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_'ïouge doctorLng?r [a a terD thåt deacrlbea acornbfnatton energy audit and energy_eavlng retrofltprocedure developed at Lavrence fãrtetey irtoirto.y
and Prlnceton Unlveralty. flouae doctorirrg ,rr"iy".,areag of energy loea in whlch econonlcaliy attrac_tive conaervatlon invea ÈEenta can be oade, but goes
beyond a cooventlonal eudlt by locetlng and elln_lnettng alr lnflltretfoû Blte, by using epeclaldlaSnoðÈlc lnatruæntatlon. whff; .reriy_åalrtng
recoEEendetlon€ coæ froa the conventlnai energl¡_audlt procedure, ectuâl retroflÈs are perforned ln
houae doctorlng. In a houae rlth r Eod;retely hlghalr exchange rate, the ãaviûgs realtzed by houae
doctorlng ¡ekc lt e very coat-effectlve procedure.
¡urther¡Dore, houae doctorlng provt dea the bullderor hoæcrrner rrith valuable fnforDrtlon ebout other
co8t-€ffectlvc retrofLta that csn be lçler¡ented.

Thê Eouae Doctor's llanual ie dfvtded lnto tt{o
parÈs: the flrBt provldes an lntroductfon and oveE_vlev of house doctorlng, deocrlblng the nature of
heat loBB La bulldtnga snd the toola end technfquea
e house doctor useg to reduce then. The second
part fa e Btep-by-Btep ualk-through of the houae
doctor vLaft, deecrlblng the âctual retroflt pro-
cesa, Eaterlala uaed, the order of repaira, the
labor lnvolved, and the lEportant atep of poBt-
retroflt eveluetlon. At the end of the r¡anual are
sarçle check llBta and âudtt fornd ueed in Èhe pro-
cedure .

Thls ûanual 1s lntended to suppleænt a houee
doctor trâlnlng courae nhlch provtdes energy audl-
torg and ïeetherl.zatlon peraonnel ¡rlÈh classrooîr
and on-alte traLnlng ln audlt and retroflt pro-
c edutea .

HOUSE DOCTORING

The retroflta dea c ribed
neceasert to account f or
nate, end level of houee

here ohould be âdapted aB
local houalng Btocks, clt-
doctor akl I l.



PART ONE

Heat paaaea through all parta of the bullding
envelope--the rJlndotJs, doora, rrslls, roof, and
foundatfon. Host heat loee takee place through tuo
procesaea: CONDUCTION and INFILTMTION. Conductton
ls the heat loge dlrectly through Eåterlals.
lnflltratlon 1s the heat loas due to alr leakage--
through cracks and openinga tn the bufldlng ahell.
Conductlve loseeg are countered by lncreasfng the
therûraI realatance of the bullding ahell through
the addltlon of lnsulaclon and/or etorur vlndor¡s.
ThlB type of conservatlon retroflt Le qulte expen-
Blve snd la not part of the houae doctor routfne.
Houae doctora concentrate prloarfly on lnflltratfon
reductfon. Becauae lnffltraclon can accounÈ for up
to 40I of the heat loee ln a houae" the ellnlnatlon
of a1r leakage altea ls an tq)ortant rEans of sav-
lng energy.

Inflltretlon corøænly occura uherever tvo dlf-
ferent types of oaterfale or tgo eurfaces or bulld-
lng colponents æet. Soæ exauplea are the lnter-
aectlona of floors vlth valla, lrallB iJith celllngs,
chlrureye vlth floora and valle, and any peneEra-
tfons ln the Eåll, floor, or celllng to accomodate
ftxturea for plunbl-ng, electrlc asltches and
outleta, or llght flxturee. Alr leakage can also
occur through "bypaaaeat' frou the basenent and
houae lntertor tnto the attlc. Theee bypaeses are
Eoat often found in eall cavftlea and around chlr¡r
neya and ven! and flue pipes. Soæ of these lesk-
age sltes develop vlth age snd settllng of the
atructure; othera are preaent fro¡r the tlrp of con-
structlon.

Whatever thelr source, ellurlnating alr leakg ls
a prtEsry goal of houee docÈorlng. UsLng dlagnos-
tlc technlques descrlbed ln the next sectlon, the
houae doctor r¿1ll locate theae leakg and then
repalr the most slgr¡lflcant ones.
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1) BLOWER DOOR
the Eoat lryortant tool avalleble to the house

doctor la the ?tloser doorrÚ a large, door_t¡ounted
varlable-apeed fan that can blov alr into (preesur_
lze) or euck al.r out of (depreaaurlze) 

" ho.r"..
OperaÈlon of the bloyer door ceuaes alr to floï
through the cracks and opentnge in the bulldlngenvelope. Rnovledge of the retê et ¡¡hlch alr lefloving through the fan and the pressure dlfference
ecroas the bulldlng envelope allor:s calculatlon ofâ qurntlty called the IteffectLve leakage aieaÍ of
the houae. Thls value can be uged ln conJunctlonvfth an lnflltratlon nodel developed at iavrence
Bcrkeley Lrboretory to calculate seaaonal lnflltre_
tlon rstea for the houae. By æaeurlng the leakage
¡re¡ before end after houee doctorlng, it ls possl-
bl€ to quantlfy the effectlvenear of the retroflt8.
lf a house fa found to be relâtlvely ?'tl.ght," the
tèchnlctenr cÁn decfde rhether house doctoring wlll
be cost-cffectLve, or t hêther an ålternatlve set of
r.troflÈa ¡re advlaablc.

2) IR SCANNER

Ey uelng Èhe lnfrared (IR) ecanner 1t ls po8sl-
ble to flnd the leake thtough trhlch a1r i.s escap-
lng. the IR scanner ls e heet-aenaltlve televlalon
caære, rñ1ch, rtren polnted at an obJect, shoss
varE apots as brl8ht arees. Durfn8 preasurlzatlon,
varn alr eacaplng through the buildlng envelope fs
deÈectâble as a brlght aree on end around the
butldlng gurface. The scanner ia also uaed to look
for bypase leeka ln the baaeænt and attlc.
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3) SMOKESTICKS

l.Ihlle the houae la presaurlzed, and one technf-
clan ls eurveylng the exterlor elth the IR ecanner,
Èhe oÈher technlctan conducts an lnterlor leakage
survey uslng enokestlcke. The smke ls carrled
through cracks and holes by the alr paaatng out of
the hou8e. Èlajor leakage altea are oarked or noted
for repalr. Smkesticks are alao used shen there
1a not a large enough teuperature dlfference for
the IR Ecanner, and 1o cramped baaenenta or attic
areag vhere operatLng the IR acanner ¡rould be dLf-
flculc.

4) DIGITAL THERMOMETER

thc dlgttrl thermæter ts ueed to æaaure
lndoor ¡1r te¡peratureð shlle the furnace or afr
condltloner 1a operatlng. l{eaaureænta are ¡¡ade
vlthln g1¡ lnchee of the cheruoatat and cotpared
vfth the theræatat readlng. In addltlon, terpera-
ture Deaaureænts l¡¡ay be talen throughout the houae
to deÈernlne shether the furnace dlstrlbutlon Bys-
teE fB properly balanced. If there la algn1fl.cant
dlsagreeænt, the therE¡oacât 1B recallbrated. A1r
telperaÈurea are E€aaured around the furnace ln
order to eatlEele heet loeeee to lts surroundtngs.
Hot water tenperaturea are alao s¡easured ulth the
digttsl therEoæter.

sr{trt'Tt c'(s
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5) FURNACE EFFICIENCY KIT

If the houae haa a gaa furnace, one of fheÈechnlclana perforne a combugtlon efflclency teet
on,the furnace durlng the lnterl.or retroflt pro_cedure. A Bpeclâl testlng klt allor¡e neasuremenÈof flue ges teuperature and carbon dloxlde and oxy_gen concentratLone fn the flue gasee. If furnace
efficlency fs belon 75f, the technfclan oay perforn
a tune-up. The technlclan alao inepect8 the fur-
nace alr fllter and cleans or replacee lt tf necee_aary. Flnally, the technlclen lowers to 90_95 oF
the rrfan-offtr tenpereture llnlt arrttch thet con-trola the furnace fan. Thl.e ellovs mre efffclent
hêet tranafer frorn the furnace to the house.
Although a nunber of nodlflcaÈl.ons cen be r¡ade to a
furnace to iqrove fts efficlency--for exanple,
ln¡tâlllng elecÈronÍc tgnltloo or donnalzlng the
nozzle orlfl.ce--such changea are generally not Eade
durln8 houa. doctort ng.

6) CALIBRATED BUCKET

Flov retea frorn ehoïers (and poaslbly faucets)
ere oeaaured sith e callbraÈed bucket and a
Btopltatch. If ehouer flos retea ere found to be
high, the technlclan nay lnatall 6 lorr-florr shover-
head or LnaerÈ s flo¡, restrtctor tnto the exlstlng
shoyerhead. Faucet eeratore nay alao be lngtalled
on bathroou ând kltchen fauceÈa.

lu^uÆ.a ]Fttè|3a¿'¡ 17i7
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REMED¡ES
The house doctor uses tso prlnary renedles for

seallng alr leekage sites: CAULKING and WEATHER-
STRIPPINC. Caulk lg generally applled r,here ttJo
relatlvely fnu¡oblle surfaces Eee¡, auch as a vall
to floor Jolnt or s hole around a plunblng penetra-
tlon. Ceulk coæa ln trJo forns3 a pliable, gum-
lfke naterlal that cân be r¿orked lnto cracks and
holes, and a foan that expands and hardens upon
contåct vfth a 1r.

I.¡estherstrlpplng 1e oade of ætal! pla8tlc, or
foau and 19 uged shere mvlng surfaces cause
cocrpresalon or frfctlon. tleatheratrlppLng can be
applted to both doors and eindorra. There are four
najor types of yeathereÈrfpplng: v-ehaped oetal or
plaetlc, lnterlocklng Deral atrlps, vlnyl. tublng,
and foan or felt strlps. Speclal thresholds for
sestherstrlpplng door bottoos are also avallable.

Houae doctora aleo use
flberglaae lnsulatlon, and
lng certaln leake. The uge
deecrfbed ln the aecÈlon on

For a dlecuaelon on caulkfng and seatheratrlp-
plng and lndoor a1r quállty, eee: "Flnd and flx the
leake: A gulde to alr lnffltratfon reductlon and
lndoor alr qusllty control'r tO6l-000-005 38-2, U.S.
Govt. Prlnt fng 0f f lce.

duct Èape, pieces of
pla8tlc eheet for eeal-
of theee D¡terlala ls
retroflÈa.
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Loca t ion

INFILTRATION SITES

Interior LighÈ flxtures, fuse boxes
Electrlcal outlets, light switches
ThermosÈat, phone jack, d oorbe l l
Wlndows, doors
l.lf ndor¡ and door franes
Furnace and exhaust fan reglsters
Baseboarda
Plunrblng, exhaust fan cu È-throughs
l'llnd or¿ or r¡all-mounted alr condltloner
Furnace closet door
Holes ln furnace closet
Dryer vent
Baseboard electrlc hes ters
Flreplace nantle
Ffreplace de¡nper
l{ater heater and furnace flues
Jofnt! beteeen unllke ns terlals

Leakage Slte

& REMEDIES

Furnace ducÈs
Furnace regls ters
Llght flxtùres, electrlcal boxes
Gaps around chlrnney, flues
Plumblng and exhaugt vent cut-throughs
Dropped or stalrcase ce 111ng,
Celllng-wall J olnts
Attfc door or hetch
Whole house fan

Basement

Caulk around edge
lns ta11 foam gaskets
Caulk elec trlca I penetration
Ins tall lrea thers t r i pp Ing
Caulk cracks around edges
Caulk around duct edge
Caulk floor-wall seam
Stuff ¡¡1th flberglass or caulk
Cover r¡1th plastic; caulk around edges
Install r¡ea the rs t r lpp lng
Stuff ulth flberglass
Caulk around edg es
Câulk elec trlcal pene tra t lons
Caulk mantle-çall seam
Instal l 1f not present
Stuff penetratlons vlrh f tberg las s
Caulk

Plumblng, electrlcal cut-rhroug,hs
Bathtub cut- throußh
Furnace ducts
Ralsed f loor
Gaps around ch lmney
Crecks ãlong rtn joisr and sill plate

Tape lf accesslble and leaky
Caulk around edge
Install baffle and cover r¿ith flberglass
Stuf f r¡1th non-conbustlble lnsulatlon
Stuff r¡lth flberglass or caulk
Cover ulth plastlc and flberglass
Stuff wlth ftberglass or caulk
Install veathers trlpping and lnsulatlon
Caulk around edge

CauIk or stuff L¡lth fiberglass
Stuff vith f iberglass
Tape lf leaky
Cover wi th plastíc
Stuff v¡1th flbergless
Caulk



Y.nla A llu., glpa¡

AIR LEAKAGE SITES

Whola hou.. lrn

Plqmblng pana lr rl lona

Flrogl.c.

Elcalrlcrl oul l.t.

Wlndor Ir rm..



A. Retrofit Haterials

_Caulking Cornpounds
c lear sil icone
¡lh ite latcx
vhire bur yl
grey nortar trede(onc crulk ¡hould be ¡dhcsive)

_l{erthere tr ippi ng
Door bottoo reecpr (leveral lcntths and thick-

ncrscr)
Adhcsivc v-sh¡pcd plart ic
Adherivc fo.r t.pc (¡cver¡l kind¡ end thick-

nc!s?t)
Clcer poly tepc
P ¡nd D ehepcd edherive EpD!{ rubber
Sprin¡ octrl for door¡

_Polyurathenc foa crulk .nd clcaning fluid
_Duct trpG
_Inrul rt ion

Roll of R.-19 f ibc rg I ess
ll.tG r he¡tcr b I ¡nkct t

_Elcctricrl rritch, outlct gtsketr tnd cover plâtc¡(yith ¡c rcv¡ )
Polycthylcne plest ic rhcct
Lov-floy rhovcrhctdl, ¡ink f¡ucct âeretors, Ilw
rc!trictor inrc rt t

_Purnecc f iltcr replrcenentt

-Ifrrn/co 
l d lrundry dctcrtent tampler

_Circlinc fluore¡cent fixture ¡nd bulb
_Fircplace plug ratcrialr

Plyvood ¡hect, l/4" t 4' r 4'
Sheet of 3'i foan bo¡rd
Hetal handle rnd nountinß screeg
4' x ll2" l Ztt uoodcn rod and tyo screv-in

eye lcts
Red eprey paint (for peinting vooden rod)

_Furnace door I etches
Plyvood lheet for rttic hatch

I

REQUIRED MATERIALS
8. 'fools

-Tool 
8ox
ló oz. clav l¡amrner
t ack h arnrser
nai ¡ set
¡c rer¡dr ivers (including phiUips)
uril ity knife (vitt¡ spare blades)
100-foot neasur ing t apc
l2- foot c.rur int t¡p€
c(xrPet s
rl ip joint or vise gr ip pl iera
ttlplc tun lnd rtaplct
2 paira of ¡c i s¡or¡
2 crulking gunr
h¡ck ¡ ev
hândrat,
thcruo¡teter (0-100 oC)

_6-f oot t tcp I rddcr
Ysrd¡ßicl

-Sn¡ 
I I clcening brurh

trhc ( for ¡aoothing blovn-in in¡ul¡t ion)

G. Equi pocnt

Flaahllght
_Heed Lanpe (afner'e or caver'e type)
_5G-f oot exÈens lon cord
_Th ree-prong to teo-prong àdapter8
_Alcohol ln a squeeze bottle (for cleanlng)
_Cllpboa rd, paper, penc lls
_llouBe Doctor fornaI "Furnace fa 0ff" elgn
_4 palra of work gloves
_2 re8 pl ra to rg
_knee pads

-juûp 
sultg

_flr8r ald klr
p^asklng Èape

_drop cloths
_ra8e and t ose la
_10" x 4' boarde f or spannlng studs ln att 1c



Before undertaklng an audlt, you should becomefasrlllar rrfth r¿har ls fnvolved ln protectlng your
pereonal safety on the Job. If you rnakã theresldent âL¡are of the audlt procedure and Hhst ltlnvolvea, he or she can often usrn you ln advanceebout euch hazards aa lou-hangfng p1pe8 in a base_
e€nt or rtsky atepa fn a etalrvay.

It fe- partlcularly lmportant that you noÈ dao_age ånythlng vhtle ln or around tt. butldfng(plante, collectfbles, uuslcal inatrulents, etc.).Before dolng anythlng euch ag unvlng furnfture orcnanglng therrDstat aettlngs, aek for pernlaslon.

General Bafety guldeltnes are presented belor¡.Spccfffc eafety features related to cerÈsln atepsln the audlt are highllghted in the tert.

At tlcs

--PallLng through sttlc floora fa the ll hougc doc_tor sccldent. llelk only oo attlc Jofsts__nottctueen--and place boarda epannfng acr;8s Jotstsfor rddftfonal safer)'. ne eapecfatly careiul of¡ttlc hstch door f raorlng-- tf lt La looee or non_
loed bearlng, the edge can break off vhlle enterlngor leavlng the aCtfc.

--IJear a BafetJ¡ helDet to protect your head froEnalls and lo¡r raftera. Glovee. gogglee, and a good
re8plrator (not a eurgeon'e oask) ahould be used
uheu vorklng lround fna ula t lon.

SAFETY

Basements /c rar¡ls paces

--Proper clothlng lB essent lsl ln craulspaces:
gloves, gogglee, and resplrator.

--Check r¡lth homeosner regarding recent spraylng
for peat3, nouae trapa, etc.

Interlor

--l{atch out for eoall chlldren and pets. Ffnd ouÈ
vhere they belong and hou to keep theu there.

--Uhen uslng the bloser door, oove fragtle object8
and houge plante ar¡ay froo the door. Because
blover door operatlon can stlr up duet, check about
allergleb ao that aensftlve resldents can leave.

---Clean out flreplsce to prevent aehes blorlng froo
f freplace durlng dep ree aur l za t t on.

¡0



PART TWO

CTOR PROCEDURE

STEP

STEP

STEP

STEP

STEP

STEP

1

2

3

4
5

6



HOUSE DOCTOR

St.p
lloqtc DoctoE rl

Act ivity
llour. Docto¡ ,2

FLOWCHART

r¡nload GquipÊ€nt, 6
t.lk elth ho¡æosner.

doo¡ aa¡turcran! r.

Ta.. Sp.nt
(lrr¡.1

lc¡¡ in intcrior

ci¿nctr aod tunc-up
furn¡c¿

oblc¡¡ in ¡tt ic.

Þsob¡c.r in b¡¡cncnt.

chrn6cr to rppli-

R.pc.l b loYG r
door ¡a a¡urarcnt t

ar¡¿ in¡p.c! for
cflcct ivcr¡c¡¡ of

r.t rof i t. .

Cta aud¡l t.

ch¿nt.r to doÊc rt ic

Probla!¡! on c¡tcrio

D i scurr fiodingt
yi¡h hoúGovncr ó
providc I irt of
rcrrinin¡ cort-

.ffcct iY. ¡ctrofit¡
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STEP 1 : Arrivat at house
A. -Arrlve at houee and unÌoad equlpn€nt

and toolg
B. Inforn honeor¡ner of actlvltles and

conduct intervfetf
C. Conduct exterfor energy audlt
D. Conduct lnterlor energy audlt

A. Arrlve at houge and unload equlprnent and tools

Be prodpt; errlve at the
ün1oad all equlpnænt and tools
day'e vork and place theu shcre
ecceeelble.

B. Inforn honeosner of actlvttles and conducÈ
t ntervley

Before gettlng Bterted, one of the technlclans
should explain the day'a ectlvfÈles ro the
honieo¡ner to encourage hls or her interest. The
dlscuaslon should lnclude explanetl.ona of the goals
of houee docÈorlng, the dlagnoatlc neaaure¡Enta to
be Èaken, and the repelrB and retroflts that may be
nade ln varloua part8 of the house. The technlclân
ahould obtain pernlealon to nake any rîodlflcåtlons
thaÈ Eey dlrecCly affect the occupånta of the house
or the houee lteelf, e.g., lov-flov shoverheads,
¡reathera trlppin8. The technl.clsn ahould also
obÈaln lnfornåtlon fron the honeovner regardlng
thelr energy-use practlces, euch ae therEoatat set-
backe and hot rater tenpereture aetttngs, as r¡ell
as utllfty data (tf not obtalned beforehand), and
any energy-related problene ulth the houae.

C. Conduct Exterlor Enertv Audlt

ThlB Btep and the next ere perforund con-
currently. InfortDatlon lB recorded on en audlc
foro. (A aanple audlt forn fs provided at the back
of thls nanual). Polorold photogrâphs should be
taken of all sides of the house. The exterfor of

l3

and setting up

gcheduled t lm€.
neceaaary for the
they ¡re eas tly



the house should be eKa¡nlned (for evfdence of mols-
ture datrage, broken trlndovs, etc.) and rneasured,
and rough sketchea of the house should be rnade
lndfcatlng the dfænslone, a plan vlev, and a front
vleu shoving sttlc, baseænt, and floor. Houee
orlentatlon, overhangs and shading from Èrees,
buahee, and adJacent bultdlngs ehould also be noted
on the audlt foru and, lf poa8Lble, on the plan
vlev. Record the rough area of baeenent and attic
venta, afr conditloner(e), and condeneer coil(a),
Check r¿lndor¿s end doorg for general condLtLon
(preeence of veatherstrlpping or caulklng) and note
thelr areaa and orlentât1ona. In general, thLs
audft ahould be relatlvely brlef; aLanat all reÈro-
flt vork la perforæd lu.B lde the houee.

D. Conduct lnterÍor eoerqy sudlt

the lnterl.or audlt includea oaklng a general
check of the conditton ot rllndoya, doois, anã otherpenetratlona through the buflding envelope" locat_lng the furnece and uater heater, checklng for the
preaence of fnaulatton and rreathersÈrlpplng, and soon. Also note the preaence of fneulaÈlon ln theattlc, recesaed electrfcal fLxturee" dropped cell_fnge, chløreye, ducÈlng, flue plpee, eic. In rhe
baeenent, check to aee shether hot uater plpes arelnsulated. In add1tlon, take temperaÈure readlngs
throughout the house (preferably ulth the furnace
or alr condltloner tn operatlon) and conpare thento the thermstat settlng snd check the balance of
the heatlng/coollng supply systeu. The flreplace
should be checked for a danper¡ ff one ls present,
It should be cloeed.

L4
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STEP 2: Btower door
A. Ingtall bloner door
B. Seal penetratlona through butldlng
C. l{ake preesurlzatlon æâsureroent B
D. Make dep rea auri.zat lon neaeure¡Dentd
E. Calculâte approxiüate leakage area of the

houee
F. Conplete lnterlor ener8y audlt

A. Install blor¡er door

The flrcÈ procedure lB Èo lnstall the blowerdoor Ln an exterlor doorray Ln preparatlon for thelnflltraÈ1on aurvey of the houae. The bloser door
conslsts of the folloïfng partss

l.
2.
3.
4.
5.

measurement procedure

enve lope

Botton aect lon--f an/Dtor aasearbly
lop aect lon
Alurnlnun ulddle aection
Controller unlt slth RpH gauge
Incllne nanoæter (presaure gâúge)
or preagure t rensducet
PlaBtlc tublng--3 piecee
Connecttng corde for RPH Beuge/
controller and poner corde

6.
7.

The bloser doot lg lnstalled ln the following
m¿lnner:

l. Roll botton sectlon (slth fan and ¡ootor) to the
exterlor door. I{lth one person on the fnstde
and one outsfde, place the sectlon ln the door-
tray trlth the bottor¡ edge agalnst the threshold.
AdjusÈ Èhe Jack screvs on the lnslde of the
blo¡¿er door to tlghten 1t egalnst the door
frane.
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2. Place the top sect lon of the bloqer dooragafnst the top of the door frane. AdJust the
Jack screvs from the lnslde of the house totlghten the sectlon 1n place. The top sectlon
should be ln the sau¡e verci.ca¡- plane as the
bot Èot¡ aect fon.

Install the alunlnurn mtddle eectlon of the doorto flnlsh aasenbly. Tlghten elng nuts f ro¡n the
outside of the door.

Tape those edgee of the blover door r¿here no
ueath€rstrlpplng fs present.

Connect the plaatlc tublng to the nlpples on
both eldea of the blover door. place the end
of the outside tube ln â locatlon uhere lr sfll
be ehlelded fro¡u the r¡lnd.

Connect cords to controller unit and plug fn
the porrer cord.

1

5.

ó.

7. Set up the fncllne n¿lnon€ter or presaure trans-
ducer on a fla!, level surface. Tape ft to Èhe
aurface to prevent lt fron falllng over.

B, Sesl PeneÈr¡tions Throußh Building Envelope

Before any leakage area ÍEaauren€nta are nade,
deslgn ventllatlon penetratlons through the bulld-
fng envelope s¡uat be aealed. WhLle neasuremenEg
are befng taken, el1 exterlor doors, reindows, and
cloaet doorg should be cloeed. Interr.or doors
betueen roons are left open, hor¿ever. Basenent or
attlc doora are left open gq!¿ tf they lead lnto a
condltloned epace. Chlnney dampers are cloeed. lf
a flreplace has no danper, a sheet of polyethylene
should be taped over the openlng. Cover bathroom,
dryer, and kltchen range hood venÈs lJlth plastlc.
The furnace or alr condltloner should not be fn
operâtlon r¡htle the ¡neasurenìents are belnR rnade,
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C. Hake pressurlzatlon rneasurenentg

During pressurizatlon, the blor¿er door pulls
outslde alr through the fan lnto the house and
forces lt back out the cracke and holes ln the
bufldtng envelope. For preesurlzatlon measure-
nenta, the plaBtlc tube leadlng to the bloeer door
ls connected to the loser erid of Èhe nânoneter, lf
one la belng uaed, and the other tube fs connected
to the hlgher end. Plece the end of thls second
tube out of the peth of the nlnd fron the blover
door. Be aure to aet the awltch on the control box
to'rPreggurlzatlon.rr

Level the lncllne nånoneter and aet the men-
lscua to zero. Türn Èhe fan on elovly untfl the
flret preeaure lnterval tg reached (ueually 0.04"
of veter or l0 Pagcale). Read the dlgttal RPH
roeter to obtaln the everage rotatLoo apeed of the
fan, and record thls dete. Repeat the procedure
for each presaure lntervel. If the Daxinun prea-
aure doee not reach 0.l2rr of nater or 30 Pascals
slth the fan at the rn¿xfn¡n settln8, lt nay ÍEan
thet large penetratlon6 through the bulldlng
envelope have not been covered. Look for obvfoua
leekege areas such âa klÈchen/bs throon venta, flre-
placee or woodstoves wlth faulty da¡pers, or an
attlc hetch that lffts open under presaurlzatlon or
le lnproperly alzed. Seal. euch leakg end repeet
the tes t.

D. Make depreseurlzatlon neasurenenta

Durlng depreesurlzatfon, the blor¡er door pushes
air out of the houge through the fan and pulls lt
ln through cracka and holes tn the bulldtng
envelope. For Èhe depreesurlzatlon neasureñ€nts,
the plastlc tube fron the blor¿er door should be
aÈtached to Èhe hlgh slde of the nânometer, and the
second tube to the low slde. The procedure for
rnaktng neasurenents is the same as that descrlbed
above, 7 I
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E. Calculate the approxlnace
house

A callbrated bloser door (one ln ghlch alr
flovs are knot¡n for fan rotatlon speeds) comes r.rlth
a set of preasurlzatlon and depressurlzatlon graphs
(see example L,lCh lnstructlons on next page).
These graphs plor RPH on the hortzontsl axls and
preasure on the vertlcal ax1s. They also have an
axls that plots leakage area. Leakage areas âre
calculated under condtclons of pressurtzatlon and
depressurlzaÈlon; the average of these ttuo values
1s consfdered the approxlûìaEe leskage area of the
houee.

P. ComÞlete lnterlor enerfv audlt

one technlcLan can nske the leakâge area meas-
ureaentd r¿hf le the aecond technlcLan contlnues to
¡udlt the lnterfor of the houae.

leakaqe areã of rhe

Depressur¡zat¡on
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PRISSURTZATION GRAPH

f.
-r.
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Ì
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RPM (x.lØQl)

Ho'4 to use thls graph
Let'e Bay you've Eedê EesurernenÈs vlth a

bloger door end hâve obtalned the follorlng read-
lnge: l0 pascala, 800 RPH; 20 pa.' ll00; 30 Pa.'
1,350; 40 pa., l,ó00; 50 pa., 1,800; 60 pa.' 2'150.
Flnd the RPI{ readlngs on the botton á;ls of the
left-hand graph and drav a etralght llne untll you
lntersect the approprlâte preaaure curve. Hark the
polnt stth an "x." (lf you sant to flnd the elr
flov at that preaaure, dran a llne fron the curve
to the left hend exte inarked "Flon". ) Drae a
Btralght llne fron each "x" to Èhe rlght-hand graph

ì9

DOOR #3

3,-
Ir

fe
û)
0
l.-
0
I
J

tt?la

Pr¡r¡¡l¡rr (po. )

untl1 you lntersect the appropriate presrure llne.
l{ark thesc polnts sfth an "x." Ffnally, dre!¡ â

stralSht llne through all the pointo snd ffnd shere
It fntersects the axlB merked "Leakage Area." That
polnt lB the leakage area for preasurlzatlon; ln
th18 €xfnple, the leakage eree l.s approx{nately
1000 cn' pre-retroflt, end 600 cm¿ poBt-retroflt.
The sasre procedure fe folloeed for depressurfz',-
tlon, Bubstltutlng the ãpproprlste graph (not shovn
here).



What to do ff vou do not have a blover door

a) Use a slndor¿ fan:

Although neasurlng leakage area ls valuabl.e ln
order to evaluate the magnltude of lnflltratlon tn
s house, a blower door ls not esaentlal to perforn_
lng ân lnflltrstlon dlagnosls. A large r¡fndor¿ fan
can be ueed !o aurvey lnterlor leakage sltes, and a
r¿hole houee fan can help to dlagnose problerus ln
the atÈlc and basenent. If you are uelng a lrlndot¿
fan, you may have to perform a room-by-rooo dtag:
nosfs. Install the fan ln a utndor¿ so that lt is
bl.ovlng lnto the roosr, taklng care to seal all
openfngs around the stdes of the fan (!¡lth duct
tape or plastlc). Close all other doors and uln_
dovs. Use a srnokeatlck to look for leakage slte6.
(One potenti.al problen ulth a rooe-by-room setup lg
that the direct f lor¡ frou the fan creares
turbulence around lnterfor cracks, Elaklng tÈ diffl-
cult to uee erckeetlckg. )

b) Use a r¿hole-houee fan:

A gtole-house fan depreesurlzes the house, mak-
lng ft eaaler to detect leaks from the attlc,
basenent /c ravls pace, and houge exterior. If you
ate ualog a vhole-house fan, exterlor doors and
trindo¡Js should be closed, as should fireplace
danpera. (It 1s noÈ a good ldea ro seal g!! pene-
tratlona becauee depresaurlzatton mlght cause wln-
dor¡s to break) Uee a smokestlck to look for
atreana of alr flor¡lng lnto the houge or ouÈ of the
attf c or baaerenr. räiÏ'er dlacusslon ãl-tiã ,r""
of sîþkeetlck8 to ftnd lnfllÈratlon aitea can be
found be los.

//

//
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STEP g: Attic procedure
A. PreBBurfze or depreasurfze house and take

necesaary equlpnent to the attlc
B. Conduct a general survey for fnflltratlon

slÈea and bypaeaea
c. Seal holeg vhere plunblng and vlree

penetrate sÈtlc floor
Seel cracka around heatfng end coollng
duc ts

D.

E. Seal dropped cetllnge and atelrcase
celllnga

F. Seel openfnga around the furnace flue
G. Seal around exhauet venta
H. Seel leaky heatlng and coollng ductg
I. Seal leaky areaa ut¡ere tntertor and exterlor galls

Deêt attfc floor
J. Seal cracke shere the chfErey penetretes the

atÈlc floor
K. Ir8ulaÈe end ueaÈheratrlp €tttc hatch door
L. Stuff lngulatlon lnto Bplit-Ievel atud spaces
H. Seal openlnga ln kneevalls
N. Inepect vhole houge and attlc fan
O. Coqlete sÈtfc vlslt

A. Preeeurlze or depreeaurf.ze house and take necea-
sa r" equlpæntJo-ih;-;ìiG-

If the lnfrared acanner la to be ueed for leak
detectlon, there ahould be at least a l0 oF dlffer_
ence betueen the fnsfde end the outslde of the
houee. Pressurlze the bulldlng to 0.16" of H^O (or ^ ¡l\
40 Paecals) to push sarr¡ alr fron the house¿ lnto
the attfc. lÍ aEokestlcks are to be ueed, the
house ehould be deoressurlzed to 0.1ó,, H"O. In
thle caee, alr r¿f Il be gucked from the attfc, pul-
llng the suoke rlith lt. It strould be noted ir,"rthe IR acanner 18 nost ueeful ln fnaulated atÈtcs,partlcularly thoae lrlch blor¡n-ln cellulose or
fiberglass.
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Items to Èake lnto the sttlc fn addltlon ro
Èools and protectlve clothlng are: portable ll.ghts,
caulklng, polymerlc foarn, flberglass, polyethylene
BheeÈln8, s staple gun, duct tape, and pleces of
Heatheratrfpptng. The batch ehouLd be kept closed
rrhlle l'ork ls ln progreas ln the attlc.

B. 
-Cgnduct a peneral aurvev for lnflltratlon sltes

and bvpasgeg

The purpoee of thls survey 1e to pinpolntlnflltratlon sltes ¡oost ln need of repatr. Càmrænaltea are ltaÈed in Table I and 
"orà are shorrngraphlcally ln the accoryanying ffguree. Thefnfrared acanner 1s used to check the atttc floorfor 'hot Bpotarr-- placea where the exlstfng lnsula_tfon blanket le lnadequate or poorly lnstãlled orïhere rrarn alr ls flowtng froo the lLvfng space

through the lnsulatlon. U8e arookesttcks to- checkfor elr currentB flovlng through cracke and
openLngs ln the floor, around chiureya, pipea,venta, rnd llght flxturea. Record problå.'.."r" ona ¡cale dlagran of the attlc and note the type ofproblel found. üart rhe Bpor ïlth roaetfng tâpe.

C. Seal holeg cut for plumbfnt, r¿lreg and recessed
lltht firtures fn the arrlc floor

Plunblng venta norrielly pa8s throu8h the attlc
and ouÈ Èhe roof. Electrlcel vlres often pass
through the actlc floor, especlslly those to ltght
fi¡ture8 and ssLtches. the8e openln8s can be
Beeled rrlÈh caulkfng, flberglaea lnsulatlon' or
polynerlc foa¡n. Large openfngs around plpes and
vLree can be stuffed wlth flberglass lnsulatlon.
lloles less than 2" ln dlameter can be fllled !¡lth
polymerLc foan. Tube-type caulklng can be used on
srnaller cracks ancl holes legs chan l/2" tn dlarne-
ter.

A'fTt¿ O't ?^ss )-s
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As a general rule, recegsed llght ffxtures
should be dealt virh carefully. Coobustlble
¡nsterlala ehould not be ueed to fnsulate iuch--flil
turea. Flberglaee ehould be kept eeveral Inches
si¡ay or, âlternatlvely, a ¡¡EÈal baffle can be con-
atructed over ghfch bsttlng can be lald. CauIk
Buch fktures froo the lnterlor of the house sfth
clear e lllcone cau lk.

D. Seal cracks around heatlnr and coolfnn ducts

Holea or openl.nga found r¡here heatlng and cool-
ln8 ducts penetrate the attlc floor can be etuffedytth flberSlaag lnsulatlon or fllled wlth polynerlc
foan.

E. Seal over dropped celllnge and etalrcase cell-
lnÂe

gerr alr cån paaa frou the llvlng space fnto
the aÈtlc Èhrough dropped cefllnga over bathroo¡rÌE,
kltchena, cloeeta, or atalrcaae cetltngs. Afr froo
Èhe atttc le heated by the uerE lntertor alr that
Paaaea over the aurface connectlng Èhe dropped or
atalrcaae cellfng ¡rlÈh the lnterfor. Even ff the
attfc floor la already lnsulsÈed, the alr fror¡ the
dropped celllng can pase by the Lnaulatlon and
escspe lnto the attlc. Such leake are not easlly
fdentifled 1f the attlc hae been lnaulared, but it
cân be ldenclfled fro¡ the hou8e lnterlor ulth a
anokestlck or ln the atttc rJt th the lnfrared
scanner. A dropped celllng nay not look leaky f rorn
lnsLde the houee; lt should be checked from lnte-
rlor and atttò.

An effectlve ¡nethod of eealing over a dropped
or etalrcase celllng 1s to lift or push aslde the
exlstlng lnsulatlon and to staple a sheer of
polyethylene plastlc over the openlng in the atttc
floor. Use butyl or sfllcone caulk to seal the
edgea of the plastlc to the atrlc floor. Once the
plastlc 1s ln place, replace the ortglnal
lnsulatfon 2q
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F. Seal oÞenfnga C_Ep$4 the furnace flue

A furnace flue vents hot exhauaÈ geses fron thefurnace to th€ outslde of the butlding. The flue
ueually paasee lnelde Lnterlor walls ihrough theattlc end out the roof. Wârn alr fron the tnterfor
cân escape Èhrough the openLng eround the fluenhere lt penetratea the ettlc floor. By stufflng
flberglaea ln8ulatlon in the openlng, the narn alr
leâk can be effectlvely aealed. Flberglaes lnsula_
tlon ls recounended beceuge it can ¡rithstand hlgher
te¡pereturea then thoae found at the attlc level of
the flue.

Cautlon: If the furnace ls located 1n a cloeer
ln the heeted portlon of thê bulldfng, do not seal
the openlnga around the flue. Thls opentng and any
other ventlng Ln the cloBet provLdes conbuatLon afr
to the furnace. HoÌrever, the clooet door ehould begeatherBÈrlpped Lo order to prevcnt reræd lnterlor
atr fron ercaplng through thc conbuatlon vents.
Alao, tÍ. the furnece cloret Ir vlthln 5 to I feet
of the ettlc floor, Èhe flue vlll be very hot. In
thl! lnatánce, openlnga should not be Bealed.

G. Seal around exheuat vents

Exhauat venta fron kltchen, baÈhroon, and laun-
dry fana sor¡etLms lead lnto the attlc and through
the roof. The openlng around the edge of the vent
can be sealed elther rlth caulk or polynerfc foan.

H. Seal leakv furnace and alr condltlonlng ducts

Wrep duct tape around leaky Jotnts ln the duct-
lng syste¡û. Also check for large holes or ducts
thst have becone dlsconnected. If many Jolntg need
to be taped and the duct{ng ls not easlly eccessl-
ble, Èhen do slmpler retroflts flrst. wrapplng rhe
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ducts slth lnsulatlon ls generally not consldered âcoat-effectlve retroflt for the house doctor; but1f the ducts are easy Èo get to and pass through an
unheated epace, ft can be cost-effecÈfve for the
homeovner to srap them.

I. SeaI leakv areas t¿here fnterlor and exterlorealls neet the ;ttlc fl".r 

-
Many bufldtngs are constructed ao that uarm alrln the bulldlng heåts the alr fnelde the vall cavl_tfes. Such leaky sreaa can be found fn both lnEe-rlor partltlon ¡¿alle and exterlor ualls. A1r trav_

els uprard and paaees through crackg or gapa in theattlc floor. Larger gaps Ln the attlc floor can be
sealed rrlth plaatlc and/or stuffed slch flberglass
lngulatlon. Soaller holee and cracks can be fflledtrlth caulk or polyærfc foan.

In houges t,lth balloon-frare valle, there are
Itkely to be cavlttes betueen the exterlor sheaÈh-
lng and the lnterlor lath. these cavltlee ¡D.ry
extend froo the base¡lenÈ to the atttc, provfdtng
dlrect bypasses for paasage of cold atr. Such cav-
ltlee should be stuffed lrfth insulatlon.

J, Seal cracks shere the chfnmev ÞeneErates the
sttlc floor

Cracks are frequently found shere tr¡o dlfferenc
bulldlng nateriaLa cone lnto conÈect. A typlcal
exarçle of euch a Jolnt ls a gap of up to Z to 3
lnches vhere the chlßley paesea through the attlc
floor. Thls openfng ts easily plugged vlth flber-
glass lnsulatlon or nortar grade caulk. A heat-
reslstant caulklng compound r¿1ll last longer than a
convent{onal type of caulk and 1s safer.

1:!:'-L l-r

CÞllÊ,rNEys

26



K. Insulete and veatherstrlp ettlc hatch door

A.tt1c hatches and doora ere generally not
covered by poured lnsuletlon and nay not be còvered
even Lf betta ere lnstalled in the attlc. Cut a
pr.ece of R-19 ftberglaaa lnsulátlon to flr on rhe
attlc hetch door. lhe lngulatton ahould be stapled
or teped to th€ door. llext, rr€âther8trlp the fra¡Erfth hlngê-type (pla8tlc or ætal) or gasker-rype
(adhealvc-backed foan) t,earherBtrfpplns. ptnally,
t latch (hook and eyehole type) or a rrelght of eone
klnd a brfck for exanrple) ahould be placed agalnst
Lt Èo prevent th€ door fron openlng durlng preeaur-
lzatlon and to engure e tfght eeel on vlndy daye.

L. Stuff lnsulatlon Lnto gplft-level atud aþaces

Soæ rpll.t-lêvel houe¿s have Bloplng roofa that
extend fro! Èhe peak of thc houae to the ffrst-
floor levcl. They aay havc only partlal attlcs or
sE8ll-¡tud apaeee behlnd thc vellg of the second
floor. Thcee epacee should bc checked for lnf11-
tratLon llter rnd trea.ted in the approprlate
Dl¡ner.

ü. Seel openinns ln kneevallg

Sone houeeg have attlcs that have been con-
verted to llvlng specea. The vallg ln these
âttfcs, called Íkneevalls, ri uaually cover unfln-
l8hed etÈ1c apeces that Dáy requlre treatænt. ln
addltlon, there E¡ry be buflt-ln cloaets and
cablnetg tn the valls that often requlre caulklng.

ATT I¿
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N. Inspect vhole houee and actlc fana

The terB '\¡hole house fan', refers to a fan that
cools the entlre houae. The vhote house fan ls
urost often located ln the attfc floor above a
hlnged trapdoor that opens lnro the cefling of the
top floor of the house. The fan drawg varm alr ouf,
of the upper level- of the bulldlng and sends tt
lnto the attlc. The capaclty of euch fans rangea
froo 4,000 to 16,000 CFH. Blade dlarDerers range
froo 24 co 42 lnchee. Becauae the fan operaÈea
only 1n the sumrner, and then lnterrnlttently, there
ahould be an lnsulatlng box for covering the fan
during the heatlng aeason.

Àn rrattlc fan" 1g ueed to ventllate the attlc
only. It has a snaller capaclty (500 ro 2,000 CFH)
and diaoeter (10 to l8 lnches). It ts frequenrly
located on Èhe âttlc eldetrall under a gable or on
the roof. lhe energy-eaving poÈentlsl of Èhese
fsne le often overrsted. lf the attlc is already
lnsulated to 3 lnches or &ore, for exarûple, the
attlc fan does llrtle ro cool Che bufldtng or
reduce alr-condltlonlng cos ts.

0. Complete attfc vlslt

Lrhen the attlc retrofltg are complete, one
Èechnlcfan should flll out the audlt form whlle the
other moves equlpnent to the basenenE or cranl-
apace. Record tnforrnatlon on roof type, lnsula-
tlon, attlc and shole-house fans, as well as nols-
Eure problems and retrofits perforured. The attlc
hatch should be closed after the retroflt8 are com-
pleted.
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STEP

A. Pressurlze or depreaaurfze houae and tete
neceaaary equlpænt to the baaeD€nt

B. Conduct a general aurvey for lnflltratlon
altee and bypaaeea

C. Seal gap betveen foundatlon uall and stllplste tn heated baeeænt
D. SeaL cracka around vtndor¡a !.n heated baee_

ænt
E. Seal lesk8 to llvtng apace ln unheated

baaeænt /cravlapace
F. lleatheratrLp hetch or door to unheat.ed

baaeænt or cravlapace
G. Seal around raleed floor and non-floored

area under I tslrrel lg
B. Couplete baaeænt vlalt

Â. Preseurlze or depreeeurtze house and take neces_l¡rv equlÞEent !o the baaenent

lf the lnfrared ecanner 1g uged for leak detec_tlon, the houae ehould be preeeurlzed to O.16r of
Hro (or 40 Paecale). tf. e,mE;;;Gf;- "re ro beuaed, the house should be depressurlzed to 0.t6',
H20'

4z Basement/crawlspace procedure

tools and protectlve clothlng, are: a ladder, port
able llghre, cautktng, polyurerfc foam, ffbárilaes
polyethylene sheeting, a staple gun, duct tapel and
pleces of rleatherstrlpplng. The hatch or t.sàr.ntdoor ehould be kept cloeed vhile vork ls in pro_
8re3a.

Item.a to take lnto the basement, ln additlon to
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D. 
.Cgnduct a Reneral aurvey for fnflltratlon gltes

and byoaagea

The purpoae of this suwey ls to plnpoLn¡ Èhoselnffltratlon altes Eoat fn need of-soik. (These
aftea ere llsted ln Table I and ehown graphtcally
fn the accoryanyfng flgurea.) If the infrared
acanner la belng uaed, the baaeoent cell-fng andperlæter should be checked for "hot epõts"__
plecea ytrere sarn aLr florrs fron the lfvlng space
through openLnga ln the floor and ¡¡alia. Ifgmle-stlcks are belng uaed, check for alr currenta!t openlng8 ln the floora and r¡alla. llark the epotvlth uaaklng tape, and record probleu ereaa on a¡cale dfegraE of the baseænt or crdslspece notlngth. typê of probleu found.

C. lea! ßÐ b_etw€en foundatlon rall and elll pLate
and around 11¡ lolrt (tn treati¿ teseE€nt;t- .-

The gul plete and rfE Jol8t are often irnpor_tant alr leakage slte8 tn a heated baaernent or
crawlspace. Gapa nay be found rl¡ere the slll plate
t[€eta the concrete foundatfon vall and r¡here therln Jofst abuta the exterlor ¡rell of the house.
Caulk or polyærlc foan can be used to flll thesecracks. FoaE ls sell sufted to thts task becauseIt can be qulckly applled over long cracke, erpands
upon appllcatfon, and le eaey to apply ln tlght
cornera rnd apacea where a caulking gun wlll notf1t.

D. Seal cracka around rrlndoeo Ln heated baeenenr

Uee caulk or polynerlc foan to flll cracks
around the ¡¡lndov frarneg ln a heated baaenent. lf
the ¡¡Lndor¡s ftt poorly lnÈo the fraæa, they ahouldbe veathere trlp ped. Hovever, lf the fuinace le
loceted ln the baseD€nt, the only eource of combua_
tlon alr nay be Èhrough the ¡rlndor¡s; ln thle caae,

lt
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do not seatherstrlp. Bullding a furnace closet
slth a ducc to the outalde for co¡¡bustlon alr ulIl
allevlate thls problen and allov base¡lent slndous
to be r¿ea thers t rlo Ded.

E. Seal . leakg to l1v1nR apace in unheated
baseoenÈ &Igglgljgg

l. Plug leaks around heatlng/coolfng ducta,
pluoblng, and electrfcål cut-throughs (see "Attlc
Procedure" for descrlptlon). Openinge around the
furnace. flue fn the baaeunt ehould noÈ be plugged
because flue teqeraturea âre ltkely to be hlgher
than the cotrbuatfon polnts of Eoat Eaterlala.

2. Tape heatfng/coollnS ducta (see ',Atttc pro-
cedure'r for deacrlptlon). Taplng ts noet effectlve
tn a houae r¡lth a forced-elr heatfng ayaten. If
the hou8e has s hot sater heatlng ayaten and the
baseænt 1e unheated, ft roay be cost-effectlve for
the hoEeosner to fnaulate che hot rrater aupply
p1pea. Ineulate the cold rrater plpes aa r¡ell to
rcduce the danger of freezt.ng shere thl8 poealbil-
1ty exleta.

3. A large hole rnay be found ln the subfloor
underneath the bath or ghover rrùere the drafn ptpe
paases through the floor. Thls openlng can be
stuffed uith fiberglaea. Sualler reoalnfng leake
can be gealed rrlth poly¡ûert c foan.

P. Seal around raleed floore and non-floored areaa
under e talreella

In unheated baaeoente, ralsed floore and non-
floored areaa can provlde bypaeees for cold alr to
floir lnto the lfvfng apace. Cold aLr ia pulled
through euch opentnga becauae of the fietack effect,t
of warm air rlslng through the house. These leak-
age altea can be elfto.lnated by the procedure uaed
to Eeal ralsed celllngs (eee ,'Attic procedure,' for
deecrlptlon).

?LvrrÞ t ¡t ô
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G. 
- 
W-eatherg trlp bâaenent door or craulapâce access

hatch

l"ran"r"arlp the baaerpnt door or cravrspace
acceaa- hatch- ylth hinge or ga8ket type veather_strlpplng. The nea thera tr lpping ehould- ïe etÈachedto the door freæ or the Loïer pert of the accesa
hatch. If the basenent has a bulkhead door leadlngto the outslde, thla too should be t e4thet8trlpped.If the door or harch fltB looÊely, a latch giràuld
bc lns telled.

H. CorDlete baaeEent vlalt

tllrflc one technlclan reü)ver equfpnent fron the
baeeænt, Èhê oÈher ghould coqlete the eudtt forrû.
lfhen the baacænt rork la done, the door or accesg
h.tch rhould bc closed.

lñSrJ¿lTE t\,¡/8¡1íER<rìÞrÞ
lJ^s rr1e¡ñ: À;rRq c?ârrt?âc€
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STEP 5: tnterior procedure
A. In6pect the lnterlor of Èhe house for leakageslteB
B. Determlne whether ¡ralle are lnsulâtedC. Seal holes around plpes ånd !.tres
D. Seål cracks around- beans In open bean cellingsE. Seal leaks around heaÈtng ..gi"t.." 

".rã--exhauat fan cut-ou taF. Seal cracks around flrepJ.acee
G. Seal cracks lnglde and around

and bookcaeee
ll. Seal holee fn ¡ecessed fluorescent llght flxturesI. Seal gaps beneath leaky baseboarde anã behfrraelectrlc baseboard heaters
J.
K. _I-na 

Call flreplace plug fn chlnrney flueI{eatherstrlp leaky doors and r¡lnãorrs and seal
cracks around r¡lndorr and door franeg
Instáll foan gaaketa behfnd electrlcal ourlets
and llght arrltcheB
Teat furnace efflclency and tune up burner
lnspect and nodlfy hot eater system
In8pect and roake changee to appllancea

L.

H.
N.
o.

A. InaDec! the lnterlor of the house for leakase
rttes

The lnfrared scanner ehould be used for deÈect-
ln8 Lnterlor leaks only lf the fnslde-outslde !em-
perature dlfference ls l0 oF or nore. If tt ts tobe used, deÞregsurlze the houee to 0.16" H^O. If
snokes t lcka-ãìãiãiãlìaed, pressurtze the háuse to
0.16rr HrO. Uee the acenner or ss¡okestlcks to
lnspect for leaks around doors and vfndows, door
and vlndo¡r f rarnes, electrlcal sr¡ltches end outlets,
celllng-rall Jolnts, llght flxtures, ftreplaces and
nantelplecea, open beaur celllngs, baseboards,
bullt-ln cablnets and shelves, and stalrcases.
Record problern areas on a scale dlagram of the
bulldlng and note the type of problern found. If
the horæosner does not object, mark the spot wlth
nasklng tape, taklng care not to danage palnt.

l5

and nantelpfeceg
bullt-ln cablnet s
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B" Decerrnine !¡hether valls are lngulated

Deternlne Hhether lnsulatfon haa been fnstalledthe r¡alls by one of the follosl.ng æthods:

l. Dlrect Lnspect ion;

tn

2. Checkfng the horoeosner,s recorda;

3. Uafng the lnfrared acanner. (The gcanner
vlll shoe gradatfons 1n lntenslty acroas ar¡all, lndlcatlng varlationa ln fnsulation
thlcknesB, as long aa the fnside_outside cem_perature dlfference is eufffctently large. )

4. Checklng inglde electrlcsl outlet boxes l{lth
a plaatlc knlctlng needle; or

5. Checklng eurface tempersturea rJlth a dfgltalthermæter. (An lnsulated vall ehould hãve a
teEperature falrly cloee to thst of the lnte_rlor alr. Hosever, sa rltth the gcanner, lf the
lnslde-outslde tenperaÈure dlfference ls verysnall, thls ÍEthod slll not r¡ork.)

C. Seal holes around Þfpes and ulres

Plurnblng and electrlcal slres that penetrate
valle usually have openlnga around Èhen through
shlch alr can pass. Such holes are cornrmnly found
underneath kltchen and bathrooe slnks, behtndstoves, i¡ater heaters, vashing nachlnes, anddryers, and lnslde and around fuse boxes. These
openlngs can be lnffltraÈlon altes even lf they arefound ln lnterlor partltlon lJalls. Hence, ìt ls
lnportant to lnapect all walls, not Just exterior
ones. Caulk and polymerlc foam can be used to seal
nost of these leaks. If the gaps are over twolnches u1de, lnsulatlon should be stuffed lnto the
holes to seal then,
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D. Seal cracks around beans ln open bea¡n celllngs

Alr leaks n¿ly occur along the Jolnts lrhere the
bea¡¡s lnteraect a celllng or ,¡ali. Sealing these
leakage Bltes r¡lth a clear caulking 

"orporlr,ã 
wtll

close the holee vlthÕuÈ creatlng "n "y""o...
:. llq leaks around heatlng reçlsters and exhausr
fan cut-outa

- ;;egrarers and exheusr f an cur-ou ts lnfloors, ualls, and celllngs often have gaps between
the ductfng and the surface they are nounted fn.
If gnokestfcks or the IR Bcanner show leaks,
ungcrelr the muntlng acreua ând rer0ove the reglster
or grtlle. Use caulkfng congound or duct Èape to
aeal the gap around the edge of the duct. Replace
the reglster and secure the nountl.ng screws.

F. Seal cracks around the ed¡es of fireplaces and
nantelDiecea

Ftll any cracke shere a brlck and nortsr flre-
place or e vooden oantelplece neets the çall or
celllng. Dlortar-grade or heet-realstant caulklng
compounds ehould be uaed vhere tenperatures ere
hfgh; ln other areaa, clear sillcone caulk ts
approprlaÈe.

G. Seal cracks lnslde and around bùllt-fn cablnets
and bookcageg

Bullt-ln cabLnets and bookcaees usually have
Leaky Jolnt8 shere they ¡oeet the nall and floor.
Hedlclne cablneta elso tend to be leaky. Cracks
lnelde and around these butlt-lns should be filled
slth caulk or polyneric foam.

9EAî4 cElL,N6-s
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H. SeaI holea ln receeeed fluoreacent Ilght ftx_
ture6

Fluoreacent Ilght fixturea extend through the
celllng lnto the spsce betveen the celllng and eub_
floor or attlc. the cracke around the edges of
these Etsl bore¡ ahould be fllted vfth caulk.

1.. 
.SqaI-rape_beJreath baeeboarda and moldlnt and

behlnd electrlc baseboard heaterg

Baseboarde and uoldfng cover the Jolnts betHeen
the r¿all and the floor or celllng. Because of set-
tIln8 or poor conatructlon, theae Jolnta ¡oay have
aeparated, alloving alr to flol. through. If there
are large gapa, the baaeboard or noldlng ehould be
renoved carefully and the gapa caulked. tf, hov-
ever, the vooden Btrlps rrould be daoaged by renov-
lng theE, the gaps should be left alone.

The I.frfng to electrfc baeeboard heatera usu-
ally paaaes through a hole tn the wall behfnd the
heater" Flndlng theee hol.eg requiree removal of
the cover over the heater¡ be eure che pouer ls off
before reævlng the cover. Seal the holes sfth
caulk or polyærtc foen.

J. Install a flreplace plur Ln the chlmnev flue

If the fireplace does not have a dauper, a plug
can be conatructed lnexpens 1vely fro¡r flre-
retardent toarn rubber and plyvood. The foan, cut
to flt tfghtly lnslde rhe ch lrrrey, le backed by a
sllghtly enaller plece of plyuood and then lredged
lnto the chlørey. A handle should be attached Èo
the pl¡rood to ensure easy rernoval. A supportlng
rod or atlck ¡Dåy be uaed to hold the plug raore
aecurely lnslde the chtmrey. pslnt the stlck red
aa a re¡nlnder to remve the plug before bulldlng a
flre.

Þ^58òoAF.-O L'Aç5
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1:,":"ll"."a.,to and c"aulk leakv doors and wlndows
anq sear cracks around wfndow and door frames

ln nrany houeee, older ones Íri par!lcular, vln_
dowe, doors, and thelr f raræs cån be .,ery leaky.
Age and use ceuae doors and rrlndorra to becoíe looeeand Dove lrlthln thelr fraæ. Weatherstrlpplng
should be fnstalled to f111 these openfngs andreatore doors and wlndova to a tfght-ffitlng condf_tlon. Cracka generally develop bìtr¡een wlidos and
door frameg and plaeter walle as a resulÈ of set-tltng. these cracke usually provlde dlrect paths
around the f raæe Èo Èhe outdoor8. They shouid be
cau lked.

. Because rrea Èhers t rlp ping and caulklng are verytlne-consunlng taskg vhen done propãrly, they
should be undertaken only if vlndoss .nã ¿oo.. arefound to be rnáJor leakage sftes. House docrorsvlll generally only undertake a fer¡ of tl¡<,se rerro_ffts, shorrfng locations and techniques ro the
horn¿or.¡ner for coorpletlng the Job. Tlie folloulng
pages shor¡ dlfferent types of rrr.ndorrs and doors,
and descrlbe where and hou repat-rs should be srade,

5L)OtNG

cAt c lt.N1

POUavf

WINDOW

l9

H UrC

)ALtVSrS

T YPÊ s



g_LL-!C!Sg caulk le the lessÈ expenslve of thecaulklng corpounda, although lt hae the losear
11fetlæ of the pet roleu¡0.-bae ed caulke. It corîea
ln a tube, curee rapldly, and can be palnted aoon
after use, It should be used only on nonævl.ng
lEterlor aurfacee.

Latex-baaed caulk, le Eoderately expensÍve but
1¡ mre durable than ofl-baeed caulk. It also
coæs fn Â tube, curee rapldly, and can be palnted
¡oon after uge. It should not be used on mvlng
aufftcea.

&!È-Þ9!9¿ caulk la sini la r tn cos r and dura-
blllty to latex-baeed caulk. Ir adherea sell to
buLldlng nsterlala and le eapectally good for
ætal-to-Eaaonry Jolnt8. It ohould be uaed only on
Jofrts vhere the anount of ûoveænt 1a euall, hot¡-
over, and cannoÈ be patnted until a seek after
eppllcatlon.

Slllcone caulk le expenelve but adhereg r¿ell to
ætal and glaea and le very durable. It cures
rapldly and coæa ln a varlety of colore. It gen-
erel,ly csnnot be palnted.

Polvroerlc foan gealant, also expenstve and dur-
able, cotpa ln e spray can or cartrldge. It ls a
foaro that expanda upon contacÈ !¡ft.h afr and ls good
for large cracks and hard-to-reach spots. Thls
caulk does not adhere sell to certaln m.aterlals,
guch as plaetlc vapor barriera and sheeÈ DeÈal .

CAULKING
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-, . . 
tort:* mer?1 or Þlasrþ rreatherstrlpptnÂ con_stsrs of arrtps of neral or Jiãäìi-i;.ãlîr,"p..

I. 1" y:.d for conpresston ""ri" .iã-"iiai"g ã.rr",typtcally, Hhere the botton of the r¡lndor¡ sãsh .orr_tácts the r¡lndor¡ frane or ln the channels of a s1n_dor. fIrT. Sprlng wearhe."..rppiig--rJ". i. irrr"¿or bonded to the rrlndoi, or ¿ooi- firr". -iftio,rgt
noderately expene lve, lt ls generalfy ,,r.ry ¿rrrtf..

flllf. q,rb{ttt 
"or.s ln both relnforced andunrelnforced forn. Relnforced tutfrrg .orrtìf.,, 

"netel strtp rhar keep6 rhe rubtng "triii 
-ii,iJ^.yp.

of 
- 
r¡eathe rs trlpplng can be used io. 

"orA."""ior, "naalldlng seala. ft ie generally nalled io the vtn_dor, or door fraEe. It doeg not cogÈ very nuch and1"":: 
-ayo 

to three years. Vfnyl rublng ls alsoaveflsble wlth a Esgnetfc core for uãe on netaldoors.

FoaE strl.ps cone ln open- or cloaed_cell forn,and are backed by adheeive. (The adhesive on foaotÈrlps 18 generally Ínadequate and 1t 1s rrise rotack or nall the atrfpa ln place.) FoaE 18 bear
uaed for coqreaslon aeala. IÈ ia lnexpensl.ve andurually laeÈe a few yeara.

!g[, nhlch coæs in relnforced and unreln_forced forn, doea not coat very nuch. It ls ofÈen
ueed for co¡Trresslon seals, but has an effectlvellfetlEe of only one to trlo yeara. It mret be
tacked ln p lace.

WEATHERSTRIPPING
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Double-hung stndoye are ¡noa t effectfvely seaLedvlth elther ætal or plâBtfc v_sÈrlp or'"-rrtnyltubular_gaeket. The vlnyl g€Bket 18 *r" 
-lon"pf"u_

ous unleee 1nsÈalled on the exlerlor of the r¿indo¡rfraæ, vhlch can be an ar¡kvard procedure. Th;strip 18 lnetalled 1n four atepa:

l. lteaaüre, and cut plecea to flt the slde channelstor both aaahea, the upper rsll of the toD saah(unleea ft le ftxed), ihe lor¿er rall "i rhebottoo saah, and the loser rall of the top eaetrr¡here the tr¿o aaahea æet. ?he atrtpa for thesfde channels ehould extend tvo lnches abovethe bottoE aaeh shen ft 1s futly open, and trJolnches belov- the upper aaeh ¡¡t¡en fi ts fully
oPen.

2. Insert the elde channel pleces and n¿ke Eurethe sash elldee B!¡oothly. Do not cover thepulleya at che top of the channele. Xaff 'or
preaa the adhealve slde 1n place; the ,v,
ehould open torrard the exterlor.

3. The horlzontal Btrfps can efther be atÈached inthe wlndos"a top and boËton channel or to thetop of the upper and botto¡r of the lover 6aahralle.

4. The last pfece goes on the Lnside of the lowerrall of Èhe top aaah.

- The vlnyl gasket ls sfrply tacked aIl aroundthe. sash, naklng sure tÍrai the .orfeà eage il.t,tlghtLy âgalnat the nlndou on all edges.

L:2
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Horfzontal slldtng wlndows ere veatherstrlpped
ln the ssne $ay as vertlcally_sllding double_hung
sfndoes. The procedure fs ldentlcal to the one
outllned above, except nhen the slndow has only oneslldlng sash. In thls caae, the v-atrlp goes intothe channel Èhst opens, ånd tubular gaskãt ie uaedto aeal egalnat the three renalnlng edgea of the
novable s aeh.

Casenent or awnlng nlndows cen be r¿eether-
stripped with metâl or plesÈ1c v-strip, or slth â
grooved vlnyl gaskeË. The Btrlp lB lnstalled elong
the frene wfÈh the 'v' openlng touard lhe lnstde.
The gaaket ls fltted over the edge of the vlndos
frane and should be applLed rlth a vlnyl/aetal
adhe8lve.

Adheelve-backed foan ls ueeful only ln courprea-
alon eeala, but can be used on all typee of ¡¡ln-
dorrs. Clean all eurfacee to uhlch lt Elst adhere.
It fs lnetalled by peellng off the backfng and
preselng 1t ln place.

FelÈ Btrlpa, llke foan, cánnot be lnstelled
r¡here frlctfon slll cause Èhem to rub off. It can
be nalled or stapled around the r¡l.ndor¡ fram llke
the tubular gaaket. Avold u6lng lt on the ouÈelde
where lt r¡111 geÈ rret, rot, and be uaeless trlthln a
fev yeare.

SLrDtNè
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DOORS
The follovlng steps for seatherstrlppl.ng doors

apply Co rrþst vestherstrlpplng Eaterlals, lncludlng
eetal and plâstlc v-strlp, felt, foao, and vinyl
gasket.

Step l: Trufng door

Before veatherstrlppfng a door lt la frsporÈant
that 1t flt properly ln lts f raræ, r.lthout blndlng
or stlcklng; so lhe first Btep la often Crulng the
door. If the door stlck8 at the top or boÈtoE, the
stl.ckfng edge ehould be planed or eanded. If the
door bfnde or saga, the hfnges nay have vorked
loose, or the fraue eay have Bhlfted. To tfghÈen
loose door hfngea, reoove the door and fl.ll the
eorn ðcrev hoLe8 ulth Eåtch Btlcka dlpped ln glue,
or rlth ateel ¡rool. Replace the acrena, and then
the htnge should flt tlghrly. lf rhe door srlll
bfnde, use cardboard ehlG under the hlnges to
allos the door to cloae.

Step 2: Cleanlng

lf ualng sn adhealve type veâtherstrlp, clean
surfscea flra!. U8e s daEp cloth f,or r¿ood gurfaceg
and alcohol or a degreaeer for netal f raæs.

Step 3: Heaaurln8 and Cuttlng

Heasure and cut the seathe ra tr lp plng Eaterlal
lnto correct lengths. The Bprlng roeÈaI type vlll
need to be tnstalled ln aeparace plecea above and
belos lhe Btrlke plate for the lock, Other types
are uaually thln enough not to lnterfere with the
Iock.

Step 4: Ina t al la t lon

The veatherstrlpplng can go ln efther of trro
places, as shosn 1n che flgures. Flt the veather-
Btrlpplng lnto the f ra¡æ and test to see whether
Èhe door closes tlghtly. If Èhe f1r ls too tlght

4\
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l.È may becoore dlfflcult or lnpossfble to open fnhurnld weather. CompleÈe the tnstallarfon ,iãng tt.Èop frare and hlnge Janb,

SÈep 5: ThreehoLds

The noat conûlon nethod for weatherstrlpplng theboÈto¡n of e door ls Èo lnstall aoo. 
"rr."p"'o."aoo,ehoes. A door aveep fa leee expenslve 

"'nJ 
-.""r..

to lnstall: cut the slJeep Èo alze and acrew ft Èothe base of the door auch thet the door opens andclogee wlthout dlfficulty. The door ahoe ls sfnl_lar-to the door eweep, but has a vlnyl "trif 
-ttrt

eeals egalnst the threahold. (If tíre threeilold lsnoÈ- fn fetrLy good condltion, fr should bereplaced. )

llA\HC(9lÌ<t/ *
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tJeatherstrlppl.og slldtng glaas doors fs a
etrafghtforuard, flve-atep process. The rc6t
effectlve veatherBtrlpplng for thls purpose 1s
plastfc v-Btrlp, vhlch should be lnstalled along
the bottom and top tracks, slde Janb, snd nlddLe
bar.

Step I

Tske out the alldfng door by lfftfng the f raræ
up lnto the half Lnch or eo of clear Bpace¡ the
bottoE can Èhen srlnga free of the loser track.
Clean the e€tal aurfacea r{tth alcohol or degreaeer.

Step 2

Place the plaat!.c atrlp on the lnelde of the
top track 1f the slldlng door le on the lnslde, or
al-ong the fixed fraæ lf the sllder fa on the out-
efde (see ftgure). The 'v' ahould open upvarda.

Step 3

Plsce plastlc Btrlp alon8 botton track' nfth
Èhe 'v' openfng do¡¡nsards.

Step 4

Place the plastlc Btr1p vertlcally along the
Janb edge rrlth the 'v' openlng Èosards the ualL"

Step 5

Place the plastlc atrLp vertlcally along Èhe
urlddle bar r¡f th the 'v' openlhg ln the dlrectlon
that Èhe door sl1dea open.

SLIDING GLASS DOORS
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L. .49¡gt! foan gâskers behlnd elecrrlcal ourlersand ll¡ht awf tches

The openLngs around outlet and sr¡ltch boxes
allov alr to lnflltrate fron sall cavltles lnro the
houee lnterlor and vlce verea. Foan gasket8 are
used to 5ea1 these boxes. Demonstrate the lnstal_
latlon of foen gasketa for the honeoyner and then
leave enough gasketa ao the ho¡¡eovner can coEplete
rhe J ob.

H. Test furnace efflcl.encv and tune gp burner

l. General Procedure

The furnace ehould be turned on and allowed corrarn up for 20 to 30 nlnutee before perforrnlng an
efflclency te8t. Heasure the alr te[perature four
feet fror¡ the furnece at Dld-furnace helght uslng
the dlSftel therrioDeter. If the furnace ls tn the
bese¡rent or ettlc, reæagure the elr teí¡perature
elselrhere ln the roo¡n. If the flr8t neesurenent ls
sn¡ch hlgher Èhan the second, the furnace is loslng
heet to Lta Burroundlngs, perhaps due to leaks from
the plenum. If e snokestlck teat ahorrs the furnace
box to be very leaky, cracks around the edges of
the box can be sealed slth duct tape. Do not cover
anv large oÞenings; these supply elr to the unlt.
Check to aee ehether the furnace has a pilot ltghr
or electronlc lgnltlon. Check to gee whether the
furnace has a venÈ danper (located on the exhaust
vent ductlng). Check to see rrhether Èhe furnace
has a flue restrlctor. Perform the furnace effl-
clency teat as descrlbed under "2". If the furnace
efflclency 1s 757, or hlgher, a tune-up ls not
necessary. If a tune-up 1s requfred, follo¡¡ the
lnstructlons under "3". SeÈ the "fan-off" tempera-
ture to 90-95 oF. Check the furnace fllter; lf lr
ls dirty, replace Lt.
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2. Furoace Efficiency Test
Furnace efflciency ls assegsed by neasurlng

three quantltlea: atack teryerature, carbon dloxlde
or oxygen concentratlona ln the flue gases, and
carbon s¡onoxlde concentratlon ln the flue gasee.
To make theae neasureænÈs, there rDust be a j/g" or
larger hole ln the flue ptpe åbout slx lnches froo
t¡here lt eEergea froE the furnace. (If no hole
exlsts, the furnace hag never been tested, and a
hole slll have to be drllled.) The technlclan vlll
need to u8e elther a furnace efflclency teat klt or
a conbustlon efftclency neter. The foruer con6ista
of lndfvldual lnstrur¡¡enta used to neasure each
quantlty; the latter ls an autoDatlc devlce vfth adlSital readout that glves lnatsntaneoue rEasure-
mnta. In elther caae, the aaEE quåntftfes ¡r¡uat be
æagured.

a. Stack Tes¡perature ls a Deaeure of fLue gas ten-
peraturea ånd lnd1caÈes heat tranefer and
coEbustlon efflclencleB; the hotter the flue
gaaes, the lor¿er theae efflclencles. The fur-
nace should be alloved to ¡ra r¡0 up before the
teEperature æaaureænt le urade, and the teB-
perature should be alloved to otablllze before
belng recorded. For a typlcal gaa furnace, the
stack Èerçerature ahould be ln the 300-500 oF

range. Houever, a very lou atack tenpereture
le also undeslrable, unleas the furnace ls a
high efflciency one. True aÈack teEperature fs
the æsaured qusntlty Elnus Èhe ternperature of
Èhe roorû.

b. CO2 Concentratfon lndlcaÈe6 hos coDplete the
búrn 1e. A hfgh CO? concentratfon ls deslr-
ablei Èhe reconrnended 'range ls 7-g percent.
Thts quantlty, ln conjunction r¿1th flue tern-
perature, allovs the steady-state combustlon
efflclenôy to be determined. The accornpanylng
graph can be used to calculate this efflclency,
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c. O, Concentratlon glves an lndlcatlon of the
ptlcentage of excess atr ln the flue gases.
Excesa alr fe necessary for complete combus-
tfon. Theoretlcally, one cublc foot of netural
gas requlres about nlne cubic feet of atr for
conbusÈlon. In reellty, excesa alr must bepreaent. Oxygen concentratl.on should be ln the
range of 4-7 percent.

CO Concentretlon also helps to indlcate cor¡-
pletene8s of conbusÈlon. However, because of
Its toxlcfty, htgh levelg of thls Bãs are
dangeroue. CO concentratlona ln flue gases
ehould be no BreaÈer rhân O.OîZ (400 ppm).
Hlgh CO concentratlon fndlcate8 an Lnefflclenr

d.

burn.

3. Purnace Tune-up

0ptl¡ûun furnace efflclency depends on the gas
and conbuatlon elr being 1n proper balance, whlch
1s obtained by adJustlng the alr and gas flows lnto
the burner. The alr lntake, a mvable collar r¡lth
venta, 1s locaÈed on the burner. Gas flos ls regu-
let€d by the gas valve, usually locaÈed near the
furnace therDostát. These trfo flo$s should be
sdjusted unÈl1 the co¡Eblnatlon of steck temperature
and C0, concentratfon lndlcate naxlmr¡r¡ efflclency.
If the steck teqerature drope too 1ov, CO2 concen-
tratlon rrLl1 alao drop, lndlcating decltntñg effl-
clency.

N. Inspect and modlfv dor¡egtlc hot rtater svsteûr

l. Water Heater

Locete the shut-off valveg for lndlviduel unlrs
and the unln supply shut-off valve, to reduce the
danger of floodlng 1n the event of accldental
breaking of any fixture. Look on the slde of the
water heater for a metál or plastlc tag glving
lnformátlon on the fuel, storage tank capacltyg
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(gaIlons), and fnput rattng (kt¿ or Btu/hr). Note
the uâter ternperature settfng and measure the t erû_
perature at Èhe nearest hot sater farrcet uslng the
dfgltal thermomecer. Check to see ehether tüe not
vater supp.ly plpe fs lnsulated and vhether faucets
have aerators and shor¡er heads have lon_flor¿ dev_
1ces. Draln sedl¡¡ent out of the bottom of the tank
through the faucet. If the flxture ls old and
rusty, do not force 1t; 1t can break and flood the
rool!.

To lnsulate the !¡ater heater, u6e a Hater
heater lnaulatlon klr or R-II fiberglass baÈts efrh
the fofl slde fscfnB out. Begin by r¡¡easurlng the
circuoference and the helghE of che tank frou the
top edge to the flrebox. Add abour l8', to the clr-
cunference of the tank to acconodate for rhe thtck-
neas of a 3r' thlck batt. Hake sure Èhere fs aE
least a 2" clearance beti¡een th€ tank and the
neareat saII. (If there 1g lnaufflclent clearance¡
do not lnaulate.) Use duct tape along the top edge
and eeana to hold the ln8ulâtlon agalnat the tank.
Be sure to leave the Èhernostat controls and pres-
eure rellef valve uncovered. IJhen lnaulåtlng a
gas-flred vacer heåter, do not cover the top of the
hea!er.

Insulate the flr8t 5 feet of hot uater supply
plpe ytth pfeces of foll-backed flberglass, lnsu-
lstlng tape, or preforned plpe lneulstlon. The hot
vâter aupply plpe ahould already be r¡arked ',hot.,r
If lt 18 not, touch the tro plpea near vhere they
eãerge fron the tank to deternlne r¿hlch ls uarrÉr,
and mark 1t. Use duct tape to hold lnsulatlon to
the plpe.

Hlth the honeor¡ner'g pernlsBfon, turn the !¡ater
heater thermostat dor¡n to 120 oF. If the thermoe_
tat ls already lover than thle, do not reset lt.
Hark the orlgfnal settlnB r¿lth a felt pen so the
ho¡neor¡ner can return the temperature to the hlgher
settlng lf necessary. (If the house has an
ar¡ton].ttlc dlshvasher, the thernostat should be set
no loçer thân 140 oF")
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2. Lov-Flor¿ Shorrerhead

Uslng the csllbrated bucket and a stopvatch,
neasure sho!¡er flolJ rate(s) rJlth both valves tullyon. If the shower usea nore than 2.75-3.0 gallone
per nlnuÈe, a low-flos ehonerhead should belnetalled L'lth the ho¡neor¡ner,g perolaslon. Use
tefl.on tape or plpe compound to Beal the plpe
threada. If the neï showerhead 1a not conpatlbleslth the pfpe stub conlng out of the sall (for
exauple, lf a ball-Jolnt connects the ehoserhead
wlth the ehorrer arn), try to fnsert a plaatlc florr
controller fnto the old shor¡erhead. Replace the
shoverheed and rerreeaure the flo¡r. Be sure to
deEonatrate the uae of the ne¡r ghor¡erhead to the
hooeomer, aod leave behlnd the old parta.

ehoverhead because the aupply llne to ihe shower_
head rnlght be breakable plaatlc plpe.

3. Fâucet Aeratora

InBtsll florr-rea t rlc t fng aerators on fauceta
that do not slready have then. Check to see
nhether the fáucet has threadLng (either inner or
outer) et the tlp. If Bo, then screv on the proper
alze aerator.

O. Check and Hake Changes to ApplLances

l. Explaln to the honeovner the beneflts of uslng
warrn/wash and cold/rlnee cycles on the ueshfng
rnachlne,

2. t.llth the honeor¡ner's permlsslon, fnstall a cfr-
cllne fluorescent fixture ln a much-used area, such
as the kltchen, llvlng roorn, or hallvay. Shor.¡ the
homeouner horr to replace the bulb.

3. If the refrlgerator has a "drylhunid" swltch,
set tt to dry. Thls conservatlon neasure saves

Ceutlon: Be careful nhen retovlng the old

cAttßAats 3H?nCÀHt¡p



energy by turnlng off the refrlgerafor,s ant l_sueatheater deslgned to keep molsture from appearln¡i ollthe slde of the appllance. In dry cllmàtes, theheater 1a unneceasâry.

4. Tell homeor¡ner ebout the coat advantages ofusing the "a1r dry,, aettlng on an auiom¿ttc
dlshvasher, 1f 1t has one.

5. If a heated r¿aterbed 1s preaent in the house,tell the ho¡¡eo¡,rner about uslng a qulIt, conforteror foaE pad to reduce heat lo8s fron the bed,

6. If the ho¡eovner doea noc ae¡ back the therDos-
tat ln the rrlnter, 1t tJtll be to hls or her advan_
tage to turn dovn the furnace at ntght and use anelectrlc blanket on the bed.

P. Cover afr condftloner vith Þlastlc, end caulk
around geang

If the houae haa a vlndoe- or vall-mounted alr
condltfonfng unlt, tape a plece of plaetlc over theexterlor of the unft durlng Che heatlng season.
Shor¿ the hooeosrrer hoy the plaetlc should befnetalled. Caulk any openlnga around the edges of
the slr condltloner. Re¡fnd the houpor¡ner that the
a1r conditloner fllter ehould be cleaned or
replaced pe rlodlca I ly.
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STEP 6: Comptete house
À. Repeat blo¡rer door r¡reaaurements
B. InapecÈ hoùae lnterlor for effectlveness ofretroflta
C. Dlscuss flndings rrith honeot ner and provide

l18t of rernainlng coat-effectlve retiofits
D. Pack up equlpnenÈ and depart

A. Repeet blo¡¡er door oeagurenents

lJhen the retroflt proceduree have been com_pleted, repeat the leakage area neaaurementg l¡tth
the bloïer door. Thls infornetton provldes an
eveluetion of the effectlvenees of the retroflts ln
reduclng lnflltratton. llake sure the furnace lsoff. l{ake sure all exterlor doore and r¿lndops are
cloeed and bathroom, kttchen, end dryer vents áre
aealed. Record RPÈl date for preeeurlzatlon and
dep res surfzat lon nodes. Flnd the leakage erea
uslng the preasurlzatlon and depreasurfzeÈlon
graphs. The neasurenent proceaa ahould be repeeted
tf âny further retroftts thet affect lnflltretlon
are Eade.

B. In8ÞecÈ house Lnterfor for effectlveness of
retroflts

After the rneåaurenents have been cornpLeted, and
shlle the blower door le preeeurlzlng the house,
rnake a qualltatlve lnspectlon of lnterlor, attfc
and baseænt retroflta ulth the smokestlcke.
Repalred areas should ahor¿ greetly reduced elr-
f 1o¡r. (It la a good ldea to conduct thls evalua-
tlon nlth the honeowner. )

doctor procedure

C. Dlscuss flndlngs rrlth homeorÌrer
llst of furÈher cost-effectlve retroflÈs

flnal leakage area neesurer€nts, the probleo areasthát rrere found and repalred, any problem areasthat vere found but not repalred, the efflclencyand condltlon of the furnace, changea made to the
doræstfc hot nater aystebr changes 1n hablts that
can ai¡ve energy, end any further coat_effectiveretroflte that can be nrade by the homeovner.

l¡tenever posslble, the technicfen should fndi-
cate the potentlal energy. savinge fro$ eâch reÈro-
flt. If the reductlon ln the heat load of the
house ls Blgniffcant, the furnace nay be overslzed;
fn thls case the honeor¡ner should be edvtsed that
repláceEent r,lth a Br!åller furnace oay be a prudent
declslon at sone tloe ln the future. Ae a follow-
up, the houposner ahould recelve a srltten evalu¡-
tfon of the house, the retroflt ¡rork perfornnd,
expected energy savlngs, ând further coat-€ffectlve
retroflts that Dåy be asde to Èhe houae.

D. Pack !¿ equlÞnent and depart

l.lhen all procedures are cosrpleted, take a flnal
seter temperature óeasurenent at the kltchen sfnk,
verlfy that all audlt for¡os are corçlete, m¿ke sure
the furnace ptlot llght ls on ând turn on the fur-
nace, lf neceaaary, Load equlpnent lnto the van,
thank the homeowier, end leave.

AÈ thts tlme, the homeor¿ner should be provlded
wlth the "llouse Doctor Checkltst" ¡¿hlch lndtcates
vhat repalrs were made to the house (see below).
the honeo,¿ner should be advlsed of the lnltlal and
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l. Instsl I lor¡-floo ahorerhead(s).
2. lne tall faucet aerator(a).
3. Insulate vater heater.
4. Turn water heater thernostat dor¿n co [20 oF

lf house does not have an autonatfc dlshsasher.
5. Insulate flrat 5 feet of hot uarer plpe frorn

vater heat er.
6. Other (contlnue on separate sheet 1f necessary).

House Doctor Checklist

tlat e r Hea! inI¿ Svsteñ

Furnace Syg teur

7. Replace furnace afr ftlter, lf necessary.
8. Test and adJuet furnece to ¡naxlßtìtn sÈeady-state

efflclency.
9. Set furnace fan "off" control to 90 oF.
10. Other (contlnue on aeparate sheet, lf necessary).

lleat and Alr Leakaqe

ll. Sesl over dropped celllnga.
12. Seel around pipee, electrl.cal r¡lres and exhaust

vents ln at ttcs.
13. Stuff openings around furnace flue and chllErey

trl th flberglaee or caulk.
14. Heatheretrfp attfc and baseme nt /c ranLspa ce hatch

15.
ló.
11 .

t8.
t9.

or door.
Insulate attlc hatch or door vlth R-19 ftberglaas.
Seal leaky ducta ln attlcs and basernents.
Seal around plpes, vlres, and chfnneys fn unheated

baeerne nt /c ravlspace.
Inatall a flreplace plug lf no damper ls present.
Install foam gaskets behind leaky srJltchÞlates
and outleÈs.

20. Caulk around r¿fndoss and doors.
21. Caulk baseboarde and arou¡rd electrlc baseboard

heaters.
22. SeaI holes behfnd slnk and trathroom flxtures,
23. Other (contlnue on separâte sheet, tf neceesary).
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24. Instal I circl ine fluorescent laops in ouch_used
€reas.

25. Turn on "power miser,' sr¡itch or turn off "humidity,,svi tch on re fr igera t or.
26. Give homeoyner sanole cold vater yash detergent.27. Cover heeted seter beds eiÈh quilts.
28. Advise hooeoyner of benefits of usir,g .,air dry,,retting on d i shvasher .
29. Advi¡e hmeor¡¡er of sdvanleges of using elecÈric

bl anket¡.
30. Oth.r (ure reparete sheet if necesrary).

ApÞ I iances
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Alr changes per hour (ach): the number of tlmes
Èhe voluræ of alr 1n a house ls exchanged ln an
hour.

Alr fnflltratfon: the uncontrolled flov of a1rthrough crscke and openfngs 1n the bulldlng
enve lope.

Artlc fan: a euåll capaclty fan uged to vent the
aÈt1c.

Blover door: a devlce coneietlng of a fan muntedln a f raæsork that can be aealed lnto a dooruay to
preeaurlze or depreesurtze a houae.

Bulldfn¡ envelope: the exterlor aurface of a build_lng, lncludlng valla, roof, and floor.

Bypaeees: dlrect connecttona betueen condltioned
1ld uncondftloned spêcea, 1n r¡all cavirÍea, around
f luea, plpes, etc.

Caulkinq: pllable aubatance uaed to fill crecke end
reduce afr leakage beleeen non-oovlng loaterlala.

Clock therEostatgs a therrcatat that can be aet toturn the furnace on and off autonatlcally et
predeter¡nlûed hou re.

CoBbuatlon alr: the alr needed to support conbus-
tlon (burnlng) 1n a furnace or elnllar fuel-burnlng
devlce.

Condftloned apåce; any space in a building that ie
aerved by a heâtlng or coollng systeE.

Conductlon: the uDveû¡enc of heat through a ¡naÈer1alor by contacÈ frou one ¡¡.aterlal to ânother.

Cralrlspace: an unflnfshed space under the house,
ueually only a few feet in height.

GLOSSARY

I¡ropped celllngs: a pãrt of the ceiltng lower rhanLhe resÈ, generally found over stalrvays, bath_
roous, and kltchens.

Energv retrofft: a neaaure taken Èo lmprove the
energy-efflcfency of ån exfs!fng structure.

Foao ßaaketa: foan pleces cut to flt behlnd outlet
platea to reduce afr leakage.

Fiue plpe: an exhauet plpe that carrles the pro-
ducta of conbustfon fron furnace, bofler, or yater
heater to the out eide.

Incllne nanoneter: devlce used to æêsure a prea-
aure dlf ference.

Indoor alr qualltv: The quallty of fndoor álr ulth
reapect to varloua pollutanta and pollutsnt sourcea
lnslde the houee.

Infiltratfon: gee "ALr lnf iltråt ion,l

Jnlrared (IR) ecanner: a
(heat) enleelong froE
perature gradat lona.

Jalousle slndou: a type of rrfndorr consfstlng ofgeveral slats of gLass thet are opened and cloeed
elnr¡ltaneouely by Eeans of a crank.

Ja¡¡b: Èhe plece of fraæ lnto r¡hlch a door or r¿ln-
dor¿ flts; the top JaEb 1s knovn as a ,head", the
botton aa a rrslll'r, the slde as a "slde Jarnb".

!gC-l!g!t shoserhead: a showerhead trlth

vfe¡rer Èhat Bcans fnfrared
an object to lndLcaÈe teE-

flow of Èhree gallons per mlnute.

Polyrnerfc foao sealanÈ: a foan aealant that lBsqulrted lnto cracks where it expands to creâte a
t fght seal.
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GLOSSARY

&-rg_!"g: a l¡eeaure of the reslstance of a l!¿rterialto heat f lon.

Becessed llrht flxture: e llght flxture receasedlnto the celllng so that the gurface of the flxcure1r flush wlrh the celllng.

Rln lolst: a board reattng on the aill_plate run_nlng hortzontally along the outÉide auriace of the
Jolsts (rl8o called a I'band Jolet'r).
S.tLl plate: a board aecured to the top surface ofthe foundâtl.on sall.

SEokeatlçkg: anall glaea tubes thet eheû opened
81ve off c ateady streeû of sæke uaed for detcct_
lag alr lcal.e.

lrnco.ndftLoned Êpace: any apace not aerved by a
hcatlag - or cooltng aystel!, e.g., crarlepacee,
Ittict, baceunt¡.

llcathêrstrlDDlni: narrür etrtpa of varioue r¡eterf-
rlt pleced over or ln the mvable Jolnta of doorg
¡nd rÍndov¡ to reduce alr lealøge.

mrglg-Ig"8e faae: a fan, uaually nounted ln the
celllog, thet ventilateo the entlre houee end
erheu¡tr !1r out through the âttlc.
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L.l¡ ¿¡t _ .tt¡tDt _ Dfthr _
Cool¡ d¡t _ aYaElD¡ _ Dl¡hl _

L lùar. a clo<l. th.r¡o.t¡c? _
!l ro do.r lt h¡va oo. or tF ..tbrckr 9.r d¡tt _
B..!tot oûltÎ _ A.stln8 ¡nd CooIlnS? _

GlXEn¡¡. DAlÄ
-Go¡IiÑããt

q¡ltaqt th.¡¡oag.G ..ttfrt¡ _ ot

Itar¡oatal !h.r¡-.c.r rc.dfrg: _ o¡r

Î¡p.tatu¡a û.¡r Sbar¡oaß¡t ¡a ¡.¡.ur.d by dftttal tl¡cr.ù.t.r: o!

b aha tor¡aa toôad (¡ora th¡û oô. ch.t¡o.t¡t)t goy r¡ot tl¡.¡¡oarala?

Ca6.ral d.acalptloo of rhrr¡lortst h¡bir.
c¡l.8or1¿. .bovr (for .¡¡¡plc; no h€¡!
L3Faq 6 p.¡..od g 9.¡., e¡c.):

Èl¡.rt ap¡ca hrttint tual: _ (tl Doß t.a, dcacrlbc oo haatlat p.g.)

Lcc¡d.rt h..ßfût u..d! (lt .!8!lllc¡or fr¡cß!,oq of h..Èfat)

llr.pl¡ca lj¡c¿t D.¡p.r Copdtafon? p¡r¡B h.t¡l!cd?
¡

¡¡a aúa loca u¡¡darhêatad or ovarh.¡t.d ia yintct? (licaa ¡t.
¡,laca! rñcrc raaid.ot ¡lthc yrlt lhc ducr b¡l¡[cc ¡dlu.t.d or ràcrc lhcbd¡.. doctoa .lthc look fo! htth ¡c.L¡tc), Spccify:

f! thct do
1Â J¡ou¡ry,

¡¡L a..ld.qt (.nd d..crlb. h.r.) .bou! sny ¡pp!l¡oc.. (port.ry kiln,
a.cood E.frl8.r.tor) or h¡blca (u.c of .¡È.rioa t.f.Êy ¡,t8hÈa¡ u¡. o!
daL.¡ 8r'lc. e d.y) tb¡t rltht .ftstftc.ûßly ¡ff.cc th.tr .¡.¡t, u..:

oot fl t thc
or h?¡ted oolt



uSlxrxt
lllt ùou.. h¡.:

ùaaùaôt: _ crlvltgrcc: rl.ùa lttlc
(¡l ¡ cc.blô¡rto¡ ol tte rboiãl--rbov locãlliñ¡ or hoo.. dl¡¡r¡) ¡.D.

Ir lh¡ ù.¡6.ot h.¡t.d? A¡

¡.tsht¡¡¡l ¡.D. ¡ùoy. crd !.lor crd

t¡¡

¡r2

r:t

r¡

ngos
¡.D.

t¡

baulatlo! CoEatn¡ctloE
ItF tttcÌ.¡.ar H.t.rl.¡. '

tL&tl ov¿r ulBE ttD sP czs

Coû¡tructlo! b.ulrtto! Èroat¡saf t.tlrb ftD. liùlct!.t. I

' bder rrporore, lñdlcata nb¡t tha un¿Gralda of th. floor facaa(1.a., batar.nt, cravl.D¡ca, outttda afr)
C.¡aral condltloo of craúlapaca or baaarGot ylth rcapact to laåt¡ga aodaatloqr t¡la!!

l1ltc ¡¡¡0R D^TÀ

lool llootêd Url.rlot Inrul¡rlon V.ûtlß8llp.t ¡¡..(fr2) DpG cov.rr3. Tàtcb..r .r

lt

t-to atta coluú-fudfc¡ta ttp. of roof. tot lr¡!¡oaa ¡ htp, 3ahla,fLt, or c¡D! cod.
tt to thla coltûD tôclu¿c .pprorhrta rr.¡ of vañt. frú attlc tooútalrt |rd Bota !ùa praaalc. ol attlc faûa or a d¡ola-hou¡. l.¡.

¡:tatt g^¡.Ls 0¡ All¡c(nfi-¡¿-to r riln¡--Jfc¡ )

t.D.

tct
lr.. (tG2) t'p.

¡¡l

hlaalat Inrulrttoû
Covaaata ltlctlaaa

GaDar¡l coodftlor ol ¡tßtc yltb rc.Þact to la¡l¡ta and ac!loot
tù.ôr
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LIYINC SPACE EXTERIO¡ I.I^ILS

lt .ll, qtlr ¡r. ldcn!fc.l (t¡rr¡¡l¡tfoo, hcftht, .rc.) yrtte '.lI
-1L" uod.r u¡ll I.D. ¡nd ffll ln onc llnc of th.¡. C¡blc¡. Orhcryf..
fll,l fo ¡ ¡lnc fo! c¡ch rypc of s¡l¡r ¡nd ¡årk ah. c¡tcoÌ of rh.r Cypa
cl úall cl.¡rly on ah. houa. pl¡n urtnt th¿ U.tI I.D, The ¡¡¡. b.alc
l¡.trr¡ctloo. hold for ¡allcr.Dd floorr.

floor lnc.rloa ¡D.r¡l¡t loû Conr3rucltoo
¡.¡l I.D. l.al2Þ.d E ttht lyF thlcLD... X¡c.r1.1.

t¡

¡3

Þcr Îtp.

D¡

op¡q¡ lqto' coDdl¡toÃ AßtloE T.tG¡

DOOI p^ÎA

YI¡¡DolJ DAIA
(Sltdiq ¡trrr aoorr--inã-! äera rc¡ of oth.r door.

tra coo.ldc r.d ytndoe¡. )

lot.l Ar.¡ (.ppro¡,); uôrch: South: ¿¡¡t,

fipc (e¡gror ¡r.r l); Doubl. Huna:

D5

' t¡Èd.r thl. hc¡dtn8 tndlcaßa rl¡.t .p¡c. thc door opcù¡ lûto. (1.a."
tar¡¡a, ù¡...GD! | our.1d., .tc. )

Þsbl. cl.r.d (tppror rrrt l) So¡lcd:

I¡ald. Stor¡¡

Caoar¡l coodltloo (bcfora ylsit) ¡¡f!h respêct to c¿r¡lklng¡ r¡eatheú.trlpptn8,
cr otl¡ar llport¿ot f,€¡turcd (lncludc sppro¡. nr¡ber of vtndos¡ th¿t qced

-¡thar.trtpplnt .rd tho.G th¿t. oecd ceultlog):

Eorl¿oot.l Slldlra: _ ÎftctDt ¡

J.loqrl. (lÞsvcr.d):

¡L¡cd:

&ßlooa t¡l..o!
f..b.r of, ylûdoe. rÊ¡rb.¡. trlpgcd?
Otb.r .c¡loq. t.Lcq¡

( ltPG ?_)

Ca!aac nt:

!l thar. ar. ylndoe t!a.cÈantr (refI.ctll'c
a¡taûrlvc ü¡c ot cutts{ns) thst 6ee¡ i.Eporlaat
dlSloqt.lt !¡¡c, dc¡crlbô here. R¿¡cEber Êo
Ortrbaotr, ard .yahg¡ oo hoqre dl.¡8r..r.

Stor¡:

C¡r¡lL.d?
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.h¿dca, tfnted U,lndoer,
enouth to ðffecc ¡1r coû-
soÈa ¡b¡dl,û8 by tr..a.



Er l¡¡c stslEK D^1A

D.acrlba-ha¡tlDg at.t.r: (t,a., g¡a Ell lur¡¡ca ta ltrtqt ro{, orcaatral fo¡cad{tt fúrn¡c.)

ll¡rt¡ca loc.tloô (h.¡¡.d or ut'h.¡tad ¡r.¡1):
lr f¡r¡¡c¡ LD.d.t.d? _ It ¡o. d..crlba

¡¡. tb. duct. (lt try) ¡¡¡¡y1 t¡.. thla r...dl.dt
¡r. duct. (ot Dt9.., lf ¡ Et.r ¡t.t.¡) l¡lol.t.d? _
tf ro, tor ¡uch lÊ.r¡l¡tloû? (lttcb..) _
D!a. tùa lùrô.c. h.".. fllt.rt _
Lr ll¡ ttlc.r c¡,..rt _ t ú fllr.r tút.ll.d? _
Lt tha lsrD¡ca ùaa¡ aarvlcrd racaatlJr? _
bac¡r,b. b.loú: l) t{¡Jor r.coûd¡rt rourc. of hcrr (ff ¡nt),

or 2) l¡tn aq¡rc. of b.¡t t! ôot ¡rr furnece.

lì¡n¡c. lrput .r clocLd: _ ttt/bor¡¡

llllclaÊct .t ù.t!¡rt¡¡ ol rl.ttr _
lttfc.t.Bt .t .ûd of vfrlr (tf ch.û¡.d) r _
¡lD h.t¡ll.d r _
la¡t d¡p.r l¡.t¡l,l.dl _ (oûlt ll furn¡c. cc.ti¡.ttor .lr l. fr-

haatad ara¡ of houaa.)

cooLtIc sYslEx D^1^

¡¡r coûdlt(oolût ttp.¡ c.trrr.l: _ rrtudoe uottr: _(f )

!ona: oth.r:
l¿ctÈlco of alr coodltloo.r(a):

¡¡catlo¡ of coû¿Gîacr tf ,cp¡t¡tc fr.. untt (G.pcct¡l!, lf.¡porcd ro{lract aun ln ¡t¡.¡Dooa):

¡ù.t Ltôd of coollo¡.r...

c-blô.d ylth hêrr prrp ut.d for haath¡:
oth. r ¡

ll c¡otr¡l tlr condfttoulat, ¡ra dr¡cta regrrttr lrtr h.¡tlDt ,r¡tG¡? _
Ll a.p¡¡¡t.. .ta alr coo¿llloûlEt duct. t¡.úlat.d, _ (toch.a):
¡l¡ coûrl tloo.r ..û¡f¡ctur.r:

(ltr lolloyl!3 ¡r.

Ilpút s.tlû¡ |

ll¡ lf ll.t.d!

llor.r ¡.tln33 

-- 

(cf¡)
(Li.rùar to d.tall coollnt tb.rroat.t h¡blta o! t.E.t¡l

roda l !

proh¡blt ôot

(tr)
It.t.d, but tf th.t

outPut l¡tfn¡:

¡r. plcr.. r.cold tb.¡. )

6t

(ùru )

-a:



lJ. t.r h.¡t. r tuc l:

8Èor.¡. t.ok c.p¡c(ty: _ (t¡1.)

¡.ô<¡ßloo (Bot. vh.lhcr l,Â h..acd or unh.¡tad ap¡cc):

gAT¿ I HEATER DATA

9aaar tarpar¡lu!c ¡€ttlût:
(tEp. ¡t outlc r ptp.)¡

lllcln..¡ of ¡alc r
h..t.¡ bl.ol'¿t (rf ¡ny):

¡ata¡ carprr¡tur. .!
LftchaÂ f.uc.t ¡

Doaa Lttchaû frucat h¡Y.
aa aaralo!:

.¡ll a3¡rè of vl.it Àt .od of vlrl!

o? of

3ho¡tr

¡

l¡oe t¡ßa
b.fol.

(grl/rln, vitb hot ¡nd cold ful.l oo)
¡ftcr

gtDd Yalocltt¡

¡lohr door ôu¡bcs

CAT'IIOT: HAKE SURE FURTACE IS OFF

^ll 
l.¡larlor door. .tsy og.o.

ol

lloEr Door D¡t¡

glud dl¡acgloÂ:
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