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Thls BuUotln 1s one of, a eerles of olght technlcal. bulletlns, doslgnated as
Houslng Doslgn Notes. Thoee bullotlne aro tllvltlod. lnto parte, oach of vhlch
vlII tieal rlth some element of tochnlcal deslgn.

Tho follovlng Parts are lssuod wlth thls fntrod.uctlon:

PART I - THMMAL EIIIIMONIIMNI AND COMFORT
PART TI - SPACE EEATERS
PART TTI . TEIVANI-OPMATM EEATTIE SIE"ITI,ts (STNAU, WATM, AIR), fl.IM, STORAGE

AND CEIMNEYS

Othor parto rr111 bo lssued, from tlme to t1uo, as they aro completeil. tfrfu
connectod sorloe of Eouslng Doslgn Notee nlII contaln tochnlcal. d.ata, notes,
observatlons and roconrmondatlons relatlng to the tleslgn problerns nhlch aro
concornod vlth lov-rent houslng based on the contlnulng obsorvatlon and
lntonslvo stutly of publlo houslng proJocte whlch havo been 1n oporatlon for
moro than ten years. It should be notod. that all rocomonilatlons are ativlsory
only, except to the extent that they rofor to or roflect tho marrd.atory requlre-
ments of the current, publlshed PEA Mlnlurm Physlcal Standard.s and. Crltorla.

Thoee bulletlns are not offered. as toxtbook uatorlal, or wlth any protonso
that they deal oxhaustivoly wlth any partlcular subJect. fn uany lnstances
they express oplnlons vhlch nay be eubJoot to challengo, arrd. thoy aro vrltten
vlth a frant acknovledgXnont that nany readers - partlcularly professionals -
may be as ltell lnformed. 1n speclflc flolds as the vrlters - perhape noro so.
The PHA bollovos, hovever, that careful consldoratlon of tho expeerlonce
rocorded and tho suggestlone offered ehould resuit 1n tho avold.anco of certaln
shortcomlnge rrhlch have been notod. 1n oxlstlng proJocte and. ln profltlng from
tho knorled.ge of the uany gootl characterlstlcs whlch have been obeorved and
etudled.

- Introductlon -
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PIUMBN\iG AI{D WNTII.ATION

PART I TEERMAL AI{D COMTORT

The:rmal comfort 1s guegod- by the rate and mamer 1n rrhlch the human bod.y
llberates the heat which lt genoratos. If 1t ls freed- too rapidly a chllling
effect ls noted.; 1f llberated. too slowIy a feel of uncomfortable warrrth and
deprosslon 1s apparent.

Eeat i"s d.1oslpated. from the bod.y as the result of surface evaporaticn of
molsture, and through convectlon, radlation anrl conductlon. The bod.y tend-s
to edapt ltself to thego condltlone, and sensations of d.lscomfort are not
experlenced so long as condltlong or comblnations of cond.ltlons remain
wlthln certaln llmits. The problerm is to malntaln an equltablo balance
betveon the bod,y heat produced and liberated".

The principal factors of en.rironment which affect thls balance are air moti-oi;i,
hurnidity, air temperature, and temperature of enclosing surfaces; all of these
are subjeet to control through the design of the structure and its heating
systen ln proper relation to each other. Thus, unCer ideal conditlons one may
experience thernnal conrfort ln e.n air ternperature of 58o F. or lower, nhereas
one woul<i feeL cold ln a temperatr:.re of 7l*'F. or higher under adverse
condlt ions.

The-"e are not nefi or startling theories; they are now wel1 understood by
heating engineers. It is no longer the practice to require nerely that ttthe
system be designed to provi'Je an insiie tempereture of ?0o F. unCer the 1oca1
ieslgn eondi-tions,n ?hese theories are Ciserrssed, because the;,, are of parti-
cular lmportance tc lov-rent housing through the economj-es of ccst - lnitial
and operating - they offer, ani because nethods of puttin.3 then ir,to practice
are passing through a period of signiflcant change. liew rractices involve
the architect to a far greater extent th'an forinerly, and full cooperatlon
between hl-m and the heatlng engineer l-s vital to sa.tisfactory and economlcal-
furrctioning of heating sls+,€lns.

&. Air Movement increases the rato of surface evaporaticn and the
amount of heat removed from the body by convectlon. Air velocitles above
2) faet per minute usually produce d.lscou.fort.

b, Iiumiditl'. The a.ncunt of noisture ln the aj.r'controls the rate of
evaporation from the body, since evaporation decreases as tire noisture con-
tent r1' the air inereasesl thus, '.rlthtn limlts, lower a.irLenperatr:.re could
be conpensated by raising the rela51ve humidJty. I.lo--ever, from the practi.cal
ste.ndpoint, lt is easier to ralse the alr temperature; hunidity control is
difflcult, anC hardly pra,.cticable ln Ior+-rent hcusing.

c. Air Temperat-ure. Eeat transferred by convection is dependent rrpon air
temperatr:re. The rate of convection loss is pl'opcrtionate to the Cifference

&L-
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In temperature between the body srrrface and the alr; as the tenperature
difference decreases, heat loss from the body decreases. When there ls
Ilttle or no heat loss by thls process, loss by eveporation ls the only
means for avoiding the sensation of too much warmth.

C. Surface (linclosure) Ignoerature. Thermal radiatlon from the body
1s affected by the surface temperatures of the enclosure and the objects
wlthin the room. I,lhen these surfaces are eo1d, heat loss from the body
by radiation is rapld, regardless of air temperature, and a sensation of
chilLiness is pronoted. The surface ternperature of the surrounding sur-
faces ls termed rtmea.n radiant temperaturen (Unf) and ls equivalent to
the average rate of emission by radiation of a1l. surfaces.

An inactive adult person normally dissipates about 400 Bttt per houro
Unci.er average room tenperature conditions, with low air movement evapo-
ration accounts for about 90 to 100 Btu and the balance ls dlssipated by
convectlon and radiation. A well-controlled heatlng system combined with
building surface temperatures within proper limits will produce an equl-
table comfort of alr tenperature and nean radiant ternperature. The
exberior construction of bu1Id.1ngs thus plays en lmportant part ln heating
and comfort, while the surfaces of interior partitlon construction, having
about the same temperatures as the surrounding aLr, are not signlficant
factors.

ft has been the practice to measure comfort by combined dry and wet bul-b
tenperatures of the sr:ror::rding air. The American Society of Heating
and Ventilating Engineerst Research Laboratory has conciucted a series of
studies to Cetermine the condltions under whlcl: nornal persons feel
comfortable. One result of this vork was the establishment of the neffec-
tive temperaturetrindex or scale plotted on a [Comfort Chart for Still Alr[.

Effectlve temperature is not a temperature that can be measured by a

thermometer. Determined empirleally, it is an index of varlous combl.dr-
ations of dry and wet bulb temperatures under which comforb has been exper-
ienced. For example, during the wlnter, wlth conventional heating systens
(not radiant) 9? percent of the spbJects felt comfortable wlth an effec-
tive temper.f,rr" if OOo (68 to 72o; dry bulb; 5t' to 620, vet bulb,) All
the above dry and wet bulb temperatures fe11 within 30 to 70 per cent
re1-qtlve hunidities.

Excesslve heat loss throtrgh the exberlbr building constructlon can produce
a sensation of chilliness even ln a room with air temperatures 70 '75 .

Heat loss by radiation from the body to the colder bullding surfaces 1s

too rapid, Lnd ,.ri11 cause disconfort r:nless the alr temperature is ralsed
to help counter-balance the body radtation loss. ff surface temperatures
are ,roi ralaed, the effect on confort by ralsing the alr tenperature nay,
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be n11. the measure of comforb to be attalned ln a roon is definltely
related to the rate of heat loss from the body and the mean surface
temperature of the bullding sdrfaces.

The mean surface temperatr:re can be calculated with a fair degree of
accuracy, slnce temperature drops through bull.ding construction are pro-
portional to the resistances to the heat f1ow. For an assumed total
reslstance factor of 1.00 through a wa11, (sq.ft./hrFF), an inside film

Btu
(stilI air) resistance factor of 0.606 and a tenperature Cifference of ?0o
between inside and outside air, the temperature difference between incloor
alr and lnside wal1 sr:rface is (O.606/3.O0) x ?0 = llr,Lto; the insicie waII
surface temperature ls ?0 - llu,llr - 55.86 or about 56o. For a total resis-
tanee factor of 6,00 under the same conoi-tions as above, the tenperature
difference betreen lndoor air and inside surface:.s (0.6O6/6.OC) x ?0 *
l,Wi the wa1l surface temperature is ?O - 7.07 = 62.930; or approxlmately
63o, The higher wa11 temperature 1n the secono' case nay be the compensatlng
factor in producing comfort.

Cornfort at or near the floor line is {mporbant, lf for nc other reason,
because lt is the area ln whlch children 1lve and play and vhere they
lose heat by ccnduction to cold floors" In the cold climates an effective
method of heat distrlbutlon in each room will help keep e fl-oor warmer. fn
zones where e speee heater generally supplies the necessary heat, temperatr:re
distrlbution is not as effective, ani ordinaril-y higher graCients between
floor and eeillng exlst (sometimes hlgher than 25oI fn any case, it is
essential to keep floor temperatures warm through adequ.ate insulation, warm
crawl spaces or other means, such as directly heated floor ponels where
eeonomlcally feasible.

2. IlEATfl{G SISIHIS A}lD C0l[tr'CHI. As polnted. out above, the type of heating
and the methods and the points in the room from which heat ls delivereC,
share in the comfort relationship. f'or example, lt should not be e:<pected
that pi:.ce heaters rt the hlgher outputs:leeessary in cold cliraates will
glve the same degree of satisfactlon as naore exbensive systems where heat
is supplied'to each roo:l proportionate to the roomf s heat 1os.s.

Excluding panel heating methods, radiatirg surfaces at or near the floor
lile pronote comfort. When radiators are used., they should be pla.ced
preferably along t.".e cold wal-ls under windows to prevent the flor of eold
ai-r dom the rrar11 and across the floor. The radia"tor system for tenant-
operated plants (more sr with hot water es the heatin6 medium) seems tc
offer its fullest advantage ln eolder climates where fairly constant out-
side temperatures ar': sustained over long periods of tlme, ln splte of the
radiator systemts lnherent Lag (resistance to heating up and cooling dom).
Yet lag, whlle not too irr,portant a factor la colder areas, has been
ovorcone to sone extent wlth proper control devices and settlngs.
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Particular}y ln tenant-operated plants the aquastat in hot-water heating
has served successfully in regulating water temperatures to coordinate
with outside temperatures.

An otherwtse good heat distribution system ln project plants has been
sacrificed, attlmesrfor savings in piping and other items of initial cost.
Some projects have mains vithin dvelling units r+hich run exposed under the
first, floor ceillng at the approximate center of a tr+o-story building.
A single steam supply line feeds up and dorrn to radiators located aIong
the inside nalls and the returrr main ls ::un ln the cravl space. This method,
althottgh apparently cutting dorm the cast lron raoiation load, has tended
to pocket a blanket of warn air at the first t'loor ceiling and has kept
the second floor r:ncomforbably warm. Fooms on the second floor are thns
overheated in mild r+eather, Fadiators placed along inside wal.ls near the
center partition frequently result ln cold areas in other parts of the
room.

The warn air systeo for tenant plants shovs lts fu1l advantage ln warmer
areas where temperature changes are sudden, and a qr.rlck supply of heat is
needed. Adequate return ai.r circulatlon through ducts in both gravlty
and forced systems is very important, and w111 preclude cold ai.r sweeping
across the floor,

The baseboard or floor type reglster vil1 glve satlsfactory results ta
gravity warn air systems, although the former type shouLd be given pref-
erence. i{hlIe it may be true that high side naIl reglsters s111 dellver
nore heat because of the greater head between furrrace and room outlets,
the additional heat wiLl create a hlghor temperature difference between
floor and ceiling and result in discorafort.

Jn a well <iesigned and balanced forced eir system, baseboard or hlgh side
waIl registers shoul.d give equally as gobd results in corufort, although it
would appear that air del-ivered from baseboard registers would make for
lr&rner floors. Reversed circulatlon (returning alr through the top grllles
and supplylng air thror:gh baseboard registers) tras reduced stratification.
Satisfaction can be lncreased generally vlth lov alr velocities and low air
temperatures, rith blover operating for loager perlods and careful adjust-
oeut of register deflectlrg vaD€so

Fuels also bave a part ln conforb, particularly ln the case of tenant-
operated plants. It is easler to control the burning of gas or oll than
coal shich is nhand-firedr. Gas equlpment can be regrrlated to operate all-
oD or all-off; o11 equipnent can be regulated for all-on or all-off, or
betneen high-fire and plIot-fire ln the vaporizing pot-type burners. llith
coal buraing, there ls the tendency torard nrunanaytr fLres under high
draft, unless control is included to limtt the burning rate. Rtrnaway fires
produce high temperatures of the heating medlun and cause dlscomfort.

_ l+_
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In the foregoing discussion on physical factors affecting confort, it is
stated that hunidity within the dwelling is difficult to control, and
generally not attempted in low-rent housing. To compensate for this
deficiency, the comfort equation must therefore be resolved in terms of
the remaining factors; air movement, air temperature an<i surface (enclosure)
temperature. To achieve this objective, certain basic principles gained
through experlence should be foIIowcd. I,lhile these points are touched
upon herein, they will be covered more fully in subsequent bulletins dealing
with particular heating methods.

3. PERFOAI{ANCE DATA 0N ?m{PEtj./fTUnE GRADIEI\ITS. Control of ternperature
gradients eonstitutes a challenging problen. Comforb temperatures as
rcferred to hereln are essenttal, since unusually high gradients between
floor and ceillng viI1 cause the body to feel cold at the lover levels of
the room and to sense uncomfortable stuffiness at the 5-foot levcl. Fersons
of low vitality subject to these temperature extremes, suffer more severely
than they would undcr more normal temperature gradlents. tr'urther, excessive
heat at the top of the room represents waste in fuel, especially when the
eeiling is not well insulated. If the ceiling is vell insulated, some of
the excess heat will be radiated to the floor.

Rccognizirg the need for more information along these lines, the Bureau of
Staniiards has conducted a seri.es of tests. Various heating devices were used
to obtain valuable data on temperature dlst,ribution.

The test house is one story, two becirooms r.'ith full basement. Hea.t loss
approximates 55 Btu per square foot of floor area. ft is fully enclosed with-
in an insulated outside structure; a refrigeration system maintaj-ns desired
air temperature in the enclosed spaces between house and outside structure.

The results of thirteen tests with various heating devices and rnethods arc
plotted in Figurc 1, Page 6, in a series of straight lines. Part A shows
the temperatures at points ztt, 6On and 94tr fron floor; the last point is 2u
under ceillng. Part B shows temperature dlfferences between 50n and 2n, and
94,n and 2tt from floor. The heating device, fuel or energy used, the system
of heating and the outside temperature at vhich the system was tested are
described with each series of gradlents.

Tha system which showed the least grad-1ents was the forced hot nater system
through baseboard conveetor radlation. Tvo tests were ns.de: one with a PmPr
controlled frorn a room thermostat a.nd operating intermittently (test no. 12),
and the other with an outslde thermostat controlUrrg a rnixing valve and vith
the punp running continuously (test no. 13). Ttre giadients iesulting'from
these tests varied but s1ight1y.

gther systems which showed good results were (a) a gra.rlty hot water .system
through cast iron radia.tors (test no. 11), (b) a forccd warm air system
through a floor furnace fltted uith a disc fan inside furnade casing and

-5-
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1. Electric heater in utility space.
Cravity warm air circulation through
plenun chamber. Outsice ternperature
12 - uo.
2, BLectric heater in utility space.
Forced air eirculation through plenun
chamber-?EO cfm - intermittent clrcu-
lation, Outside tenrperature 8 - 10o.

3. Electric heaber in utility space.
Forced air circulation through plenun
chamber-1460 cfm - intermlttent clr-
culation. Outside tenperature
16 - 2Co.

l+, Electrle heaber in utllity space.
Forced air circulatlon through plenum
chanibe,r-12*60 cfm - conbinuous circu-
lation. Outsice temperaturc 3l* - 38o.

6*, 70
ab

(,,
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x No te;nL.c-rrl.rire lines lncluded for bathroom
because heater was lnstalled therein.

8,. Gas-firec floor furnaee in ball-
Hay. Gravity air circulation.
Ouiside templrature 34o .

9. Two gas-fired floor furnaces -
one in living room, other in hallway
Gravity air circulatlon. Outslde
temperature 2'7o,

5. Gas-fired spaee heater (jacketed),
ln living rocrm. Gravity air circula-
tion. Outsioe tennperature Z3o.

6o 0i1-f1red space hester (jacketeci),
1a living room. Gravlty air clrcula-
tion. Outside temperature l$o.

7. Oi1-fired jacketecl heater in
living room. tr'orced circulation by
disc fan inside heater jacket. Down-
ward air fIor. Outside temperature
lrSo ,

10, Gas-fired floor furnace i.n hall-
way. lorceci clrculation by riisc fan
inside furnaee casing - connected
air returns under floor. 0utside
temperature 35o,

1I" Oil-fired boiler ln basement.
Gravity hot uater circulation througi
cast iron racriators. 0utslde teltr-
perature 1!o.

12. trisctrlc vater heater in bathroc
Forceci hot rvater through baseboard
convector radiation, Rocn thermosta.
control" Pu,trp operaticn intermltten*
Outslde temperature L9o,

13. Electric r"rater heater in bathroo
Forceo hot r+ater bhrough baseboard
convector reCiation. Outsloe thermo
stat wittr mixing valve control.
Pump operation continuous" 0utsicie
temperature 0.9o'

-7-
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temperature difference between 94tl
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connected air returns nrn under flcor (test no. 10); (c) gravity warm air
system through tr+o floor furriacds, one located in hallway and the other
in living roon (test uc. 9) and (d) forceo -*arn air system with the fan
operating continuously (test no. 4).

?he better results were obtained from four systems rhj-ch delivered heat
at or near the floor 1ine, and from one system...rhich dellvered heat near
the ceiling but where air was forced arcund the dvelling continuously.
The gravity air system with heater (on the flcor) connected to an over-
head plenum (test no. 1), and a spaee heater r,'ith forceri air cistribution
(test no.2) shcweci irigher;raiients than those systems ljsted above.

The results of these tests have proved th,: imporiance ot'coordinatirig
heating design and <iwelling u.r:it pleinning, and the correct points fron
nhich heat should be distributed. Planning for ccnfort is not :u1y gcoC
policy; it is sourid cconof,Iy"

.trIFA
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Ir!y!l!!a HE4rrNG ANn VENfir,ATroN

PART I - THFJiMAL EN\TIX,0NMEI'IT AND COWUffi

1 TIIERMAI, COMFORT 1S gauged by the rate and manner in which the human body
llberates the heat nhich it generates. If heat is freed too rapidly, a chlll-
ing effect ls noted; if llberated too sIowly, a feellng of uneomfortable
warmth and depression is apparent.

Heat is dissipated from the bo(y prlncipally through con\rection, surface
evaporation of molsture, and radlation. The bo(y tends to adapt itself to
these conditions, and sensetions.of disconfort a:re not experienced so long
as there is an equitable bala.nce betrteen the body heat produced and liber-
ated.

The pri-ncipal factors of interior bulld:ing environment" utrich affect this
balance a-re air motion, humidity, air temperature, and tenperature of
enclosing building surfacesl all of these are subject to control through the
design of the structure and its heating system in proper relation to each
other.

Excessive heat loss through the exberior building construction can produce
a sensation of chilliness even in a room with an air temperature of J0oF;
heat loss by radiatj-on from the body to the colder building surfaces is too
rapid and will cause dlscomfort unless the alr tenrperature is raised to
help counterba.lance the effect of the rapid body radiation 1oss. Comfort
is particularly apparent to the elderlyr -who sense ncoldn more keenly, fn
fact, an inside design temperature of 75oF. ls recommenderl.

The srrrface terrperature can be calculated with a fair degree of accuracy,
slnce temperature drops through building construetion are proportional to
the resistances to the heat f1ow. For an assumed total resistance factor
of 3.00 (the reciprocal of the overall thermal conducttvity), througJr a wa1I,
having an inslde fih (still air) resistance factor of 0.606 and a tempera-
ture differeqce of 70oF. between inside and outside air, the temperature
difference between inside air and i-nside wa1l surface is (0.606/3.00) x 70 -
tl+.tlro; the inside wall surface tenperature is ?O - 1L.1h = 55.86 or about,
560. For a total resistance factor of 6.00, (aceorplished with insulation),
under the same conditions as above, the terrperature difference between
inside alr and inslde surfaee ls (0.606/6.OO) x 70 = 7,O7oi the waII
surfaee tenperature is 70 - 7.O7 = 62.93ot or approximately 610. The higher
wall temperature ln the second case may be the compensating factor in pro-
ducing comfort. As a gulde, PHA recormrends not over the follow'ing ln Btu
per hour per square foot of living dweIllng unlt floor area! more than
J story height buildings, 3Oi 2 and 3 story, LO; f story, 10.

ulletin No. LB-f, tuted. 3-2h-5O.ft hes been revised throughout.
-1-
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These llnritatlons a.re clted to encourage the use of therma-l insulation (see
Part Ee m-5) particularly ln the colder areas, as d.eslgnated below. It
ls reallzed that the greatest heat loss occurs through nlndows and door.s3
here storm sash and storm doors should be considered; a good starting point
would seem to be where the outside deslgn terryerature is about -lOoF., and
where the degree days are 5500-5000.

These theories and practlces are dlscussed here, because they are of partlcu-
1ar i:uportance to publlc low-rent houslng through the econornies of costs--
lnltial, malntenalce, and operatlng. Present practices lnvolve the architect
t'o a greater erbent than formerly, and fu1l cooperation between him and the
heatlng englneer is vital for satisfactory and econon:lcal functioning of the
heatlng system.

2. HEATING SISTHvIS AND COMFORT. The type of heating and the points in the
room frorn uhi-ch heat is deli share ln the comfort relatlonship. For
example, it ehould not be e:cpected that free-standing room heaters at the
hlgher outputs necessarXr ln cold cllmates for entire dwelling units wj.ll
give the same degree of satisfaction as more exbensive systems where heat
ls supplled to each room proportionate to the roomls heat loss. The use of
the room heater may be governed by local practice. PHA belj-eves the follow-
tng Is a fair and practicable gauge: I'Ihere the average daily JanuarXr
tenlperature for not less than a ten-year period (U.S. Weather Bureau
Statlstlcs) lsr (") 35of. and. colder, the heatlng system should. include
means of dlstrlbuting heat to all rooms proportionate to their heat loss;
(t) more than 35oF., the heating system can he room heaters if eonsistent
rith Ioca1 custom.

Radiating surfaces at or near the floor llne promote comfort. Badlatlon
placed along the wal1s under w'indows will eounteract the flow of eold ai.r
donn the wall and across the fIoor. The radlator system seems to offer lts
fuI1 adrrantage ln colder c1i:nates where fairly constant low outside terpera-
tures are sustained over long periods of time. Gas or oil-flred forced $arm
air systems (in lndl.vidua.l tenant plants) have also offered a good share of
comfort, provided the corrtrols are set to produce frequent cycllng of the
burner, and lnfrequent cycling of the blower.

The sarm alr system for tenant plants shows lts best advantage il geographlc
areas wtrere a qutek supply of heat ls noeded. Prorper return air circulatlon
through a single central duct at the furnace, or indirridual ducts ln both
grad"ty and forced systems is irportant, and ri1I preclude co}d air sreeping
aeross the ff-oor.

The baseboard or floor tylpe reglster (under the w'Indow) ri1I glve satis-
factory results in gravity warm ajr systems, While lt may be true that higft
side nall reglsters in the gravtty system rri1I dellver more heat because of
the greater head between furnace and room outlets, the additional heat rtIL
create a higher tenperature gradlent between floor and cei.llng, ud could
result in dlsoomfort.

-2-
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In a well designed and balanced forced air system, high slde walI reglsters
should glve fairly good results ln comfort, although air dellvered frorn base-
board registers (rhere there is no frrnlture interf'erence) or narrow regts-
ters in the floor under the rindows would make for warmer flosrs and }ower
telperature gradients between floor and ceIling; irrespective, returns ln
thls direct system of aj-r clrculation should be at the floor; Beversed clr-
culation (returning ai.r through the top grIlles and srrppl-ying air through
baseboard registers or narrow floor registers under rild.ows) has reduced
stratification. Satisfaction can be increased gen6ra11y with low air veIocl-
ties and low supply atr terperatures, nith blower operatLng for longer
periods and careful adjustnent of register deflecting vanesr

F\re1s also have a part in confort, particularly ln the case of tenant-operated
plants. Gas equipment can be regulated to operate aLI-on or all-off; oil
equlpment can be regulated for all-on or all-off, or between high-fire and
pilot-flre In the vaporizing pot-tFpe burners. With coal burning, there is
the terrdency toward trrunawaytr fires under high draft, unless control is
lncluded to hmit the burnjlg rate. Runaway flres produce high terperatures
of the heating medlum, wasti-:rg fueI, and resuJ.tlng in discornfort.

To compensate for the lnadequacy in controlling hund-dity, the confort equatlon
mrst therefore be resolved in terrns of the remainlng factorsr air movement,
air temperature, and building surface (enclosure) temperature. To achieve
this objective, certain basic prinelples gained bhrough e:cperience should be
foll-owed. They are covered in subsequent parts of this bulletlnl fI--Boon
Heaters; TTI--Tenant-Operated Heatlng Plants (Air, Water, Steam), tr\re1 Storage
and Chinneys; X[I--Project-0perated Heating Plants--Central, Group, and Bul1d-
ing; .XV-I--ELoor Line, Perjmeter, and Panel Heatilg. The economic factors
whlch determine the use of proJect versus jnd:ividuaL tenant plants are
identifled ix Bul.letin LR-IL, Seleetion of Util-ities.

3. PERFOHMANCE DATA 0N TH,IPffi,ATURE ffiADIENTS. Control of t errperature gradl-
ents or ce sac g problern. Unusually high
gradlents (ln excess of 2OoF.) between floor and celling can cause the body
to sense discomfort. Persons of lor vital.itnsubject to these tenperature
extremes, s,:.ffer more severely than they would under more norrnl tenperature
gradients. F\rrther, excessive heat at the top of the room reprosents rraste
ln frre1, especially when the ceiling i-s not rel1- insulated. ff the celJ-1ng
is well insulated, the excess heat ri-l-I tend to radlate 'bo the fIoor. Alsor
uniformity of ten'perature l,-ithix the dtfferent rooms of a dwelling Is generalJ;r
accepted as approaching an ideal in comfort heating.

Becognizilg the need for more lnformation along these Ii-nes, the NationaL
Bureau of Standards has conducted a series of tenperature tests. Various
heating deld-ces rere used to obtail data on alr temperature distrlbution.
The test house, a one story (bungalow tme) located on the Bureau grounds ln
Washlngton, has four rooms and bath, with full basenent; a smal} hallway 5n
epproximately the niddle of tJle house connects the rooms. Adjacent to the
hallway is a utllity closet, i-ntended to accorunodate the heating eqtripment.
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Obserriratlons, resultsrand concluslons of the tests aro fully described in the
Bulldjng Materlals and Structures Report BI,[S108, nTerperature DistrJSution tn
a Bungalow rlth Vartous Heating Devices.tr Information on this report may be
obtalned from the National Bureau of Standards, lJcrhtngtou, D.C. 20231+ (Mechenlcel
Systens Sectlon). Alr temperature readlngs insj.de ttre dwelLing rere taken at
points 2rt, 30il, 60tt, ?B! and 9l+tt from the flloor; the last point is 2n under
the eeillng. Outslde terperature at wtrlch each system rfias tested r.las aLso
recorded.

The systern thich showed the least vertical terperature gradlent was the forced
hot water system through baseboard radi-ation. While the forced hot water
system should be considered favorably ln proJect-operated plants, its use ln
tenant plants is hardly justifiable esoentlally because of higher costs over
the forced warm alr system; the latter has proved good overall results rith
the air d:istrlbutlon properly balanced and correctly operated (frequent
cycllng of the burner and l-nfrequent cycl.ing of the blower, as pointed out
hereln above).

Good results rere obtained frorn four systems wtrlch delivered heat at or near
the floor llne, a.nd from a forced alr system, wtrere the heat was delivered
through outlets near the ceIling, 'wtth the blower operating continuous\r.
The gravity alr system with heater on the floor of the bungalow and eonnected
to an overhead plenum, and a room heater, showed higher gradients than the
systems llsted above. The gradlent betraeen the two extreme polnts increased
as the outslde temperature decreased. PartlcuJ.arly does thls conditlon become
aggravated when the heating systen tends to produce stratiflcation, such es
the room heater or the gravity air system. A system operating uhere the
vertlcal gradlent between e:cbreme points ls 10oF. or less can be considered
ulthin the confort, rango; a system operatlng where the gradient approaches
2OoF. or more wILl prove uncbmfortaUleo

The results of these tests prorred the irportance of coordinatlng dwelllng
unlt plannlng and heating design, and the correct points I'rom which heat
should be dlstrlbuted. Plannlng for environmental confcnt is not only good
pollcy, It is sound econon$r.

lr. VEI{TILATION. Admisslon of fresh alr lnto the dwelllng units is by
natural means of infiltratlon. For purposes here and for estlmatlng heat
losses, the rate of admission depends upon the pressure difference between
the air inslde and outside the structure, governed by the wind intensity and
by the resistance to air flow around the perimeter crack of rlndows and doors.
Reference should be made to the Amerlcan Soclety of Heating Refrigerating, and
Alr Condltioning Engineers Guide for infiltratlon constants, and other heat
loss constants through bulldlng construction.

Where lnterlor bathrooms are deslgned for mechanical ventil-ation, the edraust
should be suffl.cient to provide a minimum of eight air changes per hour, unless
the 1oca1 code demands a greater amount; recommended velocity througlr grllle
should not exceed 500 feet per rd-nute. Mechanical ventilation for ldtchens
should be governed by locaI code requirements.

_ l+_
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The subJeet of condensatlon ls covered jn PHA BulLetln lR-5, Part, I1,
Condensatlon ln Dr,relllng Structures, Its Causes and Control.

5 HHFA-P[{A, Wash"l D.C.
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PITMBING HEATTNG AND \TM{IILATTON

PART fT - SPACE IMATMS

I. r}ITBOUJCTI0N. Tho preeent d.ay space hoator, concoaled. withln an
onamelod Jackot whlch, too ofton, ls "styled." to resomblo poorly d.oslgnod.
rad.los, sooas to have llttle ln cormon vlth the old. fashionod, shoot motal,
alrtlght heater or the caet-lron pot-bellled. stove wlth which ono scorchod
ln front and frozo 1n back. Yet thoee woro the fororlrrurors of whab has
como to bo a cormon and lmportant plece of heating equlpmont.

The jacket has been added to lnduca convection, and some manufactrrrers have
added fans to increase the range of circulatlon, Wood and coal are ao
longer the only fuels that nay be used; heaters have been edapted to use
gau and fuel oiI. Thermostatic control has been lntroduced. Most lmportant
of aII, many of these lmprovements, slngly or ln combinatton, have increased
thg overall usefulness of the device.

Nevertheless, this type of heating has lts llmitatlons and dlsadvarrtages. It
cannot be used wibh oatisfaction nhere normal Janriary temperatures ere below
/*0o F. Since its effective heating range 1s approxlmalely flfteen feet, tbe
heater nust be placed ln or near the center of the dvelling. Good insulatlou,
especially of the flrst-story floor., is essential wlth this type of heattng
to help reduce air temperature gradienl betwoen floor and ceillng en{ thusl
promote comfortn

The subJect of uti),ity selecticn, of which the hoating fuel and heating
nethod form an lntegral part, is riiseussed in another bul}etln, The obJec-
tlve ls to obtain a eomblnatton of utllities proviciing nadequate and safe
utllity services for the lor++sl possible annual contribution (subsldy) by
the Fedsral Goyernment ouring ihe li.fe of the projecttr. For better llva-
bllltyr l-t is fea;riole to select a reasonably higher cost heati.ng fuel or
heatlng nethod than that oth rn+lse tncorporated in the lonest eost utlllty
comblnatlon"

To lllustrate: The cost of' frrel- is obviously the governing economlc factor
ln selecting the equipnent for the tr$p€ce heaterrr nethod of heatlng, slnce
the cost of the system and the irrcfficacles of heat distrlbution are very
nuch the same'*hether the heater is coa1, oil or gas flred. Should gas fueL,
supplled by local utility, be the most economical, tbe problem of seleetlon
nould be resolved qulekly, Should the reveree be true, and coal or oil be
the most economieal fue1, the problem of seleetlon becomes sonewhat more
complex. Then the potentials favorlng gas sueh as cleanliness, safety and
ease in handllng should be balanced againstr (1) the higher gas cost and,
(Z) certaln tanglblo factore ad.verse to coal or o11 lncludlng storage,
handllng and flrlng, pluo rnore froquont palntlng of tlvelllng unlt.

A condltlon certaln to lnfluenco the seloctlon of gas heaters, evon though
cost of gas ls highor than other fuels, is the uso of tho "flat" t)rpe d.we1l-lng
unlt above tho flrst floor. Carrying coal above the flrst f1oor, ancl the

-1-
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ashes dowa, deflnltely nake the eoal heater undesirable. As for oil,
continuous supply of the fuel to the heater is accomplished b"r piplng
dlrectly to tbe equipner* fron outside supply tank; but thls rofueltng
Echene requires, ln addltlon, sa electric punplng devJ-ce r+hen tl .. \eater
le on seeond floor untts. 011 refuellng by hanci lnto a contalner cn the
heater becomes almost as urdeslrable as coal handling. The gas-flred
heater la equally well suited to the flrst and upper floor lnstallations,

It ts not lntendcd here to dlscourage the uee of coal or o1.1. These fueLs
aro erpected to have thelr proportionate share of use ln Public Houslng,
prloarlly ln proJect-operated plants and ln tenant-operated varm alr,
radiator or panel systens vhere the furnace or boller ls placed tn the
basement or ln a tra}I-ventllated utllity roon away from the llvlng quarters
of the unlt. In thege cases, ecoaomlcs wtI1 guid-e, to a rnaJor extent, the
selectlon of ono fuel or systen over another. But ln the case of space
heatars, used as they are where the heating Eeason ls short and where the
outslde tenperatures are not 1ow, the added cost, lf any, of'gas ls fre-
quently pt large enough to be overbalanced by the Lesse_t cost of coal or
o11, when conslderlng tbe favorable aad adverse factors nentloned above.

fn areas rhere utllity comparqrrs gas ls not avallab1e or vhere lt ls avall-
able only at excesslve costs, tben there aeoos no other alternatlve but
use the coal or oil heeters, but aot before tbe practicablllty of storlag
and uslng llqulfled petroleun gas ls explored,

?he space takea up by the beater and the free area vhich uust be ualntalned
around lt, are not inconslderable ltems. The PEA Mlnluun Physlcal Standarda
and Crlterla qulte properly caLl for an addltlon of 16 square feet to the
slze of a room ln shlch lt ls located.

Ilorever, the greatest drar&ack to the space beater, especlall.y uben lt ls
used ln any brrt very temperate c}Lnates, ls lts lack of unlforn beat d1s-
trlbutlon. Thls general problen, ln lts relatioa to comfort, v111 be
treated ln another bulletla. Here, lt need ouly be gald that use of tpace
heatere createg a demand that the system and the dvelllng plan be coordl-
nated ln deslgn. Thls need for coordi-natlon lmposea a deflnite restrlctlon
upon plannLng.

To neet thls partlcular problen of dlstrlbutlon In ono-story structurest
sone thought has been given to the utlllzatlon of the undarfloor space as
plenun, retrrrnlng the cold alr from near the floor to an opening belor the
spac6 beater, where it ls rehedted and circuLatad. Falr success hag beea
obtal.ned ln some experlnents along thsse llnes, but exLenslve work at the
National Bureau of Standards seened to establlsh concluslvely that the
pl?nu! oould not be nade sufflcJ.eatly tlght ln actual practlce to prevent
outside alr from belng dlscharged upward through the reglsters at the ouf-
slde wdlle, tbus defeating the pnrpose for whlch the plerun $as lntendcd.

Notnithstandlng the stated dranbasks of space heatero, thls equlpneait hae
legttlmte usei. The esseatlal polnts to conslder are (1) focal cllntl.o
llnltatloDE upon lts ure, (2) proper coordtaatlon of plannlng rlth thls
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lype of systen, (3). use of effectlve lasulatlon
especlally la the right loceti.oa, (/-) selectlou
of the proper and most efflcient types and
deelgn of heaters and tbelr correct adaptatloa
to the fuel to be used, (5) selectLon of the
proper capacltles, and, (6) correct lnstalla-
t lon.

2. GENERAL TIPES 0F SPACE HEATER.S. General
types of apace heaters can be claoslfled ae
radlant, clrculator, and conbined radlant and
clrculator; the second and thlrd tjrpes are
sonetlncs equlpped wlth lotegral, motor-C.rlvea
fans to aoslst ln nore effectlve alr circula-
tion, but tbere le llttle evLdence that the
lncreased effectlveness ls corlmenaurate ulth
the e:rtra capltal and operat!.ng costs.

The radlant type Bpace beater, Flgure 1, has
less than 75f $ its heatlng surface ar6a
surounded by a caslng, and ls destgned prl-
rnarlly for heatlng one roomr llence thls type
la appllcable only to &relIlrrgs located vhere
cold spells are lnfrequent and of very modcrate
lntenslty.

The clrculator or Jacketed heater, Flgure 2,
bas 75{ or Eore of lts beatlng surface sur-
rotrnded by an outer caslng. Ileated alr ls
discharged through a grille or louvere in tbe
fop of tbe oaelng or ln lts front near the top.
Preferably, to obtaln the sLdest posslble heat
dletrtbutton, the Jacket sbould be solld betneen
bottom and top of combustlon chamber.

The corbined type, Flgure 3, ls nade with tvo
general deolgns of Jacketsr (1) vith perfor-
etlons betveen the botton and top of tbe
coubustlon chanber, ana (2) doorg or adJuc-
tablc louvera rlthla the conbustlou chanber
Lr€Er The fLrst provides llttle nore beat
througb convectlon than does the radlant typet
where the latter caa provlde a predonfuance of
heat elt!-el by radlatlon or convectlon through
the control of tbe doors or louvers. In a
gae beater of thls type, the radlant feature
naSr lnclude heat-reflectfug refractory elenents
whlch are proteeted acrosa the frort rdth a
guard grlIle or ralls to harnoulge rlth the
beater constructlon.

JACKET COVERS
LESS THAN 75OlO
OF RAOIATITIG
SURfACE

FIGURE I RADIANT HEATER

I

I
I

I

I
I
I
I

I

I

I

I

I

I
I

I

-3-

FIGURE 2 GIROULATOR

t



#ffis(}LETg
Bulletln No. TA-7
PART IT

Coal types are deslgnod for surface flrlng or
uagazlne feetllng, the lattor holtllng fuel
chargos for at least a day's oporatlon under
no:mal condltlons. Elthor bltuminous coal or
anthraclte burnlng t;rpes nay bo obtalnod.

Ot1-flred types are fltted vlth vaporluhg pot
burners for natural or Bechanlcal drafbr a.ud
vlth sleeve burnere for natural draft
eseentlally.

the pot burner eonslsta of a pot wlth perfor-
rrted ualla, aad ls generally fltted rlth tvo
rlogs. Tbe p11ot or lorrfl.re rlng ls eet rtthln
and acroes the pot Just above the o11 eatrance
and the low-flre le coneentrated dlrectly over
thls rlng. Tbe blgb-flre rlng 1s set alnost
flush rlth the top rim of the pot and the
hlgh-ftre ls concentrated dlrectly above thls
ring. After the o11 ls lgnlted, beat gener-
ated In the botton plate of the pot transforms
the oll lnto a conbustlble vapor vhlch mlxes
rlth the alr as lt ls drawn through tbe rall
perforatlonso Dependeat upon the anotrrrt of

HEtr'A
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o11 adnltted to the buner, the o11 rllL
burn elther over the pilot or the hlgh-flre FIGURE 3 COMBINED CIRCU-

ring. Thls type burnlr wl}r burn uErrt LAToR a RADIANT HEATER

fuel o11 dlstlllates such as No. I and 2, altbough better results seen to
have been attalned nlth No. 1 o11.

The cleeve burner conslsts of perforated cyllnders of dlfferent dlaueterg
act coacentrlcally w1th1n each other. 0i1 flovlng to the burrner soaks the
atbcetos klndlars lnside the bosls and le lgnlted. Ae the burner bov} la
heted, the oll ls vaporlzed and Craror up betveen the cyllnder raLl.s nbere
lt ls nked wltb alr adnltted through the cyllnder perforatlons. Thls type
burner slll brrrn only No. 1 fuel o11 dlstlllate or kerosene, and can operate
vlth lorer ttraft than tho pot burnerl hovevor, 1n the larger hoaters (over
approxlnately l)000 Btu capaclty) t'wo sleove burners are nocessary (whore
only one burnor of tho pot tySro rrould be requlrod..

Gas-flred types are generally fltted rith burners of nuIttpl.e port or rlbbon
ctyle operattng on t[e Bunsen prlnclpLe; burners are nade for natural, nanu-
fectured or llqu€fied petroleun gasr

3. COORDIIATION 0f EEATEA LOCAIION tIItH DtlELLfl{G PIAN. Correct placenent of
tbe rpace beater at or Dear the center of tbe &reIIlng unit ls of paranount
lnportance in achieving nore unlforn teuperature dlstrlbutlon since clrcrrlr-
tlon la b5r gravlty" Flgure {, gives sone €xeoples, ia tbe form of cketch p1anal
shorlng deslrable and undeslrable arangeneatg fron the heatlng standpold.
the lutentlon ls to provide the oost dlrect path for alr noveneut fron heater
to aIL parts of the dve}Ilng. It has been fornd helpfnl to place grllIcd

I
I

I

I(

I
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openings ln the upper part of roons, dlstant from the heater, but such
openings are of 1lttle value (vhen bedroom doors are closed) unless au
addltional openlng ls provlded near floor.

Flgure 4 (PIan nAr two bedroon unlt) ghovs two nethods of space heater use
for o11 aad gas-flred e{ulpnent. I{lth tbe heater lnstalled ln a partially
enclosed space, a duct v,oulo be flanged to the heater top grllle and rise
to a plenun over the ha1l passagevay sith a supply opening to each roonr
Theoreticall.y, arguments uay favor thls nethod, since lt precludes ta}lng
up living space vlth heatlng equlpnent. Fron the heating standpolnt, ab
dlstrlbutloa ls aot as uniforn as vhen ai-r is delivered directly fron
heater grilIe. Both nethods utillze the prlnciple of gravlty circulation,
but vhen air ls dellvered at one polnt, ed at celling, the effectlveness of
clrculatlon ls dlnlalshed. The alr ln lts path along the celllng v111
decrease In tenperature as lt moves farther avay from the dellvery outlet;
the greater the dlstance from this outlet the less w111 be lts warming effect
at or near the floor ll.ne. Removing the partltion at nAn and relocatlng the
heater fonrard rrill obrvlate tbe neeesslty of a duct and plenun arrangeneat
and pernlt freer gravl.ty clrculatlono

In addltion to the nethod shorm on Fignre 4 (Plans C & D) for heating tno
story dwelllngs, the problem of air clrculation has been met vlth sone degree
of satisfaction by taklng a duct, flanged to part of heater grlIle, to tbe
second floor and Clscbarging tbrough registers. Llhen tvo rooms are thus
served by one duet the distrlbution ls made through a volune danper and
splltter. puch a systen hes operated well when used in connectlon wltb a gas-
flred heater of the circulator type (see Flgure 5).

lr. PI"ACEMENT t0 AVOID FIRE HAZARD. In locating heater everJ- precautlon nust
be taken to avoid fire hazards. Safe dlstances from eombustible constructlon,
at whlch such equipnent can be placed to avold rlsk, have been establlshed by
the "ational Board of Fire Underrriters. These dlstances are incorporated in
Iable ln Conbustible construction is deflned as that containlng wood, vbether
protected by plaster or gJrpsu.n board or not. Nonconobustlble stoveboards set
under coal or olI-fired space heaters are a recounended precautton.

TABLE I

Meast;trgd lrqts
Distance Bequlred to

Oombustlble Constnrction

Sn 12tt
9n 18n

Eqg_lpnent

Coal or 011

Gas

Caslng
Snoke Plpe

Casing
Ferrous Metal Vent

4n 12n
$n 2/2n

-5-

tance required vhen conbustible construction ls pno-
tected rrltb 28 gaqe sheet netal, supported on Itr nonconbustlble spcers,
and extendlng from polnt 2r abote floor to 2tt underneath celllng.

3/ Colunn Br lllnlnun clearances when no protection ls prwlded'

21 Ubere flue gases are expected to exceed 5fr%., lncrease the dlnensions In
Colunns A and B to {n and 9rr respectlvelyo



$ffis*LH-rE
3Ur;tETllS $0. rA-7
PART TT

EEtr'A
PEA

3-2!-ro

B.R.

PART. A

x.

8.R.

B.R

B.R. L.R

K.
s

trl

B.R

FLOOR PLAN A (uIoEsInABLE,
from heatlng stand.point )

FLOOR PLAN B (uroesINABLE,

from heatlng stand.polnt )

SECOND FLOOR PLAN

SECOND FLOOR PLAN

FIRST FLOOR PLAN FlRST FLOOR PLAN

PLAN C (oesrRABLE, PLAN D (oesrRABLE)
from heatlng starr.d-polnt) rrrcn heatlng stantlpolnt)

These plans not to be used. for tlvelJ.lng d.eslgn purposee.

F!GURE 4
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5. SIANDARDS FOB SPACE EEAEERS. The
ad.vantagos, as to safety and. efflolenoy
afford.ed. by roqulrlr:g LaboJ.s on the
equtpoont are obvlous and. shouJ-d. be
encouraged.. For exanple, the Und.er-
vrltorsr Laboratorles labe1 assurea
safo constructton. The Anorlcan Gae
Assoolatlon La,beL tnd.lcates compllance
wlth regulremonts of baelo gtandard.s
for safe operatlon, substantlal and.
clr:rable constructlon, and. acceptabl.e
perforaa,nce. The Conmerlcal Standa,rd.e
pionulgated" by the Natlonal Bureau of
Sta.ndard.s are the regulrorents agreed.
upon by muti.ral- consent of those con-
oorned., and. uay embotty the regulrements
of the tlntlorwrltors I Leboratorles or
the Amerlca^n Cnas Agsoclatlon plus
assurance of calmotty output.

B.R

RECISTER-.

ECOT{D FLOOR

L.R

oLo

SPLIT TE

TrRSl FL00R

B.R.

K

Coal-flrod. equlporcntl both surfaco flrotl
and. uagazlno feecl, (unt1I guch t!-uo ae
appJ.lcable pe:manent standard.s are
prom:Igated.) should. c@pIy wlth I'Proposed

CoroerclaL Standartl (tuergency) for
CoaI Sumlng Strmce Eeater, [B 3l+l+3r
da,ted June 2J, 1942 arod. AtLJusted on
Febrr:ary 23, L9\3tt, exoept tbat lt nay
be necessarry to red.uce tho prescrlbed
efflolency requlrornents pend.lng the
ad.optlon of peremnent standard.s. ORAIN THROUOH FLOOR

AT BASE OF GAS VET{T

011-flret[ hoatorg fltted- lrlth vaporlzLng
pot-type burnore shoul-d. be constructod.,
rated and fleLd teeted. or atlJueted. 1n ' FIGURE 5

acoordance wlth ComorclaL Sta^rrdard (CS 10f.-l+3) rlFtrue Conneotod- Slnce Eeaters
EquipBed. lrlth Vaporlzlng Pot-Type Bur:reroril except that the speclfted. J0 per
cent efflclonoy roqulrements uay havo to bo reducea to 5O-65 por cent untlI suoh
tLlre as burners €lre ttrore sultab\y constructed for catal^ytlca[y craoked. ol].s.

Slnoe no Cmsrolal Standartl has (as of thls rrrltlng) boen prmulgatod. for
olJ. egullment ftttecl w'lth the sJ.eeve br:rner, lt 1g rocomoncled. tha,t thls
egullment bear the Und.errrrtters Laboratorlesr labeJ.. In the abeence of
firrbhor lnformatlon, the uarurfacturersr lndlcated. heater output shorrJ.dl be
aoceptabJ-e.

Ctas-flred spaco heaterg ehouJ.fl caJrry the approval La,bo1 of the Anerloa.n Crag
Assoclatlon. Cast lron heat exoba,nge surfaces are reoomondetl whore gas
oontalns suJ.lihuri 1-ocal- utlJ.lty cmlnnles havo tnfo:matlon on thls subJeot

0As
SPACE

HEAT€R

OAMPER

VE
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and geaerally aro prepared to release data on the conparatlve llfe etcpec-
tancy of equlprent conctmgted of varlous netals and al1oye, Uhether
the gee tutcnded for use le natural, nanufactured, or of the l,lquefled
petroleun fanlly, thc nanrrfactrrrer or dlstrlbutor should kaou tbe type,
hcat oontent, physlcal charactcrlstlcs of the gas to be used and the
prosoure at rhlch lt ls to be cupplled. fuch lafornatlon ls ueedcd to
atluro that proper burners vlth comeot orlflce glzes are suppllcd; too
ofteu equlpnent ts furnlshed vlth lnacgurately alacd flttlnge or lncorrest
adJuatnenta, thua aeceasltattng costly cubsequeat changea. Flnal adJust-
nents gbould be rade by the gas suppller.

6. RATINC"S AND oAPACITffiS oF mAIm, Equlpment should. be selected wlth
adequate output capaclty to compensate for hour\y heat J.oes of the space
to be heated. plus a mlnlmu:n plck-up factor of 10 per cent for'coaI and.
gas-flretl equlpment ard. 2) per cent for olI-flred. equlpment.

In add.ltlon *..:) the plck-up factor ueed. to select con'l heater s1ze, an
arbltrary coal. correctlon factor of ) per cernt for each )00 Btu (or fractlon)
less than 131000 uay be appJ.led.; ttrls coal- factor should. be appIled. to the
gurn of the heat J.oes plus the plck-up.

Exanplc

Br
b.
Cr
d.

Co

for the rolestlon of coal heatsrt

Heat Loss la Drel1lng
Plck-up (factor - 10tr)
Total (heat Loss plus plck-up)
Coel Correetlon - 0.15 r 31'?75
(Assrrnrc 11r?00 Bbu Coal)
fndlcatcd f,lnlnun Requlred Ortput
(l{carest larger standard sizc
rhould be aelected)

31250 Btu
3125 Btu

31375 Btu

5L55 Btu
39fi0 Bru

Slaoc o11 cqulplcut la also rated on an output baals, the nethod used la
flgurlag the requlred sl.ze ghould be the sa.Eo a! recoonendcd above for the
coal hcettrr .@9g!. that the pl.ck-up factor ahouLd b 25 per oent.

0f lntercst ln the relcctlon of equlpnent burnlng oll dtstlllates ls tbc
ulc of catalytloally crecked otl. tbla type of fuel, go cJ-aeelfled. by roaaou
of lts dlatlLlatlon procers end reerrltlng conponent stnrcture has caused
rioklag undcr hlgb-flre burner operatlon rlth cvldent loss la efftotorrc,lc
01I lnput rrtll obrvtously havc to be lncreased, aad cbtrnney slzcs chccked to
producr the proper drefb for lacreased o11 supply. Slor of o11 1n orees!
of that rfilch aan be properly brrrned nlth the avallabLc drafb 1111 ceugc
!rcklag aad an accr:rnulatlon of soot.

CoatrarT to coal or o11, gas cqulpoent ls rated on tbe bagls of Btu pcr hour
laput. Arerlcan Oat Argoolatlon requlrenenta Bpoclfy generally, thst, lpacc
bc1tcrs, la tbc clrarlflcetloa dlacuEs€d hore, bavlng lnput ratlnge in cxcels
of 2Or00O 3tu per hour sha]I have a beatlng rattng efflolency of not J-ees
than 70 per ceat baeed upon tJre total heat value of the gas, ancl ttrat guch

-8-
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equlpoent havlag lnput ratlags of 20rp00 Btu per hour or lesr rhal1 have
an efflclency of not lees than 65 per ocrt Tbeee efficleuclcs chould bc
used ln seleetJng the requlred space'teatcr.

Exanple for the selectlon of gas equlpneatr

A.
b.
Cr
d.

Heat Lose la Dre1llngs
Plck-up (factor 10[)
Total (heat loas plus pick-up)
Input to equlpnent - 31rfi75 t 1Ofr
(Nearesb larser standard size
heater ehould bc aclactcd).

3Lr25O
3rL25

3lrr315
49,10O

Btu
Btu
Btu
Btu

7, C0RIROLS. The controla refcrrsd to below, cxcept tcnperaturc controhl
are requlrsd by thc reapectlve atandards tnder rhlch tbe equlpreut ls ralll-
faetured and tegted.

For the coal-ftred hceter, the requlred autonatlc draft regulator (lngtal1cd
at the hcator srcke plpi outlct or 1n thc snoka plpe not ovet 2,!, lnobca aray
frcn elbon et hcetcr sroke outlct) 1a sct to lln1t thc aoal burnlng rate to
the uxLnun ratcd outprrt of the hcater. lbe draft regulator nonld not be
aea.lsary vbere the heater la equlpped vttb a thernogtatlc dovlc€ ltrtogre1
rlth tbe heater to llnlt narlnun fucl burolng ratc. fhe draft regulator
or thc lntegral theroostatlc devlce v111 be of llttIe value 1f aeans .re aoL
provlded on the hcater to regrrlatc tbe supply of prlury and tecondary alr.
Also, all doorE ehould flt at leart poper tlght. Erce!! alr dravn luto thc
beater through leaks can be so largo ae to reduoe heator efflclency to l+O

per cent or lorer. A choke dmper wlth anple openlng for passage of gaees
nhen 1n a olosed. poeltlon, antl set 1n tbo moko plpe botneen tbe heater out-
Iet and. the tlrafb regulator wlII l1n1t the burnlng rate when flre ls banked..

For oll-fircd apace heaters, an cvon lupp1y of fucl to thc tnrracr ls t la.
talaed through a coastant level valve or a ttbarorctrtc fecdn. Elther typc
rho"Jd be arranged to precludo the firrthcr rupply of o11 to heater upoD thc
oll reaoblng a predeternlned lcrcl ln the bumer. thc foroer typc oontrol
tc of the float aad trlp tSrpe and 1s used crcluslvely rficre the heater la
plped to fucl tank Loeated avay fron tbe hcatcr. thc beronctrlc fccd
operates oa tbc laoe prlnclple aa the lnvertcd rater bottLe on a eoolcr.
fhe reqrrlred autonattc drafb regulator (lastallcd ag tndlcated ebovc for thc
coal heater) coordlnates the alr aupplled vlth the fuel brrmlng rttcr

The rechanlcal draft fan hEs not been used to aDy approclablc extent la o11
gravity clrctrlatlng aqulprent, Ilcre Euch d.vlce la enploycd, tbc faa la
dtrcctly connected to an elcctrlc notor and securcly attaohed to the heatlng
equipnent. Ihc dovlae ts ananged to cupply aufflclont alr to suppott
conbuatlon.

Tno ltsrns lnporbant for sucoessflrl and. eafe operatton of o1I equlpnent a.fe:
(f) a level buroer and level oontrol valvo ana (a) aanger tn rellgbtlng a
hot burner. Level- oqullm.ant ls assuranoo for ooneot o11 flow and., other
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thlags belng equaI, proper coobustion. OlL flortng lnto a hot burner rlll
rcsult In lmncdlate vaporlzatlon, ftlling the conbustlon chanber wlth o11
vepor and fornlng a posslble explostvc nlrture. It lc csgeatlal to vait
uatll the bnrner pot has cooled before rellghtlag.

For gac equlpnent, lighting ls genarally done by a pllot brrruer whlch le
usually fltted vtth an autonatlc safety feature arranged to ehut off the
aupply of gaa:to the uain buruer Ln the cvEnt of flane fallure. l{here llque-
fled petroleun gaa 1s used, tbe gafety feature nust alao lncludc autonatlc
r€aD! to sbut off the supply of gar to the pllot burner, alncc thts type of
gac tn a rae gtate ls beavler tban alr aad may not dlselpatc uprard tbrough
thc f1ue. Gas valvea, especlally those dcelgned rlth a aeat aad dlsc, uust
have tlgbt flt. Forelgn neterlal (often alrcst lnperceptable) collectlng on
tbe dtec 1111 prevert tlght cloalag and pernit gac to pass tbrough valvc vhcn
suppoaedly ln a closed poaltlon. Thls ls partlcularly lmportant r+heu burniag
llqucflcd petroleun gad b6cauge tbis gas w111 gcek the lowest polnt aud
aettle ln tbc venturl tbroat of tbc burner. fhc gea w111 lgntte fron thc
heat generated by the pl1ot flane or laJr be lgnltcd aa a rccult of the beat
coutalned ln the caatlnge and coutlnuc to bura near the alr ln1et thuc
crcating a potentlal operatlng hazard.

The pllot buruer w'lth gafety feature or fcatures 1g optlonal (Uut arftattely
advantageous) ln nanuaLly operatcd bnmers, btrt ls requlred rlth autonatlcally
operated equtpnent. A draft hood to prevent back draft froo eaterlog appLl-
auce and prevent excesslvc draft la requlred to bc placcd la the flue plpe
at the heater outl.et. The draft bood sonetlncs ls conctrustcd lntegrally rlth
thc equlpnent.

Anothcr rethod of autonatlc control of thc gaa hcater can bc acconpllohcd by
r rclf..oontalacd thernortatlc dcvlac (actuated $r roon tenperature) laetallcd
la tbo gar llnc ncar thc equlpnent rherc lt w111 not bc effeeted by heat
radlatcd frol thc beater. Auother nctbod for aontroUtng eutooatlc operatloa
of thc hoeter lc by a raLl nountcd roon-tenperature-actuatcd theruogtat.
Althorrgb thc lattcr ncthod could be nore cffectlve aa a control nedlun, tbc
eddcd aott of the lncldcntal ltene lnvolved ln thls control nethod nay not
rerrant ltr ooaaldoratlon.

Sbrlct aupervialotr ovcr consunptlon rralr bc accurcd by a hand or electrlcally
rouad tiulng Dcobantlu controll,lng a group of hcaters. The tlnlng necbanian,
lrrcapectlvc of rbctber eacb heater ls ladlvldually controlled autooatlcal.ly,
ronld lorvo tha purpogr of ahuttlng off the gas aupply to the equlpagrt after
a prcdctcmlacd period of operatton (as orlgluelly get on the ttnber).

-10-
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1. INTR0DUOII0N. The roon heater is a self-contalnede freo standlng,
nonni'6is-ilii--Ifi heatlng appllance lntended, for prrrposes of dlscussio! here,
to heat more than on6 roomo Concealed rtthXn a eteel eaameLed Jacket to
induce convecttonl lt has become a useful pieee of heatlng equlpment In
prrbllc low-rent housJ.ng. Nevarthelesas thls method of heattng hee tta
1lmltatlons. UnlLke the radtator or air outlet set ln each room and slzedl
to coupensats for the roo heat lose, the roou heater cermot be ueed rlth
aatlafletlon rhere normal January telrperaturee are below 3f- [OoF'

The oost of fnel 1g obrrloue)y the govornLng factor when selectlng the trroou
heatern method of heetlng, eJnce the oost of the equlpment does not var5r
nraterla[yr end the tnefflcacl.es of hsat distrlbutlon are much the E&rt,
rhethar the heater l.a coal, oLle or ges fl.rEd. Strould gaa fucl be the rnoat
economlcal, the problau of aelectlon would be resolved qulckly. Should thc
rev€rsc be tnre, and coal or o11 be the noat econonloaL fuel, the problen
of sEleotlon beconee somex&let more conplex. Than the potenttalo favor{,ng
gae auch as ees6 ln handltng should be belanoed agalnstl '(a) ttre htghe
gae coct arrd '(b) cerbaln tanglble f,actorg adrrcrse to coal or o11 ln-
cludlng etorage, handLlng and flrlagr plus probable more freqrent painttng
of the &e1J.lng unl.t.

fhe escentlal potnts to conElder ln the aelectlon of the roon heater arst
(a) loca1 ollmatlo ltnltattons upon lts usee (b) proper coordtnatlon of
dnelllng unlt planntng lrlth thls type of eqrrlprnent, (o) uee of effectlve
bulldlng lnsuletton eipecially ln the rlght Location, (d) selection of the
proper ard most efflclert types and deslgR of heaters end thetr correct
adaptatlon to the fueL to be usedl (c) seLection of the proper capactties,
and (f) correet lnstall-ation.

2,
can € more

TIPES OF ROOM HEATMS.
c I

Heaters adaptabLe to Lon-rent houslng
as the circuLator and comblned

cLrculator and radlant 't5pes. The clrculator dellvers lts heat prtnclpalJy
b5r convection alr cuments. The combined eircuLator and radlant type
delivers lts heat by both convectlon aLr cuments and radlatlon. The latter
tSpe appears exclusive to gas-fird.ngr ad the radiant feature may lnclude
heat-reflecting refractory eLements wtrlch are protected across the froat wlth
a guard grillo or ralls to harmonize wlth the heator constnrcti.on. Eleetrlc
motor-opereted fans have besn lntegrally added to the heaters to asslst ln
more effective air circulation, but there is ltttlE evldeace that the
lncreased effectLveness is conmensurate rith the exbra tnttlal and operatlng
and maintensnco costs.

Coal types are deslgned for surface (front) firUg, or (on a smaller scale)

Ietln No. LR-?, dated Mareh 2[,
l9r}. It has been revlsed thr.oughout.
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magazine (top) feeding, the Latter holdlng fuel charges for about a daytg
operation under normal conditions, Either bltuminous or anthraclte burning
ttrpos may be obtalned.

Oll-fired ttrqpes aro most usualltrr fttted rlth the npoltt burnere operattng on
the rrvaporizJ.ngrr princlpal of burnJ.ng the otl, contrary to the [mechanLca].
.atomlzatlonrt tJpe which has not been adoptod f,or use rrlth the average slze
room heater. Kerosene or the llght fuoL dlstlllates (not over No. J.) are
recrynnrended.

Gas-flred ttrpes are gonerally fltted rlttt burners of the multlple port or
ribbon t1rye operating ou the Bunsen princlpLe; burners are made suttable for
natural, manufirctured, or liqulfled petroleun Baa.

3. C!o,R_DINA. I:oN 0_E_UE&&Io!41_I0!Lw$q_U@4INc_tXtIt !I4lf . Correct PIace-
nent oflEtre roon heater is ffiFoFfanf, 5o-acFIeve rnor-e rurlform air dietrtbu-
ti.on. The lrttentlon Ls to provide the rcst di. rect path for alr movement
fron the heater. Sincs.,the effectlve range of heat dlstributton ls about
15-LB feet, drelling unlte (tour bedroons and larger on ono fLoor) demand an
addltional heater for added cornfort ln the bedroon ar€oso ThLs condltlon can
be rnet st.rrply when gas Ls the firel gel.ection. tho hoater most usually used
ls the recisled wall type and ls set |ecessed (as the name tmpliae)- so the
heater front ls apprudmately fLush rdth tha parti.tlon; lt ls located tn tJrE
hal-lway near the end bedrooms. The problem becomeo more oomplicated when
coal or otl ls tho selected fuel; here lt may be nocossarTr to use the forced
warm alr system. fn fact, forceh warm aLr under simllar cfucumetances could
be used with gas fuels. The sane method oan be applled la two-story irnlte
of the same sj-ze, by placing the aux1L1ary gas heater lrt the second floor
haIlray, or as outLinod for the one-storlf unita, use forced narm alr for aII
fuols. Slnce the units are s}ab-on-ground type.r perirneter lnsulatton le
lmportant and necesoar3r to help keep tho floor warmeri so ts ceillng tnsu-
lation obvlous.

h. PLq.Cnlq{LTO AVOID fltRE tlAZAnD. In locating the heater, precautlon uust
Ue t fe dlstances irom cornbustible constructJ,on,
at rhlch such equipment can be placed to avotd rlskp have been establlshsd .

by the Natlona1 Board of Fire Undorwriters, llsted tn its National BulJ.dlng
Code. The reconmendationg ln thls Code (or the requlreinonts of the Loca1
Codes Lf more restrlctive) should be fol-Iowed. CornbustibLe constructLon tg
deftned as that contalning rood, whetherlor not protected by plaster or
gypsuh board. Noncohbusttble stoveboards sot under coal or oil-flred heators
ar"e a recommended precaution. Requlrements for gas heater locations have
also been establtshed by the Amerlcan Gas Association ln tts Directory of
Approved App}Lances. '

5. SIANDARDS f'c,R RooJ't HEATERS. Venting ts reconmeruled whether or not
required by code. The advantages, as to safety and efficiency afforded by
conformance to the requirements of organLzations sueh as the Undorrrlterst
Laboratories or the Anerican Gas'Assoclatlon, where appllcable, shorrld be
eneouraged, The Consnerclal Standards pronulgated by the Comrodlty Standards
Dtvislon of the" U. S. Department of Commerce are the requirsrents agreed upon
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by mutual. consent of those concerned and may ernbody the requlrernents of the
Undervriterst Laboratorles or the American GaE Association plus assurance of
Listed capacity output.

6. RATIIIGS AND CAPACITIES otr HEATEnS. Heaters should be selected with
aaeq for hourly heat Loss of the space to
be heated plus a ninfunum plckup factor of 10 percent.

In additlon to the plalnp factor used to select the coal heator size, an
arbttrary coal conrection factor of 5 percent for each 500 Btu por pound
(or fractton) Less than 1Jr000 Btu may be appHed; ttr-ts coal factor should be
applled to tha sum of the heat loos plus the plckup

Contrary to coal or oiL, gas equiprnent Ls rated on the basls of Btu per hour
tnput. Amerlcan Gas Asoociation requlrenrents lndlcate that room heaters,
having lnput ratings in excess of 201000 Btu per hour shall have a rating
efficlency of not Loss than 70 percent basod upon the total heat value of tho
gas, and that such equlpment having input ratlngs of 201000 Btu per horrr or
Less shalL have an effieiency of not less than 55 pereent. These efficlencies
should be used ln selectlng the required heater slze.

7, C0NTROLI. The controls referred to below, except temperature controls,
are requlred by the respectlve stardards under whlch the equlpment Ls manu-
factured and teeted.

For the coal"-flred heater, the requlred automattc draft regulator ls set to
l-imlt tho coaL burning rate to the malcimum rated output of the heater, A
choke darpor rlth ample opening for passage of gases when Ln a cLosed
positlon and set in the smoke plpe between the heater outlet and the draft
reguJ.ator rrlll IImlt the burning rate when flre ls banked.

For the otL-ftred heater, art €ven supply of fuel to the burner ls malntalned
through a conEtant leveL valve or a [barometrie feed.n Tha formor type
controL is of the float and trip type and Is used axclusiveS.y where the
hoater ts plped to fueL tank Located away from the heater. The baromotrlc
feed operatas on the saie prtnclpLe as the lnverbed water bottLe oD a cooler.
The requlred automatie draft regul.ator (insta[ed as tndlcated above for the
coaL hoater) ls latended to controL the supp\y of air for propor fueL burnlng.

For the gas-fired heater, a thernrostatlc device to control the operatlon can
be furnished as an lntegral part of the heater.
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rUEI, STORAGE AND CEIMNEYS

1o GEI{ERIL. Uhlle there bas been an lacreaalng tendency to provlde heatlng
and hot rater for los-rent pubIlc houslng proJects frour group or ceatral
plants, tbere v111 contlnue to be a Large percentage of proJecte rhere the
conaldcratloa of aII faetors lrill suggest or nec€ssltate tbe use of lndlvt-
dual tenant-operated heatlng systeus. Thfu releasc doce not laclude a
dlcaussloa of theee fectorg but la dlrected to caaee nhere, for sound and
ccoaonlc reasons, lrdlvldual heatlng aystens should be ugedr f,owever, tbe
aysten rr dcclgned and lnstalled ahguld, ln each case, be conslatant vlth
and reflect tbe llne of reasoulng that lead to ltg chol.ce. Thur the dealgner
sbould be faniltar trlth the uttltty analysls and a}1 other data on whlch
tbe deterulnatlon nas baged.

Thc tcn rtonant-operated heatlng systenett, as uacd berela, lncLudec all
typcs of rtcan, nater and alr heatlng syatens but ercludc! Bpaao hcatcrt
vhlch, beceure of thetr partlcular varlatlons fron the prlaclpler of otber
nethods of heatlng, are the subject of a acparete, forthconlrg relcare la
thta Bul1etta.

Ccrtaln acw developnents ln hot nater, cteen and alr dlstrlbutlon such aa
bascboard radlatlon or panel.s (radiant heatlng) are mentloned brlef}y hcrc;
they 11L1 be dlscussed ln sone detall Later ln thls Berleg.

Tbe lnfomatloa contal.ned hereln reflects erperlcnce galaed through the
operetlon of rany publlc lorprent houslag proJects. It ls believed that
caglaeem v111 flnd lt of asststance la seLectlug equlprent and lpealfylas
thc nanner of lnstallation eonsidered best ln each epeclflc cas6, and whlch
w111 rcault la the lowest operatlng and raiatenanes exp€nse.

2, CO0RDINAIION 0F SYSIET UIIH BUILDING DESIGII. Varlatlonc ln the bulldtng
type, the partlcrrlar layout end the dctatls of congtructloa 1111 affec0 thc
rrrnngorent used to dlstrtbWe the hcat to each roon or spaoe, 1.e. by hot
rat6r, steaa or air-bgr gravity or under pressure. ?he nature and locatlon
of tbe heat source wlLl be rel.ated to the declglon ac to clab-on-ground,
cravl-spaoe, or bacenent constructlon. Tbc locatlon of radlators, reglttcrt
and grlIlea, and thc extent and nethod of concealnent of dusts 1111 be
affeotcd further by suah consLderatlon ac: whether roofs are flat or pltchcd;
the locatlon of door and wlndov openlngs; and upon the netbod of constructlng
tbc floorc and par-tltlons. AII of these fastorE ahould be relghed tn reach-
lng a dcclalon ag to the type and detalLs of tbe lndlvldurl tenant-operatcd
heatlng systcn. Llkenlse, the heating eaglneer ghould dlecuss rlth the
arahltect the feaslblltty of aaking uluor edJuatneutg ln the plan and dctalll
of concUrugtloa nberE such adJustnentg rould ald lu betterlng the systen
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;. srsTtrr{ typEs AI,ID rEErR EyAr,tIATroI{s. tr'orrontng 1s a rlet of system
types ancl genrerallzecl statenentg as to the ad.vanta6es and d.lead.vantages of
each:

a. Grav;![,Wa,rn Alr_-qtBteus elther wlth supply antl returrr d.ucts, or
the "plpelese't type shoultl be lngtaJ.J-ett onJy nhere the fuznace can be
looated- a sufflclent tlletance below the flrst floor reglsters to protluoe an
ad.equate head. for alr clrcuLatlon. Floor fumaces can be lnstal-letl rhere
crawl Bpaces are of eufflclent d.epth.

Advantagest qulck heatlng; no d.anger of freezlngi properly located.
regletero and. grlIIes w111 not lnterfere wlth furrrlture placement or wlntlow
tleooratlon; gerneral\y lower ln flrgt cost than other systeus mentloned. here;
no power consu.nptlon.

Dlaadvantatesl rupply aad return ducts requlre conslderabJ.c grado
and reatrlct etorage space vheu Located ln bacenent; aystenu ray bc throm
out of bal,aace when hlgh rlndg prevrll3 crawl spaces and bascnent nust bc dry
and properly drained to prevent nratlng of ftrrnace casing and duat rorlS hlgh
tenperatures, dangerous to yourg chlldren cravllng on the floor, r11I crlst
at grllIes of floor fumaceg.

b. Forced lilarn Alr Srgtens are generally eatlsfactory and can be cconon-
loalty lnstalled rhere basenent or crarl spaces are provided.

ldveStq&ear gsnerally lover ln flrgt cost than hot weter aad stean
systenal qulck heatlrg; no danger of freezlng; reglsters and grlllec 1111 uort
lut*fcrc vtth furnlturc placeuent or rlndov decoratlou; lor eupply rcgLrtcnr
bavc bcer found to ntntaln lor tcapcrature gradlerts betvecn floor and
oclllng; provldcr cven beat dlstrlhillou @.

llglegfggaEclr rrpoecd duct nork ls uaslghtlyi ny rcqutrc ryoolel
frarlag for oonccelreall hlgh povcr consurptlon; fllterr requlrc pcllodlc
clcanlng and rcplaccucuC; oold drafts 1111 be praaent lf returu gflllcs rro
aot lastdlcd at polnta of greatcst lnflltratlon; diecoloratloa of oolllagr
lf reglltetr! trG rct htgb; crpens€ for rtor repaLrr, belt adJutreatr, end
rcplacolcatt.

or Grevltv Eot Iater Syrtelg clther open or cLosed typc le rttlrtoctory
rherc return plplng cen be lactalled ln crarl spaces or baacaent; or eloot
flal1c tbovc the floor lf, flrtt floor glab la on tbe grourd.

AdylrgFrrcet geDerllly rore econoulcal to operate tbrn rtta r1r or
rtou u uatcr tcapereturo crn bc rcgtrlatcd to producc a rcdcratc ead rtoedy
flor of, hert; lon, rcll plaocd radlatora have been found to lalutaln 1or
tclperetrue lredlortc betreon floor aad celllngt plplng qan be aoaccalcd lu
frale aonctt\rstloa aad oarcfully loceted crposed plplag need aot bo obJectlonrblc

Dlmdvantascgr radlators lrterfere wlth firrnlturc pleocncut rnd rlndov
dccoratlon; and tcnd to dhaolor rrall; posslblltty of freezlng; bcet Iag rry
be ucstlefector;r nbero raptd ehangea ln tenperatul€ ooollrro
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d. Foreed Hot fater Svgtens bave not been uscd ls fotr..i3ut houslngg
but havc been developed to a poiat rbere they nlgbt be consldored. Thegc
ayrbens can be lnstalled ln any drel}lng rdth or vlthout erawl rpaces or
baceacntc. The laltlal coet v111 be hlgber tban tbe otber types of tenent-
operated ryatens.

Advantaeesr generally the san€ aa other bct ntrn lystenc; sralLcr
plplng and radlators laJr be used; qtrlckcr response to tenperature changcr.

Lfpdvantgsesr hlgher lnttlal cost; blgher poyer coaetuptloa;
lucrease In proJect nalatenance costoS canact bc rettsfactorlly adapted to
band flred lnctallatlone unlesa apcalal controla ero lnatslled.

€o Sggg-ftglens elther ono or tno plpe, rro gcDerally lower ln flrst
cogt thaa hot nater but ean be lastallcd only rhere thc vertlcal dlstancc
betveen tbe boiler nater llne aad tbe lovEet radlator rl11 producc ruffl-
clcat heatl to return the coadensate to the boller b;r gravlty. Autoratlc
dculdea, such as purps or traps, are not appropriate for lndlvldual tenart-
opcratcd ptrantao

Advantaces,r geaerally lorer ln flrst oost than hot vatcr ayateul
bar qrrlek plck-up; ptplng can be conccalcd ln frane eonctm,stlon; cxpoccd -
ptptDg Ic not too obJectlonabLe.

Dlaadvaatasegr lore erpenslvc to opcratc ac lt ls dlfflcult to
rocnratcly regulate loor tenperatr:ree undsr verylag outcldc teupereturcr,
duc to the IacL of coutrols for tblc type of eyater; dlfflctrlt to balaace
ryrtcr; alr velvee requlre perlodJ.c replecelentr.

4. SIFTE{ DESIGII AI{D II$IAILAIION. W}ron the system has boen determlnetl
1ts tleslgn shoulal be the responslblllty of an englneer technloally quallfled.
and oapable of solvlng any probleu enoountered. Tho system should. bo adlaptetl
to tho d.rolllng vlthout naJor structural changos. The plrr{rnrrm roqulrmonts
of the Auorloan Soclety of Beatlng and. Yentllatlng Etrglneers shoulal be used
as the ileelgn basle of tho syeteu. Fqulpnent spectfletl ancl lnsta[ed ehou]-a[
conform to the appllcable requlrements of the l{atlonal Soard of Flro Unclo-
vrlters, ancl other applloable codes.

8r Lollers and Furnacea uslDg ao1ld fuel ghou.ld be loaatcd near I rclr
crtcrlor door to elhlnate brlnging fuel aad asbcr through thc &rel.llag
tpac€o llhca rolld or llquld fuclc are ured, the boller! or furaecce abould
Dovsr bc locatcd abovc tbe flrrt floor, eince carrylng fuel to thc uppcr
floors 1g uDdesirable.

b. Doaegtlc Uater shorrld aot be heatcd ty the aarc bolIcr or furaeoc
tbet ts uacd for lpace hcatlng; becausc although dolectic hot natcr 1111 bc
t.quLr.d ln varylag a.rouata at dlffercnt tlror erch day of tbc lrcar, tpacc
bcrtlag 1111 b€ roqulrod dnrlng the rloter noathE only. Ulth addltlonal
controlg lt le poselble to obtaln adequatc doneatlc hot rater rlth
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autoretlcally ftred atcan and watcr heatlng bollerg. Thls cannot bc accon-
.pllahed rlth rarn alr firrnacor or hand flred coal bollers.

cr llrlntcnance. Adcquate worklng space nust be provlded around all -

botlcrs and funacca for repalre.

C. Gravtts Ueru Alr Sylterc. Duct work, lf uaed, nay be sheet stcel or
aluni.eun, wlth all Jolatr atr tlght. Supply reglstere and retnra grllIea
should be located vhere firruiturE and carpets are not llkeLy to be placcd.
Supp1y rcglstcre should bave band danpers for lndtvldua-l roon lontrol by the
tcnant. Reglctcrg and grtllcs uay be stalped or ca$t, gteel or lron. Rcturn
atr grlll.cg should be locatcd near the point of greatest outaide alr lnfll.-
tratlon. A varlatlon of the typlcal floor furnace rlth rhloh the reglstere
are set ln valle, are preferable as the hlgh reglster tenperature rr111 be
awaSr fron the floor 81689r

eo Forced llarn Alt Sgteag. llotors and fans sbould be speclfled wlth
bcarlngl uhlch requlre lubrlcatlou not ofbener than once a year. Blover
control ghould be factory set to discharge noderately heated alr for extcaded
perlods, lnstead of hlgher tenperature alr for short perloda. Control ahould
bs suah as to pnevent the use of the fan by the tenant for sulner coollug.

f. Gravttv Hot llater .slrstems (Open or Closed). Plplng ahould be blaok
atcel standard relght ulth black cast lron threaded fltttngsi bolLer should
bc of the lnsulatcd Jacketed type, wlth rellef valve, uake-up ratsr oonoec-
t1on, altttude gaug6 aad theruoneter. Radlators nay be elther staadlng
oegt lron or conveetor rlth enclosuresl (on smaller sizes the convectorc ray
provo EorB oxp€nsive rben the enclosure cogt 1g considered, alro the convec-
tor nrst be aleaned perlodlcally, reeultlng ln nalntenanee coat). Plplag
exposed to freezing terperature nust be lnsulatEd aad frost-proofed. E:rposed
horlzoatal plplng under pelnted celllngs should be lnsulated to preveat dll-
aolorlng ths cclllngs; draln valvec sbould be lastaLled at'all lorr polntrp
hand operated valves sbould be lacluded on connection to each radlator for
tdnent-control of cach rooni balanclng ftttlng or oriflce ehould be lnstalled
on cach radlator and adJusted to provlde evea heat dlstrlbutlon. Bpanalon
tanh ghould bc ctcel. Tankc for open systene should be lnstalled ln the attlc
lpaoe ebovc the hlgheat polat. ln the aysten, rlth open vent and overflov.
fanb for closcd cyateu ahonld be lnstallcd la boiler roon rrlth a rellef valvo
rct to open at epproxlctcly 15 P.S.I. Autonatlc feed nater valveg are not
egeentlal for tenant-operated. systens. Plplng and orpanston tank, ln attlc
spaoes, ehould be lneulated and. froet-proofed..

g . Foroed Eot Ua'er Sygto. l,tatorlals shoulal be tho sau6 as for a
gravlty hot yater syato except that radlators shouLtl be elzetl for hlgha
vater teuperature; and. plplng glzetl for hlgfet voloclty.

h. Stea,m Syrteus. Materlal should be the same as for hot rato systen
exoept that bolLerg rlL1 be equlppecl wlth nater oolu:rr ancl pressure gage ln
Lleu of therrcueter and. altltutle gago. Balanclng flttlngs or ortfloes trllL not
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be requlred. Alr valves should be iastalLed on each radlator and at end of
gtean oaln. Boiler shoulC bave safety valve and water coluwro Shut-off
valve on naln stean supply at boiler should be onitted.

,. CON[RC[,S. Controls shou]d be ruggodly constructsd. and- slmple 1n d.eslgn.
They should- bo factory set vlth ad.Justments (ff roqulrod) to be nade by the
mar:,agement onIy. Control devlces should. be kopt to the mlnlmum which wl-.l1
provide adequate comfort. Controls should be the product of a reliable manu-
facturer, experieuced ln tenperatrrre control, Hand fired coal- equlpment
should be regulated by neans of a room thermostat operattng the dampers on
the boiler or furnaceE. For oil and gas flred equipnent, the firi-ng rate
should be regulated by Eeans of a roon thernostat operatlng the firlng
d.evice. Controls should be equipped vith sprlngs or other devices that
wiLl shut down the firing mechanism in tbe event of electric current fallure.
Approved safety devi.ces such as.relief valves, high Ilmit and combustion
ete., nust be tncluded as required for each systen"

6. FiIEt SIORAGE. The ut1L1ty analysis uhlch indicatee a tenant-operated
plant to be best suited for the proJect, also deteraines the tlne of fuel.
If lt is soal or oil, anple and satlsfactory storage facilltles . rst be
provlded. If lt ls gas, then particular attentlon ls dlrected to anotber
release entitled nSafety Consideratlon 1n the Installation of Gas Plplngn.

Storage of coal or oi.l vill affect the site and dwelIlng plan, as fuel
dellvery vill be influenced by the locatlou of roads and walks. Coal burn-
ing equlpment should be located. ln relation to the storage bln to ellminate
carrying coal and ashes through finlshed rooosr

Coal should be stored ln blns slzed to hold at }east one and a half tons
rhich riII al1ow tbe tenants to purchase at least one ton at a tlne, before
the supply ls exhausted. Prefabrlcated concrete blns have proven satla-
factory and dnrable. Covers should be of llght weight constructlon, rrlth
oeans for locklng. Coal sbould not be stored inside the dwelllng as snow
and raln brorrght ln vlth the coal vill lncrease the molsture content of
the dweI1lng.

01I ehould. be stored 1n tanks boaring the Und.ornrlters label, and. nay be
set lnside the bulldlng 1f sultable and safe space 1s avallablo; 1f not,
lt ehould. bo eot outslde above graile on a stand flrmly braced.. Vent, whether
from lnsldo or outslde tanks, should termlnate not loss than elght foet
abovo grad.e on tho outsldo of the bul}d.lng. Fl}I-plpe for lnslde tanks
should, be oxtendod to tho outslde wlth a flll-plug. Tanks should. bo slzod
to hold not loss than ton d.ays supply basod on the maxlmrm dally use;
fuel d.ellvory Inay bo such as to warrant larger tanks. Tanks exposod to tho
woather should. be properly coatod. for protectlon.

7. CHIMNEYS. Unless the chlnney ls properly desigoed aad construqted to
ser:ve the selected equipment, the heating system will not functlon properly,
regardless of hov vell the systen uay be designed. Recent tests conducted
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by the Natlonal Bureau of Standards on the nPerfornance of Masonry Chlrnneya
for Housesn has been published as Technlcal Paper Number 13 by the Housing
aad liome Flnance Agency, tJashlngtonl D.C. ft ls reconnended that thls lnfor-
nation be used as the basis of the chimney desJ.gn. The tests indicate that
the flue slze should be based on the voh:ne of flue gases; that llulng be
included for all chlmneya, contlnuous fron the breechlng opening to the chinaey
tops; and that round flues are more effective than rectanlular flues of larger
8r€BSo The top of tbe chlmney shouLd extend not LeEs than two feet above the
hlghest polnt of a pltched roof. When the roof is tbe equlvalent of two
storles above the heater room fLoor, anple helght v111 be obtaLned. tlhen tbe
roof is only one story above the heater room lt w111 be necessary to extend
the chlnne,y to achleve adequate draft. Flue llnlng and mortar should be such
ae to vithstand the action of flue gases, and mortar nust be finished smooth
and flush with tbe lnterlor face of the Ilning. The liner and masonry should
be constructed with all Jolnts alr tlght. Clean-out doors shotrld be loeated
at the base of each chimney.

Breeching from chlmney to heater or boiler should be as dlrect and short as
possible. Control devices should be set to stabllize the draft during all
ranges of operatio;.,

t
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PLUMBING HEATING AI\ID IIENTII,ATION

PART III - TEX{ANI{PTnATED HUTTtrQ_IU{?S (Am, WATm, STW},
FTIEI, STONAGE A}ID CHIMNETS

l. GB{ffiAL. lrlhlle there has been an inereasing tendency to provlde heatj,ng
ana 6iffic hot, water for Iow-rent public housing projects from proJect-
operated plants, there wiII continue to be a large percentage of proJects
where the consideration of all factors iriII suggest or necessitate the use
of lndividual tenant-operated heatilg plants. This release l.s direeted to
cases where, for sor:nd and eeonorn-lc reasons, individual heatiag systems should
be used. Thus the designer should be familiar with the utility analysts and
all other data on which tlre determination was based.

The ter:n rrtenant-operated heating plantsrrr includes air, water, and stean
heating systems, but excludes room heaters which, beeause of their particular
varj-ations from the prineiples of other methods of heating, are the subJect
of a separate release in thls Bullet,in. Newer developnlents ln hot water,
stearneand air distribution such as floor li:re, perimeterr arld paneL heating
wlL1 be discussed later in thls series.

2, COORDTNATIOI.I OF SYSTfl,I VNTH BUIIDII\XG DESIGN. The bullding type, the
arcfr ction can influence the
medtum used to distribute the heat to eaeh roomi i.e.1 by air, water, or steam.
These factors should be weighed in selecting the t14:e and details of the
heating system. The heating engineer should diseuss with the arehitect the
feaslbility of naking mlnor adJustments in the plan and details of eonstruc-
tion where such adJustments wottld aid in bettering the heating system. There
must always be an adequate supply of air to the space where the heat sourea
is located to assure proper combustion of fuel.

3. SfSTm TYPES AND THEIR EVALUATIONS. Following is a list of system $rpes,
and a recitation of the advantages and dlsadvantages of each:

&. Gravity triamr Air Srut",nq should be fustaIled only where the furnaee
can be located a sufficient dlstance below the first floor registers to
produce an adequate head for air eirculation. Circulation of alr is lndueed
by the temperature head d:ifferential between supply and return air.

A4yqitag_ee; quiek heating; no danger of freezing heating medium;
properly loCated registers and grilles rri'll not interfere with furniture
placement or window decoration; generally lower ln first cost than other
systems mentioned here; no power consumption.

Dlsadvan$gg3 erposed duct work in habltable areas ls unsightly;
may requlid@i3tructural framing for coneealrnent; furnace and.-grelier
network of duetwork requiring large sizes restrlct storage space ln basenent;

I of Bulletin IIo. IR.-] t dated March 2\, lg5}.
It has been revised thr.oughout.
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system is dlffleult to balance for equitable air d:istrihrtion to rooms. CoId
drafts niIl be present if return grilles are not installed at poLnts of
greatest alr lnfiltration; discoloration of walls if alr temperature at suppl.y
reglsters exceeds about 1350 f., particularly wtth eoal and oi} fuels. Coal
fuels without adequate eontrols ean cause excesslve supply alr temperatures.

b. Forced War:n Air 'stems

slab e
sLzed conststent with the total alr to be circulated, and the total pressure
drop over the entire system.

Advantages: general\r lower in first eost than hot water and steam
systems; quick heating; no danger of freezing heating medium, properly
located registers and grl1les will not interfere with furniture plaeement or
wlndow decoration; low supply registers have been found to maintaln low
temperature gradients between floor and ceiling; providss even heat distribu-
tion if properly balanced and lf arranged to operate on lnfrequent cycllng
of blower.

can be econom:j-cally lnstalled, even with'irculation of alr is accomplLshed by a bLower,

;' exposed ductwork ts unslghtly; may requlre speclal
r eoneealment; por+er consumptlon; filters requirestruct

DlsadvantagesurEilffiflE
perlodic cleanlng and replacement; cold drafts will be present if retrrrn
grlI1es are not installed at polnts of greatest atr infiltration; dtseolora-
tion of walls if air supply temperature at supply registers exceeds about
135o tr'., partlcularly with coal and oil fuels; expense for motor repairs
and belt adjustments. Coal fuels without adequate controls carl eause
excessive supply air temperatures.

cr Gravity Hot !trater Systems (elther open or elosed tfpe)are satlsfactory
whe re return piping can be installed in crawl spaee or basement or along
waIls above the floor if first floor slab ls on the ground. Circulation of
water is induced by the temperature head differential between suppJy and
return water.

Advantagesa' general\r more economj-ca1 to operate than warm air or
steam, since water temperature can be regulated to produce a moderate and
stea{y flow of heat; Iow, well placed radiators have been found to maintain
3-ow temperature gradients between floor and ceiling; pipirg may be concealed
ln frame construction and carefully located exposed plping need not be
obJoctionable.

Disadvantagesc radiators can interfere with furnlture placemont or
rrindow deeorationi posslbility of freezing heating medium; heat Iag may be an
unsatisfactory condition where rapid ehanges in outsido temperature occuro

d. Forced Hot Watelfus_tens- have seldom been used in tenant-pl-ants
because of high eost. These sy-tems can be installed in any dwetliag r"rlth or
wlthout crawl space or basement. Circulation of water is accompllshed by a
pumPr sized consistent with the radiation Ioad, pressure head on the system,
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and deslgned water ternperature drop aeross the supp\y and return. The intt,lal
cost will be higher than the other tlpes of tenant-operated systems.

Advantaggsr generally the sann as gravi-ty hot water systems; smaller
plptng and iadiators are used; quieker response to outside temperature changes
than the gravity system.

Dlsadvantaggsr higher lnitlal cost; electrte por,rer consumptLon;
Lnerease-E projecf, maintenanee costs; eannot be satisfaetorlly adapted to coal
hand flred insta[ations unless special controls are fustaIIed.

Br Steam Systems are generally lower in flrst cost than hot water, but
ean be tnstalled only wtrere the verticaL distance between the boiler water
Ilne and the lowest radiator wlll produce sufficient head to return the
condensato to the boiler by gravity. Automatic devices, such as pulps or
traps, are not appropriate for tenant-operated plants.

ldqq4lgggg: generally lower in first cost than hot water systems;
has.qulck piek-up; piping can be concealed in frame construetl-on; exposed
plptne ls not too obJectionablo.

Disadvanlggggr more expensive t'o operate than hot water; lt ts
dtff1cu1Tffi1yreguIateroomtomperaturesundervary1ngoutstde
temperatures, due to the jneffeetivo eontrols for this type of system;
dtfflcult to balance system; air valves requlre periodic replaeements.
Radlators can ilterfere with furniture pLacement or window deeoration.

h. SYSIFj,I DESIGII AND INSTALLATIoI{. The system should be adapted to the
dwe1Iing. The recommendations of the Ameriean Soeiety of Heating,
Refrigerating and Air-Conditioning h:gineers should be used as the design
basis of the system. For alr systems, the reconrnendations of the National
Warm Alr Heati-ng and Air-Conditioning Association may be fo11owed. Equipment
specified and installed should conform to the applleable requirements of the
Natlonal Board of Fire Underr+riters and other applieable requirements or
1oeal eodes.

&o Air Furnaces and Boilers uslng eoal fuels should be Loeated near a
rear ext arrying fuel and ashes through the dwelling
spaee. When eoal or oil fuels are used, the fumac€s or bollers should never
be l-ocated above the flrst fIoor, sineo carrying or feeding fuel to the upper
floors is undesirable.

b. Maintenanee. Adequate working space must be provided aror:nd all
furnaeesffiffis for iepairs.

5. COI{TROLS. Controls should be of good quality, but simple in design.
They-GIould-be factory set with adjustments (if required) to be made by the
mElnagenent onIy. Control devices should be kept to the mj-nimr:m conslstent
wlth corn-forb. Controls should be the produet of a reliable manufaeturer,
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ocperlenced ln temperature eontrol. Hand flred coal equiprnent shouLd be
regulated by means of a room thermostat operatlng the autornatlc damper on
the fr:rnace or boLler. fn gas or otl-flred equlpment (orcept for that noted
below in forced hot water systems) the firlng mechanisrn should be controlled
by a rroom thermostat superlmposed (at the warm al.r furnace or boller) Uy a
limitlng air tomperature or water temperatrre or pressure devtce (dependent
wtrether the heatlng medlum is aLr, water, or stearn). Operation of the blower
ln forced air systems should be actuated by an alr terperature control.
However, ln forced hot water systems the room thermostat should controL the
operation of the water circulating punpr and the uater temperature J.imltlng
device should actuate the firtng rneehanlsm.

6. tr'uEL sroRAGE. The uttlity analysis which lndJ.cates a tenant-operated
plant to bE the more eeonom:lcally suited for the project also determLnes tho
t1rye of fuel-. If it is coal or oLI, anple and satlsfactory storage facLtltles
must be provlded. If it is llquified petroleum gas, then partlcular attention
ls directed to another release entitled ttSlLFEf,I CONSIDERATIONS IN ltlE
INSTALI,A,TIO}I OF GAS PIPING.II

Storage of coal or oil wlll affect the site and dwoJ-Ilng pI€mr as fuel dellvery
ri}I be jafluenced by the location of roads and walks. Coal burning equipment
should be located proximate to the storage bin to olJmlnate carrying coal and
ashes through finished rooms as previ-ous\r mentioned.

Coal should be stored in outside bins sized to
quarter tons, allorring the tenants to purchase
before the supply is exhausted. Prefabrleated
satlsfactory and durable. Covors should be of
means for locking.

hold at least one arxl a
at least ons ton at a tlme,
corrcrete bins have proven
Ughtr+eight construction, rrlth

Oll- should be stored in tanks constructed to conform to the requirements of
the UndernrLterst Laboratories and the o11 system shoul-d comply with the
Underwriterst Laboratorles and local regulations. Tanlcs should be sized to
hold not less than a ?-3 weeks supplyr based on the ma:rfumm daily use ln
coldest rmather.

7. CHMI{EIS. UnLess the chlmney is properly sized and constructed to serrrE
ttre EIIffi? equipment, the heatiug system wi]I not firnction proper\rp
regardless of how well the system may be designed. Tests conducted by the
National Bureau of Standards on the ttPerfonnance of Masonr;r Chimneys for
Housesrr have been published as Technical Paper Nunber 13 by the Housing and
Home Finance Agency, rr,Iashington, D.C. This information shouLd be used as the
basis of the ehimney design for masonry chimneys. ?he tests indicate that
the flue size should be based on the voLume of flue gasesi that lining should be
lncluded for all chimneys, continuous from the breeching openlng to the
chfunney tops; and that ror:nd flues are more effective than reetangular flues
of larger Br€8Bo Clean-out doors should be located at the base of each
chimney.

h
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Prefabricated chimneys are available and are constmcted to suLt the t;pe of
firel. They should be selected on sucb basLs and to confornr at least to the
requlrements of the Undenrrltersl Iaboratories.

The top of the chtmney should extend not Less than tno feet above the htghest
polnt of a pltched roof. 'nhen the r.oof is the equlvalent of two
storLes above the heater room floor, ample height 1111 be obtalned. Wtren
the rpof ls only one story above the heater room lt may be necessa^ry to erctend
the chirnney to achLeve adequate df,aft speclally for coal or oil fue1s.

Breeching from chimney to hoater or boller should be as direct and short as
posslble. 0ontrol derriees ln the breechlng for coal or oll-ftred l-ustallations
shoul-d be set to stablllze the drafb duriag all ranges of operatlon.

9 HHFA-PHA, Wash.e D.C.
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PUIIBIilG. HEATISO ASD VEIIIIIATIOT{

Plm il - PnilBr{G rIrflFES r0B UJEI.tIrc mrTS
AI{D COTf,IITIII trACILITIES

1r IlTn0mqfl0f. To aseure the provislon of adequ.ete canltary facllltles
and to rcet aocepted standards of health, each dvelllng erected ln urban
oormnltleg 1g requlred (by tha PEA l{laluun Physlcal Standardc) to have
plunblag facllltles for tollets, bathlag, food preparatlor5and latudry vor*.
fn addttlon, connuntty facllltlcs erected la conJunebloa rlth groups of
drelllng ualts r1I1 have plunblng facllltlee deslgned for publlc usage.

Advances rade by aanufacturers, durlng the past baLf centurSr, ln the design
of flrtures aad loproveneats la ncthods of lastallatlon have been outstaading.
But, 1n splts of thls fact, 1t cannot be teken for granted that all fixburea
are conpletel.y rafo as to thelr saaltarJr features, or are equally deglrable
froa the ussrta polnt of vler. All typas should be glven crltleal enulna-
tloa ac to berlc econory, both lnlt,lal and la operatlon over tbelr erpectant
Ilfe.

lnother fasbor that sbould be sertousLy consldered la choosing plunblng ftx-
turea ls the declrablllty of selecttng f,lxtures and trln that tend to nlnlnlae
the anonnt sf vrtor to be ugcd. $roh featureo as conbiaatlon spouto and snall
alzed taakc v111 dcflnltely affect appreclable savlags ia rater conelrnptlonc
Ultb the geaeral droppiag of nater-table levels throughout the country, all
ncthode that r11l hel.p to oomorre thc llatlours nater supply shorrld be glvca
tboughtfnl coaaldcratlonc

lho follonlag dlreuaclon 1s offered &! an ald la aeleotlng flrtrrrcs vhlch rdll
prsye satlrfrstoltr la all rcspects aad rvolcltrg rerlous errors r&1ch ntght
rccult fron lnadequate coneldcretLon.

2c trIfUBE !BII. A11 f,Xxtura trlr apoetfled for use la a proJeet should bc
atardardtzed ar oonplcteLy as poaalble co that gldlar flxtures r11I be pro-
vldod nlth tdeutlcal trln throughout. Thc flttlags chosen should be a eonnon
crelly proorable t5pe, of plaln dealga and appearaDco, for rhlcb replacencut
parta 11L1 be readlly obrtalnable. Faucets sbonld be conprecalon type with
rcplaceablo seate. lleehralcally opcrated rncbcs or dralns, or BPeclal features
of aay tlnd cuch ag hore .preJr!, rbould be avoldedo Brass trln, chronlun
phtcd ov€r dckcl, hae tbe bcgt appearanae ead gtvea thc longeat scrvlce.
iron faucetg or apoutc gbould aever be used, ar @rrosion 1111 color the ueterr

3. IIIEB CIOSESS aro ranufectured of vltreous chlna (slnce exPerhontt by
ramfacturcrs la the use of otber naterlalc hsvs becn unsuceeasful). The
prlnelpal tvpes of veter cloget bovl'e are:

!r The glphoa Jet rhlch operatca by creatlng a
rlth a Jat at the bottoo of, the trap fumtshing the
clphoale actlon.

elphoa adtlon ln the trap
laltlal iupetus to thc
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br lhc rrab-dova rltb a Jct vblch firactloac by flJ.Ilng the cloret borl to
r bCtglt rsfflotoat to ftL1 thc rcar lcg of tho trap and starb alpbon aotloa
ublch brptlet thc bonl.

or thc blon-out tfileh 1r flsrhcd by a heary dlaoharge of rnter at relatlvely
h13b prourt\lo

d. lbo rovcmc-trrp vhle,h 1r r nelh-donu bovl rlth the trap revergodr

fa rcloctlDg tnter elo!.tr for drelllrg uottt lt la edvlrable to glve due rttea-
tlol to thc follovlngl

to fbc aontentg of the borl absnld dlachergc by clphonlc ratlon end the
rcrl rhould bc ulntalncd by reflLllng ectlon of the tank or flusb valvc.

b. lhe flurhlag r1r &ould bc eoartrusbod to flush thc entlrc lntsrlo! !o!-
feoc of tbc borl.

Gr tho.elpboD rrot,n rbould bc vltlble and aceesclbls aad should be plrood
oa c llnc vltb or bclov tbe botton of the trap rcel.

lypca pct cononly ucod la lor-ront &rslIlng untta ere the nodcratcly prlced
rtphoa Jet and the narh-dom or rcvorEc trap rlth Jet actlon, fltted clther vlth
r lon rerl-hEr8 teak or a cloac-oouplcd tanl. lhc firll rlphon Jpt or otber
bstrcr tSrpc borla offer a rmnber of adreutageo lecklng ln the Lover prlced borle,
but thclr use lt not a reaf cconory aor la lt varranted. 3he elosE-coupled tank
tr aorcrhrt culcr to lnstelI thau the mIl-bung tanh bccause heagera are not
rcqulred, ead eddltloael aoartructlon lc not rcqulred to cery the relght of tho
tank and tts rrter cooteats. Hovovar, becaugc thc elorc-eotrplcd tank rortc oa
the cloaet borl and la free fron rny wall support, lt bas bcen found to orack at
thc bottor rrherc lt eonnectt rlth thc apud. I{hl1e ln lore catc! thla haa bcea
duc to lnor uorhnrhlp or dcfcctlvc dcltga, tbe troable la frequoatly dne to
crterral prelaure exerted agalast tbe tanh, the apud coastltntlng a fulcnu rlth
tbe tank rctlng ar a leyor. Ooe rry to oyercotsc thls sltustlon 1g to provldc e
olosc flttlag clcat on tbe val} back of the taak uear the top to prcvent lcvoragc
rtrelu. Beceurc the ueII-hug tank lc lndcpendently supporbcd and prorentr no
poulblllty of thie tyAe of brerkage, lta use 1g preferablc.

I.vgeuu! brerLer 1l a verr ercBthl r€oulrcncat f,or all tvpeg of rrrtcr clorct
trak valvca or f,Iurh valvct. Sons naaufaeturerg of tanke, ln order to reducc
coltr, povlde aa nalr gaP! 1B the alpply yrlvo by ellnlaatlng tbe husb tubc or
.uherg6d rupply plpe. Suoh aa rrmngcacnt tendc to lacreaao aolse rlthla thc
tral erd tr not a poattlvc aaf,eguard agalnrt back-stphonrge and, thcreforc, &ould
not bc ulcd.

lhc rorlllg pattr of thc taat rust bo of good quallty slncc othenrlgc'thll part,
of tbc flrture 1r ltkc1y to bc out of ordcr gulte oftea and, tbus creato a co!-
aldereblc and ooatlqrng rrlntcaance oxpeare. Any dlfferencc tn nalutonancc
aortt bctvcEa the conpetltlve type f,Lush valvc and a tank rlth good quallty rorklug
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prrte 1r rllght. The cost of lustalLatlon, hovever, ls deflnltely ln favor
of the tank as loag as a 1 or l-t/A tnch supply llne ls essentlal for the
eatlsfactory operatloa of tbe flugh yalye. Sone nanagers Eay favor the
lnatallatlon of flush valvcg fron the standpolnt of ralntetrance e:rpenae but
the addltlorrL luitlal cost dose not rnrrant thelr uae, especlall-y vhen the
aavlng la nalntcnance lc adnlttedly aLlgbt.

The blov-out nater cloget bovl ls suLtable for use in connunlty faclltty
tolLerta nhere the nolce caused by lte operatlcn vould not be consLdered
obJe*.1onab1e. Thls t5pe of bonl requlres a flugh valve becauee of thc
rdr protsuto neccssarlr for flugbing ac'ttoa. Slnoe a tanh ln a pubIle
tollet Ls not deelrable becouse of poeslblc vandallsm or teaperlng rltb
tbe tank recbanl.se, tbe uae of tbe flueh valve aad blov-otrt bovl bccones
narra,rted.

4, fffEB CTOSET SEAIS ebould be of sone Eatertal nhleb does oot absorb
rolcture, 1r a p,oor conduator of heet, caa be easlly cleened, and appeara
ft ouo plcae vlthout eurface Jolats or oracks. Seats nadc of varnlghed
hardrood, rivetod, bolted or glucd together arc the lovest 1o cost, bur
do rot fuIftLI the requtreueuts for dnrabtllty and cleanllneesr

Soatc of epray-painted rood, aheet-covered vood or ooBposltlon, or solld
plaatla aro generally avallable. The rpray-palated tSrpe are lov in tnltlal
oort, but the palat tendg to uear or flakc off, requlrlng replaacaeat of
tbe acat or repaJ.rBlng. lhe plartlc. sheet tbat la vrapped around tbo rore
dcalrable aheet-covered ceat raet bc properly welded at the edgce to preyeat
pccllag and rugr be of foper thlcknest. A solld plastlc eeat should be
robgt.dXally bulltr eepeclally at thc hlnge corncc'tlons.

A ecat rlth erteaded baok, lecured to the bovl rlth hlnged pertc and a rod
rlthtn a sleeve crtenClag acroac the fi8l lcagth of the back, 1111 provldc
tbo longegt lervlce. The coat vLLL be ody sllght1y hlgber than thc cbeapor
typc of reat scoured to the borl by tno leaf hlagea. In addltloa substin-
tlal olutg pernaneatly attacbed aear the frcrt of the geat w111 scrvc to
ro^Id bnea&agc or dlgtortloao

In drelllng nalts cII reats ahould be provldcd ultb a coveri thlr la aot
only doalrrblc for appcaraaoo but baa dcflnltc practleal value, mch at
rcrviag ag a rcat aad prweutlag arEtelea fron falling lato the borI.

Scatr for natcr clorets ln coaunlty facllltles gbouLd be the opea-froat
typc rrltbout eover, tadc of a dnreble rterLrl suoU aa bard blaok rubben rrlth
or rltbout a rolld co16o

5, URIf,ALS ray bc requlrcd la the corrulty faclLltlsg. Urlnala are uual.ly
coastmcted of vltreour cblla and rre vall-buag or flloor gupportcd. Bcctule
of, lts locatlon tn a publlc tolIet, a urlual sbould be provlded rlth a ffIush
valve (ratber tban a fluoh tert). Ihsther valve or tank ls uacd, a vacutL
brorlcr abould be provldcd rltb a fiIuahlug-rh typc of trrlaal to guard agalaot
rry porelblllty of back-flon lnto the reter cupply ayetcl. A rtralner sbottld
bc povldod rt tbc drala eonnestloa to lrcveat clogglrg of the outlctr
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6, LAVATORIES arc Hde ln nany d!.ffereut stylee, slzes, and naterlals aBd
vltb varled uetbods of support. The type bcrt adapted for use Lg one that
lc lot tn Inltlal cost, durabl-e, and casy to keep clean. The nost couuonly
uacd lavatorLes are uade of enaueled cast lron, enaneled fornred steel, or
vltreoug ehina. Coatrary to sone oplaioas, vltreous chlna lavatorles w111
glre servlce equal to enaoeled cast lron or fon:cd steel, slnce breakage and
larring can aad does oceur la al-I t5ryes. Froa the saaltary standpolnt a1J.
of tbese naterlals are satisfactory.

In aelectlng a Lavatory it ls advisable to llnlt the a!.ze to the noninal 18tr
r 20i dlnenalou ritb as large a borl area aa ls avallabIe ln that slze. Thc
bovl ebould be oval or D-ehaped, rlth ninluun obstnrctlons ou the slab or top.
A back Ledge typc rlth low back fltted vlth 4 lnch centerset conblnatlon coEF
presslou faucets ls the nost satlsfactory and the least cunbersore, e.nd
provldes dxcd vater through a alrrgle gbort spout. ilost peraanent proJeets
bullt before tbe var were fltted rlth ceparate bot and cold uater faucets,
rblch rre uot aearly aB coDilrenLent as tbe nore recently developed conpact cen-
tereet coabinatlon rhlch costs less than tbe separate faucetg and pernlts
teapering of tbe vater throngh the spout. The alr gap between tbe spout oub-
lct aad the over-fIow rlm of the lavatorSr should never be legs tbaa I lach.
?be baek ledge or shelf, aE an lntegral part of tbe lavatory, provldee a
coavenlent area for the temporary placlng of brushes, coubs, and varlous
toIlet artlcles.

The uaIl-bung lavatory Is the nost econonloal t;rpe from the standpolnt of 1n1-
t1al cost and occupytng the uinlnun auorut of spaoe ta a bathroono However,
experience hae shoua that it may bc accessaltrr to strengthen the supporttng rall
or partltioa so tbat lt caa carrJr the velght of the lavatory plua the addltlonal
loads that nay be lmposed by abnoraal rigusc, sucb as the stralna lrpoaed b;r a
cblld vho trleg to Llft itself to tbe top of tbe lavatorJr, or those caused by
a person restlng hls veight on the outer edge of the flxture.

Bnbber etoppers vltb beavy ehal.n and obain atay bave been found nost aatrsfac-
tory; pop-up Hasteg have been fonnd to add conslderably to ralntenance er(pense
elnce tbe,y are dlfflcult to keep ln good worklng ordor. The cbaln and cbatn
stay should be of good quallty slrrce lf they beeoue defestlve, great demand ls
rade on the nalntenance staff.

Ilastc and supply
floor) to peralt
lnctallad at the
rlpboaage of tbe
tacbes above the
not readily seea

oonnections should be nade fron tbe rllall. (rather than fron the
greater eage ln cleanlng tbe floor. In addltlou the nasbe, lf
fIoor, forss a olpboalc 1eg vltb the posslbtltty of self-
trap seal. If the supply plpGo connect to the raII at least 22
fIoor, chronlun plating ray be oultted, slnce these plpes are
at that helght.

Enaneled lavatoriee should be acld reslstlng. (It la expected that ln the aear
fgture aL1 raaul'acturers of cast lroa flrtures vl1l producc oaly thls t5rpe of
flnlsh, ag Ls aov tbe case wltb alnost all of tbe forned steel flrburee.)
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7. BATIfIUBS are required by the PIIA Minimun Physical Standards. As a general
nrLe tubE, elther enameled cast iron or forrned steel, aro recessed, though
occaslonally corner tubs are used. Flat bottoms and stralght sides diminl-sh
the posslbllity of accl-dents and a grab ral1 in the rlm or built lnto the waI1
belps to prevent faIIs.

Shower conpartments (h place of bathtubs) are ordlnarily not desirable.
Such a compartment ln a Crelllng may have some advantages bu.t it does not
neet the essentLal requirenents of the average household. lYhl1e showers
lnstalIed in co,urbinatlon wlth the bathtubs have all the advantages of the
separate flxtures, the lncrease jrr both initlal installatlon cost and
annual operating €xpenso makes their use unwarranted l-n vler of the llmited
f\rrls avallable.

Attachlng a hose vith spray head to the bath nozzle hae been found to be a
cotnmon practlce La a large nuurber of dwelIlng unlts ln prbIlc housing. Thls
appendage ts a defLnlte vtolation of nost plumblng codes and the recomnenda-
tlons of the U.S. fubllc HeaLth Serrrlce, slnce the spray headr dropped lnto
ttre bathmater ard actLng as a submerged outlet may permlt back slphonage
and cause contamiaatl.on of the water supply systen of the entlne buIldJ.ng ancl
possibly the counrnlty. To diecourage this practice a snooth spout rith a
large opening (to whlch lt w111 be dlfficult to attach a hose) should be
provlded.

A gource of trouble rith rrcessed or buLlt-ln tubs ls caused by shrlnkage ln
bulldlng naterials ard. consequent eettlennent of tbe bathroon floor. This
cauees a aeparatLon above the edges of the tub at the wa11, thus pemtttlng
uater seepagg, which becomes partlcularly aggravated rhen shorers are
lnstalledr atd causes nal.ntenance trouble and expense. I{here wood frano corr-
structlon is used, lt is advlsable to lnEta11 tub hangere ln the ral1 to
oupport the tub on the wa1l structure and, thus, prenent thls separatLon.

The bathtub valves ard nozzle should be of the built-ln type or surface
nornted, If bullt-Ln, they should be so deslgned that washer changes can be
nade readlly from the surface of the wal1. The valvo shoulcl provlde a fu11
uatemay for qulck fllling of the tub and the seats ghould be replaceablc
flm the front. The fittlng deslgn should have a platn surface for eeonomy
ard easy cleanlng. IIhen the supply outlets are not located in a waI1 or
partltlon, the spout should be the goose neck type wlth the ortlet erd of
the sport at least L-L/z lrphes hlgher than the overflow rfun of the tub.

The corurected uaste and overflor nlth heavy chaln a'rrd nrbber stopp€r ls the
most econonloal and leaet troubLesome ln operatlon. Pop-up rastes should not
be congLdered, as they are trorblesome and costly.

8. IITCIIEN SINK AND TBAY. The kltcben slnk and tray that has the begt appear-
anoe and ls nost deslrsble for practLcal use ls the raIl-hung ledge slnk and
tray rlth back, wlth a slrgle adJustable enameled leg beneath the tray conlalt-
ment. This erxk 5s preferrecl over the flat rl.ln ttrrpe because no fabrlcated
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strtlc top rILl be required. If separate laurdry trays are provided rithLn ttre
dwelJ-lng, a kltchen sink rlthout a tray may be 1nsta1led. Such a sLnk shanld
be a rall-hung ledge type rith back, provided with an lntegral dralnboazd on
the left slde. Slnlcs and slnk-tray conbinatlons should be acid reslstLng
enameled cast lron or fomed steeI, /+2 inches 1ong.

Most codes petmlt the use of one trap for both the slnk and the tray. However,
ire nany prbllc houslng proJects the use of lmproper flttlngs ard furproperly
located traps has eauged a backflow between the sink and tray. ThLs can be
avolded by the use of a tublng ftttI*ng, with the proper turn or sxeep, at the
point rhere both flrture dralns connect near the lnLet of the trapo If the
trap ls located under the Elnk and the waste fronn the tray ls comected rlthtn
the seal of the trap, there are tro advantagesl there ls no backflor betreen
the cmpartnentse ard odors are eLlnnlnated slnce circulatlon of aLr irt the rastes
connectlng the compartments is prevented.

The slnk and tray supply flttlng shcnrld be a cornblnatlon srlng sport tlpe
slnce separate faucets aro none costly anl less desirable. Re,aovable eup
stralners ln the waste outlet of the slnk are usually provlded sJ.nce they
facllltate the use of the sink for washlng dlshes or pots and pans. Ilhen thls
type of stralner Ls usede a secondar3r cross bar stralrrer should be petnanently
lnstalled wtthla tbe sLnlc plug to prevent waste materlal fron entering the
raste pipe ad causLng stoppages. The dral-riboard over the tray should be
porcelaln-enamele,l steel for durablllty and clean appearance, and suffrciently
Ltght to be ltfted easily. It shouldl of course, draln readlly lnto the sl.nh
borl.

9. LAUIIDRY tnAIS. When laundry work Ls to be done 1n locatlons other than
the kltchen, experlence hae shorn that a double conparfunent lauadry tray ls
essential. Such laurdry tra]rs ar€ usually nade of concrete, soapstore or
alberene stone, supported on a galvanLzed angle lron frane. The trin should
be rough plated, and should conEist of a sflLng epout faucet and soap dlsh, a
chain and nrbber stopperr ad a cross-bar draln p1ug. One trap and a trtn
raste serr/ea both tray compartnents. The nethod of grouplng the trays in the
proJect laurdry rooms shorld depend on rvhether wastrlng machines are to be
used.

If water supply connections for washl.ng machlnes are provided in the laundry
roornl lt is essential that vacuum breakers be lnstalled at the ln1et to the
nachlnes, unless the machlnes thenselves ar€ provlded wlth effectlrre lntegral
vacuum breakers.

10. SERVICE SINI(S are lnstalled ln malntenance or boiler roons for the uee of main-
tenance personnel. Sir,ce these slnks are rarely vieible, those built of gaJ--
vanLzed steel wl11 serve the l.urpose equally as well as more costly vitreous
chlna or enameled cast lron sinks. Each slnk should be provided wlth a rlm
$lard, a metal plug stralner and a supporting trap standard with a cleanout ln
the trap seal. The eupply ftt,tlngs ehould be the rough plated comblnatLon type
wlth shorb mixing spout and pal1 hook.

6
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lL. SCUIIERY SINXS w111 occasionally be requlred ln conmunity kltchens. A
rlde cholce of tSpes can be made, such as soapstone, garvaalzed stee| or
acid-reslsting enaneled cast lron. Tbese slnks w111 be subJect to lnfrequent
but felrly bard usage, and therefore all trlm should be ac dnrable ac
possible. The supply flttings should be beavy pattern faucetc vtth a heavy
evlng sPout. A draln plt€ with cross-bara, and a heavy ehala and rubber
atopper ls preferable over any type of removable stralner. halnboarda
etrould be large and should draln readlly lnto the slnk. Aa far as poealblc
all flttings shotrld be non-renovable.

L2. ttBINKINc fOInmAINS can be a declded Deaance to health unless properly
deslgned and installed. 0nJ-y euch drlnklng fountatns that meet all tbe
requlrenents of the U.S. hrbIlc Hea.lth Servlce as set forth ln the A.aerlcan
Standard A4O,l+-LglrZ aod ASA 24,2 U ara consldered to be acceptabLe. fn
addlticn, all drlnklng fountaln nozzles wlth orlfice dlameter of 7/L6 taab
or less shot8d extend 3/tr Lrch above the flood-Level rim of the receptacle.

The drit.klng fountalns rhlcb w111 nalntaln tbe cleanest appea:,'ance are
those constructed of whlte vltreoug chlna or enameLed cast iron. In gplte
of the bard usage to whlch a publlc ffurbure ma5r be subJected, the advaatage
of a continulng clean fountaln w111 offset the dlsadvantage of the possl-
btIlty of damage to the flxture.

Drlnliing fountalns are corurcn1y nade as wa}I bracktt or rocessed t1ryes, and
ae free-etand{ng pedestal t;pee. A bracket fountaln ls the lrrast coetly
and answers nost purposes of lndoor uee, rhll"e tbe pedtstal type ls beat
sulted for outdoor lnstallatlon, All vtslble fltttrrgs stronld be ehronlun
plateo over nlckel. The supply valve shotfld be self-cIoolng, tbe supply ctop
should be key-operated, and tbc supply outlet ghould bc prorld.d wlth a
regulatlng lcr€ur The bovl ahould be provlded wlth a durablo rtralner.

13. RECOI{ilEIIDED FIEITRES. In l1ne vlth tbe foregolng dlccucgloa the typc,
of flxturea rscorurended as best sulted for uge are as follovsr

a. tla!.9-9&.E-e!g f.qr ULeUI-q&_B$g: tlaah-dom or revero4 trep
vttreous chlna closet bowl. nlth lov nalI-bung tank and whlte shoet-coyered
closed front eeat and covero

bo !&.tSf-.-glgsets*foI: Co$ltuni-ly-IgclULl r Blow-out or elphon Jet
vLtreous chtna closet borll Hltb flush valve and black rubber open-froat s€at
wlthout cover.

co Urlqpl.S: Vitreous cblna ataLl ur1nal wlth flush valve,

do levg!oS_1_eg: llall-bung back.ledge type, acld resletlng cnarecled
cast lrou, Foruia steel or vitreoug chiaa; noolnal 18n x 20tr dlnrsnslonr vlth
centerset supply fltttng and chaln and etopper.

Anerlcan Standards approved by the Anerlcan Standards Alsoclatlon,
70 lbat 45th Street, I{ev lork 7, Ser York.
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er !e$3uls: Bullt-ln type vltb large over-rln spout end chaln and stopperi
5 feet 1or€, enaneled cast iron or formed steel.

f. I$!:ben Slnks-gEd Trayr t{al1 hr,rng ledge type, acld resisting caEb lron
or forned Btoel wlth aupporttug Lagi 4e lnches long, havlng slnk borl on rlght
slde and allding eaaneled steel dralnboard over the tray; swlng spout faucet
and.renovable eup stralner ln the slnk bow1"

g. Isuodrv Traysl Doub1c compartment concrete laundry ttey' on angle lrou
fraoe rlth rotrgh plated fltttnga and cbaln and stopper.

h. Serylce Slnks: Slnk wlth back, galvanlzed steel or enaneled cast lron.
vltb trap ctaudard and rcugh plated flttlngs.

t. Scullerv Sluks: Slng1e conpartment galvanlzed gteel type wlth doublc
draln boards and heavy pattern flttlngs nith chaln and atopper. t{oainal dlnea-
aloas, ?8 lncbce W 24 incbea^

J. Iadoor flnktng Fourtalpr: UaLl-hung braeket type, acld-reslstlng
enaaeled caat lron or vltreous chlna rlth erposed trap, nou-squlrtlng guardcd
angJ.e gteaa aozzle, aelf-cloelng control valvc and reguLator.

k. Otrtdoor Blnklns Foqptalnsr Pedestal type, acld reelsttng enaneled
caet troa or vltreoua chlna, vltb sultable cut-off to prevent freezlng, galvanF
lzed steel ataad bolted to the gronnd, trap below the frost 1lne, non-4ulrtlng
guarded angLe steaa aozzle, self-alosing valve, and regtrlator.

14n BE'EREIICES. For lrfornatlon on the gta,nderd a1zes, dlncnslons, appearence,
end thlaknegs of surfaelngs of the eonnouly used fl:rtures aDd trlnnlrgc refer-
oDcc cah be rade to tbc follovlngs Federal Specificatloa fH-P-541a Plunblng
Plxtnres; Fodaral Speclfleatloas llY-P-512 ?orsed [etal Plunblng Ptxturea;
Councrclal Staadard C9-20-1,9 Staple llltreoug Chlaa P1unblog Ffurturev; Counereial
Staadord C*77-18 Enaneled Ceat-lrou Plunbtag Flxtures, and Comerclal $baadard
LU-17 Forned llotal Porcelala Eaaneled Saaltary l[are. These publlcatlons ean be
obtalned fron thc Superlnteudcnt of Doouneate, Ifarhlngton 25, D. Co, at a aonlnel
gogt.
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A}ID COI}UNITY FAC]IITIES

1. INTRODUCTI0II. To ensure the provision of adeqr-rate sanitarXr fa.cllitiee
and to neet accepted standerds of health, eaeh dtvelling erected in urbart
eormrnrnities is required (Uy ttre PHA I'linirn:m Physical Standards) to have
plurnbing facj-'l-ities for toJ-lets, bathing, foocl preparation, and laundry work.
In adclltion, comntunity fa.cilities erected in conjunction with groups of
dwelling units t+i11 have plurntring facilities designed for public usage.

Advances macle by manufaeturers, durirg the past half century, in the design
of fj:rbures and i-r",pror,,enents in methods of installation have been cutstandlng.
But jrl spite of thj-s fact, it cannot he taken for granted that alL firLures
are completely safe as to their sanitary features or are equally desirabLe
fron the userrs point of vi-elr. A11 types strould be given critlcal examinatlon
as to basic econorry, both inltial and in cperationrover their expectant ].lfe.

Another factor that should be seriously considered jn choosing pltuifuing
fixtures is the desirabiltty of selecting flxtures e"nd trlm that tend to
mjninrize the anrount of water to be used. Such features as combination spout,s
and sna1l-sized tanks will defjritely effect appreciable savlngs in water
conswrption. llith the general droppi:rg of water-ta.ble levels tlroughout the
country, all mettrods that wiIL help to conserve the natj-onfs water supply
strould be given thonghtful consj.deration.

Ttre folLolring discttssiot: is offerett a.s an aid ln selectinJi fixbures which
niII prove satisfactory in all respects and a.voiding serri cuo errors wtrich
trll&t result from inadeqtrate consideration.

?, EIXIIIRE TRfl{. .L11 fixbure trj-rn speelfied for use ln a. project s}rouId be
standardized as eompletely as possible so that simlJ-ar fj,xtures will be
provided with ldentical trlm throughout. The fittings chosen shorrld be a
conrrorl easily procurable typo, of plain dgsign and appeerance, for uhich
repla.ernent parts wll1 be read5.Iy obtalnable. Faucets should be compression
ttr1pe udth replpasrSle seats. rl,lL brass trim, chrortiun plated over nielcel,
gives the longest sen"ice and should be used in l-i-eu of optiona.l- metals.
The use of dle-cast zinc alloy for trjm should never be used. Also iron
faucets or spouts shoulC never be used as corrosion will color the water
and llfe wi1-l be short. I'iechanically operated wastes or drajls, or special
features, such as hose sprays, drould be avoided.

NOTi:l: this Fart suprey5o4"s Part IV of Dulletin lio. LP'-7 dated lr-2[r-50.
It has been rerrised thrc,ughout to reflcct current information ancl
Praetices'. 
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3, WATER CIOSETS ar"e manufactured of vttreous ctdna, sLnce orperlrnents by
marufactur.ers ln the use of other materlals have baen unsuccessful. The
pr{.ncipaL t1ryes of water-o}oset borls are:

&o The _slelr9Jn .'lg! - which operates by creattng a slphon actlon ln the
trap, wlth a Jet at tbe bottom of the trap funrtshing the lnltla1 lmpetus to
the slphonlc asbLon.

bo &,e lqqh-doqg - rrtth a Jet whlch fiurctioru by fltltng the closet bo,d.
to a tretgTffiffit to fiLl tho rear tog of the ti.ap ana sta$ oiphon
actton whlch ernptles the bod..

co The blow-ou! - whlch ls fLushsd by a heaqy dLscharge of water at
relativeffiElTe-osureo

d. Th8.IsJersg-trao - whlch ts a wash-dom bor,r1 wtth the trap revefsodr

fn solectlng water cLosote for dr,relling unlts tt ls advlsable to glve due
ettentlon to the followingt

8r The contents of the bord. ghould discharge by slphontc acttoa, and the
seal ahould be malrtalned by refllllng actlon of the tank or fLush valve.

bo The flushlng rlm should be corutnrcted to f1uEh the erblre lnterlor
surf,ace of tho bowl.

Gr The slphon tlJsttr shouLd be vlelble and accesslble and shouJ.d be placed
on a Ilne wlth, or beLow, thE botton of the trap seal.

ffies moet common3y used tn lotr-rent drrcLltng unlts are the moderately prlcad
slphon Jet and tlre wash-down or reverse trap wlth Jet actlon, fltted elthsr
ntth a lor wall-hung tank or e olose-eoupled tank. The f\rIL stphon Jet or
other better-t]rye bowls offer a number of advantagos lacklng ln the lower-
prlced bowlsp but thetr.rrse ls not e rea-l econonSr nor lg Lt rarranted. Tho
close-coupled tank ts somowhat easLer to lnstaII than tho waI.l-hrng tank,
because trangers are not requLred and addlttonal conetnrctLon ts not requLred
to cerry the welght of, the tank and lts water contents, However, bocause
the oloso-coupLed tan!< rests on the cLoset bowL and 1s free from arry raSl
eupporb, 1t has been found to crack at tho botton rhere lt eonneots rtth ths
spudr t'lhlJ.e ln'some cases thts has been due to poor worlomruhlp or defectlve
deslgn, the troubLe ls frequently due to.e:cbsrnal pressur€ ocerbed agalnst
the tenkr the spud constttutlng a fulcnrm wlth the tank actlng as a lever.
Ono way to overcorne ttrls situatlon ls to provlde a clo.se-fttttng cLeat on the
naLL baok of the tank near the tope to pnevent leverage straln. Becawe the
r'raII-hrrng tank ts lndependently supported a"nd prnesents no pooslblJ.lty of thls
t5pe of breakage, lts use ls preferable.
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A vacuum a entlaL for all
or '$r s of tanks, r

an gap in the supply valve by eltmlnattng the hush tube
or ged zupp1y pipe. Such an arrangement tends to lncrease noise wlthtn
the tank and ls not a positive sa"feguard a.gainst back-slphonage, and therefore
should not be used.

Ttre worklng parts of the tank must be of good quallty1 slnce otherrrise thie
part of the fLrbure te likely to be out of order qulte often and thus create
a considerable and contlnuing maintenance €xp€DS€r Any difference ln
nalntenance costs between ttre competltlve type flush vaLve and a tank rl.lt*t
good qualtty working parts ls sLlght' The cost of lnstalLation, however, la
definltely tn favor of the tank so long as a 1 or t-t/t+ lnch orpply ltne ls
essentlal for the satlsfactory operation of the flush vaIve. Some managera
nu;r favor the install-atlon of flush vaLves from the standpotnt of nalntenance
ercpense, but the addltionaL initlal cost does not uarrant thelr use, espectally
lften the savlng ln maintenance is a&dttedLy sLiglrt.

The type of water-closet bowL uhlch ls generally reconrnended for use ln
conum:nity-facillty toj-Let roons Is the slphon-Jet elongated-bou1 ttrpe tdth
flush valve. The flushlng action and general appearance of the reverse-trap
bowL is sin:.iIar to the slphon-Jet bowlr The water surfaoe and slze of trapway
are smaller and the depth of the seal ls 1ess, requtrtng lees water for
cperation. Generally, reverse-trap bowls are suitabLe for lnsta[atton wlth
flush valves or flush tanks. However, slnce a tank ln a publlc tolLet 1g not
desirabLe because of possible vandalisrn or turperlng lflth tank mochanj.sm, the
use of the flush valve becomeg warranted.

h. WATER CIOSEf, SEATS should be of some materlaJ. whlch d,oes not absorb
moisturel !a a poor conductor of heat, can be easiJ.y cJ.eaned, and appeara
&s one piece wlthout Eurface Joints or cracke.

Seats of spray-painted wood, sheet-covered wood, nolded pLastlc corpound, or
of the composttlon ttr4pe (consd-stlng of hard nrbber oonpound cr plaotto) are
general-Ly avalLable. The spray-palnted wood ttrpe and the moldsd plaetLc-
coqlound type are the least e:penalve. However, the palnt on the wood ttrpe
tende to wear or fLake off, requtring replacement of the seat. or repalntlng.
The ftnish of the moLded plaot,ic ttrpe has a rnreh better servlco record.

A seat w'Ith extended back, secured to the boT.rL lrlth hlnged pets and a rod
wlthin a sleeve extendJng aqross the fuII leneth of the back, ntlI provlde
the longest service. The cost njJ.L be only sLtght\y hlgher than the cheaper
type of seat secured to the bowl by two Leaf hLnges. In addltlon, arbstantlal
cleats permanently attached near the front of the seat lrl1.l Berve to avold
breakage or distortion.

In dwelling unlts, all geats shouLd be provid.ed with a coveri thls ls not
only deslrable for appearance but has deflnlte practlcaL va.[ue, oucb as
aerrring as a seat and preventtng artlcles frorn falllng lnto the bowLo
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9aatg for nater ologcts tn oomrutty fecilltles rhoutd be olna-f,ront type
rlthout Go?dt1 ruade of e durable netcrlnl suoh ac ha,rd bkoL nrbber rflh orrlttout e solld oonc.

5, Un$Aill raay be requtmd tn the oomrntty f,aclJ,ltles. Ur{nq].s era rrsua[y
oonatrnrot6d of vltreorr ohina ard are rell-hung er f,feor-gupportedr Bsoeusc
of lts -looetlon tn a pnbllo tollet1 a uilorl should be provtded rtth a fitugb
vahu (ratbr then e i'tush tenk)r -lfhsther 

valvs or tanlc fs rrcettr-a-vasrnln--
bneaker thould be pmlded trlth a fluslrfug-!fuo tJ?a of rrrtrul, t6 euard
agaLast ary pocctbttttf of baok-flotr tnto tbe ratcr supplJ ryateno A ctralnon
should be provlded at tho drefn oourrcotlory to prevent cloggtng of ths outlet.

6o IAVAIORIES are rnede ln mer{f dlfferEnt ttylese cLzasl erd netcrla.lg ad
rlth vartcd nathods of, arpportr ftn type best adapted for rue ls onp tbat ts
lor ln tnlttal coete durublcl and eary to keep olosno The noet oouron\y wed
laYatorlsg er6 nade of enamled oa^Et-Lron9 enameled formed steell or rrltreotts
cbl"aao Srm the senttary standpolnt, e]l of these materlalg are cstkf,actory.

In seleattng a lavatory tt ls advlsable to lLntt the si.ze to thc nmLnal
IEr r 29rt dirrenslon rtth as Isrge a borl arca es ls evallable trt that slzeo
f,he borl should be oval or D-shBp6d, rlth ntnlrruro &stnrstlons on the gleb or
top. A baok-LEdge ty"€ rlth 1or baokl ffttsd rtth h-lnch oenterget oomblnstlon
eonpncsaioa fauoetse ,^s the nost cetlsfaebory ard the leest cunberrsorne, aod
prorldes nlxed rater through a etagle ahort spout. The elr gap betneEn the
spout outlet end the overflor r'lra of the lavatory should nevcr be less then
one lnch.

The ra,Ll-hung Lavatory ls the noEt econoulcal type from the etarutpolnt of,
futtl€-l cost and occupJrjrg th6 rnlnfrun ailourU of epace in a bathroom. Each
fLxture shorfld be furnlghsd rlth e fir[y concealed netal naII ]rengerr Honever,
cxperlenee has shorn that tt may be nEoeEoety to etrengthsn the supporbl-og
nall or pa,rbltton so that lt oan carqtr the nelght of, the lavatory plus the
addltlonal loads that nay be Lryoeed by abnoraal nleusoe such as tbo gtra{rur
Lryosed by a chlld rho trles to llft trLnself to the top of tho levatorlr or
those caused by a penron neotlng }rl.r refuht on ths outer edge of ths flxturer

Rubber stoppers rlth hea"y ahaln and ohetn stay bave been found nogt gatLs-
faetory; pop.up nastes harp been fourd to edd corutder*ably to meLntenance
ErB6s€, slrrce thsy er6 dtfflcrrlt to laeep tu good rorlCag order. The ohala ard
ohatn gtay should be of good qralltyl elnce tf they become defectlve gfeat
dmend ls nede on ths naLstenence ataffr

Ifastc and cupply oonaeotLong chonld be nade tlon tb uaLL (rather tfran frm
tbe f,Loor)r to perutt greater ease Ltr cleanlag the floor. In addltlon, the
rastee l.f l.nstalled at tb f,Loorp forms e atphonlo l.eg, wtth the posslbtttty
of self-slphoaage of, ths trap sealo Erpoeed connectlons fron supply fltttnss
for flrtures to buildhg supply plpes shall * o*ortrq6-$Lated brase.
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7. BAIHflBS are re$dred by the HIA Lor-Rent Horslng Manuel. As a general
rule tubs, elther enameLed cast-lron or formed steell ere recessed; though
occaet onally corner tubs are ueed. ELat bottome and etratglrt sldeg dlntnlsh
the posslblllty of accLdents, and a grab rell tn the rLn or hl'llt tnto the
wa.ll heXpe to prevent falls.
Stower cmrpartmente (ln pJ.ace of bathtute) are ordtnarlly not deslrable.
Such a conpartment, ln a dwelllng nay have some advantageae but Lt does not
meet the eesentlal requlrements of the everagc householdo At, the optlon of
the Local Authorlty, ahouer over tub rnay be lnstalled. Howeverp the lncrease
ln boti lntttel lnetallatloa coet and annual operattng elpense may rnake the
use of the shower umramsntedl ln vlew of the Lfunlted frrnds avallab1e. The
lncreaee tn the lnlttal ooet results prfunarlly frqn the neceosity to protect
the waJJ.e adJaoent to the tub t*lt} a ttle fialnscot.

Attaching a hose rlth spray head to the bath nozzle hee been found to be a
eotmotr praettce ln a large rnrmber of dwel}lng unlto tn publlc houslng r*ren
shorer over tub Is not provlded. Ihls appendage la a definlte rlolatLon of
most pLumblng codes and the reconmendatlons of the U. S. Publlo Health Servlce,
slnce the spray head, dropped lnto the bath nater and actlng aa a submerged
outletl nay permlt back-elphonag€ end cause contamlrratLon of the naten eupply
ayatem of the entlre bu11d14g and posslb3.y the.oorumrrltyo To dtscouregc thla
practlcel a srnooth spout nlth a largo opening (to *rlch tt 11111 be dtffloult
to ettach a hose) should be prowlded.

A source of trouble rrlth recessed or bullt-ln tubs ls caused by ehrtikage ln
butldtng rnaterlala end consequent settlenent of the bathroom floor. Thla
causea a eeparetLon above the edgee of the tub at the waL1, tlrus permlttlng
uater seepage, whlch becones partloularly aggravated wtren showers are
lnstelledr and ceuseB naintenance trouble and eryense. tlhere rood frame
oonetnrctl.on le used, lt le advlsable to lnstelJ, tub hangere ln the nallp to
support the tub on the raIL structure and thus prevent thla eeparatlon.

Supply fttting fon bathtub trlthout ehower ehould be the conceaLed comblnatJ.on
type rlth ovEr-rl$ epout. Supp1y fttttng for bathtub nlth ehower ehould be
the ooncealed-ttrpe comblnatlon ehofler and bath supply flttinge rith over-rlm
spolt and dtverter. lltren valves are ln plaes the bonnete &aII be removabLe
at the frmt for repairs and replacenente.

The connected ruaete and o'rrcrfLow wlth heary ohaln and rubber etopper Ie ttre
nost economlcal and least troubLesone ln operatlon. Pcp-up raetec ehouLd not
be consd.deredl as they are troubLeeome and oost\r.

8. lIIIHtr'l SINK AI'ID TRAI. lrlany of the Larger LocaL Auttrorltles are uslng
the rall-hung ledge-tlpe omblnatlon ldtchqr etnk end tray rd.th back and
equlpped rlt}r a alngle adJuetable enamel,ed leg beneatlr the tray conpartmento
thta type stnk Le consldered nore practlcal end ls preferred over the flat-rLm
type beoauBe Do fabrlcated eink-top nILl be requlred. If separate laundry
trays are provldod rlthtn the dwelltng, a kltahen alnk rilthout a tray nay be
lnetaI.led. Such a sl.nk strou].d be a ra[-hung J.edge ttrpe nlttr back, provlded
nlth tntegfal dratnboard. Slnks and sLnk-tray coriblnatlone shorld be aoid
reeletlng enameLed cast lron or fomad steel. In lLeu of separate larur&y
traye tn the dnelllng, prorlsione fon a tenant-owned eutoaatlo uashlng machlne
may b€ mads. 
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Most codes permlt the use of one trap for both the slnk and the tray. Hormvere
tn naqy publlc houslng proJects the use of lnproper ftttirys and lmproper\y
Located traps has caused a backflow betneen the slak and tray. Ttrls can be
avotded by the use of a tuoing fttting, rtth the prcper turn or slreep, at the
point where both fixture dratns connect near the jn.Let of the trap. lf the
trap is located under the sink and the waste frcm the tray is corurected nlthln
the seal of ths trap, there ar"e two advantages: (t) ttrere ls no backflm
betreen the comparbments; (2) odors are elirninated, since ctrcr:.].atton of air
in the wastes connectilg the compartments is prevented.

The sLnk and tray supply fittlng should be a combinatlon type wtth cast-brass
(or other heaqp-dutf) swfng spoub. Removable cup strainer.s in the waste outlet
of the slrtk are usualJy provided, since they facllltate the use of the slnk
for washirg dishes or pots and pans. When thls type of stralner ls used,
a secondary cross-bar etralner should be permanently lrstall-ed withln the
sink p1ug, to prevent waste material flom entering the waste pipe and eausJ-ng
stoppageso The drainboard over the tray should be porcelatn-enarreled steel,
for durability and clean appearanco, and sufflclently light to be Llfted
easi-ly. ft should, of course, drain readlly lnto the sink bowl.

9. WASHI]'IG MACHINES. Many Local Authorities are prorriding facilities for
automatic washing machines in one- and two-storv dwelling structures. PHA
f,ow-Rent Housing Mamal, Sectj-on 2O7.Lt states that provislon for a tenant-
owned autonatic washj-ng machine (plumbing and electrlc) may be nade ln the
lcltchen, prreferably adjacent to conrblnation sink and Iaundry tray. As a
Epace saver, it l-s suggested that waste and roater piptng be nrn in partltlon
behind washlng machlne, with the waste outlet and water oupply valves located
tn a recessed cabinet. Conceallng the piping presents a nicer-looklng
lnstallatlon and w{'I.'l permit washing machine to fit close agalrst walI.
(PretaUricated recess-type eabinets cornplete wtth supply valves, drain-plpe
connectlon and electrlc reeopbacle are available for this pu.rposer)

10. LAUNDRY TRAYS. When laundry work is to be done in locatlons other than
the kitchen, experienco has shown that a doublo-compartment laundry tray ls
essential. Such laundry trays are usually rna.de of concrete, soapstone, or
alberene stone, supporbed on a galvanlzed angle-i.ron frame. The trim should
be rough-p1ated, anl should consist of a swing-spout farcet and soqr dish,
'a chaln and nrbber stopper, and a cross-bar drain plug. One trap and a twin
waste senres both tray compartments. The method of grouping the trays ln the
proJect Iaundry roorls, should depend on whether washing machlnes ere to be used.

When laundry tray tn the lcltchen is to be a separate fj:rbure, installed apart
from ths kitchen sink, it ls advlsable to use a single-contpartment tray.
Fixture should be enameled cast-iron wlth roll-rim and splashback tfper
equipped wlth combtnation faucet and adjustable cast-lron pedestal or Ieg.

If water supply comections for rnshi-rrg nachlnes are provided tn the laundry
room, it is essentlal- tha.t vacr,.un breakers be insta}led at the 1nlet to the
machines, unless the machines ttrer,uelves are provided with effective integral
vacuum breakers.
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IL. SERVICE SINKS. When such slnks are requJ-red for JanitorLa-l serr1ce
they ohottld be enameled cast-lron r.o1l-rl,r tlee wlth rlrn guerd and back.
The supply fittfutg should be rorgh-plated coniblnation type nith baclcflor
preventor. Each sLnk should be provided wttb a rj.rr guardr a draln plqg rtth
stralner, and a supporttng trap standard w'ith a cleanout :-a tne trap seal.
Senrice glnks lns'balled Ln nalntenanc€ and boiJ.er roons may be galvanlzed or
zlnc-coated steel, and wILl sorve the purpose equa.Uy as reII as tho more
cosb\y enameled cast-iron sinks.

1.2. SCUTLEIiY SIIKS wiJ-l occaslonally be reguired ln conuunlty kitcherur
Tho slnk generally r:sed ls a zlnc-coated steel type with integral drai,nboards
and back. Slnk should be supported on a rlgld frarne of zlnc-eoatod steel
angles with pruvlslons for adJusttng legg of frane. The supply fttttngs
should be extra-heaqy pattern faucets wlth a hoavy slrirrg spout. The spout
rnnal:a should have antL-splash devlce ard be rrlthout hose thread. Valve should
be of a ttr1pe that tu"s replaceable seats acces.elble from the fronto A drain
plug with cross-barst and a heaqy chain and rubber stopperr is preferable over
any tfpe of romovablo strainer.

13" IRINKIIIG FOUNTAINS' used L:r comnnrnlty, maintenance, or proJect offLce
space aro genorally tho seml-recessed or recessed t1ryes or the type that 1s
mounted e1 tr:r'll surface. Fj:rtrrres shon].d be one-piece trhite vltreous chlna
with lntegral bowJ.l desfuned for mlnlmrm splashlng of water. Each fixture
should be pr^ovl.ded rith a concealed metaL waII lranger or other gupport of
sultable deslgn. Supply fittlng should have angle-stream antL-squfu'b bubbler
wlth tntegraL guard. The supply valve should be gelf-olostng type; the
stop valve ghould be screwdriver type; and the sup,ply outlet should be provLded
wlth automatLc volume regulat,or. The bowl should be provlded rtth a durabLe
straLrpr.

ilr. REOMMEI{DED FllmIrRBS. In llne wtt,h the foregoing dlsarsslon, the types
of flxbures recomnpnded as best sulted for rure aro as followsr

&o Water Closets for D,relll4g Urdls: Reverse t rap, with vltreous chlna

7

closet bowl, close-coupled vltreous chlna tank, and white
and cover of molded plastlc compound.

b. lfate t Sipbon-Jet,
elongated longatea open
'lreaght black tollet seats of solld plastlc or harrl nrbber
oonstructlon. Seatg shall be rlthout Gov€f,eo

closed-front seat

vitreous chlna
fronbl r.egular-
aonrpound of soltd

Oo
va1vo.

Ur{nBls for ftrblLc FacllLtles; Vltreous chlna stell urLnal rlth flush

d. Iavatorlesr Wall-hung t]rye rith stralght back and stralght front
epnon, effilffiififng enamelod cast-lron, formed steel,, or vitreous chlna;
nomhal 18rr x 20rt dlmenslon, rrlth centertet supply fittfng and chaln a.nd

stopper.
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co Bath[ubs: . BuLlt-ln rce6ss, or oorner ty?er double sheLLS 5 feet longr
enaneled-G:Ellibn or porcelaln-enanB].ed formea gf,eeI.

fo Klts.hen, Si,gkE Wtth Trrv-r Wall-hung rlm-}edge t1rye rlth baeke acld-
resLsttr€ enaneled oest-lron or porcoleln-enamoled formed steel, rith
supportlng teg; L2 Lnches lorrgr havlng slnk bonl on rtght eLde ard sltdtng
porcelatn-enameled gteel draloboerd, over trayi glti.ng-spout fauoet, netal
soap dlshr ed romovablc cup strainer ln the slxk borl.

Bo Kttchen Sgtks_.Wltqgut Trafl: lfall-hrurg ledge type rtth back, acld-
resLetlng enameled cast-bon or porcelain-enarneLed formed steel, rlth lunger
and brackets;, h2 tnchee long rlth st.ngle tntegral drainboard; snlng-spout
fancete netal soap dlsh, arxl removable cup etralnero

ho taugggf_TryEr lbnbLe-conpartment concrete l.aundry tray on angle-lron
frame, wtth rough-plated ftttlngs erd chetn and stopper.

L. Iaundry-IrqE for Kttchsnr Slngle-compartment typ9, actd-resLstlrg
enameled-ca-st-tionr-uftti ro-If--ilm and eplashback, cornbinetlon faucet, ard
chatn and atopper.

J. FeIEe Sfnka Acld-rsststlng ena,nElad oast-iron rol..l-rl^m type rltb
r{.n guarct and back, rlth rcugh-plated flttlnge and chaln and stoppere

ko gcuU,er:f Slnks: Zlno-coated cLeel type rlth lntegral. dralnboards and
back, heatT pattern fittlnes rdth chatn and stopperr

I. Drt.nl,r.tne Fountalnr Wall-nountad type, vltreow ctrLna rlth lntegral
borl, anf,f;Egufrflb-fb5Lef, autonatLc volune regulatorr and screrdrlver-type
gtop valve.

tno Referencesr For lnfonnatlon on the standard sLaer- dlnenslons t
appearanceffi-Tf,Loloass of eurfactng of the flxbures end trlmntngs mnbloned
hernstnbefore, referen@ can be nsde to tr'ederaL Spectficatton WW-P-lltl-b,
rHlur&tng ffixturesl Irand Usc.tr
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f. illBOIlUClIOtl. lbo ucc of gaa lc ro conroapleee ard the plpaork for thlt
firc1 to alnplc that thcre la ronc tcndcacy to lgaorc lnhcreai dangert of lcr}-
rgo and c4iorloar Lylegnlo ferrlty derlgn and lictallattoaa. Ere[vAattoa
rad dlleltrouc reE-cmlorLong freouentlv are recorded in thc oreat. apd publlo
houalu hes not caceoed. lt lcast fLve bad exploglona heve oecurred. and tto
hed unrsuellv rcrtoua conaeoucncea. fnvcattratton of thege apd otbor casec
radc lt clcar that carcleglaesr and thoughtlessneac rcre rerpoglblc.

Thc eubJect hec bcaoo oac of crtrcnc conccrDp enil frlle thcre lc ao lnforutloa
to cause tfil to bcllcvc 1tr aatuerlal recorrl ta courparatlvely bade lt 1o
obrrloua thet thc ncord oaa and shorld be luproved. In faet, there la evcry
reiton to brllevc tbat lf all Lnorn precautlLnr are takenl thc rlrk rf1l betqo
ncglLgtblc.

.Ar a reault of currcat lavcatlgatlonar tbe lllnlrun P$atea1 Standardt ad
Crltcrla hevc bccn arppleneated by the follorlng requlrenenttr

rGar lnrtallatlonc, both rtthln and outaldc of hrlldtng rtructurrer,
ahall be dcalgnsd to nlahlac the d.Eg€r of nechanlss] drnrge and
eorroclvc actl.onr. Exterlor gac plplng ahalL not be pleced la the
cano trcaches ec otbcr plpc rork. Ga! llnca ahalle co fat aa praeti-
cablel bc Lld at htgher elevatloac than adJaccnt plpe }tnet for
othcr utllltlea. PoeLttvc Earnr for prcveattag the entrancc of gaa
tcepatc fro the outrldc to the tnrlde of atnrcture cball lnclude;
hrt aot !s r{nltsd toe the vcnt{.g of treneher to the ortsldc a1r
ade la tbc caae of grade-bean eonatrlctlonl perraaent defleetlng
barlcrs at thc polntr rhere otrtclde l-lncc rlse to serylce coturoc-
tlonc. Gal rcrvlce connsctlons fro outclde gas llms shall rlsc
above the ortttdc grade before enterlng a eoncealed or trnuged lpecc
under a hrtldlng. Lltcrlae, rhcrc thc ftrat floor Lg e slab-on-
ground, tihc aervlcc eonnsctloa abell rtse above the outslde gride
and sbell anter thc ctnroture abovr the floor Ilne, and no gat
plptng sball bc plaocd rlthta or hlrlod belm the rleb. Plplng
oryroacd to ortsldc aLrl ahall be lnsulated adcguately ln cUnates
rhsrc the air teryeratulc nay fall belor tbe dcr point tclperaturc
of thc gae. Betrcca ortaLdc llncs rnd entraacc of cervlcc eonacc-
tlon, porttlvc. E.n! lhrll bc prrldcd to guerd egalnct bredrtag
of pLpea or looscntag of Jotnta, due to settleneat of thc hrlldlng
en{/or thc plpe ltrclfS auch nca4s ahall be la the foru of arlng-
Jolata or sthcr posltlvc .nd pernancnt reaag. All tntcrlor gat
plping that 1r conecalsd 3hr1!, to thc fuil.ect cxtcnt practlcablc,
bc ventcd to thc qrttlda a1r at the try of thc coucealcd lpaee.
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f,hcn thc lntcrtor gac plptng le coacealed tn a aontlauou ePrao
rlth plrrnbtng [aca1 thc rholc qpacs aba]tr bc veatcd. Ib.rc
the atnroture tncludcg a bacemnt or ctrrl-8pacc, tte trattlated
Eptco shall atart rlth rn openlng et tte bagencnt or erttl-qpeao,
rhcre the fbst floe ts e rlab-ea-grand the vonttlatcd lpaoc
ahall statt rlth an opcnlng fro thc dmlllag qPacc dlrcct{y
above the aleb. In oonncotton rlth tie vcntl.ng of araa! arbJcct
to accrrnulatlon of loaktng gess attcatton 1t directcd to thc
requlrcnentr herctl for vcattag of crarl q)acerr.

Obvlour\y, ro ga8 erplociong rould eyer occur if tbere tlro Do clcrp. d gero
l,cakegca EaJr oacur outatdc of hrlldlng end ftrd thctr ray rlthla clorcd lpeoct
by follorlng plpellner @ tf eotl penncatlon untll a polnt of crtrraoc tt
fourd, or thc lcdragea .ay oceur rlthin the atnrcture ltrcl?. Iaelagee rry
occur fro nechanlcal breah or frou dlctntcgratlon of thc plpe. Boncce 1t
follrys that (1) the plpe rork Sould be ao lnstalled that thc aheaoer of rcohen-
tcal brsakage are ruduccd to thc nlnlmrn, (Z) tnc plpe rhoukt bc of aueh artur
and ao tnstaLled and prortectcd that thc cffccts of corrosLvc acrttoar ere
nialnlzedr ard (f) U addttlon to anch precautloall gas plpc treaeher rad
lntertor spaooo rftlch conceal gas lLnea ahould be cffectlvely vcatod. lhlr
bulletln dlrsurses Boens for aohtcvlng thcse endae aa rell ag for the taltng
of other lncldental precautlona brut tha foregolng ahould be takcn ar thc buto
pr:lnclplea rhiah uust bc folloedl to e].lnlnate or'utnlntrs Letcnt harardro

Regulatlonr governlng gar Laetallationr have been qgtabllahed by nolt uttllt'y
coupaniea .nd uunletpaltttcrr bnrt therc regulatlonl verlr and ln rone laatatoc!
natrr not be sufflctently ertcualvc to acsure aafcty. The mre criatenoc of round
requlrerentr la of ao vrhrc tf thc daalgnlng caglacer docr aot recogatrc thc
baslc, under\ytng prlnclplea or apply these ln hlg pl-rna and apeclftcetloure 91
I f nan-arrrrrrl I ora sam{}tani {a }hr r-r+-'t1-+l^-

.[ naJortty of thc reoomedatloua preacrlbed hcreln rter frm c4rrtcacca grlacd
ln pubUc hourlng proJcotae and frol conferencer rlth crpcrta fron thc &rreru
of tllnca and others coaooruod rlth aefety la gac ptptng lnatallatLont. tbo
recornnendatlong are suffr.cleatJy gcaeral la rcope aot to conf[ct rlth loce1
pollcles rhlch are ln aocord rlth cafe practlcea. Smo recmcdatlona rlll,
no doubrt, be found tn ctaaddds ard regulatlona pruulgatcd by thc .0ner1oel
Star.dards Acaoclatlon and utlllty coupanlea, ht tt fu the purpoac horr to
enphaslzc thorc ltcnr ril1ch affcct safaty ad are frequently orcrlooLcd ln gra
plplng laatallattong. Becoanendatlons generally ghorrld app\y cqueLly to ltquc-
fled petroLeun gascs es rcLL ar to uatural- and uanufacturcd gt!c!. Spcelflo
rcqulrenenta for thc rtorege erd hard[ng of beavlcr than alr petrolsun gelct
arc dcflaed ln thc l{etlonal Boatd of Flro Undcrrrltcrrr Parphlcta lloa. 58 eld
59.

f,hlIc lt lc reaLtled that the dLaeurslou of thtl aubJect nagr aot bc corplcto
the Baterlal ahouLd prova velueblo ln the lntcrsat of aafety. Invcttigattonl
are contlnuoucl;r betns nadc, ard bodlc! rorpontlblc for publlc houtlag dcvclqr-
uents rlll bc told thc rearrlta of further rtudles on thll very lryortaat ltcr
b5r apeclal reportt or bulletlar.

-2-
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2. PIJI{tfItr0. Ca!.eful plannlag and dealgn, aad knorledge of all related
fegtors 1a sefcty conrlderattonc ere neeessar:r no natter bor eluple thc
lnatallation and gaa usagc requireneatt appear to be. Iilrklng harardt rlth
thc poorlbtllty of fatal accidentc nray be the dlrect result of faiLure to
recognlze aad plaa to avold thcn.

3. CORROSI0N. Corrogion ls the prooess of dlsintegratlon by slor degrees,
causcd prtnctpalfy W chemlcal or eleetro-ehenLcal reactLons. Chemlcal re-
actlon ls one in rhtch the sLow unlon of the elenents wlth orygen occurs, ed
ls caLled oxlclatlon, Electro-chemical reactlon ln whlch interest ts centered
hcre occurs when the element (plpe Llne) ts ln contact with dlssolved conetl-
tucnts tn the sol1, and together, cause lov voltage currents to be induced.
By the Latter nethod, microscoptc quantttles of metal continuously leave ttre
ptpe qt polnts rhcre current flows fron cLeanar or pru€r areas of the plpe to
other aroas tn rhlch m111 scale ls deposited, or fron ges plpe to nater llnes
or othcr lnstal-latlons. Corroslon (plttlng) Is hastened at polnts where the
surrent fLorr fron the plpe to forelgn elemcnts.

lbe theory of protectlon to arrect corroalon ls firrxlanental\y alnple, yet
tpeclallrcd techntcal sktll lc neoded to regolve both technlcal and econonlc
probJ.eno rlth rhich the rhole aubJect of protectlon ls concerned. In some

Iocalltlctl rherc the tol} fu unlforuly sandy and of hlgh reslrtlvltyl pro-
tactlon of plpea uq;r not ersa bo requlred; ln others nechanlcal protecttoa
lay bc the oaty Eon'..! needed to reslat corrotloni aDd there nay be localltlea
rhcnc Eochanlcal and electricaL (dlccuesed belor) protectioa 1111 be requlred.
Corrotlrlty, notttlrre content and te:israture conditlona of the coll are ever
prccent factora that the englneer nugt consLder ln prescrlbing nethoda of
protectlon.

lor exaryle, a cerloua condltlon rhlch hac been found to have acceleratcd
oorroslon ln pubUc hotralng ras the instaLlation of unprotected nsinc ln
(e) groua teterz (b) uolst groud rtrere tbe rater leve1 chaages conrtantl5re
(c) -orroslve aolla of Lor reslctiv!.ty or f11led-ln erear and (a) less frc-
qucatlyz la grourd near gtreet car llnes or rlthln rtray curent areaa froo
Bcatttr laduttrlal planta. trhlle electrlc cumeat ls one of the nethodg uged
to reianl corroaloi, Lrduced cru:r:enta rhlch are uncontrolled (aa thcy corrld
bc under a4r of trhe above altuatlons), lnvarlab\y rt1I flot frm the p pe
rather thal to the ptpe. The unaontrolled cunent tends to epeed rather than
retard corroElou.

f,Lere condltlona aro sLutlar to those nentloned above ior rtlero other eondl-
tlons uight lnflucncc eoroslone the need for prortected plplng ls evldent.
Ipeal utlLltles have derlsed varlous f,ays of proteetlag their dlstrlbutLoa
}[aeg nechanlcal.Jy. They ahould be prepared to advlse local englneerc or
Ioc8l luthorltler on the cfflcacy of ono protectlve nethod over anotherr ."d
to offer the beaeflts of thelr ocperl6nc€ on corroalve actlons on uetal
hrrled ln the sotI. The follortng types of coatlngs or coverlngs have beca
used suecectfu-lly ln va:ylng degreee, and ehould be consl-dered. (OtUer tSpes
uay be cqusily as offectlve)r

-3-
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e. Ehree laycrt, eltcraately rppIlcd., of, coal trr t@rcgnatedl papcr
aad hot pltch.

b. Eot epplled coal tar oracl oa plpe, 8or[ hot pltcb oa plpc thrctil,r
aud coaaections.

c. $ane os (b), plur oao rtq, of, 15 lb. arbcrtor falt ead. oac rrap of
60 It, lcaf,t pqperr

A. Eot rpplled bltunlnous ttpe.

lo Eane eg (d), plur ono rnrp of asbcrtoa tapc lqlregnateil rltb bltuuear,

f. Ylnyl"g1artlc tqlo.

Ctodcrl or nlbbtrh gboulil aet bc uredt f,or eay baclf,llIo [n grouadr vlthln
proxlutty of rtrectcer llner or otber otny currcnt rourcel, the plpo rboulat
be grouadeil to thc rourcc of currcat lf at eII preotlcablct

fttb aII of there protectlve . rchener tt ts arer.la8y that tbe,plpc bc tLon
ouShly prlnc0 bctoro proccerlag. Xcohmlcel proteotlga ahonlt bc coupletcl erl
cerc la baadllng tho ptpo dtuthg lartellatlon rhould be lntclrlvo. A cortrO m
covercd ptpc Ia only sr good ar ltr rclkcrt polat, rhlrc tt ny be lcft u"r.
protectc(L Incouplctc protcctton rtll loavr rbolldryrr rblcb rro ru,bJcct to
.G?Grc corrorlvc ettack. {[!o, lrohtloa (ilrourod,'olrrrhrrr tl thtt bulloth)
1t rcqulrctt to ricducc thc probatllftt'.I of 'dlebtrlinl'coatrct bttrcnl"tb.-!!r
aa0 ratcr eyrtcnr or othrr nottlllc lartrlletlon$

Bcgarillcss of thc qrullty of ncchralcal protcetl,oa, thuc tr tbl potrffiIlty
of ltr danegc tlurlag baadllng e,nd backf,llllD€, rue iluc to rctb rovootr.
thorcforo, lt tt good lnsuraace a€elast oorrori.oo to provlilc clectrc.ohmtcal
or ilcathodllcr proteotlon In Ild.ltlou to thc ptpc trcatnont. Chc bcttcr tbc
plpe trcatneat, the lcrs electrlcel eergy 1111 bc requlrcd, to rffset cetboittc
protcctton uhlch ls relatlvcly lncrpeastve to lartqll aatl v111 nlnlrtzc botb el.
plo:loa hezerd. eud. qrcratlng c:prare. ft.rtbo tbc bottar thc plpc trerturnt,
thc greater ls tbe protectton efforilcd agahrt oqroturc of f,Ierr la thc plpc
to corroclve elcneatt ln thc rotlr
Clthodtc protectlon la aeecpltrhed, by naklag the gar prprpg thc cat1odc o!negattve Polcr ln tro tqurt. Flrst 1r to celcet I ,tafvani".-"aoac iri"iif"apole), eoastructed of rlie or ragnealun-dfi-"ai"t, rp;;-th;-*;;iji;-t;;ir-
taacc to the flc of clcetrtc snrrcnt) end chcnlcal'eonpoartroa-oi te'a i;ii:-both of rhloh uetalr !r? of hlgh6f potantlal thaa the fcrrouc pfpi a;-b"-;i.-tectcd. The ourrcht hduacd ty clcctro-ohcal.eal ectloa. rl1l fi;l i!:or tS6-rfac 9r nagneetur aerols the carth (clectrolytc) to thc'plpcl-tfliifa-[ilptpe by rlrc buck to the eaodc to cryLcte tla clrcult, taic-ri8trle-irl 

---
TDc.eccoad my le to ugc rcctlftcrte recclvlag! clcctrl6.i ctr"rit fr*eontinuou8 tourc. of aupply. Alteraatrng euroat tr tappcd io dr.-ri"ttftdi.rlhlch coavert the cr,urront to thc requlrca tot ioltagc aiibct, "*oitt.conncctlon br rtre lt redo frol thc rcctLflrr to ui6dc:tua"turir"d-ii thr
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FIN.GRAOE

BACKFILL

GAS LINE

BACKFILL WITH
IIATERIAL FUR-
NISHEO BY ANOOE
IIANUFACTURER

ANODE -APPROX
r7 L8S.

SE CTION

GAS LINE

AI€DE

RUBEER COVEREO
WIRE FROM
ANOOE ERAZED
TO UNDERSIOE OF
GAS LII{E ANO
THEN COATED
IYITH EITUMASTIC
ENAMEL

PLAN

DETAIL OF
ANooE rnsrauuairow

NOT€S r

I.THIS PROJECT COI{IAINS AEOUT 2OO
D.U. A AOMIN, ELOG. WITH INDIVIOUAL
GAS SERVICE TO EACH O.U.
2. SOIL RE_StSlvtTY AVERAGES 2000
Onr{Cus; PROTECTEO cAS ptpE
SURFICE AEOUT 52OO SQ.FT.

CITY GAS I'AIN

FIGURE I GALVANIG ANODE METHOD OF CATHOOIG PROTEGTION

grourd. Bcnc agaln the carEh ccryct ac the cleotrolyte bctrecn the aaode
and the plp€. The ctrcult 1r coupLctcd by rlre frou the plpe back to thc
rcctifler. By both rayc, coroclon 1g nltlgated becauce electrlc current
florc fron thc solI to thc plpel (aot fron thc plpe to the gotl).

fn the flrrt (gaLvanlc anode) nethod e zLnc ard magaeslun havc been used ln{er-
changcab\y; althorrgh it appearc that magenclrrn, because lt has a hlgher poten-
ttal tbaa zlne, nakbg it norE deglrable fn (a), solIs rlth a rsslatlvlty ln
src6s! of about 250O obras 1rr cublc eentlncter aad (b), protcctlng older plp-
tng ayctcns. i{agnealunp 1n eltber eadc, la capable of produclng thc hlgbar
voltage, ad rtrongcr cuneot necclsartrr. ZLne can bc'urcd guccessfully in
rcll coated syatens ard ta sotls of lor reslstlvlty, becqusc of thc lorEr
eurrent nccded to protect thc plpel alao zlnc ts kaorn to have a longer Ilfe
than nagnerlun.
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IIOTE .
THIS S(ETCH INDICATES ARRAT{GEI{EIIT OF
CATHOOIC PROTECTIVE EQUIPUEI{T FOR A
PROJeCT tN S.W. AREA,SHOWTNG tO ANODE
GROUT{D BED.
EACH PROJECI TO 8E CONSIDEREO 01{
ll{olVlDUAL BASIS;OTHER TYPES AND
ARRANGEilENTS OF ANODES MAY BE USEDPLAN

FIGURE 2 REGTIFIER METHOD OF CATHODIC PROTECTION
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In the second (reetifier) method, one project in the southr,rest reports: rtThe

direct cument d.elivered to the ground bed.s from the rectifiers will usually
have a voltage of from 7 lo 20, and generally average about 13 vo1ts. Anperagee
lri1I varl, from l-2 to 50, and average about 30 a:nperes.rr The ground area pro-
tect:-on for one rectifier averages approximately 5O0r0O0 square feet. The
anode rods for the ground beds are A, inches in diameter and about 7 feet 1ong.
Generall5r about ten are required for each rectifier, installed vertically in
holes from 12 inches to 16 inches in d.iameter and spaced from 10 to 20 feet
apa.rt. Space in the hole surrounding the anode is backfllled generally with
materlal dependent upon type of anode. (See Figure 2. )

lhatever the method., galvanic anode or rectifj-er and anode bed, the entire
system should be so designed and constructed that it offers no electri-ca1 re-
sistance other than that normally encountered. by the metal in the system it-
self. In other word.s, the cathodically protected system should be isolated
from foreign metallie structrires.

Cathodic protection need not be limltecl to gas s)rstems. Its advantages can
well be extended. to water systems, and hot water generators or tanks. While
cathodic protection r,li]l- reduce electro-chemical reaction to a minimum, it
ruill not prevent leaks in gas l-ines originating from mechanical damage.

This discussion on comosion has beenpredicated.on the use of steel pipe.
Question may be raised as to why cast iron or copper can not be used, and so
obviate the need. for elaborate protective devices.

Cast iron, owing to its greater thj-ckness, has a longer l-ife than steel with-
out cathodic protection, but has been comparatively 1ittIe used for gas lines
in public housing because in most projects the major part of the piping is
small size, not obtaj-nable in cast iron. Further, cast iron is more susceptible
to fracture than stee1, and should not be used in lines laid. in unstable ground..

Copper is less subject to corrosive attack than ferrous metals, but is more ex-
pensive than steel pipe; its use, therefore, has been an economic problem in
balancing cost.of ferrous pi-pe and protection against adcled. cost of the copper.
Also copper is liable to corrosion when placed in soil-s r,"'hich yie1d. sulphur
dioxide; tuhen used, copper should be Type i(, hard dralrn, r.rith solder fittings;

Sonre j-nterest is being developed in the use of pipe extruded from an organic
plastic. This piper light in weight and flexi-b1e enough to be bent to folloru
thc path of the trench, is considered an insul-atof and will- not become: palt, of
a galvanic couple. But public housing cloes not have sufficient eryerience
with this pipe to recommend. it or advise against its use.

Reduced to simplest terms, the folloiling are bel-ieved safe rules to consid.er
in protection of underground gas lines: (a) r,rhere resistj-vity of the scil is
less than 3000 ohms per cubic centi:neter, cathodic protection should be api:Iied,

NOTE: This sheet supersedes the corresponding sheet clated /+-24-50. The lrth
and 5th paragraphs on this page have been revj-sed.. Page 8 is re-j-ssued
without substantial char.ge
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(ir) r,7hs3s resistivity of the soil varies from 3rOO0-fOrbOOohms per cubic centi-
meter, cathodic protection maJr be necessary but further study of soil tiill- be
required, (c) where resistivitJr e::ceeds 10rOO0 ohms per cubic centjmeter, no
cathodic protection is needed, (a) regardless of soil characteristics, and
r.rhether or not cathodic protection is applied, the piping shoul-d be coated
and,/or r^rrapped..

/*. PROTECTING BUITDINGS AGAINST OUTSIDE GAS iEAKS. fn cases where l-eaLcs have
occurred from corrosion or mechanical cracks or brealls in the distribution main
or in the main servi-ng a build.ing, escaping gas travelled the path of the pipe
trench to spa.ces und.er the building, then up to the dwel-ling unit. Such leaks
malr go unnoti-ced until it is too late. A momentary flash caused bJ, a matchr
pilot, open flame or defective electric snitch is sufficient to cause an ex-
ploslon.

Gas sirou]-d, never be allor^red. to col-l-ect in confined areas such as crar.rl- spaces,
pipe spaces or utility rooms. Ignition may be in a durel-Iing unlt, not neces-
sarilSr in the area r,rhere the gas has accumulated. A flame tend.s to travel
from lean to richer gas concentration areas, build.ing up force as it propagates
and compresses the gas ahead until the milrture is enpIoded. E:plosion d.amage,
many times, is greatest at locations ar,uay from the origin of the flame and
generally occurs r+ith maximum intensity r,rhen the gas concentrati-on has reached
the highest point ruithin its range of inflamraabilitSr.

Figures 3 and- 4 il-l-ustrate a method of venting trenches, rvith three types of
construction. Figure 3 sholls verrting with (a) crai,rl space on continuous foot-
ing construction ancl (b) crar,rl space uith grad.e beam; figure lp shol.rs venting
ruith sla-b-on-grourrd.. It should be noted that, in each case, the gas line rises
above grad.e before entr]r into building. The t^rall-s of the building serve as
cari-ers, and are parged i.rith rraterproofing ceiirent unl-ess wal-is are sol-id d.ense
concrete. In r,rarmer climates lrhere check metering is required, the meter may
be installed before gas line enters the building. The piping e;cposed to the
outer air should be insulated. adequately where the outside tempera-r,ures fal-l
below the deu-point temperature of 'che lrater vapor in the gas; the loca1
util-ity r,ri11 generally furnish information on clelr-point temperatures.

l,ihere gas pipe enters a basementr pipe rlse above grade r,ri1l not be necessary,
but venting of trench, parging of walls and seal-ing of sleeve before gas pipe
enters build.ing should 'be provi-ded.

There are other methods for venting, such as, carrying the gas pipe before
entering the lcuilding, concentrical1-y within a tile or cast iron i:ipe no-L less
tb,an L inches diarneter, extending a fer.,r inches above finished. grade. Coarse
gravel should fill the vent pipe and, in ad,dition, be arranged simil-a.r to that
shor..m on the sketches.

The purpose of the vent 1s to relj-eve the trench of any escaping gas, and pre-
clude the probability of gas entering the building. The character of the soi-l-
is j-rrel-evant to the need. for venting. l,Jhatever the soi1, the vent shoul-d. be
installed. The soil covering the gravel shoul-d. be of a permeable consistency
to permit freer fl-oiu of escaping gas to the outside air.
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Ia the secoad (rectlfler) nethode oDe proJect ln the aouthreet reportar rfho
dtrect current deltvered to the grourd beda fron the recttflera dIl uualJy
have a voltagc of froa ? to 20 and generally average about IJ volts. .ln-
porage ilIl vary frm 12 to 5O ad averagc about 30 arlrrcsi. fhe ground arer
protectloa for one recttllcr at€ragcs epproxlnatcly 50O,0OO equarc fect. fhe
aaodc roda for the grolrd beda are {, Lnches la dlaneter ard about 7 fect loag.
GeneraLJy about ten are rcgulrod for caeh rcctlflcrl lnatallcd vrrtlcel\y ln
hoLea froo 12 lncbca to 16 lnchcc lu dlancter ard apaoed fron L0 to 20 feet
apart. Spaoc ln thc hole curroundlng the anode 1e backfllJ.cd giaerally rlth
naterlal dependcnt upon tlpe of anodc. (Sce flgrrre e).

f,hatevcr thc uethodl galvanlc anodc or rectlfler and anode bcdl the entlrc
systen should bc so dealgncd erd eoagtnrctcd that tt offcrc no clcatrleal rcall-
tance other than that norually sncountercd by the netal ln thc cygtcr ttsclf.
fn other rords the cathodtcalJy protected aysteu should be laolatcd frou for-
elgn metalllc ctnrctureE.

Cathodlc proteotLon ncod not bc ltmltcd to gas ayatcar. Itg advantages caa
rcLL bo e:<terded to ratcr syrtcncp and hot ratcr genaratort or trntg. trhllc
cathodlc protectlon rLLI r.eduae elcotro-chenlcal reactlon to a rlntrur, it
rlIL not prevent leaka ln gae llnea origlnattng fro nechant""l 6amrgeo

Thlc dlrcusslon on corroalon raa predLcated on the uae of gtesl plplng. The
argunent nlght be rals€d aa to r\y caat lron or cqpp€r cannot bc uacde aad ao
obvlatc the necd for slaboratc protectlve devices. Caat lroa hag been ugod
for large stze nalna (3 lnohea and over)r but belng'brlttlce thlc netal teDds
to crack'rhen lnstelLed tn ftlled-la ground arbJect to nwsreat.

Furtherp fleld testc aad teatallatloaa bave ahoua that .11 fcrrous netah
corrode et tbe aane r:atc ln the srre soll eavlroanent. If eteel had ths aanc
rall thlcLnesg ar cagt tron ard both rene hurl€d 1n ldentlcal rolh, tbe retc
of corrosloa rould bc thc aane for botb ferroul netala. Caat lron, thercforol
ehould not be uscd for gae Unea.

Copper ts less subJect to corroslvo attack thaa femoua mtela, but ls rora
erpenalve thaa steel ptpe; ltr usc therefone hae boen an ceoamLc problen la
balanclng cost of ferroua plpe a'"t protectl,on agalast added cost of the ;opr
por. Aleo eopper 1a llablc to eorroaioa nhen placed ln solls rhlch yleld cul-
phur dlo:dde; rhen uaed, homyer; aqpper ahorld bs $ec tr, hard drame rith
solder flttingt.

Sone lntcreet ls belng developed tn the uge of ptpe extnrded frou aa olganlc
plastlc. Tbta plpa, ILght la relght ard fle:dble cnough to be bent to follor
the patb of the treach, la consldercd an lngulator and rlLI not becae pert of
a galvanlc eouple. ert ptrblLc hourlng does not have cufflctcnt erlrrlcnce rlth
thls plpe to reemed tt oi. advlge agalnat ltg urc.
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Bedueed to atrylest ternel the follorlng are be}leved gafe rules to conglder 1n
protectlon of underground gae L:tnesr (a) rtrere reglgtlvlty of the solL ls leaa
than 30O0 ohna per cublc ceatlneter, cathodlc protectloa ehould be applLedl (b)
rhcre realstivlty of the go11 varlea fron 30O0-L0OOO ohna per cublc centlmetere
cathodtc protectlon nqy bc acceggary h.rt firrther atudy of soll 1111 be requlredl
(c) rhere reatstlvlty exceeds 101000 ohna per cubLc centlnetcre !o cathodlc pro-
teetlou ls nceded, (d) lrreapcotive d aol1 characterletlcsl ard rbether or not
cathodlc protectlon 1r applledr the plplns ahould be coated afr,/or rrappcd.

4. PROTE0TING EUILDIIICS AGAMSf OI}ISIDE GAS LM[S. fn cascs rherc leaka havc
oocurcd fron corrollon or nechulcal cracka or brcaks 1n thc dl*rlbutton naln
or ln thc nah scrrlng a bulldtng, eacaplng gac travellcd the path of the plpe
trcnoh to apaccs under the bulldlnge tbcn up to the drelllng unlt. Such leakt
raf go unnotlced untll tt 1a too late. A rnoncntary flath cauted by a natche
pllot; opea flane or defcctlvc electrlc arttch 1r sufflctcnt to caurc an 6r-
ploalon.

Gar rhould ncv€r bc ellomd to collect ln conflned arcas auch aa crarl lpacel,
plpc tpaoat or utlIlty ro6t. Ignttlon uy bc ln a drcl.llng trnlt, aot neccs-
aarlly ln the arca rherc the gat has aeetrrulated. A flanc tends to travel fro
Lcan to r{.chcr gae conc6ntratioa arcaa, bulldfug up forcc aa lt propogetcs aDd
couproltoc tbe gaa ehead untll thc mlxture la explodcd. Eryloalon danagca .."9r
ttacll it greatcst at locattoas aray fron thc orlgln of the flane, ard gencral\r
occrrle dth nsrdlun lateadty rbcn the gaa conccntratton hag reachcd the htghclt
polnt rlthla lta range of 1nflauablllty.

Ilgurca 3 ard /r lllustratc a ncthod of vcntlng trcnch ln three typet of conatnrc-
tion. flgrrre 3 ahora vtntllg rlth (a) cred lprcc on contlnuous footlng conttnro-
tloa and (b) crarl tpaco dth grade beanS flgrrre 4 ahoa veutlag rlth slab-on-
ground. ft ahould bc noted that ln cach cagc, thc gaa Ilae rLact above grede bc-
forc eatry tnto hrlIdlng. The ralll of thc bulldlag lcrre as "arrlercl and arc
perged rtth ratcrprooflng cencat unlcre relle ere loIld denr concrcte. IB
tarncr elheteg rhene checL netcntlg la rcqnlrede the neter nay bc lastalled bcforc
gat ltlc caterr the bulldlng. Thc plplng exposcd to the outer atr ahould tre ln-
auleted adcquately rhere thc ortdrlc teupcretrEea ftll belor the der-polnt ten:
peraturo of the latcr vlpor la the gaa3 thc local utlltty rL[I generally firralsh
lnforoetlo! on 66..po1nt tonperaturcr.

f,hcre gaa ptpe cntorr a baccneat ptper rlae above grede rlLl not be nececcaryl
tnrt vcatLDg a treoch, parglng of rrl1r and rea[ng of cleevo before . ra ptpo
eaterg bulJdlng should bo pnovtdcd.

fhera nay be other nethoda fon ventlnge aueh rEe carrllng the gaa ie before
caterlng tJre h.rlldlnge coaccntrlca{y rltbln a t1Ie or cact troa pryc not Lecc
than /+ lnchea dianetere extcrdlrg a fer lachcc above flnlehed grade. Coarcc
gravcl should fllt the vent plpe ade ln addltlon, bo arranged slnllar to tbat
ghorn oa ths sketchet.

Thc prposo of the vcnt 1r to relieve tha trench of ary aacaplng gare and prc-
clnde tbo probabtllty of gar cnterlng the buLldlng. The eharacter of the aoll 1r
lrrclevaat to the need for veatlng. ilhatever the sol1, the vent should bc ln-
gtallcd. The rcll coverlng tha gravel chould bc of a perneable conslstcncy to
pernlt frocr flor of escaplng gat to thc outslde aLr.
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PIPE SLEEVE
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CLIMATES TO FROST LINE

lF CHECK METER 15 USED lT l,tAY
BE CONNECTEO AT THIS POINT
IN WARII CLIMATES

t tp'vErt PIPE,coPPER oR
coATEO FERROUS,TERMINATtilG
IN GOOSE NECK PARALLEL IYITH
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PIPE STRAPS SECURED TO BLDG.

T{ECX VENT PIPE

OED EX-
PAI{SION LEG

PIT

t/2" w.P. cEMENT PRorEcflvE
COAT UNLESS WALL IS SOLID

GAS LIi{E

PLAN
AT FOUNDATION WALL

NECX VENT PIPE
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FIN. GRADE

TOP SOIL DOIVN TO
GRAVEL,ABOUT 12".

GAS PIPE-PITCH AWAY
FROM BUILOING.TVELDED
PIPE UNDERGROUND
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,rl

F

o>og 6 IYELDED EX-
PAIISIOil LEG

COARSE GRAVEL
PIT,L NOT LESS THAN 3/q"

o LINE
LOCATE PIPIT{G AIID

20 oa

flT MIDWAY BETWEEI{
PTERStwHERE PRACTTCAELE

PLAN
AT GRADE BEAM

o D a a
.? 4a III GRADE BEAM CoTSTRUCTIOT{, EXTENO

BEAil 12"BELOW PIPE OR rO rOp Or
PIER FOOTINGS WHICHEVER ]S LESS.THE
EXTEI{SIOiI SHALL SPAN THE ET{TIRE
LETIGTH BETWEEN PIERS2'-o" ltlil

BOTTOM OF PIT AWAY S ECTI ONrRom rouHdATroN wALl

FIGURE 3 METHOD OF VENTING GAS PIPE TRENCH AT BUILDING ENTRANCE WITH
CRAWL SPACE CONDITION-I. WITH CONTINUOUS FOOTING CONSTRUCTION. 2. WITH
CRADE BEAM CONSTRUCTION

a\

fi?;|ru

t9-

o
D

a o
o



(:,ii*p,rtffi-t-E
ruITA

PHA&rIletln l{o. I.B-7
PfiT Y 4-4-5O

?

?

r t/z'vEttT PIPE.coPPER oR coAT
FERROUS.TERUIiIATING I]{ OOOSE
NECX PARALLEL W]TH EUILDI]IG

IF CHECX X€TER IS USED.IT fAY
!E CO0rlrEcTEo AT THIS Portlr rN
WARX CLITATES

GOOSE

IISULATE GAS LINE II{ COLD
CLII'ATES TO FROST LIilE

Flil. eiloE

TOP SO|L OOWI rO
GRAVELTISOUT t2-

CAS PIPE-PITCH AWAY
FROT BUILI116. WELDED
PlPE ts

o

o o-o o do o

IOT?OI Of PIT AUAY
rouloATroil UALL

PIPE SLEEVE
PIPE GUIDE

CAULXING

ao

ED

o

oo oo
o

llt'-

.rtl

A

PIPE STRAPS SECURED TO
BUILDIT{G

t/z'w.P cEmENT PRorE
COAT U'{LESS WALL IS
OEilSE Cor{CRETE

CTIVE
soLr0

Oo

t___-
I

SECTION

GRAVEL
PIT _:-

tlEcx vEilT PlpE

LOED EXPAIISIOil LEG

OAS PIPE

PLAI{

FIGURE 4 METHOD OF VENTING GAS PIPE TRENCH AT BUILDING ENTRANCE
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Gau ptplag chqrld not bc horscd ln the sane trench along rlth other utlllty
Ilaca. Ihc gaa plpe treach shorld be separate and above all other trenches,
bclor frost Ilac, patttcular\y ln nanufactured gas lnatallatl.ona. llren
retcr lhca are placcd 1a the gane trench rlth gaa plplng and then bnanch araJrt
eaeaplng gat 1111 t'ead to follc the path of all trenchee ard nay enter the
bulldleg tq aa nary placeo as the tro utlllty llnea plerce the butldlag raIL.
Ilth gaa plplng ln a aepamtc trcache the hazardg of eacaplng gas (otherrlge
follodag all trench patha) rtll bc reduced, and the gaa gcBerally dll be
coaflned on\y to one path. 0n the other haadr care should be exerclsed rherc
gar lhca oror! o,ver ortbcr uttllty aerrlces; backftll over the lorar Ilne
lhorld bo trryed herd, preferably rtth al lryemeabJ.e nater.Lalr up to the gaa
trc.lah. Baelcfl1l for the gae trcach ahould be coarsc gravel, aot lsag thea
3/i, stzel cxtcadhg up to-rlth{o 6-12 lnchcr of thc gradel iop soll ahould
bc of e porncablc atnrcturc.

0tber rcthodg lrcclslrNr or hclpftrl for incrsaalng protectlon arc,

!o funnlng gervtca llncg to polnt of eonnectlon rltb lnterlor rystene
(gcrerel$ not over 5 tost fron outgide hrlLdlng raLI) rlthotrt laternedlate
Jolnttr

b. Ucc of Drcaacr or glullar typc corplhga. If thc ayatcn la pro-
tcctcd fron corroaLoa clcatrlcrl$; lt la nccGsoarlr to havc a bonded rirc
Jurycr acroaa a eorpllng to nake thc clectrlc ctreult contlnuous. hsulatlng
typc dppleal coupllaga or flanges ahould be uscd at uaster netera to tsolatc
thc proJeet dtrtrlbuttoa ryrtcu fron the local utllltlest transnlsslon Llresl
eede at or la hrlldlnga, to lrolatc the later{.or frm the erterlor dletrthrtloa;
thcrc thofld bc at leaet e! lrry polntr of lgolatlon as therc arc polntc of
cntry tato hrlldtnge tlo the undlrgrorna syatu.

or Orortlug tbe opcalng or tlghtly paaklng thc annuler space bctreen
plpc ard alceve, rhers plpc plcrceg hrlldlng ral1. Guldes lnata11ed ln the
dccyc 1111 hclp to ocnter thc plpc thercln. Before enterlng bulldlng1 there
thorld bc rcana for e:rpanaloo to rollevo the thnrgt on the plpc at the potat
rhcrc lt plcroea thc hrl.ldlng ,r.11. Other utlltty llncc ln the rlclnlty of
thc gat ltae rhotrld a1lo bc rcII grouted rhcrc thcy plerec bul,Idlng rall.

d. Sclectlouallrlry plplag b;r acecaolble valvcg lnto a nlnl"nun of tro
gcatloas for mall proJectrp ald ddttlonel valved aeotlons for larger proJecta.

co Valved serrlcc fon eacb hrlIdfn8r or for each drclllng urdt lf
roperatc rcrrtcc connectlon! arc provldcd tberefon, 1nstal1ed preferab\r ln
eurb bor arry frou tbe hr1ldlng. lhc ctrrb box has the added advantage of
vcatlag caceplag gea. hlgdoa of such velvea hes beco tho sourcc of coatly
tel.rtcaancc. The curb cocl ahotrld bc iron body, brasa aorc t1rye. Tro dis-
alnllar netele (lroa and aoppcr) rfff pemit earler operatloa of the valyc and
prcvcnt frcezlngS galvanlc ectlon rlLL not be a senlous factor.

f. Dralnlag plplag at thc lor po!.nt, but not ln bulldlnge.
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go f,eldlng flttlnge to bc uscd la greater proportLon to gcrered Jolats
than has been ln the paat. Ia factl lt le preferable that all underground
llnes be relded. Xeldtng speclflcatlona have been lssued by code bodlee llke
The lnerlcan S:bandards Agaoclatlon and rlll Berve as an excellent gutde to en-
glneer and lnetaller. The .Anerlcan Gag Srcoclatlon Buggests the nf,eldlng Codc
f,or Steel aud llrought fron Plpen adopted by the trHeatlnge Ptplng and Alr Con-
dttlontng Contractorstr l{atlonal Acsoclatlonr 1250 Slxbh Avenuel Ner Iork.

h. Installlng curb borst aray frou graveled parklng areas. A noton
vchlcle rldtng oyer or restlng on a eurb box dlI trangmlt lts rctght through
the box to the plpe at the gas cock conneetl.on. Such vlbratlons or loade hsve
strained or fatlgued the connectlon enough to cause Ieaks.

5. U0USE PIPIIIG .$ID COlfNEqIf0NS. llthln the franerork of eefety and ofBen
Just aa luportant as adequate protectlon for the extcrlor dlstrlhrtfDg cyaten
lc the need for the eorrect l.nstallatlon of gar ptptag rlthln hrlldlngs. There
are a fer practlcal and yet ainple nrleg to renenber to lncrease the safety
factor. Sme of the lnportant nrLee are llsted belor, but detatled requlre-
neat,a nay be found ln regulatlona pronulgated by loeaI Jurladlcttonal bodlea.

Plplng ghould be free fron sagc rhere condensate naJr collect and causc operat-
lng problema. Fe11 auppor{cd plplng 1111 preclude auch problens. Condenaate
should oa\y be collected la drala pockets at locatlons rhere tbere la no danger
of freezl.ng and rhere renovatr lnto a contalner or plt le feaalble. If at ell
practlcabl-e; draLn pocketc collectlng condenaate fron the orCerlor dtstrlhr-
tlon should not tie lnstalled rlthln hrl.ldtuge. tLth the lncreaced uae of
netural gas (nhtch 1g drler than nanr:factured gas), the need for condensate
pockets dlnlnlshes proportloaate\y,

llhere plplng nuat be nrn ln the crarl. spaee under a bulldtngl the declgnlng
engincer should lnalct that the Bpace be adeqr:ately ventllated, to prevent'
any poarlblc concentretlon of gaaet. Venttlatlon through ctarl space
at or ncar eelllng level ls noat lrportant. fn addttlon, aLl openlngo ruder
the ftrst floor nhere plpesl duets or eondultc paac through thc floor, except
for venti.lated pipe spaces, nu!t, be seaLed tlghtly to prevept gas lnflltratlon
lnto the auperstnrcturc. lltrere gaa plpea pasc through concretc floora, a gteel
plpe tlcerra should be usedl extendlng at leagt f lneh above thc floor.

fn thc casc of slab-on-ground coastmctlon, there fu no altcrnattvc cxcept to
rcqulre eatrancc lnto bulldlag above thc fLoor lLnc. the requlreneat lupoaea
the necetrlty for at rrenJr plpe entrtes aa there are dtaLltng unita ln one
bullding, because lt nay not be pooalble to distrlbrute the Lnterlor piplng
fron one unlt to lhe.other, unlecs there rer€ an attic spacs through rhlch
the dlrtrlbtrtlon eorld be uade. Gas Llneg_should never be nur rlthln or be
burlod beneath a slab-on-sround.

fn the ease of a cravl space or basenent, lt 1g obvious that dlctrlbution fron
unlt to unlt could be under the flrst floor level. ff the neeessarlr pr6cau-
tlona are taken, the crarl rpece or basenent should cease to be a hazard for
gaa lnstallatlons. There ghould be no obJection for the pipe to enter each
drelllng urttr ln trin or ror-houss conatnrctlonl provlded the outside d1s-
trlbutlon 1r patterned to sult lndivldual entrlr.
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fctp rhotbc the constrnctlm be eleb-on-gfouDd on crarl qprcisr tbs borl-
rcntal dlrtrlbutlon plplag dthlB the bulldlng oould bc nan Ln a vell-
venttlrtcd attlo Bpae€ of onratory btrlldlngr. Rl.ge to ettle spaoe ry
bo at onc polat only, eltber oa the cnrtalde or lnslde of the bulldlng. IDl.
rulatlon rtll bc !€coc6et5r ln oold elhatoc rhcre plpe Ls carrled oa out-
rl"dc of bulldLut.

Yentlng to the f\rllest ertot practlcable, concealcd gas plptng to tho out-
tldc elr et tbe top of the conooelcd epaoe. tlhcn thc gaa plptng 1g o6-
ocdrd ls e ootlauous spacc rlth plurblng llncc, the rhole rpace ghcrrld bc
votldo llhcrc thc rtnroture lnoludeg a baaelcnt or crerl 6paco, the vo-
ttlsted rproa rhorld stcrt rlth cD openlng at the baacrent or creul lpcooo
Iherre thc rtmoture lncludct a chb-6-g3@nd, vcntLlrtlon should rtert ulth
au opootng df$.otly abwe the rleb ta tbe nneUlne uult nherc the plpe re
tcre thc ooortod splGoo

tcntlae ny bc thrddh roof terrlnatlag rltb e hood, o tbroeb outrlde
uell tcnlartlng rlth a grlllc eud dcflectqr (prcrcitlng rrlnd becl draftg) o

If voatlag 1a throgb r pltcbed roof, and lf the gae llne ls enslosed ln
e phlblng tpaoe, the area of the rpaoo By bo rcduced at the attlo lry.l
to laoludo onl,7 tbat portlo conflacd to tbr gea lLua; ra trentl-aratr
lnaolrtd duct oan tho proo€.d llrfi that potnt to trofo If ventlng ls
througb 811, the top of the ventllatod rpaco gbold be reled, and tihe
grlUc eod rcf,lcotor loeated la qrtrlde raIL dtrcctly uadcr top of tbc fproco

fbo prrtltlor or r{La cnolorlag thc venttletlon !p.c. ahould bc flrt
rorlitrat et lcst t loor flr rratlag. Stack actloa la tbe ventllltlm
tpaoo ULLI bo lacrearod tf apaoe boetlag or dccatlc rnter hoettag lLacs
uc pleord tbercla.

Plplng aaold be oo lngtrllcal as to be rceillly aooesalblc vlth tbe Lrct
dehlgc to bulldLng atmoturco Ia no cvort nret plplne be lngtrllcril ta
ohl^ncyr, vrntlJettng rDrtbr or otbcr elrilar looatlona. Cbtlncya or fluo!
lhclrl !d br urcd fon plpe obrecao

hrt$h ooncctlonr ehcrlld bc trlen fro the top olr rldc of tbc rln (aot
frc the bstte) ao the brracb 1111 dnln to tbc tslD.

Iatd on orthor plpc Jotat oorpornd rLLI ractlreg oau6c atoppage ualcar ap-
pl:ld to thc nle thread mly, and rether rpartngly. Copoundc chanld bc
rcalcteDt to any oorroglve aotloa of the pa€lr Ptpo qhmld be pr"otcctcd
rtth tro oortr of red lced and llnrccd o11 palnt.

Xo htgh prtsturtt llnea should be trn lnto dnclllng uttr. B.gulr,tlo to
lon proamrcr Ed wor lI lnohea rretcr oolm, chouLl bc lede before entry
lato ualt.

Dcvlcor euoh ra gaa ravlng Lagertr.rnd petcnted condengatlon trapo are
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sometlnec speclfted or lnstallcd on gaa ptptng. None of these aeeu to have
the approval of eode or regrrlatory bodlea. Unioaa, 1f ussd, ahouJ.d be of the
uetal-to-netal ttrt?e rlth grorrrd Jolnt, and then on[r lnetalled on e:Eoaed plptttg
adJaeeat to neter @ gas hrrulng appllaneee. Fltttnga ehould engage a ntninrn
of flve plpe thrcada.

6. AccEssoBrBs AltD lFPtIlNcEs. lYo inportant conponenta to a ptptng aysten
are the aeter and the regulatlng devlce, thc lattcr controlllng ths proaEure
and ateady flo of gaa, Thelr correot LoeatLon and nethod of laataIlatl.on de-
aervc nentlon. In nary proJeete the lccal &rthorlty 1111 purahase gaa urder
a connereial or rholegalc rate stnrcture. Under eucb purchaae scheneae the
loca1 utlllty 1a expected to suppry and 1nsta1l, and be reaponrlble for nata-
talalng the uacter neter or netera ucasuring the flor for tte cntLre proJect.
Hmever, tenaat check neterg are furnisbed and lnstalled by the Local Artborltyl
and the local uttllty has ao Jurladtctlon over tbese netorg. In sone lnatauceae
the locatlon of check neters haa been found turgatlsfactory arrd oven dangerous.
They shorld not be located under atalra or rlndorsl ln unventlLatcd cJ.oaetae
aear a furnace, boller or orther beetlng equlpnent, ln bedrools or bathrooosl
coal bins or aah fanltae shafta or other locatlons rhere they r11I be subJcat
to fracrlng tenperetunea or corroslon. l[etera nqy bo ].ocatcd urder ftreproof
atalrrays provided there La rryIc veatllatlonr or at ar5r other locatlon rhera
they are readl\y aecessr.ble fc readlng or repalrr rlthia on outalde the drel-
11n9, arranged Blltly or ln groupa.

fn rarner cllratcg rhere plptng nay be e:rpoaed on thg outsldc bulldlng ralll
check letera2 too, uq;r bo locatcd on the outeidc provlded they are adequetcly
houaed for leather proteotton ad longcr llfe.
Preaeure regulators or govcraora rhea eontrolllag the aupp\y of gas for the
enttre proJect or for e grorp of drclltng unlta rlthln a bul.Idlng nay be placed
lnstde tha butldfas (ht aot ln ary drcIllng unft) tf veatcd to thc outer alr.
The vcnt should bc prdccted, homvcrl Bo thrt raterz lnseotE or other forclgn
natter cannot cntcr the vcnt plpe. fhcsc rcconnrendatlonse govcrnlng tho loce-
tlon of thc netcre lnaidc or outalde the brulldlag, shorld apply for regulators
eg relL. lbc requlrclent for chooslng an edequetely glzcd regulator ia neai-
fcst, slncc lt ls on\y by paqpor rcgulatlon of gae flor tlut thc neceeaarlr
presaurcr for aafe operatlon caa bc guatalnsd at the appllanceae and fluctua-
tlona ln preemrre avoldcd. fn Elrlr eas6a lndlvlfiul appllanccs are requlred
to havs a regrrlator, ln rhloh eveat thla regulator rnnt nay be curtended rlth
qen eod tato tbe appllaocc emhrctlon chanber.

The aubJeet of appllancc sclcetloa and use la broad enough to pemlt ceparate
dlscuaglon, but thc cooktng rrngo, reter hsatcrl firraace or boller ehorld
each bear the label of the lnerloan Ges &eoolatioa. Such label; at leartl
rarnrcs thet ntatnrn coaetnrctloa requlrerentr for aafety rnd perfornancs
havc boon Ect. Thc rcqutrcleatr arc dcrcloped ln acoordance rlth lnerlean
S'tardardg lasoctatLon proocdurc.
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7. TE$ffire. Uore tnportant than teetlng aqr other plplae ryttu la tb
need for ,teatlng the gaa systen becauce of the lnherent hazaxde. Iccel rogf,-
latlone generally speclfy the presaures and condltlona under frlcb tectl'ahou.ld
be nade. f,e1ded ptplrU ahould be teeted to the eane requlrenenta for lnternodl-
ate pressuro gao plplngr but not Lees than 5O pourds gago.

Befora a4y gao ls turned lnto thc eysten, lt 1s good practlcc to nakc a thorougL
aheck (evea after euccessflrl. teatlng) to lnorc that there lre no openlnga fro
thlch gar rlay esoapc, that appllance conneetlons ar6 ttght aad all gae coeka at
appllancer are shut. A further aattdaotor;r check for Leaks (rftU all applLeaco
coaneetlona cLoged) te to ratch for ary uoveneat of the dtal tn thc gaa neter.
lf,ter nelclng aure that the syaten la tlght, the plptng chould be purged. At
thla tlm thc reter aorld be uscd for cheeklng conaurq)tton of a repreceatattvc
buracr or burucrs agataat the naufacturgrt s ratlng.

8. RESP0IISIBILIIf. Thc aafcty factc arourd *lch thc forcgolag ls rrlttcn
ta a presslng one and lntcagc to lts very end. lhe rork hposed upoa thc de-
slgnlng enginecr la challonglng ad rhould be rurorrlng. lhs rork lnpoaed upoa
the lnstaller ghould be cxactlng. The rork lnpoecd upoa the lnapcctor ahould
be unrenlttlng. Qy neetlng th1s oollective respoaalblllty, the ultlutr la
oafcty should be reaohcd.
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PANT V - SATErI CONSIDERATIONS IN TIIE

1. ryI_EADqqTI0N.. The pipework for this fuel is sirrple, yet there ls some
tendEllffi-E6-ffire in]rerent dangers of leakage caused by inadequate design
and faulty instaLlations. tlhlIe there ls no j-nformatlon to cause PHA to
belleve its actual record ercceeds that in private lndustry, there is reason
to belleve that iJ lsrorsn precautlons are taken, the risk 11111 become negligi-
ble.

Obvlously, there'is no risk i-f there lrere no escape of gas. Ieakages Inay
occur outside of buil&ing and find their way within closed spaces by follow-
lng pipellnes or by soil. permeation until a point of entrance is found, or
the leakages nay occur rithin the structure itself. Leakages rray occur from
mechanlcal breaks or from disintegratlon (corrosion) of the pipe. Hence, it
follows that: (a) the pipe work should be so installed that the chances of
mechanical breakage are redueed t,o the minjrnurnt (b) the pi^pe should be of
such nature and so installed and protected that the effects of corrosive actions
are nritigated; (c) the gas systen shou1-cl be isolated, electricaLly and ptrysl-
caIly, from the other utility systems; (d) gas plpe should enter structure
above grade; and (e) interior building spaces which conceal gas piping should
be vented.

The hereln recommendatlons from ercperiences in public houslng projects are
sufflciently general in scope not to conflict rith locaI policies wtrlch are
ln accord wlth safe practices. Some recorrnendations lrilI, no doubt, be found
in standards and regulations lssued by t}le American Standards Association
(fanphfet, ASA, ZZL,3O) and. utility coirpanies, but it is the purpose here to
enphaslze those items which affect safety. Recommendations generally should
epply equally to llquefied petroleum gases as well as to natura-1 and manu-
factured gases. Specific requirements for the storage and handlirg of
heavj"er than alr petroleum gases are deffued in the National Board of Fjre
Underr,rrlterst Panphlets Nos. 58 and 59.

2. CORR0SION. The definition of corrosion, its forces, and the mechanlcs of
lts ffiTarre been'conprehensively iclentified il the Local Housing Authority
Handbook, Part V, Sectlon J, 'rlttaiatenance of Undergror:nd Utiliti-esrrt prepared
by the !'lalntenance Engtnee:{ng Branch of PHA. Reference should be made to t}rls
Handbook Section, For pu:poses of ldentlficatlon here, mechanl-cal protection
of piping neans coating aord wrapplng of both plpe and flttlngs; electr{.caI or
cathodic protectlon of plping rpans protectlon by the sacrlficial anode method
or ttre rectlfler method. ALL of the above are explalned Ln the Handbook Sectlon.

lletln No, LR-?e pages L-6r 9-l,;5 dated
lr-2L-5O, and pages 7-8 dated )-22-5L. It has been rerrlsed throughout.
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Speclallzed technlcal sldll is needed to resolve both technlcal and economlc
problems with u?tlch the uhole subject of protection is concerned. In sccne
Locallties, wtrere the soil J.s unlformly san{y and of hlglr reslstlvlty to the
current flow, mechardcal protection may be the only meens needed to reslst
corrostoni and there will be localltles where mechanical and electrical pro-
tectlon rrllJ. be requlred.

For e:camplel a serious conditLon for:nd to have accelerated corroslon ls the
installation of unprotected nains ln (a) ground nater; (b) molst grourd nrhere
the water level changes constantJy; (c) corrosive solls of Iow reslstLvity or
fi1Ied-ln areasi. (d) use of dlfferent netals rcithout separatlon by J-nzulattng
flttlngs; and (e) less frequently, in ground near street car linee or rithln-
stray current areas from nearby industrlal plants.

tocal utllltles have devlsed various r,rays of protectlng their dlstribution
1ines mechanically. Ttrey should be propared-to advise locaI engineers or
Loca1 Authorities on the efficacy of one protective method over anottrer, and
to offer the beneflts of thelr e:perience on corrosive actions on metal pipe
buried ln the soiI. Ttrpes of coatings and rrrappings have been used success-
fu1ly In varylng degrees and are described ln the ebove-mentloned Handbook
Sectlon, and ln Lor-Rent Manual Sectlon 2O7,L.

Cinders or nrbbish should not be used for any baclcflll. fn grounds withtn
proxfun:ity of streetcar lines or other stray cr.rment sources, the plpe should
be grounded to the source of cr::rent if at aLL practlceble.

llechanlcaL protectlon should be corplete, and care'in h*dlirrg the pipe durlng
lnstallation should be tntenslve. A coated and wrapped pipe Is on3y as good
as lts weakest polnt, r*rere lt may be left unprotected. Incorp}ete protection
or damage to coatlng and urapping will leave ttholidaystr which are subJect to
severe corroslve attack. Alsol lsolati.on (discussed elseuhere in thls Bullctln)
J-s required to reduce the probabllities of electrical contact between the gas
and water systems or other netallic installations. The better the plpe pro-
tectlon, the less electrical enerry rri1l be requlred to effect cathodle pro-
tection uhich is relatively ine:pensive to install and will ninlmize both
hazard and cperatlng eqrense. Further, the better the pipe treatment, the
greater ls the protection afforded against eryosure of flaws In the pipe to
corrosive olements in the solI.

This dlscusslon has been predicated on the use of steel plpe. Questions nay
be raised as to lriry other materials carurot be used, and so obviate ttre need
for elaborate protective derrices.

Cast lron, owing to its greater thiclmess, has a longer ltfe than steel with-
out cathodic protection, but has been corrpraratively llttIe used for gas lines
ln publlc houslng because, in most projects, the major part of the plptng is
sma1l size, not obtainable in cast iron. Fbrther, cast lron is more susceptl-
ble to fracture than steel, and should not be used in lines lald in unstable
ground.
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Copper Ls less subJect to corroslve attack than ferrous metals, but ls more
e4penslve than steel ptpe; tts use for gas, therefore, has been an econornic
problem in baLanclng cost of ferrous ptpe and protectlon against added cost
of the cqpper. Alsoe cqpper Is llable to corrosLon stren pLaced ln soJ.ls
nhlch yield srlphur dloxlde.

PLastic pipe of organic chomicaL corpound, and of structure sulted to the
intended serrrlce has been given iacreasing and progresslve constderatlon.
Electrically inert, it needs no mechanical protectton and Ls not subJect to
corroslon. Before this material ls used, opinion should be determLned
Locally from the utlllty corparry, and permlssion shouLd ba secured fron the
code body lJ not lncluded in the regulatlons.

Reduced to strylest terrns, the following are believed safe rr-les to consider
ln protection of underground gas lines: (a) utrere reslstlvlty of the soil te
Less than 2000 ohms per cublc centlmeter, cathodtc protection shouLd be
applied; (b) wtrere resistivity of the soll varj.es from 2,OOO-1O,0OO ohms per
cubie centirneter, cathodic protection wi-I1 usually be requlred; (c) where
resistivl-ty er.ceeds LOrOOO ohns per cubtc centlrneter, cathodlc protection may
be required, but frrrther study of the soil ls advisable; (d) regardless of
soll eharactertstics, and whether or not cathodic protectlon ls applied, the
plplng must be coated and wrapped as pen PHA requlrements,

In somewhat contradictlon to the above, it ls generally not advlsable to
install a cathodic protection system simultaneous with laying the pipes ln
the ground, because of the variable factors influencing the need of such
protection, such as, the type of soiI, the amount of grading, the type of
baekfi11, and the positlon and relation of the different utillty pipes in the
ground. By prcrprer instrumentation after completione the need for, and the
correct arrd economical method of, cathodic protection can be accurately
determined, rather than guess what the needs night be during the design and
constrrrction stages. To facilitate these measurerrents, leads should be welded
to pipe at strategic locations, and brought to the surface in test boxes to
pernrit read:irgs r+ith the copper sulphate half celI and high resistance volt-
meter.

The copper sulphate hal-f ce1I together with the high resi-stance voltmeter
will determine the pipe-to-soil potential, indicating the degree of protection,
or uhether corrosi-on of the pipe is taking place. The degree of soil resis-
tlvity me&surenents will determine what type (sacrificial anode or reetifier
systen) is the correct method to apply. Various types of lnstrunents are
available to determlne soil resistivity. Saerlficial anodes should be given
preference if they are practlcally and economically feasible.

3. ?ROTECTTNG BUILDINGS AGAINST OT TSIDE GAS LEAKS. In cases wtrere leaks
have n the dlstribution maln or
tn the main serrrlng a building, escapiag gas travelled the path of the pipe
trench to spaces under the buildinge then up to the dwelling unit. Such
Leaks nay go unnotlced untiJ- it is too late. A momentary flash caused by a
match, pilot, open flamel or eLectric spark ls 'sufficient to cause an eryloslon.
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Gas should nevor be alloued to collect ln confined areas zuch as crawL spaces,
pipe spaceq or utility rooms. Ignition may be in a dwelUlg unlt, not, oecoB-
sarily ln the area rhere the gas has accumulated. A flame tends to build
force as it spreads, and conpresses the gas ahead until the m:ixbure becomes
e:plosive. E:plosion damage, nr,any times, Is greatest at locations away from
the origin of the flame and generally occurs with maximum intensity when the
gas concentration has reached the highest point lrlthln its range of lnflarma-
bility.

So lnportant ls the need to mlnlrnlze the entr5r of a gas leak r+ithir buu-ditg
spaces frorn the outside that the means for enterj-ng a structure above grade
now contained il Manual Sectlon 207.1 is e4ected to be strengthened by the
followirrg:

fnsulating fittings shaIl be installed i-n ferrous gas servlce 1lnes prior
to take-off of any connections, preferably on the service side of the
meter. l{hen natural or llquefied petro}eum gas is to be supp}ied, B€rrr-
lce connectlons from outside gas lines shal1 rise above gade before
entering a crawl space or basement of a structure. lrJhere the first floor
is slab-oi-g:adee such gas piping sha1I enter the structure above the
first floor s1ab. l'lhen manufactr:red or mfuced gas is to be supp1.led, 6efl/-
ice connectlons nEry enter the crawl s"pece or basement wlthout rlslng
above grade. hlhere the first floor is slab-on-gradee sueh gas piplng
shall enter the structure above the first ff-oor slab and shall be adequate\r
protected against freezilg tenperatures, and damage to lnsulation.

Gas plping should not be housed jl the same trench with other utllity llnes.
The gas pipe trench should be separate and above all other trenches, and
below frost Ilrte. r'Iith gas piping in a separate tnench, the hazards of escep-
ilg gas (othenrise follor+jng all trench paths) r*ff be reduced, and the gaa
w.il1 be confined onJ.y to one path.

Other nethods necessarXr or helpfi:J- for lncreasing protectlon are:

Bo Running serrri.ce lines to a point of connection with lnterior system,
(generally not over five feet, from outside bu{tding waIl) without intermedtate
Joints,

b. Use of flerible type couplings. Except for welded joints, al.l Jointa
as per PHA requlrements, must be electrieal-ly.bonded, to make project gas
system electrically contiruous. In additlon to insulating fittings at naster
rneters to i.solate the project distribution system from the utllity companyts
transmlssion Iines, inzulating fittings, at or in bufldings, shoul-d isolato
the underground gas from the r^rater distribution system. There should be at
least as many poi::ts of isolation as there are points of entry lrrto buildlnge
from the underground gas system.

c r Grouting the cpening or tigfrtly packing the anrnrlar space betreen
pipe and sleeve, wtrere pipe pierces bulldirrg waI1, and centering the plpe

h
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rrlthin the sleeve. Before entering building, ttrere should be means for
eryansion to relieve the thrust on the pipe at the point utrere l-t plerees the
buiJ-ding waII. Other utlllty llnes ln the vicinlty of the gas line should
also be well grouted wtrere tbey plerce tmjJ-ding wall.

d' Selectlonalizing piping by accesslble valves lnto a nlnlmum of two
sections for small proJects, and additional valved sections for Larger proJ-
€cts.

€r Coati-ng and r,rappirrg of the pipes and flttings (even if cast-lroD or
copper) as per PIIA requirements when insulatlng fittings are used on under-
ground ptplng. The coatlng and rirapplng should exbend for a ml-nimum dls-
tence of L2 lnches in all directlons from the insulatl-ng fittlng.

f. Valved serrice for each bullding, or for each dwelling unit !f sepa-
rate serrrice concections are provlded therefor, jnstalLed preferably in curb
box away fron the buildlng. The curb box has the added advantage of venting
escaplng gas. Onission of such valves has been the sorrrce of costJy mainte-
nance. The crrrb cock should be iron body, brass core ttrrye. Two dissimilar
metals (tron and copper) wiff permit easier operatlon of the valve and pre-
vent freezLngi electrochemica-l action because of two dissi-milar metals rrlJ*l
not be a serious factor.

$. Draining plping at the low point, but not in bulldi.ngs.

h. Weldi-ng joints in preference to screwed joints. In fact, it is pre-
feraole that all underground lines be welded. Welding specifications have
been issued by code bodies like the funerican Standards Association and 1111
serve as a guide to engineer and installer,

1. Installing curb boxes away from graveled. park5ng areaso A motor
vehicle riding over or resting on a curb box i,rjJ-l transnr-tt its weigfit throug[t
the box to the pipe at the gas cock connection. Such vibrat,ions or loads
have strained or fatigued the connection enough to cause leaks.

L. HOIJSE PIPING AND CONNECT]:ONS. There are a few practlcal rules to remember
to the safety factor. Some of the furportant rules are listed below,
but detailed requirernents may be for:nd in regu-lations issued by tbe American
Gas Associ-ation and by loca1 Jurisdictional bo<r'ies.

Piping should. be free lYom sags uhere condensate nay coIlect. Well-supported
piplng wiJ-I preclude such problems. Condensate should only be collected i:r
drain pockets at locatlons wtrere there is no danger of freezilg and r*rere
removal ilto a container or pit is feasible. If at all practicable, drain
pockets collectlng condensate from the exterlcr distribution should not be
installed within buildings. With the increased use of natr:ral gas (r*rtch ts
drier than manufactured gas)r the need for condensate pockets dLnrlnishes pro-
portionate\r.
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}'Jhere pipjng nmrst be rr:n in the crawl space, the deslgn engineer should
jnslst that the space be adequately ventllated (see Manual Section 2O7.L) to
prevent argr possible concentration of gases. In additlon, aLL openlngs under
the first floor where pipes, ductslor eonduits pass through the floor, e:ccept
for ventllated gas pipe E)aces, should be caulked tlghtly to prevent gas
irrftltratlon lnto the superstructtrre. Piping should not be run within or
brrried beneath a slab-on-g'ound. In such construction, and in row houses
with pitched roof, distributlon piping from one dwe3.Itng unit to another (lJ
gas pipe entry from outside is at one point only) can be run in a weII-
ventilated attic spac€r

ConceaLed gas piping should be vented to the outside alr at the top of t,}te
concealed space. When the gas piping is concealed ln a continuous space
wtth plurnbing 15nes, the whole spac€ should be vented. Where the structure
includes a basement or crawl E)ace, the ventiJ.ated space should start with
an opening at the basement or crawl space. lihere the structure includes a slab-
on-grorrnd, ventilatLon shouLd start uith an openS.ng dlrectly above the slab
ln the dwelllng unLt where the pipe enters the concealed spac€o

Majn distribution piping should be so lnstalled as to be readily accesslble
with the least damage to build:ing structure. In no event nust piplng be
lnstalled in chi-mneys, ventilatlng shafts, or other similar loeations. Chim-
neys or flIues should not be used for pipe chases.

Branch connections should be taken fron the top or side of the rnain, eo the
branch will draln to the main.

No high pressure lines should be run into dwel}Lng units, Regulation to Im
pressure, not over 1I inches water column, should be made before entry into
unit.

Devices such as gas saving i-:nserts and patented condensation traps are some-
ti:nes specified or i:rstalled on gas piping. Careful check by the design
engineer should be nade to deternine utrether such devl-ces are approved by
Iocal or regulatory bodies.

5. ACCIiSS0RIES Ai'lD APPLfANCES. Two furportant conrponents to a pipi-ng system
are g devlce, the latter controlling the preisure
and stead;r flow of gas. Their correct location and method of installation
deserve mention. In many projects the Local Authority r'riIl purchase gas
under a eonmercial or wholesale rate structure. Under such purchase schernes,
the 1ocal utillty is expected to supply and insta11, and be responsible for
maintaining the naster meter or meters measuring the flow for the entire proJ-
ect. However, tenant check meters are ftunished and installed by the LocaL
Authority. They should not be located r:nder stairs or windowsi in unventl-
lated closets; near a furnace, boilerror other heati-ng equlpment; in bed-
rooms or bathrooms; coal bins or ash vault,s; shafts; or other locatlons wtrere
they will be zubject to freezing temperatures or corrosion. Meters may be
located under fireproof stairr,rays provided there is ample ventllation, or at
any other location wtrere they are readily accessible for readlng or repair,
w'ithln or outside'the dweJ*ltng, amanged singly or ln groups.

-6-



PHA
I,larch

HHFA

L963
Bulletin No. LR-?

PTRT V

In warmer clirnates uhere piping may be eryosed on the outside bulldlng uaIl,
check meters, too, may be located on the outside provided they are adequately
housed for weather protection and longer llfe.

Pressure regulators when controlling the supply of gas for the entlre project
or for a group of dwelling units wlthln a bullding may be placed inside the
building (but not ln arry dwelling unit) lf vented to the outer alr, The vent
should be proteeted, however, so that water, insectsror other foreign matter
cannot enter the vent pipe. The recorunendatlons, governing the Locatlon of
the meter, inslde or outside the building, should apply for regulat,ors as
welI. The requirement for choosi-ng an adequately sized regulator is manifest,
since it is onJ.y by proper regulation of gas flow that the necessary pressures
for safe operation can be sustained at the appliances, and fluctuations fui
pressure avoided. In many cases indlvldual appliances are required to have
a regulator, ln which event the regulator vent may be erbended with orpen end
into the appliance combustion chamber.

The subject of gas appliance selection and use is broad enough to permit
separate discussion, but, for general lnfor:nation here, the cooking range,
domestic water heater, furnace or boiler, and other gas appliances should
cor,ply lrith the standards of ttre American Gas Association. Its labeI affixed
to the appliance at least assures that durable and substantial construction
requirements for safety and perforrnance have been met. The requirements are
lssued in accordance r,rith the American Standards Associ"ation procedr:rer md
have their approval.

6. TESTTI\IG. The piping should be purged after speclfied tests have been
succffiy completed. Before argr gal is turned into the system, it is
good practtce to nake a thorough check (even after successful testing) to
ensure that there are no cpenings from wtricb gas may escape, that appliance
conneetlons are tight and all gas cocks at appliances are shut. A satisfac-
tory checlt for leaks (u:itfr aJ.l appliance eonnections closed) ts to natch for
any movement of the dlal i.ra the gas meter. At this time the meter could be
used for checking consumption of a representative burner or burners agalnst
the manufacturerrs rati:rg.

'1. RESPONSIBIIIIY. The safety factor around wtrich the foregoing ls r,ritten
is1ffiryend.T[reworkirrposeduponthedesig;e.,[ir,eershou1d'
be unerring. The rork i:rposed upon the lnstaller should be exacting. The
work inposed upon the lnspector should be unremitting. By meeting this coL-
lective responsibility, the ulti:nate in safety should be reached.

-7 - HHFA-PHA, tlish.p D. C.
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PLIJIVTING -HEAT]NG AND VENT]LATION

PART VI . PLUI\tsING CODES

The installation o1 d-omestic ph:mbing systems is closely related" to a funda-
mental objective of public housing: provid-ing 1ow-rent dwelllngs with d.ue

regard. to safety, sanitation, health and. economy. It may properly be said.
that PIIA lov-rent housing construction has met these objectives with a
relatively high degree of success, but experience has demonstrated- that further
atl"vances are possibl-e in the installation of satisfactory plumbing systems
at d.ecreased. initial- cost and. lower annual operating expenses.

Current research in various phases of household. plurnbing will und.oubted.ly
increase the store of basic information and point the way to more economical
plumbing deslgn, but the greatest present need. seems to be the ad.aptation of
current knowledge lnto usable form and the acceptance of the resulting simpli-
fled. rules as a basis for correct uniform practice.

Simplified. plumbing practice recommend.ations are presented in Report BiI l-3 of
the National- Bureau of Stanaards /, in the more recent Report of the Uniform
Plr:mbing Code Committee 2f , and, in ttre American Stand-ard. Association Plumbing
Code jf. There is a d.efinite effort underway to promote further acceptance
of uniform simplified. practices through a National- P1'.mbing Cod.e being pre-
pared. by the National Plumbing Code Committee, sponsored. by the U.S. Department
of Commerce and the ilousing and I{ome Finanee Agency.

]-. BASIC PRTNCIPLES OF PLUMBING.

The goal of environmental- sanitation is to prevent faulty plumbing installa-
tions r,rhich may cause outbreaks of dlsease of localized. or epid"emie propor-
tions; thls is obtalned through properly designed, acceptably instaIled., an6
ad.equately malntained plumbing systems. The principles for such design,
installation, and. maintenance may be stated. as follows:

nts for Plumbing BH 13, National Bureau of
Standard.s, 1932. Available from the Superintend.ent of Documents, Washlngton,
25, D.C. Price Jl cents.

?/ Report of the Uniform Ph:mbing Cod.e Committee, U.S. Department of Conmerce
and. Housing and. Home Finance Agency, t949. Available from the Superinten-
d.ent of Documents, Washington 2J, D.C. Price 40 cents.

3/AmericanStand.ard.Assoc1ationP1umbingCod,e,ASAA4o.7.l949,Sponsored.by
American Public Heal-th Association and. American Society of Mechanical
Engineers. Available from the American Society of Mechanieal Engineers,
2! West 39th Street, New York, New York.

-1-
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a. Premises intend.ed for human habitation should be provid.ecl with an
ad.equate supply of pure and vholesome water, which should not be connected-
with unsafe water supplies or be subject to the hazard.s of backflow or
back-siphonage.

b. Water for plumbing fixtures and d.evices shoul-d be supplled in sut'fi-
cient volume and at pressures ad.equa.te to enable the fixtures to function
satisfactorily and. without und.ue noise und,er af1 normal cond-itions of use,
but such volumes and pressures should. not be so excessive as to resul-t in
wasteful use of water.

c. Devr'ces for heating and storing r'rater shoul-d be designed. and. lnsta11ed.
to prevent aII d.angers from explosion through overheating.

d.. Plunrbing fixtures shoul-d. have smoothr.non-absorbent surfaces, be free
from concealed. fouling surfaces, and. have long life-expectancy.

e. Drainage systems shoul-d. be d.esigned, constructed. and. maintained so as
to prevent fouling, d.eposit of solids and. clogging; be free from defeetive
workmanship, and. give s,atisfactory service for a reasonable expected. 1ife.

f . Underground. lrrater supply piping and. drainage piping should. be install-ed.
ln separate trenches, unless the joints of both'water supply and. d.rainage piping
possess the strength and. durabil-ity to remain leak-proof, and. unless the bottom
of the water aupply piping is at least 12 inches above the top of the drainage'
line at all points.

g. Circulatio'n of air in the d.ralnage system shoul-d. be ad.equate throughout
to prevent d.anger of siphonage, aspiration, or forcing of trap seals und.er
cond.itions of ordinary use.

' h. Spacing of plu-nrbing fixtures should be such that +-he fixtures are
reasonably accessible for their intend.ed. use.

i. Testing of piping systems should be such that the tests wiJ-l- effectively
d.iscl-ose a}l- leaks and. d.efects in the work.

j. Maintenance of water supply, drainage and sewage disposal- systems should.
be such that the systems will remain sanitary and serviceable.

2, LOCAL CODES.

Plrrrbing cod.es are usually promulgated. by loca1 authorities for use in a limited
area. Because of their origin, -nd.ivid.ual requirements of the various eodes vi1l
d.iffer in a greater or lesser degree. Minor d.ifferences in regulations in d.ifferent
parts of the country may sometimes be justified. by variations in climate or other
local cond"itions, but many of the rad.ical tl-eviations, found. even in the eod.es of
the munlcipalities of a single state, are unjustifiable. ft seems obvious that
prejud.ice i-n favor of some particular method. of eonstruction has brought about
many of these d,ifferences. The plumbing instattatibns of low-rent public housing
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projects buil-t in areas that are vithin the jurisd.icticn of a parlrcui@-r
plumbing code must, of course, comply with the requirements of that eodu,
and nith any ad.d.itional- requirements contained. in the PIIA Mininrurr Pirysical
Stanclard.s. However, where requirements of the codes are believed to_invcke
needless expense, efforts should. be made to obtain waivers of such ?rovisions,
in the interest of obtaining a better system with greater economy. ftems
such as grease traps, house traps, prlming systems for fl-oor drain traps,
and- similar features are generally unnecessary, and shoul-d be eliminated.
wherever possible.

3. UNTFORM PLUMBING CODE.

Many 1oca1 governments have ad,opted. the simplified. practices recomrnend.ed,
by Government publications and various standarils associatlons, and. 1t is
expected. that more will d.o so. The Beport of the Uniform Plumbing Code
Committee ls in the form of a proposed. "Uniform Pl-umbing Cod.ef' and includ.es
a section on administration whi-ch can be used. as a guid,e i-n framing an
enacting ordinance. Any community whlch wishes to ad.opt this Uniform Plumb-
ing Cod,e for local use can d.o so 1n the knowled.ge that the elements of this
Code are based on 1egaI principles, the application of mod-ern scientific
knowled.ge, and the l-essons gained- through practical e:qperience.

fn areas where no plumbing cod.e exists or where loca1 cod,es are obviously
inad.equate, it is urged. that the contract Specifications specifically state
that all plunbing work must conform with the Uniform Plumbing Code as issued.
by the Department of Cornmerce and the Housing and Home Finance Agency, JuIy
L949. fn additlon, the plumbing piping layout shown on the contract Drawings
shouJ-d, be based. on the simplified. practices ad-vocated- by this Cod.e, the
fuJ.lest utilization of whieh will insure a safe, economical, and. easily main-
tained. system. (Subsequent PIIA bulletins, based. on the recommend.ations of
the Uniform Pl,.mrbing Cod.e or any later information that becomes avaiJ-able will
be issued" on various phases of simplified. plumblng praetice and. d.esign" )

-3-
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PART \rl - PtU}tsTNG CODES

The Lnstallation of domestic plumbing systems is closely reLated to e frrndamental
obJective of publlc houslng: providlng low-rent dwe1lJ:rgs wlth due regard to
safetye sanitatlon, healt\ and econongr. ft may properly be sald that PHA }ow-
rent housing construction has met these objectives with a relatLve\y high
degreo of successe but e:qperience has demonstrated that 1\rrther advances are
posslble ln the lnstallation of satisfactoty plumbtng systeme at decreased
tnltial cost and lower annual cperatJ.ng erq)enses.

Cument research Ln various phases of household plunrbing rilI undoubtedly
lncrease the store of basic lnformati.on and poiat the roay to more oconomicaL
plumbing design. New materials, notably plastics, have appeared ln the plumbtng
Jndustry and lt is to be assumed that after zuch materlals have been proven
aeceptable, they rr1ll be lncorporated into plumbing installatione.

1. BA,STC PRINCIPLT]S OF PUNfiING.

The goal of enrrlronmental sanLtatlon ls to prorlde plumblng lnstalLatlons to
protect the health of people; this is obtafued througtt properly designede
acceptably lnstalled and adequately maintalned plwnbing systems. The prlnclples
for such design, installation, and mallrtenance may be stated as follows:

oo Prenises lntended for human habitation shouLd be provlded with an
adequate supply of pr:re and uholesome rhater, uttich should not be connected vlttt
unsafe rater supplles or be subject to the hazards of baclcfLow or backslphonage.

b. Water for plumblng fixbures and devlces should be supplled ln sufflclent
volume and at pressures adequate to enable ttre ffucbures to functlon satS.sfactorlJ;r
and rithout undue noise under all normal conditlons of use, but such volumes
and pressuros should not be so ercessive as to result in wasteful use of water.

co Hot water shaIl be supplled to all plwnblng firrbures r'rtrich normally
need or require hot uater for their prorper use and functLon.

d. Devlces for heati:ng and storlng water should be designed and lnetalled
to prevent aII dangers flon eryloslon througlr overheatlng.

6r Plumbing fi.:rtures should have smooth, nonabsorbent surfaces, be fr.ee
flom concealed fouling surfaces, and have long }Lfe-e:(pectancy. Each fand\y
dwelHng urrit shall have at least one water closet, one lavatorlr, one bathtub or
shoner end one kitchen sink or kitchen sink and laundry tray combination ttrpe
ffurbure to meet basic requirements of sanitation and personal hygiene.

-1
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f. Dralnage syatena should be deslgned, aonstructed, and malntalned Eo ag
to prevent foullng, depoelt of colldar end cloggtng; and nlth adequata cleanoutg
ao arranged that plpes may be readl\r cleened. The plptng shalt be of durablc
nater1al, fYee from defectlve worlsnanshlp and so deslgned ard conetructed as to
glve eatlsfactorlr serrrice for lte neasonable e:rpected ILfe.

gr Each flxbure dtrect\y connected to the dralnage system shaIl be equlpped
rrith a llquld-sea1 trap.

h. The drainage systen sball be deslgned to prorlde an adequate clrcrrlatlon
of alr ln all plpes rlth no danger of slphonager esplratton, or forclng of trap
eeala under condltlons of ordlnarlr use.

L. Each vent tcrdral ehall extend to the outer alr and be eo lnetalled ag
to ntnfurd,ze tte posslbl}Ltles of clogging and tlhe return of foul alr to the
butLd{ ng.

J. All plumblng fixbures shall be so tnstaLled nlth regard to srpaolng as to
be accessibLe for tlreLr lnterded use and clea-olng.

k. l'lhere a plumbing draLnage system la strbJect to baokflor of senage fuon
the public serrer, suitable provlslcr ehall be made to prevent lte overflow ilr
the bullding.

1. Where plunblng ffurbures are lnstalled tn buJ*ldlngs nhere there ie no
pubLlc sewer, suitable provlslon sha11 be made for dlsposd.ng of the eewage by
sone accepted method of aeuage treatnent and dlsposal.

no Provl,de separate trenches for underground drainage piplng and rnater
supply plplng, rith a nirdmun of 3 feet of undistrrrbed earth betreen trenctres.
In locatlone, close to buildings, utrere separate trenches are furpractlcablc,
lay t}re uater pipe on a shelf 12 Inches above top of dralnage pipe.

no No water eloset or slrnilar fL:rbure shall be Located ln a roon rhLch la not
properly Ughted and ventilated.

or Plumbing shall be lnstdLled. wlt}r &re regard to proserwatlon of the
strength of structural members and prevention of damage to ralls and other
surfaces through flxture [s&g€o

pr The plumbing systen shall be subJected to such tests as n111 effecttvely
dlsclose alL leaks and defects trt the rork or {*te naterial.

2. IOCAL CODBS.

Pluubing codes are usual\r pronulgated b5r Local Author{.tles for use tn a llmited
&p€8o Because of their origi.n, lndiridual requirernents of the varlous eodea rrIIL
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dlffer ln a greater or lesser degree. lflnor dlfferences in regulatlonE in dlffarent
parts of. the cor:ntry may sometlmes be justlfied by varlatlone ln ctlmate or other
locel condltlons, but many of the radtcal devlatlms, found even Ln the codes of
the rurdclpalitJ.es of a singLe state, are unJusttflabLe. It seens obryloue that,
preJudlce in favor of some partlcular nethod of construction has brought about
nary of these dlfferences. The plumblng l.nstallatLons of low-rent publJ.c horslng
proJects butlt in areas that are rrtthix the Jurlsdtction of a particular plunblng
code rmrst, of courso, corply rlth the requlrement,s of that coder and witb ary
additional requirements contalned in the PHA Standards for PJ.annlng and DesJ-gn.
IIowever,
efforts

nhere s of the codes are belleved to lnvoke needless
s

a sy econor{r. es grease traps, house
traps, primlng systems for floor drain traps, and similar features are generalJy
uiliecessar3rr ed shouLd be e1l-minated r*rerever possible.

3. NATIoNAL PIITMBING C0DE.

The Amerlcan Standard Associatlonr s rrNatlonal Plumblng Coder rr ASA AITO.B represents
ttre consensus of national organlzations for a standard of urriform pltunbing practLce
suitabl-e for State and local. appllcation. Since its lssuance tn L955, it has been
particularly useful to citles and municipaI:ltlee es an author:ltative guide i.n
revising and up-dating thelr standards on pltmbl-ng lnstallattons. This code Ls
founded upon certa.in basic principles of enrkonmental sanitatlon and safety
throug[t properly deslgned, acceptably lnsta-lIedr md adequately maintained
plunbing systems. This code sponsored b5r Amerlcan Pub1ic Health AseociatLon and
AmerLcan Society of MechanLcal Englneers is avalLable fron the American Soclety
of MechanJ.cal Engineers, 3lr5 East h|tfr Street, New Tork, New York L00U. The
American Standard Assoclatton recognized the need for periodic revision of the
Standard to keep pace with research ffuidings and naterlal developments and there
ls a deflnite effort underway to up-date this Standard.

Arqr comrunity utrlch w'ishes to adopt the Natlonal Plurnbing Code for local use can
do so in the Imowledge that the eLements of thls Code are based on the appllcatlon
of modern scientiific lo:owledge and Lessons gained through practical e4perlenco.
In areas utrere no plumbtng code exists or uhere locaI codes are obvlously
lladequate, lt ls urged that the contract Specificatlons specifical\y state that
all plurrbing work must conform to the Natlonal Plwnblng Code. In addition, the
plunrbing piping layout of contract drawi-ngs should be based on si:rpllfied
practlces advocated by thts Code, the fu3.lest utilization of uhich rr.111 lnsure a
safel economlcal, and easiJ;r naintained systeu

-3- IIEFA-PIIA, Uash. D.C.
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PART VII . PREVEMTON OF WATER SUPPLY POLLUTION IN BU:LDII{GS

Most eommunities have ordinances or codes regulating the installation of
plumbing. However, many of these plurnbing codes were enacted. many years ago,
before it was generally realized that d.efective or improperly installed.
plurnblng piping or equipment could cause pollution of the water supply within
a build.ing. Research d.uring the past deeade and- experience ln complex modern
ph:mbing installations have brought forth much new knowled.ge on the causes
of pollution within build.ings, and. application of this knowled.ge to particular
lnstal-l-ations should. result in safer and. more economical systems.

The correct design and installation of a plumbing system is most important
in any type of build.ing, but particularly so in the build.ings of a housing
development which consists of a concentrated and interrelated. group of family
dvellings. The possibility of water pollution from faulty ph:mbing conn€c-
tions and fixtures, or from the incorrect use of such fixtures, constitutes a
serious health hazard- for the many residents in the d.evelopment.

fhe most common d-isease-carrying organisms found- in polIuted. vater are those
organisms that cause typhoid. fever, bacillary d.ysentery, amebic dysentery or
any of several- other gastroenteritic d.isturbances. While sufficient amounts
of residual chlorine in the water will probably d.estroy most of these baeteria,
that type causing amebic d.ysentery vilJ- not be destroyed. while it is in its
cyst stage, except by boiling the water or a concentration of bichlorid.e of
mercury not d.esirabl-e in a potable water.

Cases of water pollution have been reported- from many projects constructed.
d.uring the past ten years, and. it is highly probable that almost a1l of these
cases could have been prevented. if more care had been taken in the d.esign and
installation of the plumbing system. This bulletin, therefore, d.irects atten-
tion to the pollution possibilities that exist in plumblng systems. The
subjeet is a serious one, as is evid.enced. by the fact that reports from U.S.
Public Heal-th authorities ind.icate the weekly occurrenee of 60 to lOO cases
of amebic dysentery and. about twice that many cases of d.ysentery each week
which are t'unspecified." as to type.

1. CAUSES OF'WATER POLLUTION IN BUILDINGS.

A cross-connection is any physical connection or arrangement of pipes between
two water-piping systems whereby water may flow from one system to the other.
A cross-connection become; a hazard. to health when one system earries a potable
vater and the other contains watcr of unknown or questj-onable quality which can
conta,ninate the potable water. Contamination of the safe water supply may be
effected. und.er either of the following conditions:

a. A d.irect connection, whereby safe and unsafe water are separated. by
a piped" connection and a vaIve.

-1-
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b. An lndlresb connectloa, vhereby thc coryletlon of thc Gno!!-cotrDoctloa
1a depeadoat on a cbrqgo ln aomally crlatlng condltlo!1.

In gcneral, vbea a bulldiag. eontelns oaly oac rrtcr rupply cyrtcr, a vaeEut
(or drop ia rater preseure) mrst occur 1n thlr syttol brtore rrtor fror rnotbcr
lource can flow lnto lt. Such a veouur ray be caurcd by erty of tbe follorlag
cordltloag rlthla tbe oystenr

Eo Uater banmers, eettlng up raves of poaltlye aDd negatlve prcssure.

b. Foroatioa of rater yapor la prts of tbc sfaten (uruaIlt la pocLetcd
portloae of the plplng) and oondeaaatloa of thla vapoto

c. tr'lov of rater peet localized restrlctlone (due to corroslon or callog
of tbe lntertor of the plplngr or to lnproper norlrranahlp ln asaeebllng tbc
pipfrg) reeulting ln pressure dropo et tbe restrlctlons.

d. hainlng water fron the systeu.

When back flov occura, tbe rrnsafe or polluted ratcr ray bc dlgtrlbuted throqD-
out an entl.re bull"dlag, eepeclelly lf the yac'uun la causcd by the actlon of r
flxture oe a loner floor of tbe bulldiag. If large quantltles of natcr rra
belng used, or lf part of tbe street naln has been abut off and dralned, tho
pollution nay cxtend aa far back as the laLn,

Slnce a vacuun naJr occur even ta cerefully dcslgned lystele, tbe obylouc trfc-
guard worrld be to avold the lnstallatlon of cross-conneetlons aad to ooroct
any aucb connectlons already Ln placc. Eonever., la all t5pcs of plurbh3
eyttcae, there cxtrt Daqr posslbllttlee of cloes-connectlone, partlcul,erly
tboee tbat regult fnom eubnerged outletsr and lt rould be vlrtually hpotrlbb
to ellnlnate all of then. lhe dealgner should be thoroqbly at arc of thc
dangera of back-giphonage and of the neana to prevent auch bacl flrr rhcasvc
e vaeutrn doss ocqur ln the supply s5rsten; and be should lake ccrtala tbrt
proper roarures are tatea to preveofi tbe posclbllltlcg of pollutloa at tbor
connestLooa.

2. I',IEIEODS OF PRElrmtftl{G BACKffiO]I AT FTXIIRB.

Alr gape at sglyply outlets ancl vacuum breakere ln thc aqgply Plplng are tbe
usual means for provlrllng back-alpbonage protectlon at .flxtrrree. An alr gap

ie the free unobgtructedl vertlcal dletance between the lorrcst opentng fron
any plpe or faueet sulplylng nater to a flxtr:re and tbc flootl levc1 r1m of
the receptacle of the flxtrre. The nlntrun regdLred alr gap should be ttrlce
the dltaneter of the effectlve o;renlng, but ln ao caee 1ee6 than the dlltance
epeclflecl ln the foJ.lorlng:

EEtrA
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Ilalaur Alr Gapa for Gcnerally Uaed Plunblng Flxturea

rlnluun-@
by nearby vertlcal aearby vertlcal

Ilvetorles rlth effectlvo opealnga
aot greater thnn L/Z tlreL dha€rt r.... 1o0

Stnks, lauodry traye, and gooeenecf
bath fauc;ts rlth cffestlve opealags
not grea+,er tbaa )/1,, tl,eJ. dhDGte!.... L"5

0verrlu bath flllera nltb cffesblve
openluge not greater tban 1 lach
dlargtgr.................o.......a.... 2aO

Effecttve opcnlngc grcater thaa
1 lach .. .. . ..... ...................... Irrl,og thg gffcctlve

openlng.

1.50

2.25

3.00

3 tlnca the
effectlve openlag

Vertlcal snrfaces do not affcct thc alr gaps nbea froa 1ualde
edgc of cpout opeolagea distaace greater tbED 3 thea the dlanetor of
tbe effeettve opealag for e alngle rur{acc, or a dletance greater th.a
4 tlnee the dlaretcr of tbe effeetlvc opeulpg for 2 lutersectlag
Eurftces.

g/ Vc*tcrf- nrrfaccs erteadllg fror tbe t ftcl lcve1 to or abovr the Dorl-
roatal plane of tbe spout openlag r.qdrc a grcater clr gap rhen alnced
clorer to the aeareat lnal(lr edge of spod tbao epeelfted la notc I
3boyo. the cffoot of I or rore flrcb vcrtlal curfaeet bm aot beea
dort,eralned. I! ruch qrrc3 thc alr gap obonld be rorourod frol the top
of tbe trrfacea to the lpout opeulng.

tJhea an elr gap bertreea tbe flrture end tbc supplt outlet lc trpraotlcablc
or undeslnble, a yacuuu breaker ca.n bc laatalled 1a tbe plplry-betweea the
flrture coatrol valvc rnd the ouflet to tbe flrture. tbe fustlon of the
vasurn breaker ls to lntroduoe alr at etnoe;fierlc pr€esure l$o the aapply
plplng vheoever tbe preeoure lnalde the plplng dropr belov that of tbe
atuosphere. For cach dlffereat nodel there ls a deftnlte nlalrur lldt to
the dlstance nblcb the devlcc Eay bc rct above the top of the flood rlr of
tbe flrture ard stlll bc conplctely effective la preventlng bact-slphoDrgco
An adequate vacuru breakcr rhould bavc the follonlng cbarasterlrtlesr

tr It should uot perult vater to rlee nore tban 1 luch ebove tbe
supply outLEt under any vacuur condltlona.

b. It ahould bo so couctrusted that the alr lutake openlngs can bc
laspected vlaually at all tlneg.

Go 111 partg sbould be aon-corrosiye, and water oharasterlctica
should not affect thelr opcratlon.

-r-
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d.. The alr intake should. always be open to the atmosphere, except when
water is floning through the supply outlet"

F It should. not reduce the flow of water to the supply outlet.

f. ft should. function effeetively when installed on the d.lscharge slile
of the controlling valve of the fixture.

3. TiIE WATER CLOSET.

The r,rater closet is the fixture most Ilke1y to be the cause of polluting the
mter supply system. Any closet bowl which is mad.e with a d.irect submergecl
inlet, such as the siti.e inlet bow1, shouJ.d not be permitted. in dwellings.
For cl-oset bowls used. in combination with tanks, the d.anger arises from
pollution of the tank contents by backflow from the bowI, antl subsequent
back-siphonage of the tank contents through the bailcock of the submerged.
tank inlet into the water supply. Conta,mination of the water in the tank
vi11 d.epend on the height of the bottom of the tank ln relation to the
height of the flood. rim of the bowl. fn the case of the one-piece eombina-
tion tank and cl-oset where the tank is integral with the bov1, and al-so for
the close-coupled. tank where the bottom of the tank is belov the rim of the
bow1, all that ig neeessary for tank pol-lution is a stoppage of the bowl and.
simul-taneous operation of the tank valve mechanism. This 'rv'iJ-I cause some of
the contents of the bowl- to overflow into the tank. A tank vhose bottom is
above the rim of the bowl wou1d not be polIuted. in thls way. However, it
should. be realized that arry closet tank can be contaminated. by backfl-ow from
a poI1uted tank on a higher floor whenever a vacuum occu-rs in the water supply
system, and. the ballcocks in each tank are not protectetl from back-siphonage.

It is, therefore, obvious that all tanks for vater closets should unquestion-
ably be provid.ed. with back-siphonage protection by either of the following
provisions:

a.
level-.

A vater supply outl-et d.ischarging at least 1 inch above the overflow

b. A vacuum breaker placed. above the overflow level.

fhe air gap arrangement i-s not as d.eslrable as the vacuum breaker because of
the noise of the water splash, and. because the safe air gap may be red.uced.
fn either arrangement the cover of the tank should. not be so tightfitting that
the d.ifference in pressure between the air in the tank and. the room atmospheric
pressure wi3-l equal lf2 incU of water, since if this occurs, both the alr gap
and the vacuum breaker withln the tank wou1d. become ineffective.

For water closets with flush valves or for any other slmiJ-ar types of fixture
with flush valves (such as ftush-rim urinals, bedpan washers, anil similar
d"evices), a vacuum breaker is not only d.esirable but essentiaL, since
back-siphonage can occur und.er a very sma1l vacuum.

4
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4 OTI{ER FIXIURES.

The vater closet is not the only plumbing fixture that can pollute the water
supply. Ilowever, the potential contamination from this source is grcater
than from other fixtures. It{ost modern fixtures and. their trim incorporate
a safe air gap, or provid.e for a vacuum breaker, but there remain numerous'possibilities for cross-connections.

a

fn this connection on1;r such drinking'fountains as meet the rcquirements
of the United. States Pub1ic Health Servlce should. be considered acceptable.
A11 d.rinking fountaj:n nozzles with orifice d.iameters ot 7ft6 lnch or l-ess
should. extend- at least l/4 :-nch above the fl-ood. level rlm of the receptacle
to provide a safe air gap.

5. APPENDAGES T0 FTXTURES.

Probably one of the greatest causes of d,angerous cross-connections results
from changes and ad.d.itions mad.e by inexperienccd. indivlduals vho are not
acquainted. with the safeguard.s necessary to maintain a safe system. Tenants,
as a rul-e, d.o not know that by placing an ad.dition to a fixture, there is
created. a possible source of contamination for themselvcs as well as for
others. One of the most common attachments is the hose connecti-on made to
a bathtub spout for use as a spray shover. This type of attachment is particu-
larly prevalent in public housing projects where overhead. showers are not
usually provid.ed.. The cross-connection oceurs when the spray head. is allowed
to remain at the bottom of a tub partially filled. with water, instead. of
being removed. or hung above the tub to drain. The same sort of cross-

'connection can occur when the dish-spraylng hose of a kitchen slnk is allovecl
to rlip below the r,irater level in the sink, but since this hose spray is
normally hel-d. at the faucet leveI vhen not leing useil, this danger is not
quite as serious as the tub spray.

Eose connections to vashing machines constitute a similar hazatd,; such con-
nections slould. not be nad.e unless ad.equate protecticn has been provicled. by
means of vacurm breakers within the machines or at the connections to the
water piping,

6, DRAINS AND DFAIN CONNECTIONS.

Many plumbing cod.es require that a floor d.rain be provided-'with a water supply
connection to maintain the trap sea1. Such a connection should. be so hooke6-
up that baek-siphonage from the draln is impossible; hence a vacuum breaker
between the controlling supply valve and the piping to the drain is a definite
necessity. Similarly, the wat€r connection used. to prime a purnp is subjected.
to this d.anger and. requires the same protection.

A common practice is to connect the d.ischarge from various types of eonclensers
d.lrectIy lnto the drainage system. Such connections are subject to backflow
and shoulcl not be used. The 'contlensate, instead., should. d.lscharge into an
open well of some kind- anti from there flow into the d.rainage system. , ff sueh
an lndirect conneetlon is impossible or undesirable, a vacuum breaker shoultl
be lnstaIIed in the cond.ensate 1ine.

- ).-
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Many t;7pes of'cross-r:onnections are created- either d.urlng the initial
install-ation or after completion when it is formd. necessary tc overcome
.some unforeseen d-eficiency. One such cross-connectlon results from the
lnstallation of a wa'ber-operated- ceilar d.rainer, to pump water from a
flood"ed. crawl- space or basement. Such d.rainers waste water and. shouid not
be permitteo, but if used, they should be provlded. rrith a control valve
install-ed ai- Ieast 12 inches above the overflow l,ine of the pit, and a

1 check valve and. vacuum breaker installed. on the d.ischarge side of the
control valve. With this type of'hook-up the vacuum breaker is und.er
pressure onJ-y when water is actually flowing through the supply pipe.

7. SUylvrARY.

A great rnany types of equipment, (includ.ing types not generally found. in
housing d,evelopments, such as eertain hospital fixtures and indust::la1
equipment), contain d.angerous cross-connections. ft is beyond the scope
of this bulletin to enumerate every possible cross-connection that may be
found. A consideration of'the common types mentioned. should" serve to
show that d.irect cross-connections should. 6e avoid.ed. d.u-ring the d-esi"gn of'
the plumbing system, that ad.equate protection be provid.ed- where necessary,
and. that the equipment specified. be of such types as to make it d.ifficult
or irnpossible for anyone to prod.uce a cross-connection by append"ages or
changes.

The responslbility for minimizing the possibilities of contamination of a
water supply system rests with the d.esigning engineer, and only a competent

, engineer fufl-ly acquainted. with the hyd.raulics of plumbing systems should, be
entrusted. wlth the d.esign of such systenrs.

o
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PTNT VII . PNEVENTTON CE'tJAlER SI'PfT,T FOI,TUTION IN ru II"DII{GS

l{ost cmlunlt,t'es have ordlnances or codee regulatdng tho inst&LlatLon of
plunblng. f,orever, nany of these plunblng codes rerc onactcd nany Fars
ago, boforc Lt ras generally realLzed tbat dsfectd.ve or lrproperly
tnat Lled plunblng plping or equtpnant could c&llse pollutJon of thc ratcr
supply ulthln a bnrfildlng. Bcsearch durtng tbe peot docade end oryerlence
ln crylex roderr plunbl.ng lnstalletJons bavc brought fort& luch ner knorl-
edgc on t&e causes of pollutJ"on rlthln bulldingsr and appllcatd.on of t'bl-e
knorlcdgo to particular instrllatJ.ong should rosult Ln m,fcr end rore
econonlcal a3rstcrns.

Tbe correct design and installatl"on of a plunblng systen Ls rost t-qortrnt
ln en5r type of bnrildJ-ng, but parti.cularly so in the blltldinge of e houolng
dewlopont rblch conslsta of a concentreted end lnterrel"atcd group ol
fenl1y &rellJ.nga. Ttre posslbllJ'ty of rater pollutlon frm feulty plunblng
conncctl"one end fJ.xfires, or frm ttre incorrsct use of such f,hturca,
conctltutog e serlous health hezard for the nany rosldents 1n t&e develop-
nent.

Tbe rost oouunn disease-carylng orgaoirne fonnd J,n pollutcd rater ere
thoce organlmra that cause bacllla4r dyrentery, ureblc dgnentery or anJr
of scveral ot&er gastroenteritl.c dlsturbances. tlhlle eufflclcnt ercunta
of reatdurl ct0orJ.ne ln the rater 1111 probab\r deetroy rost of ttrece
bactcrle, tbat type causlng aneblc dysentory rlll not be dectroyed rhlle
tt Lr ln lta cyst stage, except by bo1llng tbo rater or a concentretJon
of bil.chlorlde of nercury not desirable in a poteble retff.
HaaSr oases of rat€r pollution bave been reported by U.S. hrbllc feaLtb
euthorltd.cs in recent years eDd lt le hlghJ-y probablc tbet rost of tibcco
caacE could have been prevcnted lf lore carc bad been teLcn Ln tbe doat3n
erd lnatrlletJ.oa of the plunbing systcns. Tbls Btl'l}ctln, tbercf,orc,
dlrects ettentlon to the po]IutJ.on poaalblJJ.tdes ttet srst fu plunblng
s;retoa. Se subject is a serLous ono, aa la evldenced ry trbe lnforrstton
cootltnod tn tbe U.S. Publlc Healtb Servlcefnbllcatlon Xo. 957, Ersrrds
ln Eousehold and Comunity Supply Syetono.Y

(Cont'd)

1/ tvatteble fron Superintandent of ltoctrnents, U.S. Oovcrrent Pr{.ntJ.ng
Offlce, UashJ.ngton, D. C. 2OlrO2.

I{OIE: I?rls Part VfI supersedes Part VII of Bulletln No. I8-7 detc6 $-}l-!Or
It has been revlsed to clarlfy the taxt.
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I CAUSS O8'WATEB POI.TUTION IN BJILDINGS.

A cross-connectl.on ls any physical connectlon or arrangenent of plpes betreen
tro rater-piptng systcns rhereby rater nay flou from one systen to tbe otisr.
I cross-connection becmes a bazard to bealth uhen one systcn carriee o
poteble rater aod tbe otbsr eontalno rator of unlcnorn or qnestl.onable qual.Xty
iUtctr can conteurlnate the poteble ueter. Contarulnatlon of tho safe uetpr
supply ray be effectcd under elther of tbe follmlng coadltiono:

8. A dlrect connoctd.on, rhereby safe end wrsafe retcr ero scparat€d
bUt e plped connectlon and e vaIve.

b. An lndlreet connectlon, rbereby the conpletlon of trbe cross-
aonnoctlon ls dependeat on a change J,n normally exlstlng condltd.one.

In general, rhen a bu-tlding contains only one rator tuppLy system, r Yscutm
(or-drop in retrr paeeure) nust occur ln tbts systenr before uater frm
aoother source can flow into it. Such a vacuum nay be cauesd by any of the
follonlng conditlons rlthln the systein:

8. tJater bamers aettlng up raves of posJ.tJ.ve end oegativr proasure.

b. Fomratlon of ratEr y&por ln parts of tbe systcn (uaually la
pocketed porti.ors of tlhe plplng) and condensatlon of thls vrpor.

co Flou of rater past locallzed restrlct"loaa (due to corrosdon or
caking of the lntcrlor of thc piplng, or to Lnproper rorhanshlp ln raoobllng
tbe plping resu1ttng in pr€eoure drops at the restrlctlons).

d. Drainlng ratpr from the system.

tlhen back flor occurs, the unsafe or polluted ratnr nay be diatributod
tbroughout an entire buiLdlng, espectelly lf tb€ yrcuun ic causod by the
action of a fi-xture on a lower floor of the bulldlng. If largo queDtitJ-oo
of rater are belng uscd, or if part of tbe strcet naln hes been shut off
end drained, the poLlutlon nay extend as frr as tbe Ealn.

Slnoe a vacuull Eay occur even ln carefully dealgned cystono, the obvLous
aaf,eguard rould be to avoJ.d the lnatelletlon of cross-cornectl.ono and to
correct any such connectlons alreadgr ln place. Hornever, ln eII tSrpee of
plunbing systens, tberc extst nany poeslbllltles of crosa-connectd.ona,
partlcularly those that result frur suherged outlets, snd Lt rould bc
vlrtually inpoestble to ellni.nate all of tben. fhe deslgner rhould bc
thoroughly auare of tbo dangers of back-sJ.phonags end of tbs reanc to prevont
aucb back flows rhenever I yacuun does ocour la tho supply ryston; end bc
ahould nake cert&ln thst prop€r neasnrea aro trkcn to lnevent tho pooeJ.blJJ.-
u.eo of pollution at thpsc connectioDs.

(eontta)
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2. I,TETIIODS OF PNEYEITTIre BACI(rLCT' AT FNTTUNE.S.

lJ.r gqc at snpply outlcta aod vacuun boreakcrs ln tho Irrpply piplng .16 th.
usue} aoalrs for provtdtug back-aiphonage protcctlon at flrturca. lo aJ-r gep
ls the free rurobatnucted vertl,cal digtrnce betrecn tie lorest opentng fro
any plpe or faucet snpplying rater to a fixture and tho flood level r1r of
t"he receptecle of tlte fi.rturc. lIoe dntnu requtrod atr gep ahorld be H.co
the ttaneter of tihe effect"lvo openlng, but ln no case less than th6 dtatlnoe
opectfied 1n tJra folloringr

lltaLnm llr Orpe for Generally Urcd Plunblng Fixtures

l{lnlnun llr Oeps, lnchoa
-TEr-n-nof

effectod
by neerly
veru.cal

surfece V

--TmE-
affectad
by neerby
vcrti.cel

surfrce .3/

Lavatorles rlth effectLve openiags not
greeter thtn 1/2 lnch dlanetor. . . . . r .

Slnlcr, laundry traysr ard gooseneck bath
faucets rlth effecu.ve openlags not
greatcr than3/\ lnchdlanetar. .. .. . .

Overl-a beth fillers rlth effeottve open-
Lnga not greeter than I inoh dlaaet€r . . .

Effcctlve openlngs greater tlan 1 lnch. . .

1.O

2.O

l\rice the
effectlve
openlug

L.5 2.25

1.50

3.OO

3 tLnes tb
affcctLva
opcnlng

v

2/

vertLeer eurfeces do not affect the alr gapu rbcn rpaccd f,rm tnsids
edgc of apout, opoalr€r a dtstance grcatcr tban 3 tLees ttre diustcr
of the effectLw openlng for e slngre surface, or e dlstanae grcata
than l+ ti.ret tJre dianeter of the eifeottve oSutng for 2 tntciaeatlnggurflcos.
VertLcel surf.acs ss{pnding t}on t}rs ratcr Lcvcl to or ebove tlc
horlzonte.L plene of the spout op€Etag requlre e greatcr alr gep ntce
tPecd closcr to tbc nearest lnaLde edgc of apout t,heu rpecl'f,lcd ln foot-
noto 1 ebovc. fbe offcct of 3 or rore such vorti.aal cuflcet hrs
not bcca datcrrtued. rE auch cases tbc aj.r gep shourd be reesured
frou tho top of tJte surfeccs to tJre spout opoelng.

(Contta)
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l{hen an aJ.r gap bctreen tha flxturc and ttrc supply oritlet ts lmpracu.cablc
or nndcslrebJ.e, a vecuun breaker can be lngtalled ln the plpilng betneen liho
flxturc contnol valve and thc otrtlct to lihe flxturc. ttrc functJ.on of tto
vaocun breaker 1g to lntroduce alr at atmospher{,c pnaEBure into ttrc suppXy
plplng rhenever the prossune lnaidc thc plp1ng dropc bclor that of tttc
atnoaphert. For each dlfferent nodcl therc ls a deflnlto nlnlntun lLtd.t to
the digtance rhlch thc dcvtse may be sct abovc ttre top of the flood rl.n of
thc flxture and std.lI bc cornpletrly effectLve ln preventd.ng back-slphonagcc
An adequate vacuun bneaker shouLd have the foll.onlng charactcrtatLcsr

8r ft should not pcrmtt watcr to r{.sc noru than 1 lnsh aboru thc
suppl,y outlet urdcr eryr yecuun condlti.ona.

b. It chouLd be so constncted that the air Lntake opcnlngs can bc
tnspectcd vlaually at all tlmcso

cc A1,I parts shorld be non-corroslve, and rater charactcrlgtics
ahould not affect thelr operatlono

d. ltre alr lntakc should alrayr be open to ttte atnoephero, exccpt
rhen nater ls flortng through the supply ortl.ct.

Go It shorrLd not reduce the fLon of uater to ttre supply otrtlct.
f. It ehorrLd functlon effectlvely uhen tnstallcd on the dluchargc

gldc of the controlllng valve of the flxtutrc
3. IHE UAME CLOSET.

Ths rator closet ls tlre fixture nost llkelJ to be the ca.use of pollut.tng
tJre rator 8upply systom. Any closet borl rhlch ts nad€ nlth e dlrcot
oubmerged inl,et, suoh as the glde ialet bol, ehould uot bc pomlttad ln
&relllnga. for cLoset borLs uscd ln combinetdon rlth tankr, t,be dengcr
rricea frm pollutJ,on of the tark contonta by beckf,Lor fron the borL, and
subscqtrnt back-clpbonage of the tank contsntc tbrough tho brltoook of thc
submerged tenlc lnlst lnto thc retor aupply. Contarl.nrtloa of, thc rrtcr
ln the ttuk dU. depend on thc hclght, of tic bottfl of tho trak la rclr-
tdoa to tbc hctght of thc f,lood rl.n of thc bonl. Irr tbc orrc of tho ome-
ptccc oobtnrttron tank enl clouot rberc the tnuk 1l integrrL rlth tho
boul, end rLgo for the clorc-coupled tanlr rherc tno bottd of tilrs tentr la
berou tlc rl.n of the borL, ert that l,g ncccroaqr f,or trdr pollutton la I
stoppago of tlre bot.I rnd glnultnucour opcrrtJ,on of th6 tanlc vrlvc rechlutrl.
Ihte rlIL oaule aoe of the contonts of tlro borl to ovorflor lnto tho t ak.l tfiik rfioce botto is ebovc the rx.n of tle bonL rould not, bc pollutad 1n
tLls ray. Horever, it shoul-d be reallz€d thst eqr closet t uk can be con-
trntnat,cd by backflor frol c polluted tank oa r higher floor rhGnovlr a
v.cEur ooonrs ln the rator Euppl.y systen, rrrl tbe boll,cocLa ln ercb trak
are rct protocted fron baolc-alphonage.

(Contta)
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It ls, thercfore, obrrlous tb^et all tanks for vater cloeets gbould uDques-
u-onab\r be prorrided rtth beck-sJ.phonage protectd.on bgr eltJner of tibe
follorlng provlsJ.ors:

r. A rater supply outlet, dlschargJ.ng at, Ieast I lnch ebove tbe
overflm Icvel.

b. A vrcuun heaker placed above the overflor level.

the alr gap arrangenent Ls uot es deslrable as the vecuu breeker becruse
of tho nolse of the rater splash, and becauee the safe elr gap rry bo
reduced. In elther smangenent the coy6r of tbe tenlc shouLd not be so
td.gbtflttd.ng that, the difference in pressure betreen tb€ elr Ln the trolt
and the rom atnospheric pressnre 1111 equal L/2 lnch of rator, alnce lf
thls occurc, botb the alr gap and the vacuun breekor rlthin tle tsrk rould
becoe lneffectlve.

For reter closets rith flush valves or for anSr other sLn.llrr typoa of
flxture rltb flrrsb valvos (such as flush-rln urtnale, bedpan rasherc, eod
alrrller derlces), a vecuun bneaker is not only declrable but cseent1el,
gl.nce brck-slpbonege caD occur under a very ssll vecutur

b. orf,F^B trrtrunEs.

Thc rater closet, 1s not the only plunblng fkture tbrt cea pollutc ttrc
rater sqpply. Eorever, tho potentdal contaalaatlon fron tJd"a aource ls
groater tban from other fXxtures. l{ost,nodern flrturea rnd ttrelr trlr
lncorporata e safe aJ.r gap, or proride for a vecuur bre&er, but thcro
r€&Ltn nrrsrous posslbilities for crooa-connGct"lons.

In thta conncctJ.on only such drlnklng fountalns ae leet the rcqulrocats
of ths Uatt€d Statos PubHc Hea1tb Servlce gbould be coneldered eccoptrble.
All drLnking fountaln nozzles rlth oriflce dlaaetars of 7/L6 Lncb, or lese
should ext€nd at least 3,/lr lncU above tbe flood leveI rJ.n of tho rccqrtlolc
to provlde e aaf,e aJ.r gap. Speclal condttions rd. aerteln other rrtsrhl
relrtod to drinklng founteins should neet the requlrcucnts aet fortl_tp
Anerlcrn Strndard LhO.lr and Anerlcan Standard r.SA Zh.Z respectlvely.V

5. APrE}II}AGBs To FI[mnEs.

ProbabJg one of tbe greatest causes,of dangerous cross-connectdons reaultt
fro chenges and eddltLons nade by inexperlcnced lndivtduala rho arc not
acquaintsd rlth the safeguerds necossery to nalntaln e safe s5Fatan.
Teaaute, as a rule, do not knor tbat by plactng an addltJ.oa to e fLxturc,
tlrerc lc creat€d a possible source of contrnlnru.on for thelselvec as reII

(conttd)
lvaileble fron tbe Anerl-cao Soclety of t{ccbaaLoal Engtneerc, 3L5 EeBt bTtX
Strcet, l{er lork, Nen lork 100I?.
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as f,or oth6rs. One of tbc noet comnon attachpate la tfie hocc oonnectJ.on
nadt to a bathtub spout for usc 88 a sPray shor€r. t1tla type of ettrcb-
rent Ls norc lltc1y to be found 1n the older publJ.c boualng poJccta rbaro
ghmr holds rcre not provldod over the batht[b!. ths aroaa-oouccti.on
ocours rbsn the spnsy bead lc ellored to rmaln at tbe bottdl of e tub
part.taLly *tllcd rdth rator, lnetoad of boiag rmovcd or hung rbow thc
tub to draln. Ihe sarp sort of cross-conncctl.on can oqcur rhrn tbc dlah-
spraylng hose of a kltchen sl"nk Le eLlocd to dtp belor ttre retcr lpvcL
ln ttre sinkp but, cince thle bose Eprey ls nomally held et the faucot
Ievel rben not being ueed, thls danger ls not qtrltc es rerious ec the
tnb epray.

Eose cornectl.ong to raahtng Dactdnes constLtute a stniler hazardS auch
conncctd.ons should not be nade unleeo adequatc potoct'Lon hss beea povldofl
by neeas of vecuun breekers rlthln the nactr,tnos or at ttre connectLons to i

thp ratsr plplng.

6. DRAINS Nm DnAII @NNECTIoNS.

ltany plunbing codes requtre that a floor drain be provlded lrith a ratsr
supply connectd.on to matntaln the trap seaL. Such a conneoti.on should be
so hooked-up that back-sLphonage from the draln ts Lryrosstble; hsnce e
vaouun bneal<er betroen t&e controlllng supply va].ve and tho plptng to th€
dratn ts a deflnlte nocessity. Sfudlarly, ths reter connectLon used to
prlne e punp la subJectpd to thts danger and requlres ths sanp protcctJ.ou.

A omnon pnactiae l-s to connect the disclBrge frm vertous $rpea of con-
donsers &irectly lnto ths dralnage slrsten. Such connecti.ons are aubJect
to backflon and ghouLd aot be usod. Tte condeasate, lnstaad, should dlE-
charge Lnto an open rell of som6 klnd and frqn there flor lnto ttrro dralnege
s;rsten. If such en lndlrect connectton ts lnposslble or urdeslrrblo, a
yacuum breaker ohould be lnstalled Ln the condeneatc lLne.

llaoy types of cross-connectlons ere created elther durlng tbp ldti.s1
lnstallati.on or after cmpLetlon rhsn lt ls found aecoscarJr to ovorom
somo unforosoen defLolency. One such orooS-coDnoctlon resuLts frour the
lnstalletLon of e rater-operated ceLlar draLnor to purEp rator from a
fiLooded crrwL Epace or basenent. Such dralners raste ratcr and should
not be pernlttod, but if, used, thoy should b€ provlded nlth a control
valve lnrtaLled et least 12 lachos above the overflor lLno of ths ptt,
aod e cbeok'vetrvc and vacuun broaker lnstsLled ou the diecharge sld6 of,
the oontrol va1ve, Utth thts t'ypo of hoolc-up the vacuur bneaker ls under
pressuro ofir rhen ratnr Ls actual\y florlng thnough the supply plpo.

7. Sr!,llt Bf.

A great nany t les of equtpnrent (lncludtng types aot genoral.\r forrnd in
houstng devolopmsnts, such as certaLn bospltal fktrrres end lndustrleL

5
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eqrrtpnent), contaln dangerous cros$-connocttons. It is beyond the scope of
thls bulletd.n to enrmerate €v6rJr posstble oross-oonneotlon that ray be foud.
A conslderrtlon of ttre cormron typos nentlonod should sonr6 to ehor thst
dl.rect oroor-ooonecttons strould be avolded durlng tbc deaLgn of the phrnbilng
systcn, that adequate protectlon be povlded rhsre mcossarJrr 8nd tllet tha
oqulpent cpectfled be of, such t5rpes ea to uke Lt dtfftcult or l.rpocelbl,c
for rolone to produce e croslr-connectlon by appendegpo or chrngcc.

the reaponslbtlJ.ty f,or nlnLntztag the posstbl}ltLes of, coutaninetl.on of r
ratcr suppLy aSrsten rests rith the dealgniag mglneer, urd only e oupotmt
cnglneer fully ecqualnted rlt'h ths hydreulLcs of plublng eSntors obould bo
entrust d rlth the destgn of such systens.

-7- fml'-PEl, Uesh. e D.C.
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PLUMBING HEATTNG AI\TD VENTILATTON

PART V]]I . DFAINAGE SYSTEMS TN EUILDTNGS
(Easea on Uniform P C

The function of a buildlng drainage system is to carry away from plunrbing
fixtures and. surface drains al-i r"ater-bourne wastes that may reasonably be
expected, to be d.eposited. in such fixtures or drains. Because of the possible
presence of d,isease-producing organisms in these wastes, the method. of d.is-
posal must be such that there n111 be no posslbility of affecting the health
or well-belng of the occupants of the build.ing. fn addltlon, the sewer gas
or air within the d.rainage system must be kept from entering the living
spaces, as the od.or of such gases is not only objectlonable but probably
has a del-eterious effect on health.

The d.esign of effective dlainage systems shoul-d- be based on 'che results of
scientific research and. practical experience vith due regard. for economy.
Necessarily, the provisions of the applicable plumbing cod.e will al-so d.eter-
mine the details of the d.esign. Howev'er, because of irregularities and
inconsistencies among various local plumbing cod.es, the d-ata presented. hereln
is based. on the Unfu'orm Flumbing Cod.e L/ . This suggested code i-s 'che result
of stud.ies of the entire problem of drainage and venting and. the concl-usions
expressed. have a rational basis. Where local- cod.es permlt, it is hoped that
the method.s presented. vil-l be used as the basis for the d.esign of bu11d.ing
d.rainage systems. These d.esign method,s provid-e the means of red.ucing con-
struction costs by sintplifying and stand,ardizing plumbing lnstal-Iations.

1. GENEBAL PRTNCIPLES

fn almost every instance, the simplest and. most dlrect d.rai-nage and venting
layout has proved. to be the most satlsfactory. To secure a simple system
the fixtures should. be grouped. around. the stack lnto which they d,rain, and.
the arrangement of the fixtures should. be such that the paths of branch
wastes and vents through the walls and. floor to the stack should- be d.irect,
short, and. without d.etriment to structural members. Placing the stack
between ad.jacent bathroorns or kitchens, or locating the bathrooms and. kitchens
vertically one above the other, are obvious means of simplifying the layouts.

The peak load.ing of the elements of a d.rainage system is the result of simul-
taneous d.ischarges of a number of the fixtures at varj-ous locations. The
pipe sizes herein recommcnd-ed. are based. on mathematical estimates of peak
load.ings combined with factors of safety and., therefore, it is highly
improbable that the indicated capacities vill ever be exceed"ed. in any actual
installation.

Report of the Uniform Plumblng Code Committce, U.S. Department of
Commerce and. Housing and. Home Finance Agency, t9\9. Availab1e from the
Superintend.ent of Documents, Washlngton 25, D.C. Price 40 cents.

-1-
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MoEt noclern p}:mblng codes have eceeptecl the use of flxture unit loadlng for
dletermlning pipe slzlng of the dratnage antl venting systerns. A flxture unit
ls a dleelgn factor for the ilralnage system, so ehosen that the loatl prod.uelng
values of plrnnbing fixtures can be e:rpreseed. approxirnately ae mu1.tlples of
that faetor. llhe acceptecl values for the eormon types of plunblng flxtures
are llstedl lu Table 1.

Flxtrrre lype

tlalmrn alze
of trap and
firture draia

(lncbes)

Colurn

1 bethrooE group coaalrtlng of
I lavatory, I nater cloaet, I batbtub
or shovcr stall ...........oc.....r..

Bathtub ! . . ,. . . ! . . . . . . . t . . . . . . . r , . r . . .

Gonblnatton slnk and tray .......o.....
b 91.......a......a.ri t.a.rl..oaa a.

Drlrllag fountala
Dlsb ragb€r . * !! a......... t........ oi...
Floor drala ..... r.. r......o..o. o......
f,ltchga rlak . . r c . . . . . o . . . . r o . . . . o . . . o .

b 2/ .. .,. . . . . . . o . . . . . a . . . . a . . . o o . . . o

Lrvrtory )f .. o.............. o. o.. o.. o c.
Iaundry tiay (1 or 2 coupattruert) ...).
Sbover rtall (per hcad) .,.........'...
Stnk, Sqfllgfy .....o..............o...

SIDI, lotFyice (trap staadard) . . c ,.... r.
Slnk, telllrloo (P trep) ...o.c...t...o..
Urlaal, pedes:tal, slphon Jet blon-out..
Urlnal, rall llp
Urlnal, staU vaoh-put
Uatgr cloggt ...... o...oo or....r.... rr.

Shovcr bead over bathtub adda no flxture unltco
Slnk wlth gerbagc grltrd.r. Each conpartnent ahould be trapped reparately.
(fhlr type of oqulpDent ls rare\y Justlflable ln lor-rent publlo houslng but
oa!r, occaslonallyl be rcqulred bI sone local codcs.)
Iavato4r rlth $ or $ lach trap bas caue flxture untt velue.

1lfiubcr

No. of flxture unlts

Drelltag Non-
Dwelllag

2 3

oaiaa.aaaa

a . a li}a o a. a

ccaaQaoaaa

aaaaaaaaaa

3
4

2
I
2
lt
I
2
2

6

I
(2
(t

aaaalaaaaa

a.aaaaacaci

.aaaaaaatal

*

l+

2
4
4(r

(;
3
1

IO
5
5

L2

4
6

u
1t
1*
1*
2
1+It
It
2
1*
2
9
2
3
1+
2
3

I

1+
2

3/
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3. SIZING 0F SoIL AI{D WA^918 pIpINo

Colrrnn lr of Tab].e 1 llste the nlalmun elze of trap and flxture tlratn that
shouldl be useil for the varlous flxtures. TabLe 2 1ntllcates tbe eetlnated
naxlm:m number of flxture unlta vhlch may be dlralned eafely lnto tbe varlous
eectlons of a sanltary dlralnage syeten.

Table 2

taxlgun Capaclty of thc ts o-f falnaEe Systeng ln Flxture Unltg

Dlaletcr
of plpe
(lncbcr)

2
I

24
42
60

,00
r10o
r9@
,600

rt
1l
2
2b
3
4
5
6
8

. o a a a a o a.a

aataao.aa
aoaraaaaa

I

aaaaaaaaa

aaaaoaaaa

It/ t bnaob lntcrval la a lcngth of soll or negtc etack corrcrlnndlag ta
gcnerel to a oac-rtor7 helgbt, but 1n ao caae lecr than I fcetr rlthla
rhlch borlroatal braaebcr arc eouneoted to the stack.

gl Cotalu ? r.111 ordtnertly be found aogt econonlcal for staska vltb leoo
thaa 3 braaoh latemalsl and colunns 8 and 9 rcst ocononlcal for rtac&r
rlth 3 or rorc braaab latervalc. Eorryor, ln oertaln olrcurgtances thc
ure of colnna ? u111 glve nore econonlcel slslag of tall lrtackc than
1111 the uge of colura 8 aad 9. Ibcre such lc the case, thc usc of
oolunn 7 on a ;tack of rry hslgbt Ls pernlsgableo

2/ Xot nore tbaa 2 natcr olosEtr.

Bcduatloa of tbc slre of the dralaage plplng ln the dlreetlon of flov chould
bc problbLted, crcept vhcre a {-laeh viter closEt bend 1'r aonneoted to e
!-lnch aoll ctack. Slaoe fable 1 epeclflog tbat the ulnlnun slzE of flxture
drala.for a vater closet cbou.ld be 3 tnohea, vater clocetg gbould be corncotcd
onl,.y to rcLl rtacke aad bulldlng drelua rhleh are 3 lnchea or nore Ln diateten.

lable 2 lndlaatcr that any 3-lach soII rtack can aafely draLa three bethroon
group! (re deflncd Ia tablcl), aad ta addttton tllo kltchen rlnk and trry coL
blnatlon firturea. If thc ]-laoh ctaek haa 3 or lore branch lntervalar onc

Staakc trlth 3
or Dore branoh
l:ntc:rra]-:a. Z/

Btttldtng drala or lcrer
FalI la lachca per foot

t/tvL6 vs Ll2
total

ta
stack

0le
branch
intcr-.
ve1
la ary
ctackV

0oe
horl-
:ontal
braach

In eaoh
branch
lntcrrrl

4 5 7 92 3 6 I

aaaaao,
aaaa.ar
aaaaaar
aaaaaar
taaaoa(
aaa.aa
.aaoaa

?aaa.a
1.A00

ataaal

.aaaaa
aarara
aaaaaa
aaaaaa

180
390
?@

11600

21
24
n

2t6
480
840
920

'aaaaa..a
a, aaaa

2

1 ,

.aaaaaa

2ro
575

11000
2r3o0

26
3L
362

160
3&
6N

1r.4oo

I
3
6

tiz

2
4

10
20
30

240
540
9@

2r2OO

I
2
6
9

T1
90

200
350
660
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bathroom group plus the combination fixture can be connected. at each branch
interval up to a total of I branch intervals, or if bathroom groups alone
are so eonnected, up to a total of J branch intervals.

Table 2 ind.ieates that the slope of building drains or sewers should. be not
less than fl inch per foot for J-inch and. smaller pipe sizes, not less than
1/B per fo6t ror it" 4 to B-inch sizes, and not l-ess tl'r,;n lft6 inch per foot
for the 10 to l-5-inch size. These slopes are designed. to maintain proper
scouring velocities in the drain and. sewer. Table 2 ind-ieates further that
a J-inch buildlng d.rain sloping 1/4 inch per foot 1s adequate for two bath-
room groups plus three kitchen sink and. tray combination fixtures.

To minimize the effects of corrosion, leaks, and. injury to the piping, alL
und.erground. build-ing d.rains within the build.lng and extend.lng five feet
outsid.e the build.ing should be extra-heavy cast-iron soil pipe and. fittings
Since cast-iron soiLlilpisnot madc smaller than 2 inches, it follows that to
insure the use of undergrou.nd. drainage piping of this material, and. to
red.uce maintenance work, no portion of the d.rainage system installed- under-
ground. or below a basement or cellar floor should. be less than 2 inehes in
d.iameter.

4. sorl AND wASTE coNNECTToNS

Connections for d-rainage piping should. be mad.e vith recessed d-rainage
fittings to provlde smooth unobstructed. flow. Short pattern sanitary tss
fittings can generally be used to connect horizontal branches to vertical
drains or staeks. However, when two fixtures, such as lavatories, sinks,
or combination fixtures, are installed back to back, the connections to
the conrmon vertical d.raln shoul-d. be made with long-turn sanitary pattern
TYs, to prevent cross-flow from one fixture to the other. Since clogging
of a common drain is likeIy to occur more frequently than with a drain
which serves a single fixture, another reason for using the long-turn TY
is that it is more easily rod.d.ed. and cleaned. than is the sanitary tee. To
further minimize the possibility of stoppages the common d.rain for two
fixtu.res shoul-d. be at least 2 inches in size.

The connections from vertical to horizontal piping should be mad.e by long-
turn.bend.s, Iong-turn TYs, or combination Y and. eighth bend. fittings. Such
fittings serve to prevent clogging of the piping which tend.s to oecur
because of the ilecrease in velocity of the d.ischarge at these points.

Branches from kitchen sinks or slnk and. tray combinations (which usually
carry grease and food. scraps) should- have the shortest possible horizontal
runs to prevent depositing of the grease and. solids in the branch" Slmilarly,
changes in d.irection of any d.rainage piping should. be kept to a minimum to
prevent the settl-ing of so1id.s. No ehange of d.irection greater than !0o
should. be permitted. fn horizontal piplng such changes shoul-d. be mad.e by
use of 4ro ys, half Ys, and. long sweep quarter, sixth, eighth, or sixteenth
bends. llhere the piping size changes, standard. increasers and. red.ucers
should. be used."

4
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Qbstructions in the horizontal llnes, such as hcrlse traps or'grease traps,
d.ecrease the capacity of the d.rain and. increase maintenanee problems
eonsiderably, yet provid.e little or no benefit to the d.rainage systems.
Tt is strongly recommend.ed. that all such obstructions be omitted..

5. CLEANOUTS

Cl-eanouts serve tvo purposes. They provlde openings to be used. in relieving
pipe stcppages and testing the d.rainage systems. Experience has shovn that
frequently the installation of cleanouts at favorable points has been com-
plefely overlooked., or they have been install-ed. in l-ocations where util-ization
was impossible or und"esirable. To best serve their purpose, cleanouts should
be installed. in accessible positions at the following locations:

a. At each change of d.irection of the buitd.ing d.rain greatcr than 4ro.

b. At or near the foot of each verticaf soil stack, r,raste stack, or
insid.e l-ead-er.

c. Near the polnt of exit of the build.ing drain from large build.ings.

d,. Not more than !O feet apart on horizontaA soil- Iines. (fnis d.istance
is consid.ered. most convenient for u-se of one man operating a rod0ing cable. )

Overhead. cleanouts should. not be placed. above any space where food is to be
stored., prepared- or consumed., or above domestic hot water storage tanks or
heaters. Cleanouts at finish floor level in corrldors, passageways, boiler
rooms, or other spaces where equipment is moved across the floor, should. be
provid.ed. with countersunk head"s.

6 VENTS AND VENTTNG

Various parts of a d-rainage system are opened to the atmosphere by means of
vents for the folloving purposes:

a. Prevention of back pressures (pressures above atmospheric) tfrat
woul-d- obstruct the free flow of wastes through the d.rainage system.

b. Prevention of the loss of a trap seal, due to fluctuations in
pressure caused. by flow from other fixtures attached. to the system.

c. Preventi-on of self-siphonage of a trap seaI, d.ue to flow through
the trap.

The location and. size of the vents required. for a particular d,rainage system
will depend- on the laws of flov of air in piping; the type and" arrangemcnt
of the eonnections; the size, slope and" d.eveloped. Iength of the stack and
d"rains; the type and number of fixtures connected.; and. the size and" developed-
length of the vents. (ffre d.eveloped. length of vent piping is thc length
measured- along the center l-ir-.e of the plpe and fitting from the connection
to the d.rainage system to the terminus of the vent in the open air). To
protect the trap sea1, each fixture should- have a vent 1n its d.rain l.ine
not closer than two pipe d.iameters to the trap r,'reir to prevent fouling of
the end of the vent, and not further from the weir than the d-istance ind.icated,
in Table J to prevent self-siphonage of the trap.

5-
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Dlstrpea of tne fi!,LLVoqL

Sltc of flrture drala (lnoher)

.aaaaaaaaaaaaaa al!aaa.aaaaaaaaaaaa
a. aaaaa.aaaaaaaaaaaaa.aaao.aaaaa.
a a . . . . ... a a a a a a a r o o r o r a a a a a a i a a a a a

a.....a. oairoooaaaaaaaaaaaaaaaa aa

7. UEIIEODS! OF VBWrIilG

Vcutlng c+n bc eccmpllahcdl, by any of thc follorfne trcthodr, undcr the
cordltlone outllned and ln, aecordancc ylth llablc J.

. o3, IgdlvtSlugrl (baclt venttgs - plD:tae lutallcd for ttg purposc of verllaj
a flrture trap by aoanectlug the fixturc draln to tho vcrithg ;yater rbovc the
flrture. Gcnerally thle rcthod can bo epplled la ery lartclletlou btrt tt 1r
tbe rost erpenalve and doea not alvayr producc tbe best protectloa, rlnco tbc
cnd of the veat plpe where lt connasts to tho draln 11nc uy Dcoore foulod.

b. Stack vcntlns - the crtcael.on of a soll or naate ctaok tbrough ths rmf
to tbe'open air aad the uso of thk crtcnol.oa ar r roa.nr of vcntlag tbc uppcr-
aost flrrturro or group of flxturar. Tha rrlrul aulbor of flrtufcr to be ro
vontcd rhor0d oonalgt of, a bathtub, lavetory, rater closet, .Dd,rlnL rnd trey
oorbtutlon flrture (or kttohea rlnk). Each flrUurc drala rhould connect
ladepeadeatly to tbe ctrcl rlth tbe bathtub rnd mter cloaet dnina catorlag
at the aaue leveI, belov the level of the laictory and ooublnatloa flrturo
coanrcetlona, ar eborrn ta Ftgprc 1 (cee pege ?). Eoveyer, lf ruob e flrturc
group ls ventcd la thls raDaer aad lf tbe gtrect sslrer fu'rc ovcrloedcd tbst
Lt causes frcqumt aubncrclon of, tbe brulldlng lgrer, e rcltcf vcut (or r baat
vcnted flrture) sbould be coaneetod to the rtack rt or bclors the bathtub and
rater clos€,t conncctloas. If tbe eonblaatlon fllrture (or kl,tohga rlak) 1r
oalttod frou the gtack-ventod group of flrturcs, tbe rellcf vcrt or bael-vested
flxture la runeoeEeatlo An c:rperllentrl lavestlgatlon of ,ctack vcntlng la
detalled la llatloual ilurcau of Standardr reporb BIS UB y.

Plxburer, BItl 118. Brrlldlrg nlqrtalr rad Stmo-
turcg Beporta, f,atlonel Bureau of Stendcrdt, 1950. Avallable fron the
Superlatcudeut of DoctDorrtc, Irrhtarton 25t D.C. Prlcc 15 ocntar
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cr g9g9r -Gua])-yeutEg, - tbe use
ot' one vert plpe for two flxtures. Botb
flxbure dralns should connect to a ver-
ttcal, drsln at the saoe Level, or lf,
they connect at dlfferent levels the
cross-oectlonal area of the upper flx-
ttrre branch should be leas than half
tbe crosa-eestlonal area of the ver-Blca1
draln and be located not nore than 5
plpe dla"ueters above the lower branch.
The vent shorfld be a contlntratlon of tbe
vortlcal draln. This type of ventirrg
sbould be used for two flxtrrree lnstall€d
back to back, as sbo$n la Flgure 2.

d. Eet ve!$lar - the use of a flx-
ture dralD a8 a vcnt plpe for other
flxturego For a slnglc bathroon group

FIG1,RE I, STACK VENTEO EATHROOM GROUP ANO SINK OR SINK-TRAY @MBI{ATION

on the top .fLoor or ncrt lover fLoor,
tbe draln froo a track-veated lavrtory
(tUc araln to be not lcse than 2
lacheg ln slrc) oan larlc ra e vcut
for a batbtub aad nter closet, pro-
vlded the horlsoatril,'laranct dralalrg
these flxturae coaacots to tbe etacl
at the sane lcvcl ea the ratcr clocet
dra!.u, (or, ln tbc casc of the top
floor oFl1 at or belor tbc natcr
cLoget draln aonacctlon). tror tro-
bathroon groups lugtalled back to
back ou tbe top fIoor, tno levatorico
and trlo bat,btuba nay bc lngtallcd oa
tbe eaue horlrontal brancb, nlth a
coanon vcnt for the lavatorleg aud
vtth uo back vent for tbe bethtubcl
provldcd the ret veat la 2 lnchca ta
!ize. Ftgure 3 llltrrtratea tbls
na.cbod of veatlrg.

SIN(.TRAY MANON G SNK

UTER CLOST

SATH TUB

,/t

E

/^.

FIGURE 2, COMilO'I VENNilG OF TWO FO(TURES COI{NECTED EACK]! BACI(.
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a. When the total 1oad. in the sanitary d.rain is any value less 'than
l2! fixture units, the flow in the sanitary drain should. be taken as the
equivalent of the flov from 11000 square feet of projected, roof area.

b. When the total load in the sanitary drain exceeds J2J fixture units,
the flow ilue to each fixture unit shoul-d. be consiilered. the equivalent to the
flow from J.1 square feet of projected. roof area. \
The sum total of actual projected. roof areu and projected roof area computed,
from one of these criteria. can then be used. in conju4ction with Table 5
(after ad.justing both areas for actual rate of rainfall) to d,etermine the
size-of the combined drain. In any case, the combined. drain sizes used.
shoul-d. not be less than 4 inches, or be smaller than either the separate
storm or saniti.ry drains d,ischarging lnto the combined. d.rain.

l'lhere there is continuous or intermittent d.ischarge into a d.rain, as from a
pump or similar d.evice, each ga11on per minute of such d.ischarge shouJ-d be
eonsid.ered as being equivalent to the flow from 24 square feet of projected.
roof area, on the basls of a 4-inch rate of rainfalI.

11. FLOOR DRAINS AND ABEA DRATNS

Floor d.rains should. be installed. in.project laund.ry rooms, boiler rooms, equip-
ment rooms which contain purips or water storage tanks, and basement spaces into
which d.rainage from und.erground. steam or hot water d,istribution tunnels or
cond.uits wlll flow. Area d.rains should. be lnstal-led at all exterior ramps or
entrances that are below grad.es. Each d.rain should be placed. at the lowest
point of the floor or d.rainage area, and the entire floor or area shouJ-d. slope
uniformly toward. this 1ow point, The d.rains should. d.lscharge into the sanitary
or storm drainage system, d.irectly or through a sump pump. Venting of the
d.r.ain trap is unnecessary.

Floor and. area drains shoul-d. be construeted, of cast iron and be provicied. with
a hinged. grating cover and. P-trap. Because of their location, these d.rains,.(especially exterior area d.rains) frequently become f'111ed. with sancl or d.ebris;
therefore, to minimize maintenance costs, d.rain outlets should. be J inches in
size. In ad.d-ition, area d.rains should. be provid.ed. with removable sed.iment
buckets or pans

-11 -
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Separate storm d.rains should not be connected. in any ,ru,, ,ian the sanitary
d.rainage system. Where comblned. d.rains are to be used, the connection from
the storm drain to the eombined drain shou]-d be made at the same Ievel
through a single wye fitting at least 1O feet downstrearn from any branch to
the sanitary draln or' from any so'iI stack. The size of the combined drain
should be based. on the combinetl fJ.ow from the storm and. sanitary drains.
The flow in the sanitary d:'ain should" be converted. to its, equivalent flow
from a projected. roof area by the use of one of the following criteria,
(basetl on a l+-lnch rate of rainfall).
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l.2. SUMP PUMPS

As far as possible, the d.rainage systems shouJ.d be d.esigned. to provid.e
complete gravity flow from drains to sewer. Ttris is especially true of
the sanitary drainage systems, si-nce sevage ejectors are costly, troubie-
some, and unreliable. If necessary to obtain gravity flow for sanitary
drains, it wou1d" be ad.visable to relocate plumbing fixtures, basement rooms,
or even cntire buildings.

Discharges from floor and area d.ralns located. below the level- of the build.ing
tlrain can be handled by sump pumps (ceIlar drainer.s), vhen gravity flow is
impossible. Since boiler rooms usually require more headroom than the usual
basement spaee, sump pumps, vhen requirecl, are usually located. in such rooms.
A bolIer room of large d.imensions, separated. from the remaining buildings of
the project and. subject to heavy ground water infiltration shoulcl have a
d.uplex sump pump installation; a boiler room that is fairly sma1I, integral
wlth a build.lng containing dwellings, and where littIe ground water infiltra-
tion is anticipated., should. have a single sump1rmp. fntermed.iate condltions
should. be d.ecld-ecl by the engineer.

The size of sump pumps should. be based. on the area to be d.rained., the estimatecl
rate of ground. water infiltration, the rate at which water would be released.
from any equipment, and. the static head- against which the pump must operate.
The pump should d.ischarge through a check valve to prevent backflow. Each
pumpmotorshou.].d-becontro11ed.byanautomaticf1oats.witchactuatecIbythe
wate:" level ln the pit. For d.uplex pumps, an alternator should energize the
motors alternately, under norrnal cond.itions, or simultaneously when one pumtr>

alone cannot hand.Ie the load..

The entire drainage system includ.ing soi1, waste and vent stacks, interior
1ead.ers, branch wastes and vents, and. building sanitary and. storm drains
should. be tested. for leaks in the prbsence of representatives of the Local
Authority, before and after the plumbing fixtures have been attaehetL to the
system. No portion of the system should. be covered. before being testetl ond.
approved.. Tests should. be mad.e on an entire system or sections of a system.'
If neeessary, cleanouts shouJ-d, be removecl to d.etermine if all parts of the
system are uniler pressure.

Initial- tests should. be made with water or air. ff water is used., all open-
ings in the section to be tested" should. be tlghtly closed, except the highest

-L2-
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A clay or concrete pipe, 3 feet long, makgs the simplest suq> pit. If pipe
of the required. slze is not available, a concrete or brick manhole shoulcl be
constructed.. The base of the pit shoultl be concrete, 4 inches thick, and the
cover should be the steel plate from which the pump installation is suspended.
The entire pit shoul-d. be relatively vatertlghtr'and water entering the pit
should. come only through floor and area d.rains.

13. TESTING DRAIMGE SYSTEI\4S. 
.
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opening, and the system filIed with water to the point of overflow. A11
parts of the system should. be und.er not less than a 10 foot head. cf vatei',
except the uppermost 10 feet of the piping d.irectly beneath the opening.
lfhe water shouJ-d be kept in the system at feast 1! minutes and then a1l-
joints should- be examined" for l-e.r,i'-s.

If air is used, an air compressor or testing apparatus should be attached- to
any suitable opening (usually a cleanout), and. all other openings should. be
tightly closed. Air shoul-d. be forced- into the system until- there is a
uniform gage pressure of ) pound.s per square inch or 10 inches of mercury.
This pressure shouJ.d- remain constant for 1l minutes (without further pumping
of alr into the systern).

The final test should. be mad.e with smoke or a peppermint solution after the
fixtures have been connected- and. the fixture traps filled. vith vater.

lihen smoke is usecl, a pungent thlck smoke prod.uced. by smoke machines (not
by a chemical mixture) should be introd.uced. through a cleanout opening lnto
the system. As the smoke appears at each roof opening, the opening shouJ.d
be closed. and. the introd.uction of the smoke continued until a pressure of
1 inch of water has been built up within the system and. maintained. for 1)
mj,nutes. Und.er this pressure smoke should not be visible at any joint,
connection or fixture.

ff peppermint is used., a mixture of two ounces of oil of peppermi-nt and. one
ga1Ion of hot water should. be poured- into each roof opening of the system,
and. should. cause no noticeable od.or of peppermint within the build.ing. It
is essential that the ind-ivid.ua1 .who mixes and. pours the peppermint solution
shall no+' enter the build.ing urtil the test inspection has been completed.,
as the od.or of the peppermint clinging to his clothes may cause erroneous
test results.

Any defective trork that is d.j-scovered- as a result of tests or inspections
should. be corrected., and. the entire system or section should be retested.
and. reinspected. after the corrections have been mad.e. Calking of screwed.
jolnts, eracks, or holes should. not be permitted.; screwed jolnts should be
remad.e completely, and. any portion of the piplng wlth a craek or hole should.
be removed. and replaced with nev, undamaged., pipe or fittings.

-'t? -
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PUntsINOi IIEAIIITIOT AND VENTILATTOT

PART VIII - DR,AINAGE STSIB{S IN BUII,DINOS

the functton of e bulLdLng draJ.nage ryatem le to ceraT anay fron plunibrng
fLxtures and surfece dratns all watcr-borne wastcg that rrny reasonably be
eorpected to be deposlted ln such fixtures or dratns. Because of poestble
prcsenoe of dlaeass-produclng organJ.sns tn trtrese nastes, the nethod of dlaposal
mrst be auch that there 1111 be no poscibtltty of affectlng thc health or uell-'
belng of the bulldlng oecirpants. In addltlon, the aewer ges or alr rlthln the
drelnage aysten nust be kept fron entering llvtng speces, as the odor of such
gases la not only obJeotlonable but probably has a deleterlous effect on health.

The deslgn of effectlve dralnage systems should be based on the results of
sctenttflc reseerch end practlcal experlence rith due regard for eoonorqy.
Necessarlly, the provislons of the appllcable plumbing code 1111 also determinc
the detalls of the design. However, because of irregularttles and inconslst-
encles among varlous loca1 plumblng codes, f

on the Natlonal Pl Ll.Code This suggested code ls the
8' and ventlng and the oorrcluelons

ercpressed have a ratlonal bagis. Where local eodes permltl lt ls hoped that
the methods presented 1111 be used as the baats for the deetgn of bulldlng
dralnage sSrstene. These deslgn nethods provide the means of neducing oonstrue-
tlon costs by slmplifyLng and standardlzlng plumbing Installetlons.

}. OENERAL PRINCIPTES

fn elatost every lnstance, the.sfunplest and most dlrect dralnage and ventlng
layout has proved to be the moat satisfactory. To secure a almpla aysten the
flxtures should be grouped around the gtack lnto rhlch they draln, and thc
arrengement of the flxturts should be such that, the patho of branch rastes and
vents through the ualls and floor to the stack should be dlrect, short, and
rlthout detrirnent to structural members. Placing the stack betweEn adJacent
bethrooms or kLtchens, or locatlng the bathrooms and ldtchens rrertlcally one
above the other, ere obvlous means of slmpltfying the layouts.

The pealt Loadlng of the elements of a dralnage system is the result of sl:rRrl-
taneouc discharges of a msmber of the ftxtures at varlous locations. The plpe
sizes herel,n reconmended are besed on mathematical estlmates of peak loadlngs
combined rlth fectors of safety and, therefore, it la hlghly lmprobable that the
Lndicatcd capacltLes ul}I ever be exceeded Ln any actuaJ. lnstalletLon,

(Contta)
tlonrs rfNattonal Plunbing Coderrt ASa

avallabIe from the Amerlcan Society of Mechanlcal Englneers, 2lr5
Street, New Iork, Ner York 10017.

NOtEt thls 1s a nst,r Part ll"Ilf, Btflletlrt Noo f,R-?r DraJ.nage Systerns ln
Brdldlngsr and repS.aces the prerl-ous Part VIII wtrlch was obsoLeted ln
Ootober L963. Ttre mater{.al contaLned 1n the prevlous Part VffI has
been eorpleteJy revlsed.

-1-
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In recent years detergent fomlng at plunblng fixtrlres 1n drrclIlng untte
located on loner floors of htgh-rlse bulldlngs has been a aulsance problen
for maqr looaL Authorltles. It ls suggested for a correctd.ve nethod to tbls
problem, to avoid effects of back presilrres at bese of a steck, tbat ouch
flxtures as LLtchen slriko, or ldtrhen slrik and laundry traya combLnau.ona,
for the flrst, tbree floors of brlI.ldtngs 12 storles high and over should be
connected to a uaste stack(s) tUat, ls separate flon stactc(s) for flxttree
located on tbe upper floors. For bul.ldtngs under 12 storl,es htgh tbe flrst
floor, or the first and second floor flxturoa, dependlng on bttlldlng belghte
should also be connected to separate stack(s). The borizontal bnanch raeta
frqn each lorer floor stack sbould be rrrn at a hJ-gber level ttun tb€
horlzontel raste ruroff from the upper floor flxtures and should extend
epproxirrately 13 feet, or approxlnately hO ttmes tbe stack plpe olze, before
connectlon Ls nade to upper floor rast€ lrain.

2. FIXTUNS UNITS

l{ost nodern phmblng codes bave accepted the use of flxture unlt loadlng for
detemlnlng plp€ slzj.ng of tfie dral.nage and venttng qrsteins. A flxture unLt
le e deslgn factor for ttre dralnage system, eo choeen thet the load produolng
values of plunbing ftxtureo csn be expressed approxlmateJy aa ntrltlples of
that fector. The accepted values for verious ttrrpes of plunblng flxtures trr
group of ftxturos for the roqtdred slze of traps aod fl-xture dratns o8n be
best detarmlnod by consultlng the flrture unLt table Usted under the cbapter
on Dralnage Systen ln ttre NatlonaL Plumbtng Code.

Flxture rrnLt valuss for continuous or sentcontJnuous flor Lnto a draLnage
system, such es from a puqp, sunp eJector, alr-condltlonlng cqrdpment, or
gfufller dericee shou].d be conputed on the.basls of one f,lxture untt for each
gal-Ion per nlnute of flon.

3. SIZINO oF Soil AI{D }TASTE PIPnE

Tbe slze of ttte drainage plplng shou.3.d be corputed on the baels of the nadmn
flxtrrre unlt load for buiLdlng draln or brdldtng s€rer and for eo1I end raste
etacks rritb connected horizontal branch drainage lJnes frolr flxtures. Draln-
age ptpe sLzes can best be detemlned by consultd.ng the naxlmun load tables
U.st€d urdor the chaptcr on Ihalnage Syrsten ln the NatJ.onal Plumblng Code.

No soLL or raste stack should be smaLler than the largest borJ.zontel braacb
connected thereto except that a lr-hcU water cLoset bend connected to a 3-tnch
sol1 stack should not be consldered as a redrrctlon ln plpe slze. Ilorlzoatal
dralnage plping should be lnstalled ln unlform n]{gnment et uniforu elopee of
aot less than 1/h lnch per foot for 3-lnch and snaLler plpe slzee, not lese
than VB lnch per foot for L- to 8-lnch plpe sizer end not less tban V15 tnoh
per foot for lo-llch plpe slze and larger.

To mlnlmize the effects of corroslon, leaks, and lnJury to the pipJag, erl
wtderground htlldlng draLns rlthln the butLdlng and extending flve feot outpLdo
the butldlng should be ertra-heary cast-lron sotl pipe and fittlngs. SLnce

- 2 - (contta)
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cast-lron aoll plpe ls not nade smalLer than 2 lnches, lt follos that to
GnsurG the use of undorground dral-nage plplng of thts rnatcrtal, and to reduce
maJ.ntenance rork, no portJ.on of the dralnage systan lnstalled underground or
bolo a besom€nt or cellar floor ahould be leas than 2 lncbes ln dtuetor.

[. sort AIID wasrt coungcrrol'rs

Connectl.ons for dralnage ptplng shou.ld be rnedo nltt recessed dreLnage ftttlnga
to provlde snooth unobstructed f1qc. Sbort pattern sanitary tee fltttnga Gan
generalJy be used to coursct horlzontal bnanches to vertl"cal drains or stacks.
Eorever, rhen tro fJrtures, such as Lavatorieo, sfuikg, or cornblnatLon fJrttrea,
are lnstelted back to beck, the connoctl.ons to tbo common ventLoal draln stlouLd
be nade rith long-turn eanltarly pattern TYs, to prevent croes-flw f,rot one
flxture to the oth,er. Slnce ologgtrng of a cmnon drain ls JJke\r to occur norc
frequent\r than rtth a dratn shtch sorveB a slngle fktue, another reegon f,or'
uslng ttre long-tum tT Ls tbet lt ts nore eastly rodded and cleaoed tihan ls tlc
aanJ.tary tee. To furtbor nlnLnlze the possLbLJJ.ty of etoppagee ths cmpn
dreln for tro flxtures ahould be at least 2 Inchea in sLze.

tAe connectlons fror vertdcal, to horizontal ptplng shoutrd bo uads by long-tum.
bends, long-ttrrn Tfa, or conbinatLon I and etgbth bend flttd.ngs. Such fltttnga
serrra to prevent ologglng of the plptng rhicb tends to occnr becsuse of thp
decreasc Ln velocLty of lihe dlschargo at tbesc polnts.

Branches fron kltchea ainks or slrik aod tray conrbLnau.onc (rlrlch usuaLly cerrT
Erease and food acraps) should heve the shortest possl.ble borlsontel rune to
lnevert deposltlng of tbe grease and solJ.ds 1n tlre bnanch. Si-ntJ.arly, atranges
ln dlrectLon of any dralnage plplng ehould be kept to e nlnimrm to prevent tie
eettl1ng of solJ.ds. lfo cbsuge of dlreotLon greatar t*ran 9@ sbould be perulttcd.
In hor{.zontaL ptplng cuch changea sbould be nado by use of L5o Is, half fs, and
Iong sreep quarter, slxth, elgbth; or sJxteenth bends. Ubore tbe piplng stze
changes, etandsrd lncreesers aod reducere should be used.

Obstnrct"lons ln the horlzontel lJ.nes, such as house tlaps or grees€ traps,
decreaee the capactty of the drain ond lncroase nalntenence problena consider-
abIJ, yet provLde Ltttle or Do beneflt to tbe dralnage s5rstrms. It 1g etrongJy
rocompnded tbat a'l'l sug6 obstructLons be onitt€d.

[o flttJ.ng barlng a hub ln t]e dJrectLon opposlte to flor, or tee branche chould
be used as a dralnage flttd.ng. No fittlng or coDnectJ.on uhlch hac an enlargerrut,
chanber or receas rlth a ledge or shoulder or reductlon 1n plpe area should be
used. No draJ.naga or vent plplng should be drllJ,ed or tapped.

Bullding dralns rhtch can4ot be dlscharged to the eerer by grevlty f,lo ebould
be dl.scherged lnto a covered end veuted auup plt from rhtcb t&e Ltgrdd raeto
should be }Iftod and dlscharged lnto the bulldLng grevity dreLnage systeor rlth
autonau.c pruplng eqrdpnent.

(cmttal
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5. ctgN{ours

Cleanoirts serve tno prrrposes. lbey provide openings to be used ln rellerJ,ng
plpe stoppages and testing the drainage qrsteurs. F,nperlence has shorn that
frequently the instal-Latlon of cleanouts at favorable polnts has been
completely overlooked, or ttrey have been installed Ln Locatlone rhere utl}L-
zatlon was impossl-ble or wrdeslrable. To best serre thelr purpose, cleanouts
should be installed Ln accessible positLons et the follonlng locations:

8o At each cbange of dlrectd.on of the br:1141ng dratn greeter tfia$ bjo.

b. At or near the f,oot of each vertLcal solI stack, raste stack, or
lnslde leader.

cr Near tbe point of exLt of the bulldtng dra{n frm large brdldl.ngs.

d. Not more tean 50 feet apart on horLzontal solI lJ-nes. (ftfs distance
ls considerrid most convenlent for use of oDe rnn otrrratJ.ng a roddl-ng cable.)

Overbead cloanouts should aot be pLaced above anJr space nhere food ls to b€
stored, prepared, or consumed, or above domestic hoLuator storage tanks or
heatcrs, or over flrrge or suctton tanks or simLlar appurtenances of the
potable water dlstributd.on systeurs. Cleenouts at ftrrish fl6or leve1 ln
corrLdors, passageralsr boiler roorur, or ottrer spaces rbere eqllpnent ls
moved ecross the floor should be provlded lrttb countereunlc bead.s.

Every cleanout should be lnstalled so that tbe cleanout opens Ln a dl"rectioa
opposJ.te to the flow on tbe drainage 15.ne or at rlght angle ttrereto.

6. vENTs AIID vENTING

Tarlous parts of a drainage slrsten are opened to tlre atmosphere by neanc of
veots for the foltoutng pur?oses:

a. 'heventLon of back pressnres (pressures above atrnospherlc) that rould
obstruct the free fLm of rastcs through tbe draLnage systenr.

b. Preventlon of the loss of a trap seal, due to fluctuatd.ons ln pressuro
caused by flol fron other fJxtrrreo ettached to the $ystm.

trap.
Preventlon of self-slphonago of a trap seal, due to flou through the

Tbe Locatd.on and size of tbe vents reguLred for a partd.cular dralnage qrstcn
nill depend on the lars of flow of al.r in plping, tbe type and auangernent
of the connectd.ons; tbe size, sIope5 antl dovelopnen Lengtlr of tbe stack aad
dralns; the type and nmber of flxtnres connected; :ond tbe sLze and develop-
nent Lengttr of tbe vents. (The developed lengttr of vent plplng ls tho lengtJr
neasured alorg the center lJne of tbe 

1lne 
and fitttng frm the coaDectLoD

- h - (conttal



II}IFA
PHA
Jarmary 1955

BulletJ.n llo. LB-?
PTBT rlII

to the draJ.nage eystem to the tcrminus of the vent 1n tbc open elr. ) fo protect
the trap eeal, eacb fixture should have a vent in tts drata ll.ne not, closer tbea
tro plpe dtameters to th€ trqp relr to prevent foultng of the end of the vent.
To prevent self-slpbonage of tbe tiap, the distence of tbe flxture trap f:m ths
vtnt rlser ls establLsbed by the plpe size of tbe fl:ture draln and cao best be
determlned by consuJ-tJ.ng the fJxture vent table U.st€d trrder tte cbaptar on
Vents and Ventlng tn the l{etlonal P umbing Code.

7. TIETtrODS OT YEIITIII}

Venu.ng can be accourplJ.sbed by any of the follorlng nethode, subJect to
condl,tLons outll.ned Ln tle teble, that -det€rmtnes tbe dlatance of flxture trap
fron vent, lJ.sted under tbe obepter on Vents and Venting ln ths Netd.onal
Plublng Cod€.

B. Indlvtdnal (back) veptine,--plplng tnstalLed for the _ygqt4lg_
s flxture trap by extendlng a veut lJ.ne frGm the flxturC dieln to the veutLng
aJrsten ebove the flxture. Oenerally ttrls rethod can be applJ-ed ln ary lnstrUe-
tLon bnt it ls tbe urost expenslve and does not, alralns produce the best
protectd.on sLnce the End of the vent pipe rhere lt connects to tlp draln line
rnay beco,ne fouLed.

b. Steck veBtl3Fo Ttte extenslon of a eoil or raste stack ttrrough the
roof to tlre open atr and tlre use of ttrls extensLon as a neana of ventJ.ng a
goqp of ffurtures conslstlng of one bathroom group and a kitchen glnk or alrrk
and tney cqrblnatdon flxture. Each fixture draln should connect lndependentJy
to the stack ytth tho bathtub and rater closet dralns enterlqg st tlre aenre
Ievel, belri, ttre leval of ttre lavatory and comblnation f.txhrre corurectlong.
Holover, lf auch a f,lxtue group Ls vented ln this nanner end tf the st^reet
Berrer la so overLoeded that tt causes frequent eubnsrslon of the bulldlng
ssrr€r, a reLl.ef vent (or a back-vented fixture) should be connected to tlre
stack at or belor the bathtub and rater closet connectiong. If the conrbtna-
td.on flxture (or kitchen slnk) ts ornltted frm the stack-ventad group of
f,J.xtures, ttre rellef vent or back-vented flxture ls rrnnec€ssa.ry. An
e:rperLmentdl lnvestlgatl,on of steck venttng ls detalled ln l{atJ.onaL Bureeu
of Standards report EdS It8 ?/.

cr Corraon (dual ventlngr An tndirrldual vent, installed vertlcal\r,
nay be used as e conuton vent for tuo flxture trrps nhen botJr *lxture dratns
connect rrtth e veru.caL draln at the sane level. A corrunon vent nay elso be
used for two flxtures set on the same floor leveI but connectlng at
dLfferent levels ln the stack, prorrided the verttcal draLn ls one pipe
dlanetar larger than the q)p€r ffurture dratn but ln no cesa gmaller than
the Lower flxtrrre drain, rfij.chever ls the larger and that both dralns shouLd
conform to the table tlDistence of Elxture trap lYon Venttr set forth rurder the
chapter on Vents and VentLng ln the National Plurnblng Code.

(Contt4l
BMS lI8. Butldlng Materlals end

Structures Beports, Natlonal Bureau of Stamdards, 1950. Avallab1e frm tho
Superlntendent of Docunents, Washlngton, D.C. 2002. hlce 15 cents.
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d. Wet Vegglngo A aingle bathroom group of flxtures ney be instelled
rlttr e dri{n- I'rorn a b6ck-vented levatory, ldtchen slnk, or comblnatlon
flxturo servlng as a wet vent for a bathtub or shower atall and for a rater
cLooet, provlded that:

( 1) Not more than one fixture unlt ls dralned lnto a 1-V2 lnch
dJ.ameter wet vent or not more than four fixture rurlts draLned into a 2*inch
dianeter wet vent.

(2) The horlzontal branch draln connects to the stack at the same
level as the rater closet draln or beLor the rator closet draLn rhen
lnstalled on the top floor. It nay. also connect to tho rater closet bend.

Bathroom groups back-to-back on top floor conslstlng of tro lavatorles aad
tro bathtubs or shower stslls llay be lnstelled on the same horlzontal branch
rrtth a comilon vent for the lavatorles and trlth no back veat for the bathtub
or shower staIls and for the rater cLoset, prorlded that the ret wnt ls not
less ttran L-VZ lnches ln dtarneter.

On the lorer floors of a muLtlstory bulldlng, tho rasto plpo fron one or tro
Levatorles nay be used as a ret vent for one or tro bathtubs or shorers
pnorlded ttstr

(1) The uet vent and lts extenslon to the vent gtack ls not less
thgn 2 lnches ln diametor.

(2) Each sater closet belor the top f,loor 1E lndlvlduel\y back
vented.

(3) The vent stack slze can beet be determlned by cousultlng tho
table on rSize and Length of Ventsn set forth under the chapter on Ventg and
Venti.ng ln the Natlonal Plunblng Code.

€r . speclal venting latrrouts to aerve
nultlstorled buJ.klJ.nga, or batterles of fixtures on the sene f,loor. Such
ventlng urothode lnclude clrcnlt, loop, and varlous forni of rellef end ret
verrtlng! thelr condltLons of use can best be deterrnlned by consulting the
chepter on Vents and Ventd.ng in the National Plunblng Code.

8. SIZI}X} Otr'VENr PIPINO

Every soll and rastp stack shorrld be extended as a stack vent to the open alr.
The vent stack fron the fixtures belm the top floor should also t€md-nata ln
the open alr, or be coanected to the maln stack,vent at least 5 lnches above
ttre flood level rfun of the bigheet firture. The slze of an lndlrC.dual (back)
vent ehouLd be not less than 1-14 lnches, or less than one-balf the dlametor
of tbe draln to rtr-tch Lt ls connected. The slze of a stack vent ehorrld be
not Less ttran the sj,ze of the soll or rast€ stack. A vent stack or nain vent

(Contt6)
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ahouLd be et, least one-Mlf the dtanetor of tJle solL or raste etack, but tn
no oas6 Less than L-VZ lnches or less than tlre slzes cet f,orth i.n teble oa
nSlze and Length of Ventsr cet forth under tbc chapter on Ycnts and Yenttng
ln the l[atJ.one]. Plmblng Code.

9, IEADERS, SmnU IIRAINS, AUD R00F DRAINS

I leader (domspout) ls th6 vertd.cal rator conductor thet ertonds f,rqn e roof
drain to a dral.n polnt et the ground or to a polnt of oonneotdoa of horigontdl
atoru draLn. The alze of the vertLcaL l,eadera, eatebllLshed by the oquere foot
area of the roof, can best be deterrrdned by consrrltJ.ng the table oa ttSl.ze of,
VertlcaL Leadergn get forth under the chapter on Storn DraLns ln tbe l{atLonrl
Plmblag Cods.

Tbe gLze of the butldlng storu drein or arrJr of lts horlzontel brancbeo hedng
a alope of ilZ lnch or less rltfi e naxLnrun ratc of rainfall of b lncbes por
hour ehould be based on the pa:drlrln proJected roof arsa to be handlcd and
can best be deterntne{ by-consuLti.ng the table on n8iza of llorlzoatal Storn
Ilreinstt set forth under tlre chapter on Storn lhal,ns In the NstJ.oqeL Plumblng
Code.

Storn drelng rhea connected to e comblned smr chould be trapped. llo trtpr
rlIL be requlred for storu-rator drslns rhich er6 courcoted to c dretnage
cyrtm carrylag stom reter oroluslvely. I{hore cmblned dralns ere to bc
used, the oonneotioa fbm the storu draln to th€ conbtned dralng shouLd be
nade at the sarne level tbough a glng]e rye ftttdng pneferably outsldo

r'bulldtng and et least no Losi tean 10 feel dornstreG frm any branch to
the aanltery dratn or fron an3r bnanch to the sen{ tar.:f dratn or frm aqr aoLl
otsck. the size of .the conblned drain shouLd be based on ttre omblned flor
frm the stoml and sanlterJr dralns. Ihe flor In thc eanltary drein should
be oonvertpd to lts eqrdvalent flor from e proJectad roof, aree by the use of,
one 'of tbe follortng crlt€rla, (based on a ll-fncn rate of ralafe[)r
. Bo tlhen ttre total loed Ln tlre santtary draln la any value Leee ttran 256

f,liture'urtts, tho ftor ln ttre sanltary dratn shorrld be talcen as tThe equlva-
lgnt 9t tJre f,lor l}om Ir00O Bquare feet of proJected roof atr€a.

b. t{ben the totel load in the sanltary dreln exceedl 255 fixture units,
the fLor due fo each fixttrre unlt should be consldered ttre eqrdveLent to thc
flor from J.p sqrrere feet of proJected roof dFe8.

The sun total of actuaL proJeated roof arEa and pnoJeoted roof erea conrputed
from one of tlrEse crLtorle can then be used J.n conJunctd.on rLtJl teble on
nSlze of EorLzontaL Storn IlraLnsr under cbapter on Storm Drelns in the
Ilat'l,oua1 P}nblng Code (af,t€r adJustJ.ng both etreas for actnal rate of ratnfalt)
to detormlne the eize of the conblned drain. In ar[r csse, the conblned draLn
stzee used ehouLd aot be less then b lncbes, or be enaller thao eltber tbe
aeparate storn or sanltar;r drel,ns dtschargJ.ng tnto the omblned draln.

_ 7 ._ (conttd)
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llhero there ls
purnpr eJector,
rrtnute of suoh
from 2h square
ratnfall.

contJnuous or lnt€ndttont dlsoharge lnto a draln, es frol a
alr-condLtionlng plant, or afunller devl"oe, each gallon per
dtscharge should be consldered aa bclng eqrdvalent to tbe flor
feet of proJeclted roof etree, on t,hc bagla of a lr-tnch rete of

Roof dralns ahould. be cast lron and should bave tle aane outlet size ec ths
leeder to rhLch they are connectod and shouLd tuve beetrtve or done-shepod
stral-nera. The avallable lnlet aree of tbc strstaor ebve the roof, Level
should be not less tfian L-UZ tl^rros ths area of, l.eader to rhlch the dradn
is connectod. Boof dreln strelnors for prurenade roof,o, gun declcst end
d-ml.Lar areae, aomally sorrlced,srd nelntalned, ahould be of the flat
curface type rlth an evalleble lnlet area of not l.esg then 2 tdnea tbe area
of thc leader to utrich ttre drata ls connected.

10. trLOON DR.AINS AND AfiEA DBAI}IS

fiLoor dral"ns ehorll.d be lnstrlLed l.n proJect leundrtrr rooms, boller roma,
eqrdpurent rooms rtri.ch contgln punpa or rater etorage tenke, and basement
speces lnto rtrleh dralnage fron undergrormd stpan or hot rater dlstrJ.buti.on
tunneLs or condults rtlt fLor. Fl-oor dralna should be located frm dlroct
peths of pedestrlan traffl.c. Area draius sbould be tnstr"Iled et elL exterlor
ramps or entrances tbat ere belou gradea. Each dratn ehould be pleced of the
lmest polnt of the floor or dralnago etrea, and the entJ.re f,Loor or sree
shoul-d slope untforn-ly torard tllls lol polnt. fbe drelns abould diacbarge
lnto tbe sanltary'or gtorn dralnege e5rsten, dlrectly or tbrough 8 srmp prqp.
Venttrng of ttre dreln trap 1r unn€ceoaerlr.

FLoor and area dreLng ghouLd be eonatructed of ceet, Xron rnd bc provlded rlth
a Ltnged. gating cover and P-trap. Bsceuse of thelr locatLor, tfiese dralns
(especlall;7 erterlor area drelnc) frequentJ.y becone flLled nlth send or debrlcl
therefore, to Dlrd$lze nalntenenco oosts, draXn outlets sbot[d be 3 tncbos ln
slz6. ID addttlon, aree dral.ns etrorrLd be provtded rltb rmoveble s€dl$€Dt
buckete G lrenc.

LL, fitP HHPS

ls f,ar ea possLble, tAc dralnage systens ghould be deeigned to provtde crylctc
gravlty fLor from dralas to ssrer. Thle ls eapeclally tnre of tbe sanitery
dralnage s5rstens, gLnce Eerago eJectoro are costly, trmblesone, and ure}leb1c.
If neceesary to obtain grevlty flo for aanttary dralno, Lt rould be advlsable
to reLocatc plu&tng flxtuea, baeenent roors, or cven entJ.re bull&1ngs.

Dlocbarges ftm floor aad eree dralns locetcd belw ths level of the bulldlng
draln can be bendlod by surp punps (cellar dralnErs), rhen gravlty flc La
lnposslbJ.e. Sl.ace botler rooma usnall3r requlre nore headroon thao ttre usuel
bascneut spscor Bmp pulrpe, rhon regrdred, are wnaLJy located ln such ro0o8o

- I - (cont'ta;
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I boJ.ler root of large dJ-nonsl.ona, separated frm tfte r€oatrtlag bulldtnga of,
the proJect and subJect to heaqT ground ratpr tlflLtratlone ahonld haye l'
duplex srunp pmp lnstallatLon, a bolIer roor thet t s falrly small, lntegrel
rtth a bulld.tng contelnllg dnerUngs, and rhere LtttLc gfound rater lnftltra-
tlon ls antd.clpatod, should have e alngLe $mp $Ep. Xnternedi.ate eondttLons
ahould be declded by tbe englneer.

The elze of sump punps should be based on the aroa to be dralned, tbo
eetlfi&t€d rata of grorurd rater lrrflLtratl,on, tihe rate at, rhLch reter rould
be released from aqr eqrdpnent, and the statJ.c head agalnst rhtch the pmp
must qrerate. lte pup should dLsctrarge tbrough a abeck valve to preven
beckflotr. Each prrmp notor sbould be sontrollled by an antonutlc f]oat errltah
actuetsd by the ratsr level l.n tbe pLt. F<rr dupl€x p1ry8, an.aLtcrnator
ehould energlze tJre notors elteroately, under nor:mail condttl.ons, or alnul-
tnneousl,y rhem one purp done cannot handle the Load,

A clay or coDorete plpe, 3 feet long, maker tbe efupleet arql plt. If plpe
of ttre reqrrl"rod sl"ze Ls not rvetlable, a concrete or bnLck nanhoLe sbouLd bc
constructed. lts base of tie plt chould be concrete, b inches ttriok, aad tlc
cover ehould be the steel plate l}m rtrlcb the punrp lnstiLlau.on ie ousperdcd.
The entd.re plt shouLd be relatLrtly ratertlghtr and rater enterdng tJre p{t
should cure onJy t*nough floor and area drelns.

]2. IESTIIif,} DNAI}nOE STEMT.fiI
.:

I'he entl.re dralnage'system LnclndJ.ng soll, raete and vent, otacks; tnterlor
leaders, bra,rcb rastes"srd vents, and biutLdtng santtarT aad storn drel.na
should be tested for leelcs Ln the presence of rqrresentatJ.tpe of the Looal
Autlor:lty, before and e.fter the plumblng fixtures bavr been atteched to t&c
aystem. [o porti.on of tbe sgrston sbon].d be covered before belng teetad and
approved. Teets shonLd be nad€ on an entLro systeur or secttons of e s5reten.
If necessary, cleanouts ahould be rmoved to deterttno J.:f nrL parte of tlc
systen are under pressure.

InttJ.el tests shouLd be rnads rrtth reter or elr. If rater is usod, aIL open-
Lngs ln tbe aectl.on to be tested should be tfghtly cLosed, except tbe h.tg[eat
operdnge aud the system flLled rith rat€r to ths polnt of, overflor. AlL
parts of the systen shnu1d be under not less tban a l0-foot head of rater,
except that uppernost 1O feet of tbe plplng dLroctly beneatb the operdng.
fre rater should be kept ln tbe syston et leeat lr5 nfnutps and theu aLL
Jotnts should be exantned for leaks. If slr is used, aa atr cfiipressor or
testing apparatus sbould be atteched to aqf ardteble openlng (ususLly a
cleanout)r 8od ell otber openlngs ebotrld be t.lgbtly closed. AJ.r sbould be
forced lnto the systen rrntl.l there ls a rrnlforrr gag6 pressure of J pounda
per square lncb above atnospberlc pressure or 1O lnches of merctr5r. TttLe
Irressure should reueln constant for 15 rrtnutas (rrithout firrtter pumplng of
alr lnto the eysten.) (cmttal
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tbo f,lm.l tcat rhoujld bc rrdr rlttr ru*c q e pepprrd.nt eolutloa rf,t r tb
ftrtsoa brve bcrn somcotad e.l tbo flrtlpc trp *!,lIcd trLth retar.

Ihcn dc lc uacd", r pungent tihlck cr*c poarocC by do rachiaoa (aot bf
e ohrotcal nfurtue) phou}d br lntcoduocd throu6h r cloruut qrdng tnto th,
ayrta. Ar tb mohe lppe.rs at croh roof opcatag, tl, opcd.ng rbttld bc
oloaed and thc lntroduotLoa. of t&r rmokc oontd,nurd util r lrttsuro of X, lnob
of, ratcr brs bGce butlt ql rLttrn t$c ryrtrn rnd Hlntn:l.ncd for 15 dnnrtes.
Undcr ltlo lreaaurs an*r &ould not bl vta.!.blo rt ty Jodnt, owioottffil or
ffiturc.

If, poppmtnt Lr uscd, e drturo of, tro oumot! of o11 of pcmomtnt rd ouc
grlfoa of, bot retar &ould bo pouod lnto ceoh roof, oprolng of tie ryata,
ud opcalns should t&!tr br ttgDtft olosld. IhB. rbould br rc odtr of poDDcr-
ntnt rtthtn tbo bul"ldtng c rt, rry ,o{ntp oomnrotloq c f,l.rtrrc opcnLng u
e romlt of, tEc tert hevfuU bcen lntrodrocd lnto tI. ryrta. It la
raccatt rl tbrt tb. ldtvlihrl rho d*oc ud poua th prperrht rolutd.on
rlroll mt entor tle bottdlng uatd.L tLo tott tnrycotiloo hr b..! ooplotrd,
rc t$a odsr of ter pcpprud.at oU.nglng tolBt olottm rf,t orur. a:!omoo,
tmt rcaultr.

lny dafcotJ.vc rrnt t&rt la dtroorured u.i rotnlt of t!!tr r turlrottoar
abuld bc oorrcct d, rnd tbe cntd.r ryrta or roctim sbmld bc rctcfiod
and ral,napcctod rftcr tfic oqrotd.ona brvc bccn ildD. 0rlH.ng of cordred
Jotntr, orrchr, or holoa rholld not br Deftt dt rorard Jotnb &o,trld br
nrdc ooplctclyl eod ery petl.on of thc pffilru rlt& r orsk or hof.c abuld
bc rcrcvcd rnd rcplrood rd.tb acrl undmegd, plpo e Cltti.rye.

-10. EtrA-PIIA, tlasb. e I).0,



ilt
4"7/

.--.^ry,.*",r r ., l;{F

EHFA
PHA
5-tj-jo h, Bulletin No. LR-?

PABT IX
'ti C

PLU}iE]NG HEATING AND VENTILATION

PART ]X BOTLER PLANT INSTRUMENTS

Great importance is properly attaehed., in the early stages of project design,
to the selection of the most economical coinbinatlon of util-itles, includ.ing
the d.eterminati-on of a heating method. and system and the fuel therefor. The

signifi-eance of such selection will- be }ost if efficiencies originally antici-
pated. are not obtained- as a result of faulty d-esign or lack of complete
knowledge as to how the plant is functioning under varying 1oad. cond.itions.
One of the greatest industrial- losses in the country results from waste that
goes up the chimneyl low-rent housing can afford. this kind- of loss much less
than lnd.ustry.

As it is important for the physician to measure the rate of heat generated
within the bod.y, resulting from food. oxid.ation (netabolism), to trace the
cause of certain illnesses: so it is important for the engineer to measure
the useful energy resulting from cornbustion processes in fuel burning. The
engineer must have the scientific approach to fuel savings; he must know and
und.erstand. the means to obtain the maximum heat energy liberated. from the
boilers.

Instruments are the tools to guid.e and d.lrect him in the care and. efficient
operation of the boil-er plant; they are a necessary ad.junct to a well-planned.
heating system. The instruments d.iscussed. in this text are limited. to plants
operated. and. maintained. by pr'oject managemqnt and relate principally to the
boller itself.

The instruments which are generally essentlal in this work are a carbon dioxid.e
(COe) measuring d-evice, a flue gas temperature measuring d.evice and a draft
gauge. There are other useful- instruments, such as the steam flow meter, the
,hot water dlsplacement meter and. the smoke ind.icator. These may not be as
important as the carbon d.ioxid.e and ffue gas temperature measuring devices,
or the d.raft gauge, but are relatively useful because they, too, d.irectl;'
measu:'e or record. the avallable heat energy.

So well recognized. are the functions of these instruments, that engineers who
d-esign small plants, where the more cxtensive types of instrumentation may
not be warranted. can justifiably specify the furnir:hing of small-, inexpensi-ve,
portable sets of, carbon d-ioxid.e ind.icators, thermometers, and. draft gauges.

1. CARBOIV DIOXTDE AND FLUE GAS MEASUREMENTS

The combustion englneer knows that carbon dioxid.e is the most significant
eomponent of flue gas because it is formed. by the burning of the carbon id
the fuel. The engineer is aware that a low percentage of CC2 means too much
air is being d.rawn into the boil-er through badly fitted. d.oors and. poorly
constructed settings or, perhaps, that the firing apparatus has not been
regulated. to coord.inate the air supply with the fuel burning rate. Conversely,

-1-
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a high CO, accor,rpaniecl by d.ense smoke means incomplete burning, resulting
from too Titt-l-e air; r+ith anthracite, unburned" gases can be lost without
smoke. The flue gas ternpez'ature measuring device shows the effectiveness
with whlch the boil-er exchange surfaces absorb the heat from hot gases.

There is, for each t14>e and classification of fuel, an "ultimate" vafue of
CO2 which 1s the resuft of supplying and utitizing the required. amount of
oxygen for the perfect or theoretical combustion of fuel. This val-ue
d.epends upon the original constituents in the f'uel such as carbon, hydrogen,
conponents of carbcn and. hydrogen, nitrogen, sulphur, etc. The d-egree to
which the theoretical figure is approached., together with the temperature
measurement of the gas leaving the burner form the basis of d.etermining the
"combustion" or "ind.irect" efficlency.

Curves in the ASHVE Guid-e have been plotted from application of formulae to
show the overall boiler efficiency for various types and. elasses of fue1,
d.ependent upon the CO2 and. fJ-ue gas temperature. When using a good. grad.e df
coal or oil, a CO2 of-10 percent and gas tenperature of BOOo f., results in
an overal-l ef'ficiency of about 68 to JO percent. The BOOo F. temperature
is higher than average, and can ind.icate a d.irty or improperly baffled.
boiler. ff boil-er exchange surfaces were kept clean and. the boiler properly
baff1eo", flue gas temperatures could be red,uced to not over 650o F; und.er
the same conbustion cond.itions, the overal-l efficiency wouId then be about
75 percent.

2, DRAF'T MEASIJRM.4ENT

Draft cr'eates :trovement of gases through the furnace or boiler and. up the
stack. Essentially, d.raft is a pressure which may be positive or negative.
ft can start and maintaln air in motion to support combustion.

Natural draft is the basis of most piant and. chimncy dosigns, and. is formed
by the d.ifferencc in veight of the col-d.er, heavier air on the outsid.e of a
chimlley and the hotter, lighter gases withln _the stack" Forced. or ind.uced
drafts supplement natural d.raft, thc former being used extensively in stokers
and. oil burner installations, and to some exten-b in gas burner install-ations.

Forced. d"raft is provid.ed. by a blower, located. at the pit of thc boiler which
supplies air und.er pressure through a coal bed. or over a burner to aid fuel
burning. This pressure is positive at the inception of the burning process
and. becomes negative in the combustion charnber, at whieh point, second,ary
air is clrawn lnto the boiler to complete the final- burnlng. A negative
pressure 1s d-esirable since i-t prevents fl-ame and. smoke from bcing blown into
the boiler room.

Tnduccd d.raft is created. by a fan, which is general11. located betwecn thc
boiler outlet and. tlre chimney inlet. Draft, whethcr natural, forced. or
ind.uced., is measured in "inches of water column", and gi,ves the necessary
information to regulate thc proper amount of air lntake and. fl-ow for the
respective fuel burning rate. Measuring the resistancc offercd to the flov
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for the respective fuel burning rate. Measuring the resistance offered. to
the flow of gases in their travel through the boiler passages should. also
help locate the area of trouble if any deficiencies develop within the boiler.
The two-point, three-point or multi-point draft gauge is arranged in vertical-
quad.rants for typieal large size boiler installations. The d,raft gauge can
be useful in determining the d.raft, with varying l-oad.s, which prod.uces the
best combustion conditions. The CO2 and the temperature of the flue gas
will have to be measured. for each cond.ition.

3. SMOKE INDICATION AND RECORDTNG

The Need. for smoke abatement, and. the frequency with which the public has
become conscious of its effect upon property values, has been discussed
in numerous articles, and does not require repetition here. When smoke is
chargecl wlth fine partieles of carbon, which indicates improper combustion,
fuel is being wasted. The smoke ind.lcator or record.er (one form of which
operates upon the photo-electrlc ceII principle) shows combustion conditions
in the boiler. This iustrument is so sensitive in gauging the haze or smoke
density, that correct interpretation wil-I tell whether excessive or insuffi-
cient air is being d.rawn through the combustion chamber. The smoke ind.lcator
record.er has become a necessity in l-oeallties where smoke ord.inances are
rigid.ly enforced.

4. srEAyi AND wATER MEASURm{ENT

The steam recording flow meter, the cond.ensate meter, or the ord.lnary hot
water d.ispl-aeement meter can give an accurate analysi.s concerning the rate
of steam evaporated. per unit of fuel burned.; this is a check on d.irect
efficiencyt or the output of the boiler at 1ts nozzle. To illustrate: an
evaporation of about 8.4 fUs. of steam, transposed. to standard. cond.itlons
at atmospheric pressure and.2120 F., per lb. of L2,50O Btu coa1, wou1d. mean
an efficiency of about 65 percent; an evaporation of about 9 1bs. of steam
und.er the same cireumstances and. cond.itions woul-d. mean an efficiency of
about lO percent. The steam flow meter seems to functlon more accurately
1n high pressure steam plants because its operation d.epend.s upon the pressure
d.rop across an orifice. The d.rop may be too large to permit effectlve
operation of low pressure steam systems.

The average commercial type of co1d" water meter wiJ-l determine the amount
of make-up water the plant is using; more than average r"rse of such make-up
indicates existence of leaks in the system.

5. NUMBER AND T]?E OF INSTRUMENTS

Instrumentation need. not be carried. to an extreme, but only to a d.egree
t'here the read.ing of each d.evice can be integrated. effectively ln plant
operation. Benefits can be realized only nhen the significance and correl-ated
value of each instrument is known.

-3-
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Ir000-21100 sq. ft. heatlng surface
Hot water displacement meter.
Measuring quantity of steam produced.
Installed- on maln feed- line to

boilers and deslgned. for measure-
ment of water to approximately
2000 F. Where make-up water is
fed. d.1rect1y into boil-ers, the
water meter wifl measure system
returns.: where make-up vater is
fed into cond.ensate receiving
tank on the suction side of the
boiler feed. pumps, the meter vill
measure the total of the system
returns and. make-up.

2,5OO, and above., se. ft. heating
snrface, (tiign pressure steam only) .

Record"ing and. integrating steam
flow meter.

Measuring quantity of steam prod-uced..
fnstalled on each boiler 1ead..

Flanges in the steam main servi-ng
the entire project will be useful
if it is d.ecid.ed- to lnstall flow
meter at a l-ater d.ate.

Al-1 boilers where there is und-er-
ground d,istribution.

Corrrrnercial type of col-d. water meter"
Measuring quantity make-up 'arater in

steam systemo.
fnstalled. on make-up 1ine.

lrit=;

Since measuring d.evices are constructed with delicate mechanisms, they must
be located where they will be subject to a mlnimunt of d-ust, shock and vlbra-
tion. Mounting on instrument panels or board.s where they are eas11y accessi-
b1e for reading and. servicing has been found. most feasiblel r+hen so mounted
a boiler pressure gauge and an electric clock could. be incl-ud-ed.. Water meters
installed. with a J-va1ve by-pass will facilitate meter servicing without
interruption of plant operation.

ft is best to base the selection of cach ins'brument on the boil-er size,
which directly reflects the capaqity of the system. On such a basis, the
instruments referred. to below are recommend.ed.. fnstru:nents (ercept a col-d
water meter) are not 1lsted. for boiler sizes less than IrOOO sq. ft. heating
surface, but there is no reason why, when boilers of lesser capacity are
required., a simple test kit comprising the COr, flue gas and draft measuring

f -.d.evices (as d.iscussed hereinbefore) shoul-d. noi be provid.ed. and used- to
ad.vantage

Boiler Size:a
(1)
(2)
(3)

Instrument:
Service:
Remarks:

b Boiler Size:

(f) lnstrument:

Service:
Remarks:

Boiler Size:

fnstrurnent:
Service:

c

(2)
(3)

t
2

(
(

(3) Remarks:

lg
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d Boiler Size:

(1) Instrument:

(2) Service:

(3) Remarks:

Boiler Size:
(1) Instruments:

Service:
,iemarks:

Boiler Size:

(1) Instrument:

Service:
Remarks:

{t** l*l PART ]X
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650, ana above, sq.ft. heatir:g
surface.

fnd.icating thermometer (high
grade, easily reatL, steam or
dial type),

Measuring feed. water temperature
in steam systems.

Installed where it will measure
feed vater temperatures. Where
feed water heater is installed",
high grad,e, easily read., stem or
dial indicating thermometers
should be lnclud.ed to measure
temperature of supply to, and-
d.ischarge from, feed. water heater.
Where boilers have 2!00, and. above,
sq.ft. of heating surface each, a
recortling check on temperature of
supply to and- d-ischarge from feed
water heater is ad.visable, and can
be secured. with a two pen instrument.

1OOO-2500 sq.ft. heating surface.
One combination CO2 and flue gas

temperature record.ed. for p1ant, or
separate ind.icating instrument for
each function.

Measuring C0, and. flue gas temperature.
Arranged. so that CO2 and. temperature

of flue gas can be measured
selectively from each boiler.

2500, and abover se.ft. heating
surface.

C02 record.er and flue gas temperature
record.er.

Measuring C02 and flue gas temperatures.
Separate instruments for each

boiler are d.esirable.

11000 and. abover sg.ft. heating
surface.

Smoke ind.icator and. record.er equipped.
with signal light or alarm.

Measuring smoke d.ensity.
fnstalled. in main bre'aching in coal

or oil-fired plants, only 1n those
localities which have or contemplate
smoke ord.inances.

e

f

(2
(s

2

3

o
b

)
)

tr

Boiler Size:

(1) Instruments:

(2) Service:
(3) Bemarks:
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1000, and. abo'rer se.ft. heating
surface.

Draft gaugc sultable for scrvice
required..

Install-ed- for coal--fired. installa-
tions, to measure draft in wind.
box, over firc and. last pass.
fnstalled. for oil and- gas-fired"
i?stallations to measure d,raft
in combustion chamber and last
pass.

No minimun.
Ind.icating thermometers (h:-gir

grad.e, easily read, stem or d.ial
tvpe ) .

Measurlng water temperature in
forced. hot water systems.

fnstalled. on supply to and discharge
from bolIer or heat exchanger, and
at d.ischarge from mixing valve.
Where boilers have 2100, and. above,
sq.ft. heati-ng surface a record-ing
thermometer should be installed. to
measure water temperature at d.is-
charge from mixing valve.

No minimum.
Ind.icating pressure gauges, in

add.ition to that supplled with
boiler.

Measuring pressure in forced. hot
water systems.

Installed. on suction and. d.ischarge
connections at circul-ating pumps

PART IX

h

l-

Boiler Size:

(1) Instrument:

(2) Remarks:

Boiler Size:
(1) rnstruments:

(2) Service:

(3) Remarks:

Boiler Size:
(1) Instruments:

j

(2)

(3)

Service:

Remarks:

A combined steam flow-air flow meter and pyrometer may be substituted. for
the separate steam flow meter and the fl-ue gas temperature measurlng d.evice
(recorder) mentioned herein. fn effect the combined. d.evice is three instru-
ments in one: (1) record.ing and integrating the steam flow; (2) record.ing
the relative rate of air flow for combustion; and (3) reeord.ing the flue gas
temperature. A11 reeord.ings are on one chart. Here, as for the steam ffow
meter, operation is most accurate in high pressure systems. Although the
combined" instrument does not di::ectIy neasure the C02, the combined. read.ings
on the chart are informative enough to show whether correct proportions of
CO2 have been released.. There may, therefore, be no need for the CO2

record.er, but in its place the "Orsat" apparatus or other sample test kits
couId. be used. to make occasional checks on the flue gas.

6
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T'wo of the pens in the instrument, record,ing steam flow and. air f1ow, operate
together when best combustlon results are obtalned.. fn one make of instru-
ment, when the air flow pen moves higher on the record. chart than the steain
flow pen, it shows too much air and. too littie fuel; conversel-y the air: fl-ow
pen movi-ng below the steam flow pen shows too l-ittle air or too much fuel"
The third, pen record.s the flue gas temperature.

Ad.justments are matle on the instrument original.ly by the manufacturer
have the steam and. air flow pens move together, after trial and. error
are run on flue gas samples through the range of operating Ioad.s.
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PilN{BING HEATING AND IENTIIATION

PAEf IX-BOITEB PI.,ANT INSTRUMU.ES

Inportance ls properly attaohed, in the earLy stages of proJect destgn, to the
geLection of the most economlcal conbtnation of utilltiesl lncludlng the
heatl-ng method and systemr and the fuel therefor. The slgnlftcance of sueh
eelection wll.L be Lost lf operation and rnalntenance efflclencles orlgirel.\y
antlclpated are not obtalaed, resultllg from faulty desigu or from lack of
compJ.ete knowledge as to how the he.ating plant ls functlonlng under varylng
load condlttons. One of the great Industrlal losses ln the country results
fron raate that goes up the chtmney; prrbHo Ior-rent housllg can lll-afford
thls klnd of Loss.

It ts lmportant for the plant operator to measure the useful ouerry resultlng
frgm combustion pr.ocesses ln fuel burnlng. The deslgn englneer nust have the
sclentlfLc appnoach to fuel, savlngs; he mrst lgrow and understand the moans
to obtalrr the mexlmm heat enerry llberated from the bollers.

Iustnrments are the tooLs to gulde and dlrect the operator ln tha proper care
and effLclent operatton of the heatlng plant; they are a necessarJr adJunct
to a waLl"-planned heating system. The tnstruments dlscussed tn thts tort are
Llmlted to plants operated and maLntained by proJect management,

The lnstrunents whlch are essentlal tn thls rprk are a carbon dtordde (C02)
neasurlng devlce, a flue gas temperature measurLng derice, a draft gaugee and
a cold wator neter. There are other useful lnstnrmenta, such as the stean
flow moter, the hot nater dlsplaeement meter, and the smoke lndleator. The
latter may not be as important as the carbon dioxlde and flue gas temperature
measurlng derrlcea, or the draft gauge, but are reLative\r useful because theyr
too, dLrectly lndteate or record data necessary to gulde boiLer operatloa.

So well recognized are the furctions of.instrunents, that operators of emaLl
pJ-ants" nhere the nore extenslve types of instrunentation nay not be wa:ranted
ean Justlftably purchase inerpenslve, portable sets of carbon dlordde lndl-
cators, therrnometers, and draft gauges.

1. CARBON DIOXIDE AND FLUE-GAS MEASI'RN,IMITS

The design englneer lsrows that carbon dioxlde l-s the most slgntflcant component
of flue gas, beeause lt :Ls fomed by the complete burnilg of the carbon t-n the .

fuel. For example, the englneer ts aware that a low percentage of C02 means too
nuch air ts belng drarm lnto the boLler through badJy fttted doors and poor\y
constructed sett{'gs or, perhaps, that the flring apparatus has not been
rpgulated to coordinate aeeurately the atr supply with the fuel burnlng rate.
The flue gas temperature neasuring device shons the effectlveness wlth wbich
the boller exchange surfaces absorb the heat fron hot Sasoeo

Bu]-letin No. LR-Je dated June I!1 Lg5O.
It has been revlsed throughout.
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There le, for each ttrrye and cLasstflcatlon of fuel, an nulti:naterr value of
C02 rhlch ls the result of supplylng and utlllzing the requlred amount of
o)rygen for the perfect combustlon of fuel. Thls value depends upon the
ord.glnal constltuents ln the fuel. The degree to whlch the theoretical
flgure ls apprnoached, together rdth the temperature neasuremont of the
flue gas Leavlng the boilerp form the bastE of determinlng the ncombustlonn
or nlndirectrr efflclency.

Curves tn the Arnerlcan Socl-ety of Heating, Befrtgerattng and Alr-Condltlonlng
Englneers Guide have been plotted to show thls lndlrect bolIer efficlency for
varlous ttr4pes and classes of fueL, dependent upon the C02 end flue 8as
temperature. For example; when usJlg a good grade of coal or otle a CO2 of
l-0 percent and gas temperature of 800oF., result ln an indlrect efflclency of
about 68 to 70 percent. The 800of. temperature Ls htgher than average, and
ean lndleate a dirty or lnproperly baffled bol,Ler. If boller heat-exchange
surfaces rere kept clean and the boller properly baffled, flue gas temperaturec
eouLd be reduced to not over 5$of; gnder the eame combustion condltions, the
overall efficiency nouLd then be about 78 percent.

2, DRAFT MEASUREME}TI

Draft creates movement of gases through the boller and up the stack. Essen-
tlalIy, draft ls a pressure whlch rnay be positlve or negatlve. It can start
and malntaln alr ln motlon to support combustlon.

Natural draft ls the basls of moet plant and chlmney destgns, and Le fomed
by the dLfference ln welght of the colderl heavler alr on the outslde of a
chlmney and the hotter, J.lghter gaseo rlthln the stack. Forced or lndueed
drafts may supplement natural draft. Obrlous\y mechantcal draft ls necessar;r
rhen stub pleces proJect frcn the boiler smoke up-takes in separate one or trlo
story bol}or plants, or where the chlmney ls raduced fron the requLred natural
draft helght to malntatn the archltectural effect of a proJect.

Forced draft ls provided by a blowerl locatEd ln coal stoker Lnstallatlone
at the plt of the bo5-ler ntrlch srrpplles alr under presaura through the coal
bed. fn oll or gas brrnlng lnstallatlons, the blower ls an integral parb of
the burner equi.pment. Thls pressure is posttlve at the J.nceptlon of the
burnlag process and may become negatlve ln the eonbustlon chanberl at whlch
polnt, eeeondary aLr ts drawr lnto the boller to eomplete the finaL burnlng.
Ihe advantage ln a sltght negatlve pressure of about O.O5 inches nater
column ls that lt prevents flame and smoke fron betng b3.orn lnto the boiLer
room, and prevents burner rlngs ln oil-ftred lnstallatlons fron beconlng
damaged.

-2-
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The dlgadvantage ln Lon etacks ls crsatlon of a smoke and odor nulesnae et
habltable area Level.s; cautlon ln thelr use Ls thenefore adrisebLe.

Indrrced draft ls created W a fan, rhlch Ls Located betueen the bollar outlet
and the chinrrey lnlet. Draft, rhether natural-p forcedror lnducede ls
measuled ln rlnches of rrater columnrn and glves the necessarlr lnformatlon to
regulate the proper amount of atr lntake for the respeetive fueL burnlng ratc.
l{easurlng the resistance offered to tJto fLor of gases by a draft gauge ln
thelr travel through tbe boLler passages should also help locate the area of
troubla lf ary deflcLencles develop-nlthtn the boLler. The tro-polnt,
trfu.s6-poLnt or multLpolnt draft gauge ts generally arranged ln vertlcaL
qrradrants. ThE gaug6 is useful ln determlning the draftl rith varylng loads
to produce the best combustion conditions. The C02 and the flue gao telpera-
ture should be measured for each condltLon.

3. SI',IoKE INDICATIoN AND RECoRDING

The need for emoke abatementr and the llequency rlth whlch the publle hse
become conscious of lts effect upon heaLth, and property valuee, has been
dlscussed in numerous artlcLes, and does not requlre repotltion hsre. Wheu
gmoke ls charged rith flne partlcLes of earbon, which Lndlcates i:nproper
combustion, fue3. ls being wested. Tho smoke lndicator or recorder (one form
of whlch operates upon the photoelectrd.c ceIl prlncj.ple) shows combustioa
conditlons ln the boiLer. This lnstrrrnent Ls so senstttve Xn gauglng the
smoke denslty, that correct hterpretatlon w1Ll teLl w?rether excesslve or
lnsufflclent alr ls belrg drawn through the combustton chanber. The smokc
tndLcator or recorder has become a neessity ln locallttes uher€ snoke
ordlnanees ere rtgld\y enforced.

h. STzu{ AI{D wATm, UEASI,RD{E$IT

The steam recordlng fLow meter, the eondensate meter, or the ordlnary hot
water dlsplacement meter shows the rate of stean evaporated per unlt of fuel
burned; thle la a check on direet efflclencJlr or the output of the boLler at
lts nozzle. To {rl.ustrate; an evaporatlon of about 8.lr lbs. of stean,
transposed to standard condltiong at atmospherlc proesure and 212o F.e per Ib.
of 121100 Btu coal, nouLd nean an efflctency of about 65 percent; an evapo-
ratlon of about 9 Ibs. of steam with the same firel would mean an efflclency of
about JO pereent. The steam flow meter firnctions more accurate\r ln hlgh
pressure steam plants because its operation depends upon the pressure drop
across an oriflce. The drop nay be too large to permit effective operatlon of
thls instrument ln lor pressure stean systens.

The average eommercial tlpe of cold water meter w111 deterul-ne tbe amount of
nakeup water the plant ls using; more than average use of such nakeup
lndicates erlsterrce of leaks in the systen. Indication of corrosLon in the
pipe llnes nould necessltate additional chemical treatment of the boLler rater.
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5. NIn{BER, AI,ID rypE 0F rNsrRluElfrs

Instrumentatlou need not be carrled to a^n extrene, but on\y to a degree rhere
the readlng of each derdce can ba lntegrated effectlvely ln plant operation.
Beneflte can be realized on\r ntren the slgnificance and correlated value of
eaeh lngtrument is lmorm.

Slnce neaaurlng devLoes are constnrcted rdth de1lcete nechaniamsl they mret
be Loeated ntrere they rILt be subJect to a mfnfunua of duste shock,and rlbra-
tLon. Morrntlng on panela nhere they are easl\y accessLbLe for reading and
serv'Iclng has been found most feaelble; utren eo mounted e bolIer pressur.to or
temperatrrre gauge (depenarng whether the heating mediun ls ateam or hot
nater)r and an eleetric clock couLd be lncluded. Water neters tnstaUed rlth
e 3-valve trypaea rlII facllltate meter ser"viclng rithout lntermption of
plant operation.

Selectlon of lnatrunert,g should be based on the eLze of each bolIer. 0n such
basia, the instrurpnte referred to below are nocomnetrded. Ingtruments (except
thermoneterg and a cold water meter) are not listed for each boller slze leei
than 65 boller horseporer output. Howevere rhen bollers of thts lesser
capaclty are requlred, a.atmp3.e test kLt conprl.sing the CO2e flue.gas and
draft measurLng devtcee (as dlecussed herelnbefore) shouLd-be usefule and Lc
deftnlteJy recosmended.

the flgures lndlcated belor under boller slze are bolLer horseporcr outputa.

8o

bo Botler Sizel

BoLIer Sizec
(1) Instnmentr
(2) servtcer
(3) nemarfs|

1oo-250
Hot rater displacement meter.
Measuring quantity of et€an produeed.
Installed on maln return Ifu€ to bol1"era; and
deslgned for measurement of water up to
approxlmately 200o F. tftrere nakeup rater
ls fed direct\r into bollers (bypaselng
meter), meter rlL1 measure system returnsS
wtrere mdceup rrater ls fed lnto condeneate
recelvlng tanlc on the suction slde of the
botlor feed pumps, the meter nlL[ neasure
the total of the system returns ercd makeup.

25O and above. (tlgtr pressure steam only).
Record5.ng and lntegratlng eteam-flor mater.
Itfeasuring quantlty of stean produced;
fnstalLed on each bol-ler suppl,y lead.
Flanges ln the steam naln servlng the entlre
proJect rill be useful lf lt is decided to
i.rtsta.ll flor meter at e later date. Use
condensate meter for Low prossure steem eyeteuns.

(1)
(21
(;)

Iastrumentr
Senrlee:
Renarksr
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BoILer Sizer
(L) Instnmentt
(2) Sarvloes
(3) Renarkg;

BoLLer Slzer
(1) Instrrnentt

(2) Sarrrtcct

(3) Renarkcr

Boiler Stzec
(Jr) fnstnmentar

(2) Serclcet
(3) nernarksr

BolLer Sizen
(1) Instrumentss

No rnlnfumrn .
Corunerclal type of cold water meter.
li[easurlng quanttty of nakeup rater
Installed on makeup llrte.

65, and above.
Indicattng thermoneter (hteh grade; eaal\y
read, stem or dLaL type).
Measurl-ng return nater temperature Ln
gteam syetems.
Initall€d on return llno at bol-lers. tiltrere
feed rater heater Ls lnstaLlede hlgh Sader
eastly read, stem or dleL lndlcatlng
thermometers shouLd be lncluded to moaEilre
ternperature of supply to, and dlscharge ltom,
feed water heater. Where each boller hee
25O and above horseponor outpute s r'6ssirt{ng
check on temperature of supply to and dlscharge
fron feed nater heater ls advisable, and
should be secured wlth a tno pen recordLng
lnstnrment,

a

100-210.
One comblnatlon CO2 and flue gae temperaturc
recorder for plant, or separate lnstrument
for each firnctton.
Measurlng C02 and flue gas temperature.
Amanged so f,tr,at CO2 and terperature of flue
ges can be measured seLectlvely from eaeh
boiler.

25Ot and above,
CO2 and flue gas tempenature recorderr trr
comblnatlon or separate tnstruments.
lleasuring C02 and flue gas temperatures.
Separate reeordorg for each boiler are
deslrable.

10O and above.
Smoke ildicator end recorder eqrlpped rlth
signal ltght or alarm (horn or beIL).
It[easuring smoke density.
Installed fu1 pa'ln breaching ln coal or olL-
fired plants; and for all bol-ler sizes tn
those local.ltles whlch have or contemplate
smoke ordLnances.

2) serrlcer
l) Rernarksr

(
(

$o Boller Slze:
(1) rnstrunentr

(2) servteer'
(3) Reurarrs:
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h. Boiler Slze
(1) Instruments
(2) Reruarksr

Boller Size::
(1) Instnunentgr

(2) Sernlce:

(3) Rsnsrksc

Boller Slzec
(1) Instnments;

(2) Serrlcer

(3) Remarks:

100 and above.
Draft gauge suLtabLo for servLce regulred.
Installed for coal-ftred tnstallatlons, to
moasure draft ln rrind boxe over flre and
last pass. Installed for olL and gas-ftred
Lnstallations to meegure draft ln combustlon
chamber and last pasE.

No mlnirnum.
fndlcating thermometers (hlgh gradep eaally
readp stem or dtal type).
Measurlng water temperature ln forced hot
water systems.
Installed on suppLy to and dlscharge fron
bollor or heat exchangerr and at dlecharge
fron mlxing valv6. Where each bolIer has
250 horsepower, and aborre a reeordhg
thermometer shouLd be lnstalled to meesuro
rater temparature at discharge to system.

No mlnLrnm.
Indicattng pressure gauges, ln addltlon to
that supp}ied with boi-ler.
lleasurlng pr€ssure ln forced hot rater
systems.
InstalLed on suction and dlscharge connectLona
at circulatlng purpso

I a

J a

A comblned gtean-fLow air-fLor meter and pyroneter may be substttuted for the
separate stesm-florn meter and the flue gas terperature neasuring derrLea
(recorder). The codbiled devlee Ls three lnstruments lD ones (1) recordlng
and lntegratlng the stesm fJ.ow; (2) recordlng the relatlve rate of alr flow for
conrbustion; and (J) recordlng the flue gas temlrrature. AIL recordinga ero oa
one chart. Heree as for the stcan-florr meter, operatlon 1s nost accurate l.n
htgh pressuro systems. Although the conbjned lnstnrment does not dlrectly
neasure the CO2r the comblned readlngs on the chart are fuformative enough to
show whether cErrect proportions of C02 have been achieved. There nay,
therefore, be no noed for the CO2 reeorder, but ln J.ts place the nOrsatn
apparatus or other slmple test ldts could be used to make occaslonal checke on
flue gas.

The design englneer should exerclse hts Judgement as to the prevaillng practlcc,
and operattng sldLl.s avallable in the cormrunity. It is coneeivable that the
boiler horseponer limltatlons above may be increased or deereased to effect
maxinum practical econorry consistent rith local conditlons.
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PLIJIB ]NG. HEAT ING . AND VENTTI,ATTON
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a GENER,AL

Nearly all 1ocal plumbing codes perrnit a choice of water supply piping
materi-aIs, and most of them afl-ow optlonal selection of some part of the
drainage system. The purpose of these notes is to consi-der in light of
the experience and needs of public low-rent housing, the relative advantages
of the various materials used for water supply and drainage piping.

The first objective in the selection should be a probable life expectancy of
approxinately forty years vrith a minimum of anticipated repairs or replace-
ments during that period; the seeond should be to select the lowest cost
materials that will meet the foregoing requirement of probable life expect-
ancy. A materi.al that rvil1 meet these objectives in one locality will not
necessarily do so in another, since differences in water, soi1, and other
conditions will often favor a material in one locality and not do so else-
where. Hence, the results of 1oca1 experiences should be sought from all
available sources. IThen informatj-on so obtained is inconclusive or i.nadequate,
or where it is expected that l-oca1 conditions nay be changed, it i-s strongly
advised that a water and soil analysis be made by a competent and disinterested
corrosion engineer to aid in making correct selectlon of the materials,
especially of the water-supply piping.

2. UID_ERCR,OUND DRATNAGE pIg-ING W_USX{ E_U4,DiNGS

Such pipe is subject to soil and water corrosion, damage d.ue to backfilling,
and leaks caused by settlement and vibration. Since repairs or replacenents
are costly, this piping should be able to withstand all possible hazards.

The material subject to the fewest risks is extra-heavy cast-iron soil pipe
and fittings. The relatively thick and uniform walls of this pipe, together
with pnoperly made joints of lead and oakum, offers the best insurance against
corrosion and danage. This type of pipe should erbend five feet beyond the
ext,erior walls of buildings.

3. aBOl'E:GROIllrD pRA_INAGE AND VENT prprNc

Following is a list of the various materials used for these purposes, with
comments on their characteristics, advantages, etc:

a. Cast:iro!-.g.if pipe and fittings, victory weight (Iignter than extra-
heavy), available in two inch diameter ina krger, is {tre material most
commonly used for this purpose. ft is thick enough to resist normal corrosion,
well- made joints are gas tight and will withstand moderate morrements. Joints
are easily made, cutting to desired lengths can be done readily, and the
pipe secti.ons are light and readily handled.

-1-
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This weight of pipe is subject to breakage under careless handling, the wal1
thickness is not ilways uniform, and sand holes and other defects are not
uncommon. The possibility of latent flaws demands careful tests after
installation and removal of entire sections that are found defective, since
sealing flavrs ls not permanent and should not be permitted. Horizontal runs
of thiJ type of piping should be supported at five-foot lntervals which results
in rnore hangers than are required for screwed ferrous piping.

b. Thregded cast-jgg eipg, with screwed fittings, is usually of better
quality than cast-iron sol1 pipe and has fewer fIaws. Available slzes are
].-].,/tr inch diameter and larger. Since the fittings, being without hubs, are
snaller than soil pipe fittingse the piping can be worked into tighter spaces.
This pipe is more expensive than cast-iron soil pipe end good thread cutting
is dlfficult and expensive, since cast lron is hard and brittle. The pipe
will readily fracture under moderately hearSr torque when the joints are made
uP.

c. Galvgn_lzed sleel pipg of standard weight wlth screwed fittings is
generally used for stacks up to 2 inches, and for branch waste and vents.
Relatlvely Iow cost for these slzes and ease in cutting, threading, and fltting
are the maln advantages. Oonnections from fixbures to a stack are falrly
rlgld and excesslve movements of the building (not a 1ikely hazard lf the
structure 1s properly deslgned and bulIt) may fracture the connectlon at the
Etack or at the flxbures.

d. Galvaniged nrlrueht-l on_plpe of standard welght and with screwed
flttlngs ls generally more expenslve than galvanized steeI. Formerly it was
belleved to reslst corrosLon better than stee1, but many authonltlee are nour
oonvlnced that alL ferrous materlals corrode about equally under normal- condi-
tlone, and that lt ls the thlckness of the plpe waIl that ls the determlnlng
factor ln the l1fe of the plplng. If corrosion of the drainage and vent plptng
is expeoted to be severer lt would be advisable to use exbra-heavy steel plping
rather than standard vrelght wrought iron.

e. Lead gaste olpe of welght D or XL is flexible, can be worked lnto tlght
cpaoes, and le not affected by structuraL morrements. fts use ls limited to
branch 11nes between the flxtures and stacks Blnce the plpe requires supports
to pnevent sagging on horizontal runs and at 4 foot intervals when placed
vertically. The cost of these supports and the necessary wiped joints makes
lead plpe nore expensLve than some other materials. Lead pipe can be easily
damaged durlng construction, is subject to corrosive attack when placed in
contact with concrete and plaster, and has been known to suffer from attacks
b;r rodents.

f. BraEs or copper pipg with screwed brass or bronze fittings is more
expensive than other materials qnd, hencee is seldom used for drainage piping.
Joints must be carefull5r made since the threads are easily damaged after a
joint has been made, it cannot be broken and remade with the same threaded
ends or fi.ttings.
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g. Copref_lgbigg with urrought-copper solder-j oint sleeve-type fittings ls
made in r-reights K, L, and IVi. Type K has the thickest wa1I and is used princi-
pa11y for underground installation; types L and ili are for above-ground wor!.
Type U has a thinner wa11 than type L and should be used only vrhere suitable
protection can be provided. Both types K and L are furnished as hard-dravun
or annealed tubing, while type l\tl can be had only in hard-drawn form.
Generally, hard-drawn tubj-ng is used in nerr installations, while the annealed
type is uore suitable for repairs or replacement vork.

Copper tubing is light, easily bent to shape, requires few fittings and these
can be quickly made up. (Tin-antimony solder for joints is considered better
than the tin-lead type; flux should be the non-corrosive type of rosin and
nlneral grease). Since fittings are the Itstream-linerr type, the tubing can
be worked into tight spaces and may, in some cases, permit thinner partitions
than piping of other materials. The drainage passager?ay is very smooth
which reduces the possibility of stoppage, and the material is relatively
IDIr-COf roSive.

Copper tubing is expensive, i-n compari.son lrith other naterials and is subject
to damage during construction, but these disadvantages may'be offset by the
rapidity and ease of installation.

/,. FNT]NGS FOR DRAINAGE AND VENT PfPTIG

Fittings for cast-iron soil piping should be the same weight as the pipe.
Ferrous drainage piping, other than soil piping, should have cast-iron
recessed drainage fittings. Piping for the vent system should have galvanized
cast-iron, or maIleable-iron, straight t;rpe (steam pattern) fittings. Con-
nections betv,reen lead pipe and east-iron soil piplng shoul-d be made with a
brass calking femule wiped to the lead and cafked into the hub of the soil-
pipe fitting; if the lead is connected to other t.1;r:es of drainage piping, it
should be wiped to a brass soldering nipple or bushing which is screwed into
such plping. Copper tubing branches are screired. to non-copper stacks by means
of adapters. Brass or copper tubing or fittings should not be connected to
galvanized piping unless an insulating fitting is used.

5. WATER SUPPLY PIP]NG

Materials available for use in water distribution piping are cast iron,
galvanized steel, or wror:ght iron, lead, brass or copper, and choosing betr,veen
them the life-expectancy and the economy of each should receive fulI considera-
tion. The corrosion of water plping is particularly important, since it is
usually smaller than drainage or vent pipi.ng and the effects of corrosion vrilI
tend to make the lines useless by penetrating the pipe wall or by fillitg the
pipe with scaIe. Even more. so than ln the case of drainage piping, a soj-1
and water corrosion specialist may be needed to assist in making the final
choice. Some general eomments regarding various water-piping materials fol1olv.

a. Cast-iron water piping is used almost exclusively for underground
piping. The pipe is usually coated with coal-tar pitch and can also be
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obtained with cement lining so that it wil-l effectively resist both water
and soil corrosion. Ifihen large size piping is required, this material gives
excellent service because of its relatively thiek pipe ^wal]s.. llowever, the
cost of catting and handling must be considered i-n evaluating its economy.

b. Galvanized steel water pipe with galvanized. malIeab1e-iron screwed
fittings has probably the l-owest cost of the cornmonly used pipe materials,
but also is most liable to corrosive attack both from the soil and the water.
Galvanj-zed wrought-iron has similar characteristics, but costs eonsiderably
more.

Steef or wrought-iron pipe can be used only where water and soi.l conditlons
are very favorable since, if the water is soft, the effects of corrosion will
be to cause penetration of the pipe wa11, and if the water is hard the interior
will becorne coated and eventually clogged to such an exLent that the flow
(especially through the smaller Uranc[es) will be seriously retarded.. These
conditions are particularly prevalent in heated water. There are relatlvely
few places in this country where water conditions are such that these mater-
ials will last the required length of time.

c. Cement-1ined steel water pipg with cement-lined malleabIe-iron fittings
is suitable for highly corrosive waters. h some localities this is the only
piping that can be used with any success; however, the cost is relatively high,
and the piping must be carefully handled to prevent fracture or spalling of
the cement lining. The pipe and g!-1 fittings should be factory-Iined, and
special jointing compound should be used. Make-shift or on-the-job lining of
pipe or fittings should be forbidden, as the lining will not be contlnuous
and corrosive water vri1l attack the exposed metal. trBren cutting this pipe, a.
hack saw should be used since an ordinary pipecutter may fraeture the lining.
Because of the high cost of this material and its installatlon, it should be
used only where none of the other commonly-used materials will withstand the
corrosive attacks of the water.

d. Lead water pipins is useful for underground piping only because (us
notedpneffierequi-reSmoresupp6rtsthin-ot[ermLteria1s.Some
water constituents will- combine with l-ead to form a toxic poison, and it should
be definitely determined that such consti-tuents are not present in any water
that will be used with lead pipe. Lead is fairly resistant to corrosion,
except when in contact with concrete or plaster. Because of its relative soft-
ness, care must-be taken to prevent damage during installation and backfilling.
The cost of the material, handling, and jointing, is fairly high.

e. BraSs oI-SgprelgatSlpipS with brass or bronze fittings have the sarne
disadvantage as outllned for the use of these naterials in drainage and vent
piping. In addition, there is a tendency for sone corrosive waters and soils
to dissolve out the zinc 1n the brass pipe or fittings, rendering the remainder
of the metal porous.

f. Copper water tubins with wrought-copper, solder-joints, sleeve-type
fittings G,s er#Iousfiaescribed for drainage and vent work) ii generally-
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well suited for water supply piping. fts greatest advantage is its resistance
to the corrosion of most soifs and waters, and the virtual assurance of a
practically trouble-free life for forty years or more, excepb under unusually
unfavorable conditions. fts smooth surface, as compared to galvanized steel,
reuoces the friction factor used in designing pipe sizes, and frequently
smaller pipe can be used without reducing flow and pressure under design
conditi-ons. Since it has so many advantages, it should be considered as a
first choice, even though its cost is somewhat higher than galvanized steel.

6. GAS PTP]NG

Bl-ack steel or black vrrought-iron pipe with black malleabIe-j-ron fittings are
used generally for gas piping, although copper tubing may be used for short
branch eonnections or when connecting liquefied petroleuq or butane-air storage
tanks to gas appliances. As stated previously, wrought-iron gives about the
same servj-ce as steel. To minimize damage due to eorrosion, methods of
protecting the piping (especially undergiound piping) b;r coiting, wrapplng or
providing eathodic protection are being increasingly used, and Part V of this
Bu11etin, trSafety Considerations in the hstallation of Gas Pipingrr, discusses
these methods of protection.

7 . REFERENCE SFtsC ]F]CAT IONS

The acceptable composition of materials, dimensions, tolerances, and general
and detailed descriptions and testing pnocedures to determine their aecept-
ability, are listed in specifications issued by various interested bodies.
The Unlted States Government i-ssues a standard stock catalogue of Feders.l
Specifications on most plumbing materials.

These specifications are i-ntended for the use of governmental agencies in
purchasing materials. Since these specifications are detailed, conplete,
and kept current by continual- revisi.ons, and since most plumbing supply
firms are familiar with their requirements, they can readily be used as a
basic requirement for most plumbing materials. Copies of the vari-ous
specifications are available from the Superintendent of Documents,
I[ashington 25, D.C., at nominal cost.

Also available frur the Superintendent of Documents are copies of Comrrercial
Standards and Sirnplified Practice Recommendations issued by the National
Bureau of Standards, tr[ashington, D.C. Commercial Standards are voluntary
standards of the various trades pr:blished in booklet form, while Simpllfied
hactice Recommendations are recorded voluntary recommendations to the
trade. These standards can be made mandatory when applied to the variqrs
materials. used in plumbing installations. In general, the details of the
various materials specified in these standards are in agreement wlth the
applicable Federal Specifications.

The American Standards Association, 70 East 45th Street, New York 17, New York,
an j-ndustry-supported association, issues various standards on most plumbing
materials for general use by governmental agencies and private industry.

E-)-
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These standards may not include all of the items listed in the Federal
Specifications, but for the items lncluded the standards should be
equally accepbable.

The American Society for Testing Materials, l-91:6 Race Street, Philadelphia l,
Pennsylvania, issues various standards and tentative standards for the testing
and inspection of many plumbing materials. ?heir testing methods are widely
accepted and when necessary can be used with confidence.

The &nerican llater -florks Association, 500 Fifth Avenue, New York 18, New York,
issues standards and tentative standards principally on cast-iron water piping
and coal-tar enamel used to protect piping. The latter standard should be
complied with lf this type of pnotection is to be applied to underground waten
or gas piping.
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PART X - TIATER SUPPLY AND DRAINAGE PIPING MATERIAI,S

I GENERALt

Nearly all loca1 plumblng codes permit a'cholce of water supply ptping
matertals, and most of them allow optional selecti-on of some parb of the
dralnage systom. The purpose of these notes ls to consider ln llght of
the experlence and needs of public low-rent housing, the relative advantages
of the varlous materials used for water supplyand dralnage plping.

The first obJective ln the selectj-on should be a lj-fe expectancy of not
Iess than twenty-flve years with a minjmum of antlclpated repairs or replace-
ments durlng that pertod; the second should be to select the louest cost
materials that will meet the foregolng requirement of probable life expect-
ancy. A materlal that will meet these obJeetives ln one loea[ty w'111 not
necessarily do so in another, slnce differences in'water, sol1, and other
conditlons will often favor a material in one locality and not do so else-
where. Hence, the results of local experlences should be sought from a}l
avallable sources. When infomation so obtained ls inconclusive or inad-
equate, or where it is expected thab foeal conditions may be changed, it is
strongly advlsed that a water and soil analysis be made by a competent and
disinterested corrosion engineer to atd ln maiclng correct selectlon of the
materlals, espeelally of the water-supply piping.

2. UNDERGROUND DRAINAGE PIPIiIG WITHIN BUIIDINGS

Such pipe is subJect to soil and water corosion, darnage due to baekfilling,
and leaks caused by settlement and vibration. Since repairs or replacements
are costly, this plping should be able to withstand all posslble hazards.

The material subject to the fewest risks is extra-heaql. cast-iron soil pipe
and flttlngs. The relatlvely thick and uniform walls of thls pipe offer the
best tnsurance against corroslon or damage. Joints should be firmly paoked
with oakum or hemp and filled 'rflith molten lead, or factory made compression
type Jotnts may be used. This type of pipe should extend five feet beyond
the exterior walls of buildj-ngs.

). ABOVE4ROUND DRAINAGE A}ID VENT PIPING

Follorrlng ls a list of the various materials used for these purposes, wlth
comnents on their characteristlcs, advantages, etc:

(Conttd)
11etin No. LE-7 dated 6-29-50. It

has been nevlsed to include additlonal piplng naterial and to update
the mater{.a1 and references.
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0o Cast-lron soil pipe and fi tting, hub and splgot type, or centrlfugally
cast t1rye with hub and wi[[out spigot is available ln both five-foot and ten-
foot lengths, and in plpe sLzes of trvo-lnch diameter and J-arger is the materlaL
most common\r used for this purposer Most building codes require the use of
ertra hearry ttrrye pi.pe and flttlngs for high-rise buildings and will permit
the use of service weight pipe and flttinpfor Iow-rlse buildings.

Hubless Qpe cast-iron plpe and fittlngs, with Joi-nts cornprl-sed of neoprene
gaskets and fastened in place rith stainless steel shlelds and band clampsl
may be used in compact installations, ln lieu of the use of hub ty,oe pipe,
particularly for drailage systems in low-rlse buildi-ngs.

b. Galvanized steel plpe of standard r.lelght with screwed flttlngs ls
generally used for-sEecEs up t,o 2 inches, and for branch waste and vents,
Relatively Iow cost for these sizes and ease in cuttingl threading, and fitting
are the main advantages. Connections from fixtures to a stack are falrly
rigid and excessive movements of the bullding (not a IikeIy hazard if the
structure is properly designed and bullt) may fracture the connection at the
stack or at the fixtures.

co Galvanlzed wrought-iron pipe of standard weight and with screwed
fittings is generally more expensive than galvanized steel. Formerly it
was believed to resist corrosion better than stee1, but many authorlties are
norv convinced that all ferrous materials corrode about equally under normal
eonditions, and that it is the thickness of the pipe wa1I that is the deter-
minlng factor jn the life of the piping. If corrosion of the drainage and
vent piping is expected to be severe, it would be advisable to use extra-
heavy steel piping rather than standard weight wrought iron.

d. Lead waste pipq of weight D or XL is flexiblercan be worked into
tight spaces, and is not affected by structural movements. Its use 1s
limited to branch lines between the fjxtures and stacks since the plpe
requires supports to prevent sagging on horizontal runs and at lr foot in-
tervals when placed verbica.lIy. The cost of these supports and the necessarJr
rlped Joints makes }ead pipe more expensive than some other materials. Lead
plpe can be easi.ly damaged durlng construetion, and is subJect to corroslve
attack when placed in contact rith concrete and plaster.

. oo Copper tubing wltJr nrought-copper solder-joint sleeve-t11pe fitti-ngs
is made in weights K; L, M and D!W; types M and ItrdV are generally used for
above ground drainage and vent work. Type DIW has a thinner wa1I than type
M'and should be used only where suitable protection can be provided. The
interior wal1 of copper tubing has low frictional resistance to flou gnd is
relatively noncorrosive o

The llght weight of the material permits easy handling and with the use of
rrstreamlinerr .t1rye fittlngsr the tubing can be worked into tight spaces and
hay, in some cases, permit tublng to be concealed between studs thus reduclng- furring ttrat may be required for other materd.als.

(Contt d)
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Copper tublng is erqrensive, in comparlson wlth other materialsebut thls dls-
advantage nay be offset by the rapldity and ease of installatlon.

f. ltastic pipe with eolvent reldod lype fittings, a relatively new
product that ts rapidly gaining favor 1n use for raste and vents for lou-rlse
bulldlngs. Such plplng materlals, conmerclally known as Polyntnyl Chloride
(pVC) or Acrylonite-Butadiene-Styrene (ABS), &G belng used for thts purpose.
The plpe materlals are Ilght in weLght, easy to handle and assernble, and
have the necessary requlrements for good pipe performance, such as toughness,
rlgldltyr and resistance to corroslon. Connectlon.s to other types of non-
femous plpes, where neoessarJr, can be nade through the use of adaptero,

Plastic pipe rr111 probably gain i.n popularity ln the coming years for use irt
raste and vent systems wlthln bulldings. Houever, Its ercpanded use for thts
pu?ose ls subJect to acceptance ln loca1 bulldlng codes.

h. FITTINGS FOB DRAINAOE AI{D VENT PIPING

Flttings for cast-iron soil piping should be the same weight as the plpe.
Ferrous dralnage plping, other than soil plpl-ng, should harre cast-lron
recesged drainage flttings. Piping for the vent system should have galvan-
lzed cast-iron, or malleable-iron, stralght type (steam pattern) fttt:ngs.
Connectlons between lead plpe and cast-i/ron soil piping should be made n-Ith
a brass calking ferrlle rtped to the lead and calked lnto the hub of tho
soil pipe fittlng; if the lead ls connected to other types of dratnage pipJ-ng,
lt should be uiped to a brass soldering nipple or brushing which ts screwed
lnto such plplng. Copper tubing branches are screwed to non-copper stacks
by means of adapters. Brass or copper tubing or fittlngs should not be oon-
nected to galvanized plping trnless an lnsulatlng fitting is used. Connections
of plastlc plpe to cast-iron, steel, or other types of pipe should be made
by means of adapters.

5. WATEB SUPPLT PTPTNG

Dlaterials available for use in uater distribution piplng are cast-lron,
copper, galvan:ized steel or rrought tron, plastic and asbestoa cement, and ln
chooslng between them the 1lfe ocpectancy and the economy of each should
recelve fuIL constderation. Corroslon of ferrous water plping ts partlcu-
1arIy i.rnportant slnce the effects of comoston tend to make the llnes uselegs
by fllllng the pipe nlth scale or by penetrating the pipe waII jn belor
ground installatlons. fn certain areas a water corrosion specialist may be
nqeded to assr-st 1n maldng the final cholce of t1rye of pipe to be used.

Er Cast-lro! wa&r,plpe en4 ftttings completely coated Lnslde and out
lrtttt coal-tar varnLsh ara the@-oflma ertal generally seleeted for rrnder-
ground water mains. tltren large size plping is required this material gives
excellent senrice because of its relatively thj.ck wa11s.

(Conttd)
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Such pipe and fittings can also be obtained wlth cement lining bo meet unusual
service conditlons.

co Galvanlz,ed steel water pipq with galvanlzed rnalleable-Lron has probably
the lowest cost of ferroua pj-pe material-s, but also is most liable to cor-

sions as requi::ed, or equipped wJ-th adapters as nscessary for proper joining.
This type of inert pipi.ng material is light in weight and is easy to handle
and is generally used for water mains. The cast-iron fittings reqrrired can
also be obtained with cement lining to meet unusual serwice condittons.

rosl-ve attack both for the soll and the water. Glavanized wrought-iron has
sinllar characteristics, but costs considerably more.

Stee1 or wrought-iron pipe can be used only where water and soil condltlons
are very favorable since, lf the water is soft, the effects of corroslon will
be to cause penetration of the pipe walI, and if the water is hard, the inter-
ior w.iI} become coated and eventually clogged to such an extent thab the flou
(especially through the snaller bran-ches)-irfff be serj-ously retarded, These
condittonL are particularly prevalent in heated wat,er.

fn evaluating the use of bhis material, r+ith nonferrous materials for under-
ground work, the additional cost of coating and wrapping bhe steel or wroug[rt-
lron plping consi.stent wlth PHA requirernents rmrst be considered.

b.
The fit

d.
prevlous

Cement-asbestos ssure e
e cast-lron th b

r water with
or

may be used for underground work.
eII connections, or sPecial djmen-

rrrought-copper solder-joint sleeve type (as
and vent work) is generally well sulted for

water supply piplng. Type K has the thickest waII and is used principally
for underground installation and type t for aboveground work. Both type I(
and L are furnished as hard-drawn or in annealed fonn. The greatest, advan-
tage to the use of copper tubing is its resistance to the corrosiort of most
solls and waters, and the virtual assurance of a practically trouble-free
life for twenty-five years or more, except under unusually unfavorable
condltions. fts smooth surface, as compared to galvanized steeI, reduces the
frlctlon factor used j.n designing pipe sizes, and frequently smaller plpe can
be used wlthout reducing flow and pressure under design conditions. Slnce
lt has so mar\y advantages, it should be considered as a first choice, even
though its cost i-s hi.gher than sbeel or wrought-iron plpe.

€r Plastic 
-pi,12g. 

for water distribution, such as (PVC) or (l'g$) with
solvent wela'eAffi-elittings (as previously mentloned for drainage vents
systems) or the flexible polyethylene t54pe with molded insert t1rye fitting
and stainless steel clamps, can be used for underground work outside buildi-ngs.
However, the availability of plastlc rnaterials for water piping systems in
butlding and parbicularly for domestic hot water is limited. The hj-gh cost
of such material as polyvinyl dichloride (pVD) suggested as a suitable plastie
for hot and cold water pipe and acceptance by local codes riI} perhaps delay
the use of plastic pipe for this puryose for several years.

(Contt d)
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6. cAs PIPING

a. Black steel or black wrought-lr wlth black nalleabLe-lron
flttlngs are used generally for gas piplng, although copper tublng may be used
for short branch connections or rhen conneeting }lquefled petroleum or butane-
alr storage tanks to gas applJ-ances. Ae stated prevlously, rrought-iron gl-veo
about the same serrrlce as steel. To mlnlnize damege due to corroslon all eteel
and nrought-iron pipe used ln underground work must be coated and rrapped to
meet the requlrements set forth ln PHA Low-Rent Houslng Manuel Sectlon 207,1.
Part V of thls Bu11etln, trSafety Consl-deratlong ln the Installation of Gas
Plpingrtr dlseusses nethods of protection and other pertlnent gas piplng
lnstallat1on data.

b. Plastlc plpe rith eolvent uelded type flttings ls rapidly galnlng
favor for use in underground gas dlstrlbutlon systems. Ttrs Anerlcan Gas
Associatlon Subcommlttee on Plastic Plpe Standards Llets several types of
pJastlc materlals recormended for use ln natural gas dlstrlbrutlon systems,
euch as types (EnS) and (PVC). Local Authoritles ehould thoroughly lnvestlgate
Lhe quallflcattons of any and alI kinds of plastlc plpe for e speclfic applica-
tlon before the use of a speclfic t5pe. TbJ.s pnobably can best be determlned
at the tlne that the local utl}lty company ls consulted on installatlon and
serrrlce requlrements.

7. RETENENCE sPECIFICATIONS

The ecceptable compoeltlon of materJ-e1s, dlmenslons, tolerancea, and general
and detailed descrlptlons and testlng procedures to determine thelr acceptabll-
lty--are tlsted ln speciflcatlons lssued by varlous lnterested bodies. Ttre
Unit€d States Oovernment lssues a stenderd stock catalogue of Federal Spoclfl-
cations on most plurrnbing naterlals.

These speciflcatlons are Lntended for the use of governmental agencles ln
purchasing materlals. Slnce these speci-flcatlons sre detalled, conplete, and
kept curront by contlnual revlslone, and since nost plumblng supply firms are
femltlar wtth thelr requlrements, tbey can readlly be used ae e basic requlre-
nent for nost plnmblng materlals. Coples of the varlous speclflcatlons are
aveJ-Iab1e from the Superintendent of Documents, Washlngton, D. C. 2OlrO2, at
nomlnal cost.

AIso evallab1e from the Suporlntendent of Documents are copLes of Commerclal
Standards issued by OffJ-ce of Commodj-ty Standards, National Bureeu of Stan-
dards, U. S. Department of Corunerce, Washlngton, D. C. 2023\. Commercial
Standards are voluntary standards of the varlous trades published ln booklet
fottn. These standards can be made mandatory rhen applied to the varlous
materlals used ln plumblng Lnstallations. In general, the detalls of the
verlous rnaterj.als specifled ln these standards are in agreement wlth the
appll-cable Federal SpecJ-flcattons.

(Contt d)
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The Amerlcan Stendards Assoclatlon, ?0 East, h5tU Street, Ner Iork J.7, Ner lork,
an lndustry-Bupported associatlon, issues various etandarde on most phmblng
materLals for general use by governnental agencies end prlvate J-ndustry.

Ttrese stendards nay not lnclude aIL of the ltems Lleted in the Federel Speclfl-
catlona, but for the Ltpms lncluded the etandards should be equally acceptable.

The Arrrlcan Soclety for TestJ.ng lrlaterLels , l9L6 Bace Street, Phllade1ptrla J,
Pennsylvanla, Lssues varlous standards and tentattve stendards for the testlng
and i.nspectlon of nany plunblng naterlals. Ttrelr testlng nethode are nldely
eceepted and rhen neeessery can be used rtth confldence.

The AmerLoan Water Works AssocLetl on, $z|trifth Avenue, New lork 1?r Ner lork,
lssuee standards and tentatlve standards prJ.ncl-pally on cast-lron rater plping
and coel-tar enenrel used to protect plplng.

6 HHFA-PIIA, l{aeh., D.C.
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PtIItBIf,C. EElTutc AND yE[rlrArlos

PIE II - IATEB SUP-PryJSf,srEUS ff BrILpIilGS

1. I}TNOIESIO}I

Tbe deelgu of water aupply aystene for bulldings can be consl.dered ag the
practloal aolutlon of three related problenct tbe ehoice of nsterlala, the
layorrt of tbe rupply plptngr and the s!.zlng of thl'a plplng.

fhe plplrg retarlal chosea trlil necessarlly affEct the plpe rlrtag, and to
a lclscr dcgree the plplng layout; thq deslgn procedure thercfore shoulal
bcgia rltb a dsterulaatloa of the mterials to be rrsed, and then proceed
to the-layout and alzlag.

2C I'ENGTE OT SEMICE OT TIATEA PIPI$G

The aeprate clclcats that go to nake up a lor-rent houslng proJeot should
reaaonably bo c:rpected to lagt ag long as the probable llfe of the proJect
(approrlnately forty yeara) r, unless it ls nore econool.cal to lnstall and
perlodloalIy replace elements or naterials of ehorter llfe e:rpeatanoy.
Stnoe replaclng a rater supply systen usually lnvolteg breaklqg lnto aad
rcpleeerneat of the flalstred surfaces of va1Ls, partltlons ead floors,end,
poaslbly, cxcavatlon beneath parts of oocupled butldlngo and ftalshed crter-
lor rpacec, lt ts uot llkeIy tbat tt irotld be eeoaomtoalll dcslrable In aryr
but the noat rnusual cLrcuostances to lnstall a rnater supply syatcn wlth i
Ilfe ercpectanoy less than that of the proJect bulldlngs,

The prlnclpai factor that detemines the llfe of nater plplag lE comosLoa
of the lnterlor or cxterlor of the plplng. Comoslon 1111 attack the crtlro
ptplag ayrteo, sone lrcrtlons nore coverely than others, aad lt ls usually the
ceverlty of thE atteck that lg,the deterilnlng fasbor lu the length of lta
Ilfe.
3. trroDINAilE[TAI,S OT COBROSION

lhe aubJeet of coroclon le exteaslve and lnvolved, and lt ls not lntcnded to
preeeut hereLn nore than a fev basic facts to ald ln understandlng 1tc
ectlon on water supply plprng. Corroslon of alf netals ls fimdanentelly
olnllarl altbongb the effeets on differpnt netals var5r greatly. The baelc
causs oi corrosioa tg an electrochemical reactlon betweea tbe netal ard ltg
lurrourdlngr. Tbe reaetlon n111 begln because of the natrrre of the rertal
and lte cnvlroaneut, b(rt tbe opecd vlth nhleh lt w111 progross rrt!.l depelill
prlnclpally on the tuture of the products of the lnltlal reaotlons. Ths
ptosenco of ,nolsture and o:rygen ls usuaLly essential to a comoglve reactloa
ind, other factors belng equall the rrate at whlch comosion v111 pnooeed
depends dlrectly ou tbe conceatratioa of orygen Lmediately ouroundlng th?
netal. .0,a!d curroundlnge niI1 luduce more rapld corrogive actlou than aeutrr:.
surrouDdlngs, rfulatr la tura are rpre corroslvc thgn alkaIlne surrormdlngso

-1-
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Surt"'o" ft1ng of eorroded uetal aomtLnss act as fo#tfon betreen a netal
an0 lta owlroqcatr €ne nater.t,ally affcct the repletanoe to fulther oorroalvc
aotr,@. ff t[c lattlal rotloa fornr a osltlauour ftI,l, tLe "ipcce of aoarotlou
rlll doorrrc nrrIcOly after a short pcrtott of tlnat lf tho flln ls Dot ooD-
tlnuouc tbc corroelve tatlon r11I progress. Ia g@e natcrlalc,tbo pgrfccr
flLu nay ucbla. rltb lagolnblc conpoundr fro the grrouadl4i aln bcoous a
thloI cottlug, frtcb nay be loos. (ta rttoU- oaso cortrotlotr ls eoor[crqtqi[, or
ilcare rod ailbtrolt-(rctar{lag thc oorroslm}. lfhc ratc of^oorigriq nepaffy
laorcarcr rltb .r lucrerge ln voloolty of water past the utali'griroc rrc
oryBc! oca la oontect rlth the notal aad tbc loveumt tcndr to brcal up thc
fonatlo of a eurfaoe flln. Eornver, 1f a strort firtaoc ftln ilgee fom, tbc
cffeot of lnoloaaos la veloclty becms aegllglblc. 

.. . ..",, 
-.,'.. 

,

Ioorlfrc0 oorrorloo r1I1 oeeru rbca illertnllar utalt cont"ei 
"ioL.'oitrer 

tl
tlc prceclor of aore ncdlun (tbc clcctrolytc) tblougL frlab a'6a[.'{i cur-
rcat oan flor te ooqrlotc an eleotrtsal olnult. llc illselntlarlty rilr ooor!.
Drtrrcn a rctal od ltr aur{aor flLn or aurfaoc scalc, bctweca tro Bloo6r'of
nctal of aulrporcelt ldantlcal coryoettlo but rlth ellgbt abmloal Qlffcruocr,
ol cta! Dctrrca portlons of a rLnglc plcoe of nctal. Eorever, Looallzod oor..
!011oa bcoqroe pst algdf,loaat rhcn tro rlilcly dtffrr"ll8 ;p1r111a clcOnti
(anob ag zlao enC oopp-r) aro lu cootact. fucrearod tqroratur.ct uanelly ll-
clrarG the ol,cotrloal eond,uctlvlty of the oleotrolyto aoil nay horrarc tho lu1p
ply of frcc orygl!, io tbat botb al lacreaso tu the galvrilo our!!!t oC e iclr
raplC crlClztag aotloa opceda up the locallze{ oorroolrc ractfolrp. Ihe forre-
tloa of ptta Ln a aetal ls a fo:u of l.ocallzrA comoeloa slDoc tbc artal 1l tLc
botto of the pttc bcooce dlssfudlar to tbe sur:faoc rtal and rcaota rlth lt
ln euab a rey as to dcepcn tbe p1te.

4. conBosxvrrY 0r raEmg

trator llpllt 1r om locelltlcs rllt lart far lorgpr thad la otbrrr rndcr r1ll-
Lar oorrattlons of Er.. Slr vsrlatloa ln tho Ilfc of tbe plplng'lg pr.laolpally
euo to tbe illffelrreo la the protectlve coatlngs fomcd by the dorrorlii.aotlm
of'tLe raterg 1n caoh loaellty.

Xatorr Bot romally coatalallg illaaolveil sollda rhlob prcclpltatc ar togolublc
ooqrouitt (roft ratrrr), or raterr f1io8 rhloh tbarc eolldo bavo bcm rrovco
Dy reu of qrcalal troabnt!, erc uanrlly UgLfy oorroaLvo to plptag, .llcc
no oeathg r11l forn oa tLe plpc rr1t. EalC mtcrc are umally uch'blr oor-
!o.1r., urlcet thr ooat$g fornil by prcolpltatlon of tbc aol!,ds ls losar or
lrrrogril.ar. [ol-rrllforr oorttngs, oovcriag oly part of tLe plBlrgr lry B!'omtc
loorllzo0 ootlorton botrrro tle ulprotootc0 .'rll Btotootril portlolul of tbo plln
aad orug. furthor 0ctorloratlou. 8oc tylpg of ooatlagg rlUI cvcntnel.ly eo-
plctrlt f111 the Dtpcr or ecorearc ltg frcc qplala5r to scb o crtolt tbrt tbo
Dlllc boool uroloer.

5. dCtsBOgIVIlv Or SOrU'

Ibr eotlol of eolI on tbe extcrlor o uallortrousd plplu 1r etrtlar to tbo
actlo cf tLo ratcr oa tLc latcrlor, atrtborcD tho otfcate uay dlffer, elaoo
aot obaraotorlctlor of the aoll naf oqrlctcly ohmgo tbc aatulc .rd tbo

!
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ProSrele of tbc oorroalvr reestloa. So11 coroel,oa uarrally reoultr la deep
plttlaE o,f tbc plptag duc to looallzcd factora rucb as vartatlong ln tbe
rol,1, chnglag eharacterlailes of aolI vater, and other factorcl aor of
vble,b uc not corpleBcl, uadcrstood. Thece fectore tcnd to crcatc dfurhllar
eodltloug la the ar6as adJaeot to vartous sestloaa of plplug

6. CEOICE OT TATEA PIPilC

Tbe lneccdiag rtetersats serro to cnphaclre tbe fact tbat tle chotce of yeter
plplag that v111 give de;lrabIe set:vlce for the requl.red nunber of yeare lt
uaulIt aot slnple. In eoue locetlousp dtf,feriag naterlals ntll be reqilrOd
for undorground and above-ground uae; ln other placoo, hot and cold nater
llrea uy-requlrc dlffebent raterlala. The characteristlcs sf the ratcr uccd
la a regloa nglr be ehanged radically by the constnrctlou of a uunlclpal retcr
roftealng plent or tbe latroduslloa of vater f,roa nen Eorrc€ro the poblca
of natl.ag a sourd cholee 1c not mlved nercly by uslng aaterlalr rhtcb erc
la couon nse ln the erta rrlthout an l.avestlgatlon aa to hor long gucb rter-
lale hove aatually lertedr and hor sulted they vorld be to poaslble chauglng
eondltloas. ilIlable lnfomatlon naSr be dlffteu}t to obtaln, slace paraonail
prefcrences of oleervers frequaatly color thelr rlorr, and eone uaterialr la
ourreat Eee hcve aot been avallable la tbe paot. The begt soluttoa lt thc
crplqrrent of a cOqntsat neter ard aoil oorroalon englneer vho ecr colleot
pcrtlaa$ lnfometloa, nake aad laterpret rater and soll corroslvlty testa
and enalyacr, dcterrlae tbe paalble effecta of future chaogea la the vatc
ebareotorj.otlac, aad oorrelate th€sc data to reke an lntelllgert aod relhblc
dcetrrlon for caob proJecto

7. IATEB PIPIX} LXTUN

f,he vrter plptag layout ln e bu1161ng ta deterntnEd largely by tbe butldlDg
dcrlga. fte are,blteot oanoot bc expccted to lhspo thc bulldlng eround thc
plublng ryeto; lt 1; advloable for thc deelgalrg eaglaecr to rcot rlth the
lrohltect rad coordtntc the plurblng requtrcleutg rtth the hlldtag rtnro-
turc to ob0ala thc rcat dtrectl slnple, aad cconouIeaI plplng rystcl porlblo.

In rddltloa, thc nter plplng leyout should bc ao declgned thst tho veten
rU1rylt lt protcctcd fron oontanlaatlon. Io dlrcct crorg-@lncctloac of e,ry
I!.nd to 'r,ry dber plplls syaterc sbould bc pernlttcd, evea vhca onc ot rolrt
vrlvcg aro urcd to ccparatc tbe tvo ayetcns. Itsalu valves, rllloooka, or
ctop rnd rnasbe vdves ln the ayaten ahould not be placed unde.rgpog{ or ln
porltlou ubcre thcy dght be aubrcrgcd by aurface or grouad fatcr, olgcc tbsrr
1r eJ.reyr e poralblllty of beckflor through the valvea lnto the vatcr ayatcl.
fater lupp1y trakr, lncludlqg bulldlng tanks and hot rater rtonge trnLr,
rhould alvaya be pnoperly cdverod or sealpd, ed chould not be loeatGal boaertb
ary rclI, narte, or rboru dralnagc plplng. Ihderground vpter plplOg Sould
aot bc placed lo the aare treaoh nlth drainage plptng uuless the dnlugc plD-
lag le crtre.beavy cact-lron eol1 plpe rtth calted Jolnta and the rrts pfphg
la et leegt 12 lncbeg above the top of the dralnage llns at all polntr.

-3- a
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Yhra poillbIo, rrtor mpplt rtgcra chould be.located ta laterlor pertltlons
or tDtortor plpo tpaess. In localttles subJcet to f,reezlng.tenperatureg,
plplng chould not be located la outslde rlalla, attlc Bpaces, or vatllat6d
ererl rpaccr urlcaa provleloa has beea nade to frost-proof the plpfrg by recal
of rultablc plplag lagtrlatlon. Hc:lor udergrouud ptplng sbould bE lustaflcd
belor the frost llne'of, the locallty or, tf lt ls lmposslble to place lt at
such dcpthr, tLe plpfry should be lngulatcd aud the lagulation should be natcr-
proofed. Horcver, gl.ace aatlefactory naterprooflng of lasulatloa 1c nsnallg
dtfftcnrlt and eqreaelvc, lt tg preferable that the layout be rwLged ao that
tbo plplpg ean be lererod belov the frsgt lltle.

.t[1 rrter plplng ahou.ld be gndcd torard lor potata 1r tbe aystcl, ro tbat the
catLre lystcr era be drelmd corplctely rlthout mter bclag tnped ln'pooLote
o! dip! of thc plptag vbeacvor lt la occeciely to cffeot relnln rnd replaoc-
rsatan lbe dalrun gredc sbould be uot leec tbaa 1 lach Lt 25 feetr'end r
dnlo vtlvc or plug rhoulil bd pnwldcd at cesh 1or poiat to frollltetc drrelargco
Ia addlttolr'th. plplag rhould be pltohed up fro the relis touard the rlrer,
od tso coenrctloaa to the rlaerr shsrlld be takeo off the top of the rrlaar to
pcrntt elr to rlce trror the drlns to the rtcorg aad oveatus[, bc relorecd-et
r ftrtrrc outlct. thc rlserg should ertead rt lecct 18 laeher above the to1>
rort fl:rtge btlpch and tbe.rlaer eade should be tlghtly eapped to pnovldc
alr cherbcro to hclp abaorb ghockc ln tbe lyotcn.

8. OomroB YILYHI

lo ulo repain lad reLntolraeo e relatlvoly elrple and laexlraelve olrretlon,
lt la crettd that aultablc coutrol valvee be provlded. throtrgbout a.rater
rupplt ry;tcr ro tbt the gectloa of the rystec ou rhlch rorh 1r to bo doac oan
bc lroIrtcd.. Ifr for larGeaae, lt l.r neeeacary to shut, off ald draln ta otlrc
bnlltUag tri rrto e rlrple rlepilr at a rl.ngle flrtue, tbe laarease ln nlo-
telraoe ooct ls out of proprtloa to the eost of a eoatrol valvc.

to taetlttate nlat@arrcc and repelr rorlc, coatrol vatrves sboulal bc looatcd rl
folloval

lr fftlll ,crch dnclltag or at crch ftrtnre (vhlebevcr 1g rcrc cooaortoel)
t's ooutrol thc hot aad oold netcr lupply to tbe flxbureg.

b. lt the baae sf oach hot rnd aolit retsr rlcer thet eroccdr tno: stot{.cr
la.Lolgbt.

c. lt the bot ald old lator rervlcc cstraoos to each rultldrclllrg
bulldlagi

d. lt rnltEb1c aoocmlble pol.atr ta the,hot and eold ratcr dLgtrlbrntlon
rJrtcrt, p1eccd tq rubdlflale thi a;ntcu leto seetions rerrlog lbout ,O
drelIlap, rlth tot 1orr thaa tvo ruch acctloar for an5r onc proJcct.

a
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or In the lraaches to each outrlde slllcook or drlahlng fountaln la
localttlee subJect to freeztng. llhesa valveg sboulil be the stq alrdl rasto
tJrpe, LocatEd[ lqrer tbs& thc outlet, to pe.rlt tlralalug the branch bgtrcea
the valve aad outlet.

Control valveg shorrlcl alrays bE reaillly accesslble. Irocetlone ertab er orarl
spaces shorrlal be avoliled., sLnce they ere uarally ilifftsult to eoter (ccpsotelly
rhea there is snorr on the grountl). hdldlngs coastnrctetL ulth crerl rpacor
or illrectly on grouat[-rupoortctl glebs shoultL heve the aeccsgary bulldtng oon-'
trol ralves Ln a hall.rcay, bathrooro or utlLlty roon on the flret fiIoor.

9. SrttcCIcEs

llhere a proJect eonslstr of ros bouses, a slllcock sb,olrld be lasta1lerl at the
froat and. rear of each pair of dwelllngs, Iocated, cloge to tbe party rall be-
tueeu tbe dwellLngs, ''athsre nultL-Cwe1ltng or eonmunlty factlity hrlld.lngs ars
coastructed, elllcoeks sboulcl be space<l around the perlneter of the b'rtltllugcr
go that about 50 feet of hose rr111 reach aiI the lauus anrl uaLks on the proJect.
StlLcocks shoulcL be located on a bulldtog waLl about 16 laoh.ee abovs grad.€ fot!
coaveateat uee. They sbou3-d. not be pLaced In lawas or r{alks slace ln sucl
Iocatloas nalatenance cost ls htgh and tbey Eay carrEe accldents.

10. HOT TASEB n},dIBSUI,ABINC SYSEE,IS

l{hare d.onesttc hot rater ls gupplletl fron a proJect-operateil rater beater or 1
storage tank th,e waete of, f\re1 aad rrater ls mlntulzetl ard tenant coavealeoce
ls locroased. uhen the water ln the supply llnes ls kept hoB, [hls ts achlwcd
by reclrculath€ plplng extendlng fron the eatls of the bot u&ter su.pply plplne
back to the water heater or tank.

$here tbe Ie agtb of tJre arpply plplrg froa the heater or rtorage teak to the
eni[ of the snrpply llne la lees thaa 100 feet, or thc proJect trutld.trq'r are leee
tban 6 etorleg la helghto recirculattng plpe ls uBuaLIy urnecelsety, s!.acc tbc
norlsrate d.rop la tenperature of the water ln tbe arpply plplng provldes r6asoe-
ebly satlsfactory condlttons. lfherc the leagth of supply ptplng exaeed.s 100
fcet but the hrtld.lnge are aot over 5 storles hl,gb, rEclrsulatlng olplng rhoul0
rurl fron the base of the laat rlser to thc hot rrater sourcg. Whcre tbc bulldp
lnge are htgbcr, thc water. shouliL be nad.e to recl.reulate tbrou6b tbe rlserc.
8b1s ls aacouollabed, by placlng the sqpply melns ln the top f,loor or tu the
attlc q)aeof aad. feedlng dorrn through tbe rlsers to the reclrcu,Ietlag naln et
or belou tbe flrgt floor; or by lnstalllng both smtrly aodl rrctroulattag nalar
at or belou the flrst floor ulth srrpply aad reclrculatlng rlrers exteadbg rry
tbrougb the butldlng aatl coraectlng togetber at the top floor Juet bdor thc
topuost brsnch to the flrtures. llhs flrst (ttorrafcetL) ucthod 1g usu,ally Eore
ecooonlcal glnce on3.y one set of rlserg are requtred, but lt ny De allffleult
to acconnod,ate tha sunply ,Ealn lu tbe attlc (or a? the to'p floor). Ih,e tro
ncthod,a can te conblaedl. by er+,endlag a supply rlser qp to the top floorr !uo*
nlng a borlzontal naln acroEs the tql f,Loor or attlc q,ace to another rl,ser
X.ocattoa, a'rod extentl.lag tbe llae donn to the reclrcrrlattng nala at or bclor
the flret f,Loor. llhere the ruein la ploceil above the flxtures, the tqlnort
potat of the rnatu eholrlrl be conaected. tllrectly to a d,omfeed. rlger to vent
alr frou the naln.

{
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Factorc that furfluencc the glze of rater plplng are (a) the quantlty of rater
that 1r to flor throrg[r each geotlon of plplng (denand load), (U) the avall-
ablc preoaure, and (c) tle total frlctlon. fhe quantlty of rater la eatloated
by c',nsLdertng the rcqulrencnts of the lndlvtdual plunblng flrttues and the
tretion of the denand frou groupa of fixtrrree. fhe avalLable preesurc lc
the ;ater prsrauro ln thc street mla lesg tbe catinated frlctioa losaes Ln
ary attached later notcrs ahd ptplng betreen the etreet naln and the bulldtng.
The total frlctlon la the estlnated 16so ln hsad due to the rater paaslt-g
through aLI thc plpee, bendsl valves and flttlnga bctreen tha servlce entraacc
and the flxture outlet. thcse factors are dlacuaecd ln nore detall belor.

e. Dcuand Load. Ihe denand load of varlous plunblng flxtures Ia trest ex-
prcaeed by ffurture unltg. Flxture unlts are deslgn factors so chosen that thc
dcrnaad produclag valuee of the fLrtures cau be expressed approxlnately aa
nrfltlplea of tUat factor. VarLous flxture nnlt valwe are ltst€d tu lablc 1,
(eorrespondlng ln ganeral to the valueg speolflcd for fl-rturc dralnage loadlng
ln Part VIII of thlc BuUsUla sccpt that the ncana provldcd to flush a ratrt
oloae! lnflrreacca the {egenal vFlue of the rater closet).

'ttr rrtllrttd .flov la 3rl1oa6 pot rluutc thro-8h tbe ralus, bralohc!, or rlrcrt'-* r ryrto ou'Dc oLtrincd by totrllag tbo fLrturc ult vrluee.of all ftzturcr
'tGvod Ly or& prrt ef the stdq, aad tbca rsfct:rilB to Elgum 1 or Elguro 2.

rf rrt.r 1r ruppltcd oor[luuourly to mcp outlrtr rs lava rprl.rlhrc or fcw
tdtr, thr qlrftlty rrppllod ta trlloea per rlau0o rhould bc ertlratcd
loprrtLly ud rddrd, to tbr dolrad ve1u.s obtrlaed fron Flgupor 1 or 2.

b. lvelteblr trrrrum. Thc i.allu detly lrcstur€ rt the rarvlee outrraoo
to reoh. bofftilry rhould br great ouotrgb to overcorc tbe atptle beed rnd thc
frictloD.l rrlctrDpc to llprr rad abonld dcllvrr thc rater to thc highcrt
fi,*urr,outltt rt r lrrrruri rotflcleat for retLfretor7 opcretlou o8 tbo
flxturc. tho outlot lr.rlum rhould bc e ntalrur of I lnnndr pcr sl$rc lacb
f,or fruartr rsd rrtor clcrct tr.t.r rnd not logr thsn f5 poudl pcr-{uaro'
l,loL .for fLurb'nlvot.

Eoorlvc prcrrrrrc. rttl rornlt b hfgh vclocltlcr la tbc plplugr nbtich ceru.
turtbcr tb.sp lncrouor ia lnotruo (nter beuer) nhea tbc flor la Gop,pod
ruildely. htln bre crsr6. obJrtloublo aolrc ead vlbratlu la tbc
ptlm (rrycofrl$ io tbc plplns lt lryrropil5r ecalrod or mpportod) r lcll-
try Jel.tr, rad .c€rlolrll, br.oko pl1ne. ULm thc lervloc prgrruro docr
aot.caood 60 porrih'por qrro laoh, thc ratcr vcloclty la thb plpc. doce
1pt goood It ftd por rooadrrcd tbc frucctr utod uo tbc rlov-clorlag
(orqrrlrlor) ,typo, ntrr buem rrr rrdlaod o: cltrlDrtcd. lD rtr cbrrEor
rt tL top-of rch. rlret, or a prteatrd ntrr huncr arrcstor lt aore polut
.tr tlr'ryrtr fu rffectlvt r leag u tbc ourllou of etr tr r$atalred. Tb.
rrrltlrblo pitrmn orr bo rtrblllrd et 6O poundr pcr lquerc tneb by rcur
cf. rpornro rrahclr3 YdYs.
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Flrturc lhit Talpot

I$o{4.e tSpc

Oac batbrrooa group coBllst{ng of I lavatory
1 nater cloaet ulti
or ahor€r sba].]. U

flush tankr 1 bathtnb

Oac batbtub group r.!e as abovq but rtth
flulb vrlvo for reter elocet U __*_

lon rlnk aad tray 3/ -------.-------

PHA

Batbtub
Corblaat

Ll2
V2
3/s
t/2
3/s
L/2
t/2
t/t,vt

1
L/2
3/4

Drtnktag
f,ltohcn alnt
Lrvatory
IlundrT tray (1 or 2 coupartren0)
Shouer, eacb hoadglnk, soullory
thk, cervlcc
Urloa}, pedcatal
Urlarl, ualI l1p ------
Urluale rta1l

IIater cLoset, fluah valve

Thesa valuea aro the for rltb cold veter

?/.v

auppll.es. Va1ues for reparatE hot and col.d nater doancla aay be tales
aa J/4 of the Usted valuer.
A shower ovcr a bathtub adds no flxbure unltc to tbe gronpr
A gqrbage grlnder atf,ached to a flrture doeg not cha.nge the flxturc udt
va1ue.

(1) Inareaslps .Avallgble Prpasureg. Frequeatl.y tn nu1tl-storlcd
bullrtlngs the ntntrun defly servl.ce prorgure at ccrtala hours of the day fu
lngufflclont to nalataln the deglred.presaure at the hlghest ftxtr:rc outlrt,
ecpeclally.wheu tbc bulldtag deuend Load Is blgh. In sucb eEses, thc avall-
able preoeure nust be Lncreaaed by E€ans of gravlty storage taakc, prcuratlo
trnksr or booster punps. It ls aonetimes deelrable, eep€Glelly vtth trll
bulldiago, to dlvlde the *rpply oyaten into zonca, rlth the louer zor alppllcd
by nater under the uornal evellable prearruo, and the -nlrper aoac ruppllod. ty
nat6r under lncreaccd preasuro.

1
3/e

ilo. of
flrtnre ulteV

Ilnlnrr rllc

toa (tnohcc)
coancst-

hst or oold

I
2
3

2
1
2
2

:-::-::
------t

6
3

6

L/2
4
2
4
4
5
3

10
5
5
3

10
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If tt le poarlblc tbat e presruro of 5 ponnds per rquaro laab or leor lay
oeeur oa thc ruetloa ctdc of angr rater rupply prrnp, a Ior-prcrsuro aut.oif
nrltch should bo tnttalled to atop th.e pnryl and prevent tbe creetloa of r
"rgtnr 

ln the retcr cervloe llaes,

(e) Gnvlty gtor:ase tanls are usrrally cyllndrfcal in ahape,
oonrtrusled of vood planha beld togetber by rteel hoopa aad located on the
roof. fhc ealnelty of, snqh r tedr should equgl the naxlrun defloleacy
botnccn the acsnrtrlatet udnun denang and the accurolated nlnirrrl laflov,
over.the perlod of tins dtul.ng rhlch ltrc dcnond excccdg thc loflov. To
thlc abould be addcd e reserve oelnolty equal. to ebout 20 dnrteo of, re!l-
lun dcraad. the tlor lato the tank should bc coatrolled by an autonatlc
valvs vblch la aatuatod by tbe rater 1evcI la the tark.

If thc avallable $resrurc tn a betldiug la lacufflclcnt to auppl, thc tlnt
by coatLuuo'nc sr aosurulatsd lntermltteat lnflorr or lf lt tg doclnd to
redtrcc thc t+k llre, pulpr eaa bo uaed to lncreaae the avallabIc prorrur
aad etcp up tbe lnflm lnto tbc tt!L. ?ro purpa chould be provldcd, ro
valvcd end connaotcd that nbea oac punp Io bclug repalred tbc othcr aea
rtsuDc the eatlrs lord. fcb purp ahsuld bc glsed to provldo thc Eccesmrlr 

"laflor to tbc 1,rak egahst tbe rtet!.o baad, and frlotloaol rcrlstElcc to
flor be&rroo tho rorrlec atrancc ard the top of the taak. lhc pp dUefa
be ooetroXloal by aa astouatlo valve actuated by the reter levol 1u tbc tenL.
Stacc tbe capcclty and dkcharge hcad of each pnp 1111 bc hlglr thc use of
double-ructlon, slnglc-rtege, oeutrtfugal purpt nlth brouc trpeller rnd
broare trlr la declrable for loag ltfe and trouble-freo op,aretlon.

(b) pncurtip gtolrre trnF uo rtool prcrarro talhr, Elrtfrlly
tlllrd rltb airr Ihe tanlc are usually lscrtcd la the baacleat and am
ruppllcd by r prlr of ocltrlftgel IErI,r, clrllar to thc puDpt Jurt dcaerlbcdt
but oporetGd b1r o pr.!!uro regulatlag srttch ta the tark. ?hc prqlc forcc
ratsn lato thc te*'k and corpl..!. tho atr thcrela uttl thc ncoegcat:r Dre!-
rurc tr roec,hcdo hch purp lhouLd be dcrlgpcd to deltvcr the quaatlty of
retcr requtrcd at rr-lrun dcund, la dctcrnlacd ls Slgurcr 1 or 2o fbc
taaL oepolty ahould bo eorputcd on the balls of thc folloulug forau.lar

rrnk capolty (epllons) : Qt (1+ 
t'*qr* YB

rberc

ls tbo rir{lrrr dcnnd aqu,sl to the punp capsolty ln galloar
pcr dautc,
tr tbe rcot perlod of the ptrnp, lcasurod to nlautear betreea
tntervrls of p,urp oporetloa at rarlnun dcnand,
1l the narluu abcolute prelsuror lu pouds per Bquare lnch,
perdlttcd la tbe mtcr EuppLy aystcn,

e

t
Pl
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P, le tho nlnlnur abeolutc pressure, Ln porrnds per squate lach,- n€cessary to supply al1 flxtureo, and
Vr ls the reservo capaclty of the tank, ln galloaar

The rest Frlod of the punp ehould be kept 1or, slnce lts prrrposo ls to
ensure that under condltloas of uxl.nun denand there wI[]- be a sbort lntcr-
rlaI betreeo rbartlng and rtopplng of tbe punp3 Slnce pcek condltloae of
lixllun demnd,occur very lnfrequentS.y ln a nultlduelIlng bulldtng duc to
dlvcrctty of uge, tbe tioe lntervat corrld be ae lor ae 1rl2 ulnute, deperdlrg
oa the typss of puap, notor, and startotr ussd.

,the greater the narcLnun pressurc pernttted la the oysten, the mallcr tho
taok requl.rcd, but tbc greater tbe resulttag pulaatloa at the flxtures end
t"he greater'the total power requlrenente of the pnps. ff thc verlatlon
la tank pncEoure 1o large, a prersurc regulat{ng valvo oen bc attae.bcd to
thc telt outlet to raLntalu constaat pressure la thc cupply llnee. Uruelly
,a Blrster u111 operutta.setlsfactorlly yltbout srlcb a valve nhea thc prer-
sd dlffereatlal, (fr-fr), doee oot erccrd 10 porrnde per squme lach. A
rifcty valve ghould bt fist&llcd ou the hlghest polat of tbc taol to lnaurc
thrt the mxlunn prnisalble presrure 1r nbt exceedcd. The rcserve capaclty
of the taok Vp necd not be largc ht shoutrd be eufflclcrt to ocer aL[ terk
outlEts durfufi a tine of raxtnru dcnad.

A aeprrate naaually eoatrollcd alr aoiplrassor, belt-drlvea by an electrlo
D6tor, ls ustraLly opdfated oaoc drlly to charge the pncr,uratlc tank vlth
Adr. The requlred coqressor capaolty chould be baacd on the follow1ag
forrular

Capaclty of the conprcaEor
(Cublo feet per niurte)

vxf
= 

---l-
90r00O x f

nhcrc

tbe ca,paclty of tbe pneuratlc taak la ga11ona.
the raxbul absolrrte preEture ln poundo Per tqnare lach, a.nd

the tllc ln rlautes &rlng rft1ch the comproator ls to opcratoo

The aost of a pneunatle tank lnstallatlon ls usrmlly eonelderabtry gmall,er tbao
that of a gravity tank, Etnce the requlred stnrctursl york ls greatly rcdtrcedo
Horrever, the cost of olteratl,oa and ralatenance of, tbe punpo and ooopreEsor
sbould be considered, ae ye1l ae thc fact that tbc nater ln the pneunatlo
tank 1111 absorb large quantltles of alr, wblcb lay lnterfarc rlth tbe
operatlon of the rater heaterE ualess provlsi.on ls nade for lte rerovalc Alco
to be constdered lc ths fast that flre departnent regrrlatlonc Ecdflaat
requlre a gravity tank as'an lten of flre protectlon.

Vls
P1 ls
T" !.s
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(c) Boogter ouos ooatrollod by a lrsoraus rrltah at thc pry
outlct snd rlthout I rtortge taak, arc ronetlncg uEcd to povtdr tbc urodcd
Plcmrua rt tbr qf ;Er{nrrn denando $rch a rystor producca undcglrrblc
pnlrtlout ald aolrcr la the rater st&es rLlch rtr y.rlr eaaofleg to thc
ocorpauto of thc hr:LldlEg. lbla type of Lagtallettoa rhould bc urcit onfT
rbcn thc drop la tcrvlee prcssure belon the elIovrblc rialrul ocoun yor:f
lnfncquontlfr ed rbea tbe requlrd capaclty crf the purp tr oal1.
o Go FrlstLon Losget

(1) l'rlctlon Loases la PloeE. Tbe reclgtaace to thc flor of ratcr
thlougb the plpe, flttlngs, valves and boda of a aupp$r l5rsts ls ramrod
u the loes ln bead duc to frletloa ln tha ryctel. thls real.ct€ncc ls a
firnctlo of thc f,Iqn, the plptag ntorlal and ltc ooadltloa, thc dlalctcr
of ths plplrgl tbe lcagtb of the ptplngr aad to a rllglt extent thc pbyelorl
chenotorlctlcc of tbe retcr. Eeed loar due to frlgtloa lc umally cxprcaacd
ar lnuada por t1nrre lach por 100 feet sf length end ls ebtalacd fror flqr
cbarte, er lllustrated la FlgureE 3t 4t 5, ed 6, rhLoh l1ro tbon thc velo-
alty of flov la the plplng. Flgure 3 ls thc flon obart for rrooth ptpc rod
fu the cbert g€horsIly used for @pper tublng cerrylag flrtc ef DonI aben-
acterldlaa; for fcrrous plplag, a cholee eolg thc other ([or ehrrta nrrt
bo radc oa thc bacla of the corroclvlty cbaracterlgtlcs of thc rrter. f,cy
fcrour plpe 1r consld.rod ar borru'la thc falrly arooth ort6torr, bS ettcr
e fcw yetrr of service, ovoa rlth nater havlng tbc nlnluur of oonorlvo
cherectcrlstlcs, the plpe 1111 bavc cbenged to the frlrly rough t;4re fttb
loro eoroalve rater the change afber a fcv y6ars of rervloo rtl.l bo to tho
roug[ oategoryo SLnee cornooloa of plplag eurflng bot vater le rcrc 1ro.
aornocd then vlth cold rnter, lt la rorstlrcr rdvlssblc to coaslilcr tbrt
hot retcr plplng Lc sae categorT rougher tban thc eorrcalnodlng eold rctor
plplag as laorooled caLtrg cffestc of hot natcr v111 further rqughea tto
plpc. Tbc flral dcclslon ae to rftlcb flov chrrt to nsc obqrld bc btlcd oa
proper J.uterprctetlon of tbe ratcr cherccterlrttco aoalyr!.r.

(2) Frlotloa Ioegeg Ln P1tt1neg. Tbe reslstancc to flor throWb
valvca and flttlnga la expreeeed as the equLvalcnt length of etralgbt plpe
that has the galo frlctlon logs aa thc valvc or flttlng. Thcse cquivalent
lcngths for the varlous plpe rlzcs atc llated la Tablc 2.

In any scctloa of a rater supply ayatcn the devolopcd lcagth of plplng rlIL
equal thc aotual length rlthtn that acctlou pltrs tbe equivalent length of
all thc valves and flttlngs lu the seatlon. If the requlred flor through tho
eeotlon la kaoml reference to tbe approprlate flor ohart dll glve the frlc-
tlon loaa per 100 feet of dsveloped length, rhleh can bo converted to thc
total losg of bead drre to frlctlon through tbat partleular gectlou of plplng.

L2. TBSEDI'NE TM PIPB SIZIf,G

Thc clrhg of a plpfurg eyBt€tr 1n a bulldlng ahould proceed as follorst (fUfr
ucthod ahould bc applled to all parts of the tyatcn, crocpt the flxture
auppller thtch rhoutd bc not lcsi than thc alzea lleted ln Tab1e l.)

a
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Iabl. 2

Eoutvrlmt Lcndb of Plpo ln Frct. for Tslvoa tad llttlErt

type of YaIve or Iltt tng

tbc'total ftrtu'c rplt d.lsnd lo.d oa orch brenoh of plplirg &orrld 'bo dctc-
ltlcd by tAe urc.of frblc 1.

tbc flor tbroryh eaoh braaoh of, ptptryr eorrorpondlag to .tbc flrturc ult
iilu.r, ahould.bc dotcrtloed by thE uce of,Fl.gurab 1 or 2..

tho dnlrur tvrllrblo u?aaure et thc *aralng polEt of, the hlldlag piplq3
rhould be accortelmd fror tbe sltc englacrr'or otber avalleplr eotrroci lrol
thtr prcEsur., thc dcalrira picamrc et-thc flrttrrc outlot {at leaat 8 poudr
pcr rquarc lach for f,uaeta aad mter blosct tcaLc or 15, pouddc p€r lquEF.
lach for ntrr olold fhrsh vrlver) chould bc dodualed. tbe rmdrdcr tr thc
net evr1lablc prralErrto

the hclsht of tbc"btgbect f,lrtnrc ln a ecotlon of plplas (rcrrurod lro thc
rtrrti{Elrt of tbc bullallt plplag) ahotrld be dctetrilrrd aad 'oavs*.d flol
f,ccl of helght to pourdr psr xluarc laob of atatlc hEad (by tnltfplyXag ths
hclght by 0;/+r4)o fh!.t ctrtlo hcad rbould tbca bc dc&rctod fron tbc nct
avatlable Frcsrura and thc roaaladcn r.r111 bc tbc lncrcure tbrt mrt ovorqolo
tbc frlctlonal reclstancc to t[or.

Slre
of YaLve

or flttlagr
(tnchcs)

4f
Standard

elbw

90o
Staodard

tbr

Coupllng
or

Str.&ht
run of

tcc

Gatc
vel.vc

01obc
valvc

lryIc
valve

3/s
t/2
3/4
1
t-V1
l-L/2
2
2-a/z
3
4
5
6

clbov

1
2
2.
3
4
5
7
I

10
r4
1?
20

5

9oo

006
1.2
1.5
tr.8
2.1
3
4
5
6I

10
t2

3
4
5
6
7

L0
L2
t,
21
25
,0

1.5

.8
1.0
L.3
1.6
2;0
2.7
9,.9
4"0

,
6

0.2
.4

8
1'
20
25
,5
4;
55
6,
80

12,
t40
16'

4I
12
15
18
22
a
3{
tp,t
?0
eo

0.3
.6
.8
.9

1.2
1i5
2eO
2'5
,
4
5
6
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The developed lerftb of the plplng should be deterntned by neaatrrlng thr
astual nru. of tbe plptry dlrcctly to the hlghest fixttrre and addlug-tho
values of the equlvalept length of flttirgs, ao llgted ln Table 2r-for
aaerued plpe glzeso

The avallable ftslctlo.n log! ln head per 100 feet of length shouLd be
obtalned by illvldlng the prGssure that nust overcone frletlonal rcslstanoe
to flor by oae hunriretb of, the dcveloped length. Ulth this value aad thc
flon, thc oomEat flow chert (trtgures 3r tr, 52 or 6) oaa bc utlllzcd to
lndlcate the plpe slze for eaeh selnrate rrm of plpe la the aectlon belng
coasLdered.

The foregolag data provldea a retlonal hasls for plpe sLre deal.gn. Honever,
!.a uslng any nethod lt i.e poor cconouy to kcep plpe slzEg dora to tbc abro-
ltae nj,aluun, eopeclally for the snal-ler plpe slzer. Depoetta of Ilne and
scale v111 tend to clog auch plpes, especlally rhen the water lc hot and
ls forced to flov at hlgh velocitles under hlgh pressurer. Ia addltlon,
plpea that are so snall tbat water velocltleg. lu the plpe exceed 15 fect
per eecond ghould aot bc uecd, slrce obJectlonable rhlstllqg uolscr and
rater hannerg laJr occur.

to Drarple of llpe SlElae Prscedure. To denonstrate thls plpe olelqg
procedure, Flgure 7 t[ustratee e three-gtory bnrlldlng conslsttqg sf gll
dwelltng unite. Each dneIllug vould contalo a bathroon group (rlth fLurb
tqgk vater closeta) aud a slnk aad tray conbl.aatlon flxbure; asd tbe bulld-
lng would have a hose blbb connectlon on the orltslde nalI. Beference to
Tablc 1 lndlcates a dcnand load of 9 f,lxture unlte per drclIlng, or a total
of 54 flxturc untte for the bulldlng. lhe estinated deruad for thc butld-
lng vould then be 31 gpn (frou Ftgure 2) for the flxturea plus 3 gpn for tbc
hose blbb, or a total of l( gp1.

The bnanctr erbcadlag to thc donestlc hot rater storage taaL rould havc r
load of 27 firtrrre unlts (Z/t, of 6 firture unlts per dnclltng) r aad thc
branch carrylng the bulldlng cold ;ater requirenentc yould have a Load'of
45 flrture unlts (l/t, of 9 flrbure urilts'per &relllng plur 3 flrtnre rnltr
for the nater oloset ln eaoh drelllng). The flxLnre unlt load on the other
brarches, the rlsera, and thc nrnouts, ar6 noted on Flgure 7, aa are.thc
deruads in gallons per nlnute oorraspondlng to thc flxture unlt loadlngr.

The elevatlon of the hlghest flxtute outlct !.n'e threrstory bnrfldhs abovc
the bareuent service entrance of the rnter plplag would,be abot$ !O fcct.
Tbe loss ln gtatlc pres.sure due to thls dlfference lu'elevatlon la 30 r
0.134 = 1J pounds per squate lne,h.. If the avalleble reter pressur€ at thc
geirLco'entraace L, 45 pounds per square lnch, and lt 1r deslred to havo a
praesure of 10 porrnds per square lnch at the hlghest flrture ortletr thc
allorab1e frlctlon lose would be 45-13-10 = 22 Porrndp per square lach.

Tbe doveloped length fron tbe servlee entraace to,the hlghegt fl:Gure outlct
roold be the actuaf length of plplng, 130 feet, plns the equlvalent length_
of 1' gate valves, 1 globe valver'12 tees, snat 9 elborsr ft can bc aasulod
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that 1 tstc val"c, 2 !"ceo, lrd 2 olbqrs rr. 1-V2 laeh drc; 2 gltr vrlvcr,
{ tcea, rDd 2 clbona rre 1-V4 laab rlrc; 1 grte valve, 2loiorr-rad I clbor
ar. 1 lleb rtre; 2 tcea *c 3/1, luch alrei and 1 globe vrlvo, 2 trr, eod
4 olborc ue l/2lnah rlreo lhe cqulvelcat lugth (fror lrblo Z) rnfd tmn
be 1d.r0 + ?locg + 110.6 = 3.2 fcct for the gcte valvcr' 15 fert for tbo
glob€ vrl"ei Xl + 4x6 + 2r'5 + A4 + D3 

= 
62 tcel f,or the tcca; .!d & +

24 + k9 + 4Q. ; 29 toet for tbe olboryg. Ibe total dovolopod lcagtt 1r
tho 130 + 3 + 1, + 62 + 8 = 239 foct.

tbe allore,blo f;rletlon loar pcr 100 fcct ls tbea 100 r 22 i 239 = 9.2 pudr
pc .qurrc l,ach" Dor tlpe t copper tublag cerrytq netcr vblcb 1r erycotcd
to bc felrly E!-Gorrrorlve the (l.c cherB for arcoth plpc (rcc fture ,) 1r
appllcable. For e flor of Jl, gp and thlr allmbIc frldlor lcr tlc
nqulrod plpc rlre 1r Just allg[try over 1-1./4 l"uehr ud for pncttcrt pt
po.cr that .hould be tbe rlrs uaed. Urlrg thfu alLweblc ffi.ctlo Ie., .rd
thcre llprr ny alro bc ebtelaod fror ftl4ure l, coept for tLr rtrot..cf, tfr
cupplf plper that ooraost illreot$ to tbi th6uma, *foh uc or* L/t ,trd
ln rlrer lhc valvc eld tttthg rltcc eraured prcvtorull rm lot ttr{ltlf
accuratc, but aay adJn^rtrcnta to the oalqllatloas aro ssrrr[y ruramtrC
lf tbc arorptlom are lde oa r reuoneblc batls.

L3. SIZIIG THE AMINCIIIATII{O SISTEf,

Slace tbe funetlon of hot rater clrculotlns plplag la to kcep the mtcr la
the hot ratc aupply plplag raltr, (not to eupply rater to the flrture qt-
hts), the nethod of alzlng thlr plplng dlffera fron the nthod qrtllaod for
lupply plp1ng. fhs reclroulatlng tyater (together rfth tb. hot rater mpply
eyatel) forrc e cloaed clroult rhlah operatea only rbcn the hot later fauccta
are clogcd, ao that the avalleble proBEure haa no effcct oa thc ffor througb
thlr clrcult.

a. fhc reqtrlred flor through tbe reclrculatlag syetcn la dependcnt only
on the total heat loes froa tbe eupply and reclrcuJ.atlng plplng. Thls hstt
loaa should be estlnated by aecunlng reasonable alzca for thc reclrcuJltlrg
plprrgr obtalntng the unlt haat loas per ltnear foot froa lablc 3 for thc
varlqrs glros of aupply and reclraulatlng plpiug, niltlplylttg tbc unlt bsat
lou bI the total length of plpe for eaeh slze and bt tbo dlffcronoe ln
tenperatrue betreen the plpe and ltg aunondlnga; and thcn rurd.ng up tb
hcat loseec for the aeparate plpe elzeg ln the a3ratero

Thc requtred quantlty of, flor througb the systel oaD then bo crprcaecd by tb. '

fornlrr
Bcqulrod fror ln gerlona per ulnut" 

= W
rherc f6 la the allorab1e drop ln tenperattrro throrgb tbe hot ntcr plptng

rater tenperature ls 14.0!t.
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tablc 3

EcrS Iprr Fron Pleer ead Tubigg Per- oF. tcpperature 4ffcreggg
Ia Btu oer bour per Iln€ea foot

v

4 Ply

0.19
,22
.25
,.29
.32
.37
.,12
.49

"58.69
.81

, valueg ram'd.t
tcryorrturc at 140e1
Eorowr, tb.y'oa! bc
of t!. plpo porltlor
dqror ef aeourao-y,

b. The frtotloa log through a rcchsutatlng ryrte! la obtalncd fron
Itguror 9t b 5e ot 6. By ualng tbe propcr 'ohatt'thc frlatlon logr por 100
f,cct of dowlopcd lcngth oeD bc obtalned fe caoh aaguued plpe eizc pnd, lf
tho frlotloa los or the vclrrlty of flor through thc rc<ilroulatlng llplag k
oitbcr grcoralvcly larg: ot unlconorcally rnaIl, thc egsuusd ptpc glzes
thould bo comcotcd. Ihc total frlctlon loac througb tbe clrcult should tbon
bo obtalnid frol cebh dctlloped lcagth and lta corr-rpondlng frlotlof loot
por 100 fcct. Iha rcolreulittag flor elonc 1r peaelng tbraugh the iater
gDnlf plplngr thc fr!.crtlon loll lu thst plplng la urually so suell thEt lt
orn b. aoglcctcd.

oo Grevltv Eoedi fbc total resistance to flor ungt be onotcole by tht
grsvlty hced oB tE-aystcl or bt a rcclrcuJatlng pulp. Gravlty head rlsultc
frol tbc docroatc ln thc unlt rclglrt of rater rhen the tenperaturs o.f thc
ntcr lt lncrcarcd, btut alnoc thlc decrcase ls EmlI wct a lange of tenpere-
tulca urodl errvlti hcad 1r cffcotlvi only rhcn thc dlfferenoe Ia elsvation
br0rcca thc hcet lourcc and thc hlghcet polnt of the olrcult l.l appreelablc.
Ia praotLoc, tbtr urually rceD! that gravlty elreulatlon ls feaalblc only ln
ultl-rtorlcd bulldlagr.

Iasulated plpe or tubtrg.
Agbestoc' alr-eeIl ooverlag,

olLee t/t, Lnch thtck
Bere plpe or tublng

Copper

Str
63 plpc

or tu.tlag, (rnot) 3 PlY

rl2
il*
It{l1
\i/2
2
z-L/2
,
4
,
6

o.34
.41
.49

"61
.69
.84
.99

1o08
1.46
1.80
2;12

1.40
1.65

o.fl
.68
n82

1o02
1.1'

1.96
2.46
3.00
3"54

o.22
'.25

"29.31
.96
.l+2
.18
,55
o65
.78
.89
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Ibe avallablc hecd ln a clrcult Xc due to tbe dltferoncca la tbe velght of
nater La thc rupp1y and recLrcolatlng rlserr and It can be oorputcd !y roru
of Tablr 4, rbloh llsts tbe velght, at varlous terperaturer, of I oolun of
rater oBc lqlrate tach ia croso-sectlonal arca and one fooG h18b.

' Iable 4,

Iolsbt ofj 0elurn of 
"fatgr 

Onc Foot la Eets&t

Pouadr por quere lncb
of eroac-rtstloptl rroa

?eurreturo of
tbi'rrtcr oFt

gdtnS

"4fr9J$4
,t&89

"!$l.#/,8'
,1t12
,l&6
"t&@.ta51
.le$
.424f,
.4294:

1@
'r85
lm
u,
t30
t25tr
L95
1t0
L45
1r0
t55
160

-

-------Ft,tt

Ibc dlfferenoo tn rclght of mter in supply and reol.rctrlatlng riaers, duc
to the dlffcrlug tenperatureg ln those rlseral le the gravlty head avallablc
per foot of dlfferencc of elevatlon. Tho total avallable gravlty head for
the total dlft'erence of elevatlon betreen the hcat eource and the top of tbe
rcclreuLatlng rlser ls the produot of the unlt dlffsrenoe ln relght by the
total dlffcrcnee ln elevatlon and nust be equal to or greater than the total
frlotloa hced ln the clroult, for adcquate clrculatlon to occrrr lo dc-
qaDat. thtc frlctlon, lt ls frequently neocassrlr to lncreasc thc slze of
tlb rcclroutrttng plllng.

d. Bcchculatlns p[rpog plovidc euch uore poaltlvc clrculetlon tban ls
poeslblc rlth gravlty head, and usually pernlt snaller rcclrculatlng plplng.
hrps shmld bo slzcd to have a capaclty equal to tbe requlrcd flor, at a
dtachargc hcad ncacasety to ovcrcone thc total frlctlonal reelstance of the
clrcult, ncglectlng any gravlty effects. Slnce such pnnps ar6 sDaLI, aD
clectrlc rotor-drlvcn cnd euctloa ot slde suctlon centrlfugal type rlth
brronac lrpcller and bronae trln ls uaally satlsfactory and econoulcal.

lhcn thc cntlrc olrcult ls at the deertrd terperature, operatl.oa.rof thc
rocirculatlng pup la unneceEsary, and aa lnmerglon aquaatat aborfld be pno-
vlded ln the reclrculatlng llne to etop the punp nortor rhea auch f, condltloa
ls reached. Thc nost oonvenlent ard eeononleal loeatlon la abonG.l?5 tcct
fron the realrculatlng pr:op in a spaee not affected by hcatlag eq1*lprent.

-2L-
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14. PIPE ITS'UTIOT

frtor plpfas k lnsulrtod for thc follorlEg r.!a!on!r

lc to pnovcat crccmlve hert lotaea.
bo To preveat tlcorlng of tbc rtlater La the plp€.
oo To prcveat eoadcucatloa ou tbe oxberior of the cold wetrr plplnE.

Ia gcaoral, orteaalvc ayatcna of luge slred hot nater oupply ptplug ghould bc
lnmlatcd to pcveut cxcerglvc hcat logser, lhlle for ghort rrnr lnaulatlon
1r uaurlly EDLootlt:r. trterr thcr ls doubt aa to tbe valuc of thc lnrrulatloq
rn rrtlrrto of the total hcat ravcd by the uso of lagtrlatloa crn bo dotonlnrd
by thc uro of, fablc 3, ed thc veluc of tbc aavlngo oolpd,rcd to thc ooct of
tho lalulattoa. Iaanletloa,tborld be oalttcd oa bot rater ptpc loaetod rrlthla
lutrrlor prrtltloar, bcoeusr of rpacc Ilrltatlour. ULcu rcolrculatlqg ryrtcaa
Copcad or gnvlty hcrd for clrculatl.oa, thc rcclrsuletloa plplas le nrurlly
lcf3 brrc, to drorcaac the teuperaturc 1a the rectrcnlatlag Ilncr and tnarcaao
tbo tvelhblo gravlty bcad. Iberc a rcclrculatlng purp la lnrtellcd, rcolrcu-
lrtlol 1hcl ehould bo lnculttcd on tbe cEoe baalg ar gupply ptplag.

jps!-pooflug of ell rntcr piplag (cold, hot, anrl rcclrorlatlry) $ould be
doat la oold cllrrtcr vbca thc plplng la iastallod ln crtorLor vaIIa, erevl
alroo!, rtttcr, ead nberc tho plplng uy bc orpoacd to tbe ucethcr.

blltgr froa tbc ttrorlSerc nlll ooudsce on cold vrter piplrg locetod ln
buorotr, bollor rroilr, orurl llncer, and other placca Sero dnnlncr erLcta.
Goodcqrd lolrturc wtll drlp off thc plpe and deragc equlpncat, teuant beloug-
1o3a or plutcred surfeceo loortod bcaeath tbe plplng. In addltlon, nrab Gou-
doratlon v111 lacrrcec tbc cortod.oa of tbe extcrlor of tbc plpor crpeclelly
It orpord thnrdg. It tr edvireblo, tberofore, to lnsulatc e1!. oold natcr
plplug nLrro eoadcaeetloa dght oanle duagc.

Ibc rd ccoaodcrl lnnrlatloa for ulG oa hot rater plpe 11 3 p1y pe-abmnts
r$ortor atr.orll coverlng. Cold rntcr pipe requlres all lnsulatloa that la
lorr rorlrtaat to vrlnr pcacfratloa, auob ta 3/1 lnoh pne-shtrnl rsol-folt
coqrlrrg rrlth aa erpbrlt-crturatcd fcJ.t llaer. Botb typeg ehould hat.c e
cotton rhcctiug Jtohct rhlcb fu p,rtcd la plaoe and pnovldcd rlth *a.'cortrotln
retrl b.E& to bold tbc oovorlng. Banda shotrld be spaocd 18 lnobo oa ooters,
rd bc plrood rt ell flttlrrgr. Flttlaga sbould bc covercd rlth arbcrtor oaeut
to tbo tuc tblotnot! ar tbc ptpo oovcrlng, rnd Jrclotcd rlth cotton rbsdlag.

I5, TMBTOIND DISIEIBUIIOT PIPUO
ll

Eot netcr mpply rad rcelrenlatlng plplag bctwcoa bulldtrngr ghoulA bc lnstallod
la uderground tunnclo or oondulta trscd for thc hcat dtstrlh$lod rysten, rnd
$ould bc barletod la the raaacr apeclfled for sucb utdcrgroud bcat plPlng.
lry u:dcrground r5ntor tbat lc to bo used only for nrter plplag thould conforr
to tho type of ryrtor rpcclflcd for thc hcatlng ayutcr. I r6crquot part
of thtr BulLcttn rr111 dtreurs thcge undcrgrouad dtrtrlbutloa ryitonc ln dctrll.
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1. ]NTBODUCTION

The proper desi-gn of domestic water supply systems ln buildings is nec€ssary
for the proper funetionj-ng of the various plumblng fixtures. The amount of
either hot or cold water used in any bu-ilding is variable, depending on the
type of structure, usage, occupancy, and the tirne of day. It is essentlal to
provlde adequate piptng, water heatlng, and storage facilities of sufficj-ent
capacity to meet the peak demand in either piping or equivalent cost without
wasteful excess.

One of the difficult problems generally encountered in the economical deslgn
of uater supply systems in build:ings is the selection of pipe slzes for
vartous parts of ttre systems, partlcularly for the smaller sizes of plpes,
that w111 assure an adequate supply of water at all outlets under specj-fic
service conditj.ons, such as the available service pressure and the dlfference
in elevation between the source of supply of the water and the fixtures. It
nust be remembered that lt is not sufficient to prorrj-de for an adequate supply
wtren pj-pes are new, but thab a suitable aflowance mus[ be made for decrease in
capaclty caused by the deterloration of the interlor surface of the plpes rith
age. Thls involves the choice of piping materj-als wtrlch will be best adapted
to the characteristics of the partlcular water that w:iIl be used.

2. IENGTH OF SER\rICE OF WAIER PIPING

The separate elements that go to nake up a low-rent housing project should
reasonably be expected to last as long as the probable life of the project,
unless it is more econonical to lnstaIl and perlodically replace elements
or materials of shorter life expectancy. Since replacing a water supply
system usually involves breaking i-nto and replacement of the finished surfaces
of walls, partitions and floors, and, possibly, excavatlon beneath parts of
occupied bulldings and flnlshed exterlor spaces, it i-s not llke1y that it
rould be econonlcally desirable 1n any but the most unusual circumstances to
instal-l a uater supply system with a life e:rpectancy less than that of the
project buildings. The Ij-fe service of the piping material shoul-d be con-
sistenb with the findings of the Utility Analysis (see PHA Low-Rent Housing
Bulletin No. LB-II, ttselection of Utilitj-esn).

-1-
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The princlpal factor that deternr-ines the life of water piping is corrosion
of the interj-or or exterior of the piplng. Corroslon r'riI] attack the entire
piping system, sorne portlons more severely than others, and it is usually
the severity of the attack that is the deterrnlning factor in the length of
its life.

3. CoRRoSIoN

Tlre definltion of corrosion, J-ts forces, and the mechanics of its control
have been comprehensively identifj-ed in the Local Housing A,uthority Handbook,
Part V, Section 7r 'tMaintenance of Underground Utilitiesrtrprepared by the
l4aintenance Engineerin6i Branch of PllA. Reference should be made to this
Handbook Sectj"on. For the purpose of identifjea.tjon here, mechani.cal pro-
tection of underground ferroue pipJrrg (except cast-iron) neans coating and
urapping of both pipe and fittings; electrical or cathodj-c protection of
underground ferrous piplng means protecti-on by sacrificj.al anode method or
ttre reclifier rnethod. All of the abov'e is explained in the Handbook Section.

Local utilities have devj.sed various uays of proLecting their distribu'Lj.on
lines mechanical.Ly. They strould be prepared to adrise local engineers or
Local Aut.horities on the efficacy of one prot,ectlve met,hod over another, and
to offer t.he benefits of their experi.ence on coruoslve actj"ons on metal pipe
burj-ed in the solI. ffpes of coatirrgs and wrappi"ngs have been used success-
ful).y 1n varyirrg degrees and are described ln the above-mentioned Handbook
Seetl-orr, and in l,ow-Rent Manrral Sect,i ort 2O7,1.

Other inforniation pert,inerrt Lo the subject of corroslon of femous materia.ls
ls set forbh in Part V of this Bulletln.

L. connosrvrrr oF ITIATEnS

Water piping in sonre local.ities riill last far longer than 1n others under
similar con<Iltions of use. This varlation in the life of the piplng ls
princJ-pal1y due to the differerrce in the protectl.ve coatings formed by the
comosive action of the waters in each locality.

Waters not normally containirrg dissol.vecl solids wN-ch precipitate as insol.-
ubie cornpounds (soft waters), or waters from which these solids have been
renoved by means of specia.l treatrnents, are usually highly corrosive tp
plping, sj-nce no coating wili forro on the pipe wa1I. Hard waters are usually
muctr l.ess corrosive, unl-ess the coatlng formed by preelpJtation of the soIlds
j,s l-oose or irregular. Non-unifonn coatlngs, covering only part of the
pi.1:i-ng, may pronote localized corrosion betrveen the unprotected and protected
portions of the plpe and cause firrl,hev deterioratlon. Some types of coati-ngs
will eventually completely f11.1 the pipe, or decrease lts free openings to

2
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such an extent ttrat the pipe becomes useless. Addlti.onal reference informa-
tion relatd.ve to corroslvity of waters is set forth in the chapter on :

Corrosion and Deposits contained in the American., $ociety of Heatlng, Refr"l-g-
erating and Aj-r Conditioni-ng Guide and Data Bookiz.

Other reference j-nformation pertinent to the corrosivity of waters ls contpre-
hensively set forth in a Technical Studies Publjcat,io.n FHA No. 592, titled
The Galvani.c Corrosion 0f Piping Used In ResidencesT.

5. cHorcu oF wATER PTPTNG

The characteristics of the water used i-n a region may be changed radically
by the construction of a munieipal uater softenJ.ng plant or the j-ntroduction
of water from new sources. The problenr of maklng a sound choice is not
solved nerely by using materials widch are in common use in the area without
an investigation as to hoyr long such naterials have actualJy lasted, and how
suited they would be to possible changirrg conditj-ons. Iteb-able information
may be djfficult to obtain, si-nce personal preferences of observers frequently
color their vieu, and some materials in current use have not been available
in the past. In certain areas a corrosion spociallst may be needed to asslst
in naklng the final cholce of the pipe to be used.

The types of piping materj-a1s that may be used for water dj-stribution systems
and the relative advantages of the various naterj.als used for ttr-ls purpose are
set for1,h in Part X of tiris Bulletin.

6. WATI]R PIP:ING LAYCUT

The water plping Iaysu1 in a building i-s deterrnined largely by the bullding
design. Ttre archjtect cannot be expected to shape the buJlding around the
pJ-umbittg system; it is advisable for the designing engineer to meet rith the
arctr*itect and coordJ.rrate the plumbing requirements with the bu-lIding struc-
ture to obtain the most direct, simple, &d eeonomical piping system posslble.

In addition, the water piping layout should be so designed that the sater
supply is protected from contaninaLion. No direct cross-connections of any
kj-nd to any other piping systems should be permitted, even when one or more
valves are used to separatr the two systems. Drain valves, sillcocks, or
stop and waste valves in the systen should not be placed underground or in
posltj-on uhere they n-lght be submerged by surface or ground water, since
there is always a possitrility of backflow through the valves irrto the water
system. Water supply tanks, including building tanks and hot water storage

(Cont.rd)
1Z A""il"ble fr,* the A*eri"an S.ciety of Mechanical Englneers, 3lr5 East

lr]tfr Street, New York, New York IOOU.
?/ Avaalable from the Federal Housing Admlnistratlon, Washtngton, D.C. 2Ol+11.
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tarks, should always be properly covered or sealed, and should not be located
beneath any soi1, waste, or storm drainage pipirrg. Underground water piplng
and the building sewer draln piping should be lnstalled not less than 10 feet
apart horizontally and should be separated by undisturbed or compacted earth.
When it 1s found necessary to install both uater and sewer piping In the same
trench area, the uater service piping should be placed on a solid strel-f exca-
vated at the slde of the common trench and the bottom of the water pipe musL
be atleasL -I2 lnches above the top of the seuer line at its highest poi-rrt.

When posslb.Ie, sater supply risers should be located in irrterior partitiorrs
or interior pipe spaces. In locaU.ties subject to freezing temlmatures,
piping 

"holjd llg! be located in outsj-de ualls, attic spaces, or ventilated
craul spaces. Operating experience indicates hlgh cost for maintenarrce and
rep)-acer',rent for piping 1nstal1ed irr outsj.de walls and in attie spaces, even
thougtr the piping was supposedly protected from freezing r,tith a suitable bype
pipi.ng insulatj.on.

Al-L watcr piping should be graded touard low poj-nts irr tht: system, so Ltrat,
the entire $ystem can be drained completely wlthout water bei,ng trapped in
pockeLs or di.ps of the piping whenever it is necessary t,o effect, repairs and
re;-rJ-acements. The rninjmunr grade should be not -l-ess tharr L j-rrch in 25 feet,
arrci a draj n valve or plug should be provided at each low poin b to faciU.tate
drainage. In addition, the piping should be pitched up from the rnains touard
the risers, and the connecttons to the risers should be taken off Lhe top of
Lhe mains, bo permiL ajr to rj.se fron the mai-ns to the risers and eventual-}y
be released at a flxture outlet. The risers should extend at least l-B i-nches
ai;ove the topmost fjxture branch and the riser ends should be tighl;}y capped
to provide air chambers to help absorb shocks ln the system. When building
design is slab-orr-g:'ade tlpe construction it is not considered good design
practice to bury water piping bel.ou the first floor slab. Leaks developing
in plpirrg, install.ed in ttris nanner, may go undetected for years wi.th the
loss of great quantity of water and dama.ge to building fourrdatlons. The only
way to repai-r or replace such piping would requj.re tearing up the concrete sf.ab
a.rrd floor covering, or abandon the pipirrg under the floor and run new pi.ping
exposed in the druelllngs.

7. CO}ITROL VALYES

To make repairs and rnaintenance a relatively simple and inexpensi.ve operation,
it ls esserrLlal'bhat suitable control- valves be provided throughout a water
supply system so that the section of the system on whi-ch uork is to 'be done
can be j-soJated. If, for instance, it is necessarJr to shuL off arrd drain an
entlre building to make a slmple repalr at a single fjxture, the increase j.n
mainLenance cost ls out of proportion to the cost of a control va1ve.

(Contt.t)
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To facilitatc maintenance and repair work, control valves should be located as
foll-ows:

8. Within each dwelling or at each fixture (whichever is more econorutcal)
to control the hot and cold water supply to the fjxtures.

b. At the base of each hot and cold water riser that exceeds tro storles
in height.

c. At the hot and cold uater serrrj-ce entrance to each rmrltidnelling
buildlng.

d. At suitable accessible points in the hot and cold watcr distribution
systems, placed to subdivide the systems into sections servlng about, 50 dwell-
ings, with not less than two such sections for any one project.

6. In the branches to each outside sillcock or drinking fountaln ln
Iocal-ities subject to freezing. ltrese valves should be the stop and waste
type, located lower than the outlet, to permit drainlng the branch betueen
the val-ve and outlet.

Control val-ves should alwa5rs be readily accessible. Locations such as crawl
spaces should be avoided, since they are usually difficult to enter (especially
when there is snow on the ground). Buifdings constructed with crawl spaces
or dj-rectly on ground-supported slabs should have the necessary build5-ng con-
trol valves j-n a halluay; bathroom, or utility room on the first floor. In
high-rise buildings control valves should be provided wtth idenuficatlon tags.
Where valves occur above suspended cei.lings or ln fumed q)aces, screw duplicate
number tags to tlre face or access panels.

B. SILI,cO0KS

t'Ihere a project consists of row houses, a si.llcock should be installed at the
front and rear of each pair of due1Ii.ngs, located close to the party ua11
between the dwell:ings. Where mrltidwelling or corurunity faciI:lty buildings
are constructed, sillcocks should be spaced around the peri-meter of the build-
ings so that about 50 feet of hose will reach all the larns and walks on the
project. Sillcocks should be located on a buildlng waI1 about 18 inches above
grade for convenient use.

9. HOT i^IAlER RECIBCUI,ATING SISIE},IS

Where domestic hot water is supplied from a project-operated water heater or
storage tank the wastr of fuel and water ls minlmized and tenant convenience
j-s increased when the water in the supply tlnes is kept hot. Ttrts is achieved
by reclrculating piplng extending from the ends of the hot watcr supply plptng
back to the water heater or tank.

(Contta)
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Tuo methods of arranglng circulatlng lines that nay be used 1n multiduelling
buildings are: (1) extendlng a rlser to a supply main at the top floor, and
feeding down through risers to the recj-rculatlng maln at basement or ground
floor ceiling; (e) Uy installing both supply and recirculating mains at base-
ment or ground floor ceiling with supply and recirculating rlsers extending
up through the building and connecting together just below the topmost branch
supply Lo fixtures. The first (downfeed) is considered more economical sinee
only one set of rjsers are required, but it may be difficult to accommodate
the supply main at the top f1oor. The two methods can be combined by extend-
ing a supply riser rrp to the top floor, running a horizontal main across the
top fJ.oor to another riser location, and extending the line down to the recir'
culating main at or below the first floor. Where the mai-n is placed above
the fixtures, the topmost polrrt of the main shoul-d be connected directly to
a dounfeed rj.ser to vont air from the main. Where the buildi-ngs are not over
four storles high, reclrculating piping should run parallel to the supply main
from the base of the last supply riser to the hot water source.

}0. FACTORS AITECTING PTPE SIZING

Factors that infl.uence the size of water piping are (a) the quantity of satnr
that ls to flou through each section of piping (demand load), (U) the avail--
able pressure, and (c) the total friction. The quantity of water is estjmated
by considering the requirements of the individual plumbing fixtures and the
summation of the denand from groups of fixtures. The avail-abIe pressure is
the uater pressure in the street nraj-n less the estimated frictlon losses j-n
any attached water meters and piping between the street main and the building.
The total friction is the estimated loss in head due to the water passing
through a1.i the pipes, bends, valves, and fittlngs between the serrrice entrance
and the flxture outlet. These factors are discussed in more deta:il belor.

a. Demand Load. The dema.nd load of various plunbing fixtrrres is best
expressed try f5:rtrrre units. Fixture units are design factors so chosen that
the demand produci.ng values of the fixt,irres can be eryrressed approximate.Ly as
muItlples of thab factor.

The estimated fl-ow in gallons per rninute through the malns, branches, or risers
of a system ean be obtained by totaling the fixture unlt values of all fixtures
served by each part of the system.

The fixtr-rre unlt values and the estimated demand in ga1.lons per minute can best
be deLerruined by consultlng the charts and tables pertaining there'bo 1n the
chapter on Water Servlces contained j-n tlre ASHRAE Gulde and Data Book.

The demands for outlets (such as lal.ln sprlnklers, air conditioning equlpment,
etc.) whjeh are likely to impose heavy denands during times of heavy use of
the "fixtures, should be estimated separately and added to the computed demand
for the fixtures, ln order to estimate the total demand.

6
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b.
to each

(a)
constructed of uood

Available sure. fire rn-inlmum daiJ.y pressure at the sen.j-ce entrance
e great enough to overcome the statlc head and the

frictional resistance to flow, and should deliver the uater to the kr-i"ghest, fix-
bure outlet at a pt'essure sufficienb for satisfactory oporation of the fjxture.
The outlet pressure should be a mlnjmum of B pounds per square lnch for faucets
and uaLer closet banks, md not less than 15 pounds per square inch for flush
valves.

Excessjve pre$sures will rer..;ult in high vel.ocities in the piping, which cause
further sharp inereases irr pressure (water hammer) wtren ttre flow is stopped
suddenly. Water hanimer causes objectlonable noi.se and vitrration in the plpes
(especlally when bhe pJ.Jring is improperly secured or supported), leaklng joints,
and occaslona.l.l.y broken plpes. When the servlce pre$sure does not excee,d $t
pounds per sqLrare ireh, Lhe waler veloci.ty in the piJres does not, exceed 1.5 feet
per second, arrd the.flaucets used are the slow-closl.ng (conrpression) type, water
hammers are reduced or elirnj.nated. An air chamber at the top of each riser, or
a patented watcr hanuner amestor at some point in ttre system, is effective as
long as the cushjon of air is mairrtained. The avaj-Iahle pressure can be sta-
bi-l-ized at,55 pourrds per square inch by nrea.ns of a pressrire reduci.ng valve.

Where a project J-s bei.rrg served by a street main wit,h exces;Lij.ve water pressure,
the project water disbritrution system shouid be devel-oped tc' use 8 minimum of
pressure reducing valve stations. A slngle PRV located j-n the main serving
the water djstribut,lon system to a project would be the rnost, satj-sfactory
arrangement, both fronrLhe standpoinl of i-rritial. er:rst, and rraintenance.

(1) IncfS_a.lg Avaif a!_Ie Pr."Su . Frequerrtly i"rr mrltistorLed
bulldJrrgs the ninimrun daily service pressure at certain hours of the day is
lnsuffj.cl.ent to maintain the desired pressure at the hlghest flxtu:'e outlet,
especl.a1.ly r.rhen the brri.idi.rrg demand load is high. In such case$, the avail-
able pressure must be increased by means of gravity storage tarike, pneumatic
tanks, or booster pumps. ft is sometimes deslrabl.e, especial.Jy wlth tall
buildirrgs, to divide the supply systern j.nto zones, with the l.ower zone sup-
plied by uater under the normal avail-able pressure, and the upper zone sup-
pUed by water under increased pressure.

If it. i.s possible ttrat a pressure of 5 pounds per square incti or less may
occur on the suction sj-de of any water supply pump, a low-pressure cut-off
swlt,ch should tre irrstalled to stop the pump arrd prevent tlre creation of a.

vacuum ln the water service ]jrres;.

Gravl tanks are usual-r-y cyllndrical. irr strape,
by steel hoops arid located on the

roof. ?he capacity of such a tank should egual the manj.murrt deficj.ency
between the accumulated mar<imum demand and the accumulated rn-injrnrrnr inflow,
over the period of tlrne during rhich the demand exceeds the ln.flcn. To
this should be added a reserve capacity equal Lo about 20 n:inutes of marcJ-num

(ConttA)
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dernand. The flow lnto the tank should be controlled by an automatic valve
rhich ls actuated by the rater level in the tank.

If the avallable pressure in a building is lnsufficient to supply the tank
by continuous or accunulated internrlttent inflow, or if it is deslred to
reduce the tank size, pumps can be used to increase the avallab1e pressure
and step up the lnfIow into the tark. Two purnps should be prorlded, so
valved and connected that when one pump ls being repaired the other can
&ssune the entire load. Each pump should be sized to provlde the necessary
inflow to the tank agalnst the static head and frictional resi-stance to
flow between the service entrance and the top of the tank. fno pump should
be controlled by an automatic valve actuated by the water level in the tank.
Since the capacity and di.scharge head of each pump ElII be h.igh, ttre use of
double-suction, single-stage, eentrifugal pumps wlth bronze lmpe11er and
bronze trlm is desj-rable for long life and trouble-free operatlon.

(b) Pneumatic storage tanks are steel pressure tanks, par-
tia11y fil-Ied w'ith air. The tanks are usually located in the basement and
are supplied by a pair of centrifugal pumpsr sirn-ilar to the pumps just
descri-bed, but operabed by a pressure regulating switch in the tank. The
pumps force water into the tank and compress the air th.erein until the
necessary pressure is reached. Each pump should be deslgned to deliver the
quanti-ty of water required at marcimum demand that nay be deternlned by
consulting the chart titled rrEstimated Curves for Demand Ioadrt set forth
in the chapter on Wator Services, contained in the ASHRAE Gulde and Data
Book. The tank capacity should be computed on the basis of ttre followlng
formula:

Pc

Tank Capacity (ga11ons) = Qt (1 + - '- ) * VRPt-Pz

where

a is the manimum demand equal to the pump capaclty in gallons
per minute,

t i.s the rest period of the pump, neasr.red in minutes, betueen
intervals of pump operati-on at maxlmum demand,

P1 1s the marcimum absolute pressure, in pounds per square inch,
permitted in the waber supply system,

P2 Is the mlni-mun absolute pressure, in pounds per square lnch,
necessary to supply all fixtures, and

VB is the reserve capactty of the tank, ln gallons.

Ths rest period of the pump should be kept low, sj-nce J.ts purpose is to
ensure that under condltlons of maximum demand there tnill be a short lnter-
va1 between startj-ng and stoppJ-ng of the pump. Slnce peak condltions of
maximum demand occur very infrequently ln a rmrltiduelllng brrllding due to

(Cmttd)
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diversity of use, the time lnterval could be as low as 1/2 rrilnute, depending
on the tlpes of pump, motor, and starter used.

The greater the marcimurn pressure permttted in the system, the snaller ttre
tank required, but the greater the resultlng pulsation at ttte fixtures and
the greater tho total power requirements of the pumps. If the variation in
tank pressure is 1a^rge, a pressure regulating valve can be attached to the
tank outlet to maintain constant pressure in the supply lines. Usually a
system will operate satj-sfactorily rrlt,trrout such a valve when the pressure
differential, (P1-P2), does not exceed 10 pounds per square lnch. A safety
valve should be fnstalled on the hi.ghest polnt of the tank to lnsure that
the macj-mum pemuissible pressure is not exceeded. The reserve capacity of
the tank Vj need not be large but should be sufficient to cover all tark
outlets during a time of maxfunun demand.

A separate manually controlled air conpressor, belt-driven by an electric
motor, 1s usually operated once daily to eharge the pneumatic tank with
alr. The requlred compressor capacity should be based on the following
formula:

Vx P1
Capacity of the compressor =
(Cubic feet per minute) POTOOO x T

rhere

V is the capacity of the pneumatS.c tank in ga11ons,
P.l is the ma:ci-mun absolute pressure in pounds per square 1nch, and
T- is the time i-n mlnutes drrrlng which the compressor is to operate.

The cost of a pneumatic tank installation is usuall-y considerably smaller than
that of a gravtty tenk, since the required struetural work is greatly reduced.
However, the cost of operatlon and maintenance of the pumps and compressor
should be consldered, as well as the fact that the uater in the pneumatia
tank u111 absorb large quantiti.es of alr, which may interfere with the opera-
tion of the water heaLers unless prorrislon is nade for its removal. Also to
be considered js the fact that, in certain areas of the country, fire depart-
ment regulatlons require a grarity tank as an item of flre protecti-on.

(c) Constant pressure pumping sfstems wtr-ich eLlnrinate pressurc
and storage tanks, special valves and certaln unnecessary piping have gained 1n
popularlty, ln recent years, as a means to maj-ntain a constant pressure for
uater servlce in hlgh-rlse buildings. Such systems are available as packaged
units, complete rith pumps, notorse and automatic controls. The cost is con-
sldered less expenslve than that of a pneumatlc tank installation.

. (Contta)
-9-



Bul}ettn Uoo LB-7
PART XI

HHFA
PTIA

w 1e65

c. Friction Iosses

(l) EES!,fon tosses in Pipes. The reslstence to the flow of rater
through til ilp nds of a supply system is meesured

as UrJ 1oes in-head due io frictlon 1n the systen. Thts reststance is a func-
tlon of the flor, the plplng materlal and its condltion, ttre diameter of the
plplng, the lenglh of tlG plpingl and to a s'lteht extent the physlcal c]rarac-
iei.tstics of th6 Hater. ttlaA foss due to frictlon 1s usually expressed as
polnds per squere lnch per J.00 feet of length and can best be obtalned by
ionsuLttng t[e florr charts, as lllustratpd in the cbapter on Water Senrtces
conteined in the Amerlcan Society of Heating Befrlgerating and Alr Conditioning
Gulde and Data Book. The flor charts also sho* the vel-oclty of flor ln the
plping. T5e flow ctrart illustrat€d for snooth pipe ts generally used-for
io-ppei tublng carrying uater of normal ctrracteristlcs; for ferrous piping,
a llotce of ttre ottrer-flor charts must be nade on the basls of tLre corrosj,vity
characterlstlcs of the water.

(2) Frlctlon Losse-s in nitti4gq. The reststance to flow through
valves and fittd-ngs is expressed as the equivalent length of straight plPe
that hes the same frlction loss as the valve or fitttng. These equlvalent
Iengths for the various pipe sizes cen best be obtained by consulting the
table frEqulvalent Length of Plpe for Various Flttingsrt set forth in the chapter
on t{atar Servlces contained in ttre ASHRAE Guide and Data Book.

fn any sectlon of a water zupp1y systrem the developed length of piping w111
equal the actual length wlttr-1n that sectlon plus the equlvalent length of all
the valves and fittlngs in the soction. If the requlred flow through the
section is known, reference to the appropriate flow ctrart 1111 give the fric-
tion loss per 100 feet of developed length, whlch can be converted to t}te
total loss of head due to frlction througb that partiicular section of piping.

11. PROCEDUNE FOB PIPE SIZING

The prirnary purpose in esta,bllshing pipe sizes i-s to provtde an adequate and
satisfactory amount of water to the fixtures at all times. One of the impor-
tant items that must be deternrined before any part of the water plping system
can be sized, is the probable rate of flow in any partlcular section of the
plplng syst€m. The rate of flow in the serrrice Iines, risers and main branches,
however, will rarely be equal to the sum of the rates of flow of all connected.
flxtures. In fact, the probabiJJ-ty that every fixture w111 be used at the
same tLme is so remote that lt would be very poor engineering practice to
deslgn the plplng system to take care of such simultaneous flow.

The demand l-oad for water supply systems ln bulldings cennot be deternlned
exactly and ls not readlly standard{zed. lhe tryo maln problems to be con-
sidered are: (f) ttre satisfactory supply of water for a gtven fixture; and
(2) tho nwrber of fixtures whLch mey be assun€d to be in use at the same
ti.rne.

(Coatta)
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Establishing the correct pipe sizes for water supply systems in bullding can
best be deterrnined by consulting the charts, tebles, and other perti.nent refer-
ence i-nformation set forth in the chapter on Water Servi.ces contained ln the
ASHH"AS GuJ-de and Data Book.

t2 SIZING TI{E RECIRCUI"ATING SYSTEM

Since the finrction of hot, uat"er circulating plping ls to keep the water ln
ttre hot r,raLer supply plping warm (not to supply water to the fixl;ure outlets),
the method of slzing this plping differs frorr the method outllned for supply.
pipi-ng. The recirculatlng- syst-m (together wtth the hot water supply system)
forms a closed circuit which operates only when the hot water faucets are
closed so that the available pressure has no effect on the f-l-ou through thls
circuit.

B. The required flow tl:rough the reclrculating system is dependent
only on the total heat loss from the supply and reclrculating plping. Ttuis
heat loss shoul.d be estj-mated by assurulng reasonable slzes for the recircu-
latirrg plplng, obtaini.ng the unit, heat loss per linear foot for tbe various
sj.zes of supply and recircul"ating piping, multiplying the unj.t loss by the
total length of plpe for each pipe slze and the dlfforence 1n tomperature
between the pipe and its surroundings; and then sumnii.ng up the heat losses
for the separate pipe slzes ln the system. Heat losses for steel plpe and
copper tube and the conduetlrritiies of various tnsulattng matertals can be
obtained by consulting the appropriate tables set forth in the chapter on
Design Heat Transnrissj-on Coefficients conta-ined ln the ASHHAE Gulde and Dat,a
Book. Ttris chapter may also be consul-ted for the equatlon to calculate the
heat flow through a system.

b, The friction loss through a recirculating system can be obtaj-ned
by consultfirg-ffiffiffiits as illustrated in the chapter on Watrr Servi"ces
contained in the ASHRAE Gulde and Data Book. By using the proper chart the
frlctlon loss per 10O feet of developed length can be obtalned for each assumed
plpe slze and, lf the friction loss or the veloclty of flou through the recir-
culatlng piping is elther excessivel-y large or uneconondcally sma11, the
assumed plpe sl.zes should be corrected. The totel frlctlon loss through the
clrcuit should then be obtained from each developed length and its corres-
ponding frictlon J-oss per L@ feet. When reclrculatS-ng flow aLone is passing
through the uater lg1l3]11 piplng, the frlctLon loss'ln that plping is usually
so smal.l that lt car: be neglectod.

cr Recirculati3gjg4pg should be sized to have a capacity equal to the
requlred flo$r=filii$@ head necessary to overcome the totat frictional
resistance of the circuit, neglecting any gravity effects. Since such pumps
are srnaII, an electrlc motor-driven end suctdon or slde suctlon centrlfugal
ttrpe rith bronze impeller and brona@ trfun ts usually sattsfactory and eco-
nomlcal' 

(conttd)
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When the entire circult is at the desired temperature, operation of the reclr-
culaging punp is unnecessary, and an immersion aquastat shoul-d be provided 1n
tlre recirlulating Ilne to stop the pump motor when such a condi-tjon is reached.
The most convenient and economical location is about 25 feeL from the recircu-
lating pump in a space not affecteC by heatirrg equi-pment-

13. PIPE INSUI,ATION

Uater plping is jnsulated for t.he following reasons:

a. To prevent excessive heat. losses.
b. To prevent freezing of the water in the pipe.
c. To prevent condensation on the exterJor of the col-d uater piping.

In general, hot uater supply of recj-rculating piping should be insulated to
prevent excessive heat losses. For install-ations requi-ring only short runs
of hot water supply piping, insulation is usually unnecessary. }Jhere there
is doubt as to the value of the pipe insulaLion, an estimate of the total
heat saved by the use of j-nsulation should be deternri-ned, and the value of
savings compared to the cost of the insulation. For hot water pipe located
withl.n lnberior partitiorrs, insu).ation may be omit,ted where space is lirrjted.

Frost-proofing of aII water piplng (cold, hot, and recirculating) should be
done in cold cl-inates when the pipirg is installed in exterlor waIIs, craul
sjpaces, abtics, and where the piping may be exposed to the weather.

ltoisture from the atmosphere uil1 condense orr cold water piping located in
boiler rooms, xork rooms, laundry and drying rooms, exteri.or ua1Is, furred
spaces and pipe shafts, finished spaces, craul spaces, and other space rhere
condensation is U-ke1y to occur. Condensed moisture wlll drip off pipe and
damage equipnrent, household furnjshings, plastered surfaces, etc., located
beneath or adJacent to the piplng. ft is advlsable, therefore, to irrsulatc
all cold nater piping nhere condensation mlght cause damage.

Insulation for cold, hot, and recircul.ating piping should be jacketed rith
cotton sheetlng and provided rlth metal bands to hold the covering in place.
Jacket for cold water piping should be the vapor barrler type to prevent
sreating. Insulattng naterials frequently used arer magnesia or calci-um
sllicate or rrlneral fitrer molded pipe coveri-ng or flexible unicellul-ar thermaL
pi-pe covering. The metal bands should be spaced about 18 inches on centers
and be placed et all fittings. Fittlngs and valve bodies should be covered
rsith lnsulating and finishlng cement to the same thlchTess as tlne plpe cover-
lng, and jacketed rlth cotton sheeting.

Ih. UNDERGROUND DISTBIH'TION PIPING

Hot uater supply and recirculating pipi-ng betueen buildlngs should be
installed ln underground tunnels or condu:lts used for the heat dlstribution

12
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system, and should be insulated in the manner specified for such r:nderground
heat piplng. Any underground system that is to b€ used only for water piping
should conforrn to the type of system specifled for the heating system. Part
XfV of ttlls Bulletin offers detailed information on underground dj-stribution
systems.

13 HIIFA - PliA, Wash.1 D.C.
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PART XII . BROJECT-EERATED HEATING PLANTS

CENTRAL. GROLP. AND BUILDING SYSTEMS

1. GE\IERAL

The application of project-operated heating plants to housing (other than
housing of the apartment typu) is relati-vely new and is in a stage of
advance and improvement. The basic principles and details are, however,
well understood by qualified heating engi-neers, hence there would be little
occasion for this bulletin except for the fact that this type of heating,
when applied to public, Iow-rent housing must recognize certain peculiarltles
and conditi-ons not necessarily pertinent to private housi-ng operated on an
economic basis. While the differences are not extreme, public housing
e:rryerience has demonstrated that they are of enough significance to warrant
special consideration in the.design of project-operated heating plants of
any nature.

This bulletin points up the special problems of heating in Ior.,'-rent houslng
and offers general suggestions for meeting them. This involves discussion
of the factors which may lead to the selection of project-operated rather
than tenant-operated heating systems and the further considerations leadlng
to a choice between g!lgf,; sroup, 9r, !glf@ plants. Finally this
discussion deals briefly with the relative advantages and dlsadvantages of
the several systems of heat distrlbution applicable to project-operated
plants - steam, hot water, and warm air.

As used herein the term rt0entral Planttt means one plant serving all of the
buildings in a project; trGroup Plantstt means two or more plants serving the
entire project; and tlBuilding Plant?t means a plant within a building and
serving all dwellings in the building onIy.

The designerls attention is directed to other related parts of this buIletin,
particularly ttThermal Envlronment and Comfopf,tt, rtl6ilers, Accessories and
Fuel Handlingr,r trBoiler Plant Instrumentsrt, and ttUnderground Distrj-butiontt.

2, OBJECTIVES AND SPECIAL PROBLE{S

The objectives and problems encountered in the design of heating systems for
Iow-rent public housing vrill be similar, in all general respects, to those
of private housing projects. The system for each should maintain adequate
and proper heat for health and comfort within the dwelling areas; the
requirements for a healthful degree of heat do not vary because of the
economie status of tenants. However, 1ow cost, especj-a11y operating cost, is
more important for public low-rent housing than for private housing.

-1-
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tbe proore. lnverv.s .clll,Dt the hoetlng deetgn dcm to r'Dotr$ rbor. lt pro-
vld€s r11 tbat 1r egrotlalr. hrt notbtrg rorq and tblt &orld bc borac ln
rlad by the dcclgdrg .rght r. nluctrrtlvc of, lor. of tbo obrtenr pclatr
rhor. srvlagt orn be rade, 1t 1r loted,tbrt prlrrto toalg golor,r.lly tucluder
reffulorsBts aot cla6utla1.l,l lw-rult proJcotr, enel rs Cotrcarhd rlrortl
recGEstd or coDcea1cd radlatorr, rrdlrtorr 1! brtbroor. ard Lltohor (lDtt.ad
of rrpoaed hcdtng rlaore) ladlvldurl tbsnostatto tcrporrturi oontrol for
cacb dnelllag, and la rore prlvatc hous{ig proJectr fihe ;yrta rll.1 lecluCo
outaldo rlr, boatcd for votl.lrttoa.

3. IEILnI Ar&r$S

fhe Etlllty rtelytlr roqnlred bt fEl procednre to do0onl,ro thc lqort'.oomrlc
cort of urtllltlcrr lacludlag berttry (rce Brllctla Io. I&U), li DE dlertod
oa r toatrtlvo'bn$ rorrelly firr prenbG u to tbe drclllrs trDor tbrt rrtl bo
nrd ln r tpcolflo ppoJmt. Drp.ldleg upon tlo rrturrr of tLor ty1nr, rhrthc!
thcy uc ts bc tbre-stoqf or nltl-stoE, eprrtrotr, (Irtr, or r.eu.tourol,
or .r. to bc r oorblaatlol of rcrrrl ef tbcrc,typcr, tLc dcolrlol to ur
t'oant or @ pleata 1111 gcaerallt, (H rt rlnyr) bo r forr
8o!o ooDclullou.

lor ounplct 1! r prcScot fu to conplgt otlroly of rFrtuutr, ttc rolcotloe
cf, proJoot-opqrrtod plrrtr tt r ccrtrluty rnd tbon daht bo r vrlld 1n.rup
tlea to ttrt rffoct lt tbc pnojrst 1r to oooelrt lerjoly of qirrtttr td rlth
eolc ror-Loulrte or eo ruelytte rlgbt bdlarto tbrt r,proJocrt oqg{+lg
otlrlly of rsr-bonu, r[tcb nrually uo Lettod Dy ldlvlanrl lgp,g[:gpeiltcd
plente, rorld .D.rrt. rorc ccomrlaall, lf proJcgt plstr rq. urbd.

lbe utlllty mr15n1a, hrvlDg, l.u r glvea carc, Dof$cd to tbc ludldcrtloa
of a proJcct..openetod p1eot, lqy'llro brvr r ratorlal brr.lng. qne tbe decl-
cloa to Eso,-g!g'tr EEgEr or !g&[Clgt plarta, chlcfly bcoer.e of rncb fectorl
ac vrrtatlons la phnt hbor @!t, &clr eld dcllvr*7 oJtte dce

tberr erc oth* frctotl. rd nsoeptlblr ts mnctrry oyaluatlca ln r dtltty
ruelyalg trblcb rlll.hf,lrooo lle dcolcleu to rclcct eltbe cotril, tmup or
barldlng flrrtr rlntcur Soto of tbcrc taotor ur dlrcuaacd rn&r tbc fol}or-
lng herdi.g.

4. CE*rBre Y8. eeou? Y8. BEILDITq PLrnS

&aurtng ttet tlo rarrnril oporatry .q!ras. of tLe rovcrrl Slllty oublrtlcnr
osaatCeod la thc tH$rcll rro ooqranblrr. ot rp,prcdrrt.lf mr tlo dcclrlea
to nsc coutrtl, tloup; or hlldlq.plaotr, rry dcpcad ol couldcrtloar luoh e.
tbc topognphy of tbr rltc, lta proprcd drcIllag doalty, tLt cLrnctc- cf
tbe ;urroudl^ng .r..., rni tlo extot rod artrino of tho ro.dr'od d.Alctt.d
atreets oontrplrtrd:rltth tlc proJect Doodrrlee, tburr

Jr A ooqrot altc rltb llgb dcnclty reuld rcnUy tcd tc frvor t,;Gtattrl
pl.!t, ca1rolalI, It mltt-rto*y butldle3r rrc.tlod.
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b. I loag larnor llte vltb trw denslty vould tend to favor alther group or
butldlag pluts aiace a central plaat rould requlre a long dlstrlbutlon aysten;
aad god telperaturc ooatrol., b5r rcaee,.vould bo dlfftcult aad crpenaive to
obtrla.

Gr A omtral plEht vlth a tal1 chlmcy rtght be eonsldered lacongruous oD
a rlte rlth ror-bouses la a roaldotlcl nelghborbood, rftlle thls dght not be
trur lf the alte ls edJaeeut to a counerclal or lndustrlal area.

d.. Group sr hrlldiag plante rre ususlly nore readlly adaptable to altes
rlth pronounced dralaagc freia'or urdulatlng terrala, alnce a eeatral plent
rould roqulre sroeoalve crccvetiou rnd purplDg equlpueut"

co e rlts blrcctcc by tlcdloated rtreets raJr rogtrlct tbe rue of a acatnl
plant lf, (as'14 sonetl.rsi tbe cace) lsoal'ord{iaacec forbld taatalllag bcaSlag
rrlas udcr the ctreete.

f. Acoesn roads for dellvery of fucl o11 or coal (ead ash renovrl if
roqulrrd) uy tead to favor or handicap elthar ceatr.rl, gtoup or tulldlag
plrrto, deperdlag oa the grades aad sther dcalga feeture_i otthe projeet noad
ryster.

Sq. &!.Ier plante for proJeet-opcratcd bcatlag syotuna, on eltber prlvatc
oi pnrblle Louslng proJdcts, preaeot:. pfoblena of aolee, drb, and bazardos
tructlag &re to firel dellvery (anal ieh reuove.l lf requlred), aud equlpreut
'Dol.oe and creosslve heat vlthta the boller plaat. 0n oxlatlag pubIlc houslrg
pncJccto boller plantc bsve been conrtructed as ceparate rtnrcturea; aa part
of 3hr ranagenent and couuulty hrlldlngsi or aa a part of a dnelliag etruc-
tuo. Bccaurc of thesc facts, a pr'oJeet-opcrated hcetlag plaat vlthla a
drslllog rtnlgturc ls tbe lea& desliable'becaure of halar{ to the tenantr
and the extie lagulattoa and sorudproof,lag roquLrcd 1r rueb easeg.

!. l. botlcr plaat located acar thc center of tbc hcatlng !.oad u11,1 provldc
r rorc a1uaIlrcd,dlatrlbutlon ryaten, better teupcrature contrirlr rnd ahpl.lfy
olrratloa ud ralntoDaaco. Eorcrer, there ray be !an!r roaEonC therc ruab r
locrtloa rould be lue:rpcdlcat due to grade condltlona, ilte plirnnlag, or
pl'oDourcGd draLoag! rlcl8r

5, SEECITOX 0F gt$lt

Eevhg dctcmlsed BIroD r ccutrall Br,oupr or bulldlEg plaDt, tbe ner! problcr 1r
to drcldo nLetber atear, forced hbt vater or forced rrara .1r should be ured.
A rtcu or forccd bot reter l5rsteD rltb redlatofo, plping, coutrolsl ctc.e rlll
probcbly bc about the aeue ar to tnlttal €ost and operatlng expcrse. I forcod
vlrl rlr cyato rdtb r heet exe,haogcr (ooaaeated to a rteaa or foreed bot nater
eyrtea) rlth duc0 york, regtatera, grlIler aad eoatrolc rtIl probably provc 

,

rorc erpiulv6 la both ldttal aad opcrrtlng cnpcase thaD e ateen or forced bot
rater olctel.
tbc ryrtce .clcsted, aflor ell oth6r ftstora arc oousldcrcd, abonld be readlly
adrptrblo tc the rlte aad tbe hlldtnge ee coateaplatod rlthout_rcqulrlag uJor
cbragee,ln tbc gorccpt of rtnrortunl or are.hltcctural dealgn. sore of tbe fae-
tor that dould be coagldcrod bcforc the ryrten Lr scleslod arer

-2-
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rr A levc1 cl.te ls aultabl.c for a stcar ot hot rrtcr EJrrt6.

b. A rolllng alte ahould bc rorc aulteblc for forcod hot vrtcr rtaca tbc
lains can follov the ground coatourg nlth coagequot Iccc.r rnunt of crcavatlon
than for rt6ea vhlcb ehould plte,b tlnlforlly la the dlrestlon of rtcar flon.

co A rlte vherc aorc bulldtnga erc bslor the bollcr rooE levc1 rbould bc
rore rultable for forccd hot rater than dear, ltnce ertra purplag 1111 not bc
rcqulred for hot vator.

d. StcsD or bot vater le sultable for ctuds^rd dve1llry uaitaS hwwor, 1f
a forced varn air cyatcr ia ueod, addltloaal apcce mrt bc provldrd for tbc bcrt
.rcbaDgor aad tbc rcqulrcd ducta to each !oot.

Corpereble rcaultr n111 be obtalrcd ffou properllr dcllgD.d d.er, bot ratcr, or
rrrn alr rystcrs. ?be ninlnun requlreneats of the Arerlcan Soclrty of Ecrttng
aud Ventllattag llrgiaeerc are reconoeadcd rs thE bcala of dcstga. IB tbe tator-
ccg of econory, dcaLgu, and lasta}latiou, the suggegtlong nnder the folld.nt
headlaga are offered for conalderatlon.

6. srE^r srsrtrl
rr Bocomcadstloae

(f) neafatora, ataadlng cart-lron or couvoder, udor rladorr.

(e) StanAard retgLt blrck rtecl plPllg rbovc gtoud; atre hcoy:r blaoL
atccl or rrrrought-lron ln coudaltg belov gradc, rlth rtodrrd rolgbt cait-Lre!
glgg{a8sr

(r) 111 rllcra crryoaed; valvcs oa enpply rod rttua ralnc la coab bnlld-
lag; valvcl on rlacrg ln bulldlDg! ovcr al.r ctorlca h1gb.

(+) g.at batbroona rrlth orpoacd rlcsrr, rAlah should bc ucd to rup,pI,
redlatora ln edJrcoat troolt.

(5) Inltrll.redlatorc oa firgt floorr oaly la publfc dtelr hrIlr.
(6) Iuatell slscvea for dl plpiag lnaalrg thro,th floorl, rallc, ud.

partlttono; clccvcs to bc rt leaat t/Z tteA larger thcn thc plpr ord .rtcd 1rl2
lac,h above tloor; cleevcs la raaonry or coscrete to bc ctcol plpor end rhoc0
rctal la vood constnlc,tloa.

(7) Grado rtcar ralar to lon polatr ud drlp1 rctura relnc to gredc blck
to prylrg cqutpreat ultbont llfta; drlp tnpa to be fLoet aad tbenogtattc rltb
atralacrc on lnlct of caah trap; radlrtor trrpt to bo tbcrrogtatla t3r1n.

(S) Iradate plpc aDd ltttlnga bclor thc flrd f,Ioor vlth rculdod eootlm-
el covcrtrg; plartlo rabcstos cencut on flttlng; l.orulatloE la eoadultr undcryroud
to bc pnotectcd vltb rntcraroofcd Fpcr ald nrrtlco

(g) fovfdr brnd vrlvce oD cto[ radlator for teuent coatrol,

r. 4.'
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(IO) Use elngle or duplcr, yacEu! or condongate punpa on returo ryetma.

b. Advantaecao Xo daager of freerl'g; f,loor to creb radletor cas br bel-
anoed vlth proper ortflcco; qulck bcatlag up; repalr! cao be ude rlthoot crt.!-
rlvc drahrSct radlatore do not roqulrc ranual veutlrgn'

c.. .&IggEEg!gIg!. nrdLtorr oc0ut, (Ioor spacei lnterfere rlth frrnlturc;
dlscolor udlc aad rrlador docorrtlons and prereot a harard to ehlldro; 1nrul-blllty of nofue duc to nater ba,ner; drtp and radlator trapt rcqulrc cleratag
rad prrlodlc rcplacoaeat; rcqulro buclcat or errarl lpacc for lnrlallatlon of
ralnc; prclrurc rcducrng velvcs ea hrth prc!!ur. ryrtcnr arc aoley end requl,ro
f,rcquont adJuctrcnt, olcaotug, ed r6plecucnt.

7, TOBCID EgI TAIER SISEIIT

ro ilrcoue+drttoaa

(f) fatcrlalp cqulprontr ard lartallatlon geaerally erc s!.Bllrr to rtcul
ryctcu erecpt ra notcd.

(e) pfpfns exposed to freerlng terpereturot ghould be frostproofed.

(J) Strelaere, &li and rrdtrtor trcpr arc aot rcquircd.
(4) naafetor'valveg to bc of the foreod,hot veter ttpot brlencteE flta

tragr propcr\y dJurtrd.cn roh rrd!.ttor3 lock-shteld beluolng vrlvcr oq otoh
gcqtloo of ulas; hand..operatcd valvca sn cach eectloa of relug ritb dlalna at
1or po.lntro

(r) Provldo tberoonctera on rupply and retun lalas rt oacb ggctloa.

(6) Urc rutoaattc alr venta pnoperly valvcd at all hlgb polatr.

(7) Provldo key or elottco vcut velv.s on crch redlator locatcd abovc
tbc dlctrlbdlag ralar.

br ldvautasee. tatar ray be lartallod ln attlo, bascreat, or crarl tpaaei
drtp aod themogtetLc trepr are aot requlred, thercby rcdtrelng nalatcnance,
ropafr, and repleoelent; uo danger of mter ha.uerl qtrlek beatlag try; bcrtlng
oostrolr ore rhplc la dcalga and op,eratlon, rrggedly coa:tructed, lorcr il
flrrt coat aad lere ertrrartvs to ralntala; nater tcnpcrature GEn be varlod to
aomatcly nlatila- corfortable noou coadltloao capoolally durlag rtld outatdo
tcrperatuma; Ilnc loasec vlll be har than vlth a rtcal eyeten bcoaure of the
lcrcr tolnrature of tbe.dlatrlbutlng ayrtcn.

or Dlaedventases. Poaalblltty of freezlag lf oyoter or radlators cac cbut
dona ard rladona rre operi ryoten nrst be dratncd for repalre; radtators'requLro
renal voattug, ooculrJr f,loor rlraco, laterferc vith furnlture, diroolor ualh and
rladov droorrtLons and prercnt a bareril to chlldreno

roncElr rrfl rIB srsrExg

ta beoqendattoar

8 a
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(f) neatcl 6sghanger ylth blover rotor unlt rrrengod for nanual
operatloa; mnual atarbcr and clecttlc Pmteotivo devLces; bertlag oo11,
rercvable flltcra, and retal cretag. Ifo frcsh rlr canncctl.oa ahould.bo pno-
vlded.

(2) Shcet etecl or rludruir dncta riltb edJustabl.e
BuppIJ opsalngi and f1c:1b1. eolnectLoa betreon ductg and

(l) negfgtars ard grllIco rt crcb duct opoalag.

daqrera at cach
heet crchangor;

b. AdvantaseF. Poggl.b!.1tty or lcrloga or rlocalqg'rcducod bcoauro sJ foror
plpfuU coansctlons and thclr locetloa lcar tbc oontcr of drelllagrl prgpcrly
located reglstera aad grlllcs vlll aot lnterfdrc vttb furultnre or rlodon
docoretton and p:eaent uo basard to chlldma.

cr DlgadvantEscs. Spaoc requlrelent for hcat crtlba,ager3 blgher relntoa-
ance end operatlng oxlleDsc drrc to blorer-+otor; hlgh poyer aoaruptloa
especlally If tenant useg blorer for suucr coollrgt lprco rnd tEtlag rcqutrod
for duste; fllters requtre oleanlng or repleocroto

9, TA}IAGEIIEXT AilD COIIIilIII TAC&IIIES BUIIUIX}S

Tbese should have the eane t;rpe of heatlag ryatcr er tbe &rclllryc, m rt,th
oeparate nalas frcn the bollcr pl.nt ti pbectlcablo, and ahoulrd bo velvod fo'
pernlt beat la these spacos vhea the brlraac of ryata tr clored dora.

10. coNTnots

ProJcct-operated heatlag aystens nrt be dgrlgned to relatala a ccforteblc trr-
perature rlthln the dnclllngs alnrllg vcrlr lov outrldc tcrporeturl; rAtph !.lib.
obctrr durlng the regrrlar hcatinS lcttoro Ecaocr. qlor rorc tyaf of osatiol
aystan is lncluded, over-hortlag rf,U tale plree retultlaS ln rrlto of ttclo
ilorualIy, bf couree, thlr Le aecolpltrhed rlth tndlvtduel Huurl, eoutroh, Dut
experleace ln lon-reat houarag lndlortu that rutoutlo tonr trforrt8a coor
tro1s, although htgher ln flrct cort thrn raaual codrolr, ahoult rorult ll '

lover operattng €xpoos€r It ts {r[reretlve, borcler, tbat the oodtrol ryrtr bc
coordlnated vlth the hcatlog ryatce to lnovldc orfort rltbll tbc,&rclllag rlth
a nininun of rolntenanee and re1nlr.

The nnraber of zones for a pnoJect abould be baacd oa thc aulber. of,.dnclIlngrr
the stte densl.ty, aad the lcngtb of tbe dlstrlbuGloa ryrtcr. thc r6.t lLctlle
be synchronlzed ao that the load oa tbc bollcrr 1111 aot v8r!r Dre than tor
percent aboye or belon the avcrage duaad &Elag en latcrvd'of trcaty rtrlup
Tenperaturs coutrol systens for tba vrrtoua type of proJcot-opcntod hcrtlr3
lnstallatlon sbould be ag follorsr

81 Stean sygbens iay be cltber of thr l0oqtLEuour Elorr or thc i0! rqd
0fftr type rith an outside devlce or r colbleatloa of outrldc and laeldr'd.rloot
that w111 vary elther the qrrantlty oc th. trpereturc of stcan to raoh ruo3 thr
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(tov lio cch rrdlrtor rhould be oqnallrcd by leear oJ acourrfely drcd orlltr
ccri vrstru!.pulp! arc geaenlly requtred vlth thc 16 ald 0ffr tiE ooatrsl
rbilo clthcr ursuur or aoadenaste purps ray bc uacd.rltb tbc r0outlluour
Ilorr ryrtora.

bo Eot rntc rretors - rcgulrtcd blr yrr.lfta3 tLo urtrr trrportrr ty
icaol of rn autooattc valvc coatro-Llod by outdfu trcpcnturer

o? lorocd'varu alr ryctc!0 - reguX.atd W r tclf-ooutetard vrlvc lartrllcd
oa'tho lupplt conneotloa to tbe oo11 la tbc hcat aohrryu, thrt rtll rrry tb
dtaobergc rlr tcqroreture le ecoordersc rlth tbc rdura d.! torp.drri; or '

the eoatrol ,trtc! ray fuctios oa tbc rtcar or forcod bot' retc ryrtr u '

rostlonod la hr or rbl lboYc.

-i - ffl+Br, f$. 8 0.
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P[U],MING I{EATING AND VUI'TT]L.,TTTON

PART XI] - PROJF,CT-OPERATI'D HEATING PI/INTS

--mq@w
I GENERAI,

This ,Bulletln dlscusses the factors which lead to the selection of project-
operated heating plantse and outlines consj-deratlons leading to a choiee
between cettral._$r:guBn oLlglldlng plants. Flnally thls discussion deals
with the relative advantages and disadvantages of the several heat dlstrlbu-
tion medla--steanr hot waterr md warm aLr.

The term fleentqal plgg[l means one plant senrlng the entire project; rlgroup.
plantsrf rneEfrfTr,rc-6ffi-ore pla.nts servtng the en{ire projectr-urrat$flg&-'
@ means a plant withi; a building Ien tng the dweliings in tE6Effiturg.

Attention is directed to other related parts of this Bulletin, particularl,y
IITHERMAL ENV]RONME}TT AND COI.ITORT,II IIBg1tr,RS, FUEL HANDLINC AND STORAGE,
ACCESSORIESTtt ttgortER PLAIIT INSTRInIENTSrtr and TTUNDIIF.GR0UND i{EAT DISTRIBUTIoN

of several of these types, the decision to use
plants may generally (Uut not always) be a

,n

2, OBJEUTIVES AI$D SPECIAT FA,OBTEI{S

The objectlves to be achleved in the design of heating systems for low-rent
public housing will be slmilar t,o those in private housing projects. The
comfort requirenents do not vary because of the econonic status of ternants.
However, operattng cost is more lmporta.nt for public.low-rent housing than
for private housing. The problem irrvolves scali-ng dor,rn the heatlng design
to a point where it provides all that is essential, but nothing more.
fllustratlve of some of the points where savings can be made, private housing
may include refi-nements not essential in Iow-rent projects, such as concealed
risers, reeessed or eoncealed radiators, temperature control for each
dweIling, or multiple heat control zones for each buildingr

3. UTILUY /\NAJ,YSIS

The utility analysis required by PIJA procedure to deterroiae the lowest
economlc eost of utillties, ineluding heating (see Bulletin No. lR-11), is
predlcated on a tentative but nor:na1Iy firm premise as to the Cr,relling types
proposed for a speclfic project. Depending upon the nature of these types,
whether they are to be row-houses, f1ats, three-story, or hi-rlse buiJ-dings,
or are to be a conbination
tenant or ect
'oregone ,us

ed
t

Itroter Ttris Part supersedes Part XII of Bulletin Itro.LR-Z dated B-Z-5O.
It has been revised throughout
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For example: lf a project is to consist entirely of hi-rise bulldlngsl the
selection of proJect-operated plants can be a certaintS orr an ana-lysis
might indlcate that a proJect consisting entirely of row-houses, whlch normally
are heated by indivldual tenant-operated plants, may operate more econornica$r
J.f proJect-operated plants are used. The cost of the fuel rlll largely be the
determlning factor in the latter instance.

The utllity analysisl having, in a given case, pointed t,o the justlficatLon'of
a project-operated p1ant, may also point to the use of central, groqpr or
buildlne plantse chlefJy because of such facbors as operating and maintenance
costs. There are other factors in a utility analysls nhlch rrilL influence
the decision to select either eentral, groupror building plants. Some of
these factors are discussed under the followilg section.

h. CENTRAL VS. GRoUP vs. BUILDING PI,ANTS

Assuning that the annual operating and maintenance costs of the several utllity
combjnations ?onsidered in the analysls are comparablee the decislon to use
central, groupr or buj-Lding plantsr.may depend on the topograpty of the slte
and lts dwelling deasity, the character of the surrounding ar€as1 and the
e:rLent and nature of the roads and dedicated streets contemplated uithin the
proJect boundaries, thus z

Bo A compact site with hlgh density would favor a central plant, espeeia:l]y
if, hi-rise bulldings are used.

b. A long narow slte with low density would tend to favor'dther group or
building plants since a central plant would require a long distrlbut,lon
system; and good zone heat control in a central plant of thie type could be
dtfflcul,t and erpensive to obtain. BuiJ.ding plants ln row-house sltes tend to
be feaslble where gas or oil are the most economic fueLs; here the plants can
be fully automatlc wlth Iow operatlng labor eosts.

cr A eentral plant rith a taII chimney night be consldered l-ncongruout on
a site w'ith row-houses ln a residenttal nelghborhood, whIle this mfght not be
true If the site ls adjacent to a commercLal or tndustrial 8r€8,r

d. Group or bullding plants are usually more readiLy adaptable to sltes
wlth pronor:nced drainage areas or rolli:rg terraia, since a central plant
would require excessive excavation and punplng equipnent. .

€o A slte
plant if, (as
heatLng malns

f. Access
tenC to favor
on the grades

biseeted by dedlcated streets may restrlct the use of a central
is sometimes the case) Iocal ordlnances forbid installing
under the streets.

roads for dellvery of fuel oil or coal (and ash removal) may
or handLcap either eentrale Eroupr or building plants, dependlng
and other design featr:res of the project road systen.

-2-
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go Boiler plants present problens of noise and dirt from operating equip-
ment, and trucking due to fuel delivery (and ash removal). Boiler plants
have been constructed as separate structuresi as parb of the management and
comnunity buiId5-ngsi or as a part of a dwelling stmcture. A plant within
a dwelling stmcture is the least desirable because of building insulation
and soundproofing required in such cases to lessen the tenantsr diseomfort.

h. A boller plant ]ocated near the center of the heatlng load will provlde
a more equalized piplng distribution system and better heat control; the
lnltlal, and operatlng and maintenance costs should be less. However, there
rnay.be manJr reasons where such a loca.tion would be inexpedient due to grade
conditions, site planning, or pronounced drainage areas.

5, sELEcrroN oF sYSTE?l

Havlng determined upon a central, group, or building plant, the nerL problem
ls to decide whether steam, forced hot water, or forced warm alr should be
used. A steam or forced hot water system wlth radiation, piplngr and controls,
wiIL probably be about the same for initial and annual costs. The ertra
punping cost in the foreed hot water system is offset by: (1) steam trap
malntenance cost; (2) cofa water make-up cost; (l) tfre chemical tr"eatment of
boIler water in the steam s;rstem. A forced warm air system with a heat
exchanger in each dwelting unlt (connected to a steam or forced hot water system)
w'ith duct work, registers, grlllesrand controls rrill prove more arpensive in
both initial and operating costs than a steam or forced hot water system with
direct radiatos. The use of this warm air systern tn publie housing is practi-
cal\y niI.
The system selected, afber all other factors are considered, should be readi-Iy
adaptable to the site and the bui-Ldings without requiring maJor changes in
the concepU of stmetural or architectural design. Some of the factors that
should be consldered before the system is selected are:

Br A leve1 si-te is suitable for a steam or hot wat,er system.

b. A rolling site should be more suitable for forced hot water since the
malns can follow the ground contours with consequent lesser amount of exeava-
tion than for steam where the lines should pitch uniformly in the direction of
flow.

ce A site where some buildings are below the boiler room level should be
more suitable for forced hot water than for steam, sinee extra pumping will not
be required for hot water.

d. Steam or hot water is suitable for standard type dwelling units; however,
if a forced warm air system ls used, additional spaee must be provided for the
heat exchanger.

-3-
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The mlnlnum requirements 6f the Amerlcan Soclety of Heatlngl Refrlgerating and
Alr-Condltloning Engineers are reconmended as the basLs of design. In the
interest of economlcal design the following suggestions are offered for
conslderat,ione

6. SIEA},I SYSTH'.{f!

3r Recommendatlons

(t) naaiators, standlng cast-iron or eonveetorsl under wlndows.

(a) Stanaard welglrt black steeL plping.

(l) Aff risers exposed; valves on supply and return mains ln each build-
lng; vaLves at base of rlsers ln hl-rlse butldlngs.

(h) Instatt radlators on flrst floors only ln publlc stair haLis.

(l) Pltch steam malru to lon polnts and drlp; pltch return malns to
puruplng equlpment rlthout lifts; drlp trapE to be general\y float and thermo-
gtatic rlth etrainers on lnLet of each trap; radlator traps to be thernostatLc
ttrrye.

(6) Provlde hand valves on each radlator for tenant eontrol.

b. Advantages. No danger of freezlng; flow to each radiator can be baLanced
with oriflces; quick heating-up; repairs can be made without erbenslve dralnage;
radiators do not requlre manual venting.

cr Dlsadvantages. Steam t raps requlre periodic maintenance; Ieaking traps
result in cold water make-up to the boilers necessitating additional bolLer
water treatment. Gases colleeting tn the condensate lines require treatment
for neutraU-zatlon to reduce corrosion and increase pipe llfe. Prgssure
reducing valves on hlgh pressure steam systems require frequent adjustment and
maintenaneeo Controls do not always produce the same degree of sensitivityand
finesse at t,he radlator, as do controls ln forced hot water systems. Further,
steam controls capable of producing a comparable degree of comfort and
econor\y as with hot water are usually more expenslve in initial and maintenanee
costs.

7. FORCED HOT I{ATER SISIIIMS

Bo Recommendations

I,taterial, equipmentl and installation generally are similar to that 1n steam
systems except for the folloring:

(f) fipfng exposed to freezing tenrperatures should be frostproofed;

l+
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(2) Supply valves on radiators to be of the foreed hot water type;
return e1s on radlators to be balancing type; lock-shleld baLancing valves on
eaeh sectlon of return mains; hand-operated valves on each seetion of supply
malns; drains at low points; globe valve on dlscharge slde of pump for hand
regulation of head pressure.

(3) Provide thermometers on supply and return mains at each section.

([) Use automatlc air vents at all hlgh potnts.

(J) Provide key or slotted vent valves on each radiator located above
the distributlng mains.

b. Advantagesi Drip and thermostatic traps are not requirede thereby
reducing maintenanee, repair, and replacement; heating eontrols are simple J.n
design and operatlon, lower ln first eost and less expensive to maintain;
water temperature ean be varied to rnaintain comfortable room conditions
especlally during any outside temperature; line losses r^ril1 be less than with
a steam system because of the lower temperature of the distributlng system.
lnsignifieant amount of cold water make-up water requiretl. Chenical wat'er
treatment ls no problem.

co lisadyantages. Possibility of freezing if system or radiators are
shut dov,m and windows are openi system rmrst be drained for repairs; radlators
requl-re manual ventlng. Possibility of thermal shoek in boilers, causing
leaks.

B. FoRcED itIAFl'l Am SYSTEI'15

?r Recongnenclations.

(1) neat ex0hangerl steam or hot-water coIL, wlth bLower notor unlt
arranged for automatie and manual operation; manual starter and elecbric
protective devices; heating coll; removable flIters, and metal casing.

(2) Sheet steel or aluminum ducts with adjustable dampers at each
branch take-off; and flexible connection between ducts and heat exchanger.

(3) Registers at supply openings and grlIles at return open5ngs.

b. Advantages. Quick heatlng-up, and very responsive to outslde weather
changes. Possibility of leakage or freezS.:rg reduced because of fewer piping
connectlons and their location at exehanger near the eenter of dwellings.

co plggqvgqlgg. Space requlrement for heat exchangeri hlgher mainten-
ance anffiEiETIn!-Expenie due to blower-motor; high power consumptlon
especlaliy if tenant uses blower for sunmer ventilation; heating coil and
filter cleaning; filters also require replacement.

5
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g. MAI'tAGlu'r.;1ff .aND C0tli{uNITy FACILITIES BUILDINCS

Forcept where the dwel1iry1 unlts are individual tenant-operated; these bulldings
should have the sanre type of heating system as the dwellings. The piping
should be so valved to perrrrit heat In these spaces when the renrainder of the
system ls shut dovrn.

10. COi{TROLS

Systems should be desi.gned tb nraintain a 70oF. temperature (75o F. for the
elderly) withj.n the dwellings during all weather conditions. Hence, unless
some t;pe of control system is included, over-heating will take place,
resultlng in waste of I\leI. Itrorma1ly, experi.ence in lorr-rent housing indtcates
that automatic zone heat controls, although higher in flrst cost than manua-l
controls, should result in lower fuel costs.

The number of zones for a proJect should be based on the number of dwellings,
the site denslty, and the length of the dlstrlbuti-on system. Temperature
controL systems may be as foJ-lows:

,la'@naybee1therofthe||continrrousf].owl|orthel|on-
and-offffiedLv1ceoracombinationofoutsideandinside
devices, that w111 vary elt,her the quantlty or the temperature of steam to each
zonei the flow to each radlator shouLd be equallzed by means of accurateJy
slzed orlfices; vacuum pumps are generally requlred with the llon-and-offll type
control, while either vacuum or condensate pumps may be used with the rrcontin-
uous flowtt type. In the on-and-off system of controls, difftculty of unusual
load fluctuations on the boller have been experieneed; to avoid this condition,
a ninirmrm of five zone valves, operating in sequence, should be so programmod
as not to vary the load on the boilers more than ten percent plus or ninus in
an i-nterval o-f twenty rn:inutes.

b. Hot walqr sygterq - generally reF_rulated by varying the water temperature
by means of a thiee-way mixing valve eontrolled by outside temperature. The
mixing valve should be so operated as to ehminate therrnal shock on the boilers.

cr Forced ira.rm air systems - regulated by a self-contaj-:red valve installed
on the supply connection to the col} in the heat exchanger; tiris control should
vary the discharge air temperature to maintain a predeterrnined room tenperature;
the main dlstribution heat control should function on the steam or forced hot
water systems as mentioned in [rtl s1 rlbll above.

6
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BO]LERS ACCESSORIES FUF,I HA1VDLING AIID STORAGE

I. INTRODUCTION

Consid.ering the mrmber, size and variety of project-operated. heati.ng plants,
constructed for L.rv-rent housing projects in the past, the operatlng results
have generally been satisfactory. However, on several projects, special
problems have arisen which required. extensive alterations, repair or replace-
ments to maintain satisfactory and. economlcal servlce. This bul-letin points
out some of these special problems and. offers suggestions for meeting or
avoid.ing them on future projects. The equipment consid.ered. in thls release
is confined. largely to boilers, stokers, oil- and gas burners, fuel storage
and hand.ling facilities, pumps, hot water generators and heat exchangers,
piper fittings etc. Certain of these items will be required. on all projects,
while other projects will need. only a few of them.

Carefully sel-ected. and properly installed equipment will Brovlde useful and
economie service which wlll contribute much to the health and. comfort of
the tenants.

The failure of any piece of equipment may impair the operation of the system
and. result in enpensj-ve repairs, possible replacement, or excessive operating
labor.

The structural d.esign of the boiler plant shoul-ti include openings of suffl-
cient size for the removal and. replacement of the largest piece of equipnent.
Such openings nay be a removable wind"ow, d.oor or slab in the roof . A
screened. opening vith fixed louvers, having a free area equal to the chimney
size, is required. to supply air for combustion to the boil-er room. The
mechanical engineer should. assure himself that the build.ing as d.esi.gned- will
support all of the equipment und.er ful-I operatlng eond.itions, and. with an
ample factor of safety. An ad.equate clearance shoul-d. be provided" around. al-I
equlpment for proper access, operatlon and malntenance.

Boiler and. equipment rooms located. within a dwell-ing structure shoulil have an
insulated. hung ceiling and./or insulated wal1s to prevent over heating in the
ad.jacent living quarters. Hung cellings should have ventilating outlets
(preferably to the outsid.e), to provide air movement in the ceiling space.

Thech1mneysizeand.heightshou1d.bebasedonnaturaIdraft,and.possib1e
conversion to any other fuel or firing method.. The chimney shoulcl be l-ocated.
to provid.e proper cl-earance from nearby structures, trees and hl1ls. The
minimum requj-rements of the Amerlcan Society of Heating and Ventllating
Engineers should be used as the basis of d.esign. The equipment specified,
and the installation, should- conform to applicable requirements of loca1

-r-
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cod-es and. regulations and. of the Nationaf Board. of Fire Underwriters. The

clesignerrs attention is tlireeted. to other parts of this bulletin particularly
"Boiler P1ant Instruments" r "Underground. Distribution", which offers
suggestions for locatlng the boiler plant.

2. BOILENS

Cast-iron boilers and. steel boilers each have their proper plaee in heating
plants and under some cond.itions, price consid.erations being more or less
egual, either type of boiler can be nad.e to serve its proper functlon.
However, und.er cond.itions of relatlvely heavy Ioad., because cast-iron
boilers are not mad.e in capacities as large as steel boilers, the multiple
use of cast-iron boilers becomes, beyond. a certain point, uneconomj-cal, as
to initial cost (tne toi.ters themselves and. space required) and more expen-
slve ag to operation and upkeep. Thus this question should be very carefully
eonsidered in every ease. (tfris point is nade not on the basis of theoretical
possibility, but because there have been actual i-nstances in Public Housing
where cast-iron boil.rrs were used on an uneconomical basis.)

a. In the interest of operating economy, publie housing project-operated.
heating plants normally are shut down from late evening to early morning.
This shut d.or,rn will average approximately four to eight hours d.epend.ing on
outsld.e temperature. Approximately twenty-five per eent should be ad.d.ed. to
the requirements for space and. d.omestic water heating, to eompensate for the
morning pickup and. normal- line losses.

b. When the total boiler horsepover requirements are two hundred, and.
flfty or over, it is recommended that three equally sized. bollers be used.
As the domestic vater heating averages between twenty-five to forty per cent
of the total boiler capaclty, this wi11 allow any one boiler to be used. for
ttre d.omestic hot water requircments. With firing cquipment, sized. for not
less than twenty-five per cent in excess of the maximu:m boiler d.emand., two
boilers will handle the project, except j.n extremely low temperatures. To
provide greater flexibility in large projects, the nornal rating of a single
boiler should not exceed. five hundred. horsepower regardless of the total
boller requirements.

c. I^lhen the total boiler horsepower requirements arc less than two
hund.red. antl. fifty, two bollers will be satisfactory. Eaeh boiler should. be
slzed for approximately sixty-five per cent of the total requirements. One
bol1er, operated. in excess of its nominal rating, w111 provid.e space and
water heating, except d.uring periods of extremely low tenperatures.

d.. Build.ing plants which provid.e space heating and. d.omestlc hot water
for up to twenty dwellings need" have only one boiler.

-2-

To assist the d.eslgning engineer in selecting bollers to meet the various
operating cond.itj.ons, many of which are peculiar to public Iow-rent housing
projects, the following eomments and. suggestions are pertinent:
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&rmld, bc lEtcrt coaaoctod, ;o tbat oao plaat ey provtilc iloccrttc hot
ntcr 0rrrhg thc roffr hcettag .larolr ln0 parttel renvlco rhra oDl '

plr,at ls out of rcrvtac.

to Sollcrr enC flrlag oqulpacnt rhm,lil be ryectflcdt to qrei.atc
at lcogt oac hillrcC tro,ty-flve per oot of nonhrl latlry la ordcr
to celntnatr tbc necoarlty for r !per. bollcr on thc lara oooartonr
nbcn a botler f,rlIc Ourtag pcat Oceail.

Bt Sroko brooobla6 rbonlal bo ecrtgacil for ueturel drrft. l{aau
aIly operatril adJnetabl,c dluperr sLonl0 bc lnatallcd ln the brccohla6
ooaneot!.oa for ooll-flrce botlcrr only. A cla dr.qler, laetallcdt lu
tbc brccchlag ncar tbc oblucy, shotrlil, be rpeolftcrt for nrltl-botlcr
lnatallntloag. Ilrlr daryor EEy bc daaually qleratcd or ar,tolatloally
eoatlollcd. by tbc ftrlng cqulpnent. Conhntlon coatr.ol fllryerr should
Dc rpoctflcd for o11 and coal flrcd bollem enC rhould Ere thc sane
ar.B a. tbc brecctdatr A barouetrto draft retulator 1111 aetatala a
ualforu rratc of ovcr d.raft, balaacla6 out filuctuetloD! oeuscd. by vary-
lag aborp|crla oondlltlonr.

5., C0MIUSIIOS CEAttBrtsS, mltrR I{SLITS ASD SETTINOS

Ebe flrta€ cqulpucnt on a ru.uber of prrJectr has beeu rcplaced to allou
tho use of aaotber f\rcl bccause of au luercele ln cost of the fucl or!,g1-
aally toleotcil. Ia rcvcnel lusta,nces, thle conversloa requlred crpcatlvc
alteratloa ln thc botlcr rottln6 anit plptng coaaectloae, It 1l rtrorgly
recoucadeil that thc bollcr retttng provlde aryle space for ooaycrlloa
to aoy otber ftrcl rltbot regulrtug cbau6er la tbc rcttlng or plplag.

Probably tn tbc tatcrort of laltlel eavlugs, and rlthout propcr ooaelecra-
tloa foi eo!.tlng en0 rqrlecoent cqrertc, tbs boller sctt{'g aod con-
bustloa oha.bcrr oB rolo proJcctr yerr Bo ryeclflcd aatl coustructed ar
to roqulrc oorylctr rqrlrcoeat or cqrenslve rqlalrr nlt&la a fr yeer.
aftcr oonplcttou. llhlr rar partlorlarly tme oa proJects vlth largc
mrltl-bollcr lartaLlatlouto 8o evold rlullar brea,kil.orn lt ls rcooucqdcd
thrtt

l1 Stccl bollm (otbcr tibra thc portable flrc bor type) rhmld bo
rqportrd by' rtrcl ooluE. aalt beaor (aot'by tbe brlck rottln€r. )

b. A oouplctcly lailqpeadcat brlck sattlng .hoiilA te provlitcd for
cach botLer ylth arplc mlatornaao€ q)ec€ bctneea eeob bollcr.

oo Boller of thres hrudred horrqrorer &nd[ over rhould bave ratcr or
air ooolcd raIle. [he plh should bc sectlonally arryportcd arA !,ot load
tcerlng. Sbl: r11!. alLou thc bollcr to qlerate rp to tro hrrnd,rcil. pcr omt
of, ratlng. (hrr{'g ln Gr.fg6aoy, vlthout tlanage to .the scttlngr or comburtton
ohanber. Iho prrhcatc0 eir cLrgtrlatcd. thrmgb the al.r-coolcll rallr should
be uaeil, for conbustloa purposc. rherever prectlcabler

-3-
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e. Cmbucttoa ohaab€rs rlroultl bc coutnrotad of, flrrt-clera, flro'
brlck ooryUlne vlth Icdcral $ccl,ftoetlor! Eh3-67XC lhigb hcetr rlltb
e p5nooetrtc oooe equlvrlsrt ol 32. Boflactory Ilolng doulC .rt@d
lpprorloatcly sk lnchcs ebovc the yater lcg of ftre.bollcm.
l+. FTRTIIG EQUTPUENI

:F

lbe flrtag cqutpnent shorld. alrayr bc rko0 to oporatc tta bollor at
Ioart oac hrndrcd trcaty.flve per oeat of Ltr aoataol ratlago A elngLc
eutonatic tqlcratu,re or pro!$uc coatrol d.wlce ghould. be l.ooatcO oa
caoh botlcr to qrcratc the flrlng dgvloe. A sla€lc control dcvlac tr.
rtallcil, ou tho plplae to coatrol all of tbs f!.rlng egulpueat rlmeltene.
oudy bar provra rursatlafeotory becansc thc (Luctuatloas la the ptc.anrt
or topcratrr. v111 start e,ad stcp tbe flrlag ddec lntcrnlttcntly lrl.
rtoeil of nalntatalng sta(y qlcratlon.

Ia gencral, stokcrs, otI a,ad. gas buraers, aad thetr controlr bavc glvcn
ratlrfector.Sr aervtce. Eorever, oa soDo proJects f,aulty dcetga aadl ln
rtallatlon eBiI accqltauce of cryerloeatel cqutpueat has resu,ltcd lu cr-
ocralvc opdratlng labor, c4penalve altdrettons, rqllaccucot aad fr.cl
Rstagc. Om follmlag euggertloar arc offcrcd to esslst tbc ilcclgnlng
caglascr ta ecleottag cqntpneat, an0 4celfylag ltr lagtallattoa, to pro-
vld.c ccoaoolcel and catlsfactory scrvloc for tbe llfc of the proJcct3

e. Eand ftrcil bollcrr erc aeld.ou ,Juottflcd on proJect -qleretcil pleatr
Cuo to tho add.ltlonal ooeratlng labor requtrcdl end. to thc illfflcu.lty ta co-
ordllnattag the flrlng ratc rltb thc rpace &ai donartlc bot vatcr rcqulrc.
ncnt!. Hovever, ehould thlr tgpc of bollcr be uscd, tb6 autooetle coar-
trolr shoulal ba arrangcd to clorc the d,raft da,rpcr and opcn the chcolr
d,reft, ta the eveut of clactrloal porer fallurc.

b. Etokcrr shouLd, bc rclcotcd. for the typc and gra(lc of coal tbpt
rlII bc ured. oa the proJaat. Ebey sboulil be of a na&s tbat bat givo
utlsf,aotorlT rervtoe, ln slnllar tastallatloal, for c perlod of at lcett
tro ycaroi qlcrlncrtal uod.ck .bould aot bc rpeclflcd. qreac tboul0 bc
provl0ed la tbe rrb plt for et leart elgbt houm acourulatlon of arh.
I{hea ihrrplag grotc. src urctl partlsul'ar attcatloa should bc glvcn to tbc
bc16ht of tbc plts ro tbat largc etseil cllakcrc r11l aot prevcat the
gretcr fron rcturatag to tbslr aorlal poottloa.

I4ropcr d.lrtrlbutloa of atr tndor tbc flrc bar rcrtrltcC ta turatng out
gratct, lryropcr coaburttoa, oad rrcesrtvc cllrkcrr. [o corrcct tlalr aor
dttloa lt 1r mggcrtdl that rcotloapl baffiler bc lnctAllcd to illrtrttutc
tLc alr svealy eoaosr thc ua0crrt0e of the gratcr.

O[.cuout dour rho,ulf bc provl0cil ln thc viad box for raoval of tLy erL
9li1r ihrycr rtotscn: thoulA havc prortaloa for turahg dora thc f,lrc prlo! '"'-.'
to rhryllg1 ','

&y part of thc r.tokcr eubJeot to rapld vcal or brcebge lDoulil bo Cl-
rtgncit for cary rooval.

-lS.
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oo 011 Durnerr ehouldL be of the uoitulatlng t5lpe rather ttran roffr
and roaD Sccoodar? alr rbould be qrtonattcaLly reguletcd.

llhcrc tbe oll prss8urc la thc hcatcr ts groater thea the operatlng prcr
rurc of tbc botlcr, aad a leats occllrs la the heattng cotl, coasldcretlc
troublc bas bocn e:qlerlenoetl by o11 gettlag loto the bolIer. It ta rocoor
ucadcd that rbcrevsr posslble the o11 pressure be kept lover thsu thc
opcratbg preBsuro.

&uLltaty clectrlc hcatarl sbouJd be of aople size to beet tJre o11 conp
suacd by the buruer es uell as thc otl that ls rcalreulate(L Ihtr hcatcr
sboulA be thcnortatlcally ooatrolled aod. heve a elgnal dcvtce rbtch 1111
lndloatc rhm the heater 1s roun or iloffro

d. Gaa buraerr should be of thc qg-shot tpc. Ibcre lgalttoa taEcs
placc at oni.y oae polnt lt ls posgtble for the coubustlon cbamber to ftll
rltb aa a,-ploetve nlrture bcforE tbe sttre b'*raer ls lgnltcdL lhls 1g
daagcrona and lt ls recomead.ed thnt lgDttlon take p!,acc at not lers then
four polatg of the burusr. |[hs cafety ptlot shorld. s]rut dona tzhe burner
ta tbc evdat of, lgnlttoa fallurc. Ehe buncre aad. controls ebould bc
appro?.d by the Anertcau Gar Arsoclatloa aud bear tbctr Labcl, aod bavc
tbc qproval of the loca1 utlI!.ty.

5. nE aND ASE EASDLINe ASD S[oRA0E

CoaI aa0 esh baoilllng aad ttorege oa cartala proJectr bave bcea r sourc.
of coastant troublc, untll c4lcaclvc oorrecttvo araanrcr voro authorlrc(L
[o a lesgcr degtcc, otl storage bar also precoatcd, ccrtota problur. llhc
fol1rln6 anggestloas arc offered for lnclustoa ta thc d.crlgn of proJeetc
utlag ctthor coel or ollj

e. 011 rtorago taaks and tJrclr locatlon ehould, ncet the rcqulrocat
of all looal cod.cr a,nd ord.lnnaccl, aad. tbe Natloaal Berd. of Blrc Und,cn-
yrlterl. lanlr sbou}l be cet oa e eolld fouad,etlon aad strepqrcd. dtosa to
prwcat uorceocot la eay illrcotlon. |lhc tanks ehoulil be slzcil to bold et
lcert a tca daysr nryply barcd. oa @:lm.o usc. ![Yo taukc rbould bc qlccl-
ftcd, trLtb thc pfphs arraogod, aad valvEil to alIou ono taak to be sbrt
dona eoil cleaacd perlodlcally. Eech ta',k ahoulil bo10 et least 8 ftl.ll t sk
tnrak of otl. Congldcrotlon should ba glven to tbe lastallatlon of ctora6c
taakt tbat 1111 ho10 a fttl rstlloed, ta,Dk er of otl lf lower prlcoe are
obtelnsblc by thle Dathod of purcbasc.

b. Coaalderable trouble has bcen eqrerleaced. vlth the provlsloas
for etortog end ha.adltng of eoal aud, asbesi tbey havc oftcn rEanltcd lu
c:qlmrlve rrpatrrr dteratlons, rcplacenaats or 6xceE6lve qlerethg labor.
SoUonlag arc poiatr dcrlvc0 fron c4erlence oa exhtlng laEtallations,
and mggesttoas to asrlEt Ia keeplng orperattag labor to e nlninuni

(f) Ihcrc a sloplag torrala te avetlable a(lJeaent to thc bollcr
roou locetlon, tbc coal storege ghould be locatoil ebore thc ttoker ro
that coal uay be tc0 by gravtty lato tJle ctokcr hopBcr.

-5-
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(e) l$ab,efur tor ooatr Cdtvuy rborrlA bc rot et lcart thrcc
lrohl rDovo tlc nurotliBlg arl{. to prrvot nrrfior nrter fror drrrlo.
trC bto tlir oorl rtor6t.

(r) ttrer oortr, rtoregr eail boLlrr. lr. rt ttsr relc eleyrtloa
lld, rhln qprorlntrl,y dgbt tolr or lolr rrr roqu,lrr0 lrcr c!e[t hour
.htft, r roronll erif Ase-totton ttrcIot rhm10 bc provllloel aod froa
rrr tbra trrlvo tolr ero rrqnlrod, pc rlCbt bour &1t1, ovorbcC rtorrtp
nltib d.rvrtorr, coa"qtor et0 r rrtSlt Lrrrt rboul0 bo prcvlitcd.

(b) 0vclnl oortr or rrb rtoregr cbntcrr rhoul0 bc ooatttrotcC
cf ooacrcto, Dut lf oolrtnotoC ol rtcrl, rboulil. bc tho0 rlth coaarcto
cr !aloa$r. 0rrtrhct0 lulkcm rhotld lnrc rDarp$ rfqplae rtCcr .d bot-
tc for ooeJ, or crh rmtrtr dtbmt lro0 ?or ba!d. tdrht

(5) If ovcrtor0 rtorr33 trr provteod. proootlolr donlC Dc

trts ! to prcvolt f,rcrrllg of rrt rdut
6. u,m,ur,B

r. ltulrrO.ntC[t Dfooh rtrel plpc rtll bo ratlrfaotorlr for *la
rorylom, mqt tbat rrtn borvy rbmfa Dr urc0 for Dlor o?tt. ilobtr
rrbmfA Dr ollihlr 11mt!e r.10.d, or rororod. PlplaC rbrnrl0 bo nlportod
to prwot 

"ltiltloa b rdjrool drclllng rrults.

b. Trlvrr rod. rulcr rbm.le br lartalhil tt reoh ptoor of ognllnet
ta rltor tor rqnlrr rat r,!.ltorroro

o. trnrletlo .Iru.In bc qroolf,lcC for bollcrr, plptrt, brccobl.lg.
Dot ster CG.rotoar .ail brrt rxohta3om.

7. l00f8ml!t

lLr rooutoat.. rrqrlro0 fcr tDr ruoomfltl qprrsttos of I proJ.ot-qpcrt.0
lorttrC ryrtr rqf sela. f,rq r pu;l la a h1141ry or letr.l grctp pletl^t
to r trcy ocqfla arlsarGt la r lergr hij[ prcrruro ootrrtr plmt.
lhlr vlLL llrrnrr r nurDor of lto tbt rtll Do rcqulrcC fsr ely tolle,
qtrdbrr ol rl,ro.

lr 8@6 vtll OqroO oa tLc typr of r*vtoc for rhloh thcy rtll br
udr t,hty uy br ooatmrrto or yrcmr berttaC purp. lor la pl.r.uar
r1nto, olronlrtltt pup. for foroti hot rator, ln!, botlcr foc0 pualr
for oatrtl proJrotr Ooo0l4 oa trhr typo of Dollorr alC trhc Orctrqficat
of tLc dtoo

(1) torr preggure heatlng servlee purps rhoule bc ooailourtoa! ,rottu. @lc @or cotrlfu3rtr 0otrFr rrcctrlo notor cnlyo,
oqrdIE.C nltb rrorlvte3 trul ead, troGo..frir qlorattng atrtoplttc oon-trolr. ubthor r aodc.rta or t?ao[trr p*r rr ura rau ilgroad. oattr typo of bcetrag ooltrorr qleolfh(L Olrtell typor of ciutlauour(1or ra0 eIl rol eoe offr osltror ryrtor rdll rcqutrc vacurr pqpr.

A-
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Lry Oondty proJcotr rttrb U5 Orr,LllEgr r,aC orcrl harlag pulp. loct.d,
aray f,roa tihc bollcr roon rholr.ld Davc @llcr bollcr frcil puqr! uA oor,-
doertr rcedvrr la thc bsller roou (trotrt lbo auDcr of itrollt4 unltr
ray bc laorcercil ty trutf.f,t?c trcr oot for b13b tlertty proJeotr tl
nultt-rtory bqll0laCr). &r rccolver rborLd. bve:(a) ahfunn rtorago
oqtaolty of thlrty alm,tcs of, uxtrun r.gulrsmt.l (t) a cold ratc
na,ke+rp ooancotlon vttb ([et valvc tn tbo lotpr scotloorand (c) ro-
oetve ooadcasate fron all bcatlng pulplr Cmdoeato rcoctvcr rbsulil
bc locatce abovc thc ptrr1l anottoa, lhc loltor fecil puqr. cLoulC Dc
autoutlorlly qrcrretcil ftm thc bollcr ntor ltac. Ybca tbc betlng
pu4Ir. arc looatcd lrr tbc bollcr rooB t&cy rboulil dl'rohasgc illreatly
to the Doller. 111 puqr dlcoharger rhoul0 be ooancotc0 to tibe bolla
througb a rtaadard, rEertfor0 Loqrr ar rhova la thc ASE[! 0utdc.

In oall group or bull0lag pleatr, rlngl.r uott coailtoErtc puqlt r!,11 !r
ratlrfactory, illrobrrglag illrcot to tLe bollcrr. (fa opo 0rela to thc
r.rer rtLL ellorr tho aoad,oa&t! to bc rartoil tcqrorutly rbca rqntm or
rqllaccnotr ar€ aeocreary).

Yaauun pqpr rlIt bc requlrod la groop or ootrel plantr Dslrg atartrr
dlrtrtlutloa ryrtoul.

Puryr looetod b troletcd bulldfryr iluc to tqro3rqrhy of thc rttc !bDE10
bc of tbc oosilorctc typcl dlrabrrglag tnto tbc rooelrtag tsX of $u4rlootdl tl thc bollm roono

(2) toree0 bot retcr purpr .honlit bc of thc oatrlf,USil otrr-
orr.lettlg lotor ilrl.vc! typc aad, drrlgncil to ilicllvcr tbr glllougc of ntlr
rcoplre0, barcd, sa tbo frlottoa !.4 thc tyrto" Ia ryrtor vltb e hlgL
rtatlo hcad, tha ruottoa atilc of pgqrr .botlld bc oonncotcC to tihr botlu
or hcat crchaagcr. Prupr nay bo r,ual,ly opertoit or rtnea6oC to oportr
la oonJulotloa vttb tbc tqlcrcture ooatrol ryfic. Puryr &oulil Dc rot
oD aa lgo1etcC rlcb vlth fl.orlbb ooaacotloat oa tbr lrllct aail, outlct of
each prry. fr oEl!. group or butld.lag plaute e rluglc p1p rtlt tr retlr
faatory, rtth the oonncotlol. .,rrlaogce aad' velroit to allor for thc tap
rcrtloa of e anbrtltutc puap ln thc crot of e brerH,ova. 0a lrr3r oor
tral or groqp lartallettoar hro pupr rhsu,lil bc ooarlCcro0 for cBoL 1rl.ot,
a,ad qah puap rhoulil bc rkcll for thc tt,II l,od oa the rytto.

(f) DryLcr rury plts a,nil puqpr dorfla bc provlecd for bollor
trA Dahr,a. RooD looate0 bclor thc rcrcr clcrzatloa.

b. Soot blorsm shoul0 bc oolrlecrcll fsr botlcrr yltb a rrttag
of 100 horrqlouer aad, ov6r, pertlou!.ar\r rherc boaq o11 (tro. 5) or tf-
tulaoug ooal t e ugcd. Soot blorcrr for lou prcrnuo bollcrr rhoulC
bc qlcratcd by coryrcorcd atr, rhllc tbosc oa hlgb pr.rlurc lollorr Dy
ItEr. Atr qlcrretril coot blorcrt rbonld bc sf, thc typo rbloh blorr rtrl
of the al,r lato tbe hlbcr, ratbcr tha6 156 typc rbloh blorr agal.nrt tLc
tube rheet. Soot blorrcrr for horlrontalIy bafflo0 bollcrr ghold. bo
errraged to,raovc all of tbc fly arb.
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co leed. rater heetcra ehould. be uee0 oa].y ln hlgh preasurc plantr
and be of, the dcaeratlng type of arfflalent cepaalty to heat rater to
approxlEtcly 2I0o p. Eceter rlrould. dcaeretc tb.e total auouat of reter
per borr il.ellvcred to the bollcrs. Approxlnately 85 per cent of tbe
rater ntII be cordensate returra aad tbe ba1ance cold, rratcr nako-qr.
Ecater 6bor1d bc cquippsd vltb o11 separator, floet valve, vcat Ilac,
baeJr prearurc va1vc, cbaust aad all acccmary equtpneat end. coatrolr.
!$rcrmonetcrg should bc lastallc0 on coailcagatc rctura and, puql Olr-
ohargc ltnes. lllbe wator ,toragc ooryarto.ent ghouliL bc ilcrltpcil for a
ulatnu of thlrty nlnutcs rtoregc to allou for ptckrry aftcr alght ebut
dorn, &rrlng coldegt perlods. ldakc,q oolil ratGr conncctloa rboulil tc
at the lorer thlrd of tbe trak

d. Pregeure reduclng valver 1111 bc requ!.rcd oaly for btgb prce.
anre ryatarr 8be nalvea sboultl red[cc tbc botlcr pra6.are ln tro rtqlrl
tbe ftrst dq should reducc the preeturc to betvceu JO to ll0 P.S.f.
for dlrtrlbotton to neohlae rooar locetcd ta the baeaeut of varlmr
bullitlngrSthc secoad. gtep rhould rcduoc the preeauro to bctnecn 2 aail
, P.S.fn for Olstrltnrtloa to tJrc redletore. llhc prlury valvot rborrlil
bo looated, ln tbe bollcr rooa, rr|,tb tro valvcs coaaectcil ta paral1cl,
aad, uttb e comoB blrr.parB. One valve should. bc s!.zed to banitlc tlrc
iloaectlo hot mtor locd, andl tJrc other valve tlsed to take oarc of thc
varying hcathg loeil. l.Iar,lntr! capacltlct rhou10 bc prcClcete0 oa rldc
qlca ralves. Yelvee should be cqulpped rlth strralnerlr glte valvcr on
the lnlet anrl outlet, plIot plptr€, gaec. aad e rcIlef, valvc clzed to
prevent croess bulld.kg qp oa the outlct rtOe of tbe valve.

co Eeat cxctgntGr! or convertors w111 be requlred[ only vhca rtcaa
bollerc are apecfftcd aod, a forccd. hot vater bcattng syttcn ls uccd,.
Capaotty shoulld. bc baacd oa aot lcgr tbaa tbe urlrun load, requlrocntc
plua 2! pcr ecat. &obangerr rbould be sqryorted oa plpc or rtrnotural
fra,ne aa0 fiunlsbelt rltb osssjsarf coatrolr, aid rcllef valvcs er rc-
qulredr llhertonetcrr shotrld. be lactpllcd oa sqpply andl retura ooancctloal
to the herttng syrto.

f, Eqranelon tanks sbould be glzcd for tibe requlrcaeatr of tbe
ryeten aad. shoultl be provldcd rtth a tenk ilrala rollef valyo.

gr Mctal laildcrr aad mLkr sboul.al bc provttlcil..oaly rbcro lt rold,
ot&enrtrc be dlfflcult to qleratc and nalatala yeJ.vet anil cqulpneat tct
rt orccrrlvc hclgbtr above the bollcr roon fLooro

-8-
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PITNtsING HE{TING AI{D TSTTIIATION

PAET f,III - IA0JECT-OPERATED PL&IITS

BOII.EBS. FIIEL EANDT,ING AI{D SIORAGE. ACCESSORTTR

I. II{TBODIICTION

Consldertng the nufierr slze, and varLety of proJect-operatod heattBg plenta ta
Ior-reat houstng proJocts, ths operating results ha\re been'satLsfectoqf.
Ilorwer, pr&J.ems bave ar"Leeu rhlch requfurcd elteratLorrs, lapairoe o! replsco-
noots, to nalntaln sattsfecto4f and ecoaomtcaL serrrtce. Tlule Bulletla offera
suggestlors for avoldlng Buch prcbLsms. The equtpnent consLd,ered tn ttrls
release ls conftned to boIler plent gtructu:res and chLrnneys, boIlers, ffrlng
equipnenfi, boller plant accessorlesl and materlals. The deslgnerrg attentlon
ls dtneoted to other parts of ttrls Bulletln, per.tlcu].ar1y IIBOILER, PIAI,II
INSIRIIflENTSTT erd nITNDERGROUND HF,.{f DxSTBIBUTION.TT

Ths atnrctural deslgn of the bolLen pLant shor[d lnelude openlngo of sufftclEnt
stze for ,the rernonal and replacemeat of the largest plece of squlpmert. ThE
destgu eng|neer ehouLd essurs hllaself that the bulldiag rrILJ. aupport +1r of
the e$rlppnt rlth an anple festor of safety. Clearance shotil.d be prortded
around elr equlpmeat for proper eccess, operatlonr aod rnslnteDanceo

8o A coatturous sour€e of frosh air ts furpo*ant for support tn proper arrl
effLcLent cornbwtlon of fireI. Tbts can be econonically attatned rtth scnEened
flxed louvers hsvfutg a free (aayflgm) opentng equlvalent to a m:LnLrmm of 15
sgrare lnches per LbOr000 Btu per hour of fuel lnput.

Boller roorur, and roons housilg heat-orclunger equLprrcnt, loeated rttlrl.a e
dnoIling etnrctrrrle should have an tnsulsted hung ceIllag, end,/or tnsulated
rallse to pnevent overbeatlrrg tn-tho adJacent Llrlng quartemo Eung celltnge
shodd have venttLattng outtrets (proferablf to the outglde), to provide alr
uoveueut tn tbe aelJ.tng ap&c€o fbe verULLatlon shouLd be dtvorcEd from thE
boller loonse so aa not to nrobn elr reeded for combustlon. Motor (other thgn
frectlonal horseporer)-equtprent rooms contlguous to drrcLltng unlts ebsu.ld halp
sourul-absorption, to pnevent trensnlsslon o8 ribratlon noLse to untts.

Tho chLmney slzs ehould be based on netural dreft, exoept rtrem forced- or
lnduced- draft fans'suppJ.emental to the firel-flrllg equlpnent are f'urnLshed.
It should be iernerbercd that Euch fans, although thef serve e usefirl purposet
pnesent a maluterance prcbleno Th€lr rrse Ls recmrended pr{narlly rith the
npackage t5p6tt boller, rhene boller, firlq eqrrlprentr and fan are asoer*rlad

NOTE: Thls Part supersedes Part f,tII of BulletLn No. LR-7 dated 8-25-50. It
has been rerLsed throughout to reflect additlonal experJ-ence galned ln the
operatdon of proJect plants.

-]. -



Bullettn No. f,B-?
PINT XIII

IIIS'A
PTIA

March L96L

as arn lntegral unlt at the boIler factory. Tho chlnney shouLd be located,
and lts h6l€hb ertended Lf necessary, to obvlate dorrndrafbs caused by proxt-
nate stnreburose trees, and hJI[s. Caroful attenti-on jl chfunney deslgn and
constr:uctLon slrould be patd to reqr:.lremonts of local coqtes and of the Natlonal
Boarrl of Fire Underrriters. Low stacl€ usually create a nuisance.

2. BoILmS

Cast-ilnon bolLers and steel bollers each have thelr proper place. h,ce
consLdorstions bel'g moro or less equa-l, elther tlrpe of boiler can sert/B
effeotlvelyo florever, under conditlons eif relatlveJy heavi load, becauge
cast-lron bollers are not made in capacttles as largs as steel boi.lers, the
nnrltlple use of cast-tron boi-Lers In a p1a.nt becomes, beyond a cer[al.o Potntr
uneconorateal, because of Xoitlal cost (the boil"ers thenseLves ard spece
r.equr$d). Thusl ttrls questLon strould be carEfirlty consl.dened.

8o In tho lntenest of operatlng econorryp beatlng plants normally ane ghrt
donr fron late evenirg to earI.v morn-tng. ThJs strutdoran rriLl average appnorl-
nateJy foru to el€ht hour"o, dependlng on outsLde temperature. ApproxtmateJy
trenty-f1vs percent shorrld be added to the negulremente for spaco and,
donestlc nater heating, to eonpensate for llae losses arul the norulog plckup.

bo l{hen the total boLler horseporer requlraments (totat denand load),
rhlch lncLude mornLrag piclarp and llne lossesl arre tno hrndred and over, et
least thre6 equal-slzed boflers shouLd be wer:[. As tho douestLc rvater heatlag
areregee betweea tnenty and thlrby percent of the totaL boiler capacltye tbJs
n4r allor ar5r one bolJ.er to be used for the domestlc hot water requinements.
Wlth ffring equtpment slzed for not less ttlan twenty-firre per cent l.n erccesg
of tho tota,L demand load, two boilers rrj"ll frandle the proJect, exeopt tn lor
temperatrrreso To pr.ovide greater flextblIlty i.n large pnoJectse tbe capaclty
netlry of a sJngLe botler should not excoed ftve burrdred horsoporer rega.rlleec
of the tota-l bolJ.er requl^rementsr

Go Uhen the to'taI boiler horseponer roqrrfemonts are Less than tno tnrntkode
trrc bollers rlll be satlsfactory. Eaeh boller should be sLzed for aprcfnstcly
sficty-five percent of the total demand. loadc One boIler nILL I\umtsh the
noeded requlrements, ercept durlng perlods of Lon temperatunee.

do Butltttng plants rtrlch provlde space heatlng and dornestlo hot neter for
up to tnenty drleLll.ag untte need have oo\y one boller.

co Botlers and equlpmeat ,.n adJecent grcup or bulldl.ng plentse lnter-
connectcd, rIJL provlde dornestlo hot nater durlng ths troffr beetlag seasron,
and pa$fiL spaco ad doaresttc nater heattng roqutremsntg rhen ooe plant ls
out of gertlcsr

to BofLerB rtfh properly desl€led end constnrsbed settlngs aan operete
coutlurously tn excesr of cepeolty ratlngs rlthout danegg for ghort perlods
(up to tbree houns)o Spem boller capaclty tberefore ls not esser$r"aI mrely
to rult ths rana ocoastotu of a boller fallune durfutg peak denando

(Cont rd)
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I o B oller darryera aut onat lca[y olrrated through oombwti.on-regu].at Lug
equlpnent are rarreilted ln tbe largen-stzed bollereS tno-hundrd-horsepo$tsr
bollero roulal eppoar to be a neasonable nlnt-urn Lfrrttfug sLze. Well-selected
combuat loa-logulattag equtprneut contrlbutes to firel-sarlrg . A b arqnet d.o
-dt"ft danper of thE tndustrls.l type rItI help natataln a untfom dref,t,
balanclng out fluctuatlons caused by veqffng atmospherlc oondLtlons.

3. BoILER SETIING$

Tbe bol.ler eqjrtprrcut on a arr&er of proJects hes been repllaaEd to ugc anothor
fuele beoause of an lncrsese Ln cost of tho firel orlglna\y eelectede and
because a natlonal enorgenc6r dLotated e ohange to dlvcrt the or{.glnal freL to
none ltportad olrannelgo In eevera,l lnetances, ttrl.s conrpralon requlned
ertenstve alteratl.oru to the bollEr eetttngs. Thereforoe orlglna.l settlngs
ghoufd provlde spece for cowergLon to another fuel rlthorrt requfrlng naJor
changeso

4o Factory erected eteel bollersl ercept the trpackage tlpeln should be
suppotted by etnrclurtl steEl ue&ere lndependent of brlck setthgs; ttree
nenbers are not padlcuS"arly ,ryodar$ rbEre the boLlers ar€ less than 200
horsepolrcrr In the sneLLEr sLzese steel mou:rttng onglea relded to tbs glder
of the boller shpuld rest on the eett{.qgso

bo Independen0 eettlags ehould be provlded for ceoh bollcr, nlth anple
nalntenence spsce betwsen each bolLoro

Gc Sleld-enected boJlerg of tlroe hundrod horseporer end ovsr should hsvr
al.r-cool,ed or rater-cooled rrell.s tn the couibwtlon cbar&en, o116ffi1g boller
to otrnrate up to L50 percent of nonllal ratlng (tO square feet of heatlng
surface per boller horseporer) for air-cool.ed ralle, aod up to 200 percent
of nomLroal rattlg for the nater-oooled rralls, coutlauouslf, rlthout danage
to ths boller parbs or eettl.ngeo The atr-cooled ralls oen also be uEed to
preheat oonbustloa alr. Wal1ee rhetbor soJ.ld, aln-cooLed, or rater-eoo1edr.
ehould bc ceotlonaldy gupported and no0 J.oed.beerlag. Support for bollerc
ehould be by atnrotural gteel nefiens.

lr. EItMO mt IRIENI

Tbs ftrLug equlprent ghould alraye be slzEd to operete ltg boller at et least
125 percent of, lts spectft€d capaolty rathB. A slnglc autonatLo-oontrol
device should be loeeted on eeob botler, to operate the ffrfng eqrtgneuto
A etngLe ooatnol dErioe logtaUcd ln the plplns to oontrol alL of thE ftlifry
egrLpcat slmrltaneowl.y bas provta uaaatlsfastory, bcoarcc the flustuetloru
t-a th6 pnaasuro or teryeretun rILl start and atop tbo ft-rtrg c$rlpeut for
ceoh botlen et ons tr.m, Lngtcad of nelntaln{ng ateady operatloqnbcn ths
acpr,rate ooutrpb lnc rLred for rcqueaae olnrntloar

8o Eand-fLrcd bol.lers are tc].do Jurtffsd on poJeot-opereted plaatcl
due to tbo eddltlonr.l operattag l"ebor re$rlnEd aad to the dtlflsrflty la
coordLnstrrg tb ftrtrg rate rrlth the Loed dmand.

(Conttd)
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bo Stokers Ebould bo eelected for the tlpe ad, grade of coalo Space
ehoul.d be prcvtded ln the ash plt for at Least €lght hours I eccumrlstlou of
asho Uhen dunping grates are used, particrrlar atteutLon shouLd be given to
the bel€ht of the pl'be oo tbat Laqe*siaed, cLl.nkelrs nllJ. not preveut the
gratea fron neturnlag to theLr norrnal positlonr hst collesbors of the hlshp
reslstance typee and supplomented with an l$duoed..dra,ft f,an, pneferab\y one
of each for each boller, ere necessarlr rhen epreader etohors are wedo For
o&hen type stokortr a lon draft-Iosrs clndor trap ls adequate. In ary eveatr.
loca1 mrrrl.cipal regullatlons should be f,oU.oued.

Inegultabls drqhlbutlon of al"r under the flre can result'tn burring out of
gratesl lmproper conrbustLonl and erqossivo cHnkerEr ThJs eondttlon ls
conrected rlth Eectlonal baffles lnstalled to dtvelt, the atl eren\y across thc
undorsldo of the gratesr

Cleanout doors ara necesearry lrr ths rrJrrrt bc, for resroval of coaL olfblnge o
Stohrs rlth stde durp platoo should have provlsloar for burnlng dsmn the flrc
prlor to dumptng. A.rpr parb of the stolcer subject to uear or breakage ehottld
be desJgned for easy remoraL"

Go 0ll burners should luve thelr controle modrrlate the supply of olf. fron
J.or to td.gh flre, eonsJstent mith the load demand, ou bo lers 100 horseporer
and over; for the smaller bol.J.ers; brrrnors need otrnrate on\y on-anrd-offo

Burn{ng No. 5 (Aunrcr C) off should not be atter4gted whene requlrelrentE are
less than ebout Il gatrons por hour3, conbwtlon cha,rnberE Ltr the smaLlerbol1cr
are lnedeguat'e to burn the heavy oJJ. effielent\y. Uost No. 5 otls throughout
the country reguino pneheattngi so thens ls no advantage In burnl.ng thls o!.l.
Noo h oILs carc be burued offlctodLy nltbout pr"eheattnge erccopt lrrhaps on
cold-startlag; electrlcalJyr Thls grade oll, therefore, should be buned tu
the snaller bolJ.ereS rlso, thls geade of oil strogld be consldened tn codL-
natlon oll-gas burnerse thw anoiding the cost\y operatlng need for beprytg tht
bearrler olls preheated rhen not ln use.

OIL heaters (electraca steanr hot water) ghould be capabJ.o of hoetir€ ths bealy
oILa to at least 1B0o tr. before oLL ts admltted to ths humor nozzle, for
proper atonlzetlon. Spectal deotgns shouLd be provtded to koep oll Ures hot
to bumers rhen bol1ers a,re do,,zr. Soparate duplox pumps rlth o11 lLnes looped
at burnErs are usualLlr requlred. Stean or hot uatsr heeters cen-be f\allDlshed
rr.th do$lc colle (one cotl set nlthJ-n the qbher coneentrlcalJy)g ln the
event of llner-cotl failurer the oJJ. rrt.Ll cLro0ate ttrrough the o,ter colJ.,
Drevent{ng oIL gotttng lnto the lrollerc

do Oas bumerg are of, three tSrpesr

(f) Atmosphertce rhLch erryIoys tbe ldnetlc euergr of the gas to
laspt-ra,te and n rr tho prtnary alr rrith the gas; the mtxture bumg at the portt
or Jets, lrlth the addltlon of secoudartrr airr The bunoersr can be of the up-
shot or la-shot twel tf necessarlr, for wen gas dt€trlh*toa Ln tbe larger
bollerse lgnttton ehould tab pLace at more than one poi-at.

lCont,ra)
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(2) Fanr-asslsted, ao ananged tbat alL the regutred atr for conbwtton
ls suppJ.led by a fan sufflclent onJ.y to overcone ruelstanee of alr florr ttrrough
the buroerr

(f) nrentxr Bo amanged as to prodnce a corryileteJy conbrrstlble ul:rburo
rrlthotrt the need for edditLonal- alr.

5. nffi AND l,SE EANDLING At{D $T0nAOE

lUel handlfug and otorag€ cirn be a source of corutant troublee rrlthout proper
faclLltles.

Bo OIL etorage tenks and thelr locatlon ehould rneet the requLreneubs of
aIL Iocel codes and ordlnanoes and of the NatLonel Boarrt of Flre Urd.arrritere;
Tenb shotrld be set on a soLld foundatlon and strapped dorn t,o prrevent nove-
mnt Ln aoy diresbLono The tanks chort.lal be eized to hold at Least I tno-
teelcEr eupp(y ln coLdest weather. 1\ro tanks ehould be Epectfiedl rtth the
plphg aranged, and vaIve4 fs a'lllotr one tank to be Ehrt dora and eleansd
perlodloa[y, nbere nequLnerrrenta are ln exoesg of 151000 gallons storage.

bo Coal-brrrntng pJants shotl.ld be pJ.anned for e nllLrurn of coal- end ash-
Uan0fJ.ng facflitles, corulsteut rlth the tonnage neqrrlrsd. A tno weeksr ooal
eupp$r lto coldest reather chould be evalJable.

(f) ldvantage shorld be tahen of slte topograply tn locattrrg the
plsrtl for caryle, rrtth tbe pLant located at the Lorest eud of the stte; tbe
coal etorage n{r be arranged so that tnrolcs can drlve atop the otorage to &rry
the coal tbrough a serles of rnanholBr strategLoa[y placed for wen coel
dlatdbutlone thrs avoldLng elevatorg and coal-spreadtag mactrLneryo

(Z) llaabolcg for coa.l detlveryr to uaderground storagc should be ect
at least fou Lnchss Sove ths orround,tng gradep to prevent Eurface rater ftou
drafrdng tnto tho coal otorugec

(f) Uhere coel etorage and bottera a,re at the samo elwatl.on, and
rhen epprocleetely etglrt tons or lsss are requLmd per elgN-hour etrlfb, a
nonorall and drop+otton buoket ghould be adoquateo tlhen more tban trelve
tons are regutred per ctght-hour shlfb, ovsrhcad storage rtth Elevators
(whone tho terrata pqutms eLevetore)e fiLtgbt aonveycrse and e nelgh larqf
rsuld be en ef,fectlve equtlmont assE&Iyo

(L) Ovenhsad ooal or ash atorags ohefiers should be constnrcted of
conoretep but lJ oonstnrotcd of, ltgcl ahould be llnad rlth ooncretc or
lssont5r or othsr eprorod naterlal*s rEslstant to thE corroslTE ectlon of the
ooal or asho Owrhsad bunlors should have shs,rply sloptng sLdese to obvlatc
thc oeed f,or hand trlmdng and to asslst ln nenovel of the coal or ashr

(Contta)
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(5) If overhead ash storage ts prorrided, pnecauttons sho'uLd, be takeor
to pr^event freezlng of net a,gtres. Wtth such overhaad etoragep asbes should be
convEred through cast-lron ptpes horizontaJJy ln boller-room floor trench,
then rerblcallg to ash bunker, porrer"ed by stean Jet (posslb3.e on\y rrlth trigh-
pressuro steam). Othetrlse, other nethods of ash conveyance should be
fuxvosttgatedo

6, I{Atm,ilffi

Eo StandardqeJg$ bfack gteel pipe rrl.Il be satlsfeeUory for aLL serrloesl
excepb that ertre-beaIf ehou].d be used for blolr-offs.

bo Gate vaLves and unlons shortld be {nctalled at each plece of equipnenU,
ts a'l'lqv for ropalrs erd nalnt€Dsoceo Therc should bc e globe valve by-pass
at each terperature-regulatLng yalveo

co Insulatlon should be spectfl,sd for bolleree plptng, brrechJnge hot
uater generators, and other type haat exchangoro. Erposed-to-{r"lew pipfig fui
dnelltng urdts need not be tnsulatad; the beatlng surface of such unhsulated
pfping should bo consLdored rbEn oaLculatfug requirremer$ee

'1. accB9sonrEl

The accosgorles requlred trqr range from e pump ln e butldtng plant or Enalli
group pLant to a cmpl* arrengBrtr€nt ln I h.lgh-pressure certral plant.

8o hurps rlLl deperd on the ty?e of serlrlce for rblch they rtIL be usod.
Thoy rIIL be coadensate or yasurr hoathg ptrlnps for low-presEurla atean aysterse
aod ctrgtrlatfxg purys f,or forced bot rataro Ia gtean-systor oentral or group
plauts nhere prurps, tn outly.Lng butJdLugs dlsaharge aoadensatc to a certral
tank tn tho boller housee bollqr feed prnps plck up thls coadensate for deltvery
to the bot.lerar

(1) The ruo of condsnsatc or vasuur prmp ntlt depeud on the type of
heattng ooutrols apealJledl On-a,Dd,-of,f aontrol cryltas rtIL reqrtne vaerun
nurps, also oertatn typw of contlrnrous-f,Lor coutrol ryrotms, suoh as thc
subetrcspherlo typer nIJl requtrc yeoulrtr p{peo

b. Central condengate recelvLng tank ln botlgr hcmee should have:
(a) nfnfmrm atorage capaclty of thfty-mlnutes (fronr tank botton to overfLor,r
connectlon) at total demand load; and (b) cota water make-up oonnectlon, lrlth
float vaLve ln the loler tldrd sectton. Condensate recolver punps should be
autonrettcally operated fron the boller rpter llneo When the condensate or
vacuun pumps are looated tn the botler room they ehould dlecherge dlrectJ.y to
the botlor, where there ere no oeparate boLler feed pumps. Cold weter nake-up
should be netered. ALI pmp dl.schargee shou1d be connected to the boller
throuftr a standard ttHertf,ord Loop.r

(Gonttd)
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co Forced hot neter pumps ehould be slzed to clrculate the water
requfuTed, bassd ou the f}lctlon ln tho systern and on a 2O-degr.ee (f.)
tenperatune drop across the olrcultr The suctlon slde of plnps should bc
connected to the boIler or heat exchanger, to avold rherevor posslble the
need for hLgher-pressurs equtpmecb. A pr"essurc gaugee thermomater, and valrp
on each side of ttre prmp, rILI aselst ln rnore accurate surrrelJ.lance of the
systern; the gauge ahould be loeated betneen the zump and valve. Tho valve
on the discharge eido should preferably be of the globe typer eLnce lt t^s
moro selurtttve than a gate valve to throttl,hg, Ehould throttllng becom
noCesgarJf.

d. hury plt and sunp prrnp shouLd be pnovlded, for bolLer anrl heat
exchanger equlpent roonsr looeted beLor the s6ner elevatlono

€o Soot blowers ghould be eonstdered for bo{lors rith a capactty rettlg
of 100 honsepower or qver, where heaqy oLL (No. 6) or bltumlnors coeL ls uscdt
Soot bloilers for lqr-prgesure bo{Iers ehould be operated by comprossed alrr
and thoso on trLgh-pressure stean bollers by steam. Air-operated goo't bIo$crs
for ftre.,tubc bollers Ehou1d be of the ttrpe rtrl.ch blows al} of the atr tuto
ttre tubes, rather than tho tSrpe rhlch blorrs agar'lst the tube ehaet durlng part
of the operatLon. Soot blowers for hortzonfally baff}ed bolLers should be
a:ranged to pemlt removal of the fJ.y asho

f. Feed rater heaters shorrld be used only ln hrgh pressure stean plante
and should be of lhe deaerat{ng typce of sufflclent capaclty to heat rater to
appr.orLmetely 2I0" F. Heatsr ehouJ.d deaerate the total. arnount of water per
hour dellvsred to tbe boltere, ard lt should be egulpped rrlth oiJ' eepemtore
float valre, vert L[ne, back pressure va1rr, exhauste erd all other necesoertrr
adJunct equtpnent erd controLs. Thernonetere ehould bo lrrstalLed on condeu-
sate 11116g. The rater storage corqpartrmnU ghouLd be destgned for a mlrrlnun
of thlrty ntnutes atorage (irom tantc tottom to ovet{Lor connectlon) et total
decnand loedo Malce-up coLd rater connectlon shou].d be at tho lorer thLrd of
ths tank, and be neteredo

go heggum-reduolng valvec r{'11 be raqulrad only for hlgh pressure atcan
systerc, and ulrerc steafl ls purchased frorn a looe1 utlllty compsrgo Ths valvcc
should rEduee the ltno pr\Bssuro ln two steps, the ftrst step ghouLd neduce
the presaure to betneen 30 ard hO pounas per Equare lnch gaugo f,or dlstrlbu-
tlon to heat..excbenger eqlrlpment roonc located tn the baserilsate of the varLous
buIldtngsi the seaont gtEp shou.Ld reduce tho pnessune to between 2 afi 5
pounds psr slluere l.nch gaugo for dlstrtbution to the radtatorel and to hcet
the donsstlc nater.

(f) Valvos sho&Ld be ananged In paralleLr For proJeebs up to about
5OO awefflng rrntts, two valves for the prLrnary reductlon uould seem necesastrliro
One valvre couLd take cero of the na:(lnum apac6 beattng requlnemertoe and the
other the naxlmun donestlc wator heatJng rcquLrements. For proJegts tn excosg
of 500 ilreU.lng urrltel a three-va'lve-fu1-poralleL errengement rould rrsua.lJ.y bc

(Conttd)
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rorg effeatlwo lYo velrus short.ld hadle ths ua:rlmur space heattng dcuandal
t-n tho proportLon of 7, pereent and 25 percent i ths thtrf valve rborlld
hendle thp usLmrlt donectto ratcr heatlug loado In elthsn eBe6l valves ohould
be set to closo at dlffcrent dwnstreEm prossuros, and the valrec should be
plloi-govsraed for suoother operet!.oao

(2) For thc eeoorda4T lrreoEurlo reduction, the tro-valw amangereut
rpuld ceem satlafactoryo One of the valws shorrld be aized to prorlde for
6pace heattng, end the other for tho dmgtlo reter beattng load.

ho kpanslon tr"kg l^a foroed bot rreter rystens should bq slzed lo accordence
rlth tbo r.,eoorrundatlona of the lrerloan Socterty of Eeatlag, Refrlgeretl!8, ald
Atr-Condltlontng Englaeera Guldeo

Lo Uctal lsdderc +nd netal re.lhrailr chCILld be prorlded on$ rhcro lt rould
othenrLee be dtfflsult to operate end netntstn valveg and eqrrtpeut gct at
rr.rnrsuel helgbts above tho bolJ.e flooro

J.
X.ooated,

0augee and thcmncterc should be of e clae and ttrpep end ahould bc
to pernlt easy neadlng from bollcr-room floor.

- I - EEF{-PIIAe lfash.l D.C.
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PLUMBING. ItrEATING AND VENTILATION

PART XIV - UNDERGROUND DISTRTBUTION

1. INTRODUCTION

Underground distribution for housing has been increased extenslvely with the
lnception of large scale developments where a number of buildings on one si.te
were supplied with space heating and domestic water heating requirements from
a central source. Referred to sometimes as 11r" ttyard distributionrr, the
underground systeni is a vital link between the heat source and piping within
the buildlngs; lts use in public housing is justified if the utility analysis
(which is discussed at length in another bulletin) establishes as most
economicale the project-operated method of supplying space and domestic water
heating needs.

Whether the heating medium is piped from a local utility company plant at a
considerable distance from the project site, or the piping system originates
from a boiler pJ-ant on the project sitep design techniques are essentially
the samee except for the retr:rn pipingr A loca1 utility generally does not
find it eoonomical to pipe returns back to'its por^rer plant; under this condi-
tion, projects find it practicable and expedient to extract available energy
from the returns to preheat domestic water, before the returns are discharged
to the local sewer system.

The need for a *slhpLanned system of undorground lines is seoond only in
importance, mechanicallye to a safe and adequately eonstructed gas system,
and parallels in importance the appropriate selection of piping materials
for domestlc water servicesr hlithout a well-designed and carefully constructed
yard distributlon, the efficaey of the boiler plant and piping systems in the
buildings could well be loweredo

Since an underground distribution system is costly to bul1d, 1ts design lengths
should be reduced to a minimum t,o lower initial costs and to reduce line
losseso Principallye line losses become significant when plants are operated
under light winter loads or during the summer months when only domestic water
is being heatedo Line losses mean fuel waste; to the experienced operator,
sueh waste is discouragi-ng because it is not within his ability to control.
While comective measures can, in many cases, be applied to improve operating
efficiencies in boiler plants, it is difficult, if not impossiblel to cure
a badly designed underground distribution system without major revamping or
overall replanningr

Excessive eoonomies in design may, however, require operating pressures or
temperatures higher than those for which the system was buiIt, resulting in
greater frictional resistance to the fluid flow within the piping system,
Operating pressures or velocities higher than those originally antlcipated
may also mean larger line losseso
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&reres ln oost GsD reasb fron thrt for the rlryIc oondult to that for thc
rolDforood ooncrcte tunnelr Tbere aro tiaos rhen the latter ls.not only
prol,er bnt tbp lost coononlcrl rethod of housing rnderground llncr. l, tbon-
ough otu{y of all oondltlona ic csaential beforc naklng flDal deolrloa on thc
undcrglouDd ayaten doalga.

So11 etnrcluro, degrce of ro11 dornorlvltyp bclgbt of rater tablcp brulldtn3
rrrerryGlcnt ead rlte topognpby arc faotom *loh can lnfltooo tic cba^nstor
rnd cxtcnt of tbc dlrtrlbutloa cyatcr. tror oxinplr, the oorrollvo rotLou of
oertalu rcllr le ro rrpld rs to crefqfls uec of rctal oulng condultr, hrt tt
le lryractlorl to dotcrllne tbe reaaure of ooroatvlty by uaul laborrtory
lEtbodr beceurc of tbc ahort tluc laterval betrcer tbe ilte rclcotlon rr[d
dotljin rtlgcr. lhdor tbe olrolrtuc.!, frvorrblr ro11 condltlonl oould bo
attdacd by peoklrs grevcl rrornd thc condtrtt, propcr dralnage of tbe con&rlt
ayater and otLcr protecbive dcytcee ea lllustratcd la trlgurc 1r

Lrlr coctly oondrrlt tartallatlonc uc porrlblr byr bulldl. ag roarrengcu6ut, lf
arabltcstunlly feralblr to pemlt plptas to nn fron bulldtng to bulldlry;
1oaet14 bollor Dlrnt oentrrlly 1a ra arcl ot rlto to .qurlh dcttgn lord, to
out dorm plpc rsr oonduit tlrcr and to rllotr m1tlplc plpc lartal1atloa ta ouc
clclosuro. $rlryl$ag bulldlngr oa r hlllJ eitb rlth rtean fron tbe lctr lovol
uprard rrtber thea the royorsc, pcralta I m!! cooaonlcel ooaduit llstellrtloa
rttb tbe stea! and rctura ll^aes la tbo lale coadult vlthout purplng. Ilrut
Loertlon 1r gcaerally not a rclcvlat frotor ln f,orcedaretcr rpsco beatlng or
dorcetlo mter beati.ag ryrtcnc, etaoe,mlttplt plpe lnatallatlon la oao
c[olosurc 1g pogalble lrrecpeeblvc of plent looetlon.

ProJcotr ray crBand aftcr lnlttel dcrvelopncnt la conplcted. Consultrtloar
rlltb tho lpcal luthorlty ln the .8r1y atrgca of dcrlgn to detetllDc rhctber
eddltloar to tbe proJeot ere ooaterplatcd r11l evold pleclrg plpc llner ln
tb€ flBy of firttrre bulldlngs. Othervlaer- lt ray be necosrarlr to abendon llaea
bofore thcy rcaoh tbc Llrlt of usefi.rlaolai added costa vould thea bc rcqulrcd- -

to provlde lsr roaDs for dlrtrlbutloa. If practlcablc, oontenplatcd proJcct
calargcnent sboutrd bo retlcetod ln pl1r rlzlrg.

2I PIPING ISD COIDIIIfS

tr'astorr rfutch iafluenae the aelesbLoa of ptptng raterla1a for donegtle retor
reryloer ere diacwacd 1n Part X of thfu Brflletln. For rlnce heattng serrioer,
standard velght, black ctecl plpe la aatlrftctory for tbe rupply t"n rtce,r
ayatcna, rnd for supplJ rnd return ln natcr bcattng ayateno" Ihllc vrougbt
lron ruplrcrodly ry bc prefcrablc for return llnqa'la ctoal t5ratene, cxtn
b6ary blaat rtocl plpo ahould be satlrfaotory provlded oondonaete la iilaqdifal,
treated.

Coaoretc trencbea, tunnclr, and condnltt lto the rethodr used for cnalorlag
undorground plpirg, aad vtea coneatl5r oonatructcd should bc roaroaabl5r rrtor-
tlght and sufflcleutly ctrong to vlthetrad ordlarr5r crtth lordt.
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Flgnre I l[ustrateg sk nethods of houslng tuderground lines. Iethod l,tg
the treae,b systen; B a"ud C are bulIt-up condults assenblod ln tbe fteld;
D and E ere prefebrlcated or preaealed at tbe factory; F ray be claosed as
praaealed, bub lte conplete acaeably ls carrled out tn the fte1d.

f,ethod A, the coacrete trencb, offers'tbe advaatage la that tt can bouse a
nultlple ryeten of ptplng, Xacludlng doueetl.c vater heating llues. Ibls
cannot be done lu condult ryatens nhere, ln coEe caaes, lt 1g requlred to
pltcb oDe or nore of the plpe llaes ln the oppoalte dLrectLou frou rblch
tbe condult 1g pltcbed, Also, ltg rUgged constructlon, parecltrdlng ary
poeaiblllty of breatater plug lta reaistauce to ettack by cumouudlng
corroglve or nater-ladca colla, place tbe coueete treacb la a top cIeacl-
flcatlon for dl$rtbutloo rysteaan Another advantage rhlch the treach
possesses ls lts rerovable pnecaat concrete cover, rhLcb pernlta eutrance
to the trencb for cnergeacy ralutstrlnceo Treneh fJ.oora shouJ-d bave reang
for carrylag avay nater eeepage.

Cone,rete tuunels, constnrsted easentlal.ly 1lLe tbe conore0e trench ryrtel,
crcept for thelr greater depth and rldth to pernlt trafflo theretn, arc the
rog+, costlr nethod for uuderground plpe enclosures, ald cannot be Justlflcd
fron the uecbanlcel atandpoJ.ut oaly. ilhen lt La fonnd reesonrble to pnovlde
tunnels as a pastagfley between rultl-etory bulldlngo, tbe recbanlcCl cagl-
Deor ceD avall bheelf of thls feature for tbe lpaao beatiag and doaestlc
reter heatlug lLnes. Plpe la ugually lald along tbe slde valle ou rackg.

tretboda B and C, tl1e conduitcr. are reaaoDebly artlrfastoty la averagc good
coi1a, and rheu burled not over 6 feet. 0n6 tSrc of t1le condult fu fur-
alshed rltbr, aod reats oD, a patearted tllc base draln vlth loogcly fltted
Jolntca all arc la tum, aupporBod on a ctnrsbural. concrcte balo. fn auotber
ty?cr tbc draln lc lategral rrttb tbe structural cotrarctc baae, oa rhlah tbe
ttlc rtnrsturc rests. In grouad deeper than 6 fcct, undar ctrecta and road-
rays or otber places rhere ordlrary veblcul.ar trafflc tr antlclpatedl crtre
relght tlle la preferable.

Conerete condnlt (not lrsul.atlDg), prcaast or poured la plaac ta anothcttypo
of bullt-up coadult gonpetf-og vtth tlle. 'Ihe use of cast-bon condult igera
reasoneble rherc addod atreagtb ls uesded to rtthstand coutlmouB or rcpoatcd
loads or Lnpacts, such ae bear'5r earbh foade, heavT vehlsular trafflc or
atreet €8!!r

fethod D eoadstg of a galvanlzed lron con&rlt, precealcd at tbe factory
erccpt for con&rlt connestor slecves, larufaebured fron 16 garrge uetaf
fomed lato a cyltnder rltb hellcal corrugatlons over vhlcb a coatlng of hlgh
tcnperature asphalt and a teoalon-trrapped la1rer of acbcttos felt ere appllod.
Xore tban one pipe can be plaeed ln tbe eaae coadult.

Condnlt under Hethod E Ls pnecealed at the factoty ercept for tbe con&rlt
connector clcevea, and la foned by appllcatloa of a ualfonly poured and
concelrtric layer of htgb.neltlag poiat aopbaltl at leaat 1 lncb thick. Ihe
aspbalt la fomed betvecn the lasulated plpe and an outglde galvanlred lroa
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Jecket. Eacb ptpe ls housed la r rcparete ceadulto Bcceurc the mltlrg polnt
of the aaphalt ls kDorl! to be about 235 dery.teoc F, tbc uce of thta aondult
rould secn aatkfactory nbere the beatlng rcdle telporaturo! arc not hlgh
cnough to ceuce the acphalt, cventualltrr to rcltr
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Con&dt uder tetbod F.lc cealed ta the fleld.' ' Iagulatlag coacrcte 1a
pourod rclollthlcally arouud tbe ptpca "rhlch regt oa lnmtatlng concrcte
blockt, ePaced'equldlctantl the coDdult ls aupportcd o r ctruatutrl aoD=
cretc pad, and fu 6ncic*ed in a na'berprooflng rcubnBsr the lnaulatrrrg
concretc terte! tvo pirrpoaesr condult euvclopneut, and tngulrltloa.

0thcr typcs of pdcutrd condulto, bulIt-up and preaoalcd ny bc avallrble
and could lerre as vell aa thoee dcserlbcd herela. Coadnlt ctm,c,turer
rbould be cclccted oa a bectr of aatlolpatcd llfc, oqual at leaat, to thc
eppnorlrate av€lagc llfe of tbc proJcct, ratber thea oo e atrtctl;r ooepctl*
tivc besia. Eovever, loErd t"roltlel ecoBorJr chould bc coagldered aloag rltb
a rcaronablc lalntqaace and replaocnent crpoac In ratlag thc rclcstl.our

Inculetlea, torred to ftt the plpe, la custouarlly rppllcd to all llacr
cracpt to grevlty or vecuur rcturn l1aca of stcan ayrtou nbm run togctbcr
rlth rupply llncs ln ooncrcts trcachea or tunnclel ln btrilt-Ep ooudulte and
la preacalcd eoodults such u that cborm la Icthod D1 Ftgure 1o 'Ultb en
arblcut topcrature of about 150 dcgreea F tn the @clobure, thc heat loar
fror e bare plpc nould aot be largc crough to rnrrant the extra ooc0 of
rcturt llts lasulattoa. Scturn tlaca run aingly ln ooafultt sbold, lorcver,
bc larulated. Iooce$r pecked lnsulatloa erbcddcd ar"ourd tbe plpcr ln brlllt-
up ooadultr and ln the prcsealcd typc, Xothod D, haa beeo uacd rrlth rorc
fdr dcgrr of ruccea!, but e epealflo dlgedvantagc to thla renaer of
lasulatloa le ttg greeter aurfaoe (aorprred to foncd lncul"atloa) cxporcd
to tbc porrlbllltlea of mter deugc. fbe forrod lngulatloa rltb aa. rrybrlt-
bprcgaatod peper ihalf-nrappedtt aad acouol5r tted evcr the lnrutratioa rould
rcor prcfcrabla to tbe looeel5r peotcd tJrpe, bccaurc the pcpor offem thc
rddod rerlctancc to rnter penctntlon.

3. DISIBIBT'TIOT lxD lIPltISIOX

la undrrgrotrld rltstrlbutLoa.syctcn ny be elaboratc or chplc, dependllg EpoD
tbc nthod used la routlng tbe llacs. A rcll-.organlzcd sltc plan n111 pcrutt
dlroct plpe dtatrLbutlon fron bulldlng to bnlldlpg, ard obvletc tbc necd for
tallag up erplaEion ln Coatly concrete chanbcra ln t'be 3rard. Flgure 2 rborg
tro rcbma for nrnatng a dtatrlbution ryatcl; layouta are tslca fror proJ-
ccOl, coartrqoted aud duorpled. Scbcue A ahovr a declrablc, lncrpcnllvc ead
practlceDlc rctbod of dlatrlbutlon, alrrce erpaastoa la provldcd for ln thc
butldtagc, Scbclc B ahorc a Dore crpentlve nethod of dlctrl.button, rdtb
crprnaloa plovldg,rd for ln 5nrd chaebcra. Thc poJcct dth Scbene A rns
congtructcd eubacquent to that vltb Scheuc B.

Bpcatioa provhlona La thc yard should be the crccptloa rather thaa tbc nrlo.r
bccausc nruall5r dlataacca betnccn bulldlqgc aF bgtrloea tbe !o11lr plaat ald
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the ftrrt butldlag.nllI be lcsa thaa 100 feet and aocordlngly rcqutrc rc.D.
for ebout 1 to 1-l2 tacbes expeaslor. Ihere dlstEncsg bcivlca Uuffahgt
are lcag than &0 fect aad heatlag nedla tenperaturea are 250 dcgrcec F or
lets, llner ray bc aae,hored la oae bulldlag and al.loncd to cxpend la another.
If thc dlatcacc betveca btrlldlage ls ln. crcess of 200 feet, lt lc good polloy
to ane,hor ddrrqy betreoa bulldlnge aad provldc for expanslon ln both btdld-
lngc. Dcvletlonl froa tboce dcelga netboda uy be Dcaessar:r rbere piper arc
larggr tban 6 lachee aad, nbenc heatlng nedla telporetuncs aie ln ex-arir of
250 degmea F (rgulvaleat to about 15 lbs. stean gaugo precmm).

fiae llncar crprnaloa of plplng rtl.l dcpeud upoa tbe type of rrtrrlel, tbr
outtlde teupcraturc at vhlch the plpe nas lald aad thc opcretl-ug trpcrtturo
of the hcetlag lcdlur. If lt 1r antleipated that the plpc rr111 b. Iatd rltb
outsldc tenpcraturcs of 32 degrees F or nore, 32 degrccs abould be uccd ar
the base t*peretum for derlgn. The Anerlcan Standardg Aroclrtloa r0od0
f,or Prercure Ptpingn har set forth ln tabular fon thc ratcc of crpeurlon
ln taches per 100 feet, based on lacrenental tenperature lacreascr ebovo 32
degrees, for gteel aad rrought Lron, copper, braeg and brouze. Obhcr deta
heve beea tabulated to enable the deslgnlng englneer to obtala tbc plpc
elongatloaa resultlng fron any given lncrease in temperature. The graph ln
Flgure 3 haa bcen plotted frcn avatlable data and nay be used aa a gutdo b
deelgntng or selectlng the erlnnaloa r€aDE.

Iethods or elenents by vhlcb elongatLou of plpe can be tekea up erer firfBg
or gnlvel Joi.nta, rcchanLcal erpanslon Jolnta, ed plpe bcndo, turao or
offcetr.

$rtng or arlvol Jolata ean be used ln 1ov prcssurc stcan or vater ryrtels
(apace bcatlag or dolcstlc rater heatlng) nlthln bulldlngs. Xade up of
tbrsrdod plpc rerberg rrlth four efbone before tbe ptpe 1s rcturned to lts
orlglaal dlrostloa, erpanslon Ls takea up by the gtralgbt mbem !a cue&
offaets anar/or ln tho snlvel of the threadcd Jolnts. tbccc Jotata rrc
iacrpoarlvo eld orn be radc up easlly Ln the fteId, btrt offer dfuadrrntagu
1a leaks aad addltlonal rcrlgtaace to fluld flon. Uelded nenbers, la llcu
of threaded, would at 1east, overcone the dlsadvantage of leaks aad could
be gttllzed econonlcally ln plplae 14/2 iaches and larger; copper plplng
rould bave conpresslon or soldertng flttlngs.

tcohanlcal Jolnto are faebory produced and are generaLl-y of thc sllp.aad
paekless tSrpes. The slIp- type operates !.u the novment of a slecva rtthta
a cyIlader, the leugth of noveneat being terzed the traveroe; bttllt of
ferroug audr/or brass uaterlals, lt dependo upon Paclclagr aad cEufflag
81ands for heating uedlun tlghtaecs. fhe packlees type nechaalcal Jolat
ls bul-I,t frou copper, stalnless steel or otber corroslve-reslstant tatcrlal
such as copp€r-dcke1 a]-loy forned lnto a serleg of corrugatLons or bellorr
rhlch control the e:rpansioa. the g1lp aad the packless Jolntr do not rcqulro.
the space nccdcd for the sntug Jolnt or the pipe bendr nor are they rubJeat
to the Etresgee lnsured wlth,the uge of bends; but, the nechanLcal Jolats
do lnvolve a nalntenance and inspectloa problen. For thle reaaou, Suei

-7-
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FIGURE 3

Jolnte 6hor1d be llnlted to lnetallatlon ln eaa115r aooeltlblo
ence has lndicatcd the aeed for two substantiel.ty ootrgtanroted
side of paokless Jotnt to enaure ptpe allgnment, aad the need
sleeve to prevent aocunul-atlons of eedlnent, such as 8ea1e I
the cor'rugatloner

Bends comnonly used are the double-offset expanelon rlrtr bendr €xperBl@ lIIr
bend and the nhalrplnr bend for stralght ptpe runB, ag llluatratod ln Flgtre 4r
and the 90 or 45 degree beads for directlonal changes ln ttre plplngo tho
ptlysical propertles of the plpe ltseIf glve ttre bend, when aoouratolJ dellgneil
and fabtcatedl the necessar1y fJ.e:dbiLity to wlthatand the feces ln plpc
novenent axd to take up expa.nslono Plpe bendE seem the noet praotloahLe ubcn
lt ts required to provide ior expanaton ln the yard dlstr.lbuttoar, beoause-of
thelr fLe:xlng propertles; the bead lnvolves no nalntenan@ problgn, and lt
gan be pernanentLy horeed la a concrete eharnber where no renovable ooYrar @
exteneLon nanhoLe Ls uecessary. Gutding on each glde of beud la neo€ssarfr fo!
allgnrnent rith plpe movement anct to prevent needlegs lncreases tn tbrust.
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DlrEIslot{ 'L'YARtES
ITI TH THE TOTAL
A}TOUNT OF EXPANSlO
Re I ll2 x PIPE DIAilETER

DOUBLE OFFSET EXPANSION
U.BEND

EXPANSION U-BEND HAIRPIN BEND

FIGURE4 EXPANSION BENDS FOR STRAIGHT RUNS

lbe luhereot f1c:dblllty of plpc uakct poadble thc rpeadrng c lprtrytag
of a bend nhen tihe plpe ts ooldo Ore anount of tblp lptlcad l.l terud thc
roold lprl.ngtr, and la- a genera.l ru.Ie, nay bc rade cqrrlialcat to t/Z W" total
}laean Eovenent of the ptpe tn erpanslono T]rc plplns to.vhld the bend 1r
oqrcotede la ort ehort- oir eeoh glde of bend ar aioat cqual to l/Z of &c
aprlng; thc bend ls then apread lnto peruanent plaoe and nelded on bolted to
the piplng af,ter anchee, guldea end auppetg are doftatte\y rcto thc
trOode fe Fessure Ptptagn has stlptrlated that t r2/3 of ttrc anount of ooXd
aprlng nay be omgldered as reduolng the total e4amlono Whlle ptplag nay
be qolal Epmng uore than t/? ot lte-computed erpanetme thc na*.uun eedlt
aIlowed ghall not exoeeA Vl of the oonrputed totaL expanalon. Ttro firLL
amornt of the oold epnlng shall be taken lato aooountl horeverl la ooarldpr.
lng the feoerl noveneatg and gtreeses actlng ln oo1d, oondltlontto Taktag
advantage of tbe f,Lclble propertles of the plpe and tihe enpanslo eedlt
per"nltted by the nCodetr wlLL reduoe the gv63q1'l ooet of oonorete ahanber
aud bead.

There are nLnlnu radll to uhlotr pLpe ean be bent fc elastlotty of noenute
or else thc plplng rlIL buokle when subJeoted to the etresoer tnorrred by
e:panslon and ooatractLono IP etreEseo ale kept wltJrta the }lnltg fsr rhLoh
the bend ras dectgncde the beucl gho.ld rosune lte elglnal posltlon whea
nornal tenperaturee are regtced., IIre graphc tn Ftgure 5 chorr the radLus
to whloh a gteel e nrorgbt-trou plpe oan be ounpd to the ahepea aoted fc
reapeotlve plpe alzea and rates of expanslm, based upon a ftbe atrera not
eroeedlng 151000 lbr pcr tquare lnoho It ehou.ld be noted that thc nlrl.ru!
radLua la equlvalent to abort 5 ptpe dLanetereo

Ihe hairpln bead, eoononLoal to brrllcl and adequate\y sutted to ooaditloc
under vhlotr dlatnthrtlon eyeteng f\rnotlon la horalag proJeotsl shottltl be
used aa a general nr"le, where reqnilred aet erpanslon ia legs than that
ahqm at onlgl.n polats of the varloug plpe clze graptrs ln Flgure 5 tq
the dotrble offeet aad expanslon rU, bendso Flgure 6 ehcna the nlatnun

T
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tangcat lengtba ln the bend coaposed of twb 90 degree and one 180 degree
reldlag.elbongi radlus of fltttags ueed be only l4/2 pipe dtarncters; the
tafonatlon 1r for etccl aad vrougbt lron pLpe.

Expanaton for copper tubi.ag ln donestlc rater beatlag aystens vtl1 be takea
upr b nost casoo, rlthln bulldlngc. The double offset expancloa illn bend
and thc oxpaaaloa rUr bend are gatlsfacbory for the very few lnstaaceg vherc
rrpanolou trlll be takea up lu the yard. Table 1 ghorg the arrggested Esaa
bead redlus of the tro t5rpes of benda deelgned to provlde tor 7-l/4 laahoa
erpanclon vlthout cold eprl4g. Each bend aould nlthstand a deftcctlon of
l+/2 t t-L/l tachca or L-7/8 Lnches lf the bend nere cold sprung a total
ot t/2 - t-7/8 laches or t5/32 ineh on each gide of bead.

Table-I

Ican Beud Radlus for Copper Tublps

Tube Slae
Iuchcs

Redlus - fnches

5-1/2
G3/4
I
g-t/4

1t4/1
t4-t/4
1?
L9-1/2
22

thc grrpbr of thc bsadr to Flgurct 5 aa! 6 havs bsca rlged oa the bacls of
roffiottvrr orprnd.on, cqrral io Z/t of the totel oelculatcd crpanrlolr, 'e,!d

oa tbe ballr tbet the bcad v111 bc roold epnmgr tn plao6 ra rnount, cquel to
t/Z llq totrl ctlonlatcd eqnacloa. lhe follonlng exarplc v111. lllurtrctc
tbc proocdure 1a releotlrg thc proper beadt

Erenplel Tbe dlatanoe betreeu anchor polnts of a 3-1ncb ctee! gteaa
plper ttsea to oarrT gteaa at lr'pounds per 6quar6 lnch gauge (elOof), la 185
feet. Dcternlaer

&r tofal calculated orpansion;
b. effestlve enpaaelon; .

c. arount of cold sprtDgt
d. required nean radtus of double offset emansloa iUI beod and

expanslou nUn bead to absorb the reqnlred expanoiou;
ec requlred trangeut lengths of baiipia bend to absorb exlrnsion.

Double Offset'
Elnnslou lUi Bend

fpaaaloa
nUr Bpad

3/4
1
tq/t
t-t/2
2
2-l/2
3
3-t/2
l+.

+q/z
5-t/2
Gt/2
7-t/2
9-t/2

\t-t/2
t3-L/2
tyv2
t7-L//
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Proecdrrre: Refer to plgure J. Ipcate 2500 f oa tLc toaperature realo, tove
upvard to arpanslon graph for stceJ plpe aad then horlsontal]f to rcrpaarlonr
roals, readlrg 1.7 lncher p€r 100 feet,

Er Total calculatad expanston - 1.7 x 18t = 3.15e
b. trtffeetlve expauslon -415 * 2l) : -2.1lcrcr Cold cprtng - 3.15 | V2 = 7.ylr
d. Refer to Flgure J. Locate 3.15a on tbc tttotel cz$eaolonr eorlr

and rove borlzontally to the 3i plpe'graph, theb dormrnrd to thc rrrdlur of
bcudr ssalo, roadtng 23-1/ry for thc radlus of a doublc offrrt oal,aarloa tUr
bcnd aad 29tr for the rrdlua of an expancloa rUr bead.

8o Fsfer to Flgure !. Locato 3.L5r oa the rtotal Apear1oalrc11c
aad nove horleontally to the 3n plpe graph; read taagent faotsr et polat of
latcrgecttod, /7.9. ldultlpll'n.9 x 3 (the plpe elle) rfrfcU oquelr 89.7rt
the rcqulred tangent leugth. thc horlzontal ncrpaaslon factorar rcal. uet
ured ofiglDrlly to deter:dae thc vcrtical rtangcrt factortt linor.

4. AIICEoBS

Jugt ag lt 1g trporlaut to deaign propcrl,5r for erprnaiou rceur, to it lt !.r-
porteat to cltebllrh thrt plpc rcvcrcat trLc plrcc t.BcrrllJr bctrocn, rod by
thc f,lrr eppllartlqr o, trro raohorl.

To serrc thclr latcndcd purpolc, anohore ahonld bc recrrrcd adrquetely to thc
plpe and to a retatniag stnrgtum such as a guaeet phte boltcd to thc bulld-
lng ua1l (tf anchorege lo vlthia bnlldiug) oi to a aoncrctc block or coacretc
chenber congtructlon (lf ancborage is ln thc yard). If at al1 ,pnaortlcable,
yard anchorr ahould be aet at poluts vhcre braaoh aonncctloa! rle to bc taXoa
fron nalu servtce llaeg. Auchom raJr rango fron tbr sliplc rUr bolt sr clalp
to thc typc fabrleated fron stmctural ahanil€l! or uglc lront.

5. CET'uBENS AilD IIAffEOLES

$hanbcra for plpc bcadr (or plpe bods aad rnobora) cln bo ccoaod.celly con-
rtnrcted nith rclnforced coacretc vallt gtrlted to rcct local ooadltloas; neter-
proofed end nlth rclaforced altb ooverlag.

r ranholc la provlded for cutrence to tho cbelbcr a! ao lutcgrel cxicalloa of
tho charber. ?bo Hrholca llko thc obanbcr, chould bc'coartnrdeq of rctor
forced @ncrete, waterproofed, aad abould be appro:lutoly 25 lachu !q!rlr.
or, lf ronnd, g{ lnches In dlanetcr - alther t5rpc exbeaded.to about 1lchft
abivc gradc ina 'ffttod ulth cagt 'lron fruc cad covcr; certh brchftll ehould
bc slopcd rnay in ell dlrectlons to prevenct eurfacc nater caterlng. f,e-ttrElGt
are needed nbere the ehanbcr housrc cquipnsut such as Lochaalcrl crPr419D
Jolnte, yalvcgr gtean dri.p traps aad nctcrlng devteee, aad on15r rhcn lt lc
uot fcaslble to locate auch equlpnent ntt\ta bulldlnga' 'tlilo oatrrneor to cr-
tralcly 1atg€ chaubcre, where 

-neaholcg ard requlred, trc advfusblci tbc eecoad
nanholl nhea opcned, rr111 add aufflclcnt vcatllatlou to pe'rtlt codortablo
ooadltloar rh6n .aklrg relnlra.
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Thc.chenbcr phould be dealgned on the basls
to suit the t_y.pes of expansLon dcvioc. tr'gr
requlred for Bn expeacloq tt0r ben{ i,9 greet
offaet type of boad rith the'sane- erpqngi-on
too, shou]d be welghed ln the caleulitlon.

of, the lcast p\yslcal dlmenei,ons
.exanplc, the'area of a chanibCr

er than that to house a double
capaclty; the cost'of the tend,

Prcsealed coudutt ngnufacturers havc ncang'of'alloviag tbe plpd bcnd sueh "'
ar the halr plu type to be fletcd ntthtn ltg ona condrdt stnrcturd, By ' '

thlr ucthod, the ooncrctc abinbcr, aB !uch, la not nccdcd.

6. DNAINAGE

Ibo rd:queot or laedequacy of e dnlnetr retbod ry'rr.ll crtabllrE tLc dtf-
ferracc bctrccn tbe suoaces rnd the frlLurc of an othorrlec noll-proportloncd
condutt dlstrlbutlono lrhllo cxtrr dreius bcyond tbet aupplled aad'cicsted
rltb thr oondult ls not necolsaqr ln aan{y or dralc ofey sollc aad of lor
natcr tablce thc usc of such devlcca ghould be rauantrd vbera there ls a
htgb vater tablc aod wherc lnperaoebLr rollc lnvltc oxcesstvc gpound vltcr,.
Ia all coadult lastallatlonc, ground rnte ahorld sicve through a laycr of-
olcan saad aad tbrough the lntCrsttcee of a bed of enrghed rock or giavel.
faaufacturers of pateuted eonfult gtructures are well-lnteutloncd ta thctr
atteapts to declgn a reasonablJr naterblght enoloruro, but carelcsaneas lD-
volvod ln fiold aeaembt5r plus heavy dralnage loada lnposcd upoa the dlstrlq
butlon aystcn have often uade replaccnentg neceasar':fi public bouelng caa lll af-
ford thc hlgh ooats laoldoat to guch rcplecercatrp Flgum 1 rlto rborr
sugtcltcd drahagc Bcbcue!.

Provlrlon for drelnagc to thc esner ayatcn through a floor dmln ray h
nado ubcfc draln cnterg butldlng or ygrd cherber. UrlhDgc nay bc oon-
tlnued through i e;hanber wherc lt fu not foaslblc to provldb lcvct coD-
nectlonr at tbesc polata, lu vhlcb esc the conduit ghoulld dreln et thc
aenc level ag the oUalrUei fJoor; othsnrlsc, conotmstlon of troughc lu thc
cbanbcr roulri seeu neeese&r5ro Therc ere cascr nherc dralnagc can bc crptlod
lnto tIlc plpe urrroundlag the bagc of a bulldlng, or loto a rfrrach dralur
proxlnatc to tbe blrlldlng wallr tf dr.al.n toadt aro aot heavT.

7, ETCAVATION AIID BACXE'ITI

Cordult uanufasturersr gerylcc detrtls ludlcrte the yldth of trcnch D.ccslsJr
for partleuler typco of condulto fhegc dctallo rhould alco ahov thc rcthod
of aiecrbl;r, and ihould be followcd wltb o.:rtrcuc carct ln fact, contrrct
tprolflcetlons should stlpulatc that patcatcd ooadult rystcne bo lnstallod
rrndcr dj.rcct auperrlclon of the nenufasturcrrs rcpreacatatlvc. Tlc nanu-
facturcr could thcn tsstInc loLC trGlturc of roaponalblll.ty.

plpc cno1ogurc ehould rcat on fLrn bearlng lo11 to avotd ectt,lcrcato Ia lonc
orics, ft nay be aeccssary to lncludc crln supportlng ncthoda auch ra p116.

-13-
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Bacfflll, too, ie lret'tlDeut to the Bucceos of a dlotrlbuttou oyst€Di bouldere
or 'othcr eitraneoua raterlel tlepoalteil eareleeely calr bDeak a tlle coDalult
or othefflae dleterlorate e Eeta1 conilutt BubJect to corroeive elements prcscat
la unelee,a backflll. 8a,rd. .ud, gradcA crnsbeA roct or grevel sboul,al bc reLL
dlstnlbuf,.eil nterever lt 1g DccessarJr to il.rect tbe flor of groundl tat€r for
lratuegg; tbc gravel 1g also funetlonal La gLuilatlng f,avuable soLL cond,ltlong
aa pol.atcil out berelabefore.

lll EEEA-PEA, trlasb.D,C.
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PLUI'IBING. HEATII\IG , AI'ID VTNTILATION

PART XIV - TI}IDERGBOUND HEA? DISTRIBUTION

]", INTBODUCTION

Underground heat dlstrlbutton for housing has been tncreased e:ctenslvely wlth
large scale developraentso Whsther the heatlng nedium ls plped fron a local
utlJ.tty compaqf plant at a coruiderable dLstance from the proJect slte, or
the plptng systenr orlginatos from a boiJ.er plant on the proJect slte, deslgn
technlques are essentla]Iy tho sarre, orcepb for the return piplng. A local
utility does not flnd lt economical to ptpe roturns back to Lts power plant;
under thls condition, proJects flnd lt practLcable to e:ctract energy f,rom
the returrrs to preheat domestJ-c water, before the returns, are dlscharged
to the local oeworage systern.

An untterground heat distrlbutlon systen ls costly to buiJ.d. For that reason,
deslgn lengths should be roduced to a minlmum. Also, ertensive systens
lncrease llrre losses, whlch becoroe signtflcant when plants ars operated
uncler light rrinter loads, or durtng the sunrpr months when onJy domestlc
water ls being heated. Llne losses nean fuel waste. t{hlle corroctlve
measures can be applled to lnprove operating efflclencles ln boIler plants,
it ls dlfftcult to cure a badly deslgned underground system wlthout maJor
revanplng or overall replanning.

&ctrpmes ln cost can reach fron that for the simple eondult to that for the
relnforced concrete nalk-ln tunneLo Thers are tirnes uhen the latter ls the
nost econornlcal rnethod of houging underground lineso A thorough study is
eesenttaL before declding whtch nethod to use.

So11 stnrcturo, degree of soLL corrostvity, helght of water tabJ.e, bulldlng
arrangerrlent, and site topograply are factors whlch can infLuence the charasber
and octont of the dlstributlon system. For exampJ.e, the coroslve action of
cerLaln soils Ls so rapid as to exclude use of metal caslng eondults rlthout
cathodlc protection.

Less costly condult lnstallations are poeslble by: (f) Uuffaing rearrengement,
lf architecturalJy feaslble, to permlt ptplng to mn fron bulLdtng to buildlng;
(2) tocatlng boiler plant c6ntralJy, to equalize plpe load and to r^educe ptpe
and conduit slzeg, Supplying builCings on a hiJJy site wtth steam from the
low leve1 upEard rather than tho reverse, permits a mor€ economical condult
tnstallation wtth the steam and return lines in the sarne condutt wtthout
pumplag. PLant location fu generally not a relevant factor ln forced hot
water heattng systems, since rnrLtlple pipe lnsta'l.lation ln one enclosur€ ls
posslble imespecttve of plent locatlon. (Cont,ra)

Iletln IIo. LR-7 dated 9-13-rO. It
has been revised throughout to conform wibh the requirements of revised
Sectlon 2O7,! of the Low-Rent l{ousing l'lanual.
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ProJects may expand after Jrlltlal developnent ls conpleted. Coruultatlons
wlth the Local Authorlty tn the eer\y stages of deslgn to deter:d.ne whether
addltions to the proJeet, are contemplated rrILI avold placlng plpe J.lnes ln
the way of future bulldlngs. Othemise, it may be n€cesser1r to abandon llnes
before they rea.ch the Ltrdt of usefirJ.ness; added.eoets rould then be requlred
to pr"wLde new me€ms for dlstributlon. If practlcable, conterplated proJect
enlargenent should be reflected tn pipe sLzingo

2. PIPING AND CONDU]IS

Fector"s rhich lnfLuence the selectlon of plping materlaLs for donesttc neter
serrrtcee are dlscussed ln Pafi f of ttds Bulletln. For epace heatlng servlceel
standard+uelgttb black steel plfr ls getLsfaotory, although lt ts tmpoftant
and necessary that the returms ln steem strratens be cheml.calJy treated to
neutrallze the gases ln these ltnes3 such treatnent rrJ-ll retard tbe oorrosLon
and tnoreaso en othertrlse ehort llfe for the pLplng.

Concrete trenoheee tunnelsl end condults are the methods used for encJ.oehg
underground plplrg.

A Federal Gorutnrctton CouroIL Eeport No. 30 (fp5S)r tltled rtUnderground Heet
Dlstrlbutlon Systemsprr J.seued under the Bulldlng Reoearch Advlsory Boar"rt
of the Natlonal Acadenpr of Sctencec and revlsed as Noo 30-R (tgig)r lncludec
crlteria by whJ.ch an undergrorud oordult system can be seleotede epplled,
trutalledl End economloaldy rnalntatned for ma:clnunr serrloe llJe. A besto
conclusLon drarn by the oonnlttee (ln wtrtctr the PtlA $reE repreeented) deveLoplng
thls Beport uas that systerns faLL prlnoipaldy eg a result of uater remblntng
ln th6 oondult; the potentt"a,l ortterion, therefore, le the oontrol of ttrls
rater. Thls Report dld not lnclude ryelk-ln tunneL applloatloru, becauee
thslr deslgn featureg aqe etgntflcantly dlfferent fron thosc appllcable to
condult systems and there lras no maJor dl.sadvantage of tunnols other than
cost. AII systeug urst be dratnabLe a,nd dryeble tn pleoc.

In baelc substanoe, the Report ellrrinates nasS-poured-lagulatton condult
systems and dtvldes the acceptable eysterns lnto tro alasslflcetionsl nanelye
rrPreseeled $ystemsrl and rlBullt-Up Methods.rt Grouped ln tho ftrst claselfL-
oatl,on are the oast-J.ron and steel cordults (fmfuneA with e protegbtve
coatlng or nrapp!.ng), whlch !gg! be used where ttre ground watEr teble ts
above ihe botton oi ttre oondilFat any tlme; tbese are deslgneted as
CLass A eystems. Grouped ln the second classlflcatl,on are the tILe condult
and the conorete trench, whLch can be used gg$ where the ground water table
does not rlge above the bottom of ths condult at any tttnel these are deeLg-
rated-G Cless B syuterns.

A goIL survey ggs! tberefore be nede prlor to the deslgn of tbe syeten, and,
whenever prattl[6EEtee le recomnended to be done in coordlnetton wlth tire soiJ.-
boring tests. The procedure for the eoIL surrey Ls outllned in the above
Federal Corutnrctlon Councll Report (or tts counterlpart for prlvate lndustry
l,n the BulLdlne Researsh Inetltute Report)r which can be obtained from the
NatlonaL Acadelry of Sclences, Washlngton 21, D.C. The laboratoqr tests for
ratertightness and for al.r-pressure tlghtness, as reLL as tests for ptpe
insulatlon, are also outltned ln the Bep6sg. (Contrd)
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t'lhere ferrous casing conduits are to be lncluded ln the proJect speclflcationsl
the soil sutsey shou-ld lncorporate readings of soi-L rssistlvity (see Part V
of this Bulletin) in ohms per cublc centimeter after flnal gr3ding, to deter-
mjne the need for cathodtc protectlon. Where such sunrey lndicates resistlvlty
below 21000 ohps per cubic centlmeter, then a detalled lqvestigation of
cathodlc protectlon should be undertaken.

Flgure I lllustrates methods of houslng underground lLnes. Method A ls the
concrete trench system; B ls the butlt-up conduit, assembled in the field;
C ls the type prefabrlcated or presealed at tbe factory.

Method A, the concrote trench, offers the advantage in that lt ean house a
rn:Ittple system of ptpinge Lncludlng donestlc water heatlng lineso Ptping may
also be nrn along the slde nalJ-s, but never ln horizontal rows along the
entlra width of the treneh; the latter arrangement makes repalrs to the lower
row or rows ertremely dlffteu-Lto Its mgged constmction, plus lts resistance
to attack by suniounding corroglve or water-Iaden solJ.sl places the concrete
trench ln a top classtficatLon for distributlon systerns. Another advantage
which the trench posseoses ls its renovable precast concrete cover, which
perar-lts entrance to the trench for repatrsn Trench floors should have mearu
for carrying away water.

Wal.k-ln concrete tunnels, constmcted essentially Ilke the concrete trench
system, except for their greater depth and wldth to permtt trafflc therein,
are the most costly method for underground pipe enclosures and earutot be .
Justifted from the mechanLcal standpoint onJyo When lt ls found reasonable
to provJ.de trrnnels as a passage$sy betr.reen mltl-story butLdinss, the
mectranLcal engineer can avaIl himself of thls feature for the space heating
and domestle water heating llnes. Pipe ls usually laid along the side wa1.ls
on racks.

Method g (tile condult) ts sattsfactory when burled not over 5 feet. The
draln ls tntegral with the stnrctura} concrete base on whlch the ttle
stnreture rests. In ground deeper than 6 feet, r:nder streets and roadways
or other places where ordlnary vehicular trafflc ls antlclpated, erbra-
welght tILe ls preferable. More than one plpe can be placed ln the sane
condult.

l{ethod C (stee1 condult), presealed at the factory orcept for condult
connector sLeeves, whLch are flnLshed tn-pJ-ace ln the flelde ls formed lnto
a cyllnder wtth hellca1 corrrrgatioff, over which a coattng of blturnlnous
materlal and e tension-wrapped layer of saturated bltunrinous felt are appll"edl
$nseth-wqll coated cest-Lron and steel condults are also avallablei so are
nonmetaLlic coated condults. More then one ptpe can be pl,aced ln the same
conduit, but there must be noom for dratning and drytng the condutt tn place.

(Conttd)
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Other types of patented oondults, butlt-tp and presealedr m4Jr be aval-lable
and could senro as weIL as those clescribod horein, provlded thoy are con-
stnrcted within the scope of Feder.e.l Constnrotion CannciL Repozts 3oB and 39, end
Manual Section 207.L. Conduit structures should be seleeted on a basis of
long lltc. However, sound lnitial econorst'should be considered along with
a reasonable maintonanee and replacement orcpense in naking the seloction.

fnsulation, formed to fit the pipe, is applted to aII llnes except to return
1fures of steam systemo when nrn together ?rith srrppJy J.tnes ln the same
enclosure. Return ltnes nrn slngly ln condults should, hor+ever, be insulat,ed.

3, DT"STBIBUTION A.}ID EXPAI\ISION

An undergromd dlstribution system n&y be elaborate or simple, depending on
the method used ln routlng the Ilnes. A well.-organized slte plan wt]l permtt,
dlrect plpe distribution from bullding to bullding, and wILl obviate the need
for taking up expansj-on ln costly conerete chanbers tn the rtyard,ll

&rpansLon provislors ln the rry4r'dr should be the areeption rather than the
nrle, because usually dlstances betweon butldlngs wILl be less than 10O feet
and accordlngly requlne mearur for about L to L4/2 inches ocparuionn Where
distancos between bulldlngs are less than 200 feet and heating medj-a
temperatures are 2$0 degreos F. (equlvalent to about L5 lbs. stoe"n gaugo
pressure) or less, Llnes may be anehored ln one butlding and allowed to
expand ln anothero If the dlstance between butldtngs is tn exces,s of 2@ feete
tt ls good pollcy to anchor rnldway between bulldlngs and provide for expanslon
in both buildlngs. Deviatlons from these design methods may be necessary
where plpes are larger than 6 lnches and whsre heating media tenperatur"es
are ln excess of 29O degrees F.

The linear erpanslon of plping rLLL depend upon the type of materlal, the
outside temperatrrre at which the plpe was laid, and the operatlng temperature
of the heating medfir.n. ff tt ls anticipated that the pipe wlll be ].aid rrlth
outside temperatures of 32 degrees Fr or more, J2 degrees should be used es
the base temperature for design. The graph irt Figure 2 lus been plotted fron
available data and may be used as a guide ln designing or selectlng the
expanslon moSnso

MethodE or elements by rhlch elongatlon of plpe can be taken up aro! swtng
or slrlvel Jolntsl mechanLcaL orpanslon Joints, and pipe bends, turns or
offsets.

Srotng or srlvel Jotnts can be used ln spaee or domesti.c water heatlng systerc
rlthtn buIldtlgs. I,lade up of threaded plpe merbers with four elbows before
the pipe is returned to lts original dlrectlon, e:rpansion Ls taken up by tho
stralght merdbers ln such offsets and/or ln the slrlvel of the threaded Jointsr
These Jolnts are lnexpenslve and can be nade up easlly in the fleJ.d, but offer
disadvantages ln Leaks and addttlonaL resistance to fluld flow. Welded
menbers, in lleu of threaded, wouLd at Least overeono the disadvantage of
lealcs and could be utlJ.lzed economlcaJ-\y in ptping L-L/Z 'jnches and Larger;
copper piplng rouLd have compresslon or soldertng fittings.

- 5 - 
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roo 200

TEMPERATURE DEGREES F.

300

FIGURE 2

Mechanlcal Jotnts are fasbory produoed. and aro generalJy of the sllp or
paekloss t5pes, the former ttrpe offerlng gr.eater roslstancs to more nrgged
lllt€o The sJ.lp type operates ln the movement of a sleove wlttr-tn a cyllndere
the length of movement beiry tenned the traverse; bullt of fenrous and/or
brass naterlals, lt depends upon packLng, and stuffing glands for heating
rndlum tlghtness. The paclcless tnpe ls buJ-It frora copper, stalnless oteell
or other cotroslon-reslstart material, such as Goppor-nlckel +].I oy, formed
lnto a serles of cornrgations or bellows whtch contr.oL the traverse. The
sLtp and the paolcless Jolnts do not requlre. the space needed for the $rlng
Jotnt or the plpe bend, but the mechanical Jolnts do involve a malntenanco
and tnspectlon probLemo For thls reasoo, such Jojrts should be Ltrnlted to
instarlation ln eas{y accesslble pLaces. F,:rpertence has tndlcated the need
for two substantta[y corutnrcted gutdes on each side of the Joint to ensure
ptpe alignment, and ths need for an latertnl sLeeve tn the pacldess tJpe to
prevent accunurlatloru of eedLrnent ln the cornrgatlons.

(Contt a)
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DIMEt{sloN "L" vARlE3
WITH THE TOTAL
AMOUNT OF EXPANSIO
Rr I l/2 X PIFE DIAMETER

n

TANGENT
LEN6TH

DOUBLE OFFSET EXPANSION
U'BEND

EXPANSION U-BEND HAIRPIN BEND

FIGURE 3 EXPANSION B ENDS FOR STRAIGHT RU NS

Bends conmonly used ere the doubl,e-offset expansi.on trUr bend, 6lcpar6ton ngn

berd and the nhafu?lnr bend for stralgtrt ptpe nrue as Lllustrated in Ftgure J,
ard the angular berds for dtrectloaal changeo tn the ptplng. The ptryslcal
propertles of the pipe ltself give the bend, rhen accurately deslgned and fab-
rlcated, the necessary fJ.exlblltty to wlthstand the forces in pipe moverent
and to take up exparulon. RLpe bends soem tbe nost praotlcable rhen lt ts
r.eqtrlred to provlde for eorparulon ln the ttyardrl dtstr{butlon, becauoe of thetr
ffterclng propetttes, the bend involves no maintenance problen, and lt oan bE
pennanent\y housed in a conorete cha.rnber where no removable oover or ertenslon
manhoLe is essentialr ertding on eaoh elde of bend ls necesl ar:f for allgnnent
rlth ptpe rnovement and to pnevent needless increase ln th:rrst.

The lnherent fle:clbiltty of plpe makes posslble the spreading or springlng
of a bend when tho pipe ls cofd. The amount of thls spr"ead is termed the
rrcoLd sprJ.ngr! and, ae a rr.le, ls equLvalent to l/2 bha total llnear movement
of the plpe in expanslon. The ptplng to whtch ths bend Ls corurected ls cut
short on each side of bend an amount equal bo L/2 of the sprlrg; the bend
is then spread into permanent place to the pfphg efter anchors, guides, and
supporbs are set. The [Code for Pressure Ptptngrt ]ras stipulated t"}rat: ttZ/)
of the amount of colrl sprlng may be constdered as r.oducing the total erpan-
ston. I{hILe ptpine may be cold spnrng moro inan L/2 of lts conptrted
erparulon, the mar<lmnm credit aIIorcd shall not exceed L/l of the comptrted
totaL erpansion. The fuII anount of the co3.d sprlng sha1J. be taken into
account, however, j.n coruidering the forces, movementsr and stresses acting
in cold condlti,onerl

There ar.e llniti-ng rnirtmm radlt to wtrich pipe can be bent for elastlclty of
movement, or else the ptping rALI buclcle when subJected to the stresses
incumed by eorparulon and contractLon. If stresses are kept nithln the l.funtts
for whlch the bend was deslgned, the bend should resurre its orlglnal posltton
when norrual ter eratures are restored. The graphs in FJ4ure lr show the rradtus
to whLch a steel or rrrougtrb-troa pJ.pe can bo curred to the shapes noted for
respectlve pipe slzes and rates of expanslon.

( Cont'd)
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The halrpin bend, econom:Lcal to buIld and adequateJy sulted to condltlons
under rtrlch dlstributlon syotems functlon ln housing proJectsl should be usedp
as a general rule, where requir',ed net erpanston ls less than that shffirn at
orlgln poln'bs of the vartous plpe slze graphs in Flguzre lr for tho doub16 off-
set and expanston rlUrr bends. Figure 5 shows the mtnlmum tangent lengths in
the bend conposed of two lO-degree and one 18O-degree ueldlng elbowsl radtus
of fttttngs need be onJry L-L/z plpe dlameters; tho lnformatlon ls for steeL
and rrougbt-lmn ptp.
The graptrs of the bends ln Flgurres L and 5 have been stzed on the basts oftfeffectlve'l orparulon, equal fo 2/3 of the total calculated expanslon, and
on the basls that the bend nlll be llcold spnrngn ln pJ.ace an amount equaL t,o
t/Z ttn total calculated ocparulono The f;Uowing eiample wI[I lllustrate
the procedure ln seLectlng the proper bendt

ptpe
F.tample: The dtstancs between anchor polrrts of a 3-lnch steel_steam
,, stzed to carry stean at 15 pounds per square lncl gauga (2500 F.), ls
feet. Determine:

8o Total calcrrlated exparuJ.oa
bo CoJ.d sprlng
Gr Net axpanslon
d. Regulred mean radlus of doubl,e offset expanston trUtr bend, and

erpanaton nUll bend, to absorb expanslon
6r Bequlned tangent lengths of halrpln bend to absort expansLon

ffrocedrne; Refer to.Flgure 2o Iocate 25Oo F. on the temperature scale;
move uprrard to expanoion graph for steel plpe and theu horLzontally to
lrorparulonll ecale, readfug 1.7 lnches per 1@ fest.

185

=3
-1
eI'tt 

=

It

*

8r
bo
Gl.

Totel calculated exparuLon -
Cold sprlng -
lllorab].e expanslon redustlon -

Net erpansLon -
l{exlrrun expansi.on credlt aLlowed -

Net ocpanslon -

L.7 x 1.85
t/z x 3,t5
2/3 x L.5?
3o$rt- 1.95
L/3 x 3,Litt

.r5rr
,,57r1
.05tf
2.10n

1.O5rl
: 2.10n

Q2.
3J5n - 1"05fr

d. Refer to Flgure lr. Iocate 3,Lln on the rrtotal expanslbntr ecaLe
and move horlzontally to the 3r ptpe graphe then downtrard to the rlradlus of
bendrt sca.Ie, readlng z)-Lhn for the radlus of a double offset expansl.on ltUtt

bend end 2tr for the radlus of an e:rparuton trUr bend.
€o Refer to Flgrrre 5. Iocate 3.15tr on the trtotal expansLonn sc&1e'and 

movE hqrlzontally to the 3[ plpe grephl nead tangent factor at potnt of
intersectLoaz 2?,9. Multlpl"lr 2?.9 x 3 (ttre plpe slze) whlch equd.o 83.7rrr
the reqrrined tangent length. Ths horlzontal rrexpanston feoLorsrl scale reg
used orlglnalLy to deter:ulne t'he vertlcal rftangent factorrt Llnes.

lr c1 ard c2 elc alternete npthode for flgurlng net erpanolon, whlch lras
alnee(y been ooneldered tn tho pl.dtfry of the grapbs (fifnues h and 5).

- 9 - (contt6;
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h. ANcHoRs

Just ag It ls lmportant to desJ4n pr"operly for expansLon mear:se so is tt
lrnportant to establish that pipe novement take place generally between two
enchorsr

To serve thelr lntended purpose, anehors sholld be fastened secur.ely to the
pipe and to e retaining stnrcture such as a gusset plate bolted to the
bui]ding wall (lf anchorage ls rlthln bulldlng) or to a concrete block or
concrete charnber constnrctton (lf anchorage is ln !1p ttyspdrt). If practlcabLe;
nyardn anchore should be set at, polnts rhere branch connectlons ere to be
taken fron rnaln senrlce llnes. Anchors may range from the sinple trUo bolt or
clamp to the type fabricated from stnrctural channels or angle lrons.

5O CHAMBERS A}ID IVIANHOT.NS

Chanbers for plpe bends (or ptpe bends and anchors) can be economicaSly
constmcted wlth rei:rforeed concrote walls sutted to neet locaL condlt'l"onse
ratorproofed and wlth retnforced sLab coverlng.

A manhoLe ls provld,ed for entrance to the charber as an tntegral ocbenslon
of the chamben. The menhole, lJ.ke the charber, shor:ld be constnrcted of
reLnforred concrete, watgrproofed, and shouLd be appr"oximately 25 lnches
squaro or, tf round, 2h tnches ln dlameter--elther ttrpe exiended to about
h lnches above grade and fttted rlth cast-fuxrn Ilame and cover; earth
backflll should be sJ.oped away in aLL directlons to prevent surfaoe water
enterlng. ManhoLes are needed where the ehafrer houses equlpment such as
mechanl,cal expansion Jolntse vaLveo, steam drtp trapse and neterlng devlcese
and on\y nhen lt ls not'feaslble to Locate such eqriprrent rlttdn buIldlngsr
Two entrances to charibers, wtrere nanholes are requlred, are edrlsable; the
second manholee whsn open6d, rlll add zufficl,ent ventlJ.atlon to per"mlt com-
forbeble condltlons when maklng repairsr

The chanber should be deslgrud on the basls of the Least plystcal dlmensions
to sult the t1ryee of ocpanslon devlceo For exampJ.e, the arra of a chamber
requilned for an enpansLon nUn bend ls greater than tbat to houee a double
offset ttrpe of bend wlth the same ocpanston capaclty; the cost of the berd
too should be relghed tn the calcuLatlon.

PreseaLed-condult nanufacturerg have reans of allowlng the plpe bend sueh
as the hafupln t1rye to be flexed wlthtn lts own condult stnroture. By thts
nethod, tlre concrete char&er; as ouch; ls not needed.

6. INAINAGE

The adequacy or tnadequacy of a dralnage nothod nay weLL establlsh the dff-
ference betueen the succege and the fatlure of an otherw'lse woll-proportloned
condult dlstrlbutlon. tilhlle extra dretns beyond that supplled and erected
wlth the conduLt are not necessery tn eandy or dense clay sollsrand of lor

(Cont t d)
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retor table, the we of gnch devlces ehould be narranted rhere there l,s e
ldgh rater table and nber.a tryemeable soLLr tnvlte exeosslve grouDd ratero
lfblle PIIA Gutdo Speclftcatlons do not lndlcate the use of gravele lt ls epod
pol1s17 to have the ground neter sleve throrgh a layer of clean sand ard
through tbe lnterstLces of a bed of gravelo

hovJ"Eion for dralnage to the stom-r.ater system through a flloor drel-u nry be
nade rhere draj-n enters butldl-ng or nyardr chadbero hatnage nay? be contLmed
thttough a chanber rhere tt tB uot foaslbLe to provlde ssrer coraecttons at
these polntse ln rhlch case the condult should drrer-a at the gam l,sreJ' as tb
chariber flooro In ary ovent, all 1or potnts of tbs system ahould bc drelned
to a nposlttven dratnage sourr)eo

7. EICATATIOI{ A}ID BACTF'TT.I^

Condult narlrfacturersr Eervlce de&q{Is lndlcate the rddth of trench noceseartrr
for parttenlar typee of condult. These detail.s ehould also shotr the nsUhod
of asse&ly aluf shouLd be follored rlth ertreme csrei ln fact, contrac0
opeclfLcatioru ghmld stlprr.lete that patented condult systemt be tnetaI"ed
urder cont{nrorg ouperrlslon o.f tbe nanrfacturerle represeutatlyB. fhe
mamfactnrer could thea assrnre a defl-nlte ueasurc of resporulbllltyo

Rlpe enclosurc shorrld rest on ffua bearlng soIL to avotd settlqprto In Ecnne

caaes tt ney be necessarlT to lncludo extra oupport{ng netbods such a,s ptJ.est
th{q l.s €ntr@ly frmpoltert to prevent settleneEtr end conseqred fallure of
tbe syeteno

BackfllL too ls perttaent to the Euceeas of e dlstrlbutlon eyeteo; boulders
or other eastraneous nater{aL deposlted caroleosJy ean break a ttle condult
or othemlse deteriorate e mtaL condult subJect to eorroslve elaents preseut
la uncLean backflJ.l. Clesr earthp sadl fLne gravel, bolrorl or ccavated
nater{a.L free of lerge stonesl trash, lrmibe4 cirders, or ashes make good
backflll natenla.lo Ailount of- cover over tbe plpe eneLosure depends on depth
of fnost llnee slte topographfr and rftether the enclosure ls belor a roadbed.
Refer to the PEA &rlde Speclftcatlonsr

-lJ.- mrA-PEA, 1f6s[.1 D.C.



Hm,A ':ll{,'s#LgTB

PLUMBING AIVD VEMII,ATION

PABT XV - SIZING OF GAS PTPING IN BUILDINGS

1. IIIIBODUCTION

The use of gas-flred equlpment and appliances has greatly increased ln
recent years, and thls increase ls continuing at an acceleratlng rate.
One principal reason for this trend is the growing avallability of gas,
due to eross-country natural gas pipe lines erving a greater number of
conmunltles.

When gas is selected as a fue1, lt ls essential that the gas dlstrlbutlon
piplng leadlng to the eguipment and. applianees be properly slzed and cor-
rectly instaIled.. Excesslvely large piping und.uly increases the initlal
cost, while urldersizecl piping restricts the seLectlon of the proper equlp-
ment and. appllances or ad.versely affects thelr operation by causing large
pressure fluctuations at the appliances under changing loacl conclltions.
With mod.ern gas-burning d.evices, pressure fluctuations in the supply line,
which eause variatlons in the flow of gas, must be kept to a minlmum to
prevent flame fallure of pilot burners and. poor service of the maln burners.
Gas companies have stated. that many of the serviee coraplaints they recelve
are caused. solely by und.ersized. gas piping.

Correct method.s of installation are extremely important to prevent d.lsastrous
accid.ents. Adherence to the installation methods outlined 1n Part V of this
Bulletin, "Safety Consid.erations ln the Installation of Gas Piplng," is
emphatically recommend.ed..

2. 'FACTORS AFFECTING GAS PIPE SIZING

The physical laws governing the flow of gas in plplng involve the following
factors, which influence the d.eterminatign of correct pipe slzes:

a. The required. flow of gas through the plping
b. The specific gravity of the gas
c. The allowable loss in pressure from the service entrance to the

equipment or appllance.
d.. The clevelopecl length of the piping.

The requtred gas flow is estinated. from the naxlmum Btu demand of the
appliances and equipment, the heat content of the gas used, andl the dlverslty
factor derived from the number and ty5re of the connected. appllances. The
speclfic gravlty of the gas w111 depend. on the nature of the gas supptled
by the utility. The allolrable pressure d.rop in the system depends on the
available gas pressure at the service entrance, the losses or gains 1n pres-
sure d.ue to dif:lerences in elevation between the service entrance and. the
appllances, and bhe gas pressure required. at the appllances, The d.evelopecl
length of the pl1'lng depends on the relatlve locatlons of the servlce
entrance ancl the appliances.

-].-
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8o Rcquired Ste tr'f€)v. The oounoaly used boueebold appllancss have hourly
Btu lnputs as follovsr

Four-burner donestlc range 621500
Rcfrlgerator

Capactty /r crblc feet 11900
6 aublc feet 2fi5O to 2/+fr
8 cublc feet 21800

Donestic water beater
Irloucinal tank size 20 gillon 2OI0OO dtnlnrur

30 gailon 241000 rlnluun
40 gal.lon 301000 alnLnun

For exaot deterulnation of the Btu Lnputs of thesc t5pos of appllenoee (aa
rell as for space heaters, furnaces, or bollers) reference sbould be nade to
the naaufasturersr catalogs or to the ligtlnga ln thc itDirectory of Approved
Gae Appllarrcoo and Llsted Accessorleatr g publlsbed by thc Anerlcaa Gac
Assoclattono

Tbe volurc of gas that rriLl supply anSr epcclfled quantlty of heat ls detornlncd
by the hcating value of the gas exPressed la Btu per qrblc footo Thc beatlng
valuc of gasea, detomiued at e atandard tenperature of 6OoF end under a
atandard pressure of 30 incbes of aercrrrSr, Ls between {00 and @0 Btu per cubto
foot for nanufactured gas; betwecn 90O and 1200 Btu per orbLc foot for aaturel
gasl and between 2500 and 3t7O BEU per aublc foot for llquefled petroleua gac.
The exaot heating value for a partiorlar gas belag zupplled to c locallty la
obtalnabLc fnom the gas utt!-lty conpany.

tJhen deternln{ng the peak denand for a alng}e gas appllencc, lt ls sufflclcat
to divlde tbe hourll Btu lnprt of the appllance by the heatlng value of thc
gas, to get the required flow ln cublc fcet per hour. Eowcver, vhen rore than
one household appllanac is betng served bJr e gas dLstrlbutioa ayrten, the fact
that all the appllaaoos w111 rarely be operatlng slutrltancouely (tbc dlverclty
factor) lnfluenoes the deterulnation of tbc total pealc denand of tbe group of
appllanceso By neaas of Flgure 1 the piak-hour dcnand ln therus (fOOiOOO-g'tu)
or ln thousaDda of qrblc feet cen be eetlnated f,or groups of dvolllag urita
vhcn cuch dro11lnga contaln gas rsnges, refrl.gerators, nater heatcrs, or
conblnatlons of such appllanceor

All tenant-.operated Bpaee heatlng equlpnent (furaaceal bolIera, a.Dd spaoo
heaters) lnstalled ln a proJect ri11 ucually operate ctmultancously dur,!.ng
cold veatber; and when on).y a few euch eppllancea are @uneated, the total
peak denald should bc talen ae the sum of tbe lnprts to all such equlprioent.
For lsrgsr nunbers of dnclllrg unlte, however, the peak cooklag dcuend wonld
uot nornally occur alnultaneouslJ rlth the pcak apace heat{ng dcnand, ao that

Avallablc from the Anerlcan Ges AaroclatLon Tesbtng Lsboratorlee, lO12
Eaat 62nd Strcet, Clcvcland 14r 0hlo, or ].425 Grande Vlsta Avoarc,
Ios Angeles 23t Callfornla"
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the comblaed peak demand 
-fcr projects with both gas-flred household appllances,

and gas-fired space heating equipment should be the values taken from Figrrre l,
plus the total input ratings of all the connected space heating equlpment
multiplted by the foilowing factors.

Idurnber of
Dwel-Ilne Units

l-
10

100
1000

Figr:re 1 shows an example of this proeedr:re for 48 dwelling units using
gas-fired ranges, water heaters and refrigerators. The peaJc-hour denand ls
shown to be 1l therms, or for gas with a heating value of 1000 Btu per cublc
foot, it is 1300 subic feet. If each dwelling ts furnished with a space
heater and the total hourly input of all the space heaters Is 19.2 therms, the
reductlon fasbor should be about .88 and tbe demand estimate for the space
heaters would be 19,2 x .88 = 17 therns. The ccnbined peak hor:r denand is
then 13 * 17 : 30 therms, or !000 cubic feet of this gas.

b. The speclfic gravlty of gas ls the ratio of lts weight to the neight of
aa equal voluue of atr. &laaufactured gas bas a specifS.c gravity between 0o40
and 0,70; aatural gas between 0,55 and 0.85; Ilquefled petrolerrn gas between
1.50 and 2.00. As with the heating value, the specific gravity of the gas to
be used in a particular project shotfld be obtained fron the 1oca1 gas supp1ler.

The flow of gas through piping and gas equlpment varies as the square root of
the speclflc gravity of the gas. @pacity ratings of neters, regulators, and
slnl,lar ltens are usually based on gas rlth a speclfic gravity of 0,60; lf the
eapacity rating at any other specific gravity is desired, the rating at q
spoctfic gravlty of 0"50 should be nultipu"a urrffio rhere the denonlnator
of thls tern Ls the actual specific gravlty of tf,e gas. This factor has becn
deterolned In Table 1 for various speclfic gravity values.

co The a_Ilovable pressure drop is the gas pressure at tbe service entrance
of the building less the minimum pressure required by the gas appllances for
thelr proper operation (2,3 inches of water for appllaDces using nanufactr:red
gasr /+.6 lnches of rnater for natural gas, and 11 inches for llquefled petroleun
gas). The ssrvlce entrance pressure 1s tha street maln pressnre less the
pressure drop through the exterior plpir€, neters and regulators; ltE value
shopld be obtainable frorr the slte engi-neer. Fron that alIowable presstre drop
should be deduqbed the pressure drop thror:gh tbe cbeck neter (about 0r5 lnches
of water), and the remainder would be the allowable pressure drop thror:gh the
building piplng. Service entrance pressures are usuelly deslgned to perult an
al.lowable pressure drop through the bullding plplng of about 0.J inches Qf water.

- lr-

Factors for Total Input Ratlngs
of Slrace Eeating Equlpment

r.00
.ga
.Bf
.80



EEFA
PHA

* r"s;;, i,* i_ ;l ' 
T^f: ,

Ttn*, 44-. BuLletin No. LB-?

6."f'# PAm rv9.13-50

IABI,E 1

'EBegl.flc Grevlty Fasb ors
baeed on a valuiof 0.6

Spectflc gravlty
of the gas

Faotor to be applled
to capacltv ratlngg

L.22
1.15
1.09
1.04
1.00
0.96
o,g3
0.90
0.87
0"84
0.?g
o.63
0.55

a

c

o

a

a

0
0
0
0
0
0
0
o
0
0
I

.40
,15
.50
,55
.60
.65
70
75
80
85
00
50
00

I.
2.

Ihea the gas Ls ltghter tban air, its preasnre wiIL lncreale vhen the gaa i.r
florlug uprnrd and decreasi rhen tbe flon is dowauard; when heavler than alr
(ea lc the aeoe ntth llquefled petroleun gaa) tbe reyerse ig true. Thlg
cbange ln prcaeure ls ususl\y snallrbW vhen 1t ls slgalflcant it ghould bc
added to (or dcdusted frou) the alJouable. pressure drop through the butlding
plptng, aad the total value used ln tbe plpe size evaluatiolt.

Tablc 2, abovs an Estbatloa of the c,hange in preseure for gas flovtry tbrougb
vcrtleal plplng.

TABI.E 2

Chansc of Gae Preaaue ylth Vertical Dlgtapa'e (at Sea Lsvcl)

Presgure change la lnchec
of vater per 10 feet of

vertica-l dlatanbe
Speclfic gravity

of the gaa

0.40
o.:15
00r0
OnrS
0.60
o.65
0.70
0,75
0.80
0.8,
1.00
1.r0
2.OO

0.089
0.081,
0.tr/4
0.066
0.0r9
0.052
0.044
0.037
0.029
0.022
0.000
0.0rl4
0"149

-5-
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d.. DeveLopect Length of Plplng. fhe slzes of gas ptplng ln the buildlng
ghould be chosgn so that the total reststance to flow through the pipe,
flttlnge, ard valveg ia the bullding ts aot greater than the 'allori'abLe pres-
sure drop through the piplng. The reslstance to flow Ls a f\mction of the
dcvelopcd leugtb of the pipingr that ls, tha sun of tbe aatuel leugth of the
ptpe tn any parblcular nrn plus an allowance for the fittings.:"and valveb la
thit nrn. The allowance for velves and fittiage ts expieosed, as the equlva-
lent length of strafght pip€ that has the saue reslEtanee tO flow as the
val.ve or flttlng. Thege equivaleat lengths for any partlor1ar nur of piptr€
could be eatlnated on a lump su.n basis, or can be determLned nore accurately
by neane of Tablc 3.

rABtj_2

Bq ulvalent LSr nstb ol -F-&g_ln _Eqej;fq. V aly e q-qfrd -$t-t:-rne g

Slze of
velve or f,ltting

(laches)

3/t*
1
L-Utr
t-v2
2
24/2
3
4

3. PRocEDIInE FoR PrPE srzruo

llbere Q ls the florl of

K ls equal to (

Standard
eLbow or

t-ee

]'r3
L.7
2.5
3.3
5,1
6"7
9.3

14.0

q=355oK(#)Y2

gas ln cubio feet per hour

-!5- -tl/z+ 0.03D

Globe
gelvlg.

200
2"6
3.9
5.0
7,7

1,0.L
14.0
21o0

vhere D ls the actual
plpe dlameter ln inches

The quanttty of gas flowing through plping can be conputed by means of the
Spltzglass foruqLa for itend-to-endn flow. For gage pressures not exceedLng
I pound per square inch the forntrla ls

r+#

-6-
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h ls the pressure drop ln lnches of nater coltun
S ls tbe speclfic gravity of the gas
! ls the developed length of tbe piping in feet

The evaLuation of this equation for standard weight steel Flpe ranglng 1n
size from 3l+ tnel to {, lnches ls presented ln Table { for gas rith a speclflc
gravlty of 0.(Oo For gas of dlfferln' speciflc gravity the estineted requlrid
flov shouLC be dl_vJ$d by the approprir,te factor listed ln Table 1 and tbe
revl.ged flow used ln.conneetion with Table {. l'then sizing tbe pipe for
liquefled Petroleun gas lnsta-l.latlons rhere there ts a"ny posslbility that
natural gas willl be substituted, for the liquefied. petroleum gas durlng the
life of the prcJect, it is ad-vlsable to:,:ahe the initial pipe deslgn
on a naturel gas trasls.

fabtre { should be used ln slzing all parts of the piplrqg slEten except the
eupply plpes that conneet dlrectll to each.appliance or plece of equlpneut.
These supplles shoulo be not less than the elze of tbe l,n}et on the appllance
or equipment, usually 3/t, lnch for ranges, 7/2 LrcA for refrlgerators, and
l./Z ilrcb for water heaters. The pipe sizlr,g procedure can be suhmarLzed as
follows r

8e The-.f-e-o-q1g-eAggr.,s--f-l.o!, ln cublc feet, per houri ln each seotlon of the
plping should be deternlneC frora Figure 1, taklng into oonalderatlon the beat-
1rg value of the gas, the slze of the appllances, and whetber there la arryr
connected sps.ce heating equlpnertr l

, bo thp_-e!ggl!f!S_ gFgI,!_ty f_aclES for tbe gas to be uged ehotrld be deternlned
from Table 1, and tbe equlvalent flow for a gas rlth a speclfic gravlty of
p.€O detetmlned by divldlng the actual gae fJ.ov by tbe speciflc gbavlty
factor"

c. Th-e_ello.yablg_]-o€s.lr_-p11ee.Ug ln tbe plping should be detemined by
deductlng the requlred outlet pres'sure and the preosure drop through tbe
cbeck neter fron the servlce ertrance preesure, and thea adJustlng for tbc
total change Iu elevatlon between the eervice entrence and the appl.lancG,
uslng the values given ln Table 2.

d. The -dbv-eloped lenet! .of the longest rrrr ln the piplag chould be
deternlned by adding to tbe actrral" length of the plpe from the gellvloc
entrance to the farbhest appllance the equlvalent.length of aIL the flttlage
and val"ves, ueing a lunp aun or a aonputed value derLved fron TabLe 3 and
based on assuned pipe size6.

€o Table 4. hter Table l, at the lefb hand co1utn for the Developed
Length of Plpe at, the value In the table cl.osest to the dcveloped leagthg
follov horizontally to the rlght tlll a value of the pressure drop ls reaobed
tbat ls Just lesa than the allowabIe preesure drop; drop verttoally to tbe
loner part of the tabl.e to the flrst flov ftgure that ls Just larger than
the requlred flow rben using 0o60 cpeclflc gravity gaa; and nove borlzontally
to tbe left to read the pipe slze dlrectly ln the lover lefb hand oolumt.
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Ftgurc 2 lbora a ty'pleal layout f,or rlzlng the gao plpc 1a a three-rtory
butlding coatal'l'g ck drrelllng unlta each rupplled tdth a gar-flnd foun-
burner reDgo, 6 oublc foot refrlgerator, 30 gallon neter heater ard 4010@
Btu opaee hoater. Ibc pcak-hour denand for the alr firolltag unitr yould b.
! therur (frsr llgure 1) for the rangec, refrlgeratorc, and neter beatcrr,
plor 6 r {01000 - 0.91$ r, 226r&0 Btu or 2.3 thErns for thc lpaoo hoatom,
narrlD8 a total poa}.&ourdcund'of 3 + 2.3 = 5.3 thoms. If the ga.r bat r
hcatlng yaluc of 900 Btu pcr crablo foor,, tbe requlrcd flor at tbe torvlod
cntraacc Li 5o3 r 1001000 t 90O = 59O cr+blc feet pcr bour. S!.rllerly lpc
requlrod flow lnto eaoh rrser rould bc.Esorooof (3 r 4oro0o r 0.916,)]_
t 900 -= 33O. qrblc fcet 1nr hour, aad ln 'tue upoi ccctlonr of eaoh rarci tt
rould bc the valuea ahona ln Flgure 2 rftloh arc dctcrnlned la e rtrtlar
ll,Ectc

If tbc lpocl,flc gravlty of ths gar 11 0o70, tbe rpcalflc grcvlty frcBor (frol
?ablc 1) la 9.93. lbcrcforee the equlvaleat hourly flon for s ge! rlth I
apoclflo grlrtty of 0c60 vould be 590 ,. 0o93 = 635 snblc fcst et the rcrlse
iatrence, 3fr * O"93 = 355 orUlc feet it thc bace.of cacb rLrcr, end rtd.terly
for tbe uppor sectlona of eaeh ri!.tr.

ff thc gar presfirc at the lerrrlcg eatraace la glvcu ae 5.3 lnohcc of, ratcr,
t!6 rlnfuas pr.uur. rcqu!.red at the appllanecr 11 4.6 lnoho, tbe lneearrc
loaa through tbe chrok reter 1g 0o5 lncbea, and tbe tbbd floor alryllenoca
aro 30 fcet sbove the rerrlce ontrance, thea the a[otileblc ptcsrurc drep ta
tbc plplng rhould be 5.3 - 4o6 - 0.5 I (l r 0.044) = Oc33 lncbco vherc tho
fac0or for the laEt tern ls taken fron table 2c

The ac0ual lengtb of, plpe fron the ocrtrLcc otrancc to thc top,nost eppllance
le_ 60 teEt rrrt-h 14 ffttrrlgr (teoa ani elbors) !pLpgg-&-cff_ rqlvc ln thtr
le4gth. If 3 of tbe ftttltga are assuoed to.be -2 lncbor la stze. 2i ftttlngg arc
t-ifz laea slzer 1 flttltrg 1! 1-1/l+ lnch, 5 -flttlne! are,I lacb. an(l J'
ftttlrrgg aad the ahut-off velve sc 3/4 lnoh, the cqulvelrd'.lcngth sf thEac
flttlngc and valves nould be (uslng table 3)r (, r ,.t) f (2 x 3.9) +
(1 r2.6) I (5r1.?) + (3 x1.3) * (f r2.0) =38.9ort!fccto Thcdovelopod
lcagth to tbe topnoat appllanco 1r 60 S 39 = 99 frot.

Slaao t\c.dovcloped loagtb to tho topnort appllaaec b g9 f,eet, the ucarect
greatcr Length ln Table 4 voqld.b€ 100 fcct. Ertcndtag borlsostally la thc
table frou 100 feet to a value of the prgssnrc arop (0.f0 laehce) that tr
the uext anallest value to tbat requlrad (O,33 lacbea), droppiag vortlcally
to sn hourly flov value (9ef etrUfc feet) that La tbe nqrt larger velue to thc
flon requLred for gaa rrtth 0o60 speclflc gravfty (635 cublo fect), and thcn
erteadlng borlgoutellJr beek to ths eolunn oa the left glvcE a rcqufcd plpo
alge of 2 luches at the Eer:vtoc eatrancer 'Ualrg the aane vertlcal colum aad
tbe bourly flor ln the tablc (455 cnUfc feet) that ls the aoxt l'argor flor
rrlth 0.60 spcctflc grrvlty than tbat required at the base of crob rlaen (355
cubic feet), the plpe size lndlcated ta t4/2 l.lochcl; and on thE aare ba;lc
thc reralndEr of the rl.scr and the nrnouts to the appllancct are of tbe clzca
lborao

-9-
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REFRIG,

REFRIG

REFRIG

t1

590 CU.FT. PER HR.(0.70 9P GR.)
635 cU.FT. PER HR.(0.60 SP. GR.)

330 CU. FT, PER HR. (O.70 SP 0R.)
355 CU.FT. PER HR.

z"

o

SPACE HEATER

6R

NOTE:-
lil EACH OWELLI]lG !

4.BURNER RANGE
5 CU. FT. REFRIGERATOR
30 GALLON WATER }IEATER
4OTOOO BTU SPACE HEATER

GAS HAS:
HEATTTIO VALUE OF 9OO BTU
PER CUBIC FOOT.
SPECIFIC GRAVITY OF O.7O
SPECIFIC ORAVITY FACTOBS
o.93 FOR CAmC|TY, O.O.lt FOR
HEIGHT

AVAILABLE PRESSURE AT T}IE
BUILDING WALL I

5.3 TNCHES OF WATER COLUTI
I{I}I IMUM REOUIRED PRES3URE
AT APPLIANCES I

..6 I}ICHE3 OF ITATER COLUIII
PRESSURE LO33 THROUOH
CHECK iIETER 'o.5 rilcHES OF WATER COLUmI

HEI6HT OF HIOHEST APPLIATICE
ABOVE THE SERVICE EilTRANCE'

30 FEET
ALLOWAELE PRES3URE DROP
It{ PIPE r

5.3 -a.6-O.5 + O.O.$.1 X 3.O I
o.33 l]tcHES

DEVELOPED LENOTH FROT
SERVIGE ENTRAI{CE TO HIOHEST
FIXTURE !

99 FEET

PART BASEMENT PLAN OF TYPICAL BUILDING

r43 CU.FT. PER lrR.(O.70 SP.0R.)
154 cu.FT. PER HR.(0.60 SP.GR.)
lt'

I4O CU.FI PER HR.
(o.70 sP.0R.)
I5O CU.FT. PER HR.
(0.60 sP. oR.)

tl2'

230CU.FT. PER HR. (O.70 9P. OR.)
217 CU. FT. PER HR. (0.60 SP. 0R.)
I t/1"

GR.)
GR.)

SP.
SP

70
.60

o.ER HR.(
ER HR.(

CU.FT.
CU.FT.
,/1"

70
75

P
P

RANGE

RA}IGE

f,,ATER HEATER

WATER HEATER

SPACE HEATER

33O CU. FT. PER HR. (O.7O SP. GR.)
355 CU. FT. PER HR. (0.60 SP GR.)
I t/2"

I

IYATER H

SPACE HEATER

EATER

v2" Q
TYPICAL RISER DIAGRAM

FIGURE 2 SIZING GAS PIPING IN A TYPICAL THREE STORY BUILDING
-10
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ft cbould be notcd that the ascured ptpc alrcg uaed la oonputlng the cqulvalot
lcngth of the vrlvea rnd flttlngs atG aot rtrlgt\r aoorrate, hrt lt ta obrvlous
that thc reanltc of a re-oonputatloa of thc dcveJ.opcd length rould not affect
tbc plpc sttes ead 1r, tbcrcfore, ulllcosalatlr

| 

^r-r-.J
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PLWBINC' HEATIXCL fl{D VENTILATIoN

PAF.T )W - SIZING 0F CIAS PIPING IN BIETDINGS

1. INTBODIJCTION

When gas fired equipment and appllances are used, it is essentlal that the
gas distributlon pipiag leadiag to the equi,pment and appliences be properly
slzed a,nd comect\y installed. Excessively large plpitg undul.y j-ncreases
the lnitlal coste utrile undersized ptping restricts the selection of the
prqper equiprent and appliances or adverse\r affects their op€retion by
causi-ng large pressure fluctuations at the appllenees under changi-ng load
conditions. With modern gas-burning devices, pressure fluctuatlons 1n the
supply line, rhich cause varLations l-n the flor of ges, must be kept to a
ml:rlmun to prevent flame failure of pil-ot burners and poor servlce of the
maln burners.

Tbe use of gas ls so comnonplace and the pipe uork for this fuel so cLnp1e
there is some tendency to lgnore inlrerent dangers of leakage and explosions
in faulty design and installations.
frequently ar6 recorded in the prees.

Asptqrxtation and disastrous gas expJ-oelons

Correct nethods of installatLon are errUreme\y fuport,ant to prevent dlsastrous
accldente. Adherence to the installation methods outllned ln Part V of thLe
Bulletln, ttSafety Consideratlons il the Installation of Gas Pipingr,, lE enphat-
lcalIy recormended.

2. TACTORS AFFECTI}ff} GAS PIPE SIZING

Gas pipiag shoul.d be properly sized and lnstalled as to provide a supp\r of
gas sufficient to reet tbe ma:rirnurn demand without undue loss between the meter,
or gcrvice regulator lfien a meter ls not provided, and the appllances. The
size of gas plplng dcpends upon the folloning faetors:

8o AllowabLe loss Ln pressure from neter, or serrlce regulator rhen
a meter ls not provided, to app).lances.

b. Maxtnum gas eonsutption to be provided.

cr Length of piplng and number of flttlngs.
d. Speclflc gravlty of the gas.

eo Dlverstty faetor.

(Conttd)

ft haatletin No. LR-Z dated 9-13-rO.
becn revlsed to br.i.ng the mater{-al up to date.
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The required gas consumption is estl'nated from the naximum Btu demand of the
ippfianoes *i equipmonl, the heat, content of the gas used, a{rd tbe diversity
factor derived frronr- the nunber and tylpe of the connected aPpLLancos. The

speclfic grauaty of the gas u"iII depend on the nature of the gas supplled
by the utility. The all.owable pressure drop in the system depends on the
available gas pressure at the service entrance, the losses or galns ia
pressure due to differences ln elevation between tbe servlces entrance and
the appliances, and the gas prossure required at the app).l8rcssr The developed
length of the plping depends on the relative locatlons of the servlce Entrance
and the appllances.

&o Requlred Gas Consumption. The comrnonly used household appllances
have hourly Btu inputs as followst

Four-burner domestic range 65rO@

Domestic rater heater

Nominal tank size J0 gaI1on 2l+r000 rniniruum

[0 gallon 331000 rrjnirnum

!0 gallon 3510@ minimurn

For exact, determiaation of the Btu lnputs of these ty;pes of appLiarces (as
wEII as for space heaters, furnaces, boilers, refrigerators, clothes drlrers,
high input type water heatersland other eqrripment or appliancee) reference
shouLd be made to the uanufacturersl catalogs or to the li"stinga in the
frDirectory of Approvod Gas Appllances and Listed Accessorier,' L/, publlshed
by the Ameriean Gas AssocLation.

The volume of gas that wj.Ll supply any specifled qrantlty of heat ls deter-
mlned by the heatlng value of the gas expressed jrc B.tu per cubic foot. The
exact heating value for a particular gas belag supplted to a locality te
obtalnable from the gas uti}ity compar{r.

lfhan detemrlning the peak demand for a aingle gas appJ,lance, tt ls sufflclent
to divtde the hourly Btu input of the appltance by the heating value of tho
gas, to get the required flor Ln cublc feet par hour. Horever, r&ea nore ttran
one household appliance Is being serned by a gas dlstribtrtion system, the
fact that all appliarpes rlIL rarely be operating sirnu'Itaneously (tbe atverstty
factor) influences the deterrninatlon of the total peak demand o1 tUe group of

(Contt d)

Assoclation, fnc., Laboratories, IO32 East
52nd Street, C1evo1and, Ohio l+h103, or th25 Grarrde Vista Avonue, Los Angeles,
CaLifornia 90023
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appllances, The peak-hour demand Ln therms (IOOrOOO Btu) can be estlnated,
for groups of dwelltng unlts contatnlng gas ranges and water heaters or
conbLnation of both appllances, by consuLtLng the table titled Peak llour
Loads contatned in Part II of PHA Bulletin No. LB-LLr paragraph lr. - Gas
Requirements.

All tenant-operated space heatlng equlpment (furnaces, bollersr ard specc
heaters) lnstaLled ln a proJect rrllL usueLly operatc slmultaneously durl,ng
eol.d weather; and when only a few such appUances are connected, the total
peak demand shouLd be taken as the sum of the lnputs to all such equiptrent.
For larger nunbers of dwelllng urdts, however, ttre peak cooldng dcrnand would
not normally occur slnultaneously wlth ttre peak spacc hcatlng demand, co that
the conblned pealc demand for proJects rlth bottr gas-ftred household eppllrnoet
and gas-flred space heating should be the values of the appllences, referred
to ln the pr"errlous paragraph, plus 906 of thc speclfied lnput of all conneeted
heatlng appllances.

3, GAS PIPING SIZING

the size of gas plplng in a building can best be determlned by consultd.ng t'tte
heneinafter mcntloned tables that are eet forth ln Part fI of the ASA Handbook
?, 21.30 tttled rfnsteLlation of Gas Appliancss and Gas Plplngrt /.
Capacltles ln cubLc feet per hour of O.6O specLflc gravlty gas for dlffercnt
slzes and J-engths ane shown in Tables 2A and 28 for lron plpe or equivalent
pLpe and in Table 2C for semlrlgLd tubing. Tables 2A and 2C are bascd upon
a pressure drop of 0.3 lnch water coJ.unn, whereas Teble 28 1g based upon a
pnessune drop of 0.5 inch water column. fn ustng these tables no addltlonel
allorance is neccssary for an ordlnary nunbcr of flttlngs. Ttre serrlng gar
suppUer shal,L deslgnatc rhich tablc(s) shouLd be used.

Capaeitles Ln thousands of Btu per hour of trndiluted }lquefled petroleun gases
based on a pressure drop of 0.5 lnch water colurnn for dlffcr?nt Slzos and
lengths ar.e shown in Table lrA for lron plpe of equlvalent ri.gtd pipe and Ln
Table l+B for sernirlgLd tublng. fn uslng these tabLes no addittonal alLorancc
is neccssary for an ordinarlr number of fittings.

The speeLfl,e gravlty of gas ls the ratlo of its welght to ttre weight of an
equal vo}:rne of alr. Hanufactured gas has a speclflc gravlty betneen 0.L0
and O.?0; naturel gas between O.55 and 0.85; Iiquefled petroleum gas bctreen
1.50 and 2.00. As wlth the heating va1r.n, the speciflc gravity of the gaa
to be used ln a partlcular proJect should be obtained from the loca1 gas
suppHer.

( Contt d)

Available from the Amerlcan Gas Assoclatlon, Inc.e
Ner York, N.Y. 10015.

v
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The procedurc to stze each sectlon of gas ptplng ln a systarn rlttrln rangc
of thc abovc nuntioned Tablcs 2A, 28, 2C, !A, or lrB can be detcrnrlrud by con-
oulttng paragraoh 2.b.3(d) set forth in Part II of the ASA Hendbook Z 2L.3O.

Gas plplng syat€m! that are to be supplled rlth gas of a speclflc gravlty
of 0.70 or less cen be slzed dLrectly fron Tabl.es 2A, 28, and 2C unl,eas thc
loca1 gat suppller specJ.fies that a gravlty factor bc app1i.ed. Whsn the
speclfic gravtty of tttc gas is groater than 0.70 the gravLty factor ahoul.d
bc applled. Appllcation of the gravity factor converts the flgures glvcn
Ln the above tabl.es to the capacltles ylttr another gas of dlfferent apcclflc
gravlty. Ttrls ls aeconpllahed by multtplytng the capacLties ln thc abovc
tablcs by thc rnrltlpllers ghoflr tn Tablc 3. If the e:cact specl.flc gravlty
does not appeer ln Table 3e ehoose ttre rpxt htgher value spccl.flc gravlty
shotttt.

L HHI'A-P[IA, Uash.1 D.C.
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PLUMBING. I{EATTNG AND VF,NI]LATION

EAEI XVr - F@B-trNE. PEnTMETER. AND PANEI, HEATTNg

1. INTRODUCTION

Many nev methods of space heating have been advocated and promoted during
the past few years, &d while not aIl of them appear to be applicable to
low-rent public housing, a few are like1y to preeent such advantages of
cost or comfort over the conventional heating systems as to be worthy of
consideration in some lor^rrent housing projects. Two of these methods,
floor line heating and panel heatingl are nou the subject of research investi-
gations under the sponsorship of the Housing and Home Finance Agency, and the
resulting information will be issued after the investigations have been com-
pleted. The third nethod, perimeter heating, has been under study by the
National l,Iarm Air Heating and Air Conditioning Association, and recommended
design and installation practices are contained in their lt/ianual No. 4r rrWarm

Air Perimeter Heating,,, L/ The information presented here relative to these
three heating methods is not to be construed as a design procedure or complete
coverage of the subject, but is intended only to outline some of the factors
that should be taken into account when the possibility of using one of these
systems ls under consideration.

IUPORTAUI N![E. This dirscussion recognizes three relatively recent develop-
ments in heating systems. It presents their probablp advantages and, particu-
lar1y, thej-r inherent disadvantages, including lack of adequate design data
and long-range experlence and (usually) unfavorable cost differentials. WhiIe
it may be that, in certain 1ocal1ties, a favorable combination of cost and
climatic conditions may make the use of one or the other of these systems
economical and feasible, it is believedthat such use, in most eases, will be
difficult to justify for low-rent public housrng at this time.

2. FLOOR LINE HEATING

A floor line heating system is sinilar 1n a broad sense to the conventional
steam or forced hot water system, the greatest difference being that instead
of radiators of the conventional typer lengths of metal radiator or convec-
tor elements are located at the floor line in place of the norrnal baseboard.
Such heating elementsl caIled baseboard units, extend along the exterior walls
of each room of the dwel-ling, and are usually connected in series so that a
single pair of risers may serve the entire dwe1ling. To control the flow of
the heating mediun through the units, a shut-off valve should be installed in
the runout between the supply rlser and the first baseboard unit, and a

Available from the National y,iarm Air Heating and Air Conditioning
,Association, 14-5 Public Sguare, Cleveland 14., Ohio. Price 60 cents.
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balancing device should be placed j-n an appropriate location to regulate
the heating distribution to each dweIling. fn addition, a hand-operated
damper or bypass valve should be included in the baseboard unit in each
room to control the heat output from the unit.

The piplng between the separate baseboard units in a dwelling must drop
beneath the floor when it crosses doors or si-milar openlngs located between
the units. ff steam is the heating medium, drip traps will be required at
such 1ow points, and the expense required for their installation suggeste
that ,fIoor 'line heating systems are better adapted for use r^rith forced hot
water rather than steam;'this point, however, should be analyzed if both
systems are under consideration.

The e$gglgggg of the floor line systen over a conventional steam or forced
hot water instal.lation are believed to be as follows:

&o lglgl-Epine !ag!r since only one pair of risers is usually required
for each dwelling.

b. fngreaggd-gopIort, since the temperature gradient betr.reen the flbor
and ceil-ing should be less than r^rith conventional systems.

cr lqpgggedJoom appeara4qe, since the baseboard units are not notice-
ab1e, and require little, if any, extra room space.

Conversely, the diggpgntgggg of the floor line system would be:

Lt DilliSgllies-t!_bathroems and kit@gns, because the short lengths of
unobstructed wal1 make difficult the insertion of a baseboard unlt long
encugh to heat these rooms adequately.

b. Negd {g3-epcess pits in slab-on-ground construction, where the piping
dips to, pass beneath doors and other waII openings. Such pits are required
for prevention of freezing and to permit dralnage of the system.

c. fndefinite gutput ratiggg of the baseboard units, siRee there is no'
present standard nethod of testing and rating the units. Illanufacturersr cata-
1og ratings for similar baseboard units vary markedly, and give rise to con-
siderable doubt as to what heat outputs can actually be produced by the units.

e. Stregkine of lqJJ areas above bhe units due to aj-r currents, which
will necessitate more frequent re-decoration.

-2-
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d;' , lgqglbilitv of_frgezine, when hot water is the heating medium, when
the.heat supply to an unoccupi-ed dwelling is shut off. Since the units are
adjacent to outside walIs, freezing of the water in the units may occur
quickly unless the shut-off falve permits a small flow even when completely
ctrosed'and maintains some heat in the units. "
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A panel heatlng system differs from conventional heating systems in that a
portion of the,surface of the fIoor, wal1, or ceiling of eaeh room of the
dwelling is heated to a relatively low surface temperature, and the heated
surfaee.is. utj-lize$ t9 uarm.the roornr The usual method of heating the
panels is by clrculating heated water through coils embedded within the panel;
bther (but less used) means are circulatirig heated air through spaces withln
the panel, or passing electric currehts through conductors that cover the
panel surf,ace. Although it nay 're j.htended to heat on.l.y.'one surface of a

t panelr' arry method that heats on.: surface will tend to heat the entire panol,
including the other surface and the edges. To reduce the heat transmisgion
from this other surface to areas not requiring heat (such aS attics and crawl
spaces) and fron the panel edges to the 

-exterior of the building, insulation
should be provided at the panel surface toward such areas, and also at the
panel edgei. l.lhere a.panel is located between two occupied areas (or i.s part
cf a slab laid directly on the ground)r the effect of hea't transmitted from
the panel to such occupied spaces (or into the grouna) gpufa be considered.

A panel heating installation may require considerable adaptation of the struc-
ture, such as thicker plaster to cover heating coils in wal1 or ceillng panels,
waterproofing and edge insulation of ground supported panels, or construction
of ho]Iow panels for carrying heated air. In addition, since regulation of
the heat output from a panel requires a fine adjustm.ant, balancing devices
should be installed to regulate the heat {Iow to each room.

The gdgg4lgg5 of panel heating systems for dwellings are as follows:
a

f. Interference r.rith furniture placenent against outside waIls, since
solid objects placed against the baseboard will interferb with heating the
IOOEr

3, PANEI, HEATING

8.o Increased_ comfogly' since the temperature differettial 'between the

b. IpBg*qJoom-gppglglggr since no heating elements,are visible.

c. Elimination of wall streaking , sincd convection currents are at
a m1n1mum.

The disadvaalgggs of panel heating systeps arel

a. fncreased i.UlgltaligUco.Elgr due to the extra insulation and the
required adaptations of the structure.

b. gfogJespgnsg to changes in the weather, becoming more pronounced with
heavier pan-rE.

-3-
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cr liffiggEl9E_g1lh_-balancine the heat lnpu! to each room. Underheated 
.

or overh;ated;ooms wi1l usually resEt if- iire ireat aistribution is even l

slightly maladjusted.

d. Complexity of 4esien over that required for conventional systens is
considerable, even with simplified approximate design procedures. In addi-
tion, the various design procedures advocated by the various authorities
make a defini-te reliable design solution sepephat uncertain.

e. Dillicullgln makine alterations, especially in the usual panel heat-
lng,grston where coils are embedded in the paneI. 0nce the coils are installedy
it would be prohlbitively expensive to add further coil surface, and costly
to make repairs or to correct mistakes.

4, PERTI\,{ETER HEATING

Perimeter heating systems are designed to utilize forced warm air to heat slab-
6n-ground dwellings in such manner as to eliminate the cold floors that usually
result when conventional forced warm air systems are used. The warn air from
the furnace is circulated through perimeter ducts embedded along the outer
edges of the concrete s1ab, and is then discharged into the rooms of the dwell-
i-ng. Since most of the heat flow in a ground-supported slab is toward the
edges of the sIab, warmi.ng of these edges will reverse the normal heat flow
from the center of the slab and tend to raise its temperature. In so doing,
however, the heat loss from the ducts through the edges of the slab will be
inereased and appropriate measures ehould be taken to construct the slabe and
insulate all slab edges to prevent heat losses from becoming excessive.

The Agggnlsges, of peri.meter heating over a conventional forced r^iarm ai.r system
are:

do IBgEeaESg_g@@, sinee the temperature gradient between the floor and
the ceiling is lessened, and the flow of cold air doun the outside wal1 is
counteracted..

b. Better slab constructj.on, due to the provisions necessary to keep the
buri ed aFtFTF6-TE6-m-Ei6G?-fr6is t ur e .

The {lgdvgnlgg.qg of perimeter heating are:

o., fnereggg5fnstallatign cost due to additional subgrade preparation,
concrete, formwork, ductwork, r.raterproofing, and insulation.

b. liJlficg]lLin makipg3lterations or repairs after installation.

- /t- HI{FA-PHA, Wash., D.C.
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1. INTRODUCTION

Newer methods of space heating have been promoted in recent years, and while
not all of theil appear to be applicable to Iow-rent public housing, a few sueh
as those lrrdicated in the title are likely to present such advantai:es of cost
or confort over the conventional heating systems as to be worbhy of consldera-
tion. Perimeter heatJng has been under study by the irtrational Warrn Ai.r tleating
and Air Conditioning Association, and reconrnended design and installation
practices are containe,l in thelr }Ianual No. [, rrWarm Air Perimeter I{eatL:r€!,Jt L/
The i.nformation presented here relative to these three heating methods is not
to be construed as a design procedure or eomplete coverage of the subject, but
is lntended only to outline some of the factors that should be taken into
account when the possibility of using one of these systens is under consideration.

2. TIOOB TINE I{EATING

A floor }lne heatlng system is sinrlLar in a broad sense to the conventional
steam or forced hot water system, the greatest di-fference being that instcad of
radiators of the conventional $rye, lengths of metal radiator or eonvector
elements are located at the floor llne ln place of the normal baseboard. Sueh
lreati.:ng elements, called baseboard units, extend along the exterlor waI1s of
each room of the dr,relIing, and are usually connected in series so that a single
pair of risers may serve the entire dwelIing. To control the flow of the
heating medium through the units, a shut-off valve should be installed in the
mnout bet'rreen the supply rj-ser and the first baseboard unit, and ln addition,
a balancing device (ff tfre heating meriium is hot water) should be placed in an
appropriate location to regulate the heating dlstribution to each dr,reI1ing. In
such arrangement, a hand-operated damper should be included in the convector
element type baseboard unit in each room to control the heat output from the unlt.

The piping between the separate baseboard units j-n a dwelling nrrrst drop beneath
the floor when lt crosses doors or similar openings located between the units"
If steam is the heating nedir:rn, drip traps will be required at such low poirrts,
and the expense required for their installation suggests that floor line heating
systems are better adapted for use with forced hot water rather than r,rith steam;
this point, howeverl should be analyzed if both systens are under consideration.

Heatlng and Air CondJ.ttonlng Assocta-- tion, 6bO erglneers Brllldingr C1eveland thr-0hio.

NO[E: Ttds Part supersedes Part X\ilt of Bulletin No. LR-f dated 9-15-rO.It has been revlsed throughout.
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The advq4leges of the floor line system over a conventional steam or forced
hot water installation are believed to be as follows:

Bo l,ower plpiqg _cpQlr since only one pair of risers is usually required
for each dwelling.

b. Increased conforb, since the teniperature grac!.ient betleen the floor
ana cell@s ttan with convent'iona1 systerns.

co Impqoved room apperrance, since the haseboard units are not too notlce-
able, and require llttIo, if any, extra room space.

The disadvantages of the floor line system would be:

3o Diffj.culties in bathroonq_arul$ltg@ns, because the short lencths of
unobstnr of a baseboard unit long
enough to heat these roons adequately.

b. !!eed_lor access_pits in slab-on-ground construction, where the piping
drops to pass beneath doors and other wa11 operrings. Such pits are required
for prevention of freezing and to pormit drainage of the system.

co lq€sibfQ$. oI freezin& in hot rvater systems, i^rhen the heat supply to
an unoccffiffir -j3-!Eif-off. Since the units are adjacent to outside
waI1s, freezing of the lrater in the un:its may occur unless the shut-off valve
permits a small flow even when eompletely closed to maintain some heat ln the
units.

3. PAIIEI H$ATTNG

A panel heating system differs from conventional heating systems in that a
portlon of the surface of the floor, wa1l, or ceiling of each room of the
dr.relling ls heated to a relatively low surface temperature, and the heated
surface is utllized to warm the roon. The usual method of heatjng the panels
is by circulating heated water through coils erur,: -'ded within the panel;
other (but less used) means are cLrculating heaterl air through spaces within
the panel, or passlng electric eurrents through conductors that cover the
p€:neI surface. IJthough coils nray be embedded in a section of the panel the
errtire panel wi-Il be heated, but unevenly. I'or this reason, the coil segments
strould cover the entire paneI, equaI-ly spaced. r,rltrere a panel is located
bertweBn two occupied areas (oi is withln a slab laid. directly on the ground),
tt,e effect of heat transmittecl from the panel to such occupied spaces (or into
ttre ground) should require additional insulation.

A. panel heating installation may requlre considerable adaptation of the struc-
ture, such as thicker plaster to cover heating coils in waIL or ceiling
panelg waterproofing and edge lnsulation of ground supported panels, or
constnrction of hoIlow panels for carrylng heated alr. In additlon, since

-?-
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regulation of the heat outpmt from a panel requires a fine adjustment, bd-
ancing devlces should be installed to regulate the heat flow to each room.

The advantages.of panel heating systems are as foll.ows:

Elo

floor
Incrgqsed co4lodr silce the temperature differential between the

and-Trr@-Iiliow.
b. lrnproved room alpearance, since no heating elements are visible.

Eli-mination of we11 Slrgglcilrgr sinee convection currents are at a
ml_nl-munr

The 4&qq.velctqg-ee of panel heating systems are:

a fncreased installation costs due principally to the exbra insulation
and the re ns strueture.

b. Slow response to changes in the weather e becoming more pronounced wtbh
heavj-er panels.

cr Difficulties with balanclng the heat ]rA{ to each rooru Underheated
or overh T;: ir6it distrlbution is even
sliehtly naladjusted.

d,. Complexlty of deslgn over that required for conventional systems is
considerable, even nith simpllfled approxlmate deslgn procedures. fn additlon,
the various deslgn procedures advocated by the varlous authorlties make a
definite reliabLe design solution somewhat uncertain.

B r !i!!iqr]L_ty_ rn_ 1qk!n€-alterations, es pecially in the usual panel heat-
lng systen where coIls are embedded ln the panel. Once the coiLs are installed,
lt would be prohlbltiveLy expensLve to add further eoll surface, and costly
to make repairs or to correct nlstalces.

lr. PERII.IETIR ]IEATING

Perimeter heating systems are designed to utllize forced warm atr to heat slab-
en-ground dwellings in such manner as to elinulnate the cold floors that usually
result when conventional forced warm air systems are used. The warm aLr from
the furnace is circulated through duets embedded along the edges or other
sections of the eoncrete slab, and j-s then discharged into the roons of the
dwelllng under the windovs. Since most of the heat flow in a ground-supported
slab ls toward the edges of the s1ab, warnring of these edges will reverse the
nornal heat flow from the center of the slab and tend to raise its temperature.
I1 9o doing, however, the heat loss from the ducts through the edges of the
slab will be increased and appropriate measures should Ue tat<en to construct
the slab and insulate all slab edges to prevent heat losseg from becoming
excessive.

-3-
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4r
and the

br
burled

IUglgeqe{ rgrnlgltrffiETFlffine slnce the t,enperature gradient between the floor
dp and the flow of cold air down the outslde waIL

ls corrnteracted.

Better slab constructlonr due to the provlsLons necessar1r to keep the
ducts frre from ground moisture.

The 4isadvantjrges of perlmeter heattng are,

8r Increased Lnstallatlon eost due to addltlonal subgrade preparation,
concrete formwork, ductwork, wat , and lnsulation.

b. Difflculty in making alteratlons or repalrs afber lnstal-latlon.
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PART XVII - PURCHASED STEA}N

1. II\]TRODUCTION

The sale of steam, orrrdistrict heatingrr, as a function of utility services,
has been a practS-ce for nany y@rs. Industrial plants, conmercial institu-
tions and apartment developments have found lt to their financial advantage
to pr:rchase steam in lieu of erectj-ng large boiler plants which are costly
to maintain and in which high overa1-l fuel br.rning efficiencies may be
difficult to attain. It is not unusual for the experienced and skillfdl
utility operator to reach an efflciency in his plant of 80-85 percent, but
for the average boller plant operator, such efficiencies are exceptional.

Congested office and. apartment building areas provide a wide field for the
uttlity company because the load j-s concentrated and the quantity of steam
supplied per uni.t of jnvestnent is relatively high. Public Low-Rent housing
located r^rithin the l-imlts of such areas may often benefit thereby sirce its
ratio of average steam load to the maximr:m load in one day, termed the load
factor, is higher than in office buildings. High load factor carries j.ts
advantage to the utility company, beeause comparatively narrow variations in
steam requirements required by a housiag developnent result j-n a more
constant load on the companyls boilers.

lfnile it ls true (as pointed out j-n Part XII of this Bull-etin) that housing
project boiler plants present problems of noise, dirt and hazardous tmcking
due to fuel deLiveries and ash removal, economy in constructLon and operatlon
should be the prime consideration when selecting the method of supplying the
heating needs. These intangibles, which 'rdistrict heatingrr r,ri11 eli"rninate,
should not alone influence the decisi.on. There are Low-Rent projects where
the rrpurchased steam[ method has been used economi-calIy and successfully, and
other projects may fa1I in that classificatj.on.

Generally, a utilLty company is franchised by the mr:niclpallty to use the
city streets for a network of r:nderground distribution mains. The company
usually does not find it profitable to punp condensate back to the boilersl
the initial cost in laying the returns plus the cost to maintatn the lines
and the ercpense to pump the retr:rns exceed the cost of constantly heating
fresh r^@ter. As noted hereinafter, the purchaser of stean may find beneflcial
use for this cond.ensate instead of r,psting it. Iarge utility organlzations
have been successful in rtbleedingtr nulti-st&ge steam tr-rrbines (operating
prinarily for electric generation) to supply the steam regulrements for thelr
customers, and have supplenented such rrbleedingrr methods with boiler plants
intended only to supply steam for saIe. The srnaller operator uses his plant
pnincipally to se1I steam.

-1-
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2. nATES

Stean is customarily sold on a per thousand pound basis measured, in most
cases, as st@m passes through a steam-flow meter prwided by the utility
company. The rate structure of most utility eompanies (presumabl-y r:nder
regulation by the local prrblic service commission) is :n bLock form with
dtffenent charges for rrarious blocks of usage.

The charge per stean r:nit in a block'becomes progressively lower as consuntrrtlon
Ls increased; the larger the project, therefore, the lower wiLL be the average
rate per stean r:nit. In addition, some companies impose a demand eharge to
each customer, which may be depenilent upon the customerls rnaximum rate of use
during a given period or on the radiation 1oad. In strictly cornpetitive ar€.s
where the economic balance fayors the project plant and. where pnoposed adclL-
tional steam loads taken on by a'stearicoipannare increnentaL-and require no
further equipment or labor costs, it is pnobable that the company may find tt
beneficialr.in retrrn for a long tern contract, to naintafo, fu r,hoIe or ln
Prtr the proJeot undergrormd distribution system. 'Such opportr.rnities should
be orplored to thejr fullest octent; BuLl-etin lR,-Ilr Selection of Utilities,
should be helpflrl in making the necessary cost analysls for final- doterminatLon.

3, DISTRIBUTION

Steam at about ].:AO-125 pounds per square inch gauge is brought to a metering
point by the 1ocaI utlllty company at or r^rithin the project boundaries, and
terminated with a steam measuring device, furnished and set by the comperflc
Termination maI be within a r.relI-ventilated and easily accessible concrete
vault or in a basement of a building. 'The project ti.es lts distribution
system in at this point, If it elocts, the project rnay supply its ou& m@sur-
ing instrument to keep a close check on consumption.

After metering, steam pressure shoirld be reduced in tr+o stages. The first or
ttpri:narytr reduction for r:ndergror.:nd. o3 ttyraydrr distribution to the various
rrmachine roomstt (which house equipment such as hot r,rater generators and p:mps)
in the buildings should be from the utility companyls delivery pressure to
whatever pressures are most desirable for the project. Customarilyt a range
of 3O-5O pounds j-s suitable. The secondary pressure reductj-on should be
doron to the operating pressures necessary to supply steam for space hea'oing
and domestlc water heating services, generally 2 and 5 pounds, respectively.
Each rrmachine roomt' may be the focal point frour which a group of buildings r,ri1J-
have their space and domestic r.ater heating needs controlled.

l+. TRESSIIRE REDUCING VALVES

The si-ze and arrangement of the pressure reducing valvese 1r.rticuIar1y the pri-
marX, are extremely important. Correetly sized valves, properly arranged,
should admit only the amounts of steam necessary to meet denands. Since each
por.urd of steam is to be measured and paid for, steam consrrmption for which
thene is no need becomes as lpsteful as burning gas in a range r,rhen no cooking
is belng done.

-2-
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Selection of the proper sj-zed valve, prinary or secondary, should be based.
on the recommendation of the'ralve manufacturer, r,rho is most famillar with
the valve construction and knows its lirnitati-ons. The designing engineer
should. indj-cate the rnaximum amount of steam required i.n pounds per hor:r
and the operating pressures.

Valves should be arranged in paraL1eI. For projects up to about 500 dwelL-
ing unitse two primary valves wor:-1d seem necessary. One valve could take
care of the maxirum space heating requirenents, and the other the naxlnun
domestic later heating requlrenents. For projects in excess of 500 dwell-
ing units, a three valve-fur-parallel arrangement would usually be nore
effectLve, Tuo valves should hantlle the maxinun space hee.ting demands ln
the proportlon of 75 percent and 25 peroent; the third'valve should handLe
the maximr:m d.omestic vlater heating Ioail. In either case, valves should be
set to close at different dor,mstrean trressures, and the valves should be
pllot-gwerned for smoother operation.

For the secondary pressure reductionl the twova1ve arrangement would seem
satisfactory since one set could be located in each ttrnachine roomrr. One
of the valves should be sized to provide for space heating and the other for
the donestic r,eter heating 1oad.

5. FREIEATII'IG DOME'STIC I,'IATER

One important advantage of purchasing steam is utlliza.tion of avai.labl-e
heat energy fbom the condensate before lt is di-scharged into the sewerage
system. Ccnd.ensate temperatr:res may run froro about 1400 - 170oF.

This condensate should be used very effectively to preheat r,ater, and
possibly be carried through tr.ro pneheating stages before being cllscharged.
The preheated r,pter would then be passed through the stean-coiled hot
waten generator; the more heat energy exbracted from the condensate, the
greater will be the operating efficiency.

1...r n.,B tt le
,..-.' itJ tii tJ I"- t

4 **,,' -t!!- r*r$i "ffi -*o' * -'
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1. I}ITRODUCTIO}I

The sale of stean by utll:tty companies, or ttdJ.strlct heatlngrr has been a
practLoe for naqr ]rearsr Industrial plants, corrnercial and lnstltutLonel
bulldtngsr ed apartment developments have forrnd lt to thetr adnantage,
ftnancia[y, to purchase st€an ln IIeu of erectlng large bolIer plants rrhteh
are cost\r to naintain, a,nd in whlch higlr overalL fuel burnlng efflciencies
rnay bo dtffLcult to attaln nlthout skillJul operators. It l,s not unusuel
for the erpertenced and ski[ful utllity conpaqr operator to reach an
efficiency ln hts pLant of 80-85 percent, but for the average boJ.Ier plant
operator, such effieiencles are exceptionaL.

Congasted cormrer.cLal and apartment bu!-ldt ng areas pnorrlde a rlde fleld for
the utlLtty conpargr becausa the load is concentrated, and the utlltty comparsr
lnveetment for the quantlty of stean supplled Ls relatlvely low. hftItc
lor-rent houslng Located rithin the limits of such areas may ofteu beneflt
ther.eby sLncq its ratlo of average stean load to the maximm load ln one dey,
ternred the ttload factorrtt ls hlgher than ln office bulldings. Hlg[ load
factor camias lts advantage to the utlltty compary, becauso comparativelgr
namou vartatlons ln steam requtrements demendad by a housing developnent
result Ln a more constant load on the comparqrls bolIers.

Econory ln operatlon should be the prJ.me conslderation rtren seJ.ecthg the
nethod of eupp\ring the heating needs. The intanglbles, such as nolse and
dLrt rhich ndistrict heatiagn rr111 ellmlnate, should not alone influence tho
declston. There are low-ront proJeets nhere g6s ttpurchased steamrr method has
been used eeonomtcal\y and successful\y, and other proJects may not feIL tJl
that classiflcation. The utlIlty analysLe should govern the selectton.

General\r, a utllity company ls franchised by the nunlcipallty to use the
clty streets for a network of rmderground dlstrtbution lulins. The eorparqr
usua$r does not find it profltable to pump condensate back to the bollera;
f,[s {n{tla]- eost ln laytag the retunrs plus the cost to naintaln tho lines,
and the expons€ to punp the returns, exceed the cost of constant\y heatiag
and chenically treating fresh water. Large uti3.lty organizations heve been
suceessful in nbleedingtt mul-tlstage steam turbires (operating prtmarlly for
electric generation) to supply the steam requirements for thels customersl
and have suppLenented such rrbleedingn methods rlth boller plants lntended
on\y to supp\y stean for sa1e.

2. RATES

Stean Ls customari\y soLd on a per thousand pound basts, measured, ln rnost
eases, as steam passes through a stean-flow meter provaded by the uti1:lty

l{01Er Thl.s Psrt XTIII of Bulletin No. LR-
It has been rerrlsed tlrroughouto

? supersedes Part X\III dated 19-12-!0.
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compeqr. The rate structure of noet util:Lty
tlon W tbe locaL publtc servtpe commlsslon)
charges for vartous blocks of usage.

companles (pregr.unab\r under regula-
tg ln block fonn wlth dljferent

The chargo p6r eteam unlt ln a block becomes progressive\y lower a8 conrlunp-
tlon ls Increasedi the larger the proJect, therefore, the Lower wLLl be the
evarage rate per steam unlt. In addttlotr, some compenies lmpose a dernand
charge to each custonere rrhlch nay be dependent upon the cugtomerfs maJdnun
rate of use durlng a given pertod, or on the radlatLon load. In strlctly
competltlve ar€as rhere the econonlo balance favors the proJect plant and
rhere proposed additlonal eteam loads taken on by a stearo conPaqr aI?
lneremental and requfu"e no further equLlment or lebor costs, lt ls probable
that the compaqr may find lt benefleLal, ln return for a Long terzn contractl
to nal.ntatn, in whoJ.e or in partr the proJect underground dlstrtbutlon system.
Such opportnnitles should be enpLored to thelr fullest extent; Bulletln LR-L1e
ITSELECTION 0F UTIIITIEST!! ls helpful ln naldng the neeessartrr cost ana\rsls for
flnal determlnation.

3. DISIA,TBITTIoN

Steam at about I00-L25 pounds per square Lnch gauga ls brought to a noterlng
polnt by the loca1 utlltty conpany at or rlthln the proJect boundarles, and
termlnated with a steam measuring devlce, furnished and set by the compan3r.
Termlnation should be rithin a we].l-ventilated and easqy eccesstbLe concrete
vaultl or ln a basement, of a build5.ng. The proJect tles lts distribution
aysten l^n at thls polnt. If lt elects, the project may supply lts onn moasuf-
irag lnstrunent to keep a close cheek on consumptLon.

After neterl-ng1 stean pressuro shonld be reduced ln two stages. The fLrst or
ttpllmaryrf reduetLon for rrnderground or ttyardr! dlstributlon to the rnrlouc
trmachl-ne roomsrt (which house equJ.pment such ag hot water generators and pumps)
ln tho bulldlngs should be from the utltlty companyr s dellvery pressure to
rhatever pressures are most deslrable for.the proJect. Customarl\yr a rang6
of 30-50 porurds Ls suttable. The seeondarSr pressure reductloa should be dorn
to the operating pressures necessaxlf to supply stoam for epace heatlngl and
domestLc water heatlng servlees, generally 2 and I pounds, respectively.
Each nmaehLno r.oomu may be the focal point from which a group of bulldings
rrlll have thelr space and domestlc water heatlng needs coatrolled. At thege
seeondar5r stations, steam-to-water heat exchanges could be located tf a forced
hot water heatilg systen ls seleeted.

lr. PRESSITRE REDUCING VALTES

The size and arrangement of the pr€ssurs reducing valves, partleularly the
Pr{'nerl are extreme\y i-mportant. Correctly sized va}ves, properly rr.iangedr
ehould adnl-t onJy the arnorrnts of steam necessarJr to rneet demands. Slnce each
pound of steam ls to be measured and pald for, steam consurnptlon for nhLch
there ts no need becomes wastefuL.

-2-
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Se1eotlon of the prcpar sized va1ve, primary or seeondar5r, should be based on
the recotmendation.of the valve manufacturer, who is most famlllar rith tJre
valve oonstnrctton and Lnows tts }tmltations. The desigaing engineer shouJ.d.
lndlcate the naxtmun amormt of steam requtred ln pouods-per-hour and the
operatlng prossures. See Part ICTII of this Bu11et1n, rrBOILm,S, FIrEI, HANDIJNG
AND SIORAGE, ACCES'SORIESTTT under tha eectlon on nAccessorlesn for recoruneaded
methods of installtng both primary and secondary pressure reducing valveo.

5. PREHEATING MMESrIC T{ATM

An Lnportant advantage of purchased stearn is utlllzatton of avatLable heat
enorry from the condensate before tt ls dlseharged inlo the sewerage aystem.
Condensate temperatrtres may nur from about I+0' - I?Oe F. Thls cond.ensate
should be used effectlvsly to preheat water, and posslbly be carrLed through
tuo preheatlng stages before being discharged. The preheated water nould
then be passed through the steam-colIed hot nater generator; tho more heat
enerry e:rtraeted fron the condensate, the greater rrtJ-l be the operatlng
efflclency.
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PART ]ffII] - DOI\NESTIC WATM HEATII\IG

1. INTRODUCTION

The heating equipment that furnishes hot water for domestic use-should be
adeqr:ate in size, reliable in operation, and consistent with the economy
of such equipment from the standpoint of capital cost and the costs of
operati-on, mai::tenance, and replacement. Any of the commonly-used. fuels
(coal, oil, or gas) r as r^rell as electricity or solar het, can be utilized
as a source of energy, and the heating equi.pment can be sj-zed t,o serve
individual dwellings, small groups of dwellings, large seetions of a project,
or an entire project. The fuel and, to a lesser extentl the nature of the
equipment should be consistent with the flndings of the Utility Analysis.
(See PtlA Low-Rent Housing Bulletln lrf6. lR,-11, rrselection of Utllitiesrl).

2, INDIVIDUAL WATIR HEATMS

The satisfactory output of hot r,pter from a water heater is dependent o-n the
correct combination of an adequately-s1r.il storage tank and a br:rner or
heating el-ement of sufficient heating capacity (recovery). To some d.egree
these two factors are lnterdependent so that if the size of the tank ls
reduced and the recovery is jncreased paroportionately, the hot water output
woultl be satisfactory for normal household use, Howwer, there are limits
beyond which it is not advisable to reduce the tank sj-ze since if the tank
is too sma1I there is iasufficient reserve capacity to completely satisfy
any of the sustained. dernands that occur frequently in normal usage. Colil
water enteri.:rg the tank (as the hot water flows out) quickly chiJ-ls the
water remainixg jn a sma1l tank. A bi:rnen of high recovery will reheat the
r,eter fairly rapidly, but the resulting intermittent flow of frot r.@ter is
no substitute for a constant supply. In an effort to obtain this constant
supply, tenants will attempt to operate the heaters at r,rater ternperatures
higher than 1/*0oF; this r,rilI not mitigate the unsatisfactory condition
to any great extent but will tend to accelerate the corrosion of the tanks,
especially ferrous tanks.

As a general ru1e, individual gas or oi1 fired water heaters should have tanhs
of the following sizes;

ar For one-bedroom dwelling r.mits - 20 ga1lon tanks
b. For two- c,r three-bedroom units - 30 ga11on tanlcs
c. For four* ci. five-bedroom units - /e0 ga11on tarrhs

The ni:rirmrm recoveries for the various heaters should be as follows:
a. Igl"t"*tr"_gaf:Iilgg_g+s,, the hourly AGA tnput should be

not less than -.

(1) 2orooo Btu with a 20 ga1Ion tank
(2) 2l*rOOO Btu r,rith a 30 gpIIon tank
(3) 301000 Btu i^rith a /r0 gaI1on tarrh
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b, For automatic gas-fired side-arm heaters , the horirly AG/r. imput
should be not less than -

(f) 2OrO0o Btu r^rith a 20 ga1lon tanh
(z) 25-rooo Btu with a 30 or d0 ga11on tanlc

c. For automatie ojl-fired units e the output rating should be not
less than 30 gallons of uater per hour having a 60oF. ternperature rise.

d. For autonatic el-ectric water heaters , the rating of the heating
elements should be not less than -(f) Top element 1000 r,ratts, bottom element 6OO r,ptts, with a
30 gaI1on tank.

(Z) Top element l25O r,atts, bottom element ?50 r.pttse with a
/*0 ga11on tanlc.

Since the recovery of electric l@t,er heaters j-s so 1or^r, and the storage tanlc
of such heaters (rnitt, thiclcer insulating jackets) are relied on to maintain
a satisfactory output, it is advisable not to use electric r^ater heaters rdth
tanks smaller than 30 ga11ons, for one or two bedroom dwellings. A d0 ga11on
tank should. be used for four or flve bedroom dwellings.

In the case of coal fjred. r^ater heaters the storage tank capacity and heater
output rating should be sized in combination to prevent overheating of the
water in the tank during the night when hot r,ater j.s not normally used., and
also to supply sufficient hot r@ter dr:riag the day for normal usage. To
prevent overheatjag2 the tanh capacity expressed in gallons should be not less
than the output rating of the heater expressed in gallons of water raised
100oF in 3 hours. Lrlith the tanlis sj-zed on this basis, the heater output
ratings expressed as noted above should be 30 gallons for a one-bedroom
dweI1ing, /*5 gp1J-ons for a two--r,;rthree-bedroom dweI1ing, and 60 gallons
f or a four- c,r five-.bedroom dwe11ing.

When there i-s a question of using gas fired heaters having sre.11er tanl;s and
larger recoveries than the foregoing, the reduction jn tank size should be
based on increasing the input capacity of the heating element over these mini-
mum values by 1000 Btu per hour for each ga1Ion of reduction in tanl< size,
with a maximum reduction of the 20 ga11on tank to 18 ga11ons, the 30 ga11on
tank to 25 gallons, -and the /j0 gaI1on tank to 35 ga11ons. l,Jhen consldering
tank size reductions, due consideration should be given to the metal used for
the tank, since a tank made of corrosion-resistjng material can better resist
the increased corrosivity caused by high r^rater temperatures.

3. RELIEF VALVES FOR INDIVIDUAL HEATMS

Combined pressure and temperature relief talves should be installed on r+ater
heaters as a safety feature, to avoi-d subjecting the tank to e>rcessive pres-
sures and prevent r"pter in the tanlc from overheati-ng. Excessive pressures
may be due to exbernal causes such as uncontrolled increases of pressure in
the street mains or water hammer in the building piping, or man be caused by
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.rprntlo! of vater ln thc tank due to ovsrba&tlng. Orerheatlng ocsuro rrhca
thc dsvloe eontrolllng the vatel turperature ln the tanlc falh or la arbJac0
to raladJustneat. Slnce thc lacreaoed preasure due to overhratlng ray be
abaorbed by backlug-up of the vater lu tbe oold ratcr lloe, lt ts lsacssary
to have a tenpcrature reIlef, as vell ar a prseEure rellef valve ao that
acaldlng rater (vtrfq uy flarh lnto stcatr et atnospherlc preroure) wlll
oot dlecbarge lnto r'plunblug firtrrre rhea lts feucet la opeaed.

PHA lpv-Rcnt Houalrg Bulletln llo. LX'10, Part ff , rHouaehold frulplot for
Cooklag, Bcfrlgcretlqn, end l{ater f,cctlngtt, dlscucsea tndlvtdual vlter
bcatera, tbelr tanlt, rater tenperatrrre rettlags, and rellcf vrlves 1n eone
dotello Ia eddtttoa to the features of, cocblsed presruro and tcnperature
rcltcf va.lvcs dlgsussed tbereln, ,nch valves sbouLd be conctnrcted of brase
or bronse to cnaure that corroslo! v111 not affect proper operatloa, aDd
should bo of tbe type that aonfome to the requlreoents of the Anertcaa Geg
Argoolatton at rpectflod la A.oerlaaa Staadard Z2).22-L93r. The rate of dls-
oharge fron ths valve outlct at auy heat lnput ghould ltnlt tha preasure rlao
to aot norE than l0 percent above the pre*ure at whlch the velvc wac ret to
oPcni aud at 210otr. the dLrcbarge of hot rater sbould be sufflcleot to prr
vcat eay futher tmperature rlse.

Conblncd proacuro and terperatr:re rellef valves ahould bc placcd at the top
of tbo tant vhere the ratcr ls norcally at lts hlghcat tcepereture. To
prcvent aly poaa1bll1ty of lcolatlag the rellef valve fron the ta"kr tba
valve ehould be fltted lnto the tank, or placed as cloee ac potslble to the
tlaLr wlth no vr.lves betveen then. The relief valve dlaeharge plpe abould
bc at lcast ac largc ar the valvc outlet, and ghould extend to wlthln 12
lncbeg of the fIoor. tror nnrltl-slorled bulldlngs nhorc the heater8 uo
pleced abovc thc flrgt rtor'trrr tbe dlgcharge plpe rhould be exiodcd dorrinard
to a dlacbarge polat o! or bElor tbe flrgt floor. If, tbs dlacharge la plped
to a polnt outsldo the dwelllng, a reaos of lndlcatlug that the dlaaharge
1r ocsurriag (auch aa a alght gage) sbould be lactalled ln the dtscbarge llne
rlthla tbe drelllng,

Unsuttable dlscharge polnts for rellef valve outlets would be: the bowls of
any plunblng fixtures, exposed openlngs to the exterlor of the dwelIlng,
dlrect connecttons to the sanltary or atorn dralnage system, a floor oi-a
dvelllng above the first story, or, ln general, any locatlons shere there
rould be danger of scaldlng the occupants, pol}utlng the nater supply system,
freezlng the open end of the outlet, or damaglng the buildlng. In addlllon,
the dlscharge from a heater la oue dwelllng should not be allowed to enpty
on the floor of the l1vlng space of anothsr drrelling.

4" PNOJECT-OPERAIED STSEf,S

Yeter heatlag ryetema derlgned to cupp\y bot ratcr to nore than one dwelllng
unlt aouslat generally of a heatlng bolLer and e eeparete hot water storage
trnk. In addltlon, there are ninstantaacousn e1 taaltleas netboda, whereby
thc rtorage tanlc ls onltted aad the eapaclty of tbe rater heater La lncreased.
The obJectlons to tanklesg systeuc arcr (a) Iack of resernc capaclty to

,-
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bandle Eudden exceslt denands, (b) extrene fluctrratlons tn rater tenperatrrre at
the filcture outlets especlally 1f the uater tainperatrrre regulatlng vaLve
(drfng valve) ls uot operatlng satlsfas0orlly, (c) lucreased corroslon and
acaltng of the heatlng elcnent due to lts expoaure to hlgh tenperatureg lu tbe
boller, and (d) lacreaeed botler capaclty requtred to aupply peak denanda.
For rellable aad oonslstsnt servLco, therefore, a storage tank 1g caacatlal.

5, SONAGE ?ANK SIZITTG

The storagE tank capaclty that vlIL glve aatlafaetozy perfornance depende oa
the peal bot water demand aad the roeovertrr aapaclty of the water beatcr. the
peak denand nlll lacreaae nlth the nrnber of drelllnge, bnrt not la dlrect 1no-
portlon to the lacrEated nulber, due to the dlverslty of denand. Tbc pcet
deoaad for varlous nurbere of dwelltngs can be estluted froo Flgure 1, uhlcb
la based on dwelllngs coutalnlng one bathroon and one kltchoa per ualt. Ech
ertra bathroon 1n a &reIIlug ahould be oonsldered aB addlag t/Z of a unlt to
tbe totaL nrmber, for the purpoEe of uslng thls clrne la estluattas peEI
denaod.

Pedr denand occurs lnfrequently, and usually laetc for ehort periods on\r. A
tank rlth a capaclty cquaL to the total quantlty of vater neoessrry to cuppl,
10 nlautes of peak denand, conblncd rlth a water heatar that ls capable of
bcatlng an anount of rater equal to the t"nk capaclty through tbe requlred
tcqlerature rlse ln one hour, shou-ld be satlsfactory. S-torage tanks and
beaters gelected on thls baslc rrlLl not be excegslvely large, and vlIl supply
adequate quantltles of hot watero For exanple, Flgrrre I Lndlcates the peak
hot, vater denand for 120 dvelllag unlts ls lL5 gallonr trnr nlnrte. ?he tanl
capaclty ahorrld then be 115 r 10 = 1150 gallons and the recoyory of the hoater
should be 1150 gallons per hour wben ralsing the water tenperaturE frou 40oF.
to I40oF. (assunlng /.OoF. ls the cold rater teuperatrrre la nlnter).

6. STORAGE TAI{K COISIBUCTIOT{

Since storage tanks urst vltbstand the l\r11 preesurc requlred for proper vater
dlstrtbutloa, tbey gbould be conetnrcted for a wor*lng preseure of 150 potmda
pgr lquare lnch, la accordance slth the Arerlcan Soclaty of lleohanlcal Ergtneem
Boller Constructioa Code, Sectlon VIII, nRrles for Construstlou of Unflned
Pressure Vesce1ai, !/ Thls Code speclfles handholee or a uanho.le la tbu bead
of tbe tank (depending on the tank slze), shell tblckneesr md other detallc of
aoustnrstlon that sboul,d ensure satlsfactory tenk constnrction.

7. STOnACE TATIK I{ATEBIAIS

ThE corroslvlty of water is lucreased vbea heated, and the heatad nater tendc
to attack tbe contalner ln vhlch the beatlng actlou occurE nore strongly tban

Avatlable lron the Anertcan Soclety of ltechaat*1 nrylnoerE, 29 l{est 39tb
$treet, lfev Iork. Prtce *2.25 for the 1949 eattlon, and $3.50 for the
1950 edltlon.
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other parta of the watcr oupply lystel. For thlg roaron, thc aboLoc of a
naterlal for rtorage tanlta should be aoasldorcd nhen lnterprethg thc rcrultr
of a vater aaalSrals, and (as ln thc caoe of nater plplng) tbe cholcc cbould
be a raterlal that can be €rpectod to last approrlnately {0 yeam under aor-
HI operatlng coudltjoas.

the talk naterlal vlth the }owest lDlt,tal eoet ts black stee1, vhlch glves
satisfactory tank Llfe rhen the asttoa of the water la to coat the teDk
laterlor and protect the metal beneath. Ilowever, ualesa tbie coatlag la
contlnuous and durable, the steel ahell v111 oorode contlnuoualy, and
ultinately requlre the replacenent of the trnko Slace auch favorablc tttor
ccndltlons are rare, there are ver:r ferr loealltlee rhere unprotected hleck
oteel tanks rdll glve satlafastory aerlce for the requlred t1ne.

Galvanlzed steel tanks are er,rbject to the sane dlsadvantage es bleck tteel
althotrgh they can noroally be expected. to outlast guch tealcs by cereral yearo.
Hovever, unless the vater condltlons are favorabler the zlnc coetlng over
aone portions of the lnterlor of the tank w111 corrode and cxpose tbe steol
beneath. The ttne required for corrosion of the alnc ls aa ludlcatlon of
tbe increage ln the Ilfe of galvanized over black steel tank6.

The laterlor of black steel tanks ray be provlded ultb a corroglon-rctlgtaDt.
protectlve llolng at an lncreaoe ln oost. Tbe types of llnlnga avallabll
are lon-eolubl.e cement applled to the lnterlor surface of the tant, tUta
.:opper sheets (forni.ng a tank rlthln a tank), a copper or nlckel layer
bonded to the lnterlor of the steel shell, or porcelaln enanel, (gl.ess)
fused to the steel sheIl. The lov-eoluble ceneot J.lalng appeara to offer
the greater advantage for ite lncreased cost over nnlLned tanks, as the
type of cenent used can be selcsbed for lts speclal reslstance to tbe rator
corroglvlty cncountered-, and the cenent can be replaaed pertodically, or la
addltlonal ooatlag applled, by proJect nalntenance personnel. lhe cpaent
ahould bave a unlform thlckness of about /8 inch, and the entlre laterlor
ourface, lncludlng the exposed eurfaces of any tapplngs, should be covered.

Storage tanks are also nade of copper, non-ferrous copp€r alloyq (coucr-
clally knova by snrch nanes as nEerculoyn, rEverdurtt, or 'toaeln) r or ooPpcr-
bearing steel alloys. The cost of theae tanks le mbeteutlal\y blgber tban
a cemeat-llned blaek steel tankr and in nornal clrcunstancoa lt le dmBftl
rhether thlc horeaged cost ls Juatlflablc.

8. gfONAGE TIStr ACCESSORIES

Each etorage tanh should be supporbed adquately by a eoncretc plcr, a rteol
plpe frane, or steel aaddJ'eg. A themoneter and roleat{rg type brere or
bronze preiaure and teoperature rellef valves (aeparate or conblaed) lhoald
be lastalled In the tank, vlth the thersoneter placed ln an eaally readable
posltlon and so located t&at lt 1111 lndleate the rater taperature irt the
tank outlet. BeLlef valves should be set dlreotly lnto or oloae to tbe
hlgheet polnt of the taak, but 1n no case nore ttran 3 lnches fron tbe tatrk,
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and there should be no cbpck valvee or ghut-off valvep betveen the rellef
valve aad tbe tanlc. A dlseharge plpe rlth e crosa-s€ctloual area equrl to
tha alea of tbe va.lve.outlet sbould cxtcad frcu the vaLve outlct to ntthln
12 lnches of the flooro Bellef valves for atorage tarta should conply nlth
the ssoe reference standards and bave the aa.ne standatd rellcvlng cepaclty
as noted for rellef valvee used r'lth tbe tanks of tndlvldual yater heetera.

9" SONAGE TANT CONNECf,IOI{S

Tbe hot vater supply outlet fron the tenk ghouJ.d pltcb up fron tbe tank to
the flxtures for proper alr rellcf. fhe cold vater lnlet and the hot nater
outlet sboulc connest at opposlte cads of the tank, so tbat the enterlng
col,d rater v111 not cblll tbe hot vater leavlag tbe tank. Both hot aad
col.d vetcr counesbions sbould preferably be at the top of the tank rltb
the col.d vater dlrected to the loner poi'tion of the tantc Uy an lnaide dlp
tube to nlnlnlza rater Elxlng" If sucb cold vater hook-up ls not feaalbJ,e,
the connectlon should be dlrectly to the botton of the tanko Hot vater
reclretrl.attng plplng ahould also be connected to tbe botton of the tank.
If tbe rater plplng la a oaterlal tbat la disalnllar to the taok aaterlal
(for exanple -opper tublrg connecting to a steel taDI(), lasulattng flttlnge
ehould ba lusetted betveen tbe tank and the vater lineg. Shut-crff valveg
aad unLona ehouJ.i be provided ln aL[ the coanectione, and the tank ehould
have a draln valve, to perult taklng tbe tank out of aervlce for repalre
aad palnteBa,nce. fo preveat da.page to a dselllag or 1ta ltrnlshlnt due to
hot ratcr faucets belng opeued aad luadvertently left open vhlle tbe bot
nater sryply ls tenporarlly ctrt off, a val,ved by-pgs aronnd the tank
should be provlded tc pemlt cold vater to paaa through the hot sater llaes
nhencver the tauk ls out of serrrtce.

lOO EEAIIUG ELE{EIITS

Ihere large nunbere of ftreIllngs ere served by one storage tank, the uater
la the fnnk ls usually heated by means of eteau or boller vater clrarl,atlag
through a heatlng elesent conslstlng of copper colls subnerged 1n the tankn
Tanba heated uith bol1er yater reguire less fuel dtrlng the su.Euer than
tanks heated nlth atean, slnce the stand-Ly beat losses are less. There-
fore, ln rystens uslng lou-pressure stean or forced hot vatcr ao a heating
ncdlrrl, lt ls preferable to uge boller roterr rather tbaa gtean, to beat
the trater ln tbe storage tanks.

lleter beatlag collc are construoted of seanlese copper tublng bent ln the
forn of a neat of U-tubes and e:dending iuto the tank for about tbree-
quattsrs of the tank length. The colls are fltted lnto tube sheets uadc
of a retal corrosponding to the naterlal ueed for tbe tank, and tbe ead of
the coll tbat project,s lnto the tank bas a floatlng support to pernlt cxpan-
elou and coutr*etiou. The elenent head should be caet-lron vith supply
and rsturn openlags, tappiags for an alr rellef valve and a yacuu! breaker
(rcqulred oaiy vhen'steam fi tie heating aediun); $ien atean clrculatea
throrgh the elerent, the flow ls contralled by a steaD regulatlng valvs
vhicb ls actusted by an lnnerglou aquastat pJ-aced'ln tbe tank at ald-belght

k
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er et the lofer thlrd potnt. If bolr€! rater 1r tbe hcatlng aedlul, tbc ratcr
1g lado to clreulato froD bollcr to elencat by gravltyr or bf lcaDr of en
olcctrlc rctor-drlvca clrculrtor ooatrollcd by a rlntlrr taak rqurgtet. Ibcn
gravlty la rcllcd on to pnootc thc flov of bollcr ratcr fror the heat aourac
to tbe rtorage trnk, thc tank abould be pLaccd aa hlgh ao poaelbls rbove the
hoat rouroc ud the path to tbe ttrh ahould be as dlrect and ehort ae
porelblc rltb a nlulaul of valves ad fttttaga lnrtallcd. The piptug rhonld
be rlacd to preveat ercesalve roolrtance to fl,or aod to pcrult tbe requlrcd
ctranJrtloa. Ihen a rotor-drlven clrculetor le uaed, lta alzc chould be
gufflcleut to dcllvor the rcqulrcd quantlty of, bollcr uater agelnat the total
frtoOloual reglctanco to flov botveen thc clcncnt and tbe terk.

fho bortlng elencat (tartee0 of belng laatallcd ln the tank) Day bc lrstallcd
vlthln the heatlng bollers or Eay be an cxtcrnal. tlpc cacaaed lu r ctcel or
ctgt-lrol rhcll. Ihcn olther of thacc cleoeatg are uaod, the doneatlc vrtcr,
retber than the beatlng lcdlur, clrcrrlatcs throughthe colleof the eleaent
to tbe etorege taDI by gravlty or a olrcuLator.

The capaolty of a hoatlng clenent La usually speatfled by tbe raaufaeturer
for tbo coadltloae of uac. theac retlngs are delradeat on the erea of eotl
bcatlng lurface, and are usue{y bagcd oa the forml"ar

^=#irr9*ftr rios{i3fti

Ihere A ls thc area of tbe co1I aurfaco of tbc heatlag clcrent la rquarc fcd
e la tbe qnenttty of rratcr hcated ln gal.loae per bour
\fe tUe cold vator outlrt tcnperature Ln oF.

r,z1l tbe bot vater lnlet tcaperature ln oF.

trla the average tcnlnraturc of thc beatlng redlrrl la otr.

U lc the coefflclent of beat truen!.sslon tbrougb the co1l.
ln Bbu per hour.p6r lqupre foot per oF.

the faotor U v111 vary vlth thc type of heatlng redlul, thc veloctty of tbe
hcatlng nedlnr througb tbe clclent, thc coodltion of'tbc coi.I surfacc, end
the locatlon of tbe eleaent. Dtfferent naaufaeturerrr rattnga vlIL bc becd
on dlffrrcat ascrnptlous ar to thc avaiuettou of U and, therefore, thelr pub-
llabed ratlrge rlLI aonethea varlr uarkcdly. fhe bcat practlce for doalga
putpo6es 1r to teke tbe rettng; of an sgtabllched aad rcllablc lanufas0urer
lad apply tbese cane ratlngs oD a {luare foot of, ooll. gurfacc bagla to tbe
varlotrg heatlng cl.eleats bqlng ugod under llrlLar ooadltloaa.

11. S0BAGE IAXK IX$ILA!r0X

1,11. etorage tenks rbould bc lnculated to cavc fusl and to iaoreaac the heat
atoragc bepaclty of the taak. Stace there ar€tlLclrbcn there !'r llttlc or
ao flor frou the taol lato tbe hot rutter rupply ryctel, tbe arout of het
tbet vlLl be roqulrcd to lal.ataln tbe vater ln thc ta* at tbe dcalred
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teuporature rcady for usc ehould bc kept to a llnlmrl to operate thc tyaton
nost ccononl.colly. Aa an ludleetloa of the savlnga pooolble rrltb aa lnsu-
lated tank, the beat loss fror a bare tank-coatalnlag UOof. vetcr and
located ln a opace nboac tenperature ls 60otr'. lc appiodntely 16{ Btu per
squsr€ foot of ta*.k gurface, whtlc the logs fror a tanl tnmlrtcd ln tbet
recoueaded nanner uDdsr tbe rane tenpcraturc coudltloac lc appriorCratcly
16 Btu per rquarc foot of tank aurface (a rcduetlon of about 90rl.

Ihe rost rlde$ uscd rtorage tank ln$rJ-atloD arc blocks oC 85fi ugncsle,
l-L/z lacbec thlck, wlrcd in placc vlth galvanllcd lroa ntrc ovcr-thc rntlrc
tanlr Eurfaco. Ovcr thesc blocks a L/Z lnch layer of uortar, coatlltlag
of oae pafi porlland cencat to tvo parta asbcctos cencnt r rhould bc trwolcd
to a anooth hard flnlsb. Onc tablespooD of bluestoac (ooppor ruipUatc)
abouLd bc added to crch galloa of aabegtor ceueot oorbar.

12. PNOJECT-OPERATED UATER HEAIESS

The Utlllty AnarJtals for a partlcular proJect nay lndlcatc that lt ls noat
ecouonlcal to supply the domestlc hot rater for a group of dwellltrg onlto
by a separate project-operated vater beater. Frequently, a gar utlltty
conpany wiIL allov }ower (d,rnp) rates durlng tbe sunrler aeason rhca the
denand for gas ls Iow, so that a separate gas rater heater can bc pnt ln
service vhen theEe ratag are effestlve, aud the heatlag bollers ean bo
used for space and uatsr beating at otber tlnes.

ProJect-operated rater heaters can be coal, o11, or gas flred. the heatcra
are usual\y aoall cast-lron or stee1 boilers, or coppor uultl-cotl uulta
(gas-flred only). The beaters usually operatc on a dlrect ryuten, nhere tbe
donestlc rater ls heated ln the unlt and clrsulated to the storage tank.
For such a hook-up, the beater nust be b,utlt for a rorklng proscure of L2.5
pounds psr square lnch. If the heater ls deslgned for a lonEr vortlng
pressure, an lndtrect book-up ebould be nade whereby the water heater acta
exactly as does a space heatlng boller ln supplyiag rteau or boller ratcr
to a aeparate elanent whlch then hcatc the donegtie rator. Tlth the 1ndl-
reat book-up tbe water heater nust be provlded vlth aLl the safety controJ.r
and accessorl.es provided on any beatlng botler, lacludlng regulatlng valver,
Ior water cut-outs, safety yalves, rtrelnersr ed trept trhen gtca,E 1l thc
heatlrg aedlr.m; and pressure reltcf valveo, c:cpanslon tanka and tcnpcraturc
regulatlng coatrols nhan hot vatcr ls the heattqg nedlurc

Eo 0oal-f1r.ed vater h.ea.}e-E should be testcd and ratcd la accordaace
vith Connerclal Standard CSI45-47, rtestlng and Ratlag Eand-Flrcd Eot Uetcr
Supply Bollerarr lssued by tbe [atloaaL Bureau of Standardc. ?hlg ctandard
provldea a uniforn nethod of teating and rat{'g thtr type of bEatcrr ad
specifles that the unlt should ba narked rith lta provsa heattug capeolty.
The heater ahould bave grates of the dunplag or rocking type, doslgned for
burnlng eoal the elze of pea anthneclte and largcr. The enoke bood rhould
bavs a choke danper rlth anple opolng, and a drafb reguJ.ator rbould bc
located betrreen the cboke danper aad tbe chhaey' The draft regulator

-9-
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should be the adJustable tSrpe tbat cen be locked at a tettlng that v111 pro-
vlde vatcr at a telpcraturc bgtreen $0o aad 140oF. A hand shovel, poler,
and rlre flue brnsh or aerapef rlth handlcs tbould be provlded vlth thc
beater.

bo 01l-f1red ratcr heatefq rhould be provlded nlth ao arrtorattc neahan-
lcaL atonlrlng type otl bunrer couplgrlag rl.th Connerolal Standard C9.l5-12t
iAutoaatlo lbchanLcal feft 011 Buraera Dealgned for lbncstlo lactailatloalrl
taoued by the f,atlonaL Bureau of Standardg. Burnerg so labelcd rLIL neot
acccpted standarda tbat ghould ariurc good perforoanco. tbe coabustloa
aberber sbould be bu1lt la accordenoe vlth the recooneadatlons of the o11
buraer or the heater ranufecturen, uslng e good quallty of flre brlak. Thc
tcnpereture of the beated rater abould be regulatcd by an Lrnerelou rquastat
whleh 1111 aontrol the oll burner operatlon to oalataln the ratcr rt 140of.
In addltloa, the heatcr ghould be cquipped rltlo a hlgh tenperature aafety
aoatrol devlco vhlch r11I atop the buner operattoa nbenever the tenpereture
of the flue gascs becones ercesglvc or'wheaever the buraer fallt to lgaltcn
An adJustable berooetrlc dreft reguJator should be lastalled ln the gioke
plpe of the heater to nalntaln the coastant draft that la a€cessarJr for sEfo
aad cfflclcat oparatlon, end the area of the opening of thls regnletor ahouLd
be equal to the area of the srcks outLeb opcnlag of the heatcr. The lnstalla-
tlon of, the heater, burner, end all lcceasorleg sbould conforu to the
requlreaentc of the f,atloaaL Board of Flre Underrrlters Panphlet Xo. 31o

Gc 0asdflred.heatere should be llgted by the Arerloan Gas Arsoclatlou.
The naln buraerg should be provtded rith a ranually-operatcd gao valve rad
an autonatle pllot rlth a unual ahut-.off. 0a hcatera uslng aetural or nelluF
frotured gaa the pllot upoa f,La.me fallure thould ahut off the gaa aupply to
the nal.a burner; lf Ilqueftod petroleun or butane*alr ga! ls usod the pllot
ahoulclgbut off the gar cupply to both rain burucr and pllot buruer, alnce
those gases ere heavler than al.r and nay aocunrlatc In the loyer portloo of
the heatet rooro

L3. sCT,AR UATEB HEATEB SISIE S

Uttllrlag tbe raergy of the tun for heatlag donegtic rrater lc pnaotloal and
cooaonlcal la those parts of tbe couatry rhore cloudy daya are Lnf,requento
lhe edvaatage of a aoLar nater hcatlag systen 1r that although lnltlal cogt
ls hlgber than tbat of a coavcntlonal ayotel, thc cost of operetlon and nain-
tonanoc lt very low. llbere grrnEhlne ls not so conalctent\y avallabLe, a colar
ratcr heatar cupplementcd by an auxll1ar5r vater heater tay proye ecoaoaloal..ly
declrable, rbeu the aeed for the operatlou of the aurtllary hcetEr lr relsttvely
lafrequeat.

A golar nater heetlag lasballatlon conslsts of a glass-covered heat abeorber
connected to a well-!.nculatsd hot rater atorage tnnk. I{hen tbe absorber la
crposcd to the gual! rayg (short-uave radlatloa), they raadlly penetratc the
glios cover and heat the absorberls lntertor surface. Tbe heated surfaoe w111

cnlt long-uavc radlatlou vblch r1I1 not paos throrUb the glase eoverr but

-10-



lnatord v11,1 rrlcs thc torporaturo of tbe ebtorbor. Yrter paaclng tbrorrgb a
bcetlrg olcaert, rlthla tbc abrorbcr vlrl bc bcatod durlng thc aayrlgbt houru,
aad tbc bot veter cau bc aosunrlatod 1n r rtouge trnX for ruc durlng tbc
Dtgbt or et other theo nhcn the aun le not rhlalug (tlc dlrcot cy!tca). ff,
lt lc not deslrablc to latroduce tbc donectlc rator dlrectly lnto tbo
tbsorbcr clcneut, a heatlag nedlun can bc clrcul.atrd ln e aostlauonr olrcrrlt
frol the tbsorber to a Jacl,et mrrormdlag tbc trrLr or to r aoll looetod :

rlthln t[6 trnk, nhcre lt rlll trrnder lts hcat to tbc doreetle retrr tnd
tbea returr to the abgorbcr (tUc Uafrect cyater). The hcatlnt rcdtur
sbould be a nou-freerlng rlrturc 1a Locslltlec aubJccO to lou toporeturcr,
la otbcr looelltloa lt ceu be retcr. ln crputloa rprec ahould bo provtdod
to porult Lncrcaacs ln tbe volulo of tbc bcrtlag rcdlur aa ltc torpcrature
rlscg. It has bcen obscrvcd tbat tbe effests of aororloa oa thc ttorrgc
tanks and tbc connectlng plplng bavc boou lcac vltb tbr ladlrcot tbo vltb
the dlrect aysteno

l. Abaorber Conatmetlou. The abaorber uaua{y conslrtg of a flat Glr.,
fror 3 to 4 tncUea decp, coatalalng a coll of 3h lnch eoppor tublag or gal-
vanllcd stecl plplng restlng on a llnlag of aheet uetal of tbe rare ntorlal
aa thc coll. The lengtba of tube or plpc rhould be goldcrcd to tbe 11alr6
at frequent lntervala, or for thelr fir1l lcagth, end both thc coll. end tbc
lnterlor of thc eese sbould be pElntcd a duIL bhet to lncreaso the hcrt
abcorptloa offlclcncy. If the ebaolbsr coll le coppcr tublngr the tubcc
aay be flsttened to an ovaL shape beforo lnsteDatloa la the ebsorb.r.

the oldce and thc bottoa of an abgorber cacs ahould be corpletcly lnsuJrtod
vlth an laaulating raterlal tbat ls not, affested ry rolcture or the rorther.
fhc tblotncas of the losulatloa cbould be aot lose tban t/2 tucU, eltbough
tblckneeccs up to 2 luober Er6 nore dcglrable rhen reletlvely low elr
tcnlrreturca ere to be oxpectcd.

lhe abaorber cover uaually lc rade up of aectloae of alngle tblckncge gleaa
vtndow raab, each acctlon bclrg ebout 1/, lnabes vlde and {8 lacber longr
tvo tblokDoasc! of glacr, aeparatcd by a srall rlr apacc ahould be ueod rt
lor a1r teaporaturcg to prcvcnt ercegslvo heat locrcc fron tbe abaorber.
Tbe Jelut betrcea the aarh and the s!.doc of tbc ceso should be atr-tlght to
prcveat leehage of heated alr fron tbc cese, tbc saah rhoul.d bc rervablc
ro tbat tbe coll can be aervLcedrand lt should be poralblc to rcadlly tmvo
and replaco brofen panea of g1aec.

b. Absorbor aad tarrk Locatlou. The absorbcr rbould bc looatcd re far
as posslble belon the atoragc taah, vlth the hot outlert of the abcorb.r Dot
blgber tban thc bottoa of.the rtorage t.nt, unlcrc forced clrqrlatlon 1r
provlded. the abaorber nay bc placcd on tbe Lower slopc of, thc roof of a
bu.Ltdlng or porch, be lastalled as an lvnlug ovcr a grouP of vl.ndovsr or
nountcd ln a tilted fraue oa a fLat roof. fhe locatlon rhould be $rcb that
no ghadovs rtll faIL on the absorber at aay tlac of tbc dq7. For laxluur
\petfug rffest, tbe absorber ahould face due aoutb, vtth the PlPil of tho
co1l nrnnlag eaet and reat r tDd the uorth end of thc aarc tlltod uprard.
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The angle of ttlt of the case rrltb tbe horizontal sbould be not lesg than tbc
aagular value of the latltude of the proJect, or rore than the angular value of
the latltudc plus zTV*. However, for abgorberr nounted on norlally rloplrg
roofsr lt is probably nost practlcal to place the abgorber dlrestly on thc
aloping roof surface wlthout attemptlng to galn any cxtra angle of tlIt.
For the golar heating systea dcslgaed for gravlty circulatlon, the ctoragc
tank ghould bc placed tn tbe peak of a sloping roof, or rltbln an eacloturo
proJecttng rbove the roof (vhlch lrry be udo to appoar ar a cbrrnoJr or othcr
architeetural feature). The tank should be locatcd rtthln 15 fect of tbc
hot outlet of the absorber and the connectlag pipet chould ba as shott a,nd
diresb aa poeslble, pltched rurlforn\y upward torard the tank, aad reLL
lnsulatedo Tbe connectlng pipes and tbe absorber caee sbould be fleobcd at
the bullding surfacee vherever aeeoogary. Plgure 2 ghoug a typlcal rolgr
heatlag uraugenent.

Go Elgtng-.!he-Tq3!_gq_AbeorLe-f,. SatlefactotT operatlon of a colar
heater depends principally ou the proper slze of tbe storage tank, alnoe
aufficlent hot uater should be stored ln the tank durlng the hours of cunshlnc
to supply the anor:nt needed dnrlng thc aigtrt-tiue period and at otber tlnes
rhen the sun la not shlnlng. fn the varlous Pl{A proJecbs usiag eolar nater
heaters (vlttrout auxiliary heaters) satlsfastory results have been obtalaed
rhea the storage capaclty provlded has been about 66 gal-lons for eech oae*
bedroon dwelllng, 8O galloas for each two-bedroou drelIing, 100 galloae for
each three-bedroom dvelllng, and I20 gallonc for each four-bedroou dnelllag,
lheee capaeitles are adequate rhether a separate storage tank ls provlded for
each dwelltng or one tank serveE a group oi' dre)"lings"

The requlred glaes surface area of the absarbar depends oa the slze of the
storage tank to vhlch the absorber ls conneeied and the dlreetion ln rhlch
the glass surfaee of the absorber ls orlented. For absorber ualts faclag
due south tbe glass surface area should ba abcut 40 square feet rhea connestcd
to a 65 ga11on tank, 45 Equare feet rben connected to ar80 galloa taakr 60
equare feet when counected to a 100 ga1lon tank, 75 square fest vheu conneoted
to a 120 galJ.on tank, and 90 square feet vhen connected to a 150 gallon tauh.
Each square foot of glass gurface area should cover about one-half rquare foot
of plpe or tube surface area, that Is tbere should be about 2o2 Llaear fcct
of 1/lr lncb ptpe or tube (nomlnal size) for eaeh square foot of glaos.

Uhen tt ls not posslble to place an absorber vlth lts glaas surface faotng due
south, tvo separate absorbEr unLta both counectlng to the one storage ta.k
should be lngtalled, one ou the east slde of the bullding and the otber ou
the negt glde. The total glass area of the tvo absorber unlta should erceed
the surface area requlred for an absorber faclng iue Eouth by an aPprcelabk
a.lorrnt to provlde equlvalEnt heatin6 capaeity.

PHA,,tF .
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PARI ]TVIII - DOMBSTIC I,IATER HEATING

1. . INTRODUCTION

The heatlng equlpment that furnishes hot water for dorestLc use should.be
adequate in slze, rellable in operation, and consistent wLth the econorql of
such equipment from the standpoint of capital cost and the costs of operatlon,
maintenance, and replacement,. The fuel and, to a lesser extent, the natr.rre
of the equipment should be consistent r,rith the flndlngs of the Utllity Analysls.
(See PHA Low-Rent Houslng Bulletin No. I8-1I, rrselectlon of Utllitlesr).

2, INDIVIDUAL AUTOMATTC DOMESTIC TIPE WATER HEATERS

Gas-ftred water heaters with self-contalned storage tanks should comply rd-th
the appllcable requirements set forth in Arerican Standar"d ASA 221n10.1. The
heaters should be listed by the Amerlcan Gas Assootatlon and should bear the
AGA labeI. The thermostat, for each heater, should have a temperature adJust-
nent not to exceed lltOoF. The storage capaclty and hourly AGA input should
not be less than the follow'ing:

ae For one, tworor three bedroom dwelling units - 30 gallon tank, 2BTOOO
BTU lnput.

b. For a four bedroom dwelling unit - h0 ga1lon tank, 33rOO0 BTU input.
co For five and sit bedroom dwelling units - !O ga1lon tank, 35rO00 BTU

lnput.

Electrlc water heaters with self-contained storage tanks should comply with
the requirements of Federal Speciflcation W-H-I96, except that Type II double
heating units should be provided and when such heating unlts are separately
controlled, the thermostats should be interlocked so that any one'unit may be
operative at any one time. Heaters should be listed by Underwritersr L,ab-
oratoriesl Inc., and should bear their Iabel. The storage capacity and power
lnput should not be less than the following:

&o For efficiencies and one bedroom dwelling units - lr0 ga1lon tank r.rith
L25O watL top element and 750 watt lower element.

b. For two and three bedroom dwelling units - S2 gal-.J-.on tank with 1500
watt top element and 1000 watt lower element.

co For a four bedroom dr,relling unit - 65 ga1Ion tank lrith 2r0OO watt
top elernent and lr25o watt lower element.

d. For five and six bedroom dwelling units - B0 gallon tank with 2r5oo
watt top element and 1rlo0 watt lower element.

(Conttd)
NOTE: This ls a

. and replaees
The nater{-al
revLsed.

new Part lOIIf, BuILetIn No. LR-f, Domestlc Water Heaters,
the prerrous Part xl/rrr whrch was obsoreted Ln October L963.
contaLned ln ttre prevJ.ous Part XVIII has been completely
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J. REI,IEF VALVES FOR INDIVIDUAL TIPE WATER HEATER

Re1ief valves for rater heaters should be the combination pressure and ten-
perature reseati.ng type wlth extenslon themal bulb and hand relievlng lever
and.must be installed on water heaters as a safety feature, to avold subJecting
the storage tanlc to excesslve pressures and prevent water in the tank from
orerheating. Excessive pressures may be due to e:cternal causes .such a_s. un-
controlled increases of pressure 1n the street mains or water hammer in the
building plpjng, or raJr be caused by e:cpansion of water ln the tank due to
overheating. Overheating occurs when the device controlling the rater tempdra-
ture in the tank faitrs or is subJect to maladJustment. Since the increased
pressure due to overheati.ng may be absorbed by bacldng-up of the water Ln the
cold water llne, it ts neeessary to have a tcmperature rellef as weLl as a
pressure rellef valve so that scaldi-ng water (which may flash into steam at
atrnospheric pressure) rriU not discharge into a plumbtng fixture nhen its
faucet is opened.

PHA Lory.flent Houslng Bulletln No. LR-I0, Part II, rrHousehold Equlpment for
Cooking, Refrlgeration, and Water Heatlngrrt dlscusses lndlvidual water
heaters, their tanks, water temperature settingr md relief valves in some
detail. In addltion to the featwes of comblned pressure and temperature
reli-ef valves dlscussed therein, such valves should be constructed of brass
or bronze to ensure that corrosLon w111 not affect proper operation, and
should be of the tylpe that conforms to the requirements of the American Gas
Associatlon as sp.eclfled in Arcrican Standard 22L.22 and should be so labeledo
Rellef valves rchen used with water heaters having an i:rput of 151000 BTU or
more should have not less *ran 3/L-lnch lnlet and outlet connectlons and
not Less *n t/Z-tnch connectLons when used rrlth heater havJ-ng en input
of 15r0oo BTU or Less.

The conbjned pressure and temperature valve should be located at the hlghest
point of the tank, in the hot water outlet of the tanklor in a tarrk tapping
prorided for this pur?ose. 'The thermal sensing bulb of the valve mrst extend
into the hottest water at the top of the tank. The length of thermal senslng
element ..stem extending beyond vl1ve inlet openlng should be indicated on thi
body of the valve. There shouLd be no valves of anJr kind installed between the
relief valve and top of the tank. A discharge pipe equal to the slze of the
rellef valve outlet should extend from the valve outlet to withln B inches of
the floor or open drain. If the discharge is piped to a point outside the
dnelllng, the potnt of discharge should be vlslble at the ground level.

Unsuitable discharge points for relief valve outlets would be: the bowls of
any plumbing fixtures, erqposed openings to the exterior of the dwelling; dtrect
connections to the sanitarJr or storm drainage system; a floor of a dweJ.Llng
above the flrst otoryl or, in general, arry locations where there would be
danger of scalding the occupants, polluting the water supply systen, freezing
the open end of the outlet, or damagirgthe building. .In additionrthe discharge

(Contt d)
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frorn a heater in one dwelllng shorrld not be allowed to empty on the floor of
the llrr1ng space of another dwe}llng.

h. sroRAoE TAIIKS FoR rNDrvrilrAr., Do}msrrc rrPE WATER HEATHiS.

The't1ryes of tanks conmonly used include glass-llned steel, combilation t5pe
glass-Iined and cement-llned, copper silicon aIIoy, nickel-copper alloJrr arrd
cement-lined (stone-lined) steel.

For several years from 1951 through 1959 tests on tank lin!-ng of gas rater
heaters ln gerrrlce ln pubIlc housing proJects rilere conducted Jotntly by PHA

and Local, Authord.tles. ltre flnaL test results, pubUshed ln ].;959 t estab-
lished that characterlstlcs of the water uere the prlnclpal- factor l-n
deterrnlning how well a partlpular tarik l-ining woul-d stand up in ser:vice.
Whereas some linings were llttle affected by water ln one loca1lty, they
could be rapidly corroded in another loca1ity, having a different water. It
was found that the copper-Ilned, the stone-linedrand the glass lined tanks
perfonned well in aII locallties where tests were conducted.

Based on the test data obtainedrit is evident that these tylpes of tlnlngs would
perform equally well in most other locations. The choice between the three
types of tank linlngs for any specific application wouLd have to be made after
welghing factors such as initlal cost of complete heater, meetlng of PHA re-
quirements by the nanufacturer, availabllity of replacement parts, and sjrilar
consideratlons. Since heaters with glass-lined storage tanks are readily
available from a large number of heater manufacturers throughout the country,
at a much lower lnittal cost than heaters with other tlrye tanks, conslderatlon
should be given to their use, particularly when initial cost ls always a per-
tj:rent factor. If the water piping is a material that ls dissimilar to the
tank material (for exarnple copper tubilg corurections to a steel tank)r'i.r-
sulating fittings should be used to make such connections.

5. PROJECT-OPEnATED SYSTEMS

Water heating systems designed to supoly hot water to a group of dwelling urdts
or bulldings consist generally of a heating boiler and a separate storage tank.
Hlgh-input gas fired t5pe heaters with self contained storage tanks and/or
storage tanks that are separate and external from the heaters. In addition,
there are rrinstantaneoustr or tankless methods, whereby the storage tank is

. onitted and the capacity of the water heater is increased. The objections to
tankless systems are: (a) lact< of reserve capaclty to handle sudden excess
demands; (b) extreme fluctuations in water temperature at the ffurbure outlets
especially if the water temperature regulating valve (mixfng valve) is not
operating satlsfactorilyg (c) increased corrosion and scaling of the heating
elerent due to lts e:cposure to high temperatur"es ln the boller; and
(a) Uereased boLler capaclty rrequlred to supply peak demands. For rrellablle
and conslstent serrrlce, therefore, a storage tank ls essentlal.

6. sroRAGE ram bousrRucrroN FoR pRqIEcr-opERATED sysrq{,s

Since storage tanks must rrithstand the full pressure required for proper water
distribution, they should be constnrcted for a working pressur€ of 15O pounds

- , - (Conttd)
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per -square inch, In accordance rlth the American Society of ltlechanical Engl-
neers Botler Con_struetlon Code, Section VIII, trRules for Constnrction of
Unfired Pressurs Vessels.rt V This Code specifies handholes or a manhole
in the head of the tank (Aefendlng on the tank size)r shell thl-clcressr and
other detalls of constrrretion that should ensure satlsfactory tank construc-
tlon.

7. STORAGE TANK MATERIAIS

The corroslvlty of water is lncreased when heated, and the heated rater tends
to attack the container In which the heatlng action occurs nore strongly than
other parts of the nater supply system. For this reason, the choiee of a
material for storage tanks should be consldered when interpretlng the results
of a water analysls, and (as ln the case of rater piping) the cholce shouLd
be a materlal that can be enpected to last approximately 2O years under normal
operating conditions.

The tank material rith the lowest ilitial cost is black steel and the useful
Ilfe varles widely depending principally on the chemical composltion and the
quantities of the impurittes in the water supply. Since favorable water
conditj-ons are rare, there are very few localities where unprotected black
steel tanks riII glve satisfactory senrice for the requlred life e:<pectancy.

Galvanized steel tanks are sub,ject to the same disadvantage as black steel
although they can norrnally be expected to have a longer life e:rpectancy.
However, unless the water condltions are not of a corrosive nature, the ln-
terior zinc coatlng of the tank w111 comode and expose the steel beneath.
The time required for corrosion of the zinc is an indj-cation of the lncrease
in the 1:lfe of galvanized black steel tanks.

Tanks are available wlth corrosion-resistent protectlve llnings at an increagejn cost,. The types of linlngs generally used are a low-solubIe cement applled
to the interlor surface of the tank, porcelain enamel (gIass llning) fused tp
lnterior surface of the tank, copper sheets (forming a tank within a tank), e
copper layer bonded to the interior of the steel shell or a tank of copper
silicon alloy which contai-ns approximate}y 95 perrent pure copper. Cernent-
lining of tanks appears to offer the greater advantage, for its increase Ln
cost, over unlined tanks, Cement should be a low-soluble tlpe about 5/B Lnch
thick that resists the action of corrosive water ard with the sane coefficlent
of expanslon as the steel.

Storage tanks made of copper silicon alloy (commercia-lIy known by such trade
names as rrHercloy[ or rBverdurn)r copper c]-ad st€e] tanks, or a copper sheet
tank rlthln a steel tank are substantially higher in cost than a cement-lined
steel tank and in normal circumstances it ls doubtful whether this lncreased
cost is justifiable.

(Conttd)

of Mechanical Englneers, 3h5 East
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8: STORAGE TAIVK ACCBSS0RTES

Each storage tank should be suppor*ed adequately by a concrete pier, a
steel pipe frame, or steel saddles, A thermometer should be lnstalled in
the tank and placed i-rr an easily readable positl-on and so located that lt
rtII indlcate the water tenperature at ttle tenk outlet. A reseating tJtpe
pressure and temperatrrr.e relief valves (separate or combined) mrst be ln-
stalled tn the tank as a safety feature, to avoid subjecting the storage
tank to excessive pressures and to prevent water in the taruk fron overheatlng.
Valves are to be set dlrectly into the highest potnt of the tank and thero
should be no check valves or shut-off valves between the relief valve and
the tank. A discharge pipe uith e cross-sectional area equal to the area
of the valve outlet should extend from the valve outlet to wtthin I lncheE
of the floor. Relief valves for storage tanks should comply with the sart
refer-ence standards and have the same standard relieving capaci-ty as noted
for relief valves used with the tanks of individual water heaters. See
paragraph I for reference standards and other pertinent inforrnation.

9. STORAGE TANK STZING

The storage tarrk capacity that ril1 give satlsfactory performance depends
on the peak hot water demand and the recovery capacity of the water heater.
The peak demand will increase with the number of dwelllngs, but not in
dlrect proportlon to the l-ncreased nuinber, due to the divorsity of demand.
Estlmating hot water storage requirements and tank storage capacitles can
best be determlned by consulting the chapter on Water Senrices oontained
ln the American Society of Heating, Refrigeratingeand Air-Condltlonlng
Engineerts Guide and Data Book. 2/

IO. STORAGE TANK CONNECTIONS

The hot water supply outlet from the tank should pitch up from the tank to
the flxtures for proper air relief. The cold water lnlet and the hot watsr
outlet should connect at opposite ends of the tank, so that the entering cold
water will not ctrlI1 the hot water leaving the tank. Bot,h hot and cold water
connections should preferably be at the top of the tank lrith the cold water
directed to the lower portlon of the tank by an lnslde dlp tube to mlntmlze
water nixing. If such cold water hookup j-s not feasible, the conneotlon
should be dlrectly to the bottom of the tank. Hot rater recirculatlng plping
should also be connected to the bottom of the tank. If the rater plplng J-s
a naterial that ls dissimllar to the tank material (for example copper tubing
oonnectlng to a steel tank), insu[4tlng ftttlng should be lnserted tctween
the tank and the water lines, $htt-off yalves and unions must be provlded
in all the connecttons, and the tank should have a drain vaIve, to permlt
taking the t,ank out of senriee for repalrs and maj.ntenance. To prevent damagc
to a dwelling or its furnishlrrg due to hot uater faucets being opened and
inadvertently left open whlle the hot water supply ls temporarily cut off,
I yahred b1ryass around the tank(s) should be provtded to permlt coLd watcr to
pass thnough the hot watcr Llnes whenever the tank(s) are out of gerrrlcc.

(Contta)
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IL. HEATING EI,EX.TEIfIS

Uhcre large nurhrs of drrcI1lngs ere eenred by storage tank(a), the water ln
the tank(s) ts usually heated by means of steam or boil-cr water cJ.rculatlng 

-
througfr e heatlng clenrent consliting of copper colls subnerged ln the tank(a).
Tank(s) heated w'tth boiler water require less fuel during the summer than
tank(s) heated rith stean, slneb the stand-by heat losses are less. Therefore,
ln systems uslng Ior-.pressure steam or forced hot water as a heating rnedium,
lt is preferable to use boiler nater, rather than stean, to heat the water in
the storage tank(s).

The heating element wlthj-n the hot water storage tank(s) should be U-tube
shaped seamless drawn copper tublng. The tube ends should be e:cpanded into
tube sheets made of a metal corresponding to the netal used ln the tank and
the heattng element should be installed wlthln the tank wlth a floatlng sup-
port to permlt e:rpansion and contractlon. The elenent head should be equipped
rrlth supply and return openings, tappings for an alr relief valve and a
yacuum breaker (required only when steam is the heating medtum). When stean
eirculates through the element, the flow is controlled by a steam regulatlng
velve nhtch ls actuated by an lmmersion aqrrastat placed in the tank at ntd-
helght or at tha lower third point. If boller water is the heating mediun,
the water ls made to clrculate from boiler to element by gravity or by means
of an electric motor-driven clrculator controlled by a slntlar tank aquastat.
Uhen gravlty Is relied on to promote the flow of boiler water from the heat
Bource to the storage tank, the tank should be placed as hlgh as posslble
above the heat source and the path to the tank should be as dlreot and short
as posstble rith a ninlmum of valves and flttlngs J.nsta1led. The piplng
should be sized to prevent excessive resistance to flow and to permlt the
required clrculatlon. When a motor-driven ctrculator is used, Lts slze should
be sufflclent to deliver the requtred quantity of boller uater egainst the
total frictional reslstance to flow betneen the element and the tank.

The heatlng element (instead of belng installed in the tank) nay be lnstalled
rtthin a slngle heatlng boller or mey be an external tSrpe encased ln a steel.
or cast-lron shell. When either of these elements are used, the domegtic
water, rather than the heating medium, circulates through the cotls of the
element to the storage tank by gravity or a circulator.

The capacity of a heating element ts usually speclfled by the nanufactr.rrer for'the condltlons of use. These ratlngs depcnd on thc arrea of coll heatlng
surface. To check the heating coil ratings under temperatures, other than
those stated in the nanufacturersr published ratings, can best be determlned
by consulting the equation set forth Ln the paragraph titled, Computing Heat-
Transfer Surface, listed in the dhapter on Water Senrices contalned ln the
American Society of Heating, Refrlgeratingrand Air Condittoning Englneers
Grdde and Data Book.

12. STORAGE TANK INSUTATTON

AIl storage tanks should be tnsulated to save fuel and to lncrease the heat
storage capacity of the tank. Since there are ti-mes nhen there ls Ilttle or

- 6 - (conttd)



no flor from the tank into the hot water supply system the amount of heet
that 1111 be requi.red to malnteln the water ln the tank at the deslred
ternperatur"e ready for use should be kept to a minimum to operate the system
most economically. As an lndlcation of the savJ-ngs posslble with an lnsu-
lated tank, the heat loss from a bare tank containing 1l+Ootr'. water and located
ln a space rhose temperature ls 6OoF. ls approxfunately 16h BTU per square
foot of tank surfaceruhlle the loss from a ta"nk lnsulated in the recommended
menner under the same temperature conditi-ons is approximately 16 BfU per
square foot of tank surface (a reductlon of about 9c4).

Insulating materlals for storage tanks rnay be thermal mlneral flber lnsulatlng
blankets, or ihsulattng blocks of calcium silLcate, or nineral flber, or
nagnesia. Storage tanks should be thoroughly cleaned and lnsulation applled
to the entire surface of the tank and secured tightly J-n place rith galvanlzed
chicken rlre securely tled together. Over the insulatlon apply a coat of
lnsulating ard finishing cement, troweled to a snooth surface, not less than
l/2 Lnch overall thlckness of two coats.

13. WATER HEATERS FOR PROJECT OPERATID SYSTH{.S

The Utillty Analysis for a particular proJect may indicate,., that it is most
economlcaL to supnly the domestic hot water for a group of dwelU-ng rrnlts
by a separate proJect,-operated water heater. Frequently, a gas utlltty com-
pany will allow lower (a"*p) rates during the summer season when the demand
for gas is Iow, so that a separate gas uater heater can be put ln senrice
r*ten these rates are effective, and the heating botlers can be used for space
and water heatlng at other times.

ProJect-operated water heaters can be o11 or gas fired. The heaters are
usually small cast-lron or steel bolIers, or copperrnultLcoll urdts (gas
flred only). The heaters usually operate on a direct system wtrere the do-
nestic water ls heated in the unlt and clrcr:lated to the storage tank.
For such a hook-up, the heater mrst be bullt for a working pressure of L25
pounds per square fuch. If the heater is designed for a lower worklng
pressure, an lndlrect hook-up should be made whereh,y the rater heater acts
exactly as does a space heating boiler in supplying steam or boiler uater
to a separate elencntwhich then heats the domestic water. With the lndirect
hook-up the water heater mrst be provided rrith all the safety controls and
accessories provided on any heating boiler, lncluding regulatlng valves, 1or
water cut-outs, safety valves, strainersy and traps when steam is the heating
medlum; and pressure relief valves, expanslon tanksrand ternperature regulatlng
controls when hot water is the heatJ-ng medium.

fn lleu of the use of ruLttcoll gas-fired heater, rrlth separate and external
storage tar&r a gas fired heater nay be used, of a t54pe ln rhich the storage
tank and burner arne combtled as a unit. A re seatlng type pressure axrd
temperature rellef valve mrst be lnstalled for each heater of this t;pe as a
safety feature. See paragraph l, for reference standarrls and other inforrnatton.

&o Gas-fired water heaters should be listed by the Amerlcan Gas AssocLatlon
and sho controlled t1rye, rrftn Uurners adJusted for the
type of gas available at the proJect, and should conform to tbe applicable .

_ 7 - (cont'd1
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reqriirements of Amerlcan $tandarrl ASA 22L.L0.3. Heaters should be lnstaLLed
ln accorrlance rith nrles and regulatLoils lncluded Ln AmerLcan Standard
Installstion of Gas Appllancos and Gas Piplng ASA221.30, manufacturersl
lastallatton Lnstnrctlons and appllcable buildlng codes.

b. Otl-fired rater heaters ahould be provlded *lth an automatic mechen-
tcal ato omplying ntth CommercLal Standard C375t
nAutomatic Mechanical Draft OII Burners Designed for Donestlc InstaU.ationsrr,
lssued by the Natlonal Bureau of Standards. Burners so lebeled rl11 neet
accepted standards that should assure good perfornance. The combustion
chamber should be bu1lt in accordance rlth the recommendatlons of the oi-I
burner or the heater marrufacturer, uslng a good quality of flre brick. The
temperature of the heated water should be regulated by an lmmerslon aquastat
wtrlch will control the o11 burner operation to maLntain the water at ilr0oF.
fn addltion the burner should be equipped wlth a safety device to stop the
burner on system failure. An adJustable barometric draft regulator should
be installed 1n the smoke pipe of the heater to matntain the consta.nt draft
that is necessary for safe and effLcient operation, and the area of the openlng
of this regulator should be equal to the area of the smoke outlet openlng
of the heater. The lnstallation of the heater, burner, and all accessories
should conform to the requLrements of the National Board of Fire Undenrriters
Pamphlet No. 31.

&. SOLAB WATEB HEATER SYSTEI,TS

Utilizlng the energy of the sun for heatlng domestic water is practi-cal and
economical in those parts of the country where cloudy days are infrequent.
The advantage of a solar water heating syst,em is that although j-nitial cost
is higher than that of a conventlonal system, the cost of operatlon and netn-
tenance is very Iow. To ensure a continued supply of hot water during cloudlr
reather, an electric heating element nay be inst,alled in the storage tank, to
operate generally as does a conventional electrlc domestic ttr1pe heater; or
nhere sunshlne is not so conslstently avallab1e, a s.oJar heatlng system
eupplemented by an aruriliar;r water heater may prove economi.cally deslrable,
trhen the need for the operation of the auxillary heater, as a boostlng devlce,
is relatlvely lnfrequent.

A solar wat,er heatlng installation consists of a glass-covered heat absorber
connected to a reI}-insulated hot water storage tarrk. When the absorber is
e:rposed to the sunrs rays (short-wave radlatlon), they readlly penetrate the
glass cover and heat the absorberrs lnterior surface. The heated surface rlll
emit long-wave radiation which rlIL not pass through the glass cover, but
iirstead rill raise the temperature of the absorber. . Water passing tbrough a
heatlng eLement rrlthln the absorber w111 be heated dunng the daylight hcurs,
end the hot rater can be accumulated Ln a storage tank for use durtng the
nlght or at other ti-mes rtren the sun is not shining (ttre dlrect system). If
it ls not desirable to lntroduce the domestic rater directly lnto the absorber
eLement, a heating medlun can be circulated inaconttnuous clrcuit fron the'absorber to a coil located rrithln the tank, where it r.ill transfei ibs heat
to the domesttc rater and then return to the absorber (ttre tndirect system).
The heating medium should be a non-freezing fluld ln locallt1es subJect to
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low temperatures. To provide for l;he expansion of the nonfrrezlng fluld
a small e:cpansLon tank or cylinder rith pressure requiremente to meet those
speclfled for the storage tanlt and of a capacity equal to 0.075 of the
volume of the total fluid ln the elosed loop heatlng system (ttre indirect
systen). The O.O75 percentage ls based on the formula for e:rpanston tenkg
set foith in the ASHRAE Ouider"and is computed on the temperature of the
water in the heating system not exr:eeding 20OoF. and the net expansion of
nonfreeze llquld of a permanent t34re, rtth Ethylene G1yco1 base, wtren mlxed
nith water beirrg relatively the sarne e:cpanslon as water.

Br Absorber Constnrction. The absorber usually consists of a flat case
usuaffis deep, wlth length and ridth developed to ac-
corunodate the computed requirement of heati-ng coils. The absorter heatlng
colls may b constnrcted of 3/b or I ineh (Type L) soft copper tubing made
ln the form of a single continuous coil of the return bend type restlng on
a plate of sheet copper and solder continuously j-n lntimate eontact lrith
the heating colI. The upper side of the copper sheet and coll should be
painted with flat black acid resisting paint.

The absorber case (heating tray) should be constructed of 2[-gauge
ized sheet, and lnsulated with a suitable insulating material that
affected by moisture of not less than L/2 ilch thick on the bottom
four sides and should be glazed air tight, except for condensation
drilled in the lower side of the tray.

galvan-
ls not
and the
weep holes

The absorber cover usually is made up of sections of stngle thickness glass
rindow sash. Iwo thicknesses of glass, separated by a sma1l air space should
be used at low air temperatures to prevent excessive heat losses from the
absorber. The Joint between the sash and the sides of the case should be
alr-tight to prevent leakage of heated alr from the case, the sash should
be removable so that the coil can be serviced, and it should be posslble to
readlly remove and replace broken panes of glass.

b. Absorber and Tank location. The absorber should be located as far as
poss , with the hot outlet of the absorber not
higher than the bottom of the storage tank, unless forced circulation j,s
provided. The absorber may be placed on the lower slope of the roof of a
building or porch, or mounted in a tiltedframe on a flat roof. The location
should be such that no shadows wiII faIl on the absoriber at any tine of the
day. For maximum heating effect, the absorber should face due south, wlth
the pipes of the coil running east and west, and the north end of the case
tilted upwarrl.

The angle of the lncllnatlon of the absorber cese rrlth the horizontal should
be not less than the angular value of the latitude plus 23*o. Thls ri1I
satlsfy conditions along the 30oN latitude, which ilcludes the portions of
Florlda and Southern California where these heaters are most frequently used.
The absorber'case mor.rnted on a sloplng surface r,rith a pitch of 5 jnches i-u
12 lnches, or approxlmatelry 3Oo riIL probably be more practlcal than attemptJng
to gain anJr ertra angle of tilto The corurectlng pipes and the absorber case
ghouldl be flashed at roof surface wherever necessarJr.

- 9 - (Cont'd)
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Clrculatlng llnes between the absorber case and the storage tank should
be a mlnfumrm of I lnch copper tubing, and should be well lnsulated. CoId
water llne from tenk should be corurected rtth heating coll at botton of
the absorber case rlth a drain valve in the cold rater llne at thls lor
point. The hot water llne from the heating coIl at the top of the absorber
case should be connected to the storage tank at the upper eLde tap on the
tank.

The storage tank should be placed l.n the peak of a sloplng roof, or withln
an enclosure proJectlng above the roof (which may be nade to appeer as a
chimney or other archltecturaL feature). The tank should be located, if
possible, rrlthin 15 feet of the hot water outlet of the absoiber and
connecting pipe llnes should be as short and direct as possible and pltched
unlformly upward from absorber to tank. Control valves should be provlded
as required.

cr Sizlng The Tank. The storage tank should be able to store suffLciently
heated water for a night period of about sfurteen hours when col} is not
functioning, or 1s operatlng rrnder poor sun condltions as to make its heatilg
effect negliglble. Since the no sun perlod includes the night perlod when
a minumum of hot rater is used, an available storage of 50 per cent of the
average daily usage is considered adequate. Since about 2$ per cent of
stored hot water cannot be drawn out of a storage tank before the incoming
cold water reduees the temperature of aII water in the tank to en r.rnsatis-
factory polnt for usage, the equation for calculating the storage capacity
of the tank becomesr

S=Qdx0.5O-0.66 QdTJ5-
lJhere' S-Storage capacity of tank, gallons.

Qd=Average daily usage, gallons.

Thus for a family of four persons (one dwelling r.rnlt) or (two one bedroom
unlts) using an average of lr0 gallons of hot rater per day per person, the
size of the tank would be la persons x l+0 gal. x 0.566 or 106 gal.1 and the
'nearest standard size of tank should be used. Tank capacitles by nrrmber of
occupants can be best determined by consultlng the chart tttled tfsuggested
Deslgn Data for Solar Heatersn that followsr

(Conttd)
-10-

The storage tank may be constnrcted of heavy gauge steel, galvanlzed inside
and out or galvanlaed outside with a low-soluble cement applied to the in-
terior surface of tank and designed for a working pressure of 150 pounds
per square lnch. ?arnk should be enclosed with a box tlpe Jacket constnrcted
of sheet, metal or nood, rrlth removeable top. The space betueen tenk and
jacket housi-ng should be insulated on the top and sldes rrlth not less than
5 j-nehes of re-granulated tlpe insulation such as cork or ml"neral wool.
The tank should be equipped rith a combinatlon reseating tppe temperature
and pressure relief valve.
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d. Sizing The Absorber.. The required glass surface aree of the absorber
depeffihestoragetanktowhlchtheabsorberiscorrnected
and the direction ln which the glass surface of the absorber Ls orLented.
For example an absorber unlt properly located, facing due south, the glass
surface should be about 126. square feet when connected to a 100 gallon tank.
Absorber sizes of other related lnformation zuch as hedttng coll requirerents
can best be determined by consulting the chart tltled, rtSuggested Design
Data for Solar Heatersr that follorsr

SUGGES?E) DESION DATA TOR SOI.AR HEATER.S

o

DESIGN ITn{

iiot Water Used at Nlghtl GaLPer P

Retatned J.n Tank, 25 Percent, GaI.

Tank Capaclty Requtred, OaI.

;Hot tlal;er Used Durlng Day, OaI.

Total Water to be Heatedr
GaI. Per 8-Hour Period
GaI. Per Hour-

Copper Coil Requlred:
Surface Area, Square Feet-
Equivalent Length I-In. CoLI, Feet

Box Slser

. Iength, Ft.-

PER PERSON

I
20

160

lrO

200

160

r02h

3&
b5

256

252
L2
2L

I

I t 2 3 L 5 6 7

20 20 20 2020 20 20

20 6o 80 100 120 ]J+o

?a 25 3o 355 10 L,

25 5p 75 l?5 L50 L79

20 l+o 6o

100

8o 100 120 1l+0

,t5
6

90
L2

L35
u

lBO
23

225
28

270
3tt

3L5
39

,32
)128

6L
156

96
38h

128
Sr;z

160
6lro

L92
768

22lt
895

32
tr
I

65

'6510

96
I

L2

L26
9

lJr

160
L0
16

228
L2
L9

r.9B
11
18
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APATTHBE HOUSE ITCIHENTIONXT

(r'tuE-FEp)

1. TI{TNODUCTIOX

Tbe natcri&l irl thls part of, the EuJ.lctt,n Ls dmrn fron tbo tcobnloel
otudy on nApartrent llouse Incinerators (Flue-Fed)n prepared by the
Buildr'g Bereeroh Advtaory Board undor contract rttfi the fodersl Eoeol.ag
AdntnLstratlon. The Publl-c Eouolng Add.nLctratt ot, reallzlng the nced
for reUable technlael Lnformatlon, initieted the stu{y and oontributcd
firunctally and provlded teahntoal }lalaon. fhc atudy rae rade by a
speciel comrd.ttee of prorLneat engiuecrc fron solence, industry, nnd
mralolpal govcrnncnta, all rocogntzed aa natlonal euthor'!.t16r on varlous
tcotrnical aspecta of the problen. The study ls rrritten prlnarlLy around
the perfornancc lovolr, although doslgn approaoher ero dofldtely lden-
tlfled. The comnittee ooneludad that, upon corylctlon of ths ctudgr, e
detatlad dcalga lna'lJrsla eould bc undertaken, togcther yith e coor.rltneted
researoh effort th"at coulcl laad to mora eleborete design orLterla.

The aggravati-ng depth of the air pollutlou problen, to shlch the flue-
fod lncineretora oontrlbutc, la re}I-knoynl so nnrch eo that the Pnocldont
has directed the attentLon of the Congreoo to the natlonel need for ths
oontrol of aLr pollutlan ln hLc lnrsego on natural beauty of ttre corrntry.
fhe U.S. PublLc Health Scrrloc has leaued a Ctrcular, nlnatnrcttoa for
thc Instellatlon of Llr end Wate Pollutloa Control rqd lreetnant Syatrnr
et lleu Fcdard Faollitlcs and Buildtngs.n' 'fti thla Ciroulu io lnoluded
an j.ten on inolaeratora where the nultlple-ohenber type to reeonnended,
and rtrlot perfomance levela are ladlcetcd. Ihe rovkcd PIIA Outdc
Speclftcatlon ladiEates the ruJ.t'lple tlpe aIao. A f,Inc-f,od LrooLncra,tor
ts dofinod er one coryoaed of a slngle prlnary chanber, of prtnary end
seeondar5r ohanbors, rlth oither an lntegral fluc f,or both refuso dcllvcry
and fluc-ges erhaust, or a doublc flue oorprlelng oae flua for refir^ce
dellvery and ths othar for flua-ges exhauet. Varlous uutIcipa1- oodcs
stlpulate and profer one nethod over ttrc other; opinlonr of engtneoro
var5r aloo. Houever, one largo Local Hanatng Author{.ty on the Eart Coact
and one 1n thc l{idrest prefer the irrtegral fluo; so do€s tho PHA Ceatrsl
Offlce bcoauge it belLeves, princlpallJr, that lesa nelntcnancc ta Lnvolvod
rit'h good design and rrlLh accuratc ooorrll,natlon of the var{-oua cmponenta
end apecieltlec.

For a nor6 ooryrehensivc analyslc of the subJeot nattcr, refaroncc should
be nade to rApartnent Housc Inolneretors (FlucJcd).nlPub1J.oettou f,o. 1280,
pub3.fuhod by the Nattonel Acaderry of Scldncea, Yerhlngton, D.C.

(Conttd)
IIOIET Thls Part of thc Bullctdn fp cntdn\r ncwo

-1-



Bul].tttr Xo. Ifl-?
PANS XII

HETA

. PHA
Dccenftsr 1965

2. nEruS

Rcf\rae, er e gorerLo 6rn, rcfera to soLld rectea. For apa:tlent houro
i.aol-nerators of the flue-fed t5pe, refirse oan be dld.ded Lnto nbblah
and garbage. Bubbtsh io corpooed of dry conbuctlble nrterlel ruob ea
neuopepere, nagazLneo, certona, boroa, plastla oontalnero, end Bolt-go[-
buctf,blee ruch ea nctelc, tt"n oraa, g).ass; orockcry, and dLrt. Gartago
ls ooupoced of rastas fron the preparetton and scrrlag of foods. It La
largely putreoelble organlo netcrtal rlth hlgh nntural nolrture aontcatg
remoral fron tbe apartment at shor{, lntelrels t a aeeceaary.

The Jryortance Ln regar'd to coryosltlon 1o the aet heating value per
unit neLght. Tno coasideratlons rtII af,fect thls velucr nolsture con-
tent, and ratJ.o of cordcuEttbla to uon-conbuatlble naterX.eLa. It ta
recomnended that, for doalgn conal-deretton, refuee be ooasldenod BOE

nrbblsh a^nd 206 garbagc, rlth an &verage heat ooatent of l+1500-61000
Btu per pound.

There eppoera a defintte troad to largcr enouatc of conbustlblc reteraela
s'uoh ae rered packages fron flozcn foods, together rrlth deoreaslng anounts
of garbage. The retto of nrbbLsh to gerbagc hes rLsen fron the hlator:lo
5a-9O used in crlter{"a for nanlr yoa.rs, rrlth the e:cpected continuatLon of
thls ohsogtng pettern, there vtll be coresponding increaees in tbe net
amount of heet obtaJaed fron the refuse. Thla tendency lc atrengtbonod
by the lacreaec in canned foods ageiast fresh vegetables; although eon-
conbuatl,bLe, the oanc proylde neane for e nore porous ohargc ln thc pr:L-
nar;r conbustlon chaniber rhich ragiets the conbustlon procesa and nalrer
for better burn-out.

3 FUI{CTIONS A}ID nEQUIn}}{ENTS

I'uaetJ.ons of en apartnent houae fluc-fed l-nclnerator ero:

!r Ts offer a oonvonlcncc to tcrents.
b. To prorrido a norG gan{f6syr nethod of reftree dlepoaaL.
b, Ts setrre as a lahor-sard.:ag deviee to building ortlers.
d. To oore as a lebor- and ooat-serlng dovlce to the untetpal.lty t-n

reducrng the rmlght end bu,lk of, the r.firse rhlob rmet bo hrulad
fron thc rper{rent bulldtng to the ftneJ. dlapoottton polat.

The flue-fed lnclaerator can rccorq)ltsh the above frrncttons satlgfa.otordll
tf ltr

Er Boduoea the rcfluse to ae c[BIl a relgbt end volune eo prrctLoab]a
rrlthout dtooharg{ng obJcotLonabLc atr pollutantt. BaduetLen of
70f fn relgbt and 9& Ln volunc, rlth no nor6 then L06 oobu.otlble
resldue, rhould bo ooaatdcred ecoopbable.

a
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b. Acts eo a teryorarSr atorrgc bln for nofirao rltbout .gtr3i6t'lng or
harbor{ng rodontc or vtzdn.

cr Reralns clnple to ra{ntaLa and opcrete, rrJ,th rost operatlonr tuto-
nattoelly oontrolled. A atcady end rtrLot neLntrnanoa progran ir
neootSar]r.

b. PERFONUArcE I,E.IIEIIi

Prl.uart1y, lnolneretor aLr pollutanta ar6 prr'llouJ.etc nattar, anoke
and norious gescss

oo Pertloulete nattcr lncludos f,ly-arh, soot, abancd rcfnre partlolor,
and ter droplets.

(1) Inttlal tecte of a tlnglc-oharubcr Inelnerator Lndioatcd
a rrurgo sl 2.5 - h.? poundr of parttcnlate lrttcr per
Lr0OO poundc of flue-gal, nhcn oorroctcd to L2fr COr. Tbc
uoe of Luproved deaign foetuneg ouoh ec nrJ.tlple oEanbcra,
ru:rlIlar;y gea burnera, ovorflrc eLr, dfaft control, cnokc
rashsrs or aonrbbero plue proper qrerat!.onal end rnelntorrelilce
practicognelcos a }tbcral goal of, 0.85 ponndo of parblculato
rattcr per 11000 porrndc of flue-gag attaina,bLc.

(2) Test prooedures to dctcrnlnc tbc perfornancc level ers cet
forth in the .e,merLcen $oolety of l{echanlcrl Englnerrs Porer
Tort Godca 2L, rlhact Separattng Apparatulru aad 2f, trDetcr-
nlnlng Duct 0onoentration in e Oesr Strcam.rr

L/
b. Snoke ls aetually the oub-nloronlc parbtolecl rhlch are vLslbl

to the nakcd eya,

(1) Smoke denolty lg the souroe of nany eomplalntc, and La
dcf{ned. cn tho Bt-ngeluenn Chrrt, Burcau of }llnsc Ctroulnr
??18. ?ho danoity ls comparcd rlth ltncc of vertoua rldths
or ths cbar'!, aad r uunbor a"ceLprcd to rhloh thc cnoke noet
oloscly nstohso. Bestdcs tbc denatty, the othor lryortaat
feotor ls duratLon of snoka enJ.cston, rhlah sbould bc not
over thrEc ntmrtcs tn any one hour; thc allouable dcnslty
should bc not ovsr No. 2, aa chorn on the Blngelnann Chart.

co Hernftl and odoroua ooqlotrado, partLouJ.arly the offcnriw aldchgdoa,
aro aloo produocd. Offensl-voncra of odor nry varlr from oac lnctn-
eretor to enother, and can produoc, lf hanrufi,rJ-, doleterLour cffcots

lillorop le dealgnated by the lorcr casc
r,o L/2$ro@-inch.

0reek lettcr lrhr, and lr equal

lcontrd)
v
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on thc hrura orjrnlen, As norc Ls loarmed of thoco cffocta,
ctr:leter lludtetlona on thla phase of pollutantc rl11 bc
lnposed.

(I) the cffeots of carbon nonotidc, COr e colorless rDd
odorlese gae tbat produoea toxLc or fatal cffcote,
are vell-Irronn; its concsntratlono must be kept to
alnoet non-measurable a.nounts; recent rork lndicates
that conti.nulng errpotune to even relativoly 1ou
oonoentrattong l-s hemful.

(2) Sulphur dloxtde, SO2e ls an Lrrltant gas whlch effeots
the upper resplratory tractg refuge orrliaarily containg
at least ntnute anounts of culphur-bearlng ooryounda.

d. H.doneo J.s rcported that etr pollutton ls connected rlth rerplre-
tory dlseases such as ohronic bronchitls, pul-n:onar5r emphysema,
bronchial aethna, and lung cancor.

DESTON IPPROACHES TO FI;UE.FED INGINENATORS

technology of IncLnerttor design ts undergol-ng a procoas of contlnulng
clraage. Itth emphaoio oa alr pollutlon abetoout, addltional eagLneer-
rqg efforb has bcon dlrected torard the colrtrol of thLs abuso fron
f,Iue-fed tnctnerators. Stnce the incLnerctor ta in ltse1:f a conbuatton
dericc, the deslgn should be the responstblllty of the consultl-ng €ngl-
neer Ln actlve collaboration nlth the archttect to preclude deflcicnoieg
lnhorent rrlth poor doalgn or incotdlnate planning.

?he flue-fed inclnerator, becauge of the heterogeneoug netur€ of ltc
oharge, lta verying rate of oonbuatlon, and changtng drafts due to
operetton of hopper doors, plue probable los-qualtty operatlon and
nalntenance, has not been rated as a good performer ln the control of
elr pollutlon. lhe problen became crittoal becauae la many lnatanees,
mlnl-num coct has ln the past influenced the design of theae r:nltr, rdth
ltttle attentioa paid to the faotorg fundanrentel to good conbustLon.
In noct, c&seg, tJre conbrretion eh.anbor ua.s no nore than an enlarged brl-ok
ohlmoy rith Uttl"e or no refractory. Ihia clrcurnstance hag forced
progresatve code and. eLr pollutLon eutbor{.tbs to require opcclfLo,
detaLled deoign ortteria based on the bcst avallab1e lnforgratLon. Thaue
cr:LtcrLe bave accomplished nuch to iryrorre the operatLon of flue-fed
unLtc. The U.S. Pub1to Healttr Serrioe hao lponsored crtenctve rcaoarch
end dcvclopnent 1l order to produee accepteble systena.

Prefercace tends toward the perfornanca epproech to inclneretor deal,gn,
rhereby, through e serles of dcftnttlvc tests and perf,onnncc lcvelo,
aasur&noc oan bo preoeatcd that tbo devLcc rilI operete setlofaotort\r.

- h - (Coottd)
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thls approacb ts bclieved practlcable, especielly rdrere a corlec of the
aane laoineretor design ara to be used and extenoive prototype teatlng
caa br oondueted. Horlcvcr, 1t ic rcsllred thet, ln nary oaa6s, defi.nl-
tlve destgn crlterLe ehould be uttltsed.

Conplete conbuetl-on of reste rnateriala oan be aehl-oved, but lt, is
dtfficult to achieve thts J-n a slngle conbuetton chaniber, prLnartly
becauae of lnabtllty to nalntaln a high and urdfomr temperature ln the
oonbusti.on chanber, inadequate or lnconplete ntrlag of the volattaed
g&rGs nLth conbuetion air, reletlvely short retention tLne for the
gag€a ln tbe oonbr:stlon &rer, and the hcterogcneous neturo of the frel.
The stnglechenber deslgn iB, oonscquentJ.y, consldered Lnefflcient for
ner constnrctlon for alr pollutton control. Where exlsting lntcgral
fluc lnclncratorr are to be rctal,nod, cerbrln modl-flcatlona oen bc
nade to atteln optlnun perfor:nance; thcse are dtscussed ln thc fopera-
tlon and ilalntenancetr seotion hereinafter.

fhe prcfcrred destgn ic the nultlple-ohenbcr lnclnerator, (ace para-
graph$)below), r*tn the prj-uary chanber actlng as a gtorage contataer
and es an lgnition and conbustlon chanbor, rhile the subsequent chambers
perult the conpletion of cornbuctton as noco66arJr, elrd act as fly-ach
separators. 0alculatLon for vohrne and burtlng-araa requirenente arno,
et beatr baced on empirical velues; thoco included herein are ln cormon
use. Values are baaed on L.lrh pounde of, refuae per parson per de;r,
rtth a refuse reight of I+.1 pormds per oublo foot, rad a bumlag porlod
of 10 honrs out, of every 2[. Befuge ns.y rrun up to 2.0 pounda of refuoe
per person per day rltb a netght of about flvc pounds per eublc foot,
tn vhlch case the deslgn values should be lncreaaed proportlonate\r,
la the sane ratlo as l.lrh - 2.O. Heat oontent rrlll vary frol hr5o0 -
6rOOo Btu per pound.

8o Vo}ue of pri.rer1r corburtton obr$cr rhould be oalculatod on
bacla of 0.375 cublc fcet pcr per6on. Heat rcleeae should not
croced LSrOOO Btu per cublc footl thls oonal-dcre lcavLeg
adeguate aonbtrotLon sprce ebove the charge. l{e.nufacturcrs
should be coneultcd for secondar5r charrber lrcaouretrontf aDd
baffL1ng.

b Conblnod buncing hoerth and grate aree chould be caleuLatod
on baslc of not less than O.O75 oqrrare foet per p6rcon, pro-
Jeoted grate anee should be et leest one-helf the conbtnod
burnlng sJniao Gretes ahould be tho rocklng or otrtlonar;r typo.
Hearth beneath the oharglng ohute should be pitched et a 60
degree angle fron tbc horl-rontal.

Gr trll lnt€rtor aurfaces of pr{-nary oonbugtion ohasiber should
slthstend teiperature of about Lr6ooqF rlthout darage.

d. Iength to nldth retio of prinary chubcr rhould var5r betrcon
2-Lrandl-I.

5
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Br Controlled refuoe cbarg{ through the uee of hopper door Locka andr/or
natn fluc gatca should prrcferably bc cnploycd.

f. tJtrere tnterrnlttent charglng io utlllzed, lt ley be assured thet
66 of tho totel refuse rtIL be dellvcrcd betvecn the hours of
5 p.ra. ard 7 &rror I and oonsuned drrtng the ftrat burnlng of thc
dey. For an lntegral fluo, the follorlng design feetures are
reLeventr

g. Charglng ohute sbould be dlreot\r corurected to the prlnartrr
chanber rJ-th no changes Ln directlon or offaet, and Ehould be ro
Ioceted as to provtde good refirse dlttrabutlon ovcr the bearth
and grate. Ths ahute or flue ahould bc snooth, ulth ao protnrslonr
rhloh oould c&usa brldgJng or bLockege. Aceecs prurloiou should
bc nede for c1eanlag.

h. fluee, oxcept for those ln double flue inctneratora, should not
be less than 27 W 27 lnches; opti-nun flue slze la 30 by 3O
lncheg.

l. Utren a flue gate at the base of the cbarglng ohute ia uaed l.n
conJunctloa rrith an lntegra1 lncLneretor, a by-paos flue ahouLd
be provtded, uhioh roconnoots uith the naLn flue betrccn tho
ftrct- and oaoond-floor hopparr; tt should be equlpped rr!.t&
deflcctlon roda et Junctton to gua.rd egatnet the entqr of refuac.
Ln advantage of thte type of deetgn ls that the dust,-bear:lng
partlcleo must paes through separatLon ohanbors uhere aonc fly-
ash may be trapped, and high-terperature retentlon tl-na 1r
J-ncreased. The by-pass fLue should be slsed oa the bagls of
30 fect per oecond nexLrul geo velooity, rtth 2006 ercesr d.r.

J. Hopper dooro should be not lees than 10 by 12 laches nor laracr
than 16O squs'ro inohee . Ilopper door locke should be of alryIe
and nrgged ooastructlon uttlLlin8 e tepered bo1t, preferably
pneumatlc tn operatlon.

k. For fire preventlon purpoees, the flue-gas exhaust flue should
be topped rrlth o steinLeas atoeL rprrk emeotcr, at, Icart 2t6t
trtgh, uhlch should be progrcealvely lncreased to flve foet,, al
the bulldlug atorles Lncreasc frol stx to thtrteon or nsre flooro.

l. Flue should be hlgher the.B antrr atmoture rlthLn I00 feot, et
Leaot four feet above a penthouoc, or tro foot ebove a ratcr
torer, but ln no cerG less thrJc tcn feot abovc the roof.

rf,.o For doublo flue lnoinerators:

(t) Souad Lnsril-atloa rhould be conaldencd for thc charglag
chute tf of rcteI eonstruotloa. Stze thc cbute es ottcd

6
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rbovo fon tbc fluc i.n t-ntogrel fluo lnoLnerrtorr. IhG
chutc itJr oonncet dtreotly to thc loclnerator clurbcrt
or to a pl.atfor.n thenco to thc incineretor ohenber, or
dlocharge dlreot\y on the bescrmt fLoor prorLrate to
thc lneLnerrtor, ln rhloh lart ceae Lt.lr nccomrrtrr to
boe or aert the refirse to the lnctncretor. SprtnkJ.er
headc nay bo requlred iu chte to quench flash flrcr.

(2) Thc cxhauct gas flue ghould be stzed to conforr to
practioe for naaonrlr ohlrncyr, but in no cace yLth
gee vcloelties ln orooss of 35 foet per aeoond or
denonsiong lesa tban I by B tnchea, baaed 2006 exoccr
air.

ro And.llary gae bumer should be prorlded to anauro tcqlereturco
adcquate to a.ahicvo oorplsta eonbusttonl and nalntain hlgb terpere-
tures, lrl+0o - 1r50OoF. This burncr can bs thsrnortatically ooa-
trollcd.

(1) Several locationg for tlre bnrner have been trted nlth aonc
ruccers. The bert lscetlon rppcam to bo ebovo thc grrto
eree Eo that the flane envclorpe radlatea to the buralng bed
and adds heat to tJre corbustlon gaaea. Lfud.tod succocs ha€
bocn achleved nl,th the burner locatcd et or beyond tho flrne
port ln slngle-ohanbor untta.

(2) Burzrera have algo bsen locatod rlth queetloneblo succcEr
rlthLn roof acttling chanbera, but trhe coat of rchcettng the
flue gecel is consldored oxceaclvc.

(f) In nultlple-aherber lnciaeratorrl a rclatlve\r ncr d.eolgn
conoopt utlltzed tro eurLl.lar5r bnmct!--onc tn the oorbua-
tlon charbor, nLlch acststc fn tgdtfng and bur:nlng th.
uastc; the other at or beyond the flane portr rhloh lnoln-
cretcc the voLatlzed gascs and oarbonaceoua sollde.

(h) Buraer should producc a long lunLaous flanc, and bc f,an-
essigted tlrye, so constructed that atr rcqulrod for conburtton
1r auppltcd by the fan suffictent only to oyercone the rc-
statance of tht aLr flor through the burner. Thero should bc
a aefety pIlot oontroJ., rLth featurc to oenae thr prcreuoc of
e pllot fLane bcfone gac fu ednltted to natn burner. PlLot,
burtlng, eleotrLe rpark lgnlted, should be lntermlttent,
proring ltaelf on\r for eaah fi.ring cSrole; contlauons burning
pIlotc have oaused nulsancc cbutdouri due to flrrc blrmta,
pronpted to sqc erteat fron varlable dra.fb oordltlona.

o. Uith the design epproach to aupply nost of the oonbustlon air svcr-
flre, thtro haa bosn narked Lncreaco ln oorbuatlon of*Lctcnoy and

. T - (eonttal
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roduotlon of cffluentr. A ruggeatcd optt-mn retlo of oncrf,Lrc to
nndorfire etr appears to be epprorl-nretely BOf, to ZDfi, but prorlslons
for adJustnoatr should bc nade.

(1) Draft oan be regulated through the baronctrlc and turn danpere,
or 8n ovcrflre draft control la oonJuctton rlth the turu
danrper.

(2) Dlstrlbutlon of aLr overfiLre rith a moderate turbulencc catr
be aocompllshed by an electrtc notor bLorer unlt supplyfns
alr through a lerLes of Jcta drillsd [O degrees fron the ver-
tloa1 tn tro parallo1 rouc in e stoel hcrder, connected
dircotly to the bLoner discharge tbrough a volune damper
regulatlng the air flor.

p. Effluent oontrol should also be concentrated on the conbustlon
cha.nber, rhere baffled eecondarlr or aeparation chernbers att pro-
vlded to provent passage of large parttcuJ-ate matter.

(1) Roof aettllng chanbers have boen parttally cuoecsrfill il
renovtng the heavier partLculatss from the gas strca.m, but
thoy epparent\y auffer fron nqfor dlcadvantagce Jrt tbc
greatly l-noreasod prossurc drop rblch can o&uso rnoke-suta
through hopper doore at upper floors, and ruaSr be roepoarlblc
for concentrat!.on of, ercplostve gaaoa.

(2) $moko raahlng equipnent, ocrubberE, are aomtimcr uced to
cncure necttng the nore restrlctlve partlculate pcrfornancG
ertterla; in fact, some Loce1 Housilg Authorlties speclfy
thls equipnent as part of thelr deslgn and lnataLlatlon
atandaral.s. An apparent uucoecsful t1ryc to6no to be the
lntlnate contact, tnpingeneat typel rhereln tho cfflueatc
pass through a flooded plate so that a1l of the gaa stree.n
malces contect rith the uater. InstallatJ.on natrr be tn the
penthouse or Ln the basenent proxlmate to the incLnerator,
in rhich oese, l:f a prtmary and three lecondar5r charbcrs
uere origlnally lntcnded, ths last tro chanbcrc lry bc
ornitted, and cormeotlon to the acrubber shouLd be fron the
renalnlng eecondar;r ehanber. Basenent-loeotcd scrubbers
cool the flue gases and reduoc the anorurt of netural dmft
available. 419o, retcr yapor nay condence on the Lnaldc
of the flue, and, tn conbtuatlon rd,th gasoous effluents,
cauae aorroaton. Horover, thc advantage of a basenont Lo-
catlon to that, tt is llkely to reoetve better natntcnaacr
aa a tresult of mor.e frequent vlstta fron the operator; tblc
la a serd.oug aongLderation tn vicu of the ftndlng that lack
of adegrate naintenanoe is thc prtnolpal problcm rLth r11
dust, eontrol equlpneat. Thle piccc of equlpnent haa baen

I (cortta)



HHTA
PIIA
Dooenbcr 1965

BulLttn Xo. tn-?
Prnr xu

&r

?

u.rcd ln oonJunotlon rltb thc gac burner rnd wenf,lre etr
Jets.

(3) Prorprlotery eleotrorrla preelpator as an adJunct to a snoke
uachar haa bcen atudted and lnvcotlgated for eppltcatlon to
the fl.ue-fod inclnerator. A test Lnstallatlon prorlded on
the roof of an Eaot ooest housing proJect, under the lnvcn-
t,orrs and nanufacturerre supcrvLolon, rithout benefit of
gea burner end overflre aJ,r Jets, hae reduoed the anoke
enlcsion conalderably.

6. VEilTII.ATIoI{

Hsslorr of odorors ges€$ through hopper doorg open to tnterLor corrldorl,
end lmonn as snoke-outs, can be e distross{ng problem. Emlaslon 1o ceu"Eed
prlnartly uhen loncr praasuro cxlBta rtthln tbe rtructure rether tJran
rrithtn the flue. Thls conditlon nay be eggravated by a negattvc pnalsun
la thc oorrldors due to erhaust ventlletlon, reotrlotlons in thr fluc,
anoke re.ahero ln the baaenent, roof settlt^ng chanibers, aootloratsd burtd-!8
ratcs, or rlnd conditions. Due constderatlon should be given to erl tho
above condltlons.

&o Pocsible solutl,ons are to ralntaln e balanccd prGssure tn tho
latcrLor corrldors by addlrrg forcad ventllatlon, preheati-ng the
alr 1f nocossarJr. If only extrauet from the eorrldoru lc pror.Lded,
and lf pard.tted by locel code, the exhaust fans oan be lntcrlocked
rdth th6 lacinerator, to that frns do not run stron lnclneretor ig
burnlng. It uould seem though, that the beLraced prassure rghsno
ls the firrner, because there are aLso posslbl}ltles of snoke-outs
rlth snolderlng flrec rlthLn the conbustion charnber efber lnitla.l
burn-outg.

b ConbuctLon air to the inoLnerator roorn should be oupplted through
a flrEd dcpend^ebJ.c outsldc rtr rEuroe. tlltb a loag r;ntcr of dqot-
uork, end rith suoh other ltelc aa btrrd sercens and iaooot oorccno,
a forocd-dreft fan nay be rnequired. If e dlroat yell louvre or
grt1lc la uaed, a1r velocLtl.oa should not cxcead 5OO fpn through
the free 8f,Boo

o

a7 fil,UUANY OT DESIGN CBITERI,I,

Efforta torani f-uprorfag deatgn for hlgher perfomanoe lcvela sbould
pri-rarl}y bor

&r to fuprove tbe flrlng proccaE, to eonsume refuse nor6 ooryletely
and so to redrroe to a ntntnun, tho generet,ion of alr poLlutentc.

b. ?o loerto the dlrohargc polnt tn auab fuhlon that reldurl
pollutlon rerld caure the 1e8st dnillgc end dlaoorf,ort,.)

-9-
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Tba flrot goal ray bolt bo eohlovcd throqh provlalon of rn
adequately and properly destgued rSrctcm, lncludJ-ag autonetLc
conbu,stion oontrole, auoh at slook eontrol, au:dllarlf buraere,
and overfl.re aLr sycten. Ihast and fly-arh eontrol na5r bo
prorlded through the use of, aocondery ohenbers, or amoko
uatherg.

I'tna1ly, tho dtsoher3e f ue rhould terrrlaate et a polnt htgh
enough end far cnough to avold nulsance. The flua ahouLd tcr-
nlnato rlth an approved spark atrroater.

gith the tacreased ernphasts on atr pollution and anoke control,
not only by J-ocelttles or by the Federel Governntmt, lt Io of
utrort trfrortance thet duo conrldoratiou be glven to en;r re-
qulrenent reotrltiag from thoac progf,ann. In nany lnatancet
eode requlrenents have not kept pace rlth clrlc anil Foderel
prograna. Consequently, tt le tmportant that all requlrenents
covcrlng tbo taelneretor f,oor[e aLL conponcats of thc inclnora-
tor aad elL other dctetlr be aarefully lnvectigated to cnarrc
oomplianoe rlth }oce1 heelth and buiJ-dlng rogulrtlonol appll-
cablc rcqul.renclrta of thc Xattonal Doard of ftLrc Undcrrrtterr
and thc requirenents of looaL and. natLonal pollution prograna.

E, CIPERATIOI{ AT$D I.TA.I}ITENANCE

The o1d flue-fod incl"nerator conElatJng of e aLnglc combuatlon aherbcr
and en integral flue requtred ltttle or no naintenanoe. the operator
rlnply }tt the fLrs and perlodically rgltated tbe burnJ.ng bed. ?hcm
operatlonal condlttons reEulted tn ra"xl-nun productlon of a{.r po}Iutanta.

ltodifytng the slmple flue-fed lnctneretor to provtde cono maarnre of
rutonatlc operatton nlII gtl-U. noqulrc canefuL opcrator attondancc lf
pollutant ernJ-sslons are to be reduoed. The addltion of an errxlllartrr
burner riIl improve conbuotlon characterlltlcs. In nott Gasoa rhcre r
gas buraer Ls used, nanual, serd-autoratLc, or eutonatlc operattou tt
poscible,

Uanu^e1 opcretLon requlroc that the operator llght and prove e raf,cty pllot,
end orpcr.atq ths lain bumor. If en ovorfLrc alr ryetcn 1r l-artallcd, u
ie uoual, tt nuet also be energlred. Altlrough thcso operationo arc not,
di3fLoult, an untralned operetor can aegatc the advantagea by adJuattlg
the burner to produce a short flane rather then a lunlaouc buaty fleneg
or he oan fal} to cnorglre the overflro alr aystem, so that tmproper
conbustlon oEouro,

Scni-e,utonatlc oporetLon entrtla uae of E raJ.n geo bu::uer, clootnto-
lgnltlon arfcty p1Lot, svcrfirc rlr, rnd tLarc-clook f,lrlng egntrol. ?bs
operator nomal\r energLccd tbc lafety .^ud raLn bulasra, nhloh eutor,tlorlly
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energlze thc overflre aLr cyatcn. thc ttnc oLock eutouatLcal\r turar on
the bur:rer assenbly to flre for a prodctcrrlnod pordod.

Autometlo opentlon Lnvolvor e naLn buraer, electrlo-lgaltlon oafcty 
,ptlot, ovcrflre air oystem, teryerature-senstng derice, clock ooatrol,

eutonatLcally opereted naln flue gete. In thto procodure, loading of
the iactnerator by tbe toaantr ls controlled by hoppcr door loakr shteh
prevent opentng of the doors during the fLrJng c5rcLo. Lt tbG predeter-
rtned tta6, the lockg ere eloscd, the rafety a.nd unln buner ere energlzod,
the flue gata, lf installed, ls ohut, the overfirc alr eysten ls energlzed,
the by-pass flrre, lf tnstalled, Is opened, and the lnclncrator chargc te
burned. Thls ayotcm requlrcs a rrtnlmn of operator aaststsJroc et f,ar a^o

conbustton control is conoerrred.

Speclflc get of opereting {nEtructlons, fransd gnder g1aaol chould bc
posted in the tnolnerator room.

Ohargl-ng raihod ln both thc e{ngh- ard nultlple-chenbor flno-fcd lnollr-
cretorr. !1111 nrtar{elly affect slzlng and t}rc abl}i.ty to controf ali
pollutLon eriioslons. The eonmoa practtce for nany lrears haa bocn to
allor the'::rbfirse to be charged during the entlre day end then coaousd
J.n a slng1e burning. fhls practloe ie bound to result in poor colbustloa
and gevere atr pollutlon, sinoct (1) In spJ-te of tho gncet nrrs of
{ngulat{ng refrectory, the conlsuctlon ralls oool bctyecn charaec;
(2) addltLonal charglng durlng operatlon nay snother the flanreE ao that
tho voLa,ttzed gases ara not conpletely burnedg (l) an adequate alr-fuel
ratLo cannot be naintal-ned; and (h) the agltatlon created resultc La
heavy particle generatton.

Withln the last feu Srears, air pollutlon authorLtlcs have reoognlzad
thls probl-en and have been enforctng regulatione uhich controL the
tlneg at uh:lch ftrtng ls permttted. In general, the nrlas permJ.t in-
ctnerator operatton during the dryllght hours so that vLeual enteslon
chccks oan be used for eaforcenent.

&. The naJor drasback 1g thet tenante, lrot uged to the tnconvenLence
of raitiag for the hopper doors to ba operatJ.onal, y5-ll blook. doors
opcn, break the locks, or lu sorBc nenner make the hopper door look
systen i-noperable. Slnoe the uhole operation ie based on a rericr
checklng ctrouJ-t, nheroLn any one nalfunctlonlng part 111-1 prcscnt
burner start-up, tt beeonoa necesaar;r for the operetor to go tJmough
the bulldtag to dctornlnc thc atatus of the door locka. I dtteLlod
urplanatlon and educational earupalgn for the ternnts Ls thorcfonc
requl-rod to d-ttgatc mrigancc shutdorns. Ln effcottve duat oontrol
systen, oontlnuous\r operated, could altigata thc need for e hopper
door look rysten.

b, The aucceaa of eutonattc opcratlon ia rccogrdzad by nost oode
authorLtles fur thc fa.et thet crtcnded hourr of oporatlon rrc poruJ.ttGd--
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ro thst,, ln cf,fect, a aneJ.Icr-rtzo tncLnorator oan bc utlIIaed.

Dtrst oontrol dcvlccs, aueh aa rettltng ohanbcra antl cnoke rarhera, dcpcnd
upon a atrl,ot poll,oy of nrlntcnenac for aucsctsful opcretion.

Settl{ng cha-ficrs uttllrtng tbe pr{.notp1e of gravlty dcpoeLtloa,
trnrct not be alloned to acoumflato the oo]lected fly-ashl aocrrsula-
tlon 1111 begia to reduce f[6 crotf sectlorrl erae of thc chanbcr,
Lroroace gar velooLty, end reduoe ohanber effeettvcDcaol Chalbcrr
ahould bc oLcancd aL ieest onoc p6r uc€k. Roof separatton (aEttl^l,ng)
ohuborr pneaent e problem Ln the dlrpoa+l of the collocted fly*4p1r.

b. Smoke uagherg of the l-ntlmatc-conteot tSrpe requtre caroful ralatc-
nanoo. tba perforatod pan nhou}d be earefully ratobed to pravent
clqgtag. of the perforattone, thc rtralncr neterial above the pan
rn.rat bo dJ.eered, and the sludge tank should be son$bod dora to
provcnt rocumrLatloa end !Lookagc. firtu proeedure ahould bo earrisd
out at Least once per reek. It hao bcen found that qontinuoua
qleratlon of sonrbbers glves thc nost sattcfaatorXr reanr of con-
tro[tug enlcglons rbdn ecttve burnilg ls eovrpletcd but uoldcrlng
cootlaueg.
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