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UNITED STATES MARINE CORPS
Utilities Instruction Company
Marine Corps Engineer School

Marine Corps Base

Camp Lejeune, North Carolina 28542
- U-10£0¥
Oct 1983
: (D-514)ed
STUDENT OUTL INE

M12A1 DECONTAMINATION APPARATUS

PURPOSE: The purpose of this period of instruction is to provide you with
knowledge and skill to perform operation procedures on the Decontamination
apparatus. '

STUDENT REFERENCE(S): TM 3-4230-209-12

TERMINAL LEARNING OBJECTIVE(S): Tasked to operate a decontamination unit for a

decontamination team and provided with an M12A1l Decontamination Apparatus, fuel,

and wa?er, operate the unit in accordance with TM 3-4230-209-12, chapter 3.
(1.5:%

ENABLING LEARNING OBJECTIVE(S): Provided with an M12A1 Decontamination
Apparatus, fuel, and water:

1. point ovt tre major corponents of the unit. (1.5.2a)

2. install the unit. (1.5.2b)

T perform before operation maintenance on the unit. (1.5.2c¢)

4. start the unit. (1.5.2d)

5. adjust the unit. (1.5.2e)

6. shut the unit down. (19 2F)

7. perform aftér operation maintenance on the unit. (1.5.29)

in accordance with TM 3 4230-209-12, chapter 3,

QUTLINE:

1. DESCRIPTION OF THE UNIT

a. The Decon Unit is not really part of water supply equipment, but since
it does contain a water pump and engine, it is in most cases operated and
maintained by the Water Supply Men.

b. The Decon Unit consists of three parts: A - Pump Unit Assembly, B -
Tank Unit Assembly and C - M2 600 GPH Skid-Mounted Liquid Fuel Water Heater.
The Decond Unit Model is ABC-M12Al. '

c. The ABC-M12Al Decon Unit is intended for field use, and it is used for:



(1)
(2)
(3)
(4)
(5)
(6)

Spraying decontaminating materials.
Firefighting with water or foam.
De-icing.

Cleaning vehicles.

Pumping various fluids.

Showering personnel.

The Decon Unit is NOT AUTHORIZED for use with:

(1)
(2)
(3)

Defoliants (killing vegetation) Ex: Agent Orange
herbicides (killing plant life)

Insecticides (killing insects)

2. PUMP UNIT ASSEMBLY

a.

Corsists of

(1) Skid Assembly

(2) Frame Assembly

(3) Cover Panels

(4) Gasoline Engine, which is:

(5)
(6)

Fuel Tank

Prime-Detergent Tank
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(7) Water Pump

(8) Water piping system
(9) Battery -
(10) Two 50 ft. discharge hoses

(11) Generator

{12) Control panel

(13) Connector panel iocated at the back of the unit contains suction
hose and two discharge hose <onnections.

{14} Cover
(15) Exhaust pipe extentions

(16) Three types of nozzles for the gun assembly

(a) Slurry nozzle
(b) Fire hose water nozzle
(c). Fire hose foam nozzle

b. Tank Unit Assembly consists of:
(1) Tank - Maximum working capacity of 447 gallons.
(2) Suction hose

(3) Foot Valve
(4) Blender hose

(5) Tank Drain Valve regulates the flow of water from tank
(6) Hopper-Blender Assembty
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(7) Personnel Shower Assembly

c. M2 Water Heater

(2)

(2) The M2 Water Heater consists of: '

(a) Fuel and ignition system
(b) Combustion system
(c) Control system

The M2 Water Heater has a multi-fuel capacity.

U-10E03

~ (ON TP-6)
(1) The M2 Water Heater is a fully enclosed, skid-mounted unit

(OFF TP-6) "

NOTE:  If using gasoline, mix 1 pint of No. 2 burner fuel oil or diesel with
each 5 gal. of gasoline. This is to prevent “freezing" of the fuel pump.

d. Controls and Instruments

(1)
(2)
| (3)
(4)

(5)

(6)

()

Voltage Regulator Switch

Valve No. 1 - Offset

Valve No. 2
Valve No. 3

Fuel Indicator Switch

Fuel Quantity Gauge

Vacuum Gauge

S0-4
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(8) .Generator Warning Light
(9) Fuel Shutoff Valve

(10) Low 0il Pressure Switch
(11) Sfart-Magneto-Switch
(12) Pressure Gauge

(13) Tachometer-Hourmeter

(14) valve No. 4

(15) 0i1 Pressure Gauge

(16) Throttle

(17) Pump Drain Valve

(18) Tank Drain Valve

(19) Water Pressure Gauge

(20) Fuel Pressure Gauge - Th
fuel being supplied to the fuel nozzle
required for different types of fuels

(a) Gasoline - 75 PSI
(b) Jpr-4 - 75 PSI
(c) Kerosene - 70 PSI

is gauge indicates the pressure of
. Different fuel atomizing pressures are
used.

(d) No. 2 Diesel or Fuel 0il - 60 PSI

S0-5
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(21) Water Temperature Gauge

(22) Temperature Selector Control

(23)» Heater On-Purge On Switch

3. OPERATION OF THE DECON UNIT

a. Starting Pump Unit Assembly

(1) Pre-Operation Check

(a) Perform visual inspection

(b) Inspect and install gun assembly

(¢) If using showers

(d) Close pump drain and valves No. 1, 2, 3 and 4.
(e) Fill prime-detergent tank wi;h water.
(f) Open valve No. 4.

(g) Connect suction hose

(h) Connect the other end of suction hose to the drain valve on
the tank unit.
(i) If running the Decon Unit indoors

(j) Check oil level in the engine crankcase

S0-6



U-10E03

(k) Make sure that the finger nut on the sediment bow! beneath

the fuel tank is open.
: {

(1) Open fuel shutoff valve.
(m) See that adequate fuel is in the fuel tank

(n) Check the air cleaner intake shutter.

(0) Set the manual choke control at half throttle position.

(p) Set the air control handle

(q) Make sure that engine cover is properly installed over the

engine and clamped in place.

(r) Fill tank unit with water
(s) Open tank unit drain valve

(t) Make sure battery cables are properly connected

(u) Set the throttle at half way open position.

(2) Starting Pump Unit Assembly

(3)

inches of mercury, depending on the height of the pump above the level of water.

(a) Press in the low 0il pressure switch and hold it

(b) As soon as the engine starts

(c) Adjust the throttle unit 3850 RPM

Operational Adjustments

(a) The pump suction vaéuum gauge may be indicating from 0 to 15

When the g?np is fully primed, pressure gauge indication should be.betweep 60

and 120 P

(4)

(b) Close valve No. 4
(c) Open valves No. 1 and 2 or 3

Engine Shut Down

S0-7
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(a) Turn down engine throttle

(b) Turn the start-magneto switch
(c) After engine stops

(d)

b. Water Heater

(1) Fre-Operation Check
“a) Connect the stem and nut end of the blender hose to the open
end of the lower discharge pipe connector
(b) Connect the quick-disconnect coupling half end of the blender

ncse to the quick-disconnect inlet coupling half on the M2 water heater.

(c) Open the cover on top of the M2 water heate,
(d)

(e)
(f) Connect the fuel tank piug end of the fuel hose to the 5-gal
gasoline can
| (g) Remove caps from the quick-disconnect coupling half hose
| connectors at the skid assembly base :
NOTE: Make certain that the voltage regulator switch is in the OFF position.

(h) Make certain that the power cable or the water hose do not
pass over the exhaust stack.

(i) Close Valve No. 1.

(j) Open Valve No. 2 and/or 3

NOTE: Circulate only clear water through the boiler to avoid damage to the M2
water heater.

S0-8
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' (2) Starting the M2 Water Heater

(a) Make sure the heater-on purge-on switch on the heater unit
is set in purge-on position.

(b) Make sure the voltage regulator switch

(c) Start the pump unit.
(d) Place the voltage regulator switch in the ON position.

(e) Operate the unit in purge-on position for 2 minutes

(f) Place the heater-on purge-on switch in the "heater-on"

position. :
(g) Adjust the temperature selector
(h) If operation is satisfactory

(i) Readjust for desired water temperature

(3) Deactivate Heater

(a) Place the heater-on purge-on switch to purge-on position.
(b) Continue to cycle water through the boiler until

(c) Place the voltage regulator switch in OFF position.

(d) For short shutdown the unit can be left like it is.

c. Operators Maintenance

Refer to TM 3-4230-209-12, Chapter 3 and TM 3-4410-201-12, Chapter 4 for
the weekly and monthly maintenance services. :

S0-9
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INTRODUCTION TO WATER SUPPLY

When primitive man found that his land was unfit for producing water
from wells, he joined his tribal brethren in a communal enterprise to put
down a well, or convey surface water in channels, where all could get
water. An early instance of a community well is recorded in the 26th
chapter of Genesis; the herdsmen of Isaac struggled with the natives of
the valley of Gerar, for the possession of wells in the valley, one of
which was reputedly dug by Abraham, but filled by by the Phillistines.
Some centuries later Hezekiah made a pool, and conduit and brought water
into the city of Jerusalem (II Kings: 20, 20). The woman of Samiria
(John 4:7) drew water from a well donated centuries before by Jacob.

Pliny, the Younger, who had been connected with public works in Rome
in the 1st Century A.D. and was a friend of Forontinus, the author of a
treatise on the water supply of Rome, praised the early artisans, "if we
only take into consideration the abundant supply of water to the public;
baths, ponds, canals, household purposes, garden, places in the suburbs,
and villas; and the reflect upon the distances that are traversed, the
arches that have been constructed, the mountains that have been pierced,
the valleys that have been filled up, we must of necessity admit there is
nothing to be found more worthy of our admiration throughout the whole
universe." The conduits of the Romans were of the gravity type, perforce,
as they antedated by centuries the invention of pipes and of pumps thet
could withstand necessary pressures.

Similarly, of remote antiquity is the appreciation of the relation of
the drinking-water supply to disease. In the Lth century before Christ,
Hippocrates, termed the Father of Medicine, advocated the boiling and
filtering of polluted water before drinking. Pliny, the Elder, in his
Natural History (about 70 A.D.) discusses the characteristics of potable
water. Water treatment may have originated in China, or India, thousands
of years ago. From olden times, the Chinese were accustomed to putting
Alum in tubs of water to clarify it. The same thing was done in Egypt.
Elisha is recorded in (II Kings 2: 19-22) as treating worthless water
(" the water is naught") with salt so that it became usable "unto this
day". This probably occured in the reign of Jethosophat about 900 B.C.

The treatment of water to remove pathogenic or organisms which are pre-
valent in many natural sources of water supply after pollution by man,
had its beginning about 1892, after Dr. Robert Koch had traced the cholera
epidemic in Hamburg, Germany, to its unfiltered raw water supply, by ob-—
serving that Altcna, on the opposite bank of the Elbe, which used the same
river water, but filtered it, had no cholera. Previously, since 1855,
London had been required by parliamentary statute, to filter its water
supply through slow sand filters, but the efficiency of the process was
clearly demonstrated by Dr. Koch. Filters were not introduced in
America until about 1870 and were of the slow type; the first important
modern rapid-sand filtration plant was built in 1902 at Little Falls, New
Jersey, and is still used by the Passaic Valley Water Commission.



In 1912, liquid chlorine was developed for the disinfection of water
supplies, and the subsequent development of modern equipment for its
automatic supplication has made this procedure standard practise for
combating pathogenic bacteria, with less and less reliance being placed
on other treatment processes.




MILITARY WATER SUPPLY

WATER PROBLEM: IMPORTANCE

In order that you may understand the importance of water, we must
understand the three major essentials of modern warfare.

21) WATER
2) AMMUNITION
(3) RATIONS

Of these three WATER is considered to be the most important. Tactical
missions cannot succeed unless troops have enough safe water. Depending
on the situation, a Marine could live indefinitely without rations or
ammunition. If a Marine had no ammunition, he could hide and deceive the
enemy for a long time. If he had no rations, he might replenish it by
living off the "fat of the land". He could kill animals, eat berries and
vegetables that he may find. However, this is not true of water, water
is more important than food. A man cannot live without water. During
extreme heat or extreme physical exertion lack of water can put a man out
of action in 16 hours, less than a day. Untreated or improperly treated
water almost always contains enough disease germs to make it dangerous to
drink. Water must be rendered safe for human consumption by treatment to
eliminate disease germs and injurious chemicals. A Marine's water supply
affects his health, general welfare, combat efficiency, and morale. The
health of the entire command is in the hands of YOU, the water purification
equipment operators. You must know your job and be capable of doing it
right.

QUANTITY

The Marine Corps requires large quantities of treated water. The follow-
ing table shows the minimum daily water requirements for Marines in combat,
on the march, and in bivouac, camps, or hospitals, and the daily average
requirements for vehicles, and under different climates.

DATLY WATER REQUIREMENTS

CONSUMFR CONDITION CONSUMPTION REMARK S
OF USE (gal. per day) -
Man Combat, +-1 For period not ex—
Minimum ceeding 3 days.
Normal 2-3 Drinking plus small

amount for cooking
and personal hygiene.

March or Bivouac 2 Drinking plus small
amount for cooking
and personal hygiene.



CONSUMER

DATLY WATER REQUIREMENTS CONTINUED

CONDITION
OF USE

CONSUMPTION
(GAL. PER DAY)

REMARKS

HOSPITAL

MOTOR VEHICLE

Temporary camp
without bathing or
sewage facilities.

5

Temporary camp w/ 15

bathing facilities.

Semi-permanent camp 30 - 60

Permanent camp 60 - 100

Drinking and cooking 10 = per bed

With waterborne 50 - per bed

sewage.

Level and rolling 1/8 to 1/2

country

Mountainous country  1/4 to 1
(Table 1)

Desirable for all
purposes. (Does
not include bath-

ing.)

Includes allowances
for water borne
sewage.

Includes allowances
for waterborne
sewage.

Minimum does not
include bathing or
waterborne sewage.

Includes water for
medical personnel

Depends on size of
vehicle.

Depends on size of
vehicle.




RESPONSIBILITIES

The responsibilities for water in the Marine Corps is shared by the
Unit Commander, the Engineer Battalion, and the Medical Department.

UNIT COMMANDER

The Unit Commander is responsible for all units and individuals of his
command having the required amount of safe drinking water at all times.
He must make clear to every individual the dangers in drinking unsafe
water. He must enforce strict water discipline.

ENGINEER BATTALION

The Utility Section of the Engineer Battalion is responsible for making
available a supply of treated water for all purposes to all Marine Corps
units. It is responsible for the design, procurement, installation, opera-
tion, and maintenance of water supply equipment. In addition, it makes
water reconnaissance, develcps water sources to meet requirements and
treats and dispences water. It works closely with the Medical Department
to make certain the water is safe to use.

MEDICAL DEPARTMENT

The Medical Department is responsible for determing whether or not
water is safe, and for making recommendations to proper commands. To do
this, the medical department inspects water points, and sources, tests
water, and in general, works closely with the Utility Section of the En-
gineer Battalion, to insure that water is properly treated and distributed.
In addition, the Medical Department studies and makes recommendations
about the design and selection of water supply equipment.

WATER DISCIPLINE RULES

The Unit Commanders are responsible for informing his command of the
water discipline rules, which are as follows;

1. Drink treated or approved water only.
2. Do not waste purified water.
3. Protect sources of water by practicing good sanitary habits.

WATER SOURCES

l. Existing public systems. (First consideration if safe)

2. Existing wells or springs. (Usually better than surface sources)

3. Surface sources:
a. Rivers b. Streams c. Lakes d. Ponds

L. New ground water sources (not practical unless in rear echelons, or
when surface water sources are highly contaminated (as in Asia)

5. Sea Water (Distillation)



WATER SOURCES CONTINUED

6. Rain water.
7. Snow or Ice.

WATER QUALITY

Water for military use must be treated to the degree required, and be
free of disease-producing organisms, poisons, CBR agents, and excessive
amounts of mineral or organic matter. Under these conditions the water
is safe for drinking, cocking, washing. In addition when time permits,
the water should be clear, cool, and free from objectional tastes and
odor. BEvery effort should be made to provide troops with high quality
water. Remember, absolutely pure water is never found in nature.

WATER SUPPLY TERMINOLOGY D

l. CONTAMINATED WATER This is water that contains germs or other sub-
stances which make 1t unfit for use. The impurities usually cannot be
detected by sight taste or smell.

2. POLLUTED WATER Contains substances which make it objectionable be-
cause of the appearance, taste, and odor, and can usually be detected
very easily. Polluted water is usually contaminated, although contamina-
ted water does not necessarily have to be polluted.

3+ PALATABLE WATER Is water that is pleasing to the taste, but not
always safe to drink. It can contain harmful impurities which cannot be
detected by sight or taste.

L. POTABLE WATER Is water that is both safe and drinkable. All harm-
ful impurities have been destroyed or removed by the complete purifice-
tion processes that we use.

5. PARTS PER MILLION (ppm) ratio by weight of the parts of a substance
in one million parts of water by weight. (Example, one pound of sugar to
one million pounds of coffee).

6. GRAINS PER GALILON (gpg) unit expressing the ratio of chemicals in,
or to be added to a gallon of water. (One pound equals 7000 grains).

HYDROLOGIC CYCLE »

The Hydrologic cycle is the term used to describe the natural circula-
tion of water in, on, and above the earth's surface. Water occurs in many v
forms as it moves through this cycle. On the next page is a simplified
illustration showing the steps in the cycle. The steps in the hydrologic
cycle include precipitation, evaporation, infiltration, transpiration and
runoff. Water is placed in the air by evaporation from water and land
surfaces, and by transpiration from plants. It is then condensed to pro-
duce cloud formations, and returned to earth as rain, snow, sleet, or




hail. A portion of the percipitation evaporates, some flows over the
earth as runoff into lakes and streams, and the remainder goes into the
soil and thence into underlying rock formations by seepage or infiltration.
Eventually, the water which has seeped through the earth will find its

way to the surface through springs, or will flow through porous media
until intercepted by streams, lakes, or the ocean.

SOURCES AND COLLECTION Hydrological conditions as to rainfall, runoff
and percolation must be understood in developing and collecting a water
supply. Rainful infiltrates into the soil, runs off over the surface, or
is transpired by vegetation; evaporation follows; then condensation into
cloud formations, and returns to earth as rain or snow; this is known as
the hydrologic cycle. Although precipitation is the source of all water
supply, only a small part is divertible by man to his own uses, since less
than half of it sppears promptly as stream flow, the remainder undergoing
either infiltration into the porous substrata, transpiration from vegeta—
tion, or evaporation and transpiration is not available in the immediate
phase of the hydrologic cycle for man's use. On Long Island, where there
are no surface streams of fresh water of any appreciable size, all the
water supplies are derived from the ground-water, rain-water which has in-
filtrated into the porous substrata. It has been found by the water
works officials on the island that the safe yield of the aquifers is about
one half the rainfall, the rest running off to the sea over or through the
ground, or lost through evaporation and transpiration.

SOURCES OF IMPURITIES

Water gathers impurities as it goes through its natural cycle. It
first picks up the organisms, dust, smoke, and gases which f£i11 the air
through which rain, snow, hail, and sleet fall. Rain water then is not
pure, although it is relatively free from dissolved minerals. Water flow-
ing over the earths surface picks up dirt, disease organisms, chemicals,
or anything else in its path which can be dissolved or moved. Water which
soaks into the ground loses some of its suspended impurities as it filters
through the earth. However, although it becomes clearer, it dissolves
minerals and their chemicals at the same time. Ground water then may be
clear, but it is not pure and may contain harmful organisms as well as
chemicals.

TYPES OF IMPURITIES All impurities in water are either suspended or dis-
Solved. Each of these main classes can be further divided as shown in
table 2. Suspended impurities are usually more dangerous to health than
dissolved impurities. The suspended impurities consist of mineral matter
such as sand, silt, or clay, of disease organisms such as bacteria or pro-
tozoa, and of water plants such as algae. It is absolutely necessary to
remove or destroy the disease-producing organisms in the water to be con-
sumed by troops.
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COMMON IMPURITIES IN WATER

' 2] - Organisms Some cause disease.
5
% Algae Cause taste, odor, color, turbidity.
% Suspended solids Cause murkiness or turbidity.
Bicarbonate Causes alkalinity, hardness
g Calcium and | Carbonate Causes alkalinity, hardness,
a2 magnesium evaporator scaling.
. Sulfate Causes hardness, evaporator
scaling.
Chloride Causes hardness, corrosive to |
. boilers.
Salts
Sodium Bicarbonate Causes alkalinity.
Carbonate Causes alkalinity.
Sulfate Causes foaming in steam boilers.
Fluoride Causes mottled enamel of teeth.
Chloride Causes salty taste.
Iron Causes taste, red water, incrusta-
‘ tions on metal.
Mangangse Causes black or brown water.
Vegetaljle Causes color, acidity.
dye
Oxygen Causes corrosion of metals.
Carbon dioxicﬂe Causes acidity, corrosion of
0 metals.
A Gases | Hydrogen sulflide Causes odor, acidity, corrosion
= of metals.
E Nitrogen No effect. |
S
H
. 0
z
: a
a
(Table 2)




WATER CHARACTERISTICS

Water takes on various characteristics or properties depending on
the substances which it meets. These characteristics and properties
include turbidity, color, taste, odor, Ph value, and dissolved
gaseous and mineral substances.

TURBIDITY Turbidity is a muddy or unclear condition of water which
is caused by suspended material and must be removed to
make the water potable.

COLOR Types of color found in water.

1. True color - Caused by dyes from decaying vegetation and
organic substances.
2. Apparent color - Caused by suspended solids.

How removed.

True color by aeration and activated carbon.
Apparent color by coagulation and filtering.

Odor and Taste

Caused by algae, decomposing organic matter, dissolved gases,
and industrial waste.

Most prevalent in surface water and warm water.
PH VALUE
Q. What is PH value in reference to water?
A. Measurement of acid and alkaline strength in water.

Q. How measured?

A. On a PH scale.

"lL'_"
Maximum

Alkalinity

PH SCALE
10




How petermined - With a water testing comparator.
A Ph of 7.0 is no indication of pure water.

The Ph range of most natural water is 3.4 to 9.0.
The Ph which produces the best treatment has a Ph between 5.5 to 9.0.

DISSOLVED MINERALS

The amount of dissolved minerals in water is dependent upon how long
the water stays in contact with the minerals.

TRON AND MANGANESE

Gives water a disagreeable taste and odor and causes red water which
stains fixtures.

DISSOLVED GASES

1. Oxygen - Causes corrosion of metals.

2. Carbon dioxide - Causes acidity, corrosion of metals.

3. Hydrogen sulfide - Causes water to have rotten egg odor, acidity.
L. Nitrogen - Causes no effect to water.

WATER-BORNE DISEASES

Water carries many disease germs which, if contacted, may seriously

reduce the efficiency of the victim. These disease producing organ-
isms carried by water fall into two classes; those readily destroyed
by chlorination, and those that are chlorine resistant, although the
chlorine resistant organisms require careful treatment, they can be

destroyed by various treatments.

Tt is important to understand that water—borne diseases do not appear
immediately after drinking contaminated water. These organisms need
time to grow and multiply inside a man before they make him sick. The
time between drinking contaminated water and the apgearance of the
disease is called the incubation period. Absence of the disease
symptoms for several days after drinking the contaminated water is
therefore no guarantee that the water is pure. Lack of disease
symptoms among natives is no test of purity either, as they have
become immune.

TYPHOID FEVER is an intestinal disease, non-chlorine resistant and
can be destroyed by standard field chlorination, the colder the water
the longer the organisms live. In ice, they may live three months.

PARATYPHOID FEVER is very much like typhoid fever and readily destroyed
by standard field chlorination.

11



CHOLERA (Cholera Asiatica; Cholera Indica) - An acute, specific,
infectious and contagious disease affecting the terminal ileum of

the small intestines. It is caused by the Vibrio cholerae, the so-
called comma bacillus. The casual organism is a small, curved, motile,
gram-negative bacillus having a flagellum at one end. The disease is
confined entirely to man and the bacillus finds its way into the body
through the mouth, by way of contaminated food or drink. The greatest
single source of infection is a contaminated water supply, as exem—
plified especially by serious epidemics occurring in cities near the
river Ganges in India throughout many centuries and in the latter part
of the 19th century in Hamburg, Germany. The organism can persist in
water for as long as 7 days. Other sources are through insect carriers,
such as roaches and flies which convey the bacilli from human feces to
food.

HISTRY

Cholera has a long history and is said to have originated in the Far
East, perhaps thousands of years ago. Sanskrit writings indicate

that it existed many centuries before the Christian Era. It was first
described adequately, however, in comparatively modern times in the
year 1563, by Garcia del Huerto (1490-1570), a Protuguese physician

at Goa, India. The mode of communication by infected water was first
demonstrated in 1849 by John Snow (1843-1858), a well known physician
of London. Robert Koch of Berlin (1843-1910), discovered the bacillus
of cholera in 188L. Serious epidemics of the disease occurred in the
17th and 18th centuries but were confined to'Asiatic countries. The
great epidemics of 1826 to 1837 resulted in chlorea spreading to
Europe for the first time. Eventually it reached Marseilles, from the
eastern countries, and from there it spread to Paris. In the United
States it was first observed about 1832 and was in epidemic from 1835,
1836, 1849, 1854, 1867, 1873 and 1884. The last epidemic was in 1893,
but it was not assumed serious proportions since 1873, when it ceased
to be a menace. In the Philippine Islands it has existed in sporadic
form during the present century. The last epidemic of any size was

in 1911.

CHOLERA
Cholera is an infectious intestinal disease. This disease if con-
tacted is 50% fatal. Drinking contaminated water is the chief cause

of cholera epidemics. The organism is readily destroyed by standard
field chlorination.

BACCILLARY DYSENTARY

Baccillary dysentary is an infectious intestinal disease readily
destroyed by standard field chlorination methods. The organism
resists cold and will live in soil or on clothing for many days.
It is found in tropical and sub-tropical areas.

12




AMOEBIC DYSENTARY

Amoebic dysentary is an infectious intestinal disease. This organism
is a very small animal rather than a bacteria, and it resists ordinary
chlorination. Amoebic dysentary is primarily a disease of the tropi-
cal and subtropical regions, but it is also widespread in the temperate
Zones.

SCHISTOSOMTASIS (shis'~toe-so-my'-ah-sis)

Schistosomiasis is a disease caused by a small worm (schistosome)
entering the body either through the skin while bathing, swimming
or washing in the contaminated water, or by drinking the water.
There are three types of schistosomes:

1. Schistosome Haemotobium, found principally in Africa.

2. Schistosome Mansoni, found in northern South America and Africa.

3. Schistosome Japonica, found principally in Japan and China.

All types of schistosomes have a similar complicated life cycle.
Eggs

Eggs hatch into very small free swimming larva which cannot
infect the human body.

Larva

Before becoming infectious to humans, they must find fresh water
snails inside of which they change into the next form called
cercariae. If the larva does not enter a snail within 24 hours
of hatching they die.

Cercariae

They are highly infectious to humans, since they can go through
the skin. The cercariae can live only 36 hours in water.
Therefore, snail-free water which has been stored more than 36
hours is safe. Water highly contaminated with schistosomes can
be detected by its milky turbid appearnce.

COMMON DIARRHEA

Diarrhea is the name given to a number of intestinal diseases which
cramps and frequent emptying of the bowels. Usually caused by dirty
mess gear, food or drinking contaminated water.
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HEPATITIS, VIRAL Infectious disease of the liver occurring in two

known forms, each caused by a different virus and producing acute
illness with or without jaundice. One form, designated also as epi-
demic infectious hepatitis, has been known for thousands of years.
Epidemics of this type affect both rural and urban parts of the world
and reach tremendous proportions during wartime in army camps. The
second type of the disease was first recognized during World War IT
in the course of an investigation of the cause of over 50,000 cases

of jaundice. The cases occurred about three months after innocula-
tions with yellow fever vaccine containing human serum. Experimental
studies of the serum demonstrated the presence of an infectious agent
differing in several respects from the virus known to cause infectious
hepititis. The newly identified type, called originally serum hepa-
titis, is transmitted by injection of human blood or certain of its
products and by improperly sterilized needles used in hypodermic
injections. The two forms of viral hepatitis greatly resemble each
other. Organs other than the liver become involved as the disease
progresses. Early symptoms characteristic of the acute phase in adults
are abdominal pains, nausea and fever accompanied often by chills. In
children the disease is generally milder and some cases are entirely
symptomatic. The incubation period of epidemic infectious hepatitis
average about 25 days. It primarily affects the young, the incidence
decreasing sharply among individuals over 30 year of age. The virus
known to be present in feces during the acute and convalescent stage
and in the blood during the incubation period and acute phase. The
mode of transmission is from person to person or by fetal contamintion
of food or water. The case mortality in epidemics is estimated to be
less than 0.2 percent. In so-called serum hepatitis, the incubation
period is much longer, ranging from 6 weeks to 6 months. In addition,
the virus has been demonstrated in the blood only and it produces
illness more severe and of longer duration than that associated with
the other virus. Mortality rates as high as 20 percent have been
observed during outbreaks. In sporadic cases developing in patients
over 30 years old after blood or plasma transfusions, the mortality
rate was as high as 30 percent; it rose to 4O percent in the over 50
year age group. By 1956 no specific immunologic or diagnostic tests
had been found for either type of viral hepatitis.
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POISONED WATER

Water may be poisoned by mistake or on purpose. Lead in water,
certain industrial wastes, are the two major types of accidental
poisoning. Chemicals like those used in chemical warfare are the
most important of the substances used to poison water deliberately.
This section discusses the various poisons.

LEAD POISONING

Because the human body cannot rid itself of lead, the continual
drinking of water containing small amounts of lead eventually cause
lead poisoning. Often acid water such as rain or swamp water is
likely to pick up lead, especially if it is run through lead pipes.

FLOURIDES

Flouride in water is not a poison. Its only effect is to stain the
teeth of some childeren. It is believed that flouride may be
beneficial to the teeth.

CHEMICAL POISONS

Poisonous chemicals which may be used to poison water are; chemical
warfare agents, chemical agents are the greatest threat of large-

scale poisoning, because they can be sprayed from airplanes or spread

by aerial bombs and by shells over wide areas.

ATKATOIDS

Alkaloids such as nicotine, strychnine or colchicine can be used
to poison small water sources. Generally they are too difficult to
obtain for large-scale use.

CYANIDES

Cyanides represent a definite threat while in industrial areas.
These compounds, common in plating and other metal industries,

are highly soluble and poisonous in water.

HEAVY METAL SALTS

Very few heavy metal salts are soluble enough to poison water. The
more soluble ones are the acetates and nitrates of lead and mercury.

15



Manual of the Medical Department

Chapter 22 - General Provisions Concerning Preventive Medicine
Section V - Food and Water Supply

22=-1L. Water

1. The Medical Department is charged with the responsibility for
advising and making recommendations to insure an adequate supply
of potable water. The medical officer shall make periodic inspec-
tions and special surveys of water supply systems, including all
measures for purification, and make necessary recommendations for
the correction of any sanitary defects. 1In the event of an acute
water shortage, the medical officer shall advise the Commanding
Officer relative to the rationing of water.

2. In determining the potability of water, the medical officer may
use as a guide the Public Health Service Drinking Water Standards.

3. For purification of drinking water in the field, reference
should be made to the Landing Party Manual, U. S. Navy.

L. References should be made to the Bureau of Ships Manual for
the proper operation of water supply plants aboard ships and to the
Bureau of Yards and Docks Manual for Installations ashore.

Extract from Division Memorandum No. 255-54, Preventive Medicine
and Sanitation (1st Marine Division (Reinf), FMF, c/o FPO, San
Francisco, California) dated 19 November 1954

e o o0 oo .9 Water Supply

a. All water shall be considered contaminated until properly
treated or otherwise proven to be potable. Water shall not be
used for drinking, cooking, washing of mess gear, or bathing until
approved by a medical officer.

b. Water points, as required, will be operated by Engineer units.

c. Units or personnel unable to obtain water from authorized
water points or sources shall chemically treat water according to
established procedures in individual canteens or lister bags.

d. A minimum chlorine residual of 5 ppm shall be maintained in
all water use for potable purposes.

e. Activities shall submit water samples for bacteriological
analysis at weekly intervals. The Division Sanitation and Preven-
tive Medicine Officer shall maintain medical surveillance over all
water points and collect water samples for bacteriological analysis
as required.

16




10. Ice Supply

a. Only ice from authorized military sources will be used for
cooling foods and beverages including canned or bottled beverages.
Under no circumstances will indigenous or native manufactured ice

be used.
11. showers

a. BEvery effort shall be made to use only chlorinated water
for all shower purposes.

b. Showers shall be provided with wooden duck boards. Duck
boards shall be removed daily, weather permitting, scrubbed with
soap and water and sunned.

¢. Shower deck shall be scrubbed with soap and water daily.

d. Signs to the effect that the shower water is not potable
shall be conspicuously posted in all showers.

e. Proper drainage and disposal of shower water shall be
provided so that it will not create a nuisance or an unsanitary
condition.

12. Laundries

a. Where adequate facilities are available all laundry water
shall be chlorinated (5 to 7 parts per million chlorine, per
million parts water.)

b. Clothing drying lines shall be of sufficient height that
the lower part of clothing will be at least two (2) feet above
ground or vegetation.

Extract from actual Sanitation & Preventive Medicine Section, 1lst
Medical Battalion, lst Marine Division (Reinf), FMF, letter to
Division Surgeon, lst Marine Division (Reinf), FMF regarding "Weekly
water and ice cream analysis, report of:

17
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UNITEU STATES MARINE CUKPS
Utilities Instruction Cowipany
marine Corps tngirieer Scnoo |
iMarine Corps base
Lainip Lejeune, hortn Larulina 28540

u-lutUl
uLl 1984
(D-b5lo)gvr
UETAILEL CUTLIKE
INTRODUCTIUN TU MILITAKY WATEK SUPPLY
LIWTRGUUCT Tuly (5 rnlN)

1. GAIN ATTENTIGi: HOw long do you think you can go witnout tood betfore
finally succuibing tu starvation? Frive, ten, maybe tTifteen days? Actually you
could survive for tnirty days without fooa, maybe even longer. However, you
could only live about four days witnout water anu tnat i1s unuer iaeal
conaitions.

. PUKPOSE: To provide the stugent with tne «knowleuye ebout cnaracteristics of
weter, Cerms used 1n water supply, types of lapurities tournu in water, water
corne udiseases, ana poisons wihich may be found 1 water,

3. IiTkulUlt LEARIING UBJECTIVE(S)

d. ENABLING LeARNING OBJeCTIVE(S)

(1) Provided with a list of seven cnaracteristics of water and a list
oT the causes of tne characteristics, match each characteristic to i1Ls cause in
accoraance witn T b-70u, Chapter 2. (l.3.1a)

(2) Provided witn seven uerinitions of terus used in water Supply dndg a
list of terms used in water supply, Tor eacin getinition, in writing select the
term it defines in accordance witii Tin 5-70U, Chapter 2. (1.3.1D)

(3) Providea with uescriptions of four pnases of the nyaroloyic cycle
ana a list of four phases of the nyarologic cycle, tor each descrigstion, 1in
writing specify tne proper pihiase of tne nhydrolugic cycle in accoraance witn Ti
5-700, Chapter 2. (1.3.1c)

(4) Provided with a list of eiygnt nmpurities found 1n water ana a list
oT tne erfects ut dmpurities found in water, malcn each Tmpurity to 1ts efiect
in accoruance witn Tm 2-7UU, Lnapter ¢. (l.3.1u)

(5) Proviuveud witn a list of $ix waler vorne diseases dana a |i1st of
three categories of uisease, for each water uvurne aisease, in writing select tne
category ot the disease in accordance with T 5-70U, cnapter b, (1.3.le)

(o) Provided with a list of Six puisouns wiich may be found 1n water anu
a list of water treatuents to neutraiize eacn poisun, mwdtcn edach poison tu its
water treatiment in accoruance with T b=-70U, chapter 5. (1.3.1f)

0. I will vu tnis by lecture.
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TrANSITIVI: Une oT tne tirst tinings we nust understand are soie important facts ""
aboutl ueiand and quality. '

ULy (un TP #1) (4u mlIn)
1. IriPUKTAILE
a. In nodern warfare tnere dre tnree major essentials needed to survive.
(1) water
(¢) Aumunition
(3) Rations

D. 1t only seems logical that water shoulu be at tne top of tne list. We et
are irained Lo evade the eueiy ang even aestroy tue enewy at close couwatb it our

Supply of amnunition snould ve cepleteu. Wwe coula survive oft ot swall animals ﬁ:
and veyetation snould tne rdations run out. You can yet water trom various 2=
sources, fnowever, you cannotl e cerctdin 1T Lhis water is sate LU Urink anu you 0:
mignt cause severe narii to yourself. -

25
TeanSITIUN:  Witn Tnis in wmind, let uS direct uur attention to tile waler o-
requireinents. >

2. wATER ReQUIKEMERTS

. a. [TIne mission of tne water supply wman 1s to supply tne troocps with envugh
drinking water tnat is ooth sare and pleasing to tne taste. Ineretore, jou

siould ve Taniliar witn tne aiount of water requireud four eacn wmen per day under %:
various conagitions. z2=
e

(UN TP #Z URILY WATER KeQUIKEMENTS)

(1) counibat - Une iialf to one yallon for perivus not exceedlny three
days when iess rations are usea. Tnis 1s the winimui.

(2) Lompat (Normal Conaitions) - Two yallons when tiela rations are
| usea. Une gallon is fur drinking ana the otner gallon is tor a small aiount of
cooking or personal iyyiene,
(3) iwarcn or bivouac - Two yallons winiwui tor all purposes.

(4) Temporary Camp - rive yallons wnich is desiravle tor all purposes,
but does not include vatning anu sewage.

(5) Tewporary Camp (witn bathing taciiities) - ritteen yalluns
win i,

(o) Sewipermanent Camp - 3U to vV galluns incluaing allowances tor
water borne sewaye.

(/) Perwanent Camp - U L0 lUU gallons.
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(&) Hospital - Ten gallous per ved for drinking and cooking ana tifty
gallons per ved witn water sewdge.

L. f{uality urinking water nust pe Tree of disease proaucing organisiis,
Loisonous cnemicals, ana objectionable color, odour, anu taste. All untreateu
water is consiuerea unsafe until approvea by a medical officer,

TRANSITIUN: wNow tnat we know a Iittle about wnat tne water requireients are,
lets look at wnere we obtain tiiis water froi.

3. SUULKLES

a. MwWater may ve obtainea from streaiis, rivers, lakes, wells, springs, snow,
or ice. ;

b. In populated areas, establisned wunicipal Tdacilities snould be utilized
wnen possible. Tine first consideration sinoulu always ve yiven to existing
punlic sources.

C. WUtner possivle sources snould ve consiuerea 1n the tollowing oruer.
(un TP #3  SUURLES)

(1) existing wells or springs.

{(z) osurface water sources, such as rivers, streams or lakes.
(3) New ground water sources.

(4) vistillation of sea water.

(5) Snow and ice.

(o) Kain water.

TRANSITIUN: Lets talg about Che responsivilities thal we have in assuring that
water 1S safe for arinking.

4, KESPUNSLIoILITIES

(U TP #4  RESPUNSIBILITIES)

d@. The responsibilities are shared Ly Lie unit Comander, engineer
battalion, and the medical department,

D. The unit commander is responsivle for all units ana inaividuals of nis
commlany naving tue required awount of safe arinking water at all Cunes. He nust
ake clear to every inaiviadual tne uanger in urinking unsafe water. he ust
enforce strict water aiscipline,
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C. The utility section of the engineer battalion is responsible Tor making
available a supply of treatea water for all purposes to all warine Corps units.
[t is alsu responsinle tor making water reconnaissance Lo determnine the type of
equipient tnat 1s yuing to oe used and the awount of chemicals reguired to
support tnese units. It works closely witn tne medical gepartment to iake
certain tne water is safe to use.

G. ne meaical dgeparusent is responsible four determining whether or not tne
water is safe, and for making recominenaations to proper coikiandas. To Go this,
the medical departiient inspects water points anu sources, tests water, ana in
general, vorks closely with the utilities section of tne enyineer battalion to
insure that the water is properly treated and distrivuted. In auaition, the
meaical Gepartment studies ana makes recommendations avout tre aesign and
selectiun of water equipient.

lansllluive Anotier area of concern uealing witn water is water uiscipline,

5. WAler ULSUIPLInE

(UN TP #5 waTes LISCIPLINE)
G. Ine unit cowmander is responsiole Tor water aiscipline,
b. water uiscipline rules.
(1) Urink treated ur approvea water only.
(¢) U0 not waste puritied water,
(3) Protect sources of water vy praciicing good sanitary habits.

TRAKSITIUN:  Let's look at terms pertaining to water supply.

C. WATEK QUALITY Terimd

(UN TP #o WATEx OLALLTY)

a. Lontaninateu water - water tnat contains geriis or other substances wiich
wake 1t untit tor use. Tnese impurities usually cannot e uetected by signt,
taste, or snell.

L. Polluted water - Lontains substances whicn maxe 1t ovujectionavle vecause
0ot the appedrance, Laste, or cdor and can usually ve uetected very easily.
Polluted water is usually contaninatea, nowever, contaninateu water daoves not
necessarily nave to be pollutea,

C. vralatable water - wsater that 1s pleasing to tne taste, but not always
safe to drink.

bu-4
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g. Potaule water - Water that 1is both sate and arinkavle,

e. Parts per iillion - A ratio by weiyht of the parts of a substance in one
million parts of water. Tne aboreviation is ppi.

t. Grains per wallon - Unit expressing tne ratio of chenicals in or to be
addeu to 4 yallion of water, The apbreviation is gpy.

y. pH - asount of acid or alkaline present in water.

CPPURTUNITY FUK QUESTIUNS (5 WiiN)

1. wuestions from the class

2. (uestions to the class

a. whicn of tne thnree major essentials uf nouern wartare 1s the niost
inportant?

Al water,
L. Loes water nave to be polluted to ve contaiinatea?

A. 0.

SUriMAkY:  Uuring the pdSt nour, we nave discussed:

1. Tne military iiportance of water.
Z. water requirenents.

3. Sources.

4. Responsinilities.

5. hater discipline.

6. water quality.

BREAK (LU mln)

INTKULUCTUKY TRARSTTIUN: 0w thdl we know what water 1s all awout, lel's Lalk

about the nyaroloyic cycle,

BULY (40 FIn)

/7. HYukuLuall CYCLE

(UN TP #7 RYLRULUGIC CYilt)
a. The hydroloyic cycle is uefinea dS a series of prucesses vy whicih water

anag conuensed woisture circulate trom tne various water sources througn tne
aunuspnere, 1nto surtace water ana yrouna water, and returns to the ocean.,
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. Tne nydrologic cycle is the term used to descrive the natural
circulation or water in, on, ana above the earth's surface. kater occurs in
many forws as 1L nioves through tnis cycle.

C. Ine proucesses in the nydrologic cycle include:

(1) &tvaporation - water is evaporatea from water surfaces ang lana
surtaces.

(¢) [Iranspiration - Moisture yiven off vy plant life. It is then
concenseu to produce cloua formations.

(3) Precipitation - Tne water returns to the eartn as rain, sleet,
Snuw, or nail. A portion ot the precipitacion evaporates. Sowe flows over tne
eartn as runioff into lakes and streams. The remainaer goes into tne so1l ana
then into rock formations by seepaye or by intiltration.

(4) infiltration - tventually the water wiich seeped through tine eartn
Will fing its way to the surtace througn springs or will tlow througn porous
waterial until interceptea uy streais, lakes, or the ucean.

(b) Tihe cycle does not always proceed Lhirouyn the saie sequences and
~STEps iiay pe vinlttead or repeated at any point. ror exanple, precipitation in
not climates may ve aluost wholly evaporatec anud returned to the atiiospnere. In
sucin an instance the steps of infiltration, transpiration, anu runuff are
omitted.

TRANSITIUK: As water Tlows over tne eartn as runotf, it ilay pI1CK Up suspendaed
materials as well as disease producing organisws and chemical properties which
will give the water dirferent properties.

Impurities are gathered as water passes througn its natural cycle. uust, siiuke,
ang gases wnicn till tne air wake rain, snow, nail, anu sleet sligntly impure.
As runoft, the water picks up silt.

6. TYPES GF 1ePURITIES

The two types of Jmpurities tound in water are eitner suspended or dissolvea,
(Un'\ TP ffb)

d. Suspended iuipurities - are usually tne nost dangerous to your nealtn,
They include mineral matter, uisease organisus, silt, vacteria, dnd algae. Tne
common suspenaed lmpurities tollow:

(1) uUrganisis - soine cause disease.
(¢) nlgeae - causes taste, odor, colur, anu turbigity.

(3) Suspended Solias - causes uwurkiness or turuiuity.
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e (4) These lwpurities are eitner removed uy cGagulation or tne use of
aisinfecting ayents.

L. wissolved Tmpurities incluue:
(L) Salts
(a) calciui ana nagnesiui

1. ©bicarbonate - causes algalinity and naraness.

<. Caruvonate - causes alkalinity ang haraness.
3. oSulfate - causes naruness.
4. (Unloriue - causes hardness to ooilers.

(o)  Soaiui
1. bicarvonate - causes alkalinity,

Z. Llarbundte - causes alxelinity.

|
.

Sulfate - causes foaning 1 stean voilers,

| &

. rluoridge - causes iottled enanel on teetn.
5. Llhlorige - causes saliy taste.

(¢) 1Irun - causes taste, red water, anu incrustations on nietals.
(3) Manganese - causes ulack or gyray water.
(4) Vegetaule Lye - causes color and acidity.
(5) GLases

(a) Uxyyen - causes courrusivns on metals.,

(b) Carwon Diuxiue - causes aciuity and currosion on nietdls.

i, (C) hydroyen Sulfide - causes water tu nave a rotten egy oador,
acidity, anu currgsion on netals.

(a) wWitrogyen - nas no erfect to the water.

TRAKSITIUN:  Tiie mOST Twportant things wirlch one wust take intc counsiueration
WiHEN wOrking wita water are water cnaraCcteristcics.

G, WATcR CHARACTERISTICS

d. AS waler pasSses ouver ur through tne eartn, il takes un various
Chardcteristics or properties. These vary and are dependent on the materials
encountered. Ine qiost luiportant are turbiaity, coler, odor, taste, ph value,
Gissolved yases and wineral substances. tach of these nas an efrect on water
quality.

(Ul TP #Y CHARALTEKISTILS)
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D. Turbiuity is a muady or unclear conuition of the water causeu by
suspended material which ndas to ve removed to hiake tne water putavle. Suspended
material way contain iuprisoned geras and continued urinking of Turuida water imay
cause aiarrhea.

C. Lolor - There are two general types of culor found in vater. Tnese are
apparent ana true color. Apparent color 1s causeud vy suspended material ana
true color is caused vy dyes Trui uecaying vegetation and organic substances.
[he metnods ot renoving each type of color differ. Thereftore, tnese colors must
be aistinguishea.

G. Uagor ana taste in water are causea by alyae, uecomposing orgyanic matter,
uissolved yases, or indusirial wastes. wineral suustances may also e a cause.
Tastes and vdors are more prevalent in surface water tnan in ground water. War
water has uiore taste and odor tnen colu water. wuvisayreeable tastes ana odors
can Le caused by nyarogen sulfide ana tree chlorine,

(Ul T¢ #lu  pH)

e. phvalue - As water travels over ur thruugn the soil, it picks up many
lapurities., Tnese fell into tw general groups.

hWuTe: Since water usually contains algaline or dacigity, it is necessary to know
tie quantity of each vecause Liese iupurities may erfect tne puriricacion
process. Tne ph value 1s a measure of tne strengtn of acidity of alkalinity
expressed es a nuiber ranging from O wiicn 1S the max e acidity, to 14 wnicn
is the maxiuuwn alkalinity. It can ue used (o ueleriine the awount chemicals
neevea.

(L) Aciuity - it acid preaomiinates in the water, the pit wiil ve velow
/.0 on the pk scale.

(@) Vinegar, ciger, soft urinks ana wines are acidic witin pH
values beluw 4.0.

(L) rruits, vegetaoles, cneese anu uread nave a ph value velow
0.U.

(C) w®ilk nas ph of about v.b.

(4) water naving @ pH 0T 6.U Or less, liay Le a 4ood inaication
tnal tine water may contain soiie type ot poison,

(£) Algalinity - it alxkaline preuuisinates in the water, the ph value
will ve avove 7.u on tne ph scale. EGYS mdy nave d ph OF 7.0 LU 8.4

(3) Since the ph in water varies anu artects puritication processes,

its level wusl vk cetermined ana allowed Tor 1 properly treating water for
consumption,

LU=-0o
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(4) ieutral water s seldoi founa in nature and is nul necessary.
(5) A ph of 7.0 1s not an 1nuication that thne water 1S pure.

(o) Tue pn value used to produce the pest Tredluent varies vetween 5.5
to Y.U. water in its natural state will have & ph of 3.4 to Y.(.

(UFF 1P #10)

T. wvissulved minerals - Tne anount of dissclved minerals present in the
water adepenus on tne lengln of Limwe the water is 1n contaCt with toe ininerals,
Iron in water is unadesirable vecause 1t nas a taste, a read color wihicn stains
pluibing Tixtures, anu causes incrustations to furi inside piping. iron is
often touna In water 1n tine Torm of Terrous wicarvonate. This in turn reacts
with oxygen in the air and foris oxides whicn gives the water a rust color and a
sad taste, iron in water is sonmetimes acCompanied witn vacleria called
erenotnrix wnicn oxidizes tne iron. Tnese growths hiay be expecied to cause
taste, vuor, and pipe clogying it 1run 1S present in tne water in anouncs
greater than .3 ppii.  Tne water in tne wuurtiouse bay area contains L.3 ppni, one
P over tine concentration that is allowed in T 5=76U. This 1S a coumion and
trouslesoiie inpurity found in this part of Lie country. isanganese 1S less
couion than iron, put nas similar thougn wore preonounced efiects and causes
vwaler Ctu nave a black or ygray color,

. Wissolved yases.

(1) Uxygen - large danounts Tounu 10 raln waler wilCh causes liiany ietals
tu corroue.

(¢) tarbon dioxlue - enters waler Trum JeComposing vegetation.

(3) hydrogen sulfide - A dissulved yas wnicn gives water a rotten egy
odour. It nhas corrosive effects on metal. [n suall anounts, it is unpleasant,
put nut dangerous. In large amnounts, it is warmtul. It is prouucea uy
gecomposition ot organic matter.

TRANRSITIUN: The next area of cuncern 1s watler borne aiseases.

(ulv TF #11)

1U. WATER oUxiic DISEASES

a. General - wkater is a carrier of uwany oryganisiis responsivle tor
intestinal diseases. water vorne ulseases are classifiea as cnlorine resistant,
anag noncnlorine resistant. Chlorine resistant diseases are the ones Lndl are
not reaully Killed Ly chlurine. HNoncilurine resistant are the ones tnet are
killeu rignt away.

L. Waler borne uiseases G not appear iimiedlalely after arinking
contaninated water. [t takes a periou of Cine calleu tne incubation periou for
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tile organisiis to grow and mulliply insiue the pody before a man becuies SiCK.
Hbsence of disease syptoms for several days after arinking contaminated water
goes not meen tnat the water is free Trom yeris or that the water 1s safe to
arink. Tne absence of disease among natives Gues not assure you that the water
is safe. The natives will ve dwiune to tne uiseases that are present in the
area. eikenber pure water 1s riever founa in nature anu gisease prouucing
organisiis are miicroscopic ana cannot be seen by tiie huian eye,

(L) Typnoia fever - An intestingl uisease, can e easily uestroyea by
stanuaru cnlorinization.

(¢) Paratypnoia fever - Siwilar tu typhoic Tever, dalso destroyeu easily
by chlorinization,

(3) Cholera - This is une of the wost ureaced diseases. [f contracted
and early wecical attention is not instituted Ui of the cases may Le Tatal.
AdeGuate sanitary measures are Lhe vest protectiuvin anu the organisms can ve
aesiroyeu Ly stanudra cnlorinization.

(4) woacillary Lysentery - Tnis is usually caused by bau Sanitary
fapits. This uisease 1s caimon to tropical ang suv-tropical climates.
tilorinization insures aestruction OF LHis uryanisii.

(b) Hmoevic uysentery - Tiis urganisi 1s o small animwal rather than a
vacteria. IT is protected uy & CySt, wnich is a snell or a sack surrounding the
organisa waking it resistant tu chilurinization. rueqguate treatment of water
containing this organisi is luperiant because the cure is lung and witticult.

(o) sSciistosomiasis - Tnis is a uisease caused Ly a siall worn
(scnistosome). Tnis wori can enter tine 60Uy tnrough the skin wnile patning,
Switiiing or washing in the cuntarinated water, or 0y dringing the wacer. liere
are three types of schistosoues,

(e) ochistosone Haeimotooiun - tound principal ly in Africa.

(L) Scnistosuie kansoni - founu in hworthern South America, Africa,
ana kuerto Kicc.

(C) Scnistosome Japonicui - found in Japan, China, and urient.

scnistosomiasis is tue result of iatection by tne larvae (cercariae) of the
olood tlukes (scnistosonies). Once tne egy uf the schistosome natcies, tie
larvae must find it's way into a tresn water snail or it will uie. The snails
will release large auounts of tne cercaride intu the water. when tne water
daries on the skin, tne cercariae ourrow into the skin. Treatment of water
containing scnistosones, and protection of personnel working with the water, is
very liportant. 1T you snould yget svie of tne containinateu water on your skin,
you should ary it wiediately and swao the area down witn alcohol.

uu-10
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TRANSITIUN: We nave covered waler-vorne diseasesS. we TOounu how tne aiseases
get 1nto tne water and whdal uiseases way conie frouw water. You have nuw Tound,
or you are now tinging out how lmportant water supply 1s.

11. POISUNED wATEek

Tniere are two ways water can ue poisonea. They are Dy niistake ana on
purpose. Cnenlcals sucii as tnuse useu in chienical wartare and radioluyical
£OISONS wiliCcn are now encounterea in wodern warfdre are the most importent ot
the substances USed tu poisun water uelioerately. Leaa anu certain inadustrial
wastes are the two major types of accidental poisoning. Tne variovus poisons
which may be encountered are:

(uiv TP #12 PULSURY)

a. Leau - Leau poisoning may result Trum ariniking water containing sial |
giounts ot leau, Lecause the nuian budy Cannutl rig itselt of 1t. wntinued
arinking of tnis water will result in yeatii, >0TL Or aclu water, sucn as rain
Or Swaip weler is likely L0 pick up leaa, especialiy 1f iC 1S run through leau
pipes. Tne use of lead pipes 1 plunoing nas ceclinea tor tnis reason.,

b. Cnemical poisuns

(1) vtnewical wartdre agents, altinouygn not used in recent wars, dare

still a serious tureat in large scale puisoning vecause there are many ways they

may be spread. They can uve spread vy planes, vonus, snells, etc. They incluue
yases used 1n world war 1 and worlu war LI, Cur viggest problen in puritying
this water 1s in nanaling. we have chewiCals alu equipient wnicn will reiiove
all types ur known poisons.

(2) Alkaloids - Alkaluius such as sirychnine, nicotine, or culcnicine
will poison water, but generally they dre tuo uifricult to obtain for larye
scale poisoning.

(3) urgenic Arsenic Lowpounds - yrganic arsenic coupounus call
arsenicals, are alsu liwitec in tneir use. wuwenerally, activated carvon will
remove theii.

(4) Inorganic Arsenic Lompounds - Lhoryganlc arsenic compounds cal leu
arsenites and arsenales, are iore Comnon Lian the urganic Cumpounus. wany
comnercial rodent and Insect poisons cuntaln these CulipOunuds. Activatead caruut
is ineftective 10 rewoving the arsenic coipoundys.

(5) Lyanices - Lyaniues dare COmiOll LO highy processes 1n oaer
industry. Tney are readily soluvle 10 water anu could poisun water supplies.

(b) Heavy retal >alts - Heavy wetal salts are nutl a serious thredt

pecause wost are only sligntly solubie 1n water., scetdates anu nitrdates ot lead
dana niercury are nore soluole than wost and may poisun water.

uu-11
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(/) werve tases - [ierve yases or G ayents were first produceud vy the
Germans auring world war [[. The niost effective wmetnoa ot treatient appears to
be promotion or nydrolusis at a nigh pH oy tne awuition of soaa ash, 1iwe, or
caustic fullowed uy the readuction or the pH by aadition of an acid, or by use of
exXcess coagyulants such as alui or ferric cinloriae.

UPPURTUNITY FUR GUeSTLIUNS (9 #ill)

1. Questions ftrom the class

Z. yuestiuns to tne class

@. what are tne tnree coimon types Of suspended impurities?
A. Crganisiis, Algae, and Suspendea Sulias.

D. which water cnaracteristic 1S a hiuady or unciear condition of tne
water?

A. Turviaity.
SUMMARY: Luring tine two 1nours, we nave aiscussed:
1. The military importance ot water.
¢. water recuireunients.
3. Sources.
4, Kesponsipnility.
5. kater aiscipline.
b. water Quality.
I hyuarologic Cycle,
8. Sources of lmpuricies.
Y. Types ot dmpurities.
lU. water (haracteristics.
11. Later vorne uiseases,
i2. koisoned water.
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GLOSSARY - CHEMICAL TERMS AND DEFINITIONS

The following terms and definitions have been modified to apply specifically
to this particular water purification equipment.

Acid - See pH value.

Algae - Microscopic plants some of which form a green
scum on water and which may give the water un-
pleasant tastes and odors.

Alkalinity - See pH value.
Alum - A coagulating chemical. See pH value.
Amoebic dysentery - See Endamoeba histolytica.

Backwashing - The procedure by which water flow is
reversed through the filter elements with sufficient
velocity to break and dislodge the filter cake with
accumulated dirt, organisms and bacteria. "Air-
bump backwashing' is the method used to clean the
filter elements in this equipment, and is described
in detail in the text (par. 2-5).

Body feed - A slurry of diatomite and water fed during
the filter run by the slurry feeder to maintain the
porosity of the filter cake.

Calcium hypochlorite - Achemical compound in gran-
ular form containing available chlorine, used to
disinfect water by chlorination.

Cercariae - One form in the life of schistosomes which
cause schistosomiasis. See Schistosomes.

Chlorination - The purificationor disinfection of water
by adding chlorine in the form of calcium hypochlo-
rite,

Chlorine demand - The amount of chlorine absorbed
by foreign matter in the water; the difference be-
tween chlorine dosage and residual chlorine.

Coagulants - Chemicals, such as alum, used to pro-
duce a floc. See Flocculation.

Color - True color is caused by dyes from decaying
vegetation in swamps, weedy lakes and streams, and
should not be confused with apparent color caused
by turbidity of the water.

Comparator - An instrument to determine chlorine
residual and pH values colormetrically.

Contamination - Water is said to be contaminated when
it is unsuitable for drinking or consumption because
of harmful bacteria or other harmful substances in it.

iv

Cysts - The shell or sac surrounding certain amoeba
which makes them resistant to ordinary chlorination.

Diatomite - (also called diatomaceous earth or filter-
aid). Consists of the skeleton remains of small al-
gae called diatoms and is found in marine deposits
which have been lifted above sea level. The diato-
mite is quarried and processed before use. It is an
excellent filter medium which permits maximum
flow without great loss of head.

Dosage - The quantity of chemical necessary to obtain
a desired result; the amount of calcium hypochlorite
necessary to disinfect water.

Effluent - Discharge, water flowing out.

Endamoeba histolytica - A microscopic, one cell ani-
mal or parasite which causes an intestinal disease
calledamoebic dysentery. In one stage of its devel-
opment, the animal is coveredby a shell or sac called
a cyst. In the cyst form the organism is difficult to
kill by chlorination but can be removed by proper
treatment and filtering of the water.

Filter section - A device in which suspended solids
are separated from water by passing the water
through a porous medium such as diatomite.

Filteraid - See Diatomite.

Filtering - The process of forcing raw water through
a fine porous medium to remove suspended dirt,
organisms and bacteria from the water.

Floc - Jelly-like curd formed by flocculation. See
Flocculation.

Flocculation - The term used to describe the forma-
tion of the jelly-like curd called floc, following the
addition of alum to the raw water as the water is
agitated. The irregular shaped, feathery particles
of floc enmesh most of the suspended bacteria, dirt
and coloring matter and settle with it to the bottom
of the tank leaving the water relatively clear. Floc-
culation or coagulation does not purify the water.
It must still be chlorinated and filtered.

Head - The pressure exerted by a column of water.
A head of 2.31 feet of water exerts a pressure of 1
pound per square inch,

Influent - Inlet or intake, water flowing in.




GLOSSARY - CHEMICAL TERMS AND DEFINITIONS (cont)

Optimum pH - The pH for a particular raw water at
which the best floc formation occurs in the shortest
time.

pH value - A term used to represent the degree of
acidity or alkalinity of water. The pH scale ranges
from 0.0 to 14.0. The neutral point is 7.0. A pH
below 7.0 represents an acid condition, a pH above
7 represents an alkaline condition. Alum is acid in
reaction and when added to water lowers the pH.
Soda ash is alkaline in reaction and when added to
water raises the pH. pH is measured to help de-
termine the amount of alum (or soda ash) needed to
produce a floc.

Post-chlorination - The addition of calcium hypo-
chlorite to the clear water storage tanks.

Pre-chlorination - The addition of calcium hypochlorite
to the raw water in the settling tanks.

Precoating - The process of depositing a cake of diato-
mite filteraid on the filter elements prior to filtering
water,

Raw water - Water as it is taken from a stream, lake
or pond before it has been settled, chlorinated and
filtered.

Residual chlorine - The amount of chlorine remaining
in the water after satisfying the chlorine demand.

A chlorine residual of 1.0 ppm (part per million) is
generally sufficient to guarantee water purity.

Schistosomes - A small worm parasite or blood fluke
which can enter the body through the skin while bath-
ing, swimming or washing in contaminated water, or
by drinking the water. It causes a disease called
schistosomiasis. In one stage of life, as cercariae,
the animal is highly infectious to humans as it can
go through the skin.

Slurry - A thin mixture of water and chemical, such
as diatomite and water.

Soda ash - A chemical used for adjustment of pH dur-
ing coagulation.

Turbidity - Mud, sediment or other suspended matter
in water. Turbidity ruins the appearance and gen-
erally makes water undesirable for drinking pur-
poses. Bacteria become lodged in the suspended
matter and are protected from sterilizing agents
such as calcium hypochlorite. Turbidity must be
removed by flocculation and filtering before the water
is used.

Water-borne - A term meaning conveyed or carried
by water.

Water point (or: water site) - The location where water
is treated and distributed.
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SECTION 1

SELECTION OF WATER SOURCE

1-1. RESPONSIBILITIES.

a. Commanding Officer or Officer-in-Charge. The
Commanding Officer or Officer-in-Charge is respon-
sible for the supply of safe drinking water to all indi-
viduals under his command. Accordingly, he directs
the establishment of the water supply system and the
rules governing its operation. In addition he promul-
gates water discipline rules and is vested with full
authority to enforce them.

b. Medical Officer. The Medical Officer, who is re-
sponsible to the Commanding Officer or the Officer-
in-Charge, closely supervises the testing and treating
of all contaminated water.

1-2. GENERAL WATER TREATMENT
INFORMATION.

a. General. Field water purification consists of re-
moving or destroying impurities in water so that it is
safe and pleasant to drink. The first and most impor-
tant step in purification is to select the correct treat-
ment processes and then arrange them in the right
order to do the job. No single treatment process will
do a complete job of purification. Generally, goodre-
sults are obtained by the following arrangement of water
treatment processes, however, specific purification
problems can require additional processes or a dif-
ferent arrangement:

(1). Sedimentation - coagulation and flocculation.
(2). Filtration.

(3). Disinfection.

(4). Distribution.

b. What the Equipment Does. The equipment cov-
ered in this manual is used for the filtration and dis-
infection of water. Auxiliary equipment is necessary
for pretreatment and distribution of this water.

1-3. SELECT THE WATER SOURCE.

a. General. The selection of a source of water and
the location of the equipmentisof primary importance
and must be coordinated with the Medical Officer. The
following factors should be taken into consideration:-
type, quality, and quantity of water available; accessi-
bility to using personnel or transporting vehicles; char-
acteristics of the site and space available to erect
equipment; concealment or natural camouflage;drain-
age; and bivouac for operating personnel.

b. Factors Influencing the Selection of Water Source.

(1). Quantity. The most important factor in the
selectionof a new water source is adequacy. Adequacy
depends on the quantity of water needed and the length
of stay at the location.

(2). Type of Supply. Where there is a choice of
water sources of equal and adequate capacities, the
order of selection ordinarily would be wells, springs,
streams, and lakes or ponds.

(3). Quality. Even though purification is used, care-
ful consideration should be given to the probable bac-
terial content of the water selected. For instance, it
is only common sense to avoid taking waters that are
near a bathing area, a sewer outlet, or a latrine.

(4). Sewers. Take water from a point well above
sewer discharges. Never take water from directly
below such discharges. Sewage contains bacteria, and
the bacteria in a small amount of sewage can cause
sickness just as quickly as bacteria from a large
amount of sewage.

(5). Swimming and Bathing Area. Try to avoid
taking water from a swimming or bathing area, or
from a point below such an area. At such points the
water will contain considerable suspended matter and
many bacteria.

(6). Latrines. Keep upstream of latrines. The
dangers of not doing so are obvious.

(7). Camp Sites. Locate the bivouac area for the
operating personnel at a point below the water source.
Beware of drainage and refuse from camp areas. Such
drainage and refuse can be highly contaminated and of
sufficient quantity to seriously pollute the water source.

(8). Oily Areas. Keep away from oily areas. Oil
from spent oil dumps may seep through river banks
and impart oily or chemical tastes to the water. Oily
or chemical tastes in water may drive personnel to
drink more palatable but less safe water.

(9). Clear Water. Use clear water whenever pos-
sible. Avoid ponds, or any water source where the
surface is bright green. A bright green surface usu-
ally denotes an overabundance of algae which will
quickly seal the filter elements and prevent the pas-
sage of water.

(10). Turbid Water. Use the least turbid water
available, unless the alternate source is visibly pol-
luted with sewage or refuse. Turbid water (water
containing suspended dirt) reduces the yield of each
filter run by clogging the filter elements more quickly
than clear water.

(11). Colored Water. Clear colored water is usu-
allyacceptable. Its maindisadvantage is high coagulant
requirements.

(12). Water Containing Iron Deposits. Water con-
taining visible soft red deposits of iron should be used
onlyasalastresort. Suchirondeposits are not harm-
ful to health, but they do make clarification difficult.

(13). Green Slimes and Gray Slimes. Ordinary
green slimes that are often found on the shores of
swamps or in shallow water are not detrimental to
health, but they do plug the filter elements. Water
containing gray slimes should be avoided. Gray slimes
are usually an indication of sewage pollution.

(14). Rotten Egg Odor. If the water source smells
like rotten eggs, it contains hydrogen sulphide. Such
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water is not pleasant to drink. The taste and odor can
be overcome by chlorination, but it will be impossible
tomaintain a chlorine residual in such water until the
hydrogen sulphide is eliminated or neutralized.

(15). Dissolved Oxygen. Water devoid of dissolved
oxygen tastes flat. Many well watershave no dissolved
oxygen; most surface waters contain dissolved oxygen.

(16). Camouflage. Locate equipment in well-camou-
flaged positions consistent with good military practice.

1-2

(17). Site Characteristics. Select a water point
near using personnel and accessible to transporting
vehicles. There must be enough space to set up the
equipment. Drainage is important, otherwise spillage
may turn the water site into a mud hole. Always locate
raw water pumps close to the water source to reduce
the suction lift and increase the pump output. Keep
hose lines short to reduce friction. Avoid bends which
might kink the hose.




SECTION 2

DESCRIPTION OF EQUIPMENT

2-1. GENERAL DESCRIPTION OF WATER PURI-
FICATION EQUIPMENT. A typical arrangement of
water purification equipment is shown in figure 2-1.
This manual is primarily concerned with the filter
section, the machinery section, and accessory equip-
ment furnished by Wallace and Tiernan

Belleville, New Jersey. As can be seen in figure 2-1,
auxiliary equipment is needed for a complete, operat-
ing, water purification system.

2-2, GENERAL DESCRIPTION OF WALLACE AND
TIERNAN MODEL U22446 WATER PURIFICATION
UNIT. The 10-40 g.p.m. (gallon per min-
ute), frame mounted, diatomite type,
water purification unit, consists prim-
arily of:
a. The pressure filter section (Model A694020) con-
taining:
(1). Seven filter elements mounted inand enclosed
by a steel shell (figure 2-3).
(2). A precoat and recirculating tank (figure 2-2).
(3). Control valves.
b. The machinery section (A695020 containing:
(1). A centrifugal pump.
(2). A gasoline engine that drives the pump.
(3). Reservoir and apparatus (slurry feeder) for
feeding diatomite filteraid slurry during the filter run.
(4). Reservoirand apparatus (hypochlorinator) for
feeding calcium hypochlorite solution into the water
being filtered.
(5). A tool box.
(6). Operating controls.
(7). A mounting frame.
c. Residual chlorineand pH testing comparator with
indicating solutions.
d. Suction strainer.

2-3. GENERAL DESCRIPTION OF AUXILIARY
EQUIPMENT. The following auxiliary equipment and
accessories are required for a ~omplete operating
water purification system:

a. Tanks for settling and storing water.

b. Suction and discharge hoses as dictated by re-
quirements of the water point and layout of equipment.

c. A rawwater pumping unit, and equipment for water
distribution.

d. Filteraid, calcium hypochlorite, and alum and soda
ash, as required for continuing operation.

e. Chemical feed baskets.

f. A supply of diatomite.

2-4. PURPOSE OF THE EQUIPMENT. The primary
purpose of water purification is to make water safe
for human consumption by removing or killing harm-
ful bacteria which could cause sickness or death. The
water must be made free of objectionable suspended
matter, color and odors, otherwise personnel may turn
to more pleasing appearing water that might be unsafe
to drink. Chlorination, by the addition of calcium hy-
pochlorite to the water, willkill most bacteria. Other

organisms suchasamoebic cysts, endamoeba histoly-
ticaand schistosomes must be removed by coagulation,
settling, and filtering through a diatomite filter cake.
Coagulation and settling is accomplished by addingalum
and soda ash which coagulate and enmesh most of the
suspended small particles in the water carrying them
to the bottom of the tank; this process is called floc-
culation. After settling, the water from the top of the
tank is drawn off and filtered. The water purification
equipment described in this manual will purify fresh
water but will not remove salt from water.

2-5. BASIC PRINCIPLES OF EQUIPMENT OPERA-
TION. Figure 2-1showsa typical arrangement of water
purification equipment. Other arrangements are pos-
sible, and often desirable, depending on many factors.
In the arrangement shown in figure 2-1 raw water is
pumped from the source into settling tanks. Chemi-
cals (alumand soda ash) are added during filling. Co-
agulation tests are made to determine the amounts of
chemicals to use. Several tanks are used for settling
toallow time for as much suspended matter as possible
to be deposited on the bottom of the tank before the
water is pumped through the filter. Settling is impor-
tant, for suspended matter in the water will quickly
clogthe filter elements. The machinery section draws
water from the settling tanks and forces it through the
filter elements in the filter section. Before the set-
tled water can be filtered, a mixture of water and dia-
tomite filteraid (called a slurry) is made in the pre-
coat tank and pumped through the filter section where
the filteraid is deposited on the seven filter elements
in the form of a cake. This cake will pass water but
screen out any suspended matter and bacteria. In the
machinery sectiona slurry feeder adds a small amount
of filteraid slurry (called body feed) to the water. This
slurry maintains the porosity of the filter cake and per-
mits longer filter runs. The hypochlorinator in the
machinéry sectionadds a controlled amount of calcium
hypochlorite solution (a sterilizing agent) to the water.
When the filter elements become clogged as indicated
by the pressure gages, and by the reduction in the out-
putof filtered water, the filter elements must be back-
washed. "Air-bump backwashing' is used to dislodge
the filter cake with accumulated suspended matter
from the filter elements so it may be easily drained
from thefilter shell. After draining, the bottom of the
filter shell must be flushed to wash waste through the
drain. (See figure 2-6.) Before filtering is resumed,
the filter elements must again be precoated with fil-
teraid. The filtered water is stored in the filtered
water storage tank pendingdelivery tousing personnel.
Filtered water must be tested for residual chlorine
(using the comparator) before itis distributed, to make
sure it is safe.

2-6. FILTER SECTION.
a. General. The filter section (figures 2-4 and 2-5)
is generally placed close to and between the settling
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Figure 2-3. Pressure Filter Section Dismantled
to Show Filter Elements

and storage tanks (figure 2-1). This is for conveni-
ence in operation and to keep the hose lines as short
as possible. The filter is of the pressure type having
a steel shell attached to a steel base in which are
mounted 7 cylindrical filter elements (c. below).
Valves, controls and hose adapters are mounted on the
filter section. By proper manipulation of the valves
the basic operations of precoating, filtering and air-
bump backwashing are performed. A steel cover (b.
below) protects the top of the filter during transpor-
tation and is used as a precoat and recirculating tank
during operation. Testsamplesare withdrawn through
a filtered water sample valve. The adjustable flow
control valve (d. below) maintains a constant preset
flowduring filtering. The air release valve (e. below)
is mounted on top of the filter shell. A window in the
filter shell permits visual observation during opera-
tion. Thefilter section is equipped with a tubular pipe
ring for protection and ease in handling. 2-inch hose
adapters and fittings are furnished on the unit. The
inlet valve is a 2-inch globe valve. The drain valve is
a quick-acting lever-operated 2-inch valve. The out-
let valve is a 3-way valve with retractable handle that
slides inside the tubular frame when the filter is out
of service.

b. Precoat and Recirculating Tank. When"the filter
is not in use the steel precoat and recirculating tank
(which is part of the filter section) fits over the filter
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Figure 2-4. Filter Section (Front View)

shell and protects the top of the filter from damage.
The tank is secured by 4 clamps. When the filter is
in service the precoat diatomite filteraid slurry is
mixed in the tank and then applied to the filter elements
by recirculating the slurry through the filter (par. 6-4).
Figure 2-2 shows the precoat tank in its normal oper-
ating position. The tankisalso used for recirculating
water during filtering as explained in par. 6-5h.

c. Filter Elements. Seven identical filter elements
(figure 2-3) are individually mounted on nipples welded
to a false bottom of the filter base. The elements ex-
tend vertically inside the filter shell. Each filter ele-
ment is made up of a plastic sleeve and perforated steel
tube assembly, a brass top cap, a tie rod, 12 plastic
air cups, 2 spacers, a cast bronze base, and an "O"
ring gasket. Thefilter elementassembly is essentially
a fine strainer which is rigid and strong enough to sup-
port a cake of diatomite filteraid. During precoating
the filteraid builds up on the surface of the filter ele-
ments, coveringallholes with a layer of filteraid (fig-
ure 2-6 (1)). The filteraid will allow water to pass
through the filter element into the bottom of the filter
base, but will screenout dirt, suspended matter, coagu-
lant floc, and any other solid particles in the water
(figure 2-6 (2)). During the filter run it is necessary
to addfilteraid slurry body feed continuously by means
of the slurry feeder to maintain the porosity of the fil-
ter cake. At the startof the precoatcycleair is trapped
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Flow of filteraid suspension Porosity of the filter cake is Opening air release valve
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ing up that portion ond re-  aid mixing with compressible from inside filter elements
sulting in uniform coating of  particles of suspended mat- blasting the filter cake off
filteraid over entire element.  ter in raw water.

in the plastic cups inside the filter elements, and in the
dome of the filter shell above the elements. Asfiltering
progresses, the pressure loss through the filter cake
increases (as shown by the difference between inlet
and outlet pressure gages). Loss of outlet pressure,
accompanied by a reduction of flow of filtered water,
indicates that the filter cake has lost its porosity and
the elements should be backwashed. In backwashing
the filter outlet valve (figure 2-5) is closed and as the
pump continues to pump water into the filter shell the
inlet and outlet pressure increases thus compressing
the air trapped in the plastic cups inside the elements
and the air in the filter shell dome. When the inlet
valve isclosed the filter section is a sealed unit under
about 25 psi pressure. Opening the air release valve
(e. below) causes an instantaneous loss of pressure in
the filter shell. The air trapped in the plastic cups
expands and pushes a small amount of filtered water
from within each filter element outward through the
perforations of the element at an extremely high ve-
locity. This high velocity water movement blasts the
filter cake from the elements. The broken cake and
contents of the shell are then drained to waste. Ele-
ments must be backwashed at the end of each filter
run or whenever operation is interrupted.

d. Adjustable Flow Control Valve. The flow control
valve (figure 2-5) is located at the bottom of the filter
base where the filtered water leaves the filter. This
valve automatically maintains a constant flow through-
out the filter run. The rate of flow can be adjusted
between 10-40 gpm by turning the adjustment knob to
the rate of flow desired.

e. Air Release Valve. The quick-acting manually
operated air release valve (figure 2-4) is located on
top of the filter shell. The valve releases pressure
inside the filter shell instantaneously to permit air-
bump backwashing (see c. above).

FILTER ELEMENT
PRECOAT FILTER CAKE

PRECOAT WATER AND
FILTERAID MIXTURE

RAW WATER WITH
SUSPENDED MATTER
AND FILTERAID

BROKEN FILTER CAKE

T -
FILTERED WATER BACKWASH FLOW OF
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SECTION A

SECTION A
DURING FILTERING DURING BACKWASHING

them. The broken filter
cake and water are drained
out of the filter shell.

Figure 2-6. Filter Element With Section Removed
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2-7. MACHINERY SECTION.

a. General. The machinery section is placed close
to the filter section and near the settling tanks (fig-
ure 2-1). This is for convenience in operation and to
keep the hoselines as short as possible. The machin-
ery section (figures 2-7 and 2-8) consists of a pump-
ingunit, a tool box, a diatomite slurry feeder, a calcium
hypochlorite solutionfeeder (hypochlorinator), hoppers
or reservoirs for slurry and solution and all necessary
valves and fittings for connection to = - 2-inch hose.
A canvas cover (figurel-1) is also supplied to protect
the equipment during inclement weather.

b. Pumping Unit. The pumpingunit (figure 2-9) con-
sists of a centrifugal pump capable of delivering con-
tinuously 55-gpm against a total head of 50 feet in-
cluding a 15-foot suction lift, and a single cylinder,
four-cycle, air-cooled gasoline engine. The pump and
engine are close coupled, with the pump impeller
mounted on the end of the engine crankshaft. The en-
gine is capable of operating the pump continuously at
rated capacity. By proper manipulation of the pump
suction valve (figure 2-8) and the valves on the filter
section the unit performs the pumping necessary for
precoat, filter and backwash operations. A power
take-off from the engine starting ‘pulley drives the
slurry feeder.

(1). Pump. The general features of the pump are
shown in figure 2-10. The pump housing mounting
flange (13) connects the pump directing to the engine.
Before the pump is placed in operation the priming
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chamber (18) must be filled with water through prim-
ing plug (2). Impeller (12) screwed on the engine
crankshaft (16) forces some of the priming charge
out pump discharge nipple (1), restrictor (3), and
discharge hose adapter (4). This action creates a
vacuum in the housing which draws water into the
pump through suction inlet elbow (10), and suction
fitting (9) to impeller (10); and then out discharge
nipple (1). Check valve (8) holds water in the priming
chamber when the pump is stopped. The retained
water serves as the priming charge when the pump is
restarted, and acts as a lubricant for the pump and
seal ring assembly (14). The seal is further lubri-
cated through oil cup (17). Clean out plug (19) pro-
vides access for removing sediment from the pump.
Drain plug (7) provides a means of draining the pump.

(). Engine. A Wisconsin model ACND single cyl-
inder, four-cycle, air-cooled, rope-started, gasoline
engine drives the pump. The general features of the
engine are shown in figure 2-11. Air enters the car-
buretor (6) through oil both cleaner (8). Gasoline from
the tank and air are mixed in the carburetor in the
proper proportions by the manipulationof needle valve
(7) and choke lever (5). The mixture is ignited in the
engine cylinder by a high tension spark produced by
the ignition system consisting of magneto (10), ignition
cable (1), and spark plug (2). Exhaust is through muf-
fler (4). Engine valves are located under inspection
plate (11). The engine is stopped by pushing.in on
magneto stop switch (9). Gasoline flows by gravity
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from the fuel tank mounted above the engine, through
a fuel filter to the carburetor. A speed governor con-
trol is connected to the carburetor to control the en-
gine speed. Air cooling is accomplished by a flow of
air over the cylinder head, circulated by a combina-
tion fan-flywheel encased in a shroud (2). The engine
is more fully described in Wisconsin Motor Corpora-
tionInstruction Book, Issue MM-270-E, and is shipped
with this manual.

c. Tool Box. The tool box (figure 2-7) has compart-
ments for storing the comparator and any tools and
spare parts. Flow diagrams similar to figures 6-1,
6-2 and 6-3 are mounted inside the hinged cover.

d. Slurry Feeder. The slurry feeder (figure 2-8) is
mounted alongside of the gasoline engine and is driven
at approximately one-quarter engine speed by a V-belt
and pulleys. A slurry of filteraid and water is made
in the slurry hopper (figure 2-8). The hopper has a
strainer, tokeep leaves, stones, debris and other for-
eign matter from the feeder mechanism, and a clamp-
on cover. Adiaphgram type air compressor, powered
by the slurry feeder shaft, pumps air to the slurry
hopper. Thisairagitates the slury and keeps the fil-
teraid from settling to the bottom of the hopper. The
slurry feeder draws a small amount of slurry from
the hopper into the feeder. By means of valves in the
feeder and a pressure differential caused by the re-
strictor (f. below) flushing water flows through the
feeder and automatically flushesthe charge of slurry
from the feeder to the pump discharge where it is

pumped to the filter via the pump discharge hose (fig-
ure 2-1). In the filter the filteraid in the slurry is
deposited on the elements (par. 2-5¢). The amount of
slurry feed required depends on the amount of foreign
matter in the water being filtered, which in turnde-

Figure 2-9. Model UXA21410 Pumping Unit
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pends on the efficiency of coagulation. The more for-
eign matter in the water the more slurry is required.
Rate of slurry feed is changed by moving the rate of
feed adjuster (figure 2-8).

e. Hypochlorinator. The hypochlorinator (figure 2-8)
is mounted inline with the slurry feeder and isdriven
through a flexible coupling from an extension shaft of
the slurry feeder. A solution of calcium hypochlorite
and water is put in the hypochlorite reservoir. The
pumping action of the hypochlorinator draws a small
amount of solutionfrom the plastic hypochlorite reser-
voir through a strainer, hose and sight glass to the
hypochlorinator. The charge of solutionis then pumped
from the hypochlorinator to the pump discharge. The
solutionkills harmful bacteria that may be inthe water.
The amount of calcium hypochlorite required for pu-
rificationdepends onthe amount of foreign matter and
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bacteria inthe water. The amount is varied by mixing
different strength solutions and/or changing the rate
of solutionfeed. Rateof feed is altered by moving the
control handle (figure 2-8). The sight glass (figure
2-17) provides a visual check on the operation of the
hypochlorinator.

f. Restrictor. The restrictor (figure 2-7) islocated
between the pump and the pump discharge hose con-
nection. Water flowing from the pump is restricted by
a flap valve and weight inside the restrictor housing
which action produces a small differential in pressure.
Water drawn from the restrictor at a point of higher
pressure provides flushing water to the slurry feeder
(d. above). This flushing water dilutes the slurry in
the feeder, prevents filteraid from settling in the feeder
and flushes the slurry to the pump discharge. There
are hose connections on the restrictor housing for
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make-up water tofill the slurry hopper and hypochlorite
reservoir, and for discharge hoses from the slurry
feeder and hypochlorinator.

g. Pump SuctionValve. The pump suction valve (fig-
ure 2-8) is a 2-way valve. By positioning the handle
water can be drawn from the precoat tank during pre-
coating or from the settling tanks for filtering.

2-8. ACCESSORY EQUIPMENT SHIPPED WITH FIL-
TER AND MACHINERY SECTIONS.

a. Comparator. The comparator (figure 2-12) with
its accessories is used to measure the residual chlo-
rine content of the filtered water to make sure the
water is safe todrink. The comparator is alsoused to
determine the pH value of the water prior to coagula-
tion.

b. Operating accessories, tools, and spare parts.
Accessories, tools, and spare parts are listed below
(figure 1-1).

(1). One polyethelene 2-quart medsuring cup for
filteraid.

(2). One polyethelene 5-ounce (fluid measure) cup
for hypochlorite.

(3). One 2-inch hose cap.

(4). One 2-inch strainer assembly for stopping
debris from the raw water source from entering the
suction hose.

(5). One 15/16-inch hexagon T-handle socket
wrench.

(6). Seven filter element ""O" rings.

(7). Two instruction books.

(8). Two 500-cc bottles, each, of orthotolidine,
bromthymol blue, and bromcresol purple-green indi-
cator solutions.

2-9. PERFORMANCE, CAPACITY AND WEIGHT
DATA.

a. Performance. Under normal operating conditions,
the water purification system will producefiltered and
chlorinated water at a constant rate, except for the
short time required for backwashing and precoating
the elements. This system delivers 40-gpm, plus or
minus 4 -gpm, frombeginning toend of thefilter run.

(1). Hypochlorinator. The hypochlorinator will
pump from 0.6 to 2.4 gallons of solution per hour when
driven at a speed of 600 rpm. This gallonage corre-
sponds tofrom 0.05 to 0.2 poundsof available chlorine
when using a 1% solution.

(2). Slurry Feeder. The slurry feeder will pump
from 0.33 to 1.66 gallons of slurry per hour when
driven at a speed of 600 rpm. This gallonage corre-
sponds to 0.5 to 2.5 pounds of filteraid (dry weight)
when using a slurry made from 5 pounds of filteraid
and 3 gallons of water.

(3). Adjustable Flow Control Valve. Once the flow
control valve is set, as long as the pressure drop
through the filter cake is small, the valve will main-
tain the flow rate at any gallonage from 10 to 40 gpm.
As the pressure drop through the filter cake rises,
the amount of water passed by the filter cake becomes
the controlling factor and the flow rate will fall below
that set on the flow control valve.

(4). Pump. The Carter 8T-2 centrifugal pump
can deliver 55 gpm against a total head of 50 feet and
a suction lift of 15 feet.

(5). Engine. The WisconsinACND four-cycle, air-
cooled, gasoline engine, at governed speedof 2600 rpm

delivers 4.5 horsepower and a crankshaft torque of 110
pound-inches.
b. Capacities.

(1). Slurry Feeder. The slurry feeder gear box
requires slightly less than one quart of oil.

(2). Slurry Feeder Hopper. The slurry hopper
whenfilled towithin2.5 inches of the top holds 3 gallons
of water.

(3). Hypochlorinator. The hypochlorinator case
holds 3-1/2 quarts of oil.

(4). Hypochlorite Reservoir. The hypochlorite
reservoir when filled to within 2 inches of the top
holds 5 gallons of solution.

(5). Engine Crankcase. The engine crankcase holds
2 pints of oil.

(6). Engine Fuel Tank. Thefuel tank holds1 gallon
of gasoline.

(7). Engine Air Cleaner. The air cleaner bowl
holds 1/4 quart of oil.
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(8). Filteraid Measuring Cup. This is a 2-quart
polyethelene cup that holds approximately 1-pound of
filteraid.

(9). Hypochlorite Measuring Cup. This is a 5-fluid
ounce polyethelene cup that holds sufficient calcium
hypochlorite to make a 0.375% solution when mixed
with 5 gallons of water (see paragraph 6-2e).

c. Weights.

(1). Machinery Section. The uncrated weight of the
machinery section is about 450 pounds.

(2). Filter Section. The uncrated weight of the fil-
ter section is about 325 pounds.

2-10. DIFFERENCES IN MODELS. This instruction
book and parts catalog covers the Wallace and Tiernan,
10-40 gpm, frame-mounted, diatomite type, water puri-
fication unit No. U22446 , Minor differences in at-
taching parts, water connections, hardware, or finish
may be found in later units -- however, operating prac-
tices and repair procedures will still apply.

2-11. AUXILIARY EQUIPMENT.

a. General. For a complete water supply system,
the auxiliary equipment discussed in paragraph 2-3
must be available. This paragraph lists the auxiliary
equipment needed for normal operation.

b. Equipment Required When Water is Not Pre-
treated. Very clear water need not be coagulated and
settled but may be pumped by the machinery section
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right from the raw water source. For such water
sources only the following auxiliary equipment will
generally be required:

(1). Calcium hypochlorite (U.S.P.).

(2). Filteraid (diatomite).

(3). Hose. 2-inch suction hose must be used on
connections to the suction of any pumping unit. Suction
or discharge (pressure) hose may be used where the
water carried is under pressure. Hose needed for the
distribution system will depend on the water plant
layout.

(4). Tanks. When the water is pumped directly
from the clear water source, the capacity of the sys-
tem is usually greater than 25,000 gallons per day.
All available tanks, including those supplied for set-
tling, should be set up and used for water storage.

(5). Distribution System. Other equipment (pump-
ing units, hose, water cans, tanks, and so on) is needed
for water storage and distribution, depending on the
way the treated water is to be utilized.

c. Equipment Required When Water is Pretreated.
Turbid water must be coagulated and settled before it
is filtered. For such water sources, in addition to the
auxiliary equipment listed in b. above, the following
additional auxiliary equipment will be reeded:

(1). Ground alum (aluminum sulfate,' U.S.P.).

(2). Soda ash (U.S.P.).

(3). Chemical baskets (figure 5-1).

(4). Raw water pumping unit (figure 2-1).




SECTION 3

INSTALLATION AND SET-UP OF EQUIPMENT

3-1. UNPACK THE EQUIPMENT AND REMOVE
PRESERVATIVES. Unpack, clean and inspect the
equipment away from the water point if it will be diffi-
cult to camouflage or dispose of packing material at
the water point. Save boxes and packing material for
re-use if practical. No special protective materials
have been used for any of the equipment other than that
required for equipment packed for overseas shipment.
Protective tape, cloth, and waterproof coverings may
be slit with a knife and removed. Flush out the pump
housing with chlorinated water.

3-2. ASSEMBLE PARTS REMOVED FOR SHIP-
MENT. The f{ilter section is shipped completely as-
sembled. The machinery section is shipped completely
assembled, except for the pump suction valve which
would protrude if leftin place. The pump suction valve
is packed in a regular slotted carton and fastened in-
side the machinery section frame. The valve and the
pump suction fitting are tagged for easy reassembly.
Examine the equipment for damage from shipment,
storage, or handling, by visually checking fittings,
valves, frames, mounting parts, connections, hose,
accessories, tool box, and other parts.

3-3. LUBRICATION. Fill the engine, hypochlorinator
and slurryfeeder withoil (par. 7-2). Grease the pump
seal. Prime the pump. If plugtype valves are hard to
turn, loosen the nut (par. 7-5f.).

3-4. SET UP EQUIPMENT AT WATER POINT.

a. General. Before the system is erected the loca-
tion of eachitem of equipment must be planned and the
site prepared as explained in the following paragraphs.
If water is required in the shortest possible time the
filter and machinery sections may be set in place (fig-
ure 2-1)and raw water filtereddirect from the source
without settling. The unsettled water will clog the ele-
ments faster than settled water but a limited amount
of filtered and chlorinated water canbe obtained quick-
ly. If the water is very turbid but quick productionis re-
quired set up one settling tank and fill it. During fill-
ing add coagulants so that the water will be well settled
by the time the filter is ready for operation. Set up
other settling tanks and fill them as soon as possible
to have additional settled water available. If time is
not a factor, erect settling tanks and fill them, set up
the machinery and filter sections and then the storage
tank and distribution system.

b. Drainage. Waste from backwashing is highly con-
taminated. Always have the waste hose directed away
from the site and to a point down stream from the raw
water inlet. There is usually considerable spillage at
a water point and all material should be located on
slightly higher ground that will drain away from other
items of equipment. A muddy water point is unsightly,
unsanitary, and unpleasant for operating personnel.
Erect duck boards around and between the equipment
if necessary.

c. Settling Tanks. The ground location for settling
tanks should be as level as possible, for sloping ground
will cause excessive strain when the tank is filled with
water. Tanksare made of fabric and must be protected
from stones, sticks, roots, nails, or other objects that
may puncture them. Do not drop heavy or sharp tools
on the tank. Do not walk onthe collapsedtank as shoes
or boots may scuff or damage the fabric. Stakes may
not be supplied with the tanks. Five stakes are re-
quired for each tank. Place the collapsed tank on the
ground cloth, The cloth must be free of wrinkles. If
no ground cloth is provided, and if possible, erect the
tank so it does not have direct contact with the ground.
This will prevent mildew and mold. Insert the wood
staves in the loops of the tank. Raise the tank by pull-
ing on the guy ropes and anchor guy ropes to stakes.
As the water level rises in the tank coagulants must
be added and the horizontal supporting ropes around
the tank adjusted to relieve pressure onthe walls. See
that the staves remain vertical.

d. Hose. All hose connections must be tight and made
with gaskets. Suctionhose must be used for each suc-
tion connection and there must be no leaks or the effi-
ciency and operation of the pump will be reduced. A
small suction leak may prevent the pump from deliver-
ing any water. Pressure leaks mean loss of water and
cause muddy water points. Keep hose runs as short
as practical to conserve hose, reduce friction losses

and preventkinks. Do not walk on or drive over hose.

e. Raw Water Pumping Unit.

(1). General. The raw water pumping unit must be
located no more than 15 feet above the water and it is
advisable to have the suction lift as short as possible
for maximum pump efficiency. The total lift from the
surface of the raw water source to the top of the settling
tank should be no more than 10 feet. Always prime the
pump before starting the engine.

(2). Pump Suction. Connect the strainer to the one
end of a length of 2-inch suction hose and connect
the other end of the hose to the fitting on the pump
suction. The strainer will be under water and a tight
connection is not required except to prevent losing the
strainer. The pump suction connection must be tight.
Use nonhardening pipe compound if hose is connected to
tapered pipe but do not permit the compound to enter the
hose or pump as it may impart ataste tothe water. The
strainer must be submerged and off the bottom or it
will clog quickly. Never operate the pumping unit with-
out a strainer asdebris will damage the pump impeller.
If the raw water source will have a constant level, drive
a stake in the bottom and tie the strainer to the stake
at a point where bottom and surface debris will be at a
minimum. If water level will change tie the strainer
to an anchored float. If the source is shallow it may
be necessary to sinkaclear well made of a perforated
drum, Some strainer clogging will always occur and
the strainer should be accessible for easy inspection
and cleaning.
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(3). Pump Discharge. Use suction or pressure

. 2-inch hose from the pump discharge to the settling
tanks. Thehose must be long enough to reach well over
the side of each tank (figure 5-1).

f. Filter and Machinery Sections. Set up the filter
and machinery sections as illustrated in figures 2-1
and 2-2. This equipment should be approximately on
the same level as, and near the settling tanks. The
machinery section cannot be more than 15 feet above
the bottom of the tanks or the pump will not operate.
Use 10 foot lengths of ‘2-inch suction hose for pre-
coat hoses and the pump discharge hose. Suction hose
must be used between the machinery section and the
settling tanks. The hose must be long enough to reach
almost to the bottom of each tank. Tieafloat to the tank
end of the hose so that the end will be just under the
water. Whenthe water level inthe tank becomes so low
that sludge, which accumulates in the bottom, may be
drawn into the filter the hose should be moved to the
second tank. Run 2-inch suction hose from the filter
section waste connection to the point where waste water
is tobedischarged. If water will eventually drainback
into the raw water source, make sure that the pointof
entry isdownstream from the raw water intake and not
upstream from it.

g. Storage Tank. If a fabric tank is used for storage
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set it up the same as the settling tanks. If a steel or
wood tank is used follow directions shipped with the
tank. For efficient operation the storage tank should
be in a cool spot, near the filter section, with the top
water level no more than 10 feet above the machinery
section unless a booster pump is installed between the
tankand thefilter section. Suctionordischargel-1/2-
inch hose may beused between the filter outlet connec-
tionand the tank. The hose must be long enough to reach
over the side of the tank. Directthe hose into the tank
and tie it in place. The storage tank should be covered
at all times.

h. Distribution System. The distribution system will
depend on many factors. Water should be drawn from
the bottom of the storage tank as it will be cooler and
the pressure of the water in the tank will help distri-
bution., Shut-off valves, as required, should be installed
at the tank outlet. Distribution piping may be hose or
pipe as required. Long runs or high lift will reguire
booster pumps. If distribution is to be into tank trucks
and/or 5-gallon cans proper facilities must be provided.
Provision must be made for drawing off the small quan-
tity of water needed to conduct the frequent tests for
residual chlorine. This outlet should be near the tank
outlet to make sure that the tests are made of water
that is being delivered.




SECTION 4

CONTROLS AND INSTRUMENTS

4-1. GENERAL. This sectiondescribes, locates, il-
lustrates and furnishes sufficient information about
the various controls and instruments for the proper
operation of the equipment.

4-2. COMPARATOR.

a. Description and Purpose. Both chlorine residual
and pH values may be determined colorimetrically.
The Wallace and Tiernan permanent glass standard
type comparator (figure 2-12) isdesigned to give con-
venient and accurate colorimetric measurements. The
colorimetric method is based on the fact that when
orthotolidine indicator solution is added to a water
sample containing chlorine, a characteristic color is
produced which is indicative of the amount of chlorine
present. The same principle applies to pH measure-
ments except that a different indicator solutionisused.
Ineither case, with a calibrated set of color standards,
the value of the sample may be determined by compar-
ing its color with those of the standards. Permanent
glass color standards are employed in the comparator
and the comparator is constructed so that the water
sample is easily compared with the standards. Apris-

COVER

KNURLED SCREW (2)

matic eyepiece brings the sample and standard side
by side for accurate comparison.

b. Test Procedure, Chlorine Residual. The measure-
ment of chlorine in water is extremely important since
the bacterial purity of the water is governed by the
amount of chlorine present. It isgenerally agreed that
if water contains a chlorine residual of 1 ppm (part
per million) 10 minutes after the calcium hypochlorite
solution is added, the water will be bacterially safe
after anadditional 20 minutes contact. Chlorine resi-
dual test procedure is as follows:

(1). See general test precautions (par. d. below).

(2). Remove two knurled screws on front of com-
parator and lift off front cover (figure 4-1). Install
chlorine disc on comparator body so that the recess
at the center of the disc fits over a hub on the body,
replace front cover and install knurled screws.

(3). Install prism assembly (figure 4-2) by engag-
ing two pins inthe prismin matching holes in the front
cover.

(4). Washtwo sample tubes inthe water to be tested.
Fill both tubes to the graduation mark with the water
to be tested. The samples should not be collected until

COMPARATOR BODY

Figure 4-1. Installation of Comparator Disc
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PRISM MOUNT (2)

PRISM

FRONT COVER

Figure 4-2. Installation of Comparator Prism

the water and calcium hypochlorite have been in con-
tact for 10 minutes. This will allow proper time for
mixing. Place one of the sample tubes in the right-
hand compartment of the comparator (figure 4-3).

(5). Fill the dropper to the graduation mark with
the orthotolidine indicator solution, thenadd this solu-
tion to the second sample tube (figure 4-3).

(6): Place the second tube (containing the water tc
be tested and the orthotolidine solution) in the center
compartment of the comparator (figure 4-4). Make
sure that both sample tubes are pushed down as far
as they will go. Wait until the sample in the center
compartment has developed its maximum color. . This
should occur within 5 minutes after the reagent is
added.

(7). Compare the sample color with that of the
standard by rotating the disc until the best match it
obtained between the sample and the glass standard
Hold comparator so prismis approximately 12 inches
from the eye (figure 4-5). Read the residual value ir
the opening in the front upper left-hand corner of the
comparator. If the sample color falls between that o}

two of the glass standards, the chlorine residual value

must be estimated.

(8). When the test has been completed, remove
both sample tubes from the comparator, empty ou
the samples and wash the tubes with clean water

c. Test Procedure, pH. See general test precau-
tions (par. d. below). The general procedure for mak-
ing pH determinations is the same as for residua
chlorine determinations. A pH indicator solution mus'
be used and a pH color disc substituted for the chlo-
rine disc. The range of the solution and disc must be
the same. Two pH discs are furnished: one with ¢
pH range of 6.0 to 7.6 for use with bromthymol blu«
indicator solution; the other with a pH range of 4.4 t
6.0 for use with bromcresol purple-green indicato:
solution. The pH test procedure is modified by the
fact that time is not'a factor. In this test, to insur«
proper mixing,: the correct amount of pH solutio:
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Figure 4-3. Addition of Indicator Solution

Figure 4-4. Insertion of Second Sample Tube

should be put in the second sample tube before the
sample tubes are filled with the water being tested.
Che color development is practically instantaneous
ind the pH value may be read as soon as the sample
ubes are placed in the comparator.
d. General Test Precautions. Because of the small
juantities being measured, the color tests described
n b. and c. above are delicate chemical tests and, to
nsure greatest accuracy, several precautions should
ve followed.

(1). Color Discs and Indicator Solutions. All color
liscs and solutions are adjusted for sample tubes
1aving a 26-mm depth and on the basis of 15-cc water




Figure 4-5. Reading the Comparator

sample and 0.75-cc of orthotolidine indicator solu-
tion, or 0.5-cc of pH indicator solution. For correct
results, it is essential that only Wallace and Tiernan
color discs and solutions be used with the comparator.
The graduated mark on the sample tubes is at 15-cc.
The graduated markon the orthotolidine dropper is at
0.75-cc, and the mark onthe pH droppers is at 0.5-cc.
The discs supplied will measure 0.1 to 5.0 ppm chlo-
rine residual, 4.4 to 6.0 pH and 6.0 to 7.6 pH value.

(2). Clean Equipment. Before taking readings be
sure that the glass color standards in the disc and the
white frosted glass plate in the back of the case are
clean.

(3). Color and Turbidity. Toeliminate errors due
to natural color and turbidity of the sample make sure
that water is added to the right-hand tube before mak-
ing a color comparison.

(4). Sunlight. Do not allow direct sunlight to fall
onthe samples being tested. Sunlight causes the color
developed by the indicator solution to fade.

(5). Cleanliness. When taking samples, adding so-
lutions and mixing solutions with water in the sample
tubes be sure that the hands are free of all traces of
chemical so that the sample will not be contaminated.
Any contamination of the samples will change the true
chlorine residual or pH.

(6). Clean Droppers. The solutionsused in making
pH determinations are susceptible to change through
bacterial action if the solution becomes contaminated.
Care must be taken, therefore, not to contaminate the
indicator solution by the introduction of droppers that
are not perfectly clean.

(7). Adding Indicator Solution. In carrying out the
test for pH it is recommended that the correctamount
of indicator solution be introduced into the tube before
the water isadded. Inso doing, do not touch thedrop-
per with the fingersor allow it to come in contact with
the side of the tube. Never use the dropper to stir the
sample. As soon as the solution has been introduced
into the tube, replace the dropper in the bottle of indi-
cator solution.

4-3. PUMPING UNIT.
a. Rope Starter. The engine isequipped with a rope
starter (figure 4-6) consisting of a notched starting

Figure 4-6. Use of Engine Starting Rope

pulley (mounted on the flywheel end of the crankshaft)
and a starting rope. Proper applicationof the rope in
conjunction with the pulley imparts two full revolu-
tions to the crankshaft. The knot of the starting rope
is placed in a notch of the starting pulley. The rope
is then wound clockwise in the pulley groove. The rope
is pulled gently until an increased resistance is felt
on the compression stroke. At this point the pulley
is turned back a half turn. The rope is then rewound
fully and pulled briskly to turn the crankshaft over ra-
pidly. The operationis repeateduntil the engine starts.

b. Governor Control. A variable speed governor
control lever (figure 4-7) is mounted on the engine
crankcase housing under the pump end of the fuel tank.
This lever, connected by a linkage to the governor
shaft and carburetor, increasesor decreases the gov-
erned speed of the engine. Moving the lever towards
the pump decreases the governed speed. Moving the
lever towards the fuel tank increases the governed
speed of the engine.

c. Carburetor Controls (figure 4-8).

(1). Choke Lever. The lever (1), located on top of
the carburetor at the air cleaner end, controls the
choke valve. The choke is closed, when starting the
engine, by turning the lever counterclockwise. The
choke will remain closed until the engine starts, at
which time it will open automatically.

(2). Idle Valve Adjusting Screw. The idle valve
adjusting screw (2), located on the fuel inlet side of
the carburetor, controls the fuel-air mixture at low
engine speed. Turning the screw IN restricts the flow
of fuel. Turning the screw OUT increases the flow of
fuel.

(3). MainFuel Valve Adjusting Screw. The adjust-
ing screw (4) for the main fuel needle valve extends
from the underside of the carburetor float bowl. Turn-
ing the screw IN restricts the flow of fuel through the
mainnozzle; turning the screw OUT increases the flow.

(4). Throttle Stop Adjustment. The throttle stop
screw (3) provides the means of obtaining the proper
idle speed after the idle valve adjusting scréw (2) has
been set. Turn the screw left to reduce engine idle
speed and turn it right to increase engine idle speed.
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1. Choke lever
2. Idle valve adjust- ~4. Main fuel valve adjust-

3. Throttle stop adjustment

ing screw ing screw

Figure 4-8. Carburetor Controls

(5). Carburetor Adjustments. Detailed adjustment
procedures for the carburetor are given in Wisconsin
Motor Corporation Instruction Book, Issue MM-270-E.
Once the carburetor is properly adjusted the adjust-
ing screws usually require no further attention.

4-4, ADJUSTABLE FLOW CONTROL VALVE.

a. Location, Description and Purpose. The adjus-
table flow control valve (figure 4-9) is attached to the
outlet valve at the bottom of the filter section. After
the water leaves the filter section it goes to the flow
control valve. The valve is a diaphragm-operated,
balanced seat, differential pressure controlled, water
throttling valve designed to maintain the rate of flow
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at the rate set on the pointer (5) (figure 4-9). The flow
control valve will maintain the preset rate of flow,
plus or minus 10 percent, from beginning to end of the
filter run thus providing more even filter output. The
valve is adjusted by turning knob (6) and pointer (5)to
the desired rate of flow. During operation check the
rate of delivery of filtered water to check the perfor-
mance of the flow control valve.

b. Operation. At the start of a filter run pressure
of the filtered water (as indicated by the discharge water
pressure gage) is high and gradually decreases as the
filter cake on the elements becomes less porous. High
pressure at the flowcontrol valve inlet is transferred
through the inlet pressure passage (2) (figure 4-9) to
the diaphragm (1). Thishigh pressure acts against the
spring (9) and the reduced pressure in the valve body
(11). The reduced pressure is caused by the pressure
drop as the water flows through the inlet orifice (3).
The inlet orifice can be opened wide, or closed com-
pletely, by turning knob (6) which rotates gate (4) across
the front of the orifice. The pressure difference moves
the valve disc shaft (7) and valve discs (8) causing them
to close the valve outlet thereby increasing the pres-
sure in the valve body chamber (11). This action bal-
ances the pressure onthe diaphragm (1) with the result
that the valve is automatically opened just enough to
allow the preset rate of flow. As the filter run pro-
gresses, the pressure at the valve inletdecreases, and
the spring pressure opens the valve to its full-open
position to help maintain the rate of flow.

4-5. SLURRY FEEDER.

a. Location, Description and Purpose. The rate of
feed control for the slurry feeder is located on the
slurry feeder diaphragm cap assembly (figure 4-10).
The control consists of a dial plate graduated from 0
to 10 mounted on a knurled feed cam and a vertical
pin which serves as an indjcating pointer. Once the
dial is set for the desired rate of feed it is locked in
place by a screw protruding from the center of the dial.
The rate of feed control changes the length of stroke
of the slurry feeder pumping diaphragm and conse-
quently the volume of filteraid slurry drawn into the
feeder during the diaphragm suction stroke. The rate
of filteraid slurry feed required will depend on the
turbidity of the water being filtered which in turn de-
pends on the efficiency of coagulation.

b. Operation. Slurry in the hopper is usually made
in the proportion of 5 large cups of filteraid to 3 gal-
lons of water. With this slurry, and input shaft speed
of 600 rpm, slurry will be pumped at the rate of 0.33
gph (gallons per hour) when the dial is set at '"2", and
1.66 gph at a dial setting of ''10". This corresponds
to from 0.5 to 2.5 pph (pounds per hour) of filteraid.
If the water is very clear it may be desirable to re-
duce the concentration of filteraid slurry. When the
concentrationis reduced, the rate of feed for each dial
setting will be reduced proportionally. When a system
is first started the dial should be set at 2 during pre-
coating and the operationof the feeder valves checked
by observation through the valve chamber window.
Before the filter run is made the dial should be set to
the desired rate of feed which is determined by ex-
perience as being best for filtering water of that par-
ticular turbidity, say about 5. Too much filteraid with
clear water will shortenthe filter runas will too little
filteraid with turbid water. The optimum rate of feed
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for the particular water must be determined by trial
and error. Once the optimum setting is determined
the dial need not be changed during any of the opera-
tions of precoat, filter or backwash. A little extra fil-
teraid will be used during precoat and backwash, but
this should be minor. Before the engine is stopped
set the dial at 0 so no slurry will remain in the valve
chamber where the filteraid will settle and clog the
valves. The dial should also be set at 0 if the engine
is running and no water is being pumped to the filter.
This will prevent build-up of filteraid in the valve
chamber. The dial may be turned easily while the
feeder is in operation if the actual turn is made dur-
ing the pumping stroke.

4-6. HYPOCHLORINATOR.

a. Location, Description and Purpose. The hypo-
chlorinator control handle is located on top of the hy-
pochlorinator (figure 4-10). Turning the control handle
changes the amount of solution pumped. When the dial
is set at "2" a minimum amount of solution is fed.
When the dial is set at ''10'" the maximum amount of
solution is fed. The handle can be turned and the rate
of solution feed changed while the hypochlorinator is
in operation or at rest.

b. Operation. The hypochlorinator is a diaphragm
pump. The movementof the hypochlorinator diaphragm
is controlled by the action of a cam which actuates a
rocker arm. - With a setting of '"2" on the hypochlori-
nator ‘dial, the rocker arm stroke is short and only
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Figure 4-10. Slurry Feeder and Hypochlorinator Controls
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about 0.6 gph of solution is pumped. The stroke in-
creasesas thedial isturnedup to''10", and the amount
of solution pumped increases with the result that at
"10" about 2.3 gph of solution is pumped. The solution
is pumped from the hypochlorite reservoir through a
strainer (inside the reservoir) and sight glass (fig-
ure 2-7) into the hypochlorinator from whichit is dis-
charged into the restrictor and mixed with the raw
water as it leaves the pump. It is recommended that
when a water purification system is first set up a
0.375% solution of calcium hypochlorite be prepared
and the hypochlorinator set at '"10" to start the solu-
tion pumping, then moved down to ''2" while the ele-
ments are precoated, and finally turned up to ""6" or
"7" for thefilter run. Depending on the chlorine resi-
dual to be maintained inthe filtered water, the rate of
solution feed may be either increased or decreased.
The chlorine residual canalso be changed by changing
the strength of the calcium hypochlorite solution. The
optimum setting and solution strength for the parti-
cular water being treated can only be found by trial
and error. Generally, it is best to use a relatively
weak solution (under 1%) of the hypochlorite solution
and a dial setting of "'6'" or "7 which will allow quick
changes in the amount of solution pumped either up or
down.

c. Priming the Hypochlorinator. When the hypo-
chlorinator is functioning normally, solution will spurt
into the sight glass at regular intervals. At start-up,
with the stroke control handle set at 10, observe the




sight glass to see if solution is being pumped. If no
spurting is observed it will be necessary to bleed air
on the pump stroke and seal off the pump body on the
suction stroke. To do this loosen priming plug (fig-
ure 4-10) on the pump stroke and tighten itat the start
of the suctionstroke. If this does not produce results,
remove the solution strainer from the suction hose and
fill the sight glass by pouring water down the hose.
Replace the strainer on the hose and place in the hy-
pochlorite reservoir. If the unit still does not prime,
then the suction line, the sight glass, the pump body
and the valve body should be checked for air leaks.

4-7. AIR RELEASE VALVE.

a. Location, Description and Purpose. The air re-
lease valve is bolted to the topof the filter shell. This
is a quick-acting valve which moves from closed to
open position in 1/60 of a second. The valve is de-
signed to release the pressure in the filter instantane-
ously to permit air-bump backwash of the elements at
the end of a filter run.

b. Operation. To open theair release valve slap the
handle down with the heel of the hand. To close the
valve press the disc down with both thumbs (figure
4-11) and while holding the disc down with one thumb
lift up on the handle with the other hand (figure 4-12).

4-8. WATER PRESSURE GAGES.

a. Location, Description and Purpose. The inlet
water pressure gage (figure 2-4) is attached to a tee
at the top of the filter shell. The discharge water
pressure gage (figure 2-4) is attached to a nipple at
the bottom of thefilter base. Both gages are standard
2-inch dial, steel case and brass movement, reading
from 0 to 60 psi with 1/4-inch male pipe connection.

The inlet gage gives the pressure of the unfiltered
water in the filter shell. The discharge gage gives
the pressure of filtered water in the bottom of the
filter base after the water has passed through the ele-
ments. The gages give the operator an indication of
how the filter is working and when to backwash the
elements.

b. Operation. Atthe start of thefilter runboth gages
will have the same reading. As the filter run progres-
ses the inlet gage reading will increase and the dis-
charge gage reading will decrease. During the filter
run the inlet gage will remain farily constant or rise
slowly 2 to 4 psi until the flow control valve (par. 4-4)
is wide open. From this point the output of the filter
starts to drop and the inlet pressure willriseabout4
pounds during a relatively short time, say about 5 to
10 percent of the total filter run. This indicates that
the filter cake on the elements is losing its porosity
and the elements should be backwashed. The dis-
charge gage will drop gradually during the filter run
as the flow control valve opens wider (par. 4-4). If
the storage tank is about the same level as the filter,
the discharge gage will drop to about 4 psi at which
time the elements should be backwashed. However, if
the storage tank is above the filter, back pressure will
give a higher discharge pressure reading. A notice-
able drop in the flow of filtered water is a definite in-
dication that the elements should be backwashed. It is
recommended that the flow of filtered water be watched
during the first few filter runs ata new water site and
the gage readings noted when output decreases. These
readings may then be used for future filter runs. At
the end of a filter run, the filter outlet valve (figure
2-5) is closed and the pressure on the discharge gage
is allowed to build to that on the inlet pressure gage
as a preliminary to air-bump backwashing.

Figure 4-11. Air Release Valve -
Positioned for Closing

Figure 4-12. Air Release Valve - Setting Valve
Handle in Closed Position
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5-1. GENERAL. Surface water usually has disease
organisms and dirt, sand, silt, clay, decaying vegeta-
tion, or chemicals in it. Suspended particles make the
water turbid, as opposed to clear water which has little
or no visible suspended matter. All water, regardless
of turbidity, must be filtered and chlorinated since
even clear water can contain microscopic organisms
and bacteria that will be injurious to personnel using
% or drinking it. Veryclear water may be filtereddirect
from the raw water source. Most water is turbid and
must be pumped into settling tanks where the suspended
matter is removed by the pretreatment process ex-
plained in this section.

5-2. OPTIMUM pH. All water has a pH value at which
the best flocculationoccurs in the shortesttime. This
is called the optimum pH. The optimum pH may be
determined by a series of trial and error tests using
equal samples of the water to be testedand adding vary-
ing measured amounts of alum and sometimes soda
ash. Coagulation test procedure is explained in para-
graph 5-5. The optimum pH generally falls between
4.5 and 7.5. Turbid water with considerable natural
alkalinity flocculates best at a pH of between 6.0 and
7.5. Colored water usually flocculates best between

‘ 4.5 and 6.0. It is not usually advisable to add soda ash
during coagulation of colored water as this may fix the
color. If good coagulation occurs for a number of pH
values use the pH that will require the leastamount of
coagulating chemicals.

5-3. FILLING SETTLING TANKS. Tie the raw water
filling hose on the side of the tank (figure5-1) and di-
rect the water along the wall of the tank so the water
swirls inside the tank. The whirling motion helps to
distribute the coagulating chemicals and should be al-
lowed to continue even when the tankis full as the cir-
cular movement will aid in flocculation. While the
tank is beingfilled, coagulants and sometimes calcium
hypochlorite are added as explained in paragraphs 5-4
and 5-6.

5-4, COAGULATION PROCEDURE. From coagula-
tion tests (par. 5-5) determine the optimum pH value
of the water. This is the pH that should be maintained
in the settling tanks to obtain the best and fastestfloc-
culation. The optimum pHmay change from day to day
for a particular water and coagulation tests should be
repeated if flocculation is not satisfactory. Estimate
(par. 5-5c) the amount of coagulants required to ob-
tain the optimum pH for 3000 gallons of water. Put
twice the amount of alum in one chemical basket and,
if soda ash must be used, puttwice the amount of soda
ash in the other basket. More than the required dos-
age is needed as all of the chemical does notdissolve.
a. Add Coagulants to Water. Use a rope or cord to
‘ suspend the alum basket (and if soda ash is required,

the soda ash basket)in the tank (figure 5-1). The bas-
kets should be about 4 or 5 feet from the stream of
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water from the hose and immersed in the water. As
the water rises in the tank the baskets must be raised.
When the tank is about half full remove the baskets,
take the pH, and note the quantity of chemicals dis-
solved. The nearer the baskets are to the stream of
water, the faster the chemicals will dissolve. If the
coagulants are dissolving too fast for optimum pH,
move the baskets away from the stream of water. If
the coagulants are not dissolving fast enough, move
the baskets closer to the stream. It may be nécessary
to remove the baskets from the tank for a short while
if too much chemical has dissolved. If the tank is full
and too little coagulant has dissolvedleave the baskets
in the tank after the filling hose has been removed. If
necessary to maintain the circular motion, stir the
water with a piece of clean wood. The direction of flow
must be the same as when the tank was filling.

b. Flocculation. The purpose of adding coagulants
is to obtain a goodfloc that will trap suspended matter
and carry it to the bottom of the tank. The jelly-like
floc first appears in particles so small that the water
has a milky appearance. As the water swirls, the small
particles join with others to form large particles. If
the alum dosage is correct a distinct floc will appear
shortly after the tank is full. If too much alum was
dissolved the floc will be large and feathery. If too
little was dissolved the floc will be fine and indistinct.
A good floc is between the two and should be large
enough to enmesh suspended matter and heavy enough
to settle to the bottom. The settledfloc and suspended
matter form a sludge at the bottom of the tank. This
sludge in the tank aids settling. Do not remove it ex-
ceptas required todrawclear water. To remove sludge
attach the drain hose to the suction of a pumping unit
and pump to waste. At the same time pump raw water
into the tank in such a way as to disturb the sludge and
keep it in suspension.

c. Settling Time. After the tank is full and the fill-
ing hose has been removed, the water will still con-
tinue to swirl for some time. The floc and suspended
matter will gradually settle to the bottom. Settling
time is at least 30 minutes and will vary with the water
to be treated and the efficiency of the treatment. The
longer the water has settled the faster it can be fil-
tered. Always let water settle as long as is practical
and use all available settling tanks to settle water
overnight or during inactive periods.

5-5. COAGULATION TESTS. Expedient apparatus
for conducting coagulation tests can be made by using
a series of clear jars, glasses, bottles or similar con-
tainers. The containers used need not be of the same
size or shape but must contain the same amounts of
water to be tested (about 1 pint). It is suggested that
one container be used to measure the water placed in
all of the containers.

a. Prepare Test Solutions. Saturated solutions of
alum and sodaash are made by dissolving alum in one
small jar of water and soda ash in another until no
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more chemical dissolves in the water despite vigor-
ous stirring. In each case, leave a few undissolved
crystals to be sure of saturation. The saturated solu-
tions are too strong for use soadjusted-strength solu-
tions must be formed. Diluting 1 part of the saturated
alum solution with 10 parts of water produces approxi-
mately the desired strength alum solution. Diluting
1 part of the saturated soda ash solution with 20 parts
of water produces approximately the desired strength
soda ash solution.

b. Conduct the Test. Use the comparator to deter-
mine the pH of the raw water.

(1). If pH is above 6.4 and the water is practically
colorless, or if the pH is below 6.4 and the water has
a high color, place equal volumes of water in six jars.
Add increasing amounts of adjusted alum solution to
each jar of water. As a start,add 1 cc to the firstjar,
2 to the second, 3 to the third, etc., for all the jars.
The pH dropper (par. 4-2d.(1)) holds 0.5 cc.

(2). Quickly stir all jars with a clean stick, but do
not use more than two circular movements to mix the
chemical and water. Continue stirring only enough to
keep water barely moving for a period not less than 5
minutes. Violent stirring breaks up the floc and does
not allow it to form into visible particles.

(3). Observeall jars while stirring and note the jar
or jars in which the floc formsfirst. Record the stir-
ring time at which the floc first becomes visible. If
floc forms within 2 minutes after chemical solution is
added, the result may be of value. Observe the char-
acteristics of the floc and of the water between the par-
ticles after stirring has stopped. A clear, sparkling
water between well-formed floc particles is desired.
For completeness the test should be continued, aftera
good floc is obtained, until poor floc is obtained when
increased amounts of alumare added. A series of jars
in which a goodfloc or seriesof good flocs is preceded
and followed by a series of jars having poor flocs indi-
cates a complete test.

(4). Determine the pH of the water in each jar to
which alum solution was added. The pH value of the
water in the jar having the best floc is the optimum
pH. The pH values of all jars in which good floc has
formed may be included within the pH range.
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(5). If the pH value of the raw water is below 6.4
and the water is practically colorless, or if the re-
sults of the jar test using alum alone indicate that the
water has insufficient alkalinity, soda ash must be
added. The series of jars are filled with raw water.
A measured amount of adjusted soda ash solution suf-
ficient to raise the pH value to 7.6 is added to each jar.
An additional 4 cc are added to each jar and the ad-
justed alum solution is added (see (1), (2), (3) and (4),
above).

(6). If an optimum pHhas notbeenfound or the floc
takes too long to form, the test is repeated with in-
creased amounts of soda ash and alum.,

c. Summary. When soda ash is added in the final
treatment, approximately the same ratio of soda ash
to alum is used as in the jartest. Ingeneral, the opti-
mum pH can be determined with alum alone, Sodaash
should be used only when absolutely necessary.

5-6. PRE-CHLORINATION IN SETTLING TANKS.
The hypochlorinator in the machinery section is capa-
ble of chlorinating most raw waters. However, if hard
to kill organisms as schistosomes or amoebic cysts
are in the water it may be advisable to pre-chlorinate
the water in the settling tanks. The advantage is that
the longer period of contact with the chlorine will kill
more of the resistant organisms, and the hypochlorite
solution in the hypochlorinator will not have to be too
strong to maintain a 2 ppm chlorine residual in the
filtered water. The disadvantage is that more calcium
hypochlorite is required since it mustdisinfect all the
bacteria and suspended matter that normally would re-
main in the settling tank. To pre-chlorinate make a
slurry of 3 tablespoons of calcium hypochlorite in the
large measuring cup. Add this slurry to the settling
tank at the start of the filling operation. When the tank
is full, test the water for residual chlorine. I the
residual is less than 1.5 ppm add sufficient calcium
hypochlorite slurry to bring the residual to this level.
The hypochlorinator should be adjusted to give a chlor-
ine residual of 2 ppm in the filtered water when schisto-
somes or amoebic cysts are in the raw water.




SECTION 6

OPERATING INSTRUCTIONS

6-1. STARTING AND STOPPING. When water is flow-
ing through the equipment, it is started or inoperation.
When water ceases to flow, the equipment is stopped
oratrest. Therefore, starting and stopping of the water
purification equipment coincides with the starting and
stopping of the pumping unit. This section gives all
the instructions needed for satisfactory operation of
the water purification equipment.

6-2. PREPARATORY OPERATIONS.

a. Visual Inspection. Make a complete visual inspec-
tion of the equipment set-up to make sure that hose
connections are secure, there are no broken or dam-
aged parts, and all units are securely mounted. Check
equipment for leaks in any of the water hoses, the fuel
line, and leaks in any of the machinery section com-
ponents. Check that all equipment is on firm level
footing.

b. Lubrication. Give the equipment a complete daily
lubrication (par. 7-2).

c. Precoat Tank. Fill the precoat tank with clean,
settled water. Add 1/4 of the 5-ounce measuring cup
of calcium hypochlorite to sterilize the water in the
precoat tank, and to sterilize the pump andfilter. Steri-
lization is necessary only when the equipment is first
started and no chlorinated water is available. During
normal operationfiltered and chlorinated water will be
left in the precoat tank ready for use. Stir one mea-
suring container (2-quart) of filteraid into the water
in the precoat tank.

WARNING

Keep calcium hypochlorite away from the eyes.
Be especially careful when opening cans and
turn the head so the chemical dust does not
fly up into the eyes.

d. Slurry Feeder. Fill the slurry hopper with clean
settled water to within 2.5 inches of the top (3 gallons).
Add 5 measuring containers (2-quart) of filteraid to
make the slurry (par., 4-5b). After the equipment is
in operation, water for preparing the slurry can be
obtained through the make-up water valve. The slurry
rate of feed adjuster should be set at "0 until the
equipment is in operation.

e. Hypochlorinator. Make a solution in the large
measuring cup of one small cup (5 ounces) of calcium
hypochlorite and two quarts of water. Stir the mix-
ture, until all the chemical dissolves, then allow the
solution to settle. Decant the clear liquid into the hy-
pochlorite reservoir. Add water to bring the level in
the hypochlorite reservoir to within 2 inches of the top,
making a total of 5 gallons of solution in the reservoir.
The strength of the hypochlorite solution prepared in
this way is about 0.375%. Depending on the amount of
chlorine required to sterilize the water, the strength
of the solution can be increasedor decreased by using
more or less calcium hypochlorite. In any case, do
not make the hypochlorite solution stronger than 1%.

NOTE

When the water used to prepare the solution is
"hard", it is necessary to precipitate as much
of the "hardness'" as possible before passing
the solution through the hypochlorinator. To
precipitate the ""hardness' add soda ash (wash-
ing soda) to the solution. A slight excess of
soda ash is not harmful. Allow the precipitate
that forms to settle to the bottom of the con-
tainer, then syphon off the clear hypochlorite
solution into the hypochlorite reservoir. Dis-
card the precipitate.

f. Pump. Never run the pump without lubrication or
without water in the housing. Prime the pump by re-
moving the priming plug in the top of the restrictor
and filling the priming chamber with water. Replace
the plug. When the engine is started, air in the suc-
tion hose will be drawn into the pump, mixed with the
priming water and discharged out the discharge hose
until the pump starts to draw water through the suction
hose. All pump connections subject to suction must be
air tight or reduced capacity, failure to prime, or de-
lay in priming will result. During normal operation
the pump will retain its prime, and the pump can be
stopped and started without repriming.

g. Engine. Fill the fuel tank with 70-75 octane
gasoline. Open fuel shut-off valve. If the engine is
new, or if it has been out of operation for some time,
the compression may be poor due to oil draining off
the cylinder. This may cause difficulty in starting
and it will be necessary to restore the compression.
To restore compression, remove the spark plug and
pour about a tablespoon of crankcase oil through
the spark plug hole. Turn the engine over several
times with the rope starter to distribute the oil
over the cylinder wall. Replace the spark plug.
Compression should now be restored. When proper
compression is present considerably more resist-
ance is felt in cranking on one stroke of the piston
(the compression stroke) than on the other three
strokes.

h. Valves. Check that the values operate freely
before starting the pumping unit. Set the valves for
the filter operation to be performed (generally pre-
coating, see paragraph 6-4 below) before starting the
engine. Valves may be opened and closed with the
engine running to change from precoat to filter, to
backwash, and back to precoat. The valves must be
manipulated in a definite order, however, to avoid
contaminating a batch of clean water. Always service
the engine and pump between backwash and precoat
when shut-down will not interrupt a filter run. Al-
ways have a supply of settled water available, and
be prepared to switch fromone tank to the other with-
out interrupting the flow, to insure continuous opera-
tion.

i. Pretreatment of Water. Pretreatthe water in set-
tling tanks as described in Section 5.
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1 Influent suction line 7 Filter shell 13 Effluent discharge line
2 Pump suction 3-way valve 8 Filter element 14 Precoat discharge line
3 Precoat suction line 9 Air release valve 15 Precoat discharge orifice
4 Pump 10 Air bleed valve 16 Adjustable flow control
5 Pump discharge line 11 Quick-acting drain valve valve
6 Filter inlet valve 12 Filter discharge 3-way valve 17 Precoat tank
Figure 6-1. Precoat Operation - Flow Diagram ‘
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6-3. STARTING, OPERATING, AND STOPPING
THE PUMPING UNIT.
a. Starting the Engine.

(1). If the equipment is being started for the first
time and hoses are empty, position the valves for fil-
ter bottom flush-out (par. 6-6f). After the pump is
started allow it to operate until water issues from the
filter drain line, then proceed with precoating opera-
tion (par. 6-4). If equipment is being restarted use
normal precoat procedure.

(2). Openthe carburetor mainfuel adjustment valve
between three-quarters to one and a quarter turns.
Close the carburetor choke lever (par. 4-3c).

(3). Wind the starting rope on the starting pulley
(figure 4-6). Pull gently on the top until increased re-
sistance indicates the compression stroke, then turn
the starting pulley back half a turn. Rewind the rope
fully and pull briskly to turn the crankshaft over rap-
idly. Repeat this operation until the engine starts. If
the choke accidentally snaps open before the engine
starts, close it again.

(4). H, after several attempts, the engine fails to
start, and gasoline starts to drip from the carburetor,
open the choke. Continue the starting procedure with
the rope starter leaving the choke open. Less choking
is necessary in warmer weather, or when the engine
is warm, than when it is cold.

(5). After the engine is started and warmed up for
several minutes, the carburetor main fuel adjustment
valve should be readjusted for best operation (par.
7-9c). This adjustment need only be made the first
time the engine is started.

(6). The engine may fail to start due to defects in
either the fuel or ignition systems. To determine the
cause, prime the engine by removing the spark plug
and pouring a half teaspoonful of gasoline into the spark
plug opening. Replace the spark plug and perform
starting procedure with the starting rope. If the en-
gine fires for three or four revolutions and stops, the
defect is in the fuel system. If the engine does not
fire at all, check the compression (par. 6-2g) and
ignition system.

b. Operating the Pumping Unit.

(1). After the engine is started, allow a sufficient
length of time for the pump to operate and pick up its
prime. The longer the suction line, the longer the
priming time required.

(2). The engine speed during pumping should be
2600 rpm. Adjust the governor control (par. 4-3b) as
necessary to change the engine speed.

(3). Check for any unusual operation, such as en-
gine running below governed speed, engine overheating,
excessive pump vibration, and pump not delivering full
volume. Look for leaks in all connections, hoses, fuel
line, in the casing, and at the pump impeller shaft seal.

(4). Stopoperationimmediately if any unusual noise
develops in the pump or engine.

c. Stopping the Pumping Unit.

(1). Backwash and flush out the filter (par. 6-6).
Leave valves set for filter bottom flush out.

(2). Stop the engine by pressing in the grounding
switch (7) (figure 2-11) on the magneto and holding it
until the engine stops.

6-4, PRECOAT OPERATION (figure 6-1).
a. Before water can be filtered, it is necessary to
coat the filter elements (8) inside the filter shell (7)

with a cake of diatomite filteraid that will screen out
the suspended matter and organisms that remain in
the settled water. This paragraph gives the proper
procedure for precoating.

b. Close the air release valve (9) and open the air
bleed valve (10).

c. Set the filter discharge valve (12) in 'precoat"
position. In this position the water is returned to the
precoat tank after it passes through the filter ele-
ments (8).

d. Close the drain valve (11).

e. Turn the pump suction valve (2) to "precoat' po-
sition. In this position the pump draws from the pre-
coat tank (17) through the precoat suction line (3).

f. Stir one large measuring cup of filteraid into the
precoat tank water.

g. Start the pumping unit (par. 6-3a).

h. Bleed air from the filter shell (7) through the air
bleed valve (10) until the water spurts out of the valve.
Close the air bleed valve.

i. As soon as the equipment is operating, adjust the
rate of slurry feed (par. 4-5) and the hypochlorinator
control (par. 4-6). Check the operation of the slurry
feeder and the hypochlorinator during the precoat op-
eration.

j. During the precoating the filteraid slurry is drawn
from the precoat tank (17) through the precoat suction
hose (3) and pump suction valve (2) to the pump (4).
The pump forces the slurry through the pumpdischarge
line (5), through the inlet valve (6) into the filter shell
(7). In the filter shell the filteraid is deposited on the
filter elements (8) and the water from the slurry passes
through the elements. The water collects in the bottom
of the filter shell and pressure forces it through the
filter discharge valve (12), the precoat discharge ori-
fice (15), and through the precoat discharge line (14)
back to the precoat tank (17). Slots around the base
of the filter shell (7) distribute the incoming slurry or
water giving more even exposure to all elements and
preventing the flow of liquid from scouring any of the
elements. Orifice (15) controls the flow during pre-
coating.

k. The pump continues to recirculate the precoat
water until all the filteraid has been deposited on the
filter elements. This is indicated by the clarity of the
recirculating water. When precoating is complete,
proceed with filter operation (par. 6-5).

6-5. FILTER OPERATION (figure 6-2).

a. Flow must be maintained through the filter shell
(7) between precoat and filter operation to eliminate
the possibility of the filter cake dropping off the ele-
ments (8). To go from precoating to filtering proceed
as follows:

b. Turn the pump suction valve (2) to "filter" posi-
tion so the pump draws water through the suction line
(1) from the settling tank. Stand by the filter discharge
valve (12) and watch the level of water in the precoat
tank (17). As soon as the precoat tank is full, turn the
filter discharge valve (12) to "filter'" position so the
filtered water is delivered to the effluent discharge
hose (13). The discharge hose (13) should now deliver
clear filtered water to the storage tank. If the water
is not clear the filter is not operating properly -- the
discharge valve (12) should be shut, the elements back-
washed and the trouble located, before filtering is re-
sumed.
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6-4

1 Influent suction line

2 Pump suction 3-way valve
3 Precoat suction line

4 Pump

5 Pump discharge line

6 Filter inlet valve

———-= INDICATES FLOW OF WATER TO

@ e REFILL PRECOAT BUCKET AFTER
Y PRECOAT ING.
9 — « INDICATES FLOW OF WATER
DURING FILTERING.

T Filter shell 13 Effluent discharge line
8 Filter element 14 Precoat discharge line
9 Air release valve 15 Precoat discharge orifice
10 Air bleed valve 16 Adjustable flow control
11 Quick-acting drain valve valve
12 Filter discharge 3-way valve 17 Precoat tank
Figure 6-2. Filter Operation - Flow Diagram '
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c. Duringfiltering, settled raw water is drawn from
the settling tank through the suction line (1) and pump
suction valve (2) to the pump (4). The pump forces
the raw water through the pumpdischarge line (5) and
the inlet valve (6) into the filter shell (7). The water
passes through the filter elements (8) depositing sus-
pended matter, organisms, and the filteraid added by
the slurry feeder. The chlorinated and filtered water
is forced out the bottom of the filter shell through the
filter discharge valve (12), flow control valve (16) and
the discharge hose (13) to the filtered water storage
tank.

d. Check the operation of the slurry feeder (par.
4-5) to make sure it is operating properly and is
feeding the required amount of filteraid to the raw
water. The continuous feeding of slurry during the
filter run is important to maintain the porosity of the
filter cake.

e. Check the operation of the hypochlorinator (par.
4-6). Check the chlorine residual (par. 4-2b) of the
filtered water to make sure the chlorine demand of
the water is being met. Make chlorine residual tests
on a filtered water sample drawn through the sampling
valve on the bottom of the filter shell. Adjust the hy-
pochlorinator as necessary (par. 4-6) to achieve the
desired chlorine residual.

f. Continue the filter run until one of the following
occurs:

(1). The discharge water pressure gage drops to
4 psi and the filtered water flow drops noticeably (see
par. 4-8b).

(2). The supply of settled water is exhausted.

(3). The filtered water storage tank is full.

(4). The filter run is interrupted for any reason.

g. To terminate a filter run, backwash the elements
and flush-out the filter bottom (par. 6-6). The equip-
ment may now be stopped, or the elements precoated
and the filter cycle resumed.

h. Sometimes it may be necessary to switch the raw
water suction line (1) from one settling tank to the
other in the middle of a filter run. For such short in-
terruptions in the continuous flow of raw water it is
not necessary to stop the filter run,instead proceed
as follows:

(1). Turn the pump suction valve (2) and the filter
discharge valve (12) to their "precoat' positions.

(2). Water will circulate from the precoattank (17)
through the elements maintaining a filter flow and pre-
venting the filter cake from falling off the elements (8).

(3). Switch the raw water suction line to the fresh
settling tank without emptying the line.

(4). Turn pump suction valve (2) and the filter dis-
charge valve (12) back to their "filter" positions.

(5). Open air bleed valve (10) until water flows out,
then close the valve.

6-6. BACKWASH AND FILTER BOTTOM
FLUSH-OUT OPERATION (figure 6-3).

a. Backwashing is necessary whenever the filter
run is to be stopped. Backwashing removes the old
filter cake from the elements, and drains it out of the
bottom of the filter shell through the drain valve (11).
To go from filtering to backwashing proceed as fol-
lows:

b. Close the filter discharge valve (12) and watch the
pressure on the discharge water pressure gage (18).

When the pressure on the discharge gage is the same
as the pressure on the inlet gage (19) close the filter
inlet valve (6). This shuts off water pressure from
the pump (4) and seals the filter shell (7).

c. Slap open the air release valve (9). There will
be a loud "bang'" caused by the instantaneous rush of
air from the filter (par. 2-6c). With this action the
filter cake is blasted off the outside of the filter ele-
ments.

d. Open the drain valve (11). The broken cake and
water will drain out of the filter shell.

e. Flush out the bottom of the shell by opening the
filter inlet valve (6) one turn. Water from the pump
(4) will flow into the filter shell and flush out any filter
cake or foreign matter remaining in the filter bottom.
Re-backwash should not be necessary but, if observa-
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