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I INTRODUCTION

“"And the men of the oity said unto Elishe, Behold, I pray thee,
the situation of this city is pleasant, es my lord seethj but the water
ies nmaught, and the ground barren.

And he said, Bring me a new oruse, and put salt therciry And they
brought it to him.

And he went forth unto the spring of the waters, and cest the salt
in there, and said, Thus saith the Lord, I have hemled these waterss
there shall not be from thence any ﬁors death or barren land.

So the waters were healed unto thiv day, aecording to the saying of
Elicha which he spake.” |

II Kings 2: 19 -~ 22

From antiquity to date man has been aware of the dangers of pole
luted water and hes had some knowledge of effective methods of puri=-
fication. Ruferences to filtration, exposure to sunlight, boiling and
the use of comgulants to effeet sterilization may be found in literature
whioch probably dates back as far as 2000 L.Ce

In spite of such knowledpe, mankind through the ages has often
been a vietim of his_owx_: pollutions The epidemics of the middle ages
and the rising incidence of typhoid fever and dysentary which eccom=
panied the early growth of American citles offer verificetion of the

coorelation between disemse and inoreasing eontemination of water

supplies,



The engineering profession, however, may take pride in the develop=

ment end expansion of water works for the purification of public water

supp lieses On the basis of tonnage, the production of potable water,

today, is America‘'s leading industrye. The purification of the water
supplied the publie has resulted in a marked reduction in the extent of
water-borne diseuses and anyone may use water from a public supply with
great confidence. In addition to the high quality of public water supplies,
the present low cost of the commodity is also note worthye.

Unfortunately, ixowevsr. there are today millions of persons who do
not enjoy the advantage of & publiec water supply of a city or towne These
suburban and rural residents ere of'ten i:posod to health haszardes for
which there is at present no ecoromicel and convenient remedye. Local
hoalth officiels generally will testify to the inadequacy of many rural
water supplies e fer as safety is concernede. In rare instances some
form of sterilization mey be prectical, but usually it is at best e
makeshift,.

True, there is cammercially available equipment for chlorinating
the small pressure water systems thet are widely used in rural areas,
but the cost of such eguipment may run from two to four times mes much
as the cost of an entire water supply systeme Consequently, it is
beyond the means of the average property owner. 7The cost of this
equipment has been verified by the atteched quotations (Figs. 1 and 2)

which were submitted recently by two of the leading manufacturers of

such equipment.
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In recognition of the need for protection of small private water
supplies at moderate cost, the author has undettaken the development
of an inexpensive device for the introduction of a sterilizing agent
to the ordinary small pressure system found in rural and suburben homes
as the objeot of this thesise There is submitted with this thesis a
working model of sueh an instrument, developed by the author. It is
believed that this instrument is satisfactory for the purpose for which
it was designed.

Current Quotations.

ofe
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II BXISTIEG DEVICES FOR CHLCRINATION

() Commercisl Devices. 'Commercial devices for the introdustion

of a sterilizing agent into small water supply systems are escentially
diaphrem pumps having nozi corrosive parts at all points whore there is
eontact with the sterilizing agent.

These devices are classified mccording to the method of feed ocone

trol and the type of drive as follows:

(1) Atomatio - Vater

(2) Hanual - Jiater

(3) Automntiec « Kleetric

(4; Yamal = Flectrie

(5) ¥ammal - Belt drive (Electric gnyine)

(tasoline )

When classified as autommtie, the feed is provoriiemaleither to the
quantity of water delivered into the system, the number of revolutions of
the prime mover driving the water system pump or tﬁo time intervel during
which water is pumped into the systeme Deviecss eontrolling the feed on
the basis of quantity of water are usually ectivated by meens of a
stendard water meter which is direotly connected to the solution fleedere.
Uhere the oontrol is maintained on the basis of the number of revoe
lutions of the prime mover the solution feeder is directly connected by
means of a belt or gearing to the prime mover. Units operating on the
basis of time intervel of pumping are usually independently driven by
an au¥iliary electrio motor which is controlled by a parallel connection
to the prossui'o switeh activating the main pump motor.

When classified for manual operation, the device itself must be

b=



adjusted to deliver the sterilizinpg agent at a fairly constant rate
on the basis of the quantity of water being pumped passed the point of
introduction of the sterilizing agent, If claseified for water power
operation, the pump dimphram may be asctivated by a device similar to
that of a stendard water meter or may be driven by mesns of a piston
powered by back pressure existing in the water supply system.

The electrie drive clessification implies that the feeder unit.
is powered independently by means of a fractional horse power motor.

hen eclassified as belt driven, the device is powered by means of

& belt commeection to the prime mover of the main pumpe.

() Emerpency Devices. iany emergency devices have been developed

for the introduction of & sterilizing sprent, usually a hypochlorite,
into & water supply system. These devices can often be constructed
very economically of parts that are readily availeble. They all have
certein defects however and due to the faect that they are diffiocult
to control to the precision required and require constant mainterance
and checking for stoppapes, they cannot be considered for permanent
installations. |
Since such emergency devices illustrate some of the problems and
possible solutions to the introduction of a aterili:ing agent into &
emall water supply system and since they may properly be used by any-

one having a darrerous water source and who yet finds the cost of &
commercial unit wuf,{”, several such devices will be illustrated

wT e



and deseribed briefly.

Figas. 3, 4, and 6 are typical of such emergency devices.



- Glass Carboy, 1 to 12 gallons
2 = hole rubber stopper
- Glass tube, lower end slightly
above end of siphon tube
= Glass siphon tube
1= Rubber hose
2" Rubber hose and screw clamp
- Tube holder
- Glass tube orifice or medicine
dropper
H = Head on orifice

QW
]

Qg mo

Note: ;
Rate of dosage may be varied by
changing concentration of solution, by
changing head "H", or by using different
size orifice.

Fig. 8§ = CARBOY SOLUTION FEEDER.

- Glass Carboy

= Crock

= Glass or rubber tube

- Hypochlorite solution

Ej- Rubber hose

Ez- Rubber hose and screw clamp

F = Glass tube orifice or medicine
dropper

H - Head on orifice

QW

Note:

Rate of dosage may be varied by
changing concentration of solution, by
changing head "H", or by using different
size orifice. This epparatus will
deliver solution at a constant rate.

Fige 4 = INVERTED CARBOY SOILUTION FEEDER.

’
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Hypochlorite

Solution

- 2" x 12" x 12" wooden block

- 4" x 4" x 6" wooden block

= 1" hole

- 8" glass tube with orifice tip
- Glass tube air vent

Rubber stopper

Inlet to orifice

Barrel or Solution Tank

QLWYE O QW

Note: Variation of feed rate may be obtained
by inserting different size glass orifice
tubes in the hose influent or by varying
the head on the orifice. The rate of flow
of the solution may be measured by observing

the time to fill a container of known
volume.

S <—Valve or Cock

‘////Float Valve

T ®<—TWater Supply Line

%&ﬁf'”’“‘ To Pump Suction —>

FLOATING ORIFICE FEEDER WITH PUMP SUCTION TANK.
Fige 5.
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ITI CHLORINE DEMAND
RECOMME NDED DOSAGES AND CHLORINATOR CAPACITY
, In approaching the problem of designing a pump to introduce a
disinfecting agent into small water supplies, two questions immedistely
arise:
(a) What disinfecting agent is to be used?
(b) What is the required dosage of the chosen agent?

(A) Disinfecting Agent. In the author's opinion, the answer to

the first question is relatively simple and is supplied by current
literature on water sanitation practice. Since its introduetion in
this country in Jersey City in 1908, chlorine has proved to be the most
economical and satisfactory sterilizing agent. It is readily obtain=
able in several forms ranring from the geaseous or "1liquid™ chlorine to
the various hypochlorite solutions and hypochlorite powders. Since liquid
hypochlorite solutions and hypochlorite powders are raidily obtainable
at the drug and grocery stores of most communities, these agents have
been selected for the problem at hande. While either form is perfectly
satisfactory for use with the apparatus presented, the author favors

the use of 1liquid hypochlorites, sinee their use eliminates the neces=
sity of preparing solutions and eliminates the problem of sludges

which accompany the use of the powders. The trade names, Clorox, Purex,
White Sail, BK, Rainbow, Zonite, etc. will be readily recognized and

indicate that sueh liguid hypochlorites are available in any community.

w]lle



(B) Required Dosage. The problem of ascerteining the required

dosage 'M%aomewhat more difficult.

In order to destroy pathogenic and other bacteria by the use of
chlorine and ehlorine compounds, it is necessary that the organisms
be exposed to adequate quantities of the disinfectant for a surfieiant‘
period of time. A further requirement is that the material be added
uniformly to all portions of the water to be treatede

Chlorine is e very active chemical element which has a dual ection.
Hemely, firet, the reaction with and oxidation of organio matter, and,
second, the disinfection and destruction of bacteria. Hence, it is
necessary for sufficient chlorine to be sdded to react with the organie
matter and still leave & residual to act as e disinfectant on the
bacteria.

The reaction between chlorine and organic matter is very rapid
initially, but gradually decreases. The rate of absorption being
dependent upon the mineral and organic content, the pl, the temperature
of the water and the chlorine concentration.

These WABAEBIS do not admit of close control in the small system,
hence the required dose must be predicated on tests for the amount of
chlorine that has not been absorbed, that is, the amount which remains
in the treated water as residual chlorine efter a definite period of
contacte |

The amount of chlorine which rescts with the organie matter in

water is known as the "echlorine demand” of the waters From this

ot



definition, it may be seen that the ehlorine demand represents the
numerical difference between the dose of ehlorine and the concentration
of residual ehlorine. For example, if a dose of one part per million
gives a concentration of residual chlorine of 02 pep.me after a 10
minute reaction period, the 10 minute chlorine demand iﬁ%ﬁfpmo

or the difference between 1.0 pepeme and 02 pepeme '

Eince the organic content and other elements vary, it is not
practical to measure the ohlorine demand directly although this may be
done for any specific sample by laboratory test methods. Hence, the
usual procedure is to add sufficient chlorine to give the desired con=
centration of residual chlorine as determined by the reletively simple ortho-
tolidine teste (Directions for the orthotolidine test will be given as
part of the operating procedure.) The standard procedure is to determine
the residual chlorine concentration after a 10 minute reaction period.

The above principles may be illustrated by reference to the

accompanying curves. Fige 6s

13-
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The curves are based upon an assumed condition which makes it
desirable that a water supply be chlorinated so as to produce a
residual of 0+5 pepems after a 10 minute resction period.

Explanation of Curves. Curve o. 1 illustrates the results se-

cured by & dose of 2.0 psp.me Which produced a residual of 1.00 pepem.
after the 10 minute resction period. FHere, the curve represents the
effect of a higher than necessary dose, that is the dose was greater
than the 10 minute demand plus the desired 0.5 p.pem. residual,.

Curve Yoe. 2 shows the oase where a dose of 1.6 pe.peme when added to
the same water produced a residual of 0.5 after the 10 minute reaection
period, This represents the optimum econdition since the dose was just
eaual to the dm;rad of 1.0 p.&. plus the desired residual of 0.5 pepem.

Curve YNo. 3 rvprennta & case where the same dose of 1.6 popolo was
added to a water having Mghor organic content than in the previous
illustrations. Here, the higher organie content leads to a more rapid
decrease in the concentration of residual ohlorim and it will be noted
that only 0.15 pepeme of residual chlorine remeined after the 10 nﬁzmto

reaction period rather than the required 0.5 pepeme Under such cireume
stances, the chlorine dose would have to be increased to approximately
240 pepemes to produce a residual of 0.6 pep.me

Curve Noe. 4 1}21131'.&1:0-\ the conditions for the 1noroqsod dose.
From the"steepness®™ of this curve, it is evident that the higher
chlorine demand is leading to a correspondingly more rapid dis-

appearance of residual chlorine, but that in this case the dose wes

«15e
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suffieiently high to give a residual of 0¢5 pepe.me with a chlorine demand
of 16 after a 10 minute reaction time.
Recommended Dosee On the basis of the above discussion and after a

review of current literature the author finds current practice requires
that all weter supplies should be so dosed that a chlorine residual of
from Oel t0 02 pepeme be maintained at all times, and that if the source
of supply is of doubtful quality or if emerpency conditions obtain it is
recomnended that the residual be raised to 0.5 pepeme

Accordingly, it has been set as a specification requirement for the
chlorinator to be MW that it be capable of dosing at controlled
rates of from 0.1 p.p.n; to 540 pepeme This range should cover the
extremes of operating ccornditiomns,

(c) Recommended Capacity of Chlorinator. Prior to the actual

design of the pump to satisfy the requirements of this thesis problem,

it is necessary to arrive at the chlorine concentrations to be handled

by the pump and the rate of delivery of the pump that must be maintained
to introduce & sufficient quantity of the chlorine solution to provide the
desired ohlorine residusle.

The emell water supply systems for which this chlorirator is being
designed normélly have capacities of from 250 to 1000 gallons per hour,
with most of the systems being of the smaller capacity.

To simplify the caleulations involved, it will be assumed that the
water to be treated is being pumped at the rate of 100 gallons per hour,

and that the hypochlorite solution contains 1 percent of available

«1g=



chlorines Any required dosage may then be determined by a simple oal~
oulation as follows:
Case I

Required: The chlorinator delivery to provide
e dose of 1 pepeme

Basic relation for calculation: 1 gallon of a

1 % chlorine solution will give a dose of 1.0 pepems
to 10,000 gallons of water. 1/100 gallon of 1% solu-
tion will give 1 pe.pems to 100 gallons. Hence,

1/100 gallon of 1% solution must be delivered per
hours

128 ounces equals 1 pallon

Hence, 1428 ounces of 1% solution must be de=-
livered per hour to give a dose of 1 pepeme

Assuming a chlorine demand of 05 pepems and a
desired residual of 0.2 pepeme oquals 0¢7 pepeme dose.

(128 o02.) (0s7) equals .9896 oze = say 1.0 oz of &
1% solution must be delivered per hour to give the
required dosee

We may say than that the chlorinator must be designed to deliver at

2 ounce per hour per 100 gallons of water pumped.

Then for a 250 gallon per hour system 'hieh is the smallest usual
cormercial size, the chlorinstor should be designed to discharge at a
minimm rate of 2.5 ounces per hour of & solution containing 1% of
available chlorine. The maximum rete requirement will be predicated
upon the large 1000 gallon per hour system which would require a
delivery of 10 ounces per houre.

Converting to milliliters which will be the unit used to demon=
strate performance, 2.5 ounces per hour equals 76 milliliters per

ur approximately, therefore:

«l7e



nSwios discharge requirement equals 76 milliliters per hour.

Mu:imm »disclmrga requirements ecuale 300 milliliters per hourQ
These figures were adopted as oriteria to control the desiern of
the chlorinator.
liote (1): As is obvious, the osleulations of the above example may be
extended to cover any actual case of chlcrine demand and
delivery requirements merely by multiplying through by
direct ratio conversion factors,.
k  lNote (2): To satisfy the previously set requirement of a dosing rate
of 0’;’1. p.p.u;. minimum, it is only necessary to work with e
P - echlorine solution which has been diluted to & concentration

of 1/10% of available chlorine

=18«



IV POSSIBLE TYPES OF PUMPS AND MATERTALS OF CONSTRUCTION

(a) Types of Pumps. FPrior to starting the actual construction of

the chlorinator, the author made a study of the types of pumps that might
prove satisfactory for the problem at hand. As a result of this study

it was decided to make a preliminary investipation of the following types:
(1) Diaphrem, (2) Plunger,

M Rough working models were constructed of both types and as a result
of preliminary work with these models, it was decided to restriet the
investiration to the diaphram type.

The diaphram type was selected because it appeared to offer the
following advantagess
le Simplicity and relatively few moving parts.
2. Ruggedness.
3« Possibility of incorporating into the de=
sign inexpensive and commercislly available
parts and subeassenblies.

4. Ease of servioing.
S Long life of component parte

(B) Iypes of Materials. A preliminary investiration was also made

of the possible types of materiale that might be used in the somstruction
of the chlorinatore.
icoause of the fact that ell parts in contact with the chlorine
solutions to be handled would be subfect to corrosive action, the
possible materials for such contact parts were:
l. Stainless steel

2. Plastie
3¢ Hubber

-1 9-



After some investigation, the author decided to use a plastioc

(lucite) for the pump head, valve casings and water line injectors

Rubbe:* was selected for valves, raskets, valve retainers and connecting

lines. Rubber impregnated cloth for the diaphram. &5tainless steel for

the diaphram actuating rod and diaphram connector and velve retaining

pins.

The basis of selection was as foliows;

1.
20
3.
4.
Se

Resistance to corrosiou
Purability

Cost

Esse of machining or casting
Visibility of moving parts.

«20=



V DESCRIPTION OF DIAPLRAM PUKP AND ACCESSORIES

Since & working model is being submitted here~with, it is believed
that it will be unnecessary to submit accompanying detailed working
drewingse. The author also wishes to point out that since the ecompletion

of the finsl model, it appears that some additional refinements may be
possible at slight cost and that the over-all dimensions may be reduced
to pive a more compmet unit. A further study is proposed to cover

poseible modifications of the basic unit and an extension of the unit to
other uses.

It is hoped that the nooomptnying_ photographs, Figse. 7, 8, 9, 10,
11, 12, 13, in conjunction with the working model, will clearly portray
the details of construction and the prineciples of operation of the
chlorinator and the accessories.

It 1s also the belief of the author that since this chlorinator can
and should be produced commercially that there should be no requirement

that the working drewings be published.

w2le’



Fig. 7 THE WORKING MODEL

Fig. 8 ELEVATION VIEW (n)
22«




Fige 9 TOP VIEW

Fig. 10 ELEVATION VI®W (b)
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Fig. 11 END VIEW (a)

e et

Fig. 12 END VIEW (b)



13 COMPONENT PARTS OF WORKING MODEL

Fig.



To elarify the photographie details, the following will deseride the
basioc unit and sesessories:
(1) Mein Drive. |
It is proposed to drive the chlorimmtor by a vee belt from a vee
belt pully Soltod directly to the water pump drive pully or fitted
on the water pump shaft. In this way, the operation of the
chlorinator will be entirely automatie and will be syncoronized
directly with the pump. lience, the chlorine dose will be directly
proportional to the amount of wator pumped.
This method has & further advantege in that it accomplishes e
6 to 1 initial speed reduction which is the usual retio of speed
of pump motor (1726 RPM) to pumpe

(2) Cam Shaft Reduction Geare

The pulley driving the chlorinator drives a worm geer on the main
drive shaft which in turn drives the cam shaf't geare. 7The reduction
gear system used accomplishes a 50 to 1 reduction so that the final
actuating cem speed is only 6.6 R.P.M. approximstely.

Note: Main drive and cam sheft bearings are standard ball
tearings.

(3) Cam Throw.
The cem used is & one inch cam with a 1/4 inch offset which gives a
throw of 1/2 inche. This throw 1a suffiolent to cover the full range
of travel of the disphram actueting lever.

(4) chlorinator Body.

A standerd automobile gasoline pump assembly was selected for the
chlorinator body since this would provide a sub-assembly easily
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procurable at low cost, and available as a repair or replacement

part in any vicinity.
Hote: The only modification to be made in this sub-assembly is to con-
struct the diaphranm oonmgting rod and diaphran clamping plates of stainless

fétiat.nm.

steel to provide anw.é"
It is proposed that the diaphram, connecting rod end clamping plates be

furnished a8 a unit as a ’repinemnt or repair part.

(6) Chlorinator Head.

The ehlorinstor head hes Leen i'ebricated from a plastic (Lucite)
blocke Plastic has been selected for this unit because of in-
herent corrosion u&iaumo and bcéw. Althourh the head sube
mitted with the working model has been mechined from a solid
blook, the author has made & n#pplomemry investiration of ocast
plastics and finds that the unit can be more ecoromieally pro-
duced by easting rather than maohininge Yence, it is recommended
that in the case of commercial production, the head be cast as a
unit rather than machined.
It will be observed from the working model that the cleer plastiec
head has the inherent advantege of making the moving parts visible
“at ell times so that the operation of the chlorinator may be
readily checked without the necessity of dimntelgng the assembly.

(6) Valve Casings and Valves.

The valve casings have also been fabricated of the plastie, "Lueite”,

by & machining process. The same comments as to casting to replace

AL



machining and visibility apply to the valve bodies.
It will be noted that the valves have been designed as eﬁily re-
placeable units and it is proposed that they be supplied as parts
in an inexpensive repair and replacement kit.. |
Commercially aveilable rubber poppet type tip valves have been
selected because of economy, availibility and demonstrated pere
formancee
During the course of velve and casing design, it was found that
the very small displecements of 1iguid and the small bore of the
valve casings made it necessary to restrict the valve travel.
Consequently, a rubber valve retainer and e stainless steel re-
taining pin have been introduced in each valve casinge It will be
noted that the retaining pin has been so positioned that the cone-
necting rubber tubing will i:rovidc an effective seal apainst air or
liquid leakape at the point of insertion of the retaining pine
The valve bodies are o;utcd on rubber gaskets and are clamped to
provide a tight seal by means of two comvression plates and m
retaining bolts and nutse |

(7) Accessories. |
ﬂ)g}_@}_ glass. A sight glass has been designed of "Lucite”
tubing, rubber end seals and glass tubing connections to pro-
vide a visible means of checking the chlorinator opomﬂon and by
timing the drops of solution passing through the sight glass, the

dosage rate may also be checked.
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(B) Connecting Tubing, Standard commercially available rubber

tubing hae been used :o: all connections, i.es solution resevoir
to sight glass, sight glass. to chlorinator, and chlorinator Ito
water line injoctor.

Hose olamps mey be used on all hose oonnections althouph these have
been found unnecessary in test runs of the chlorinator.

(C) Water Line Injectors A waeter line injector has been designed

in & form similar to the ordinery straddle cocke Ths injector
proper has been febricated of lucite. It is seated on & rubber
rasket and 18 held in place by & sinele "U" bolt and clamping plate.
The injector is to be installed in the main water line by drilling
a single 1/4 inch hole at any convenient locatione

() Accessory Valves. It has been thought advisable to install two

auxiliary check valves. One in the discharpre line and one as a foot
valve in the suetion line from the chlorine solution resevoir.

These valves serve a triple purpose. They relieve pressure on the
nain valve system, insure that all lines remain full of solution at

all times and serve as a safety in the event that either wain valve

be held open at any time by a small particle.

The oheck wvalves selected are low ocost, commercially aveilable sub=-
assemblies of cast hard rubber bodies with rubber valves interchangable
with those used in the main wvalves.

These accessory valves are inserted and held by compression in the

intake and discharge lines of the chlorinetor.

=20



(E) Lubrication. Due to the use of ball bearings and the rela-
tively slow motion of all ming parts, only an occasional drop
of o0il on bearings and m will be required.

(F) Finish. Metal parts have been finished with a ecorrosion and

rust resistant rubber compound paint,.

(G) Method of Installing Chlorinator. The chlorinator is to be
fastened by bolts, wood sorews or lig serews in uny eonvenient
location ad jacent to the water pump pulley, the only restriction
being that it be in alignment with the connecting pulley which is
bolted to or fitted on the shaft of the water pump. Holes have been

located in the chlorinator base to provide for mounting.

(H) Chlorine Solution Resevoir. It is proposed that the user furnish
the chlorine solution resevoir which may consist of any one of the
following: The container in which the hypochlorite is purchased, a

rlass bottle, earthermare erock or any other non~corrosive container.



V1l METHODS OF VARYINC DOSINC RATE

It is believed that this chlorinator is extremely flexible in its
provisions for varying the dosing rate. Any one of the following methods
may e used:

(a) The size of the take off pully which provides the connection

to the pump may be varied thereby changing the pump to
ehlorinator speed ratio.

(t) The size of the chlorinator drive pully may be varied to

produce the same effect as in (a) aboves (A two step pully
is submitted with the working model.)

(¢) The stroke of the diaphram may be varied by inserting or

removing the shims bdwqon the main frame and the chlorinatoer
bodys (Three 1/8 inch ai*u are furnished with the working model.)

(d) Pine mdjustment of the diaphram sircre may be obtained by

dgfting the pump dbody nrticcny. This is sccomplished in the
wc;-ung model by loosening the two body bolts and raising or
lovering the ehlorinator body i.: the slots provided in the
main frame.

(e) Finally, an almost infinite range of dosing variation may be ac~

complished merely by varying the concentration or dilution of

the chlorine solution in the solution storage resevoir.
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VII CALIBRATION A:D PERFORMANCE CURVES

Figures 14, 16, 16 and 17 are typical of test data and pqrromneo
curves which have been obtained with the working modele They are sub=
mitted to demonstrate thatvthc ninimum and maximum design requirements
have been satisfied by the working model and further that the chlorie
nator is capeble of functioning at a required constant rate of dis-

charge.



CHLORINATOR CALIBRATION TESTS.

since it was used only to demonstrate maximum

capacity.

Fig. 14
-53-

- t + t - <L —_—— T —
W . Time | Cumulative Quantities in Milliliters.
} min. Test No. Test No. Test No.
] 1 2 3
I !
o 0.0 | 0.0 0
Lo 0.3 3.0 56
,,,,,, L2 0.7 6.0 111
S 1.0 8.5 166
4 1.3 10.5 222
5 % 18.5 278
6 2.0 16.0 333
7 2.4 19.0 390
8 2.7 | 21.6 444
9 5.0 | 24.0 500
10 T8 27.0 666
3! I 3.6 29.5 @ 612 |
12 3.9 32.0 669 |
13 4.2 6.0 726 | |
14 | 45 | 38.0 781
16 4.9 41.0 836
. 16 6.2 43.56 893
1T | 5.6 46.5 |
1 6.9 49.0 |
19 6.2 | 52.0 | :
20 | | 6.8 | ! 56.0
21 6.9 | T 87.6
22 T 7.8 60.0
E T 7.8 63.0
L*——~A--_L__?§ ! | 7.9 65.0 | o
.25 8.3 68.0 | |
[ 26 _ B.6 T0.6 | ] I
1 | 9.0 | 73.0 | i
28 C 9.3 76,0 | |
29 . 9.6 79.0 |
[ s | ., %8s | ] 820 I I
| L 4 U S R S
Notes:
l. These test runs are introduced to indieate the
range and performance of the chlorinator.
2. Drive speed was 1725 R.P.M. with results reduced
to the deeign drive speed of 287 R.P.M.
8. Test No. 8 was terminated after a 16 minute run
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VIII CONCLUSIONS

The author wishes to present the following conclusions which are

the result of this study.

(a)

()

(o)

(a)

(o)

On the baﬂ?n of submitted estimates predicated on current
prices, it: is believed that the chlerinator and aoccessories can
be marketed at a pr%it for under twenty=-five dollers. If

this be true, the design fulfills the purpose of this study.
Actual performance of the working model demonstrates that a
pump of this design is capable of delivering closely metered
quantities at a constant rate and further that it is capable
of handling very small quantities.

The author believes that the use of a clear plastic for the
chlorinrator head and main valve casing is a distinot advantage
in that the operation of main components is visible at any time.
It is recommended that only the commereial liquid sodium
hypochlorite solutions be used with this unit because of their
economy and ease of preparatione.

#Work with the model has sugg:out-red other possible uses. It may

be used as an injector of liquids into open or closed {low

. systems under either continuous or intermittant operation when

used with a driving motor. It may be used for pipetting
operations to deliver metered quantities and by & simple modi-

fieation eould be operated manually for such purposes



(f) The author believes that further study may lead to some re-
finement and improvement of the original desipgn and suech study
is contemplated.

(g) 1t is suggested that a simple and inexpensive residual chlorine
test kit be supplied with the ehlorinator is made commeroially

available.
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X APPENDIX

The following information is appended in the hope that is will

prove of interest. It is typical of information which should be pro-

vided in an instruction manuel to accompany the chlorinator if it

should be marketed. It has been abstracted from various sources.

Appendix (A) Recommended Solutions and Related Information.

(1)

(2)

()

Chloride of Lime. Chloride of lime, also known as "bleaching

powder” or caleium hypoechlorite is usually available in twelve
ounce cans at grocery and drug stores.

Chloride of lime contains up to 33 to 37 per cent by weight of
available ehlorine.

He Te Hae and Perchloron. These two compounds are practically

pure calcium hypochlorite. They are quite stable and it may
be assumed that they contain 70% available chlorine by weight.
Solutions of these compounds may be made up directly in the
solution resevoir of the chlorinator.

One 3 S/Z pound can of either compound will make 30 gallons of
solution conteining 1% (10,000 p.pem.) aveilable chlorine.

Sodium Hypochlorite. Sodium hypochlorite also known as liquid

bleach may be purchased from grocery and drug stores under

various trade names. Zonite, sold in drug stores as a medi-
einal product contains 1% available chlorine by weight., Most
solutions sold in grocery stores under a variety of nemes con~-

tain about 6% available chlorine by weight.

40w



(4) Computing Required Doses of Chlorine or Chlorine Compoundse
Suppested procedure for computing chlorine doses iz based upon
simple tabuletions. Ceneral formulae are given for computing
tests under varying conditions when the tabuletion may not be
adequato.

Table I gives the weights of chloride of lime wi;:h assumed
strength of 25% and also weights of H.T.H. or Perchloron with
e strength of 707 of available chlorine by weight which are
required to prepere e stated volume of 1% chlorine solution

which strength is convenient for use with hypochlorite feedors.

Zable lo. 1, Jlluairating Height af Chlaride of line, fal.le acd Percholan
Reduired to Prepare Stated Volume of 1«0 Por Cenk (0.01) Solution.

Volume of Solution in Gallons feight of 257 Weight of TO%
Strength Chloride Strength HiT.H.
of Lime Requiwec or Perchloron

Pounds | Cunzes Poundg | Ounces

10..O..OOD0.0'..O..‘Q.Q..OQQ.‘DIOb O 6 O ) 2

B..l..."..‘.'...".‘..I....QI.O. 1 12 0 10

IOOOQOOIQOOQl.QI.l....‘..l'..OOOOIb 3 5 1 8

ZOCOOQQ.OQCQGOOOQIO.'QGU.00.'..0‘0 6 ? 2 6
3060--.ooonouaoacoocooototootuoooob 10 O 8(075) 9
w.-..ouoatoanoooonootoo--ovoooooo 13 5 ‘ 12
50.0..’0.0"0....'.i".....l'.O.Q‘P 18 5 s 15

Hote: Weights are fipured to the nesrest ounce.

Tahle II gives the emount of the 1% solution so prepared whieh is
required for the disinfection of the volumes of water noted.
The basie figure to keep in mind for the use of the 1% solution is

that one pallon of the solution will provide a dose of 1 pepeme

=4le



to 10,000 gallons ofyntet.

Sodium hypoehlorite solutions need only be diluted to the desired
strength. Household ﬁloaohes oontqining 1% to 5% available ehlori*.
are sultable for treating small volumes of water.

The required volume of diluting water must be computed by including
the volume of the stook solution as part of the final volume of the
diluted solutiones Thus, 6% strength solution diluted to 1% would
require the use of 1 part of stock solution and 4 parts of water to
give 6§ parts of dilute solution of 1/6 the original strength. Table

Hoe 2 illustrates this fact.



Illustrating Volume of 1 per cent and 6 |
per 24 hours end Rates of Flow and Solution™

TABLE HO, 2

Treating Water Flowing at Rates of 1 to 20 gallons ver minute.

. Strength Hypoehlorite Solution Reguired

sy 1 to Provide & Dose of 1 pepeme hen

Rate of Flow of

Total Quantity of

Total Quantity of

Time Required for Flow

Treated vater 1 per cent solution 6 per cent solution of 1 gallon
Hequired per 24 hrs. Required per 24 hrs.
Gallons|Gallons|Gellons i v 1% soln. 8% soln.
per per per gals. mlse gals. mls. days deys
minute | hour |24 hours :
1 60 1440 0.144 5456 0.023 109 84940 34,700
4 240 6760 0576 2180 Cells 436 1.736 84680
8 480 11520 1.152 4360 0230 872 «»868 4.340
12 720 17280 1.728 6540 0.346 1308 «578 2.890
16 960 23040 2,304 8720 0.461 1744 «434 20170
20 1200 28800 2.880 10800 0.574 2180 «3486 1.726




Table No« 3 may be used as a pguide in preparing dilute solutions.

Table los 8, Illuetrating Volume of Stock Sodium Hypochlorite Solutions
ieeded to Prepare Stated Volume of Dilute Solution Containing 1.0 per
cent Available Chlorine by ileight.

Volume of Dilute Solution to be Prepared

(140 per cent available chlorine)

Strength ;
of Stoek 5 gallong 30 gallons 80 pallons |100 gmllons
Sodium :

Hyvochlorite Vole Vol Vole | Vole| Vole Vole | Vol, Vale
Selution D41e | Stock | Dile | Stoek| Dile | Stock | Dile | Stook
(See label) Viater Scls | Wiater | .Sol.| Water 8ole |Vimter Sol.

1 0 5 . 0 50 |o 60 0 100

2 212 |21/ 15 15 (25 26 50 50

3 313 |12/ 20 10 |34 16 : |ee2/8| 33 1/
4 $8/e |11/a 22 1/2| 7% |s7% 123 75 25

5 4 1 24 g |e0 10 80 20
10 41/2 l%‘x 27 ,,,g 46 5 90 10

15 42/3 28 2 |482/5| s1/3 |98 1/3| 6 2/3

lote: Add one part of 14% strength stoek solution to 13

give 14 parts of 1% solution

Formula:

parts of water to

Cases may arise where Tables 1 and 2 are of limited assistance in which

case, the weight of chlorine compounds required for the disinfection of

known volumes of water with desired doses of chlorine may be computed by

the use of Formule Yoe le

(1)

Cale water treated x Desired lose

7 strenrth

Pounds of Chlorine Compound (Powder) e

oDelie X 803

of Compound ¥ 1,000.000 ———

The per cent of ehlorine compound should be expressed as a decimal.

The strength of the solution prepared in this way would be eomputed

by Formule !oce. 2 as follows:




(2) Percent Strength of Solution =

xsrmuc%xmorcw
allons of Solution x

In this case also the per cent strength of solution is expressed as

a decimal.

It may be desirable to compute the gallons of solution required for
specifie conditions. Two formulee are available for this purpose.

(8) Callons of Solution »

Dose in pepelme x Gsndm of iiater Treated
% §tnh‘ Solution x T,W.m

Formula 3 gives gallons of sclution required for a stated dose, the
gallons of water to be treamted and the per cent strength of solutione

Formula 4 gives the amount of water which is needed to prepare a
| solution of any desired strength when & piven mmber of pounds of chlorine

eompound of known strength is used.
(4) Gallons of Solution =

% Strength C x Pounds of Compound
% Etuﬁ a% goiuﬁm x 8.8

The weight of available chlorine in any glvcn volume of solution of

known strength may be computed by formula 6:
(5) Pounds of Availeble Chlorine =
Callons of Solution x % Strength of Solution x 8.3
The dose of chlorine applied may be ocomputed from gallons of solution

used of known strength and the volume of water treated by using formula “‘6.‘



(6) Dose in PePelle &

Strength Solution x Callons Solution used x 1}000‘000
olume of Walter

Appendix (B) Procedure for Chlorine Demand Test

Reagents: (1) Standard Orthotolidine reagent
A2) Commeroial "Zonite" solution which eontains
“Spproximately 17 available chlorine by weirht.
(Urless this solution has been standardized,
- the results will be approximate.)
uipment: OUne medieine dropper which will deliver 20 drops per

milliliters Ten lequart fruit jers marked at §00 ml. pointe Ten
2ecunce bottles marked at 20 ml. pointe Glass stirring rode.
Permanent color standardse
Procedure: Masasurement of samples: Fill each jar to the 500 mil-
1iliter mark with the water under test.

Addition of Chlorine: While stirring constantly, add one drop of

"Zonite” to water in the first fruit jar, two drops to that in the
second jar, three drops to the third, etc. Each drop of "Zonite"
represents a chlorine dose of 1.0 pspeme

Contact Time: Hold the samples for 10 minutes before testing. Do

not allow the samples to be exposed to strong ‘dq'li‘gm during this
poriod. ‘
Examination of Sampless At the end of the contact time, remove &

20 milliliter portion of each sample, place it in a itwo ounce bottle,
then add 1 milliliter of orthotolidine to each. Determine the
residual chlorine by comperison with permanent standards or by means

of a chlorine comparator.



Calculation: BSubtract the parts per million of residuval ochlorine
from the parts per million of ochlorine addeds These values _uio the
chlorine demands expressed in parts per million of the sample at the

respective dosages,

Appendix C: Determination of Residual Chlorine.
Orthotol Jdine Test = Trop Dilution Method.

Materials: Comparators or llessler tubes. Iedicine dropper that will
deliver 20 drops per milliliter. Chlorine standards, Orthotolidine

solution.

Reaprents and Samples: Use 0.6 milliliters of orthotolidine in 10

or 15 milliliter comparator tubes. Use the seme ratio for other

volumes.

1. Pi11 the cell or tube to the mark with distilled
water ard mix thoroughly.

2. add to the cell or tube one or more drops of the
chlorinated water (mixing thmufhly efter each dfgp)
until an easily readable eolor s produced. 4
8. Compare color with repular chlorine color standards, )

Contact Time: As chlorimated water with such concentration of

chlorine contains only active chlorine, the color development will
be rapid and may be read almost at once.
Calculation: The chlorine residual in the chlorinated water may be

computed from the formula.

Volume of cell in ml. = ohlorine

Residul Chlorine (pepems) = —F—oroae

Standard matched.

-4



(28) (capacity of ecell

A e x 0.20(reading) = 2.0 pepeme

liote: The equimment neeled to periorm the residual chlorine test by
this method is very simple and ocan be inecorporated into an inexpensive
test kit to be supplied with the chlorinatores It has a further ade

vantage in that only one color staniard need be supplied with the kit.
k.
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