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I

This ~pruvides basic,yet comprehmsive,designgui- and
technicaldata for akerior distributionpipingsystems. Sewices .supprted
by thesesystemshclude: utili~ steamsupply,High l’enpratum Water (HIW),
ChilledWater (-), molixq or condensingwater,fuelgas, and CmupmSed
air to various13uildixgs-ard otherfacilities.This hadbook also mnti
data mverirg retuxnsystemsfor Comknsate,Walx?.r,and - Spa-ItSe.wices.
Additionaldesigndata includesinformatimon loads- fluiduxlitims,
fluidcharacteristics,aml distributionsite locations.Fatirs gw-
testsfor fieldpemaability,soilresi.stivi~,soilsbbility, and water
mrrlitions,informationon distributionpips sizimj,valves@ supports,
distributionmethods,ami pipingspecificatiansaxd ~ are provided.
Materialincludedalso covers
variablesassociatedwith

~p, Opemtions, aml ~ ~
pemwent or &uporary sites.

. . .
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Thismilitaryhardbmk has been developed froman extensiveevaluationof
shoreHlishment facilities,sumeys of new ma~ availabili~and
constructionmthods, selectionsfromthe bestdesignpractioesof the Naval
l%cilitiesEngineeringCoxmnd (NAvFACmGmM), otherGovernmentagenciesand
the privatesector. I’CUJ-HDEK-1003/8uses and refercmcesdesigndata
stm&rds establishedand validatedby rationalprofessioml.societies,
association,and technicalinstitu@s. Deviationsfrm this criteria,in
planning,mgimerhq, design,@ ~ “onof Navalshorefacilities,
cannotbe made withoutpriorapprovalof NA~ HQ mde 04.

Eign n&k@.s and practioes cannot mdn static any more than the naval
functions they ~ or & ~lqies used. Acm*ly, mmmmrdations
for improvementslm this doannentare mccuraged ad shouldbe furxush“ eden
the COD Form 1426providedinsidethe back coverti NavalFacilities
mginedng Command,Chsapak Division,Oxle 406,WasMngtm Navy Yard,
Washhgton, CC 20374,telephone(202)433-3314.

THISHANDBX)KSHALLNUT BE USEDASA~CEDIXXXMNTFOR~ OF
FA~ coNSTmJCImN. IT IS!JX3B EUSEDIN!IH EHJRGE+SEOF Facility=
ENG~ STUDIESAND DESIGJ(FJIQLPLANS,SPECIFTCA!I’IONS,AND =
~) ●

CO NmmFEmwErI’IN mLITARY OR FEDERALSPECIFICATIONSOR
uI!HERmXuRmEm DXuME3m.
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Section1: m’mmucrION

1.1 ~. Ihta and criteria in this ~ apply to ~ior
design of distr~onpip~ .s@ens for supply- cerbu.n“Cmtral
generatiq plant services to various ti~ @ facilities - for
mtmrniq such spmt servicesto the plarits.

1.2 C!mce.llation. _ hzmbcdc CZMICdS ti sqersedes N?iVl?AC 114-3.08
of Jtiy 1981.

.

1-

1
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Section2: PLAMUNG FACIDRS

2.1 of lD&eriorDistributionSystems. - Of exterior
distributionsystemsare descrikd in paras.2.1.1through2.1.5.

2.1.1 steam and condensate. Steam and condensate ~S_ sup@y heat in
the form of st- fz-mn central ~ g~ ting plants. several buildings,
building groups, or ship 12ertA@ facilities may be -lied with steamfor
domestichot waterand for spaceheating. Heatingqli-t US@ SteaItl11’Eiy
include unit h=ters, radiato~, mnvectors, heating coils, and other
devices. l?mces equipne.nt using s= may include hot water h=ters,
laundry machinery, cl- and plating tanks, kitchen equipnrsmt, and other
devices. Condensate is retxtmed to the ten= plant whenever posstile.

2.1.2 Hiqh T~ ~.tureWater. High TemperatureWater (H’IW)Systems
circulatehigh temperaturewaterwhichsuppliesheat fm a centralheating
plantto severalbuildingsfor spaceheating@ process work and returnsthe
waterto the centralplant (referto NAVFACEI’4-3,MechanicalEncfineer@).
HTW systemsoperateat 260° F (127°C) or h&her. Relatedsystemssuch as
MediumTemperatureWater (MIW)systemsoperatingbetween200”F (930F) to
259”F (126°C) and Law TemperatureWater (LZW)syslmnsopemtiq below200”
F are frequentlyutilized.Thesesystemsare consideredin the samegeneral
category,ti materialshallbe selectedto the same specificationsas for
HIW systems,exceptthatReinforcedTlmmalsettingResinPlastic(KI’RP)pipe
is acceptablefor LKW distributionsystem.

2.1.3 Cmmressed Air. Canpressed air SYS- supply cmpressed air from
am ressor plant to docks, shops, hangars, W other structures (refer to
the NAVFAC KM-3 series) .

2.1.4 tilled Water. Chilled Water (CHW) systems circulate chilled
water from a central ref rigex-ation plant to several buildings for space air
conditioning(referto NAVFACEM-3 series)and returnsthe waterto the
centralplant.

2.1.5 Coolinq or Condensing Water. Cmling or condensing water syskns
distribute cooling water fm a central ~ (such as a bay, stream, or
cooling tier) to several facilities for cotiensings- or refrigerants,
for coolingwaterjackets,or stuffingboxes. The water is thm returnedto
the source(coolingtmer) or sentto waste in once-throughsystems(referto
NAVFACtl’1-3series).

2.1.6 Fuel Gas. Fuel gas systems distribute fuelgas for fuelgas
~ operations.

2.2 Loads and Distribution SYstem Imations. For approximate
conditions,see Table1.

2.2.1 Reuu ireme.nts for Individual Facilities. The actual loads and
conditions are de@mnin&i frm the designof ech builq and facility.
Referto P-272 (Part1), InfinitiveDesicmsfor NavalShoreFacilities,as
guidancefor preliminaryestimatesof ~ . The facilitylayout,
desigm,and geographicfactorswill furtherdefinerqdrments. a

2
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Ztible 1
DistritutianLoads@ Fluid

r Fl,, ,,l P,ca. ,, il., 9 >,.,

1 s,,. ,,.. . . . . h.t-miwd by hca! e3i1er 5C0.*3. . . . 1.0 . . . . . . . . . . . . . . . . . Feedwacer and4!!Y.!!?.:
power . . . . . . . . .

Ucotims and

snow mlcin~. .

fuel-oil heating

. . . . . . . . . . . . . . . .

balance . . . . . . . . . . . .
j.o~/ f~c heating
rodiotion, 0.8~f for
vcmt~l ation .........

1.0 oinglc bcrcha
0.8 mltiple bcrcho

Scc criteria in
IM-l. of . . . . . . . . . . . . .

2 co 10 poid . . . .

Migh purity
stem for
nuclear ships. .

7 hcldoy, 5 dOYd
week, tlom?lll Y.

Scc criccrio in
oft-25 .021 . . . . . . . . . . .

130 poi~ mximmUaccr Ermc
Cicomds . . . . . . .

100 poi~. ..,.... 0.65 . . . . . . . . . . . . . . . .I . Process . . . . . . . . Laundry . . . . . . . . . . . . .

Kitchen . . . . . . . . . . . . . 10 co f40 poi~. . . 1.0 . . . . . . . . . . . . . . . . . 2-8 hrjdny,
7 dnyclueek,
Oormliy . . . . . . .

8 hrldny, 5 daysl
week, tlocUO~tY-

,-
1.0..., . . . . . . . . . . . . .Bokcry . . . . . . . . . . . . . . 10 poi~ . . . . . . . . .

0.65 . . . . . . . . . . . . . . . .

0.65, . . . . . . . . . . . . . . .

0.65 . . . . . . . . . . . . . . . .

Ory Clcnninu . . . . . . . .

Hocpical. . . . . . . . . . . .

Lmmdryll !J. . . . . . . . . .

70 pig . . . . . . . . .

&o co 60 psi2. . .

5 co 45 poia . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .
7 hsidoy, 5 dnysl
V@ck, WJrmally.

Omco Cic IIW: OH-3.01. S co 4S poi~.. . .

BOilcr occaa
prmo.rc 26-28
in. UK. vncuua

12 inllB . . . . . . . .

0.65 . . . . . . . . . . . . . . . .

1.0 . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .
Turbine-driven
centrifugal
caanpressor . . . . .

Refrigeratim. . Tom x otcm race!
con ... ........... ..

Tono x ocean rate/con 1.0 . . . . . . . . . . . . . . . . . Absorption
machine . . . . . . . .

C.mdemace
return . . . . .

Oiscribution
1U90 . . . . . . . . . .

Boiler feed . . . . L.MOCO: Condennoce
Elow 00wn or BlcmI
oEE: Occoraincd by
mount and onolyois
of mkcup.
PrOCeOO dcpcndo on
UOOUC. Oiocribution
10 pcrccnc . . . . . . . . .

20 co 60 poig.. . 1.0 for conciwouo
opcracion of COO-
dcmace pWpO . . . . . .

Check econc=ico
of rccuming
cmdennace. . . . .

1.5 to 3 for inccr-
oictmt Opcraci On of
condcnoatc plJSJpO.

Hot Wxer
(Wpply and
return)

tleating amd
anon mltin~. .

Process . . . . . . . .

Ucfrieecncion. .

Smc critcrio m for
Occma.. . . . . . . . . . . . .

10 to 100 poia, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Smc no for
Occ.wo.. . . . . . . . .

Sam a3 for Oteon. . .

I.ogl . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

Chilled water
SUpp!y and
return

supply:
62 dcgreca F co
45 dcgccco F.

9P “

12,000 Bcu/COn x Cono

500 x (c@rW

. . . . . . . . . . . . . . . .

Rctucn:
52 dc3rcco F co
60 dcgreco F.

Preooure dependo
on friction 6
ocncic heoda. .

C0nden5cr

Wincer......
13cfriecro Ci0n. . ]8P={t0n . . . ..- . . . . . %pp~y85 dc-

8rcm Q. Return
105 do~tcco F

.0 . . . . . . . . . . . . . . . . .

.0 . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

Pcsrcr 5y9cm. . . Prcoourc dapcndn
on friccion b
otntic hcndo. .

See MVFACOtt-3
series . . . . . . . . .

8F “
Occm x 950
ltwfltr Btullb
500 x (c*-cr)l/

Fuel Cas . . . ?roceeo fuel
&ao burners. . .

Lcw prcooure
medium preoourc
hi6h prcooure

See NAVFAC O*3
series . . . . . . . . .

See NAVFAC 08-3
eerie . . . . . . . . .

. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ccmprcssed
air

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

~I~mnd factorD arc co bc applied co total connccced 10ad~.

~fv=lw~ shown arc npprOximc@. Accunl Ocmnd Factor is o oice-opccific dcccmitmtion and is booed on octual load

3
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2.2.2 WS&fll LoadMmnd Factors. For demaM factors,see Table 1.

2.2.3 eqround andundemmmcl% -. When selecting a system,
factors to consider are: Pemnanmt versus temporary use, high-water table
cor.msiveness of soil for undeqrourd systems,cost,@ degreeof hazard
(referto para. 3.2.6.6).

2.2.4 Distri3mtionRoutes. Selectthe mst directmutes, avoidingall
obviousobstacleswherepossible.

2.2.4.1 Al& eamund Pi~inuRoutes. Abovegmund sy* are generally
lwer in life-cyclecostslmt are lessconvenientin ~ of heavytraffic.
Considerblockageof accessto areasfor futuredevelqmmt alongwith
vulmrabili~ to damageand acts of vandalismor sabotage.

2.2.4.2 BuriedPi13inqRoutes. Selectroutingto allowfor properdrainage
of the system Manholesand provisionforpipingexpansionmust be
consideredin spaceallocation.Considerminimumseparationof parallel
pipingrunswheretemperaturesin the runsq widely. Considercoverand
drainageprovisionsformanholes.

2.2.5 Econcxnic Studies. Refer to NAVFAC %442, EconomicAnalysis
Handbook,for pmcedums in life-cyclecostamlyses. Econmic studiesfor
all pipingsystemtypesmust includelife-cycle(cwning,operating,and
maintenance)costs. For prefabrica~pre-engineeredUndeqround systems,
performthe econmic analysis,developingccstsfrm heat lossdataprovided
in NFGS-15705, Underqro und H-t Dktributi.on SY~ @prefabricatedor
Pre-lhmineered‘lM3es~ For concreteshallowtrench~stems, use the
proceduresin CEGS-15;09,Heat DistributionSYstemsOutsideof Buildinqs
ConcreteShallowTrenchSYstems.The firstconsiderationshallbe an
abovqround system,which,in mst cases,will be economicallyadvantageous
to the Govemment. Anotherconsiderationwill b whetheror not the facility
is ~t or t=QOE=Y. Providea separateeconomicanalysisfor the
selectionof an insulationsystemamng thoseallmmd in NJ?X+15251,
Insulationfor ExteriorPi- Utilities.

2.2.5.1 Annual Ownti, ODeratincy , and Maintenance costs. Consider the
following:

a) Base selectionof the distributionsystemand routeon the
resultsof 1ife-cycleeconmic analysesof alternatives.Estheticsshallbe
consideredwithinthe limitsof the StationMasterPlan.

b) Operationand maintenancecostsdependon the type of system
designand past experiencewith varioussystems.

2.2.5.2 SteamVersusH’IWDistribution.For criteriaon steamversusH’IW
distribution,referto NAVFACEM-3.06,CentralHeatinqPlants. sane
advantages and dkdwmtages of each systemtype are summarizedon TaMe 2.

4
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2.2.5.3 Hiqh+resmre [above50 rsiq) (344.5ma) Steamversus
Low-Pressure(Oto 15 miq) (0to 103.4I@a) SteamDistribution.Compare
costsof higherpressurepipe,valve,W fittingstandmds againstlower ●
P~ stamkds plus costsof pressurerdlcing stationsin selectingthe
lmst econmical system. w pressure* may not requirefull-timeboiler
~tir attendame. Medium—pmssurestmm systents,15 to 50 p5ig
(103.4 - 344.5 kPa), if operationallyadequate,shallalsobe considered.
End-usetemperature~ts of ~ @@-t mt be mt by the
systemselect@d.

6
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Section3. GENERALDESI~ FAC?IXXS

3.1 DistributionSiteIocation. Fluiddistributionsite lmtions
shallbe amrdirg to the following:

3.1.1 IOcationlRwtors. For lmtion facto= for =* _, see
~le 3.

3.1.2 SubsurfaceE3u2lorations.men buried- or hot walxxsystems
are specified,a thoruughinvestigationof groundad watercoalitionsshall
h made. The procedureMcated in --15705 is applitile to _

. prefabricatedpipingsystems. When concxeteshallowtmenchsystemsare
specifi~, the criteriaof CEB-15709 shallbe usd forprefabricatedpiping
~~-titi~k.

3.1.2.1 Time of Ym. Makethe surveyatatim20fy- when the highest
watertableis ~ to exist,if possible. Explorationmethodsindicated
in the NAVFACEM-7 series,Soilsand Foundations,are b be follow%

3.1.2.2 T&4 13mlorations.Make - ~lorations (boringsor testpits)
at 1- every100 ft (30.5m) al- the lineof a proposedsystem. If
-es in stratificatiaare noted,the bor~ &cings shouldbe decre=ed
so an a~= horizontalsoilprufilemay be &&u.ned.

3.1.2.3
belt.w the
(referto

3.1.2.4
foil*

Grmmdwater conditions.D&ad all qlorations 5 ft (1.53m)
expec&d elevationof a - b de~ g~ter mxiitions
--15705) .

SpecialGroud Considerations.Giveparticularattmtion to &
conditions:

a)
System may not

b)
or in low flat

c)

‘Ihepossibili~ thatthe grourdbelowa backfilledpiping
be ableto absorbrunoffthathas seepedintoit.

Areaswherependingmay occur,eitheralo~ a slop- surface
areas.

The permeabili~of the groundbekw the system(referbelow).

7
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TABI.E3
IocationFactorsfor Each DistributionSystem

Item

Load centers ........

Route ...............

Site ................

Coordination ........

Cooperation .........

Hazards .............
Unit costs ..........

Local labor .........
Local material ......

Determina the Following

Maximum demand load of system. (See
criteria in Table 1 and ascertain
requirements of all facilities.)

Distance from generating plant.
Basements or crawl spaces under buildings
available for piping.

Location of entry of system to load center
structure.

Location or need of meters for billing
purposes.

Future expansion.
Existing piers, tunnela or trenches availabl
for system.

Aboveground obstructions, such as rivers,
lakes, roads, railroads, structures, etc.

Belowground obstructions, such as tunnels,
trenches, piping, rock, storage tanks, etc.

Location of expansion loops, jointa and
manholes.

Master Plan. (See DM-I. )
For above and underground systems:
Ground contours along route.

For underground systems:
Borings every 100 ft along route (See Par
3.1.2) - longer for larger projects.

Absorption test (See Par 3.1.2.5)
Resistivity test (See Par 3.1.2.7)
Stability of soil (See Par 3.1.2.8)

Water table survey made at time of highest
levels if possible, or modify by judgment
based on local data.

Maximum, normal, and minimum groundwater
levels.

Frost level.
Location of distribution line drainage and
venting.

Installation of other related distribution
systems and manholes.

Interference with electric distribution
lines and manholes.

Interference with water supply and fire
extinguishing systems.

Interference with sanitary and storm sewers
and manholes.

Interface with communication systems.
Interference with ground drainage lines,
catch basins, and manholes.

Interference with fuel distribution piping
sy9tems.

Interface with other gas supplies such
aa argon, nitrogen and carbon dioxide used
in industrial process work.

Excavation and backfill.
Landscaping.
Local rules and regulationa (permits, tests,
approvals, etc.).

See DM-1 for criteria.
Excavation of soil and rock and of landfill.
Piping material.
Piping insulation or covering.
Pipe conduit.
Construction of manholes.
Construction of expansion loops and field
joints.

Availability and costs.
Availability and costs

.?

8
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IIF

3.1.2.5 Rnmabilitv ‘ksts. Rrfom field~ility &sts as follows:

a) spa- fieldpermeabilitytests (percolation)al- the lineof
a~atintervd mximtely 100 ft (30.5m). When axailableSofapp
inf~tion Mcak Uniformsubsurfaceconditions,longer~ Smaybe
al.lti for lazgerprojects.

b) Dig holesapp~ tely 1 ft2 (.093n?) to a depthof
2ft(6201mn) belowtheapp~te bottumof atrench.

c) Filleach holewithwaterto the bottamelevationof the
plannedtrench.

d) After
eachhole with water

e) If it

the water has olllqletely seeped
tothe sam depth.

=wi.==zo~ or less for

away,immediately

thewa~tidmp
(51 mm), consider the =-ii dxy; ~, consider it as saturated at

3.1.2.6 Z&St Results. use testresultsas follws:

refill

2in
times.

a) Ifthesoil issatulZ.l&d,no furthertestsal?e~.
ClassA undegrourd umduit systemsfor wet soilsmst be used.

b) If the soil is dry, as defti abwe, pemsabilitytestholes
sballbe deepenedanadditiona13 ft(920nu@to&termim if the watertable
is within5 ft (1.53m) of the bend bottom (referto Nl?GS-15705for site
classificationcriteria).

3.1.2.7
follavs :

soil Resistivity.@nsiderationsfor soilresistivityare as

a) Tab soil resistivity~ alorgthe conduitline (in
with Table3).

b) A CathCdiC pmtection-ismquired topmtect~lic
pipirxjsystemsad manholes. This appliesto all siteswheresoil.
resistivi~ is lessthan 30,000ohmsper cubic “ce@me&r (ohm-@,-
StraydixectCurrentsaulbedetectd ~t or M== ~
corrosion,due to 1- soilconditions,has been faundto be severe.

3.1.2.8 Soil Stability. flxi.ng the~estmq,obseme ti~the
soil stability. Refer b NAVFAC 114-7 series for criteria. Note areasof
ur&able soil on the siteplans&pi&@ the distributionroute.

3.1.3 Site Classification.Baseselectionof thecxxxiuitsystemtypeon
the UrxlelgmundwaterConditionsat the projectsiteas definedin NFGS-15705
for ClassA, B, C, or D applicationco .rmspdng tiundeKgmund water
conditions~~ frumsevereto mild,~V&Y. The Federal ~acy
ettee cm Undagmud Heat Distribution Systems - ~iewed and appruved
~ m suppliers. Eachsys&m isdefinedin#ebmchm apprcwed by the
_ttee. No system =y be installed with- priorapprwal as given in the

e

brochure. The letterof oextificationmntaind in the conduit-
brdure stipulatesthe appzvvedsiteclassification.A systemapprovedfor

9
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higher classification shall be acceptable for use in lowerclassifications.
For example,ClassA is acceptablefor ClassesB, C, W D, etc. The project
designeris responsiblefor accurnplishingthe follawingpriorto project

●
bidding:

a) Definesiteconditionsforundergromd waterclassification
(A,B, C, or D), soilcorrosiveness,soilpH if lessthan 5.0,and potential
soil leadhearimgproblem.

b) Determinethe generallayoutad essentialcharacteristics of
the syti such as system media, macimrn qtm tempera- and pressure,
lomtion and design of manholes, and branch runouts. The interfa= detail of
the syskn at manhole walls shall be providedby the system supplier.

c) Designspecialelementsof the systemas requird.

d) Calculate the maximum heat loss per lineal foot of the conduit
in accordance with the pmeihxes outlined in WGS-15705 .

3.1.4 Reinforced‘IhermosettinqResinPlastic071?RP)Pi=. RI’RPpipe is
normallysup@ied underMilitarySpecificationML-P-28584 A, Pi= and
Fittinqs, GlassFiberReinforcedPlasticfor CondensateReturnLines,when
used for cotiensatesystems. Thispipe is suitablefor servi= pressuresup
to 150 psig (1,034kpa)and tempera- up to 200° F (93° C). Above 200° F
the pressureratingdropsoff rapidly. At 250° F (121°C) the pressure
ratingis 125 psig (861.3kpa) and dropsto 45 Wig (310.1kPa) at 270° F
(132°C). lt’heseratingsare for hot water. Live s- cmnot be tolerated,
althoughKI!RPpipemay be used forventedgravitycondensatelinesas well as
forpumpedcondensatelines. RI’F@pipe is acceptableat ClassB sites (refer
to para. 3.1.3). It is recommendedfor ClassA sites,as permittedin ~.
2.1.2,due to its low cost and long.semicelife. ProcureandillstallRI’RP
condensatepipingin accordancewith NTGS-15705.Specialcaremust be taken
in the designof steamdrip connectionsto protectthe RI!RPpipingfrm live
steamfrm failedtraps.Insulatecorikmsatepipingonlywhen a life-cycle
costanalysisindicatesa paybackin energysavings,or whereneededfor
P-1 protection(manholes,for example).

3.2 Semite and ICE&. DeterminefromSection2 the semices, suchas
s-, high temperaturewater,hot water,chilledwater,compressedair, fuel
gas and others,rec@red for =ch loadcenteror building,the loaddemnds
for =* wice, ad the capacityof a sourceor oentralplant for each
service. Referto Section2 for fluidconditionsinsideservicelb, for
sizingpipes for theseconditions,and for the requird =pacities.

3.2.1 AlternateRoutes. Referto Mster Planand considersystem
te futuremnstxuction.routingand sizeto acccmmda

3.2.2 ~. =~ the pressure@ per 100 ft (30.5m)
framthe totalalluwablepressuredrop and ultimatelengthof a line. Note
the mximum flw betieeneach loadcenterand sizethe differentpipeline
sectionsaccordingly.
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3.2.3 obstacles. From fieldsuwey, noteall

3.2.4 Futurelixlds.Referto MasterPlanaml
acammmdate futuremnstmction.

titles for each mute.

considersystemmuting @

3.2.5 Distribution Circuits. Sil.@et a Ctit wbia k aXmm&ll, easy
to operate, balzume @ con-l, and is suitable fora particularprojti

. Nc@that typeseasi-tobahnCe andcontrol are-where
P~ and tempelatum differenu=sare faixly===tant~e!@-
su@y and retxrnbmnches.

3.2.6 Run distributionpipingthroughbuildings,
above-ground,or and kelm pi-.

3.2.6.1 ThXuuahBui3.din4s.Selectthe mute omsidexwd @chni_y and
emnomically best justified; make full use of buildingpi==, -fling
spaoes, bas&ents,-czawlspaoes,and attics,includingcomectimg arridors
betweenbuildings,~ tunnels,al-dOoncrete~. However,high
P~ fuelgas, steam,and l?IWpip- insidebuildbgs shouldbe muted to
complywith federalW localfti ami lifeSafew codes. Gas pipm -l
complywith AmericanNationalSxwda@s Institute(ANSI)Stan&ud ANSI B31.8,

.Tmnsmssion and DistributionPiDi.mSw@ms ; B31.2,FMelGas Pip”ll?q;and
NaticmiiFire ~ “on~iation (NFPA)Wandard NFPA 54-84,National
Fuel6as CXxie.steam,condensate,ard Compresed air linesshallcomplywith
ANSI B31.1,~ Pi~inq.

3.2.6.2 =ior SteamDistribution.Use NFGS-02714, Exterior ~
Distribution,for all ~ distributionpip- on building@C&.riOrS,
abovegranil pip- supports,pi- (pedestals),ad polesexposedto the
w4her, W for all steampipingon piersti uMer piezs,in tunnels,and
in manholes. Use CEES-I.5709for pipingin trenches.

3.2.6.3 Above#xwnd OverheadPi~ing. =tepipiry aslowaslfi
(305mm) or as high as 22 ft (6.7m) abovethe groundsurfaoe. A 16-ft
(4.9In)-deamnoe-is M?@.&l
(6.7m) ckxance for railroad

3.2.6.4 BuriedPiDinq. Rx
apply:

for autambile ami trucktraffic,ad a 22-ft
cars.

buriedpip- mutes, the foll~ criteria

a) mmressed Xix and Gas Pininq. Compressedaix and gas pip-
generallyrequimeno insulation,but they shouldbe shop cuati, ~,
tested,@ hardledin acmrdance with provisionsof Nl!GS-15612,~
DistributionSvstems;N13X3-15411,QlmRIX?ssedM_rsYstems
~)..ti MEGS-09809,

fNon-Blx?athilMAir
Protectionof Buried!3teelPinti @ W Bulkhead

Providefor testingof cou~ by electri- flowde&ctors
(’%=k ~) ●

b) MinimumCaver. Prutectall lmriedpipingami mrduits by
layingthemumler aminimum cuverof 24 in (610~). HCXRVer,Wied pipm
underrailroads,roads,Stl=ets,or highwaysshallbe p~ against
pussibleex&m31 damge due
~fi—~”
lmybeneededwhem-is

tosuperinposedcarortrucktxaffic or dueto
Pipesshallbe belowthe frostline. @sirgs
no frc6t.

11
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c) other Hazards. When pipingmustbe laidwhere itwill be
subjectedto hazardssuch as earthquake,washats, floods,unstablesoils,
landslides,dredgingof waterlmttams,W othercategoricallysimilar m
conditions,protectit by ~ing pipewall thickness,instructing
intermedl‘atesupportsor anchors,usingerosionprevmtion, coveringpip=
with concrete~ addingseismic~ints for abov~de piping,or
implementingother~nable pmtectione

d) mOkS . Select mnhole locations in a=rdance with
NFGS-15705 . Details of pipingzuxldesignof manholesare the ~nsihility
of the proj~ designer. Manholesazw ~ whereverticaloffsetsin
steampip- are ze@red to conformto grading~. Manholes
acmmmodate the requird steammain drip traps@ any blockvalvesneeded.
Manholesare usuallypruvidedat all majorbranchlineconnectionsad at
driptrapson compressedair lines.

e) Tunnels . Construct tunnels for wxkrground routeswith a
walkwayminimumheightof 76 in (1.93m) and clearwidthof 36 in
(920nun), with pipingstackedverticallyon one side,and with enlazyedzones
for Crossoversand takeoffs. Labelall pipesad co@uit. Provideenough
roanto reachall flangebolts,to operatetools,and to operateor to
replaceany component.Run a drainagetrmch alongone wall to a pointof
disposal,SU* as a stormseweror a sunppit~ with an autcwtic drainage
punpdrivenby an electricmotoror * jet. Installall electri~
systemsin rigidnEtal.cotit. Identifyand separateby voltageclass.
Tunnelsshallbe well lightedti ventilati. Use moistureresistant
electricalfixtures. ‘IUnnelsmay be builtof reinforcedconcrete,brick,or
othersuitablestructuralmaterialsand shallbe nenbranewaterproofed.

3.2.6.5 condensateReturncost. For criteriaon condensatereturncosts,
referto NAVFAC11’4-3series.

3.2.6.6 Choiceof Route. ~cept in congestedand vuherable areas,choose
abovegmund routesfor heatdistributionsystems. Otherwise,adaptsite
conditionsto comparativeadvantagesof goingaboveor undegmmki as stated
helm:

Underground

Lcwer firstcost Lessheat losson hot lines
lessndmerable taryet

Less maintenance Iessobstructionto akeveground
traffic

Easy detectionof failure Lessunsightly

Higher continuousoperat- Freezeprotectedwhen buried
ing efficiency

Longerlife Lessheat gain in tilled and
condenserwaterpip-

12
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3.2.6.7 PiXinuIav@. The projectdesigneris responsiblefor. .dekmnmg locationof expansionM, loopsaxl joints,anchors,takeoffs,
isolationvalves,and drippoin=. m projectdesix is ~= ~file
for locatingall manholes,tahoffs, isolationvalves,@ drip points. R
_ desi~ is responsiblefor the initiallocationof ancho=, ~ion
bax%s,10GPS,and joints. ‘Ihe_designer is alSOresponsiblefor the
finallccationad the designof thesefeaturesto fit actualfield
conditions.Plan and pc6itionpipinglayoutsas foil-:

a) KMexmim what linesbeW3en theepoti shouldbe
~~toeaa-(~as~ly andreturn)or beseparati(~as
Steamfmmtiledwa-). !J31eminimumclearan= betweenpipe ~ts in
thesame trEmchshallbe6in. (150nun).

b) Determim2locationsof expansionbindsor loops,ancho=,
takeoffs,- drippoints. In nm-p~ineerd/prefabri=ted =t
ctistrihution systems,the projectdesigneris ~ikde for deteminhg
locationof ~ion bemis,loopsti joints;ancho=: -f fs: isolation
valves;- drip@nts. In pze-erginered/prefabri=tedheat distributim
~, the projectdesigneris responsiblefor lm~ all mnholes,
takeoffs,isolationvalvesand drip points. Initiallocationof -o=,
~ion bends,100PSand join- shallbe by the systemdesigner. Fimal
locationand desiqnof thesef-tures shallbe by the systemsupplierto fit

c) Iay uut pipingon a smled
profiledrawirgalo~ the route,lmt~

stmeams,roads,railroads,buried
= pip-t waterpip-t ~~i~

contmrmp of thesiteti ona
all obsbnlctionsand interferences,
tunnels,Cone.m?te~es, sewers,
umluits, W othersemice pip-.

3.2.6.8 Unkmmmd . Use only apprcwed and oertified cmduit ~ for
steam,mnd@nsate and HIW, ad procureandinstall ina-rdance with the.~ of NFGS-15705. The Fedeml Ag~ Cmmittee for Undergrmnd
Heat DistributionSysW&s appruvesand certifies* various@pes of conduit
~, i.e.,drainable @ dryable(pressuretestable), sectionalized,
prefabricated(non—p~ testable),ad poured-in-placegranular
=ation @e conduitsystems. Con!czx?=shallowtnmch systemsmay be used
only if the soil characteristicsset forthin CEYSS-15709are met. In this
case,designand specifythe systemin a=rdance with ~-15709.

3.3 Insulation.Mation shallbe evaluatedfor all pipingsys&ms
with the ~tial for significantthermallosses. ‘Iheseincludesteam,
~ti, KIW,MIW, LZW,arxl- pip-. Use NFGS-15250,~ation of
MechanicalSvstals for ~, I.ZWand specialapplicationsrequring
insulationof fuel’gas@ compressedair pip- systems. Use Nl%S-15251for
above-gradesteam,HIW,MIW, XIXW,and cotiensatereturnpipingsystems.
(Mte.rnately,--15250 may alSOb@ = for theseabow=g=de piping
~.) ~~ jackets@ o-c feltshallbe used as specifiedin
=-3.5250 and NFGS-15251.Use NIGS-3.5705forumlergrmnd h-t distribution
pip- insulation.Insulationmaterialsshallnot containasbstos.

3.4 MiscellaneousCriteria. Anchor or guy ~ior distribution
systemsto withstandthe ti velccityspecifiedfordesignof structures
(referto NAVFAC*2 series,Structural--*) ●

1.3
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Section4. SPECIFTC PIPING DESIGN F’ACIDF%3

4.1 FluidCharacteristics.Referto paras.4.1.1through4.1.5for
fluidcharacteristics.

—

4.1.1 steam. Referto Keenana Keyes,
— -

4.1.2 condensate.Referto the American
Refrigerating,* Air ConditioningEngineers
and ASHRAESVStemsHar@ook for the economics

Themdmamic Properties of

Societyof Heating,
(~) ~tak Handlxmk
of returningcondensate.

4.1.3 Hiqh ‘IMmeratureWater,M2diUIYI!lMmeratureWaterandbw
lkmerature Hot Water. Referto AsHRAEFmMmmMls
~k.

Handbookan3 ASHRAE

4.1.4 compressedAir. For data on compressedair,referto NAVFAC
EM-3.05,Ccmm~Air and Vacuumsystems.

4.1.5 FuelGas. Referto ANSI B31.2.

4.2 Distribution SYstem PiDing.

4.2.1 Equivalent Ikm&.hs of Piping. To tie straight lengths of pipe
along a pipelineroute,add equivalentlengthsforvalvesand fittingsas
indicatedin Table4.

4.2.2 Siz”w of DistributionPipirq. Size ditiibution pipirq in
accordance with paras. 4.2.2.1 W 4.2.2.2.

4.2.2.1 Steam PiDincf. Design considerations shall b as follows:

a) Steam Flow Charts . For pressuresof 30 psig (206.7KR) ,
50 psig (344.5kpa),100 psig (689.4I@, and 150 psig (1033.5IcI%),see
Figures1 ~ 4. ThesecJnr& shwwweight-ratepressured?mp and
vel~ities of saturatedsteamin Schedule40 steelpipe. By selectingall
pipe sizeson an optimm pressuredrop,the ~ p~ drop of a pipeline
may be estimatedfrulnan equivalentlength,umspective of pipe size. The
chartsare basalon the rationalflw formula(Darcy)shownbelow. For
higherpressues~ referto Crockerand *, Pip”w Handbook.

b) RationalFlw (lmrts. The simplifiedrationalflow formula
(~) is ~ for ~ressfile fluidsfor all p~:

Ploo= W2 JO. 000336f)V =C1XC2XV (1)

loo ft. Of equivalent length of pipe (@)

see Figure5)

336000f (forvalues,see Table5)
db

14
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-te of flow,pcu.mlsper hour (P@) (.454 Rx)
=frictionfactor
=irsidedizuEterof pipe (in)
=specificvolumeof fluid (ft.3 per lb) at averagepressure

(2)

c) Velocities. (See ‘I%ble 6.)

-@J: v= 3.06W
dzl?

WHERE:

V = velocityof flow (@)
R = density(pcf)

d) Skam DistributionResswes. steampressureshallbe governed
bythehighest pmssl.lmXleeded@m “~&edatthenmst remote
locationaswellas byan emnomic analysisof the feasible~,
includingpressureconsiderations.Theadvantagesofalcwpressum system
(under15 psig) (103.4kPa) are low ~ “onloss,lowerlossesand less
troubleframleakage,traps,aml ventiry,simplifiedpressurereductionat
buildings, ~ steelfittings,and lW maintenance.‘Iheadm@ges of
high pressuredistrikutim,over 50 psig (344.5kR), are smallerpipe sizes,
availabilityof * forpurpse5 atherthan for heatimg,ad m=
flexibilityin velocitiesand ~ -=

e) Selectionof Valvem.- Installdouble-po-,
pilat-opezatdvalvesfor largecapacities,especiallyfor inletpresmres
above 125 psig (861.3 ~). Dauble-pomed valves will not shut off
=A-Y:igload ~; ~om, Singleseatedvalvesmust be used

. D3 not installreduc~ valveson the basisof pipe sizes
becauseovezsizedvalvesdo not give satisfactoryservice. Selectvalvesto
-* 9enerallyfullyopm, with ratingsand ~ “onratiosas
recmmm3ed by the mnufacbxer. Installa strainerand ~te *
aheadof thepmss%m! ~ing valve. Becausethewlume of-~
mpidly as the pressureis reduoed,aredudngvalvewithincmasd outletor.~nozzleisrequird whmthe~ ‘onratio ismorethan15to 1.
Pravidecutoutvalvesto isolatethe pressurereducingvalveto permit. . Wheretheresul@ superkatedsteamtemperatures
&jectionableto the prooessOnthelowpx!ssme sideor the tempera~
limitof theequipmmthasben excee&3, a d~-=~~~
lcwerthe steamtempera~to that forsa~tion. Amanual bypassis tobe
prwided for ~ ~tim wh.lmthe pressure mducingvalveisoutof
service. A pressuregaugeshallbe providedon the lW pressureside. Where
steam~ mximately 3,000are relativelylarge,aboveapp
m- (U64 lK1/hr),and subjectto SEasoml variation,~1 *
r&tuc@valves inparallel,sizd topass70~and 30pe.romt of
maximm flm. Ihri.rgmild springti fallweather,set the laxgervalveat a
slightlym2dwed pressuresothatitwillmmain Cldaslalgasttle
szmllervalvecansupply the demand. CuringUleremaMd“ erofthe Mting
Season,reversethevalvesettirgstokeepthe smalleronecl~, except
Whenthe largeroneis unableto Supplythedeamxl.
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o

660 40CW I- loo#m

WEIGHT FLOW RATE -POUMDS PER HOUR

(MAY BE uSEO FORSTEAM PRESSURES FROM 23 TO 3? PSiC WITH AN ERRORNOTExCEED
ING 8 PERCENT) 8ASED ON MOODY FRtCT10P4 FACTOR WtlERE FLOW OF CONOEMSATE 00ES
NOT INHIBIT THE FLOW OF STEAM.

Figure1
W forWeight-FlowRate

and Velocityof Steam (30psig) (206.7kPa)

600 4(%0 ‘lOiXIO “ Ioo,ooo

WEIGHT FLOW RATE -POUNOS PER HOUR

(MAY BE uSED FOR STEAM PRESSURES FROM 40T0 60 PSIG WITH AN ERROR NOT EXCEED.
ING 8 PERCENT) SASEO ON MOOOY FRICTION FACTOR WMERE FLOW OF CONDENSATE 00ES
NOT INMBIT yHE FLOW OF STEAM.

1

FIGum 2
Chart for Weight-F’lWF?ate

and Veloci~ of Steam (50psig) (344.5kPa)
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‘“-”10 20 4060 100 200 40::.10002000 160001 2QOO0 5QOO0 I
4000 10$300 100,000

WEIGHT FLOW RATE-POUNDS PER HOUR

(MAY BE USEO FOR STEAM PRESSURE FROM 85 TO 125 PSIG WITH AN ERROR NOT EXCEEO-
ING 8 PER CENT )BASEDON MOOOY FRICTION FACTOR wHERE FLOW OF CONDENSATE 00ES
NOT INHIBIT THE FLOW OF STEAM

----
0 20 .4060 100 200 400 I 10002000 16000 ] 20&05@&-1

600 4000 IOQOO Ioo,oca

WEIGHT FLOW RATE-POUNDS PER HOUR

[MAY SE USEO FOR STEAM PRESSURES FROM 127 TO 180 PSIG WITH AN ERROR NOT EXCEEO -
ING 8 PERCENT) BASEO ON MOOOY FRICTION FACTOR WHERE FLOW OF CONDENSATE DOES
NOT INHIBIT THE FLOW OF STEAM.

,

Figure3
ChartforWeight-FlowRate

and Velocityof Steam (100psig) (689.4kl?a)

FIGURE 4
Chart forWeight-FlowRate

and Velocityof Stxan (150psig) (1033.5Id%)
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TABlX5
Valuesof C2, FlowFactorin l@ation 1

1 I
I——- .

Nanlnal
pipe size Schedule Value of C2

(in) no.

1/8 .........

1/4 .........

3/8 .........

1/2 .........

3/4 .........

1 . . . . . . . . . .

l-i/l ......

1- 1/2 . . . . . .

2 . . . . . . . . . .

2-1/2 . . . . . .

3 . . . . . . . . . .

3-1/2 ......

4 ..........

. ..........

6 . . . . . . . . . .

8 . . . . . . . . . .

10 . . . . . . . . . .

40 s
80 x
40 s
80 x“
40 s
80 x
40 .9
80 X
160

xx
40 s
80 x
160

xx
40 s
80 X
160

xx
40 s
80 X
160

xx
40 s
80 x
160

n
40 s
80 X

160
n

40 s
80 X

160
xx

40 s
80 x
160

xx
40 s
80 x
40 s
80 X

120
160

xx
40 s
80 x
120
160

xx
40 s
80 x
120
:60

xx
20
30
40 s
60
80 x
100
120
140

m
160

20
30
40 s
60 X

7 920 000.
26 200 000.
1 590 000.
4 290 000.
319 000.
718 000.
93 500.
186 100.

4 300 000.
11 180 000.

21 200.
36 900.
100 lCO.
627 000.
5 950.
9 640.
22 500.
114 100.
1 408.
2 110.
3 490.
13 640.

627.
904.

1 656.
4 63o.
169.
236.
488.
899.
66.7
‘91.8
146.3
3ao.o
21.4
28.7
48.3
96.6

10.0
37.7

5.17
6.75
8.94
11.80
18.59
1.59
2.04
2.69
3.59
4.93
0.610
0.798
1.015
1.376
1.861
0.133
0.135
0.146
0.163
0.185
0.211
0.252
0.2S9
0.317
0.333
0.039 7
0.042 1
0.044 7
0.051 4

tiinal
pips size Schedule Value of C2

(in) no.

12 .........

. . . . . . . . . . .

16 .........

18 .........

20 . . . . . . . . .

24 . . . . . . . . .

80
100
120
140
160
20
30

s
40

x
60
80
100
120
140
160
10
20
30 s
40

x
60
80
100
120
140
160
10
20
:0 s
40 x
60
80
100
120
140
160
10
20

s
30

x
40
60
80
100
120
140
160
10
20 s
30 x
40
60
80
100
120
140
160
10
20 s

x
30
40
60
80
Loo
120
140
160

0.056 9
0.066 1
0.075 3
0.090 5
0.105 2
0.015 7
0.016 8
0.017 5
0.018 0
0.019 5
0.020 6
0.023 1
0.026 7
0.031 0
0.035 0
0.1342 3
0.!309 49
0.009 96
0.310 46
0.010 99
0.011 55
0.012 44
0.014 16
0.016 57
0.018 98
0.021 8
0.025 2
0.004 63
0.004 21
0.005 04
0.005 49
0.006 12
0.007 00
0.008 04
0.009 26
0.010 93
0.012 44
0.002 47
0.002 56
0.002 66
0.002 76
0.002 87
0.002 98
0.003 35
0.003 76
0.004 35
0.005 04
0.005 73
0.006 69
0.001 41
0.001 50
0.001 61
0.001 69
0.001 91
0.002 17
0.002 51
0.002 87
0.003 35
0.003 85
0.000 534
0.000 565
0.000 597
0.000 6i4
0.000 651
0.000 14:
0.000 a35
0.000 972
0.001 119
0.001 274
0.001 47a

L —... —.__.._
tJ3TS. --The letters s, x, and xx in the columns of ?.chedule no. indicate Standard. Sxtra Strona. and

—--—

DoAle Extra Strong pipe respectively.
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!IARLE6
Wasonable Velocitiesfor Flowof _ in Pipes

Caedition PrcoOurc Service Renoonoblo
or Steaa [poiU) Velocityll

( fpn) I
Saturated. ... Vncu!m....... turbine eahouoc. . . . Up co 18,000

0t025 . . . . . . He0ti08 . . . . . . . . . . . . 4,000 co 6,OOO

25 old up . . . . Stwm die. crlbucien. 6,000 co IO,W

12s Cmd up. . . t!uderground nccoo

distribution . . . . . . up co 20,000
1

supc rhea md. . 2W nod up. . Doilcr and curbinc

Iendo . . . . . . . . . . . . . 7,000 co 20,0
4

f) safe valves . ~ or nmre reliefor safetyvalvesmust be
pxwided on the lw pmssune sideof ~ch reducingvalve in.casethe piping

aniiequipnw tontheluwp~ sidedonotneetthe~ of the
full initialpxessure. ‘Ihecambineddisdwge capaci@ of the &Lief valves
shallbe such thatthe pressureratingof the lowerpressurepipingand

g) !MceoffsfromMains. ‘hkeoffs frommaillstobuildingsshall
relocated atthetopoftiat fixedpointsof themains, at or near anchor
points. lihena bran& is short,valvesat =ch takeoffare ~.
Whent.hebranchis of considerablel~orwhe?n?se veralbu.ildings are
seIved,takeoffsshallhavevalves. A 45° takeoffis pref~; 90° =ffs
are aw@x3ble. Rranchlineslopeof 1/2 in (12.6mm) shallbe used for
lb lessthan 10 ft (3.05m) in lengthand shouldbe 1/2 in per 10 ft (3.05
m) on b~ linesl~er than 10 ft.

4.2.2.2 condensate Returns ● cbndemate Rtums m pneferredif owning
ardoperatirgmstsof sucham areless th3nthat ofusing @treati
raw water formakeup. ~ctors favor- cotiensateretu.mare: high ama
cwentration of _ usage,restrictionon condensatedisposal,high raw
watertreatmmt ~, water-tnmt spaceunavailable,high ~ of zaw
water,and high cost of fuelfor feedwaterh=ting. Designco=idmtim
shallbe as foil-:

a) ReturnPidnq. Sizecadensate tip piping to confoxm with 30
to 150 l&\in2 (206.7 to 1,033.5 kpa) steam pip- in accordancewith Tables7
ml 8 and intecpola~thesefor otherpressures.

b) D~ e PiP@. Size c&&3.zye piping frum condensate and
=tirq _ in a-xdance with pnnp -cities, whid my be between one
to three ~ the capcity of steam p b- whi~ they seine,
d~ on whether continuously or ~ “ttently gti.

21
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c) CoMmonRmm Dischame Mains. Size common
ta seinethe sum of theircapacities.

PJW? dime mains
Use the HydraulicInstitutePipe

FrictionManualfor steelpump dis&arge pipe sizingof new cleansteelpipe, ●
6 ft ~ second (fps)(1.83I@) maximum velocity,ad a correctionfactorof
1.85to providefor “~ P~ dropswhen the pipe becaes dirtyand
roughwith age. Frictionplus statich~ds shallnot ~ceed the pump
*cteristics of staihrd Pm!? and receiverunits.

4.2.2.3 HIW PiDing. High ~ture waterpipingshallbe as folluws:

a) SizinqPiping. Use pipe frictionchartsin ASHRAE
FundammtalsHardbook. ‘hese&arts are basedon the rationalflew formula
usingcleanpipe. A ~nable averagevelocityis appmximately 5 fps
(1.53~s) . The minhum allowablevelocityis 2 fps (.61m/s).

b) Ventinqm mining. For Ethods of ventinghigh pointsof
distributionlines,referto NNFAC III-3.03,Heath, Ventilating,Air
Conditioning,and Dehumidilwirlqsystems. Pipingnmst have drainage~ at

TABLE7
Return Pipe Capacitiesfor 30 psig (206.7kPa) SteamSystemsl

(Capaci@Expressedin lbs/hr)

Drop in pressure (psi per 100 f~ in length)

Pipe size (in) 1/8 l/4 1/2 3/4 1

3/4 ............ 115 170 : 245 308
1

365
................ 230

l-lj4
340 490 615 730

............. 485 710 lro~5 1,290 1,530
1-1/2 ............ 790 1,160 1,670 2,100 2,500
2 ................ 1,580 2,360 3,400 4,300 5,050
2-1/2 ............ 2,650 3,900 5,600 7,100 8,400
3 ................ 4,850 7,100 10,300 12,900 15,300
3-1/2 ............ 7,200 10,600 15”,300 19,200 22,800
4 ................. 10,200 15,000 21,600 27,000
5 19,000

32,300
................ 27,800 40,300 55,500 60,000

6 ................ 31,000 45,500 65,500 83,000 98,000

The above table is based on steam at pressure of O to 4 psig.

22
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I .

I
I

ReturnPipe Capacities for M%i; (1,033.5kpa) SteamSystZmsl
(-city Expressedin l.b+hr)

Drop in pressure (Psi Per 100 ft in len9~l

Pipe size (in) 1/8 l/4 1/2 3/4 1 2

3/4 ............
1 ................
1-1/4 . . . . . . . . . . . .
1- 1/2 . . . . . . . . . . . .
2 . . . . . . . . . . . . . . . .
2-1/2 . . . . . . . . . . . .
3 . . . . . . . . . . . . . . . .
3-l\2 . . . . . . . . . . . .
4 . . . . . . . . . . . . . . . .
5 ................
6 ................

156

313

650
1,070
2,160

3,600
6,500
9,600

13,700
25,600
42,000

232
462
960

1,580
3,300
5,350
9,600
14,400
20,500
38,100
62,500

360
690

1,500
2,460
4,950
8,200

15,000
22,300
31,600
58,500
96,000

465
910

1,950
3,160
6,400
10,700
19,500
28,700
40,500
76,000
125,000

560
1,120
2,330
3,800
7,700

12,800
23,300
34,500
49,200
91,500

150,000

890
1,780
3,700
6,100
12,300
20,400
37,200
55,000
78,500

146,000
238,000

%’he &o$-e table is based on steam at pressure of 1 to 20 psig.

4.2.2.4 ChilledWaterPiping. Use the ~ of the Hydraulic
Institute,Pi~ FrictionManualfor sizirqnew cleanpipe,unlesswater is
rmewedamnually, inwhi~~ a correctionfatirof 1.41for pn=ssuredrop
isalso to be&. For ~ velocities,referto NhVFAC114-3series.

4.2.2.5 Condenser Water Pirhg. Use the ~ of the Hy&aulic
m- PiE FrictionManualforpipe sizing,nuiltiply~ the pressuredrop
by a factorof 1.85to comect for the ~ of pipe mu@ness with age.
For mcamwdd velocities,referto NAVFACtM-3series. No correction
factionis requiredfor RI!RPpipe.

4.2.2.6 mel Gas Pipinq . Applycriteriain NAVFAC*3.01, Pltiinq
~, foy sizx pipe insidebuild@s. Use Figure6 for low volunEflow
ra@s - Fgure 7 for highvoluEEflowratesin siz~ distr~on piping.
Usi.rq_ fi~m&ofs~im#fyde sign of pipirq~~~cak~~y
diameti, lmdnlum ~ -file P~ ressure,
or finalpressureWhen therest of thesevaluesare Jal$Xn.lhesechartsare
basedontheweymuth fozm.lafor ratiofflaw incubicft of gas perhuur.
‘Ihecharkis basedupon the followi.xymrditions:gas at 60” F (1.5.5”C) ad
specificgravi~ of 0.60,with air= 1.0.. Exteriordistributionpipti
usuallystops5 ft (1.53m)

4.2.2.7 mnmessd Mr.
NmJ?AC IM-3.05.

outside of tidi.rgs.

For criteriaon distrikut.ionpip~, Efer to

23
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VOLUME CU FT/HR

FIGURE6
LOW volumeFIowRiiteFuelGas Chadj (10to 10,OOO a FT/HR)

(.283to 283 m /hr)

FIGURE 7

.

HighVolumeFlowRate FuelGas Chart (13000to 1 million CIJ FT/HR)
(28.3to 28,300m /’lx)
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4.2.3 Pi~inuEWcifications* c%des. Pip- specifi=tions
aJ3e*&edin ~ 4.2.3.1throu@ 4.2.3.4.

ad Cd2s

4.2.3.1 SteamSUWIY ti wensati Rem. Pipe shallconformto ANSI
B31.1,_ for ~ prefabricateor ~” ~m~,
in whichcasethe entiresystemshallconformto NFGS-15705. If a plastic
pipe 02@2nsate re~ systemis used,it also shallmnfozm to NFGS-15705.

4.2.3.2 Hiqh TkmmeratuR Water,Medium‘Xkmexa@ WatercarxlImw
lkmmeratureHot water. Pipirgspecifications2UX3ax3esshallbe as follows,
_ for ~ prefabricatedor p~ -~-,htiacase
the entire- shallconformto NFGS-15705:

a) PiRinq. HIW metallicpip- (450°F maximum)(232°C) and
mdium tenpera~ watermetallicpip- shallconformto ANSI B31.1.

b) Joints. Use weldedjointsthmugbk. ‘Ihreadedjointsare
not permitted. Hold flanyedjointsto a minimum
~ in such joimts.

anduseferrclusalloy
Avoidthe use of copper@ brasspipe.

c) valves. All valvesshallhave cast s&el kcdieswith
stainlesssteeltrim (nobronzetrim). All valvesshallbe ca@le of be-
lx!padw?dunderoperatingpressures.Use gatevalvesonly as shtiff or
isolationvalves.

4.2.3.3 lRlelGas and &mmressed Air. PiP@ shallconformto ANSI B31.l;
ANSI B31.2;and ANSI B31.8. Provideexcess-flow(~) shutoffvalves
in gas supplypip- cutsideof eachbuilct@ servedin ~ zonesI

In addition,flexiblecomectI“ons shallbe prwvided. ~ pipingand
- fzmapointofconmctl “onwith~system toa point
approximately5 ft (1.53m) frumthe Mild_@ shallconformto NFGS-15612.

4.2.3.4 Ulil.led@ mmkllser Water. Use ~e 40 steelpipe in lo-in
(254mm) sizesti smaller,ad use l/2-in(1.27mm) wall thi~ steelpipe
for 12-in (305mm) sizeariilarger. K19?Ppipe @ PVC pipe are also
acceptable.RI!RPpipe and PVC pipe are availablein 2-inthrough12-in
(51m - 305 mm) pipe sizes.

4.2.4 ‘JkrmalExDansionof Steel.and Comer Pice. Pipe ~ with
~- ~, suchas betwem installationand operat~
~~, as ~cated in Table9. Previsionsmust be nade for the
controlof expensionin any pip- systemwherethermalexpansionis a
factor. Whereverpossible,providefor ~ion of pipesby changesin.directionof pipe runs.

4.2.4.1 RranchLines. Wherepractimble,bti linepip~ shouldbe
designedto providefor expansioninsidebu.il~. Expansioncontrolof
b- linesshouldbe designedso as to have m affecton reins.

25
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‘JY4BLE9
Pipe l?xpamion in Inches Fer100 ft (30.5m) of@nc@l

for Temperature Sham

—.

Material Material

Change in Change in

Temperature Temperature

(degrees F) Steel Copper (degrees F) Steel Copper

o . . . . . 0 0 390 . . . . . 3.156 4.532
10 . . . . . 0.075 0.111 400 . . . . . 3.245 4.653
20 . . . . . 0.149 0.222 410 . . . . . 3.334 4.777

30 . . . . . 0.224 0.333 420 . . . . . 3.423 4.899

40 . . . . . 0.299 0.444 430 . . . . . 3.513 5.023

50 . . . . . 0.374 0.556 440 . . . . . 3.603 5.145
60 . . . . . 0.449 0.668 450 . . . . . 3.695 5.269
70 . . . . . 0.525” 0.780 460 . . . . . 3.785 5.394
80 . . . . . 0.601 0.893 470 . . . . . 3.874 5.519
90 . . . . . 0.678 1.006 480 . . . . . 3.962 5.643

100 . . . . . 0.755 1.119 490 . . . . . 4.055 5.767
110 ..... 0.831 1.233 500 . . . . . 4.151 5.892
120 . . . . . ‘0.909 1.346 520 . . . . . 4.342 6.144
130 . . . . . 0.987 1.460 540 . . . . . 4.525 6.396
140 . . . . . 1.066 1.575 560 ..... 4.715 6.650
150 ..... 1.145 1.690 580 ..... 4.903 6.905
160 ..... 1.224 1.805 600 ..... 5.096 7.160
170 ..... 1.304 1.919 620 ..... 5.291 7.417
180 ..... 1.384 2.035 640 ..... 5.486 7.677
190” ..... 1.464 2.152 660 ..... 5.583 7.938
200 . . . . . 1.545 2.268 680 . . . . . 5.882 8.197
210 . . . . . 1.626 2.384 700 . . . . . 6.083 8.460
220 . . . . . 1.708 2.501 720 . . . . . 6.284 8.722
230 . . . . . 1.791 2.618 740 . . . . . 6.488 8.988
240 . . . . . 1.872 2.736 760 . . . . . 6.692 9.252
250 . . . . . 1.955 2.854 780 . . . . . 6.899 9.519
260 . . . . . 2.038 2.971 800 . . . . . 7.102 9.783
270 . . . . . 2.i32 3.089 820 . . . . . 7.318 10.056
280 . . . . . 2.?07 3.208 840 . . . . . 7.529 10.327
290 . . . . . 2.291 3.327 860 . . . . . 7.741 10.598
300 . . . . . 2.376 3.446 880 . . . . . 7.956
310 . . . . .

10.872
2.&60 3.565 900 . . . . . 8.172 11.144

320 . . . . . 2.547 3.685 920 . . . . . 8.389 11.420
330 . . . . . 2.632 3.805 940 . . . . . 8.608 11.696
340 . . . . . 2.718 3.926 960 . . . . . 8.830 11.973
350 . . . . . 2.805 4.050 980 . . . . . 9.052 12.253
360 . . . . . 2.892 4.167 1,000 . . . . . 9.275 12.532
370 . . . . . 2.980 4.289 1,100 ..... 10-.042 13..950
380 ..... 3.069 4.411 1,200 ..... 11.598 15.397

1

26

Downloaded from http://www.everyspec.com



MIIrHDB3-1003/8

4.2.4.2 mmansionlikmds. ExceptforFURPpipe, timtibe fa~
fabricatedas follws:

a) Locnsections. Loopsmybe~ illsectionsto
facilitatedelivery- luxdlirg.

b) ATIChOrS.A ~le ~ betwem tiers for expansion
loopsis 200 ft (61m) for a 125-psig(861.3~) _ system. ei~ is
usuallykeptatabout 6in(l.50 mm) between_rs.

c) (Md Sminuing. Cold sp~~ may be used in ~lations,
but no designstressreliefshallbe allowedfor it. Fbr creditPermi= in
#rustalYl nmmmts, referto ANSI B31.1.

4.2.4.3 ExransionJoints. ~ ~ion jointsonlywherespoe
restrictions pmvak & use of othermeans. -~~-*
expansionjoti shallbe in an a~ible locationami shallbe one of the
follow* types:

a) MechanicalSlipJoint. An ~ly guidedjointdesigned
for repa~ X operat~ pressures.~ traverseof pip- in
~imjoti ktikwd*8ti(203 m)”

b) EMlas ‘IWeJoint. Thesejointsontipipeti k-
for therml expansionwith s@inless steelbell-, guidedW “installed
acmrdiw to manufacturer’sM&Xuctions . Bel.lwsor cormgations for
akorb~ vibrations or uecham“cd mvemm= at ambient&mperatums shallbe
tie of ~ or othermaterialssuitablefor the job comiitions.A maximum
tivel of 4 in (102 mm) shall h allmed for this type. IURP ~i~
jointsmay be poly@trafluoroethylenebellcwstype.

acxmding

4.2.4.4
~i~

4.2.4.5

c) FlexibleBallJoints. Thesejointsshallbe installed
ti manufacbrer’s~ “Ons.

FlexibilityAnalYsis. Referto Section6 of ANSI B31.1 for
ad flexibilitycriteriaad allowable~ W reactions.

stressAmllvsis. For XEthodsof Zmalyz@ Stressesin pipq
~, - pipiq ha&bOOk m publicatim of pipe @ pipe fi~
manufa~. These‘manufacturers@ su@y calculationformsti charts.
Keep calculatedp~ s&esses unierthosealhxed by ANSI B31.1.

4.2.5 Insulationof PiPim Svs@ms. ~ation designfor urd~
kt distributionpip- shallconfom to --15705. A@icable -m of
NFGS-15250shallbe used for othersystem%

4.2.5.1 InsulationThickness. Insulationthi~ Mcated in
~-15250 @ NKS-15251 am Sui-le formst geogr@u‘c locations.
HcMever,in locationswhereextremeannual&mperatxlresoa2ur,the project
designershallevaluatediffenmt thicbesses of insulation.Finalselection
Shalsbebasd onan economicanalysisin a~rdanoe with pragraph 2.2.5.
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4.2.5.2 Jackets. Insulationjacketsin waterfrontor otherlocations
subjectto floodingshallbe designedto drain;they shallnot be watertight. ●
4.2.6 DrainaqePrevisions.Drainageprovisionsmust conformto
~- listedin p. 4.2.6.1.

4.2.6.1 Pitch. The .Swmm&ng terrainti pipingap@icationwill koth
affect,the pitchof pipingas folluws:

a) HorizontalPipirq. Pitchhorizontalsteampipingdown at a
minimumof 2-1/2in (64mm) per 100 ft (30.5m) of lengthin the “directionof
steamflew. .

b) M“ emruund Pininq. Pitchhorizontalpipingdmn tawarddrain
points (unlessotherwisenote3)a mininmmof 2-1/2h per 100 ft.Wherethe
_ -ace. slopesin the oppositedixectionto * piping,stepup
und~ pipingin verticalrisersat dripmints in manholesand pitch
themdawn to the nextdrippoint. Use this&-tialfor all vexy long-
horizontalruns,abovegroundor helm grcurd,to keeppipingwithina
~nable rangeof elevations,with referenceto the _ surface.

c) Caunter-FlowConditions.whereCounter-flwof Colxknsate
withinthe _ pipemay cocurin a portionof a pipelinebecausethe
StePPedconstructioncannotbe builtor becauseof _ flowreversalin a
logp system, pitchthatportionup in the directionof steam.flw a minimum
of6in(152nun). per100ft andimrease pipe diameterby one sbndard pipe
size. ,,.

d) Cawressed Air and FuelGas Lines. Pitchcompressedair and
- pip- as for _ piping (referto item.a) above).

,,,
e) Fumed WaterPipe. Pitchpunpedwaterpipes (corkknsate,H’IW,

MIW, M, H, or coriknserwater)up or duwn in -ion of,flcw at a
minimumslopeof 2-1/2in per 100-ftlength. Placedrainvalvesat all luw
@nts and ventsat high points.

4.2.6.2 DriPs and vents. Drip and ventsshallbe as follows:

*

a) DripLeqs. Providedrip 1+ to collectcondensatefrom_
pip- @ comp~ air pipingfor removalby autcmtic<nmisturetips or
by ~ drainvalvesfor compressedair pipingwhen practicable..Driplegs
shallbe at luw points,at the bottomof all,risers,at intervalsof
app~Ximately200 - 300 ft (61- 91.5m) for horizontallypitchedpipewhere
a trap is accessible,and not over 500 ft (152.5m) for buritiundexgromd
pipe systems. ~ gas pipm, driplegs m not usuallyrequird where@
gas is pmvidd. wherek is moisturein the gas,drip legsard Sediment
trapsml be P~id~ in acco~ with NFPA 54-84. Automatictxapsare
not utilized.

,,
b) WaterPiPinq Vent pip-; especiallyhigh-tenpratme water

piping,at’distributionpipinghighpoints.

c) FuelGas PiDhq. Providecappeddirt trapsin verticalrisers
~ of +-m devi=. ●
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4.2.6.3 Gmdensa& SW&E . Oxdensa- SyS&mS shall be as follcws:

a) m r n i s h acample~systx mofdriptmps anipiping to drain
all steampipingof mndensate fromdrip legs. Drippip@ lx3~ shallbe
tisameweight andma*ialas the drainedPiP&l” Drip~ must -orm
toml&erialan d~o?nMno2 ~ of FederalSpecification
WW+-696D(1), TraPs.StallatldAir.

b) Preferably,a caxknsate line froma trap shallbe run
~tiytoa~vity~~te =turnmin ortoa nearbyflashtank
@fer~~~~ for flash= de&ils an3 specifictrap
applicaticms.Also,refw to NasmlCivil~ XaboratiryUG-0005. ) .

. mwever,a~l mybe “~~.aM@veti the pumped
comhsate line if pressureinthe~dlscMge limeexceedsthe back
~inmpumped ardensate lineduring~tilne of an
~~y ~ted -. If the _ ~*lineis RIRPpipe, a

audemate woling device, similar to that m in Figure8, shall be
.installedtolimit tenperatureofthecandasate enkring thelinetole
than 250° F (1.21”C).

c) Trapsshallbe selectedus@ asafety load factorno greater
than 2. The md.ensate loadshall& ti~td on designdraw@s @ may be.detemmd for abov~ 1* by us- Table10. The -enSate 1- for
~ distributionlinesisdetermhed frummaximumheat 1= as
irxlicatiby the designarl in NFGS-15705.With the tightsafe~ load factor
for sizingtraps,an &lterna@ methodof ~iXXl ~ duringmrmupis.

- . m-ihisald, allsbainm shall- h a v e blaown valveG Whicii w i l lw & be used for contr&led warmup.

d) Pitch~e pipixydown a minimumof3in(76mm) per
100 ft (30.5m) to the collectiontank. lhis applieswherea wmkmsate pump
setorreliana2 uponagravi@ returnis used. Anexceptionto this
ll~~f-~~l? ~ when thereis sufficimt pressureinasbanlineto
overcumeits &iction ti statichead,whetherthe line is levelor pi=.
w“ ~lineshall nut be KIRP pipenor shallthetrapdisciwye
~banIZIRPpipe~~ connedx“on. (hnectiOnstopunped
~te linesof I?I!IU?pipe shallbe througha cotiensatecoolirgdeviceas
depicta3in Figure8. This systempzwvidesa mol~ tank and difuser,plus
a @mperati of mndensate rdxznedtiapunped RTRP colxMsate lineto less
than 250” F (121°C).

e) Ifitisnot justifiabletoretum dripstoacon&nsate
-#wmybe~ as~to asewer. Ifthe temperatureexceeds
sewerlimitatim, caiknsate must be moled in a sumpor by othermeans.
D@osalof m@?nsate~ steam~aloqthewaterfmnt or tier pi-
wrrants specialconsiderationti shallbe determimd ona case-by-case
basis.
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TABLE 10
CondensateImds from~egzuuml Heat Distribution Pip@

Steam Pressure Steam Line Size (iaches, diameter)
(psiJl) 2 b 6 8 10 12—— —— ——

10 6 12 16 20 24 30

30 10 18 25 32 GO 46
60 13 22 32 41 51 58

125 17 30 && 55 68 80

300 25 66 64 83 103 122

600 31 68 95 124 156 182

4.2.7 Pi= Anchors. AT&on shallcmply with the criteriain
~. 4.2.7.lthmuqh 4.2.7.5.

4.2.7.1 1.oc3tion.Locateanchorsfor non-pre-ermgineer4/prefabricated
systersat -ffs frommainsan3 otherRecesZy potitocontaln “ pipeline
expansion. If possible,ancho= are to be locatedin buildings,pim,
tunnels,timanholes with suitableaccess.

4.2.7.2 Smcification. Iksignaml l~te anchozsin a-dance with ANSI
B31,ties for Presume Pi~irg.

4.2.7.3 .-. Designanchorsti withstandexpansion-ctions. With
expansion303n=, the additionalad reactionsdue b in~ fluidp~
shallbe mnsidered ad add ad reactionsdue to springrateof the joint.

4.2.7.4 ,G@Q9. Ancho= for elewatedabovegmund ~ shall~ist Of
wirerope guysnlnnimgfmm mbedded mncrete deackm to pipe saddleswelded
to the pipe W securedtothevertical .support(s).Guyinbuth~ “Ons.
~ may be looatedon the diagonalto also seineas my brac~.

4.2.7.5 . ~~ concretetunnels,the elxisof
sbwXurd steelshapesanchor@ api~maybe GmbeMed illthetunnelwalls
or floors.

4.2.8 Sumorts. Pipe supportsshalloonformto ANSI B31.

4.2.8.1 LmJ I%kvations . Ibr akxw~ systemsat lW elevations,
definedas luwerthan 5 ft (1.53m) abovegradeor the wo~ surface,use
@ spaceconcretepdestalsr steelframes,ortreated wocdframsas
~, d~ on pipe sizes.
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4.2.8.2 Hi@ Elevations.At higherelevationsabovsgroundr_rt
pipelineson wood,steelpipe,H-sectionsteel,n+nforced concrete,
prestressd concretepoleswith rameworksfittedwithcmssams, orsteelf
rollersand insulationsaddles(seeFigure9). Qetailsof designwill vary
depaithg on siteconditions.

4.2.8.3 Ionq - . When 10llgspansare ~, cabl~ion or
cat@narysystemsmay be used.

4.2.8.4 Underurowd Conduits. Sq30rts fortieqround conduitsshallbe
a~mved typesof manufacturers~ standarddesigns.

,.
. . .

.,,

..
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REFERENCES

hericanNationalStan&r& InstituteStal@ds (ANSI),1430 Rmadway, N-
York, NY 10018.

ANSI B31 Codesfor W2ssure Pip@

ANSI B31.1 FbwerPiping

ANSI E31.2 FU!21 Gas Piping

ANSI B31.8 Thnsmksion and DistributionPipti Systems

Zuneria Societvof Heatinuand Air Comtitionim=~~ -“ (~) t
1791‘IUllieCircle,NE., Atlanh, GA 30329.

mndmemas Ha nmo o k

Corns of m ineersGuideSpecifi=tion, availableframthe UnitedStatesArmy
Corp of EngineEm, WaterwaysExperimentStation,Attn:Publicationsti
DistributionServiceE&an&, IX& Offioe Box 631,Vicksburg,MS 39180.

cms-15709 Heat Diskdmtion SystemsOutsideof Buildings
concreteShallm Tm?ncllSystems

Criteriafor Underurcmd Heat DistributionSvstems BuildingResEm&l130ard
T&&nical l?EFortNo. 66, 1975,2101~nstitutionA&nue, Wz&hc@n ,Dc
20418.

FederalSEC ifications, availablefmm the Cmmndmg
. Officer,Naval

Publicationsand FormsCmter, 5801TaborAvaue, Philadelphia,PA 19120;
telephone(AutovonCOD only)442-3321;~ial.: (21!5)697-3321.

~696D(l) Trap5,S-&lmand Mr

MilitaryS@ecifi=tions, availableto all parties,freeof charye,frumthe
Cummnd@ Officer,NavalPublicationsand FormsCenter,5801TaborAvenue,
Philadelphia,PA 191.20;telephone:Autuvon(IXIDonly) 442-3321;~ial:
(215)697-3321.

MILrP-28584A Pipeaml Fittings,GlassFiberReinforcedPlastic
for Mensate I&= Lines

NationalFireProtectionAssociationStar&d (NFPA), ~~ park,
X park,MA 02269.

NFPA 54-84 NationalFUelGas Cde

35

Downloaded from http://www.everyspec.com



MIL+DBK-1003/8

NAYFACENGUX Desim Manualsand l+l?ublicationsDepmtmnt of Defense
activitiesmay obtaincopiesof DesignManualsand *publicationsfromthe.
Commdng Officer,NavalPublicationsail FormsCenter,5801TaborAvenue, ●
Philadelphia,PA 19120. DepWmmt of Ik&nse activitiesrust use the
Military
stockw~=~-i?io- and I- ~

w IsTFu.P),using131e
obtainedfrcmNAVSUPPublication2002.

otherGovernmentAgencies@ commercialorganizationsmy p~ Design
Manualsand P-Publicationsfromthe Superintendentof Documents,U.S.
GovernmentprintingOffice,Washin@on, DC 20402.

EM-l series

CM-2 xies

11’+3 series

m-3 .01

m-3 .03

,., ,,
m-3 .05

EM-3.06

EM-7 series

-272 (FartI)

P-442

Araitecture
.,,

Strwtmd Engineering
,,

Nechanic!alE n g i n e e r i n g . .

mnnbing systems ~

H-ting, Ventilating, Air Cofitionirxg ti
Dehumidifying ~

Compressed Z&.and Vacuum sy~; .. .

@nlxal Hea~ Plants

Soils and Foundations

Ef i&ive” DesignsforNa@. Shone
Establishment

EconomicAnalysisHandbo&
,’

NAVFACGuideSrecifications am available to all. parties, free of charge,
from the Cammdng Officer,’ Naval Publications and Forms Center, 5801 Tabor
Avenue, Philadelphia, PA 19120,‘I&lephone:Autovon(DODonly): 442-3321;
Commercial:(215)697-3321. :

:,.
NFGS 02714 Wterior SteamDistribution

NFGS 09809 Protectionof BuriedSteelPipingW S&l.
BulkheadTie Rods

NFGS 15250 Insulationof Mecham‘Calsystems

NFGS 15251 Insulation for ExteriorPipedUtilities

NFG!3 15411 Compressed Air Systems (Non+reathingAir Type)

NFGS 15612 Gas DistributionSystems

NFGs 15705 Undergromd Heat DistributionSystem
(-fabricated or Pre+ng”~ -)
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@

Friction Handbook,HydraulicInstitute(HI),712 xakewod Center North,
14600 Detroit Avenue, Clevelard, OH 44107.

PiPiM HamMok, 5th IMition, CmckeraJd Kil%J, MGmHillmok ComPany,
Inc. , W York, NY 10036.

‘1’rm U- Guide,UGOO05, Naval Citi Rgbeer@ Iaboratiry, copies
am available from National T&&riical Information Semke, Operations
Division, 4285 Fbrt Rwyal Road, Spriryfield,Virginia22161;-@_ (703)
4874650; ADA 156351,1-800-3364700.

m~ “cPmDerties ofsteam, Kkenanan3Keyes, Hill and
& Sons,NY, ~ight 1969,Libraryof ~ CXalcg, QriI

Moore. J. Wiley
No. 68-54568.

.

..
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