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PRACTICLE CONCEPT OF CROSS CONNACTICHNS

The purpose of this report or thesis is to put this
subject to the people in a form that can be easily under-
stood. This report for that reason is written for the
plumber, the janitor, owners of buildings and plumbing
inspectors. The majority of reports that have been written
on the subject of cross connections have been in such a
technical form, that it takes a hydraulic engineer to
decipher them. Yes it is quite necessary for a person to
understand a few of the basic principles of hydraulics to
read and understand this report, but in the pages to follow,
they will be explained in words of the average citizen.

The evils of cross connections must be eliminated. If
this subject can be so presented that the average citizen
realizes the possibility and dangers of cross connections
it will not be aifficult to have plumbing supervisors
enforce regulations regarding cross connectionse.

During the past 50 years, a great decrease in the
number and extent of water-borne epidemics have been accom-
lished. This is mainly due to the improvement of the
quality of water supplies. It has taken many years and
at the cost of millions of dollars to furnish you with
this safer water supply. In the fight of reducing the
water-borne epidemics, man has the advantage that the
typhoid germ is relatively easy to kill. However, other
types of water-borne disease germs are not so easily

eliminated, this is especially true of the different types
203174
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of dysentery producing bacteria. And it is therefore
unfortunate that the supervision of water supply, alone
doesn't end our fight of these epidemics. Therefore, we
should not be lulled into the false sence of security by
past general improvements in our water supplies. Lack of
vigilance in safe guarding public water supplies takes its
toll of human lives and suffering, to say nothing of the
extensive economic losses to the community affected.

Unfortunately, as a result of the general decreasing
typhoid fever rate in the United States, there has arisen
the false impression, in the minds of the generzl public and
to a lesser degree among health and water works officials,
that water-borne epidemics are no longer to be feared as
they were in the past. With the construction of the modern
water purification plants, there has developed among public
officials a feeling that vigilance can be relaxed in matters
pertaining to pollution of the source of supply and super=-
vision over the health aspects of the water works systems.

Before any of us get the impression that this, faulse
safety, is easy to talk about, but no concrete evidence can
be shown, let us site a few examples of what has happened.

In the Engineer News Record, lay 1930 this article
appearss

Leaky Cross-Connection Kills 15
No news article written in Bloomington, Illinois,
but 15 died of typhoid fever-If it had been loss due

to cyclone, KWexican Raid, or race riot, the papers



would have had it in head lines!

Unfortunately there are still some engineers,
especially those in the employ of the fire insurance
companys, Who see no harm in cross connections, or
who put property risks above life. Some day san-
itarians will ask organized labor to help rid the
nation, under drastic penalties.

The historic widespread epidemic of dysentery which
occurred in ‘etroit, Nichigan,#in February 1926, which
resulted in a least 4500 cases, should be mentioned
here., This epidemic, is the most extensive outbreak
of dysentary on record. Yet the city of Tetroit has
the most modern and best rapid sand filter plant for
water purification, so it is quite apparent this out-
break was due to laxity in control.

And the shinning example, of 1933 in Chicago
during the Vorlds Fair. A dysentery epidemic was
traced directly to faulty hotel plumbing, and this,
more than any other single incident, arroused the
interest of health authorities on the health menace of
plumbing.,

Examples such as the typhoid epidemic at "Tanover,
Germeny in 1929, there were over 2400 cases reported;
at Iyon, France in 1929 there were over 2100 cases,

Of which the majority were caused by cross connections
of one type ar another!

The following graph :ppeered in the book, "The
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Significence of Vaterborne Typhoid fever outbreaks"
by Wolman & Gorman. This may give a very good
indication of where most of the cases of typhoid

fever and dysentery originate.

Miscellaneous 1.7 %

Contamination of

Reservoirs 1.4 %
Untreated

{ Surface Supplies 2.3 %
Contamination in
Distribution Systems 9.2 9

Contamination in
Collection Systems 14.7 %

Inadequate Control
. Over Purification Methods 54.1 %

Untreated Ground i
Water Sunplies 16.6 4%

Any person who has fallen into false idea of safety
and lack of vigilence should egain be reminded, that one
who holds such a viewpoint should heed the facts of the few
examples Jjust stated!

Now that we are quite sure cross connections do
exist, and they cdo, even today in our modern world; just
what is a cross connection? Cross connections have been
defined in many different ways, btut all their meanings are

the same. Can a definition of a cross connection be pinned



down and a general statement be made? Are all cross
connections based upon one principle? ©No, they can't
and that seems to be one of the main difficulties in
eliminating them. Cross connections may exist ané no
tangeable trouble or disaster arise from them. But when
ever such a connection does exist the danger, or possible
source of trouble is there. It has often been said that
an ounce of prevention is worth a pound of cure, and in
this case that statement is no exception. Why spend
millions of dollars to make our water supplies safe &and
for the sake of a three dollar check valve, or a days labor,
should we jeopardize the health of each and every one of us?
To a business man, housewife, or property owner this does
not make sence. If a business man were to invest, say
$1000 in some sort of transaction, and at a later date it
would take $3.00 to insure him a greater profit on his
investment, he would not give the #3.00 a second thought,
but would readily spend it. But yet today, with even high-
er profits or losses, sickness and death, at stske, the
general public will hesitate to spend that three dollears
to eliminate a cross connection possibility.

In order for a cross connection to cause any damage,
one of two conditions must be statisfied. There must be a
leak, and or a stoppage. Yes that is pinning it down pretty
finely, but I believe this statement can be safely made.

By a leak I mean, a faucet that doesn't close tightly,

a check valve that doesn't hold, a crack or flew in a



contaminated pipe or a valve that has been opened by
mistake and left that way, there by being a.leak through
the valve.

A stoppage consists of a sewer line, waste line or
a unsafe water line, that has been stopped or plugged by
one of various reasons to numerous to mention. Stoppage
can 2lso meen the closing of a valve.

The Wisconsin State Board of Healthithas adopted the
following definition of cross-connections:

A cross-connection may be defined as any con-
nection between a safe water supply and unsafe water
source through which it is possible to contaminate
the safe water supply.

Cross connection may be divided into two groups: (1)
Direct cross-connections: A connection in the plumbing
system in which the safe and unsafe wzter supplies are
connected directly by means of pipes and valves. (2)
Indirect cross-connection: A point in the plumbing system
through which a safe water supply cculd be contaminated by
a conceivable and probable change in existing conditions.
These changes of conditions will be discussed in a later
section of this reportl

Are there any laws set up in the State of MNichigan,
pertaining to cross connections? In the State Plumbing
Code, as approved by the State Plumbing Board with the
Concurrence of the Advisory Council of Yealth, June 28, 1935,
page 22 section 52, it states:

# Cross Connections in Plumbing and Water-Supply Systems,
July 1941, by Wisconsin State Board of Health



A distributing system for a water supply for
drinking and domestic purposes shall not be con-
nected with the distributing system of another
water supply unless such connection is approved by
the health authority having jurisdiction.

In a recently adopted Plumbing Code of the City of
Detroit; March 26, 1946; page 10 section 208, it states:

A cross connection or interconnection is any
physical connection between a city water supply and
any waste pipe, sewer drain, or any private or uncert-
ified water supply. Furthermore, it is any potable
water supply outlet which is submerzed or can be
submerzed in waste water, and or any other source of
contamination.

In section 701.2 pg 36, the above mentioned code goes
on to state:

Cross connections or inter-connections between
the potable water distribution system end any portion
of the waste or soil system, or with fixtures «nd or
devices whose usage may contaminate, pollute or other-
wise render unfit for drinking purposes the water used
therein, shall be prohibited. Those fixtures or devices,
whose proper functioning will not permit of an air gap
adequate to prevent back-siphonage, shall be ecuipped
with vacuum breakers and or other safety devices which
are acceptable to the lepartment of Buildings and

Safety Engineering.



The above codes are enforceable by law, under the
penalty of fine and or imprisonment, for the violation
thereof.

As was stated in a previous section of this report,
cross connections are dangerous at all times, but certain
conditions must be satisfied before they are harmful.
There must be a leak and ar a stoppage, before these cond-
itions are satisfied. We are all to aware, that these
conditions are statisfied in every plumbing system, very
frequently! It is a commonly known fact thet when cver a
fluid flows through a conductor, leaks and stoppage occur
at any and all times!

Now let us look into a few of the principles of
hydraulics that must be understood in order to thoroughly
understand the principles and conditions of a cross con-
nection,

Pressure: The earth is surrounded by a layer of air,
and is helc to the earth by gravitational attraction. The
body of air, like all fluids, exerts a pressure determined
by its height and density. The density of water being
62.4#/cu' as compairea to thzt of air of .081#/cu'. The
pressure of the air on the earth is called atmospheric
pressure znd in this locality is equal to 33 feet of water
or 29 inches of mercury. The measurement of this pressure
can be demonstrated by setting up a barometer. In setting
up this apparatus, a long glass tube sealed at one end is

completely filled with water or mercury, and than placed in



a vessel as shown.

de— Vacuum

33!

Pressure -

T i

Wb T

When ever pressure is spoken of it is either in pounds per
square inch or in feet of water. Atmospheric pressure being
taken as zero, and any thing below zero is a vacuum. When
ever a gage is read, the gage pressure is read as the
actual pressure the substance is under, not including
atmospheric. In other words absolute pressure is equal,
gage pressure plus atmospheric pressure.

iater has a density of 62.4#/cu', therefore the pres-
sure exerted by a column of water one foot high on an area
of one square inch is 62.4/144 = .433 1lbs. It would take
a column of water 2.31 feet high in oraer to exert a
pressure of 1#/ square inch. Or as I remember it approx.

27" of water will exert a pressure of 1#/ sq", regardless

of the area of water. That is to say 27" (approx.) of
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water in a 4" pipe or a 2" pipe, would exert a pressure
of 1#/ sq" on a tasble surface. Now, knowing this, what
is the pressure exerted by atmospheric pressure? It is
figured 33"x.433 =« 14.29#/ sq". Whenever pressure is
expressed in 1lbs. it is generally understood to mean
lbs. per square inch, and it can te converted into feet
of w=zter by multiplying by 2.31.

A vacuum is what might be called a negative precsure,
or lack of pressure. As in the example used to explzain
atmospheric pressure, the space in the column zbove the
water surface is a partial vecuum. Vacuums, (pressures
below ztmospheric pressure, which is called zero), are
usually expressed in inches of mercury. As stated before,
atmospheric pressure in this locality can sustain approx-
imately 29 inches of mercury, when a perfect vacurm exists
at the top of the mercury column. Therefore a perfect
vacuum is said to be 29 inches of mercury. Partial
vacuurms are therefore expressed as 5, 10, 20 inches of
mercury. Actually there is no such thing as a perfect
vacuum.,

A report written in the "Municipal Saniterian" Nov-
ember .1934, on test run in ﬁew Orleans, stated; "Actual
and repeated tests have proven to us that every time a
water main is shut off a vacuum is created therein which
may be anything from 5 or 6 inches of mercury depending
upon the topography. Actual experience proved that in

many installations it is not even necessary to shut off the
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water in order to produce a vacuum on the water supply
pipes in a building"!

Siphons, as a phenomina of hydraulics are both use=-
ful and detrimental. In sewerage works the term inverted
siphon is applied to a portion of a sewer which dips below
the hydraulic grade line, to avoid such an abstruction as
a railway cut, a subwey, or a stream. Siphons are also
used in flushing aevices, in regular street catch basins,
end in intermittent sand filters in sewage disposal plants.
All these cases are of the beneficial type of siphon. In
the case of cross connections, siphons are detrimental end
cause a considerable amount of trouble.

In order for a siphon to exist there must be a short
and a 1-ng leg. Lets take for example a bucket of water
standing on a table, and we want to siphon the water from
this bucket to one on the floor. It is necessary first to
have a connection between the two, say a flexible hose, a
short leg and a long leg must exist. The short leg being
the portion of the tube in the bucket on the table and the
long leg the one running to the bucket on the floor. Now
to start the flow all the air must be expelled from the
tube, when this has been accomplished a siphon exists.
When the fluid starts to flow through the tube, it will
continue until the upper bucket is drained or until air
enters the hose and breaks the siphon.

It might be easier to understand, the how and why of

a siphon if it is applied to a general skematic drawing of
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a water distribution system of a plumbing system. Siphons
can and do occur in both up feed and down feed systems.

The author has seen cases of where, in a down feed system,
a complete office building has depended on one check valve

to hold, and prevent siphonage of its distribution system.
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SIPHONAGE IN UP FEED PIPE SYSTEM

Q. /F VALVE 1 /S CLOSED AND VALVE 2 OR 3 /S
OPLENED AND VALVE 4 LEAKS O /S OFENED
WATLR FROM TANK WILL ENTER SUPALY L/INE.

D. HEAVY DISCHARGE THROUGH LINE £-F MAY
LPEOUCE FELSSURE SUFF/ICIENTLY 70 CAUSE
SIPHONAGE /- VALVE 4 LEAAS O /S OFENED,

C. SUFFICIENT RLEOUCT/ION OF MAWN FRPESSULEL
ANO LPESULTANT DLLAINAGE OF L/SER W/LL
CAUSE S/PHONAGE OF THE TANK.

Fe.
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S/IPHONAGE IN DOWN FEED SYSTEM

Q. CLOSING VALVE A AND OFENNG ANY F/XTURPE
BELOW TOP FLOORL WiLL LBACK- S/IFPHON CLOSET
BOWL ON TOP FZOOL, /F VACUUM BRLEAKER
IS DEFECTIVE.

b WITH VALVE A OFFN A HEAVY DECAUGHT
OF WATER ON LOWERE FLOOL MAY CELATE A
VACUUM IN UPFEL FART OF DOWN FELD
LI/SER, THELELSY SIPHON/NG CLOSET BOowW(l
oV TOR FLOoR
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Water or sewage, flowing in a pipe loses pressure, if
flowing horizontaly, due to frictional loss. This loss is
due to the water particles as they rub against the walls of
the pipe and over each other. If in a horizontal pipe the
pressure is read at different points, it will be seen that
the pressure decreases, according to the length it heas
flowed, velocity with which it flows, roughness of the pipe,
and the diameter of the pipe. On the following page a
chart is given, on which pressure loss in gavalnized pipe,
can be read directly. The author through direct experiment
has recorded, losses of 1" of water over a length of 18' of
2" pipe, and flow through fittings losses as indicatea on
the following sheet.

The vacuum frequency chart on the following page is
from data obtaincd from 6 buildings in ILetroit. This chart
is not a general, but a specific, caese. To me this chart
indicates the wide variation, and possible danger, of
pressure in different buildings. Is your home in accordance

with Builéing "C" or Building "B"?
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VACUUM FREQUENCY

BULOING \N°OF READINGS | FREQUENCY T, | LOW REAOING
A 3582 - 2 PS|
- 34985 | z‘;{'g*:_f  15°HgvAC. |
c 697 | MeGuigiBLE | 24 PS/

o | 3859 | .24 /"Ny VAC.
| E | /944 .008/ 2 PS/
F 2570 .0/5 / PS/

FOR EXAMPLE; "B CAN EXPECT A PRESSURE
OF LESS THAN 1FS(, 25% OF THE TIME, RUNNING
AS LOW AS /5 Hy VACUUM. CEOSS CONNECTION IV

'B'IS FAR MOLE DANGERLOUS THAN /N “C"

HERD LOSS NV FT/100°

L]

LY
T
i

;
L GAV. PIPE
_+.__

L/C T, /0/%41.
oss /N

__4 J}

e

4 8 /90
VELOCITY (N FT./SEC.

/2

IN FT FER

THE GALLONS PER MINUTE
WHICH A P/PE WI/NIKL
DISCHALGE LQUALS

| OHJO8 xD/AMETER, /N
INCHES , SPUARLED «

I veELocrTYy,
SECOND, x 60

FOICTION LOSS /Y EQUIVALENT FT OF FIFE

FITTING SI12€ |72\ Y| 27\14m2] 37
_ 90° £L80owW . |s|e|6| 8 |5
| TEE-UYSED AS ELBOW zlglo| v |17

GLOBE VALVE 8lelnl 73 |23
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Now to summarize a few of the principles of hy-
draulics, lets list a few conversions that may come in
handy to the plumber!

To reduce pounds pressure to feet of head,

rmiltiply by 2.31.

To reduce heads in feet to pressure in pounds

multiply by .4%4.

Friction of liquids in pipes increases as the
squere of the velocity.

Doubling the diameter of a pipe increases its
capacity four times.

From the discussion of hydraulics, it leads one to
believe there are certain conditions that cause a cross
connection to be danger. This is the case, and as stated
before there are two types of cross connections. The direct
and indirect connection.

Very little if any discussion is necessary for the
case of a direct cross connection, because when they exist
no conditions have to change in order far them to cause
damare and trouble. Direct cross connections are most
likely to occur where there is a dual water sup:ly in a
building. This is especially true in factory buildings
where an unsafe water sup»nly is used for the sprinkling
system. A recommend connection is illustrated on the fol-
lowing pages of direct conmnections. Another example of a
direct cross connection is where, to economize, &an owner

took particular pains to have seperate suction lines, but
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a common pump, of two different water supplies, one
polluted the other supposedly safe. Another example
might be, running a cooling system directly, into a waste
line, that is not into an open receptacle. The cooling
system being feed by well water, also with tight connect-
ion,

The direct cross connection is rather easily unaer-
stood, but not so with the indirect cross connection. Yes
there must be a stoppage and or a leak, but also a change
in pressure, siphon, or a vacuum must occure to cause
pollution of safe supply. This by no means indicates that
indirect cross connections are not dangerous. Because so
many conditions must be satisfied, makes them more dang-
erous than before, they may exist for years, and cause no
trouble.

What can cause a change in pressure, in a distributing
system?

Water Pressure Pailure, are caused by.

a. Breaks in water mains.

b. Improperly designed water piping in houses,
excessive frictionsl loss!

c. Isolated districts where developements have
caused reduced pressures,

d. Heavy demands in extended dry periods causing
reduced main pres-ure.

e. Fire pump connections "Hogging" of all the water.

f. Booster Pumps.
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g. Connections to heating plants.

h. Air compressor, attached to meter to run it
backwaras.

i. DBack pressure from circulating pumps in air
conditioning apparatus.

Any one of these things might happen to cause a
change of pressure in your J‘istritution system cnd m:ke a
cross connection deangerous.

It is quite evident that a cross connection is where
the w=ter from a polluted supply gets back into the san-
itary supply system. First there must bte a path for the
flow, and than a decreuse in pressure. Water as coes all
fluids, flows from an area of higher pressure to one of
lower pressure. fnd for a cross connection to become
active this must be the ccse. The majority of people ere
of the opinion thet when w-ste water is put into a
lavatory, sink, or toilet, the w=ste will flow eawty. This
is the case generally, but it is also quite frequent thi t
a stonpi ge his occured. It is alco corron priectice Lo
expect water to flow out of ycur faucets vhen you turn
them on, but how often heve you turned your faucet on &nd
heard a "Woosh" or e&ir ¢nd s»urts of water come out? 'When
this hepoens, one of the above conditions have been
satisfied.

Lets now look at a few specific cases of cross con-
nections. The numbers before each ererple indiceate and

correspond to the numbers on the drawines, on the following
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pages. Not all tre examples here given are followed by
drawings.

1. As was staeted before, where two systems enter a
building, polluted end sanitery, there is alweys
the possibility of direct cross connection. In
the drewing, it can be seen where the szfety of
the employees depends upon one check valve to
hold. The polluted supply is used for fire pre-
vention while the safe supply is used for drink-
ing purpcses. The correct method to hook up a
dual system is also shown.

2. These two tyves of cross connections are quite
different from the ordinary ones, but never the
less are possibilities of pollution. The well,
end sprinkling system, may receive ground run off,
end due to a vacuwn, sinhon or gravity flow, csause
nollution of the sanitzry water supply.

3. These three cases of cross connections ere very
comrmon ones, although in recent yezrs the fixture
ranufactures have remedied these connections.

The air gap of 1" is recomrended because, it has
been found through experiment thet water, with
sufficient vecuum in the lihe, can be drawn into
tne faucet s high as 1".

4, The vacuum breaker shown here is a typical one.

It is ny opinion that, this device, as well &s the

open receptical will save more trouble than any
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other device used. A vacuum brezker will stop
siphon @ction before it stirts, anc the flowing
of waste into an open recenticel rather than a
direct connection with a sew ge line, will not
allow back up of sewcge.

It seems that the toilet bowl &nd its mechanism
is a great cause of cross connections. Gener-
ally weter is supplied to toilet bowls either by
a flush box or a dire~-tly connected velve. I%
is rathecr difficult for the water from a bowl

to get into the box, ercept in the case shown.
But it has happened, where the water or sewage
was siphoned out of the bowl! It has been my
experience, to be called to remove a siphon
bre:ker from the flush velve of a toilet tank.
Yes it is agreed they do ceuse a little noise,
but it rust be remembered, they are put there
for a purnose. And to me that purnose is a very
sound one, "Safety of our lives."

This plate, does not indicate a cross connection,
but does show a ease of laxity. This drawing is
protably the most cormon exanple of unsanitation
available. This drawing indicates essencially
what happened in the 1933 epidemic in Chicago.
There, a leaky sewage line dripped into a soft
water tank, that distributed w: ter to the hotel

for consumption.



T. Cross connections that exist:

Sutmerged inlets of &ll kinds.

Cellar drainers with prirer connections.

Combination faucets with one unsafe and one
safe water supply.

Dish Washers,

Hvdraulic elevators with direct connection to
~Naste line.

Ice box or Refrigerator connections.

Swimming pools.

Cattle orinking basin.

Pump connections.

Weter Softeners.

At times it is rather difficult to locate a cross
ccennection, end as far as there being any standard way for
finding them, there is none. It is very possible to check
valves for leaks and thereby assuring a certain amount of
safety, but to locate a cross connection, it takes a con-
siderable amount of practice, and ability to sence a
possibility. In the June, 1920 issue, of the Engr. News
Record, there apnpears quite an interesting article on an
ingenious wey, a cross connection was located, with the
use of elkali. This test amounts to, pouring caustic soda
into the line under observation. Than putting a spigot in
the line any where and pump the alkali water to the spigot.
Than at the other end attach a meter. Now when the soda is

detected at the spigot, read the meter, and continue to pump.



When alkali is detected at the meter rezd it again. The
difference in meter rerdings will give you the volume of
water in the known size pipe, to the cross connection.

In 1943 President Roosevelt anpointed a subcommittee
on Sanitary Engineering to stucy and recommend meens of
preventing back flow into Porta le Water systems. Tere
is a list of their recommencdations-

1. Physical Seperation with a safe air gap.

2. Use of vacuum breazkers installed on the aischarge
side of the lest separating control valve znd so
pleced the#t there is no back-pressure when the
normal flow cesrses.,

3. Use of a back-flow preventer which operafes under
pressure.,

4, TUse o5 double check valves of 6" or larger.

5. Use single check valves on 2" to 6".

"To drink water from a recently usea water closet, to
bathe in the weste liquids discharged from a urinel, to
plunge into the diluted contents of a bed pan, to purge a
wound with the drainage from an operating teable, is
worse tnan disgusting. Such conditions may result from
the existence of a plumbing cross-connection. Irrefut-
able records of trezgedies stand ready to testify as to the
frequency of occurrence of these revolting aengers to the

health of the public.'":*

# "yhat is a Cross-Tonnection"? Domestic :ngineering
VOl. 154.
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