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JOHN F. KENNEDY SFPACE CENTER, HNAGA
POTABLE WATER CROSS-CONNECTION CONTROL DESIGN FOR FACILITIES,

STANDARD FOR

1.0 INTRODUCTION

1.1 Scope. - Thie document establishez cross-connection control
standards to be used in the design of new facilities and the
maodification of existing facilities under the design jurisdic-
tion of John F. Kennedy Space Center {(KSC).

1.2 General. - The reguirements established by +this =atandard
are based on existing codes and standards. Reference to Table 1
can be made for guidance in eselecting the correct backflow
prevention asystem. :

1.3 Basic Geals aof KSC Croass-Connection Control. - Cross-
connection control 1is necessary to protect potable water sup-
plies from contamination.

2.0 APPLICABLE DOCUMENTS

The following documenta provide the technical basizs for
thia standard and form a part of thizs standard to the extent
referenced herein. Only the latest revision of those referenced
documents should be used.

American Society of Sanitary Engineering

ASSE Na. 1001 Performance Requirements for
Pipe Applied Atmospheric Type
Vacuum Breakers

ASSE No. 1011 Performance Requirements for
’ Ho=e Connection Vacuum

Breaker
ASSE No. 1013 Performance Requirements for

Reduced Pressure Principle
Backflow Preventers

ASSE No. 1015 Performance Requirements for
Double Check Valve Type Pres-
sure Backflow Preventers
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ASSE No. 1020 Performance Requirementa for
Vacuum Breakers Anti-Siphon,
Pressure Type

American Water Works Asgociation (AWWA)

AWWA CS506 Backflow Prevention Devices=-
Reduced Pregaure Principle
and Double Check Valve Types

AWWA M14 Backflow Preventicn and
Crose~-Connection Control

Department of the Air Force
AF Manual 85-21 Operation and Maintenance of

Cross-Connection Control and
Backflov Prevention Systems

Foundation for Cross-Connection Control and Hydraulic Regearch
Manual of Cross-Connection Control

John F. Kennedy Space Center, HNASA

KSC-STD-F~0004C Fire Protectiaon Des=ign for
Facilities

National Fire Protecticon Asaociation

National Fire Cocdes

Southern Building Code Conqgress International, Inc.

Southern Building Code

U.sS. Environmental Protection Agency

PH5-957 Crose-Connection Control
Manual

3.0 DEFINITIONS

a. Alr Gap Separation, The unobstructed vertical dis-
tance through the free atmosphere, between the loweset opening
from any pipe or faucet supplying water to a tank, plumbing fix-
ture, or other device to the flood level rim of the receptacle.

b. Backflow. A reversal of normal flaow direction in a
potable water system.
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c. Backflow Preventer. A device or means to prevent
backflow.
d. Backpregsure. A positive pressure placed on any

downatream component of a system relative to any upstream com-
ponent.

e. Backsiphonage. Backflow resulting from negative pres-
sure in the dietributing pipe of a water system.

£. Contamination. Loae of water potability due to the
presence of environmental chemicals, radiocactive elements, bac-
teria or organisms, the by-product of the growth of bacteria or
organismse, or waste in the water.

g. Critical Water Supplies. Easential water supplies,
potable or fire =suppression, vhere a system outage is un-
degirable.

h. Crogg-Connection. A connection or arrangement of
piping or appurtenances through which a backflow could occur.

i. Double Check Valve Backflow Preventer . An arrange-
ment of two sgingle independently acting, internally force loaded
check valves. :

3. DPrain. Any pipe that carrieg waste water or water
bearing weste in a building drainage system.

k. External Protection. A backflow preventer installed
cn a wvater service supply line to a building.

1. Fiocod Level Rim. The edge of the receptacle or lowest
level from which water overflows.

m. Internal Protection. A backflow preventer installed
on equipment water service line within the building.

n. DOutlet. The open end of a water supply pipe from
which the water is discharged into the plumbing fixture.

Q. Plumbing Fixture. An inestalled device supplied with
water or that receives or discharges water or liquid-borne
wastes.

p. Potable Water. Water from any source that has been
invegtigated by +the health jurisdiction and that has been ap-
proved for human consumption.
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q. Reduced Pressure Principle Backflow Preventer. An
arrangement of internally force loaded check valves and an
automatic eopening differential pressure relief valve, designed
to prevent backflow.

r.  Vacuunm. Any pressure less than that exerted by the
ambient atmosphere.

8. Vacuum Breaker {(Atmogpheric). A vacuum breaker
deeigned so ag not to be subjected to etatic line pressure.

t. VYacuum Breaker (Presgure Type). A wvacuum breaker
designed to operate under conditions of static line pressure.

4.0 REQUIREMENTS

4.1 Applications of Devices. - Backflow prevention devices
ehall he incorparated into the design of new facilities and sys-
tema, Table i1 liste cross connections and the recommended ap-
proach to backflow prevention. When more than one device is
specified for a given gituation, the type of device selected
will depend on the potential severity of the contamination.

4,1.1 Plumbing Fixtures. - Plumbing fixtures shall ke designed
to incorporate an air gap as delineated in Secticon 4.4 and cer-

" tain fixturese (as called out in Table 1) shall alsao include a
vacuum breaker.

4,1.2 Water Supply for Fire Systems, -~ The design of fire ex-
tinguishing systems at KSC shall conform to the KSC standard

"Fire Protection Design for Facilities", KSC-STD-F-0004C. Sya-
tem components shall be UL 1listed or FM approved. Cross-
connections may occur in fire protection systems (see Tabhle 1)
where fire department hose hook-up and/or where black pipe is
uged, Double check valve assemblies are required for these sys-
tema except when chemicals such ag "Foamite®" are used, where
reduced pregsure principle backflow prevention assemblies are
necessary for extra protection. Where reduced pressure backflow
"prevention assemhlies are ugsed on fire protection =aysteus, the
aggembhly will be hydraulically =sized so as not to reduce the
operating pregsure of the fire protection system below ite
original designed operating preasure.

A parallel inastasllation of backflaw preventers is required in
all fire protection systemg which are connected to potable water

gupplies. Thig allowe uninterrupted flow of the unit during
testing and maintenance, The size of each of the two backflow
preventere shall bhe based an both unite operating. Where back-

flow preventers are uged on fire protection geystens, they will
be hydraulically sgized so as not to affect the designed flow and
pressure requirements for the fire protection system.

-4 -
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4.2 Te=t Cocks. - Test cocks shall be installed at the Zfol-
lowing locations on all RP and DC backflovw prevention devices
{see figures 1 and 2):

1. On the supply (inlet) mide of the upstream shut-off
valve. '

2. Between the supply shut-off valve and the first
check wvalve.

3. Between the check valves.

4. Between the second check valve and the
ghut-off valve on the outlet side of the
device.

The PVB shall have two test cocka; one at the device inlet and
one on the vacuum chamber (see figure 3).

4.3 Agesembly Specificationg. - The fallowing backflaw preven-
tion ageemblies shall conform to the proper ASSE Standard and
ghall be approved by the Foundaticn for Cross-Connection Control
and Hydraulic Research, University of Southern California. As-
gembliea shall be delivered for inetallation completely ae-
gembled from the coriginal manufacturer with all components ap-
proved.

4.3.1 Reduced Pressure Principle Backflow Prevention Ag-
gemblies. ~ The RP device shall be tested and certified accord-
ing to ASSE Standard No. 1013 and AWWA Standard HNo. CS506. This
device shall include two approaved, independently operating, in-
ternally force loaded check valves with an automatically operat-
ing, mechanically independent, hydraulically dependent pressure
differential relief valve located between the two check valves.
The unit shall include a resgilient seated, full ported shut-off
valve on each end of the device and each device shall be fitted
with four preoperly located teat cocks. {(See Figure 1 for
diagrammatic leyout. )

4,.3.2 Double Check Valve Assemblies. - The DC sghall be tested
and certified according to ASSE Standard No. 1015 and AWWA
Standard No. CS506. This assembly shall include two indepen-

dently acting, internally force lcaded check valves mounted be-
tween two resilient sested, full ported ghut-off valves, and
four test cocks. {See Figure 2 for diagrammatic layout.)
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4.3.3 Pregsgsure Type Vacuum Bresker Asgemblies. - The PVB
ghall be tested and certified according to ASSE Standard No.

1020. This assembly shall include a check valve and an air
opening to atmosphere on the discharge gide of the check valve
between two reailient seated, full parted shut-off valves, and
shall include two test cocks (see Figure 3).

4.3.4 Atmaospheric Type Vecuum Breaker Aggemblies. - Thig device
ghall be tested and certified according to ASSE Standard No.

1001. Thie device shall include a poppet to seal the air inlet
when the unit iz pressurized. The poppet drapse, permitting air
to travel through the piping when back-giphoning occurs. (See
Figure 4 for diagrammatic layout.)

4.3.5 Hose Connection Vacuum Breaker Asgemblieg. - Thie device
shall be tested and certified according to ASSE Standard HNo.
1011. VWhen supply preesure through the device is atmospheric or
below, & check wvalve cloges and an atmospheric vent opens.

4.4 Design for Maintenance/Testing. - To ensure adequate main-
tainability, the following design and ingtallation guidelines
have been established.

The approved agsembly shall have resilient seated, full ported
ghut-off valves. Test cocks shall be installed asg indicated in
Section 4.2.

Aggemblies shall be installed according to manufacturer’s in-
gtructions. Assemblies shall he installed in an accessible loca-
tion, vith ample clearance to eid in testing and maintaining the
device. Aszgembliee insetalled inegide facilities will be placed
12 inches to 36 inches above the finisghed floor. Discharge fraom
reduced pressure principle assembly relief valvee shall not be
into the sanitary collection aystem. The winimum clearance
abaove floors or grade is needed to ensure an air gap between the
relief wvalve and any water that might puddle beneath the as-
gembly. The maximum height ie needed so that the device can be
eagily maintained and tegted.

4.4.1 Reduced Pressurege Principle - Figure 5 shows the proper
ingtallation of an RP asgembly on a building service connection.
The RP assembly can also be used for internel protection.

4.4.2 Double Check Valve. - Figure S reflects a typical instal-
lation of a double check valve assembly on a service connection.
Thise assembly can also be used for internal protection. Minimum
and maximum distancee are the same ag that for the RP assembly.
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4.4.3 Pressure Vacuum Bresaker. - The pregsure vacuum breaker
assembly shall not be inastalled where there can be backpressure;
only vwhere there can be backsipheonage. Shut-aff valves may be
installed downstream of the PVB. The pressure vacuum breaker
agsembly shall be installed at least 12 inches above the highest
outlet oar, if it is feeding an open tank, at least 12 inches
above the highest overflow rim of the tank. Figure 6 reflects a
typical installation on & lawn sprinkler system.

4.4.4 Atmospheric Vacuum Breaker. - The atmospheric wvacuum
breaker assembly shall not be installed where there can be back-
pressure, only where there is backsiphcnage. No shut-off valvee
ghall be insgtalled downstream of the AVB. The AVB assembly
shall be installed at least 12 inches sbove the highest outlet
or the topmoet overflow rim of a nonpressure tank. Figure 7

reflects & typical installation on a sprinkler system.

4.4.5 Alr Gap. - An air gap shown in Figure 8 ie the physical
geparation of a potahle water system supply line and the flood
rim of an open receiving tank. Air gep separation shall be at

leaat double the diameter of the supply pipe, wmeassured veriti-
cally above the top rim of the vessel and in no case less than 1
inch.

4.4.6 Battery (Parallel Installation). - Critical water sup-
plies =shall have parallel installation of the proper approved
backflow prevention asgembly. Figure 9 reflectz a typical
parallel installation. Thie avoids interruption to the water
service when maintenance or testing is required. This type in-
gtallation also provides an equal or higher flow capacity than
provided by one backflow preventer.

4.5 Design Parameters,

4.5.1 MNominal Si=ze. - The size of a backflow preventer
{Table 2) ghall be identified by the size of the standard shut-
off valves provided as part of the assembly snd attached at each
end of the assembly.

4,.5.2 Rated Flow and Alloweble Pressure Loss. - The maximum al-
lowable pressure loss at any rate of flow, from zero, up to and
including the maximum rated flow for the indicated size, shall
not exceed the values shown on Table 2.



KSC-STD-Z-0013

4.6 Freeze Protection. ~ Provisions shall be made +to protect
devices from freeze damage. Assemblieg installed outdoore shall
be protected from freeze damage by installing a thermostatic
freeze protection valve directly downstream of the B.F.P.
Figures 10 and 11 sghow typical installations. Another accept-
able, less preferred method of freeze protection is the use of
an aluminum or stainlees steel, insulated enclosgure. 'Figure 12
showe a typical protective enclosure.
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TABLE 1

CROSS-CONNECTION CONTROL GUIDELINES

—— A il il A A w— il —— o ——— T ——— ——— ———— T T . D S W S S o ——— . — . — . —— —

SYSTEM/EQUIP. DESCRIPTION METHOD/ASSEMBLIES REQUIRED TO PREVENT BACKFLOW

AIR ATHMOSPHERIC DOUBLE REDUCED
GAP VACUUN CHECK PRESSURE
BREAKER VALVE

—— o — - A D o el b e od e U il P PER R A I L S G S S S S S W A WS W MR WS USRS M P D D D W S S S e e Sl ST A S e

A/C CHILLED WATER MAKEUP

X
A/C CONDENSER WATER MAKEUP X
A/C COOLING TOWER MAKEUP X X
X
X

AIR COMPRESSOR COOLANT
ASPIRATOR, MEDICAL
AUTOCLAVE & STERILIZER X

BOILER FEED LINE X
BATHTUB BELOW RIM FILLER

BEDPAN_WASHER X

BRINE TANK

BOTTLE WASHER
CHEMICAL FEEDER TANX
CHLORINATOR
COFFEE_URN
CUSPIDOR, DENTAL
DEMINERALIZED SYSTEM
DISHWASHER

DEGREASING EQUIPMENT
DEVELOPING TANK
DETERGENT DISPENSER
ETCHING TANK

FOUNTAIN, ORNAMENTAL
FLOOR DRAIN, TRAP PRIMER
GARBAGE CAN WASHER
GARBAGE DISPOSER
HOSE FAUCETS/BIBBS
HOT_WATER _GENERATOR FEED
ICE MAKER

JANITOR'S CLOSET

LAB EQUIPMENT

LAUNDRY MACHINE

LAYATORY

LAWN SPRINKLER e X
MAKEUP TANK

MISC. EQUIP. COOLANT
WATER X X

<

< 1 [
oS 1 [ 1K

1< [

G [0 15 [ [ 1 (X

B g e e

E
oG s [

PCX

El Eal e bl b
Lo
b3

B
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TABLE 1 (CONTINUED)

e M T S D W A D D D D N . S S A S D i T VD b Gl el b —ab S o s = W b W e b b e e P A NS D YED MR NSt e g wmb ki W T PR S

SYSTEN/EQUIP. DESCRIPTION METHOD/ASSEMBLIES REQUIRED TO PREVENT BACKFLOW

AIR ATMOSPHERIC DOUBLE . REDUCED
GAP VACUUM CHECK PRESSURE
BREAKER YALVE

T —— —————————— T . —— —— T ——————— ————— . —————— ———————— . T e ot T _——— — . —

PUMP PRIME LINES

PUMP, WATER OPER, EJECTOR

PHOTO LAB SINKS

PHOTOSTAT EQUIPMENT

PIPETTE WASHER

POTATQ FPEELER

PROCESSING_TANKS
_STILLS

SITZ BATH

FIRE SPRINKLER SYSTEM »

SOLUTION TANKS

SANITARY SEWER

STORM SEWER

SWINMING POOL

STEAM CLEANER

STEAM TABLE

ULTRASONIC BATHS

WATER TREATMENT TANKS

WATER WELL SECONDARY

SYSTEM ”

FACILITY POTABLE WATER

SUPPLY (CONTAINMENT) . X

FIRE STANDPIPE SYSTEM X

FIREX FOAM SYSTEM X

bt ]

G [C 16
e
S |6 1

e erxxxxrxx xxxxrqux x
x

. REQUIRED ONLY IF SYSTEM CONTAINS FIRE DEPARTMENT CONMECTICON OR
BLACK IRON PIPE

»+ PYB REQUIRED IF CHEMICAL FEED IS USED ON SPRINKLER SYSTEN

=10
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TABLE 2

PARAMETERS FOR BACKFLOW PREVENTER DEVICES

————— i —— s i Yo ——— e A i TE All — D  S S  T only W S o ——— W —— A A e —

R S A A T A A e T VI A ikl VP Y MM A N T i S S SN N A W D N e A . S . T A S N — . — -

Maximum Allovable
Preaaure Loss at

Rated Flow
Nominal Rated
Size Flow «
(in.) _.tgpm) Reduced Double
Pressure Check Valve
Device Device
{pai) . (psi)
1/2 a2 22 ' 10
3/4 a0 20 10
1 50 18 10
1 174 75 18 10
1 1/2 100 16 10
2 160 16 10
2 1/2 225 16 10
3 320 15 10
4 500 14 10
6 1000 14 10
8 " 1600 14 10
10 2300 14 10

- ——— " ——— i ———— - "y "8 N rm o i — il T — ke T —— " ———————

* Maximum recommended operating flow rate for which
pressure loss ig calculated,

-11-
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SHUT-OFF CHECK CHECK SHUT-QFF
VALVE VALVE VALVE VALVE
1 | _
— - s
—> —»
TEST COCK {4)

PRESSURE
RELIEF

VALVE

FIGURE |
SCHEMATIC OF REDUCED PRESSURE PRINCIPLE ASSEMBLY

SHUT-OFF CHECK CHECK SHUT-OFF
VALVE VALVE VALVE VALVE
— -
TEST COCK (4}
FIGURE 2 ,

SCHEMATIC OF DOUBLE CHECK VALVE ASSEM

HOOD SPRING

DISC FLOAT

LOADED CHECK VALVE

OQUTLET WITH SHUT-OFF
VALVE (NOT SHOWN)

o
TEST COCK

INLET WITH
SHUT-OFF VALVE
{NOT SHOWN}

FIGURE 3
PRESSURE VACUUM BREAKER
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AIR INLET OUTLETY

{(NO VALVES DOWNSTREAM)

e Ammem e e aan.
-y M

DISC FLOAT .

FIGURE 4
ATMOSPHERIC VACUUM BREAKER

" — INSULATED COVER WITH
] HANDLES FOR EASE OF
REMOVAL

“ DRAINAGE HOLE FOR RP
CONCRETE SLAB ?,3 mm‘ / UNIT
_x_\\.hg_g,. S — yu
= v
FLOW
FIGURE 5

TYPICAL BACKFLOW PREVENTER INSTALLATION (DC OR RP)
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PRESSURE/
VACUUM

BREAKER

FLOW
——

12" MINIMUM ABOVE
HIGHEST QUTLET

FIGURE &

PRESSURE VACUUM BREAKER ASSEMBLY INSTALLATION

ATMOSPHERIC
VACUUM
BREAKER

NOTE: UNIT CANNOT HAVE .
ANY SHUT-OFF DOWN-
STREAM OF IT.

A Y /e

12" MINIMUM ASOVE
HIGHEST OUTLET

A s

FLOW

i

FIGURE 7
ATMOSPHERIC VACUUM BREAKER ASSEMBLY INSTALLATION
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/PUBLIC WATER SUPPLY SERVICE

kT

D ju—me D=DIAMETER

)
20 (1* MIN)
1

d

/

OVERFLOW

FIGURE 8
SAFE AIR GAP - GROUND LEVEL STORAGE TANK

/BACKFLOW PREVENTER

FIGURE 9
PARALLEL INSTALLATION

-15-
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THERMOSTATIC VALVE INSTALLATION

_—_——
1
. L '
1 CONCRETE SLAB 2*
EXISTING GRADE 30" MAX ABOVE EXISTING GRADE
2" MIN {(PIPE SHOULD BE SLEEVED
. WHERE IN CONTACT WITH

CONCRETE}

FIGURE 10
TYPICAL THERMOSTATIC FREEZE PROTECTION VALVE INSTALLATION

THERMOSTATIC VALVE

+

FROM ——

BACKFLOW
PREVENTER

TO SERVICE

FIGURE 1
DETAIL, THERMOSTATIC FREEZE PROTECTION VALVE INSTALLATION

-1€-
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BREAK TOP FOR

STRENGTH & SLIGHT
SLOPE FOR RUN OFF

RIVET ALL

JOINTS WITH
1/8" RIVEYS
EVERY ¢4 -5

CONCRETE SLAB

DRAINAGE HOLE FOR
RP UNIT

BOLT TO CONCRETE WITH
EXPANSION SHIELD

ROLLED EDGE

SILICONE ADHESIVE
GE RTUIIB OR EQUAL

praa—

i/8" POP RIVET
(TYP)

EDGE STRENGTHENED

INSULATION ON ALL WITH 3/4"X I/8

SIDES & TOP, /2 ALUMINUM ANGLE.
CELOTEX OR EQUAL (TYP ALL TOP EDGES)

SECTION ( ) SECTION . secnou( : )

FIGURE 12
FREEZE PROTECTION COVER
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