
l¡it
iii!

liii

BNL-41680
Informal Report

  

A DATABASE OF PFT VENTILATION
MEASUREMENTS

Ted W. D'Ottavio, Robert lV. Goodrich,
Danisl J. Spandau, and Russell N. Dietz

Augusü 1988

Prepared. for
\rERSAR, INC.
6850 \ZERSAR CENTER
SPRINGFIELD, VIRGINIA 22151

*äPÅffiTffi€ruT *r årFL*Ðffi Sütäff*ä

*ATüKI-I.4VËN NATI*NÅN,- LÂßÛAÅîÛffiY
Si-åÍ{ ti, i\i Ët¡,r Y*fìK

iitl
iilÌ
li!i

i¡ii
t¡Ìi

r¡l¡l
iit¡t

ititi
iiiii
iitit
tltit

iii

itl

i-r íi1 i-a-. ! I

iiììiilìi
,--. -1-l i I L-i Li
." .a ,-t --: rì , liii,'i:ilÌ,,iì;. iiìi
\5t__] SLJ L ]

L-' T ILJi\ Lí.J¡\II 973



BNL-41680
Infornal Report

A DATABASE OF PFT VENTILATION MEASUREMEN1TS

Prepared by

Ted W. D'Ottavio, Robert W. Goodrich,
Daniel J. Spandau, and Russell N. Dietz

August 1988

Prepared for

\TERSAR, INC.
6850 TÆRSAR CEI{IER

SPRINGFIELD, VIRGINIA 22L5L

ENVIRONMENTAL CHEMISTRY DTVISION
DEPARTMEI\IT OF APPLIED SCIENCE

BROOKI{AVEN NATIONAL LABORATORY
ASSOCIATED UNIVERSITIES, INC.

Under Contract No. DE-4C02-76CH0001G \Mith
the U.S. Departrnent of Enerry



DISCT"AIMER

Thir rcport wae preparcd ae an ¡c-count ofwork aponeored by an agency ofthe unitedstater Govcrnmcnt. Neithcr the united st"t- c-."ìã.ent nor any a'ency tr¡ereof,nor.any of thcir enployeea, nor any of their contractor¡, 
"ub"orrirråoo, oriL¡,cmployeer, make¡ ¡ny wananty, erprece or implied, o, ,""u,o"" 

"rry 
legal liability orrcrponaibility for the ¡ccu¡acy, compretenecs, or'urefurncü of any information,apperatu!, produc( or proceee diacroeed, or repreeente that its u¡e *""r¿ i.iì.rii""privately owned righte. Reference herein to.trv.p*iã" 

"ommerciar 
produc,t, procesa,or service by trade name. tr¡demark, manufacturår, or otherw¡"., ¿oå not rr."-"iillvcon¡tituþorimply itr endoraement, recommendation, or favoring bv th" ùn¡þd-s;t""Government or any ågency, contractor or ¡ubconi¡actor thereof. Thc views and

:lilio-": of author¡ expreered herein do 
"o, """""""ri1v Btat€ or refrect thosc of theuniþd statee Government or any agency, contractor or aubcontractor thereof.

Printed in the United Statea of America
Available from

National Technical Information Service
U.S. Department of Commerce

5285 Port Royal Road
Springfield, VA 22f 61

NTIS price codee:
Printed Copy: 408; Microfiche Copy: A0l



hrtnoduction and Summary

About five years ago, a method for measuring the ventilation flows of
a buildlng-was developed at Brookhaven National Laboratory (BNL). This
method is based on the use of a family of compounds known-as
perfluorocarbon tracers or PFTs. Since 1982, BNL has measured
ventilation in more than 4000 homes, comprising about 100 separate
lesgarch proiects throughout thg world. This measurement sêt is unique
in that it is the only set of ventilation measurements that acknowledge änd
measure the multi-zotre characteristics of residences. Other large
measurement sets assume that a home can be treated as a single well-
mixed zotte.

I$ report describes the creation of a database of approximately half
of the PFT ventilation measurements made by BNL over thð last five yäa"s.
A second pþaqq o{this projecù, to be se'"pleted over the next year, wiú add
the second half of the measurements to lhe database. This úork'was
supported by the Environmental Protection Agency (EPA) through a
subcontract from Versar, Inc., parent company of GEOMET Teõhnologres,
Inc.

GEOMET, y"-th firnding from EPA, is currently involved in a long-
term project which is attempting üo mathematically model the release ãod
transportin residential buildings of indoor air pollutants. Their need to
describe the flow patterns within various typesif residential structures at
different times of the year and at differenlgeographic locations has resulted.
in the work described in this report.

The PFT database is currently available for use on any IBM PC or
4ppt" ÌVlacintosh based personal computer system. In addition to its utility
in modeling indoor pollutant dispersion, thið database may also be usefd ío
those pe-opl-e studying _energy- coqsewation, thennal comfort and heating
system design in residential buildings.



The PFT Ve¡rtilation lVtreasr¡reme¡rt Sf¡stem

BNL staff developed and performed preliminary studies of a new
passive PF.I source and gernpler system for the determination of air
infiltration rates in homes and buildings between 1979 and 1982. The first
measurements showing the feasibility of the PFT technolory for measuring
ventilation in buildings were performed in a two-story home in November -
L979 and the fi.rst paper on the concept was presented in October 1g81.

\ryith the spin-offof a new research effort sponsored by the
Department of Energy in L982, the basic parts of the current measurement
s-ystem, the tracer ernission source and passive sampling system, \Mere
developed and used for the first t'rne in a two-zone (first floór-second floor)
qtudy of the Brookhaven House, a solar enerry research house located at
BNL. By 1984, a family of four Ptr'T source t¡'pes \4/ere produced and
calibrated and the Ptr"I ventilation techniquó had been applied world-wid.e,
from Alaska and Greenland to New Zealand. Since then,-this technique
has received world-wide recognition and has been comrnercialized anã
offered as a routine service throùgh tJ:e National Association of Home
Builders Research Foundation.

The PFT multizone ventilation measurement technique is an offshoot
of the constant ernission, steady state method of measuring air infiltration
that has been around for many years. In that scheme, a tracer is emitted
into a building at a constant rate and its concentration is allowed to reach a
steady state level. This value is measured and then converted to a flow of
outdoor air into the building through the use of a single zone, mass balance
model.

At BNL, we have extended this method to multizone ventilation
measurements by using multiple perfluorocarbon tracers (PFTs), one of
which is emitted in each well-mixed zone of a building. Measurement of
the concentrations of each tracer in all zones of the building permits the
calculation of the infiltration and exfiltration air flow to each-zone of the
building as well as the flows between zones. The system uses miniature
permeation tubes as tracer ernitters and passive samplers to collect the
perfluorocarbon tracers and is, therefore, quite simplè and inexpensive to
implement. The passive samplers are returned to the laboratory for
analysis where the tracers are separated by gas ihromatography and
quantified by an electron capture detector. Adetailed, expãrimental
description of this technique has been presented etsewhere [1].

The ventilation flows are computed by inserting the measured. tracer
concentrations and the known tracer emission rates into the mass balance
and flow balance equations for each zone of the building. In general, for N
well-mixed zones, there are N2 mass balance and 2N+1 air flow balance
equations to solve in calculating the ventilation quantities of interest. It can
be shown that the tracer mass balance equations and the air flow balance
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equations can be combined into
general N-zone case:

the following single matrix equation for the
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where Rij = rate of air flow from zone i to zone j (i4t zone 0 = outdoors).
Rii = sum of all air flows into or out of zone i (Þ1).
R00 = sum of all infiltration flows = LRoi
C:: = concentration of tracer i in zone j (Cig = g¡.

U
S: = soürce etnission rate of the tracer in zone j (constant).

J
Using boldface to denote matrices, the above matrix equation can be written
asCR=S.

A first order er?or analysis routine has been developed which
computes error estimates for the calculated ventilation flows. These error
estimates can be written in matrix fom as:

ÁR' = [ (C-1)2 (ASz + LCz R2)]rt2

where ÂR = matrix of ventilation flow errors (e.g. ÂRgg = error in the
total infiltration flow Roo),

AS = matrix of estimated source emission rate etrors,
ÅC = matrix of estimated tracer concentration errors, and
C-l = inverse of the concentration matrix.

A published paper which describes the above computations in more detail
and provides example calculations is available [2].
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Crcating fhe Database

The following tasks \ ¡ere required to create the PFT database: 1)
implementi-tg * automated zone reduction procedure, 2) implementing a
procedure for calculating flow ratios and their emors, B) othei
prog"amming changes, 4) recomputing the ventilation flows and errors for
all of the homes, and 5) enteringadditional information into the d.atabase
that did not previously exist on a computerized format.

Zone Reduction

When one unknowingly divides a well-mixed zone into two separate
zones, lhe gomputational solution for the ventilation flows becomes very
unstable. In the mathematical literature, the system is terrned ill-
conditioned. Fortunately, there is a way to reliably detect such an unstable
situation. The method involves using the matrix õf tracer concentrations to
compute a condition number = K(C). Prior work has indicated that
unstable solutions result when the normalized condition number =
K(C)n{3/2 > 2 where N is the number of building zones t2l.

_ Th¡ough the use of the condition number, large flow errors for
homes \Ãrith two or more well-mixed zones can be eliminated by combining
the well-mixed zones into a single zone prior to the computations. The
resulting flows will be accompanied by much smaller error estimates. This
work involved the-necessary programming to identifu r¡nstable solutions,
select the appropriate zones tò be combineã, and rewórk the flow
computations.

Home ventilation measurements that have been recomputed by the
automatic zone reduction procedure can be identiñed by theii file coãe.
Normally the file code is five characters. when the zone reduction
procedure has been applied, two additional characters are added to the
code. The first additional character is a number which indicates the
number of zone reductions. The second character is either aì "4" or an
"S". The "S" means that one tracer was Selected and used for the combined
zone while the ".{" means that the two tracers emitted in the zones being
reduced were Added together and used as if they were a single tracer.

For example, if a four zone house with the file code 1077D has the
zone reduction procedure applied to it (making it a three zone house) and a
selected tracer was used, a new house measuiement set witl be created
urith the file code 1077D1S. If the zotte reduction procedure is applied a
second time (the three zorre house is reduced to aiwo zone) anùthe tracers
are added, a neur measurement set is created \Mith the file code 10??D24.
!þe oqrgrnal sets are not deleted if the zotte reduction procedure is applied.
Therefore, in the above example, there wilt be three sels of caicuiatiõns ali
of which apply to the same house measurement.
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Flow Ratios and Their Errors

An enor analysis procedure for the ratios of selected house flows has
been implemented in the database. Although the ratios of the ventilation
flows-are easily çernputed, the error estimaie on the ratio is not gimply a
functions of the error estimates on the individual flows. This is becãuse the
ventilation flows all depend on the same set of tracer concentrations and.,
therefore, are not independent ofeach other.

The en:or analysis technique used for the flow ratios is a fi.rst order
technique similar to that used iñ computing enrcr estimates on the
individual flows [2]. Only paired sets of flows have had their ratios and
errors computed. For example the ratio of Pltzl&zl has been computed but
not Rrz/Rsr. Although not requested, the ratios of the zonal. infiltration
rates to the exfiltration rates and their associated erors have also been
computed and included in the database.

Other Programming Changes

These changes include an output procedure which writes the results
to a file com-patible with most database prograttts, streemlining of the
program code to run a large number of computations in a minimum time
period, and changes necessary to accornrnodàte old file formats to our
current calculational program.

Flow Recomputations

Some 2100 sets of house flows and error have been recomputed for
this project starting from the measured tracer emission rates ánd
concentrations. Approximately LSVo of the recomputations occurred
because of the automatic zone reduction procedure described in the
previous section.

The system used for the recomputations is now ready and available
for Phase II of this project. This phase will approximately double the size of
the existing database and further diversify the geographió distribution of
the measurement set.

Additional Information

Two important sets of additional informaüion were added to the
database. First, a description of the house structure was included in a
specially designed house setup code. This code indicates where each house
zone is located, the floor divisions, where the kitchen and bedrooms in the
house are located, if the house has a fireplace, and whether the house
contains a basement, crawl space, attic or garage as part of the measured
space. lvith a little practice, the house setup code can be used to both
visualize the physical structure of the house and recreate the method used
to measure house ventilation.
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The following procedure is used to generate the setup codes:
1) dashes are used to separate floors,
2) zone num.bers are written from the bottom of the house to the top,
3) the following codes are used:

4) the above codes are used after the zone in which they exit with the
exception of the "S" a¡r.d "F" which occur at the beginning of the code.

The examples below should help to clarify the use of ühe house
setup code.

B = Basement
K = Kitchen
R = Bedroom
F = Fireplace

1B-2K3

C = Crawl Space
G = Garage
A = Attic
S = SplitLevel

3B-2K4G-1

F1K2.3As1-2K-3

The second major addition to the database that did not already exist
on a computerized format is information about the projects for which the
ventilation measurements \trere made. For the work dóne to date, there
were about 40 separate,projects. This means, on average, that each project
comprised approximately 50 house measurements.

A group of ventilation measurements were associated with a
pa+iquler project name if they all were conducted by the same institution
and if all the homes $¡ere located in the same geographic area, i.e. within
about 100 miles of each other. This type of division will make it relatively
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e_asy-to obtain wind and temperature information for each of the homes in
the database if that is desired at a later date.

. Each project has a,unique project code, a full description of the
location of the homes and a sñorLdeicriptionof the projeci. In addition,
there is inforrnation about the institutioi that mad" tftä measurements
such as the names and phone numbers of two contact people at the
institution as well as a full address for the contact peoþte.



Shrrctr¡re of the Database

This section outlines the files associated with the PFT database and,
within each file, the fields and their descriptions. The infomation
contained herein should be sufficient to creãte a database structure in
virtually,any cornmercial database prograrn. However, the structure was
specifically geared towards two populai database progrârns: DBASE III
Plus, which is available on the IBM PC and PS/2 fämítv of computers an¿
9*iq III- Plus, which mns on the Macintosh line of cãmputeri available
from Apple Computer.

The database consists of six distinct files:
1) the Project fi.le, which contains information about the institution which

performed the measurements and the locations of the houses associated.
\Mith the project,

2) the House file, which contains information associated with the entire
house such as the house setup code, the start and stop dates for the
measurement and the overall air exchange rate,

3) t}¡.e Zone 1 file, which contains informatioã unique to the first house
zone in the measured building including the zoäe volume, the tracer
used and the infiltration and ãxfiltratioñ flo* rates for the zotte,

4) t}re Zone 2 frle, which contains information unique to the r".oná house
zotte, if any,

5) the Zone 3 file, which contains information unique to the third house
zotre, if any, and

6) the Zone 4 file, which contains information unique to the fourth house
zorte, if any.

There are rnany house records associated with a particular project
r-ecord, i.e. there_is a ryany-to-one relationship between lhe Project filõ and
the House file. Each House record is associate¿ *itft one Zone i record
since each house must have at least one zone. Therefore, a one-to-one
relatio_nship exists between the House file and the Zone 1 file. In addition,
each House record may or may not be associated with a record from the
lone 2, Zone 3 or Zone 4 files depending on how many zones the house was
divided into for the ventilation measurement.

The files associated with the PFT database and the connections
between them can be illustrated using the diagram shown on the next page.



Each house calculation can be identified by a unique field that exists
in the House ñle and all its associated zone files. In the description of tJ. e
fields in each file below, this field is labelled HOFILE in the Hôuse file,
ZlFn'E in the Zone 1 file, ZZEtr E in the Zone 2 frle, ZSFI&E in the Zonó B file
andZ{Ftr-'E in the Zone 4 file. The House and Zone files can always be
related through this unique file code.

The following pages contain a detailed description of the fields
associated \Mith each of the files in the database. Inõtuded are the field type
(character, number or date), the length of the character fi.elds, the numÉèr
of decimal places in the number fields and a description of the contents of
each field.
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FTI.E STRUCTURE FOR THE PROJECI FILE

TYPE TENGTH DEC DESCRIPTfONNAME

10
I
2

r.0
40
40
30
30
t2
t2
40
40
40
40

2
7

40

1
2
3
4
5
6
7
I
9

1.0

11
I2
13
L4
15
16
I7

PRCODE
PRZIP
PRSTATE
PRCNTRY
PRDESC]-
PRDESC2
PRCONTl
PRCONT2
PRTELl
PRTEL2
PRCOMPl
PRCOMP2
PRÂDDR
PRCOTWN
PRCOST
PRCOZTP
PRTO!{N

Char
Char
Char
Char
Char
Char
Char
Char
Char
Char
Char
Char
Char
Char
Char
Char
Char

A UNIQUE PRO.]ECT CODE
ZfP CD. IIIHERE HOUSES LOCATED
STATE WHERE HOUSES LOCÀTED
COUNTRY WHERE HOUSES LOCATED
1ST LINE OF PRO.fECT DESCRIPT.
zND LTNE OF PRO.'ECT DESCRIPT.
CONTACT ].
CONTACT 2
TELEPHONE NUMBER 1
TEI,EPHONE NUMBER 2
COMPÀI{Y NAI,IE 1
COMPANY NAME 2
ADDRESS FOR COMPANY
TOT!¡N FOR COMPA}TY
STÀTE FOR COMPÀ}IY
ZIP FOR COMPÃ¡TY
TO!r¡N WHERE HOUSES LOCATED

FILE STRUCTURE FOR THE ¡¡OUSE FILE

NAME TYPE LENGTH DEC DESCRIPTION

1

2
3
4

6

5
I
7
9
10
11
L2
13
L4
15
16

PRCOÐE
HOFILE
HOSETUP
HOCOÐE
HOZONES
HOCOND
HODATE].
HOTIME].
HODATE2
HOTIME2
HOÀCHT
HOEÀCHT
HORTT
HOERIT
HODATEC
HOHRS

Char
Char
Char
Char
Number
Number
Date
Char
Ðate
Char
Number
Number
Number
Number
Date
Number

10
I

L2
L0

A UNIQUE PRO.'ECT CODE
À UNIQUE HOUSE CODE
THE HOUSE SETUP CODE
HOUSE CODE SUPPLTED BY USER
NUMBER OF ZONES
THE OVER.ATL CONDITION NI'MBER
START DÀTE
START TIME
STOP DATE
STOP TII"ÍE
HOUSE ACH
ERROR FOR ABOVE
TOTÀL HOUSE INFILTP"ATION FI.O?[
ERROR FOR ABOVE
DATE RESUT,TS COIVIPUTED
TOTAL SA}IPLE HOURS

3
3
1
L
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FILE STRUCTURE FOR THE ZONE 1 FIÍ,E

NAME TYPE LENGTH DEC DESCRIPTTON

l- Z1FILE Char I
2 ZIDESC Char 10
3 ZIVO! Number
4 Z1TEMP Nurnber
5 Z1NS Number
6 Z1NC Number
7 Z1SR Nu¡nber
I Z1COND Nu¡nber
9 21R11 Nurnber
10 ZIER11 Number
l-1 Z1ACH1 Nurnber
L2 Z1EACH1 Number
13 Z1RI1 Number
L4 Z1ERI1 Number
15 ZIREI- Number
16 Z1ERE1 Nurnber
L7 Z1FIE Number
18 Z1EFIE Number
19 Z]-CL]- Number
20 ZlEClL Number
2L Z1TRID Char 6

UNTQUE CODE; SAME AS HOFILE
DESCRIPTION

O VOLUME (CUBIC METERS)
O TEMPERå,TT'RE ("F)
O NUMBER OF SOURCES
O NUMBER OF CATS
O SOURCE RATE (nL/h)
3 ZONÀL CONDTTION NUMBER
1 TOTAL FI,Otf rNTO ZONE (m^3/h)
1 ERROR FOR ABOVE
3 ACH FOR ZONE
3 ERROR FOR ABOVE
1 TNFILTRATTON RATE
1 ERROR FOR ABOVE
1 EXTILTRATION RÀTE
]- ERROR FOR ABOVS
3 INFTLTRÀTION/EXFILTRÀTION
-3 ERROR FOR ABOVE
2 CONC. OF TRå,CER 1 rN ZONE 1
2 ERROR FOR ABOVE

TRACER USED
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FITE STRUCTURE FOR THE ZONE 2 FILE

NAI.,IE TYPE LENGTH DEC DESCRIPTION

I Z2ETLE Char I
2 ZZDE,SC Char 10
3 Z2VOL Nu¡nber
4 z2lIBt"tP Number
5 Z2NS Nu¡nber
6 Z2NC Number
7 Z?SF. Nurnber
B Z2COND Number
I 22P.22 Number
10 Z2ER22 Number
1l- Z2ACHZ Nu¡nber
L2 Z2E,ACH? Number
13 Z2RI2 Nu¡nber
L4 Z2E'F.IZ Number
15 ãZF-E? Number
16 Z?ERE2 Number
I7 Z2EIE Number
18 ZZEFTE Number
19 ZZCL2 Number
20 ZZECL2 Number
2l Z2C2l Number
22 Z2EC?L Number
23 22C22 Number
24 Z2EC22 Number
25 Z2R3-2 Number
26 Z?EP.L2 Nurnber
27 Z2R2l Number
28 ZZEF.2L Number
29 Z2gL2 Nu¡nber
30 ZZEEL2 Number
3L Z2TRID Char 6

UNIQUN CODE,. S.AI{E ÀS HOFILE
DESCRTPTION

O VOLUME
O TEMPERÀTURE
O NUMBER OF SOURCES
O NUMBER OF CÀÎS
O SOURCE RATE
3 ZONAL CONDITION NUMBER
1 TOTAL FLOI{ INTO ZONE
1 ERROR FOR ABOVE
3 ÀCH FOR ZONE
3 ERROR FOR ABOVE
1 INFII,TRATION RÀTE
1 ERROR FOR ABOVE
1 EXFILTR,ATTON R.A,TE

1 ERROR TOR ÀBOVE
3 INFILTRATION/EXFTLTR.A.TION
3 ERROR FOR ABOVE
2 CONC. OF TRÀCER 1 TN ZONE 2
2 ERROR FOR ÀBOVE
2 CONC. OF TRACER 2 IN ZONE ].
2 ERROR TOR ABOVE
2 CONC. OF TRÀCER 2 IN ZONE 2
2 ERROR FOR ABOVE
1 FLOW FRO!4 ZONE 1 TO 2
]. ERROR FOR ABOVE
L FLO!{ FROM ZONE 2 10 1
1 ERROR FOR ABOVE
3 RATIO OF L2/2L
3 ERROR FOR ÀBO\/E

TR¡,CER USED

t2



FTLE STRUCTURE FOR, THE ZONE 3 FILE

NAME TYPE LENGTH DEC DESCRTPTION

1
2
3
4
5
6
7
I
9

10
11
L2
13
t4
L5
16
L7
18
19
20
2L
22
¿J
24
25
26
27
28
29
30
3r.
32
33
34
3s
36
37
38
39
40
4L

Z3FTLE
z3DESC
z3voL
Z3TEMP
Z3NS
z3Nc
z3sR
z3coND
23R33
z3ER33
z3ACH3
Z3EÀCH3
z3Rr3
Z3ERI3
Z3RE3
Z3ERE3
Z3FIE
Z3EFIE
z3ct3
z3EC13
23c23
z3Ec23
23c31
z3Ec31
23c32
z3Ec32
23c33
z3Ec33
23R13
z3ER13
23R31
z3ER31
z,3F.23
z3ER23
23F.32
z3ER32
z3rL3
z3EF13
23F23
z3E,F23
Z3TRID

Char
Char
Number
Nu¡nber
Nu¡nber
Number
Nurnber
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Nu¡nber
Nu¡nber
Nurnber
Nu¡nber
Number
Number
Number
Number
Number
Number
Nunber
Number
Number
Number
Nurnber
Number
Char

I
10

UNIQUE CODE; SAME ÀS HOFILE
DESCRIPTION
VOLUME
TEMPERÀTURE
NUMBER OF SOURCES
NT]MBER OF CATS
SOURCE R.ATE
ZONAL CONDTTION NT]MBER
TOTÀL FLOW INTO ZONE
ERROR FOR ÀBOVE
ACH FOR ZONE
ERROR FOR ABOVE
TNFTLTRÀTTON RÀTE
ERROR FOR ABOVE
EXFILTRÀTTON RATE
ERROR FOR ÀBO\/E
rNF ILTRÀT ION/ EXF ILTRÀT ION
ERROR FOR ABO\/E
CONC. OF TR.ACER 1 IN ZONE 3
ERROR FOR ABOVE
CONC. OF TRÀCER 2 IN ZONE 3
ERROR FOR ABOVE
CONC. OF TRÀCER 3 IN ZONE 1
ERROR FOR ÀBOVE
CONC. OF TRÀ,CER 3 IN ZONE 2
ERROR FOR ÀBOVE
CONC. OF TRACER 3 IN ZONE 3
ERROR FOR ABOVE
FLO!{ FROM ZONE 1 TO 3
ERROR FOR ABOVE
FLO!{ FROM ZONE 3 TO 1
ERROR FOR ABOVE
FLOW FROt'f ZONE 2 TO 3
ERROR FOR ABOVE
FLOVÙ FROM ZONE 3 TO 2
ERROR FOR ABOVE
RATIO t 3/31
ERROR FOR ABOVE
RATIO 23/32
ERROR FOR ABOVE
TRÀCER USED

0

0
0
0
0

3
1
l_

3
3
1
1
1
1
3
3
2
2
2
2
2
2
2
2
2
2
1
l-
1
1
L
1

1
1
3
3
3
3

t3



FTLE SÎURCTURE FOR THE ZONE ¡I FIT,E

NAME TYPE LENGTH DEC ÐESCRTPTION

1 Z4FILE Char 8
2 Z4DF,SC Char 10
3 ZAVOL Number
4 Z41E,["1P Number
5 Z4NS Number
6 Z4NC Number
7 Z4SR Number
I z4CoñD Nu¡nber
9 24F.44 Number
10 Z4ER.44 Number
L1 ZAACHA Number
12 Z4EACH4 Number
13 Z4P.I4 Number
14 Z ERIA Number
15 Z4RE4 Number
L6 Z4ERE4 Nu¡nber
17 ZAET.E Number
18 Z EFLE Number
l-9 24C14 Number
20 z4EC14 Nu¡nber
2L 24C24 Nurnber
22 Z4EC24 Number
23 24C34 Number
24 Z4EC34 Number
25 Z4C4L Number
26 Z4ECAL Nu¡nber
27 24C42 Nu¡nber
28 Z4EC42 Number
29 24C43 Number
30 Z4EC43 Number
31 24C44 Number
32 Z4EC44 Number
33 Z4P.]-4 Number
34 Z4EP.]-4 Number
35 Z4F.4l Nurnber
36 Z4ER41 Number
37 24P.24 Number
38 Z4EF'24 Nurnber
39 24F.42 Number
40 Z4EF.42 Nunber
4L 24R34 Number
42 Z4ER34 Number
43 z,4R43 Number
44 Z4ER43 Number
45 Z4Fl4 Number
46 Z EFL  Number
47 24F.24 Number
48 Z4Eî24 Number
49 24F34 Number
50 Z4E'F34 Number
5l- Z4TRID Char 6

UNIQUP CODE,. SAME AS HOFTLE
DESCRIPTION

O VOI,UME
O TEMPERATURE
O NUMBER OF SOURCES
O NUMBER OF CATS
O SOURCE RÀTE
3 ZONAL CONDITION NT'MBER
1 TOTÀL F].OVÛ TNTO ZONE
1 ERROR FOR ÀBOVE
3 ÀCH FOR ZONE
3 ERROR FOR ÀBOVE
]. TNFILTR.â,TION RATE
1 ERROR FOR ABOVE
]. EXFIITRATTON R.ATE
1 ERROR FOR ABOVE
3 TNEILTRATION/EXFTLTRATION
3 ERROR FOR ABOVE
2 CONC. OF TRACER 1 IN ZONE 4
2 ERROR FOR ABOVE
2 CONC. OF TRACER 2 IN ZONE 4
2 ERROR FOR ABOVE
2 CONC. OF TR.A,CER 3 rN ZONE 4
2 ERROR FOR ÀBOVE
2 CONC. OF TRACER 4 IN ZONE 1
2 ERROR FOR AE}OVE
2 CONC. OF TRÀCER 4 IN ZONE 2
2 ERROR FOR ABOVE
2 CONC. OF TRÀCER 4 rN ZONE 3
2 ERROR FOR ABOVE
2 CONC. OF TRACER 4 rN ZONE 4
2 ERROR FOR ÀBOVE
1 FLOW FROM ZONE 1 TO 4
1 ERROR FOR ABOVE
1 FLOW FROM ZONE 4 TO 1
1 ERROR FOR ABOVE
1 FLOW FROM ZONE 2 TO 4
1 ERROR FOR ÀBOVE
1- FLOW FROM ZONE 4 TO 2
1 ERROR FOR ÀBOVE
1 FLOW FROM ZONE 3 TO 4
1 ERROR FOR ABOVE
1 FLOW FROM ZONE 4 TO 3
1 ERROR FOR ABOVE
3 RÀtfo t4/4I
3 ERROR FOR AE}OVE
3 R.ATI.O 24/ 42
3 ERROR FOR ABOVE
3 RATIO 34/43
3 ERROR FOR ABOVE

TRACER USED

t4



Using tlre Database

The following section briefly describes the use of the PFT database
with DBASE III Plus. This section is not intended to be a manual for using
the PFT database with DBASE or is it intended to be a tutorial on the ,rr" of
DBASE III Plus. \[e have assumed here t]rat the user is already familiar
with DBASE and is loo\ing primarily for general guidelines on õreating the
database structure and importing ttrô data.

The files contained on the IBM 360k disks have been written in what
is known as comma-delimited format. This means that fi.elds are
s-eparated by commas, records are separated by carriage returns, and
character fields are surrounded by quotation marks. Tfus is a format that
DBASE III Plus can read directly.

Before attempting to read the fi.les, use the CREATE command. in
DBASE to create a .DBF file for each of the six files described in the previous
section. The file formats are listed on the previous fi.ve pages. File formats
for the Zone frles have the HOFTT,E field renamed ZIFILE,ZZFILF,, Z3FILE
AND z4FILg'. rwhen creating the .DBF ñle for each of the zone ñles, use
HOFILE as the field name. This makes HOFILE the common fietd iint
between the House and Zone files. Note also that the common field between
the House and Project files is the ñeld called PRCODE.

- To irnport the data into each file, use the APPEND FROM command
and identify the file as DELIMITED. Once these files have been imported
into their respective .DBF files, the House and Zone files can be related
rhrgugh th_e leld HOFILE in a chain format as required by DBASE. The
Project 1!d House files can be related through PRCODE in the sarne way.
To use all six files simultaneously, relate the House and Zone files in thõ
above fashion and use the Project file as a lookup file using PRCODE as the
lookup field. This wilt requirê a small amount of prograäming.

The PFT database can also be used on the Apple Macintosh through
the Omnis 3 Plus database pro!f,am. A database süucture and a methoã
for viewing the database have already been created for this purpose at BNL.
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