory arpac protection equipment,that
meetthe requirements of the National Institute for Ocapational Safety and Health
(NIOSH), shall be available where chlorine gas isdndled, and shall be stored at a
convenient location, but not inside any room wherehlorine is used or stored.
Instructions for using the equipment shall be post& The units shall use
compressed air, have at least thirty (30)-minute geacity and be compatible with the
units used by the fire department responsible fortte treatment facility. For
additional safety considerations, refer to 10 CSR®8.140(9).
(F)Alarm System. A chlorine system must include aalarm system.
1. The alarm system shall conform with the requirerants of 10 CSR 20-8.140(8)(B).
2. The applicant shall be responsible for specifymmwhat the alarm requirements
need to be in order to assure consistent disinfeotih in compliance with the
applicable bacteria limits.
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(G) Sampling and Control.
1. Sampling. Facilities shall be included for sanmmg disinfected effluent including
at least one (1) point immediately downstream dhe contact chamber. In large
installations, or where stream conditions warrantprovisions should be made for
continuous monitoring of the effluent chlorine residual. Sampling points must be
identified.
2. Testing and control. Equipment shall be provide for measuring chlorine
residual using accepted test procedures. The indi@ion of demonstrated effective
facilities for automatic chlorine residual analysis recording, and proportioning
systems should be considered at all large installans.

(5) Dechlorination.

(A) Types.
1. Dechlorination of wastewater effluent may be nessary to reduce the toxicity due
to chlorine residuals. The most common dechlorin&n chemicals are sulfur
compounds, particularly sulfur dioxide gas or aqueas solutions of sulfite or
bisulfite. Pellet dechlorination systems are alsavailable for small facilities.
2. The type of dechlorination system should be caftdly selected considering criteria
including: the type of chemical storage required, amount of cheroal needed, ease
of operation, compatibility with existing equipment and safety.

(B) Dosage.
1. The dosage of dechlorination chemical should depd on the residual chlorine in
the effluent, the final residual chlorine limit, and the particular form of
dechlorinating chemical used. The most common deldtination agent is sulfite
(SO,). The following formsas shown in Table 2of the compound are commonly
used and yield sulfite when dissolved in water.

Table 2 — Dechlorination Dosages

o . Theoretical mg/L Required
Dechlorination Chemical to Neutralizegl mg/ﬁ Ch
Sodium thiosulfate (solution) 0.56
Sodium sulfite (tablet) 1.78
Sulfur dioxide (gas) 0.90
Sodium meta bisulfite (solution) 1.34
Sodium bisulfite (solution) 1.46

2. Theoretical values may be used for initial appmimations, to size feed equipment
with the consideration that under good mixing condions ten percent (10%) excess
dechlorinating chemical is required above theoretial values. Excess sulfur dioxide
may consume oxygen at a maximum of one milligram (thg) dissolved oxygen for
every four milligrams sulfite (4 mg SQ).

3. The liquid solutions come in various strengthsThese solutions may need to be
further diluted to provide the proper dose of sulfte.
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(C) Containers. Depending on the chemical selectédr dechlorination, the storage
containers will vary from gas cylinders, liquid infifty gallon (50 gal) (190 L) drums or
dry compounds. Dilution tanks and mixing tanksare required when using dry
compounds and may beeguired when using liquid compounds to deliver the proper
dosage. Solution containers should be covered togpent evaporation and spills.
Secondary containment shall meet the requirementd A0 CSR 20-8.140(10)(A)2.
(D) Feed Equipment, Mixing, and Contact Requiremers.
1. Equipment.
A. In general, the same type of feeding equipmentsed for chlorine gas may be
used with minor modifications for sulfur dioxide gas. However, the
manufacturer should be contacted for specific equiment recommendations. No
equipment should be alternately used for the two jZyases. The common type of
dechlorination feed equipment utilizing sulfur compunds include vacuum
solution feed of sulfur dioxide gas and a positivdisplacement pump for aqueous
solutions of sulfite or bisulfite.
B. The selection of the type of feed equipment uizing sulfur compounds shall
include consideration of the operator safety and arall public safety relative to
the wastewater treatment plant’s proximity to populted areas and the security
of gas cylinder storage. The selection and desigi sulfur dioxide feeding
equipment shall take into account that the gas rejuifies quite easily. Special
precautionsshall be taken when usingone (1)ton (907 kg) containers to prevent
reliquefaction.
C. Where necessary to meet the operating ranges, ttiple units shall be
provided for adequate peak capacity and to provide sufficiently low feed rate
on turn down to avoid depletion of the dissolved gsgen concentrations in the
receiving waters.
2. Mixing requirements. The dechlorination reactia with free or combined
chlorine will generally occur within fifteen to twenty (15 — 20) seconds. The
dechlorination chemical should be introduced at a gint in the process where the
hydraulic turbulence is adequate to assure thorougland complete mixing. If no
such point exists, mechanical mixing shall be proded. The high solubility of sulfite
prevents it from escaping during turbulence.
3. Contact time. A minimum of thirty (30) seconddor mixing and contact time shall
be provided at the design peak hourly flow or maxiram rate of pumpage. A
suitable sampling point shall be provided downstrea of the contact zone.
Consideration shall be given to a means of reaeratn to assure maintenance of an
acceptable dissolved oxygen concentration in thereaam following sulfonation.
4. Standby equipment and spare parts. The same ragements apply as for
chlorination systems. Seearagraph (4)(D)8. of this rule.
4. Sulfonator water supply. The same requirementapply as for chlorination
systems. Separagraph (4)(D)9. of this rule.
(E) Housing Requirements.
1. Feed and storage rooms.
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A. The requirements for housing sulfite gas equipm# shall follow the same
guidelines as for chlorine gas. Refer teubsection (4)(E) of this rulefor specific
details.
B. The mixing, storage, and solution delivery areashall be designed to contain
or route solution spillage or leakage away from tréfic areas to an appropriate
containment unit.
2. Protective and respiratory gear. The respiratoy air-pac protection equipment is
the same as for chlorine. Seearagraph (4)(E)6 of this rule. Leak repair kits of the
type used for chlorine gas that are equipped withasket material suitable for
service with sulfur dioxide gas may be usedi-or additional safety considerations,
refer to 10 CSR 20-8.140(9).
(F)Alarm System. A dechlorination system must inelde an alarm system.
1. The alarm system shall conform with the requirerants of 10 CSR 20-8.140(8)(B).
2. The applicant shall be responsible for specifymnwhat the alarm requirements
need to be in order to assure consistent dechloritian in compliance with the
applicable residual chlorine limits.
(G) Sampling and Control.
1. Sampling. Facilities shall be included for sanimg the dechlorinated effluent for
residual chlorine, including at least one (1) point immediately dowstream of the
dechlorination system_which may be the same samptimoint as paragraph (4)(G)1.
of this rule. Provisions shall be made to monitor for dissolvedxygen concentration
after sulfonation when required by thedepartment. Sampling points must be
identified.
2. Testing and control. Provision shall be made fananual or automatic control of
sulfonator feed rates based on chlorine residual nasurement or flow.

(6) Ultraviolet Radiation Disinfection.
(A) Expected performance of the ultraviolet radiaton disinfection (UV) units shall be
based upon experience at similar full scale instaltions or thoroughly documented
prototype testing with the particular wastewater. Critical parameters for UV units are
dependent upon manufacturers’ design, lamp selectg tube materials, ballasts,
configuration, control systems, and associated appienances.
(B) Dosage and System Sizing.
1. The UV radiation dosage shall be based on therger of the design peak hourly
flow, maximum rate of pumpage, or peak batch flow
A. Treatment facilities with batch discharges shouw consider the need for flow
equalization prior to the UV system in order to mantain continuous operation.
If no flow equalization is provided for a batch digharger, the dosage shall be
based on the peak batch flow. _Systems that willéat the peak batch flow shall
be designed to have their power cycled up to the memum number of batches
per day to accommodate the batch discharges.
2. This process should be limited to a high qualityfduent having at least sixty-five
percent (65%) ultraviolet radiation transmittance (UVT) at two hundred fifty-four
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nanometers (254 nm) wave lengthynless data is presented to justify a lower UVT
value.
3. The design delivered UV dosage for a new wastet@atreatment facility shall be
thirty thousand microwatt seconds per centimetersauared (30,000 yW ¢ s/ci),
unless analogous data is presented to justify a lewvalue. This dosage is to be
delivered assuming a UVT of sixty-five percent (65%
4. Existing wastewater treatment facilities must deermine the UV dosage by testing
the effluent’s UVT over one (1) disinfection seasonlf not, the default criteria in
paragraph (6)(B)3. of this rule shall be utilized 6r design. The department shall
approve the plan to determine the required design@&ivered UV dosage and UVT
before it is implemented by the applicant. The aplcant shall present the UVT test
results and determined dosage to the department.
5. An independent, third party bioassay shall be el to verify the design UV
requirements. The UV system shall deliver the taret dosage based on the
equipment’s derating factors. Before design apprasd will be granted, the bioassay
reports for the specific equipment being consideredhust be on file with the
department. If needed, the UV equipment manufactugr shall verify that the scale
up or scale down factor utilized in the design is@propriate for the specific
application under consideration. The independenthird party engineer’s imprint
of his/her registration seal with the date and enaieer’s signature shall be affixed to
the bioassay report.
(C) Monitoring and Alarms.
1. An ultraviolet system shall continuously monitorand display at the UV system
control panel the following:
A. The relative intensity of each bank or closed \8sel system;
B. The operational status and condition of each banor closed vessel system;
C. The ON/OFF status of each lamp in the system; dn
D. The total number of operating hours of each banlor each closed vessel
system.
2. A UV system must include an alarm system.
A. The alarm system shall conform with the requirenents of 10 CSR 20-
8.140(8)(B).
B. A UV system must include the following minimum &rm conditions:
() A minor alarm must activate if:
(a) The relative UV intensity of the system is legban forty-five percent
(45%); or
(b) There is a lamp outage.
(I A major alarm must activate if:
(a) The relative UV intensity of the system is legkan twenty-five percent
(25%) after one hundred (100) hours of operation;
(b) More than ten percent (10%) of the lamps fail;or
(c) There is an outage of any module, bank, or cled vessel system.
(D) Spare Parts. _An adequate supply of spare parisust be provided including:
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1. A minimum of two (2) UV lamps;
2. A minimum of one (1) lamp sleeve;
3. A minimum of two (2) O-ring seals; and
4. A minimum of one (1) ballast.
(E) Electrical. Electrical controls shall comply wth the National Electrical
Manufacturers Association (NEMA) 4X enclosure requiements at a minimum.
(F) Sampling Points. Facilities shall be includefbr sampling the disinfected effluent,
including at least one (1) point immediately downseam of the UV system. Sampling
points must be identified.
(G) System Safety. Personal protective safety egument, including a UV rated face
shield and safety glasses or goggles must be regdilvailable to personnel._For
additional safety considerations, refer to 10 CSR@8.140(9).
(H) Open Channel Design. Open channel designs castf a channel open to the air
with modular UV units that can be removed from thewaste flow. For the purposes of
this rule, non-contact UV systems not directly inhe wastewater, but surround a clear
conduit of waste flow, with removable modules shallso be considered as an open
channel design.
1. Definitions.
A. Module. A grouping of ultraviolet lamps electrically and physically
connected to each other.
B. Bank. A grouping of modules that -
(D Forms a complete unit capable of treating theull channel design width
and depth;
(1IN Light output can be automatically adjusted or turned ON/OFF in
relation to effluent flow variations; and
(1) Is electrically or physically connected togeher or physically adjacent to
each other.
C. Reactor. A combination of multiple banks in a sries within a common
channel, flow path, housing, or container.
2. At least two (2) banks shall be provided for disirdction reliability and to ensure
uninterrupted service during lamp cleaning or other required maintenance.
A. Facilities must be capable of treating the desigaverage flow with one (1)
bank out of service.
B. The combination of the total number of banks shiabe capable of treating the
peak hourly flow.
C. Facilities with a design flow of less than oneumdred thousand (100,000)
gallons (378.5 m) per day and have seasonal bacterial effluent lirts are only
required to have one (1) bank. At least one (1) ape module shall be stored for
maintenance.
3. Inlet channels must be designed to provide equéibw distribution across all UV
channels.
4. The approach channel must be unobstructed and thiout bends to prevent jetting
and short circuiting of the UV system.
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5. If the lamps are immersed directly in the wastélow, a positive means of water
level control must be provided to achieve the necesry exposure time and ensure
that the UV lamps remain submerged at a near-constd depth, regardless of flow.
Each UV bank should also have a water level sensand a safety interlock that
automatically shuts off the effected bank if a lowwater level is measured.
6. The downstream channel length must be unobstruetl following the last bank of
UV lamps and before a fluid-level control device.
7. The upstream and downstream portions of a UV chranel and between banks
should be covered to shut out all natural light inorder to prevent algae growth.
8. The design shall allow for each bank to be remed from service independently to
facilitate maintenance.
9. Measures shall be provided to dewater each chaein
10. A means of lifting the UV modules out of the @mnnel to facilitate maintenance
and lamp cleaning should be provided.
11. The UV cleaning system must be capable of remnyg a scale or grease buildup
without disassembling the system. Automatic cleang systems are strongly
recommended. If an automatic cleaning system cors$s only of a mechanical
cleaning component, chemical cleaning should als@ Iprovided.

() Closed Vessel Design. Closed vessel designssist of UV lamps fully enclosed in a

conduit with the waste flow.
1. The closed vessel UV shall be capable of treagithe peak hourly flow.
2. Redundancy of the closed vessel UV system shadlrequired to allow for
disinfection reliability and to ensure uninterrupted service during lamp cleaning or
other required maintenance.
3. The hydraulic properties of the system shall bdesigned to simulate plug flow
conditions under the full operating flow range.
4. Measures shall be provided to dewater each claseessel UV system.
5. The UV cleaning system must be capable of remog scale or grease buildup
without disassembling the system. Automatic cleang systems are strongly
recommended.
6. Closed vessel systems utilizing medium-pressuesmps shall be provided with an
automatic cleaning system in order to prevent algagrowth.

(7) Peracetic Acid. Peracetic acid (PAA) is a strgy oxidizing agent used for disinfection.
PAA is produced by combining glacial acetic acid, ater, hydrogen peroxide, and sulfuric
acid.
(A) Dosage. For disinfection, the capacity shalldbadequate to produce an effluent that
will meet the applicable bacterial limits_and PAA dfluent residual specified by the
department for that installation.
1. The minimum PAA dose shall be one and a half pts per million (1.5 ppm).
2. Required disinfection capacity will vary, dependhg on the uses and points of
application of PAA.
3. The PAA system shall be designed on a rationaabis and calculations justifying
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the equipment sizing and number of units shall beubmitted for the whole
operating range of flow rates for the type of contol to be used.
4. The PAA dose shall be flow paced.
(B) Containers. Storage containers for PAA shall & of sturdy, non-corrosive material
construction and shall be provided with a secure {o.
1. Chemicals for use in PAA disinfection should bkept upright, in their original
shipping containers with hazard labels intact.
2. Stacking of PAA chemical containers is prohibite.
3. Secondary containment shall meet the requiremesof 10 CSR 20-8.140(10)(A)2.
(C) Housing.
1. The storage room should be kept separate fromlalther processes and should be
separated from acids, alkalies, organic materialgnd heavy metals.
2. Temperatures above eighty-six degrees Fahrenhé&6° F) (30° C) and below
forty degrees Fahrenheit (40° F) (4° C) should bevaided.
3. Space for at least one (1) months’ supply of PAghould be available.
4. For additional housing considerations, refer td0 CSR 20-8.140(10)(B).
(D) Leak Detection. Leak detecting equipment mudte located near chemicals and
near valves and equipment that pose a potential tieat.
(E) Piping and Connections. Manufacturer approvedcompatible piping and
connection shall be used. PAA piping shall be calooded and labeled to distinguish it
from other plant piping. For additional painting considerations, refer to 10 CSR 20-
8.140(6)(E).
(F) Mixing. The disinfectant shall be positively nixed as rapidly as possible, with a
complete mix being effected in three (3) second3his may be accomplished by either
the use of turbulent flow regime or a mechanical #sh mixer.
(G) Contact Period and Tank.
1. A minimum contact period of ten (10) minutes atesign peak hourly flow or
maximum rate of pumpage shall be provided after thmugh mixing. For evaluation
of existing contact tanks, field tracer studies shdd be done to assure adequate
contact time.
2. The contact tank shall be so constructed so as teduce short-circuiting of flow to
a practical minimum. Tanks not provided with continuous mixing shall be provided
with “over-and-under” or “end-around” baffling.
3. Tanks should be designed to facilitate mainten@e and cleaning without reducing
effectiveness of disinfection.
(H) Alarm System. A PAA system must include an alan system.
1. The alarm system shall conform with the requirerants of 10 CSR 20-8.140(8)(B).
2. The applicant shall be responsible for specifymmwhat the alarm requirements
need to be in order to assure consistent disinfeoth in compliance with the
applicable bacteria limits.
(1) Standby Equipment and Spare Parts. Standby egpment of sufficient capacity
should be available to replace the largest unit dumg shutdowns. Spare parts shall be
available for all disinfection equipment to replaceparts which are subject to wear and
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breakage.

(J) Sampling. Facilities shall be included for saling the disinfected effluent,
including at least one (1) point immediately downseam of the PAA contact tank.
Sampling points must be identified.

(K) Safety. Personal protective safety equipmenincluding goggles, protective clothing,
gloves, and a respirator must be readily availabléo personnel. Respiratory air-pac
protection equipment, meeting the requirements of NDSH shall be stored at a
convenient location, but not inside any room wher®AA is used or stored. Instructions
for using the equipment shall be posted. The unitshall use compressed air, having at
least thirty (30)-minute capacity and be compatiblevith the units used by the fire
department responsible for the treatment facility. For additional safety considerations,
refer to 10 CSR 20-8.140(9).

(8) Membrane Bioreactors (MBR). Treatment facilities utilizing MBRs are capable of
reducing the bacteria density for which inactivatio is required. The level of reduction will
depend upon the specific type of wastewater treatméand filtration technology used. The
applicant must demonstrate the following in order br the department to reduce the level of
disinfection treatment:
(A) The range of bacteria organisms in the filtereceffluent after particle removal and a
lower inactivation dosage or detention time will besufficient to meet the applicable
bacteria effluent limits:
(B) Documentation must include statistically signitant information for the specific
treatment plant or existing analogous facilities, egarding the degree of bacteria
reduction expected to occur due to the filtration;
(C) The design of the MBR facility must meet the reuirements of 10 CSR 20-8.180;
(D) The facility design shall include stub and adegate space for the addition of
disinfection for future use.

(9) Ozone. Ozone gas is a proven and acceptable means of waséer disinfection.
Historically, however, only limited use has been nae of ozone for wastewater disinfection,
both in Missouri and the United States as a wholeOzone systems for disinfection should
be evaluated on a case-by-case basis. Design stadd, operating data, and experience for
this process are not well established. Therefordesign of these systems should be based
upon experience at similar full scale installation®r thoroughly documented prototype
testing with the particular wastewater.

AUTHORITY: section 644.026, RSMo Supp. 1988.* i@aigule filed Aug. 10, 1978, effective

March 11, 1979.
*QOriginal authority 1972, amended 1973, 1987, 1993.
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