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T¢ aid in improving the performance of the heating, ventilating, and air-conditioning (HVAC)
system of the Natiomal Archives Building so that it can better protect papesr~based records of
the United Stutes, the National Bureau of Standards (NBS) measured air exchangs rates under
varieua copbinations of temperature and wind s?e The aversage air gxchszuge rate under
normel opemﬁioa of ths RVAC system was 0.9 k™ t‘or an aversgé temperaturs diffsrence of
20.3%F (11.3°C¢) and an average wind spesd of 6.0 mph (2.7 m’/8). This rate is approximately:
twice those for new General Services Administration (GSA) office buildings. No eclear
dependence of air exchange rate om tamperature differences up to 30°F - (17°C) or wind speeds up
to 11 mph (5 m/s) was found.

‘With outdoor ailr dampers closed and fans operating, the average ailr exchange rdte was 1.2

for an average temperature diffecence of 14,89F {8.2°C) and an averags wind speeéd of 3.8
mph (1 T m/s). .

L taest of interzore z2ir moveitent showed that air migratea rapidly from ncastack-to stack
areas with fans operating normallyu , !

The building aould not bs préssurized beyond an indoor-cutdoor presaurs diff¢rence of
0.06 in H,0 (14 Pa).. At this pressure différdénce, the air exchange rate was 1.5 h™'. A4s in
the cade of normel cperziion of the HYAC system, this rate is alsc approziwately twlce those
for new GSA office buildings. , - ;

INTROQUCTION

The Wetiorial Archivews Building in Washisgton, D. C. (Figure 1), whioh houses many of tha '
nation's records intended for permmaent preservation, was conbtructsd in the early 1930%.. It
was oné of thé first buildings in Washington, D. C., to provide all-zeason environmentay «
control. The corntrol led environmeht was prescribed in order to protéet the nation’zs valuagble
records [rom the effects of extreme temperaturs, high asd low relative humidity excursions,
and attack from acid gases such as those resulting from sulfur dioxide., The.original heatingg
v ntilating, and aireconditioning (HVAC) system. was. designed to mset theae objectivea, bu¥y :Lt
has since been modified a number of timés and has had a history of 1933 than aatist‘aetory
performance (Conerul S@f‘Viceﬁ Administration 1983). | , . =

To ald 1r mproving the pert‘orm&ﬁce ot‘ the HVAC systems at the Hetional Archives
Buildimg, ths Publie Buildings Service of the General Services Administratiom (G3A) and .Lbie
National Archives and Records Service (NARS) requested the National Bureau of Standards’ (W3S)
Center for Building Teshnology to provide criteria for environméntal conditions forypha»
storage and. preseryation of paper-based asrohival records. The study included-a literature
aoarah on factors af‘recting tha detarioratiun ot‘-paper-baud rooords, an NBS Workahop on
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S. Silbera*éih is a biologist aud R A. Grot. is ‘2 mechanical enginser at the Ceut.er for
Bullding Techrology, National Bureau of Standards, Guitheraburg, MD, ia
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Environmental Conditions for Archival Storage, measurements of temperature, relative humidity,
air exchange rate, and gaseous contaminant concentrations in the National Archives Building,
and comparison of these measuremesnts with similar measurments made in other buildings having
controlled environments. Criteria were proposed for temperature, relative humidity, and
gaseous and particulate contaminant concentrations. A detailed ‘desoription ‘of the study and
its results, available as a report entitled "Air Quality Criteria . for.Storage. of Paper-Based
Archival Records" (Mathey et al. 1983), may also be uBseffil {i’the~”désign.and modification of
other archival storage facilities.
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« 7 -The présent réport desdpribes airfeéxdiange Fate and Some temperitars heasurempntivmade
* diarihg March and April 1983 as patt of'the’aboveistudy. The testarperformed by NBS were:as
‘ .follows: (1) The afr dxchangé’rate -of (tHe HUATding wed wesdured Under normal operabion:of-the
“ \HVEC-dystem. (2§ TH& airPbxchange rate wius: mwasuiied ‘With Houtdeorv air - datmper’s plowid! s%n &ihder
Y .to“determine howW muéh ‘air: ledkage' theréd "was ‘tRrough*ddmpsrsys (3) Airsieakage frow:the-allice
¥t and®publ i ‘areds td thelstackoarsas wissibastred.  (4)Fdn predsurizaticy médéureieits. were
" pefformed ANCFdEr to mEasuPeé thetintringic Weathér-indeperdéntienvelope Lightnens ofithe
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© .. ‘ThexNational' AroRiv¥s.Building/-lbcated Udtween: Pinnaﬂvmi@'-'md Gonpum‘:aionvamnwa,
. anid betweén TTth -'afd Biﬂlﬂmug'?insﬂamﬁm‘Mhlihgtén? ‘18" pidtiired in’ Fighies 1. "vits. Voldme
"r1s%0,815,2%0 ft° (306,253.5 m2)Y ‘adé6rding to’ GSAJ! ‘A’ schiematid didghan’ 0¥ theBuiiding-is
shown in Figure 2. The northern side of the building, bordering on-Penndylvanfdi~Avenus; = is
composed of ten stories of offices. Each of these stories is subdivided in the center of the
- buildifig 1#to from ofe -to three floots ofiGtiacks hitieké.redopds die atciédl - Inliaddition,.
there are offices located on several- of ‘tHe Skdbk -£I6dPs, "~ Nine” ali'Nand Iing “systéns BéFve
. the building (other than the garage). Each system, except for systems 2 and }l, is composed of
7 two'supply fé&ns'and & réturn fan;-5yatens 2 andd/dre.coRpdiéd.of bneislifly and #éturn fan
"} .each#"ALd: fans' in eabh Systénm Spefaté Winultieoud 1¥5:37F 18ure 2 Stiows Hé *dreas Sevid by
each system, from information supplied by GSA. There are uncertiiifies as "td'CH¥ exakt- dirdas
served by the various air-handling systems.
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One !Sati:of ‘tules ard wires was cofinectdd=frod edel air-nehdling system to & ‘comput®t” ind
electron-capture gas chromatography detector located in the basement. Each set of tubes and
Vwires €SAsiSts. of 1/16-1lach {3ial)’iiner- diadete . (1d) pladtic- Subinfifér.-ikijecting Khacer gas
{ntd" the: supply fand, 174-inéh (6mm) 1d¢ Prastiv’ tublifg ‘for' sdmpling” réturn ‘afr; @ifing
conrgdted 46 a therhistdr’ tb: méasufé retirs ‘#ir’temperatire] “dnd ‘Wirink ctiinect®d to’ reldysto-
‘ {determiné whethel Tans were opersting, - In:adiition;-a:thermiStdr was placed butdide’ thé' air
“{nitake of ifan 1 to medsure dutdder temperdture;“and a‘weather std#tion was {nstalied -6 She
. TObYT “to" measupe . windcSjeed ‘and “diFéétion. v Al température ‘ and *wiAd -Beasurdibhtd Were” tiken
once a minute and the results averaged each hour. In all tests otlidr than'thed¥é-foritiich
fans were manually shut off, all fans operated continuously. Outdoor air dampers were
‘automatically /mddulatéd: by the buildisg HVAC”syébem-and no redofd'wis képt st théir Wtatus.
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“The automdted ‘txdcér EEs Bystém develépdd at NBS and'déscribbd’elSewhere (Grofet al.
©.71980) WaS'G¥ed' o Beastie fsul fur -hexafldoFide~Gonéentrat fon -4 ca¥ciffate Hodlly air BEdhange
‘rates for esch of'thé®Yhine' zodes: by the 'trdter-decay technique. : ‘The ‘instiiment 'was’ dalibpated
“against 'samples eofitafiiig-khown: concentrations 'of - sulfur- hekafludride. - At 50" hiinutes "past
the hour, the system injected sulfur hexafluoride tracer gas for up to ten wtnitds.”’ The
‘- maximal flow rate per zone was 170 cfm (80 L/s). Concentrations at each lgcation were
"“"measured by a gas chromatograph, electron capture detector at 10-minute ‘Inter¥als thereafter
and the results recorded on a floppy disk. The last four concentrations were fit _by

regression analysis to an equation of the form: - ¢
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11 I = air exchange rate, t;,'1 g e N s . :
. - . t zctime after injection, h: i < Wy i’
C =¢poncentration, ppb . - : g ) o , s :
Co = initial -apncemtration, ppb S 1, R Rl B
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A weighted average of the nine air exchange rates was calculated and called the air

. exchange rate of the;bullding. - The;weighting, factors were: closely related.to the flow rates

‘of. the #in-handling systems. .It would, have.been preferable: to weight air exchange rates by

; -relative :zone vedumes, but thess data .were unavailable.. Tabie;1.shows these flow rates and

the weighting factors. . Average; indoor .temperature was -calenlated. fromr the nine returp air

; temperaturss; -Because thesetempergtures,were always very close to:each, other, they were not

.welghteds :1Regnesaion.anglysis ofair exchange rate.vs..indporwcutdoor temperature; difference

- sfalways positive in these:tests) was.done sssentially as deseribed elsawhare (Silberstein
1980). Standard errors were also calculated as described in reference 2. s

In the first tests, tracer gas was injected into each of the nine zones each hour and its
concentration permitted to decay. It was found that gas was not always completely mixed
within the first half-hour. It was also found that tracer gas often migrated into zones 1-5.
Therefore, the system was reprogranmed to inject gas once every threg hours for the ful] -10-
minute injection period into zones 6=9 only. As a result, the tendency for gas to accumulate

. dmwsonep: j+5:vaa:no longer mated. -Tracer.gan was: permitied, o thopoughly. mix:during.the first
.::hogr.. buring the third.hour, copcenkratiops ware-lov., Copasquentliy gnly data.collected
during the sscond hour were ysed, Figure 3 shows that there is little difference between
, earlier,and :later data., ... . . A A TP ; IR T e W
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p-of the HUAC Svstem.- No modifications.off the HVAL system, were
nder mgrmal HVAC operations. ¢ . v o.c. - e i

-, requiped for tests conducted
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Lo T8t 2. . Ousdoor. Alr. Dappers Closed,. ;To determine bow much 4ir leakage way through
. -dampers, air.exohangg rates were measured.one weekend afiter the.Archives maintenance staff
. ,shut al). ontdoor air dampers... . | ... ¢ w” a0 L . LRl e ad MERES

lest A 8 : pas, to the : Ar'SE To determine
whether air leaks into areas where archives are.stored. (stacks} fpomotheraress (nonstack
areas), gas was injected only into zones 1-5. Unlike during the earlier tests, it mixed
_ evenly.throughout, the, building. - (These.data wezme alse used as-narmsj fan-operatien .dgta.)
: Rt R T 1 ¥ ) il = A T G rFes, mE Pulst o wa e e MR, Ll Wa o STy
! 2 : . ifg. To measurs, the intrinsic weather-independent
envalope tightness. of the building,,a fan. pressurization test was conducted in the .evening.
Sampling tubes lsading from systems.8 and 9 were rerouted tq.sample air in staok .areas,TW-1
and 14W-1, both served by air~handling system 6, as seen in. Rigure 14 :xMst.prior to
_pressurizing the building, it was determined that . tracer-gas concentrations: in -thege two atack
,Areas gerg.naarly equal to that.in return fap 6, suggesting that-tracer gas. agrunifopmly
. -digtributed in .that.zome.. - . . . o osoaw ingg 1 ok W2 o
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’ . The maintenance staff:shut off allthe retwvs air.fans, closed.the exhaust air dampers,
and fully opened the supply air dampers (including dampers and fans serving the garage) prior
to tracer gas injection. Tracer gas was mannadly injected:for 30:miputes-af aflowpate of
05 cfi (0.25 L/s) in order to maintain a high enough concentration for the high air exchange
_rates antipipated during the test, Differential pressurg gaygeswere iinstalied asross the
ntrapce doorways on Pennsylvania.and.Comstitution.Avenues. .Sincethe,ocencentratipas dn, the

.-two_stpok areag (and in fagt in the remaining seven air~-handling.sysgems) wers all nearly
.. congtant, during tracer gza injection af, about 200 ppb, the air exchapge rate wax galculated by

“the equations,.. .. .. o Sk diicy Lo Sl ey tieaenma $.® o pd o tuon
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F = tracer gas flow rate, m3/h E
V = building volume, m (
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: possibildtysthat I s r,u;dgpe.n@nt‘ of. AT for AT belew _,30"5 £375 p) peje;c&ud
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mwmm&wmﬂ Air exchansa ratea obtained undsr ‘normal
H‘mc-system operation-(Mathey et al. 1983;. Silberstein. ex. al., ‘19"8’3) are au%wn :Ln‘ F’igure 3
plotted agaimst temperature diffesence, wifh wind.speeds, .indigal;e% next ‘to, t‘.ﬁa points.‘“ ‘Curves
representing one etaqdard error-unit about the;line are ,alao shown.. Ne. avere&e aﬁ' exuh’h e_
rate was 0.930.3 h™', corresponding to an avera,ge tempgrature difrerexrbe (:3'1') of 20.3°F
(11.3°C) and an average wind speed of 6.0 mph (2.7 m/s). During normal opératidn of the HVAC
system,. the aversse .indoor temperature of .the-Archiygs Bullding remag‘ggq‘ qparly conatant at
73.0+1.0°F (22.8% 8%0.5°C) (standard deviation or sd). The best-fit regression 1iné" 1 i given by
the equation:

(3)
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The correlation coerficient H ,riﬂ 4.2_,3, r-esf.‘g'eot:l,ng, the lagge mpunt o? alge, :s.o@tt t;.,. ‘The

uncertainty of the first ceefrioient. as measured by the standard error, is 97%; the

- uncertainty-of: the wecopd coefificient . is 218, It can be eeen in. Fiaure 3 t. at_.a linear

relationship between :J-and AT .going , through- thq ordgin. .cannot ,El’ Ne;. ger gan the
B
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At constant AT (this can be visualiz;d, for ‘example, by go:l.ng Wb any SrrRESEt0¢ (hoc)

. »wide in-Figurer3), -air jexchange rate:dges ngt. @cn%ae ;¥ith incregsding wiqg s eed, if
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anything, it decreases. In fact, there is no apparent mlatgonshi betygen gséf qx,ok&,a%% rate
and wind speeds of 1.3=-11 mph (0.6-5 m/s) encountered during the s udy.
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. Test 2. Outdoor Air Dampers Cloged.. £In .n,rd,en to determine npu gk alr ,L a_,kasp was
through outdoor air dampers, a tracer-gas.study.was perfarmed witl_:__ptbtdggr dampgne) colosed.
Figure 3 shows the results of this experiment (Mathey et al. 1983; Silberstéin'et'al. ?8
compared: with'the results of,the previous study.- The .average gin exchange rate was 1.2 h”
-an average: temperature..differenge of 14;8°F (a.a"sa and ;an.average .wind spead 01 3.3 mph (1«7
n/s).T Twe dis;,jrncm:te;pperatwng d-irt‘erence ragimea .make Mp.thig. qtu.dy.. ‘l) sm ni% ’1‘ (4 data
pointa:below 36°F (2°€)), and-2), Lange AT (6 data points between 53°F (‘gi 9 -A0g. E”Et 113°0).
.Thare are no data Qireotlypeomparaﬂ&;e tepbhe finqt cpgime in. tmf&tudyﬁupd o nor 1 fan
operation, but £here :are 20, peints dn the: larpge AT ‘rqgioq. .“Tq,e two large r eq_ s are
nearly 1dentical. an air exchange rate of £.130.2 h™ " at a temperature di erence of éll 1°F
(13.4°C) and wind speed of 3.6 mph (1.6 m/s) with dampers closed, compared with an air
exchange rate of 1.0%0.3 h~' at a temperature difference of 24.3°F (13.5°C) and mnew of
6.3 mph (2.8 m/s).
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“As in the case of normal HVACveystemaopemtiqpht large am,gqnt ,Qf data ec;at.,t.er makee it
difficult to assign a definite relationship between AT and I. In the present instance,
i.neigher agdinscl npr iaverse;dependepce, nop ipdppendenoer of ATcand I can be excluded.: «The
standargrmma bands are not draw,; but ape;so wide that.they encompass, ththorigin,t%nq most of
the normal HVAC-system operation data. The ‘combined normal HVAC=-system eperahian and damper=-
clgged data.areiabout as well,fit by I= wh 1 188 'bycany, ot.her r-e1at‘.j.i:n'l.x;-.hi;;;_FI I et
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determined rrom :Lnromation aupplied by Gsa t.hat air-handling syatema T6=9 ser\re mainly the
+. stagks, "waile syssems; g-es serve- me:l,nly, the. nemainder of the buildingn(Figure 2)...Therefore,
tracer gas was injected-pnly.into.gones j:te:5 in orgder {'.cn fest whethpr there. wag.aig:ifieant
air leakage into the stack areas from the rest of the building. It was found (Mathey et al.
1983; 1811berstein et:al,. 1983) that there.yas immediate, . thnrou;h mixing: between. the . stack, and
n_qngtecin areas.. The-tracen gas-conaentrations.in the, n,i_p,p ZOpes.Were 3Q uniform;during the
test, in f;act that it was peaaible to caleulate ap.air exchange rate for the hydlding (see
Figure 3
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s Mimmmmmm “Ean ,presaunization Qspauremnta«mm performed

in og:ﬁ-er to measure the :I:ntrinaigvgqgthen-indepen%enp que,lope tiﬂppeas of.the)building. The
building was pressurized by closing off all exhaust air “dampers and return fans, including
those serving the garage, and opening all supply air dampers and fans. Concentration
measurements were made in two stack areas on the Tth and 14th stack floors. (There are 21



stack floors.) The building could be pressurized to maximum pressure differences of gnly 0.06
inch 320 (14 Pa), measured at the Constitution Avenue entrance on the ground floor
(corresponding’ to the fifth stack floor)-and .0.04 -inch Hy0 (10 .Pa) at.the Pennsylvania Avenue

_entrance on the main tloor (cor‘reapond’ing- to the third stack floor). It was noticed during

‘the test thaf thera were trorng drafts Tiom" the garage through two:doorways into the main body

of the building. " The averdite temperature differencé during'the test was 0. 6°F (5.9°¢C) and

o the average wind speed was 3.4 mph’ (1.5«m/:§) 3 i i

- HYAG . system, dampers would be closed at these outd.oor temperatures. ‘

' 0.06 ‘inch Hy0 - (74 'P4), -An air exchange rate: cr 215!

Jt : IS

‘ i rate calculated by the constant'. concentration methoc‘ (Equation 2) was

]

‘Air exchange measurements were taken under various combinations of temperature and wind speed.

The average air exchange rate was 0.9 h™' for an average temparatuf‘s -differénce of 20.3°F
(11.3°C) and an average wind speed of 6.0 mph (257 m/s). The indoor-~temperature was very
nearly constant at around 73°F (23°C) and the outdoor temperature was always lower than the
J.ndoor temperature. No clear dependence of air exchange rate on temperature diffaranoea up to

'30. E (1700)45:' wiﬁd speéds up‘ to 11 mvh (5 m/d) was i’ound e G G ST S .
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"7 fhetest dode® with-air &ampefs closed and E‘ana opera‘ting shiowsd that:at a temperature

“differeiloa between 20°F (11°cj dnd 30°% (?'/'"C}‘, “He'air ekchangé rdteé-was the.seme as that

when dampers wéré ‘opeérating dutomatically.’” This ‘nay be becausi iider ‘normal operatica.cf) the

- 0

R teat of interzore air movement -showed that air- migr'ates rapidly t‘rom nonstack to stack

" ‘areas with fans apék’ating ﬂormally. 2 s A cmiad e fa legdk
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The building could not be preaaurized beyond an ind?or-outdoor pressure difference of
- was. obLAinad ‘by_, tJIs - aonstant

concentra ion ﬁﬂthod‘ at. tﬂis p}-essu‘re difference. S ! o T Y-

“A siifilar sﬁudy of eight new “GSA buildinga in ?arious parts of.‘ the Bnited States (Grot
and’ Peraily 1983) shows that the Archives Building is about twice as leaky as-nmew office

¢ buildj.nga, both under: norial operation of the HVAC system and- under “pressurization: Thelr air

excha.uaa ‘ratés undar normaJ. operation of* the HVAC systéms vary from 0.2 to 0.6 b~ =1.for: outdoor

" temperaturés ‘of A0=50%F (4=10°¢) dnd wind' speéds’ uiider 2.9 mph (1.3 t/8).: . Thedr air exchiange
"rat.e# at‘. a: preasﬁ’:-e &iﬂ‘erenc& of'o 06 1nch fﬂaa fili Pa} were 0«5 to 0.9* h™Y, :
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Grot, R. A.; Hunt,’ ) ‘Mi¥ and Harrjé, D"1980. "Tracer gas automated *e‘@quip‘menﬁ foz' eemplex
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The National Archives Building, located between Pennsylvania and Constitution

1. <
Avenues, and between 7th and 9th Streets, in downtown fflashington
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2. Schematic side view of National Archives Building, showing areas served by

air-handling systems, from information supplied by GSA. FEach of theé nine
air-handling systems of the building except 2 and 4 has two supply air fans
labeled "A" and "B", and one return air fan; sy$tems 2 and 4 have one supply
and return fan each. All fans in each system operate simultaneously. The
numbers in the figure above refer to supply fans.
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Figure 3. : Relationship of adir exchdkge rate to. indoor-outdoor temperature dszerenc‘
0 - and wind $peed under normal fan operation and with outdoor air dampaers closed
wind’ speeds (m/s) are shown to the right of data points. Solid line& is ‘Bast-
fit ngtess;on line for normal HVAC-system operation. . Curves represént one.
= standard error unit on each side of regression line, Dotted line is best fit-
S regression Line for outdoor. air dampers cloged. (., .normal operation, earl_d_ﬂ o
3or tests (see Mathods); [, nomal operation, late tests (see Methods); @, "”“1"'3
normal operation (late test), test of air mixing between stack areas and other -

areas; A.- putdoor; air dampers closed, @ . normal operation averag'e, A,
outddor air dampez‘s closed .average; ..' cverall average :
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