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2.4 Approach for Applying Simulation Tools

Two new approaches have been considered in this project to add the capabilities to

CONAIR of simulating subslab venting systems, separations between the basement

wall and backfill, and air barriers: modify PRESSU and MASTRA, and add them to

CONAIR so all three programs run together; or develop an input file generator for

CONAIR so it can also simulate airflows, pressures, radon fluxes, and radon
« concentrations in the soil.

In the first approach, PRESSU and MASTRA would have to be substantially
modified, which would be difficult, because these programs are not written in a
modular style. The sequential node method used in these programs is not directly
compatible with the simultaneous one used in CONAIR. This difference would
significantly complicate direct linking of these programs.

In the second approach, extending the capabilities of CONAIR does not involve
PRESSU and MASTRA. Instead, a new program would be developed to generate
input data for CONAIR. CONAIR already has the capability to solve airflow
networks and to mode] convective and diffusive transport of radon through these
networks. Thus, an input generator would only need to describe the soil surrounding
a house as part of an airflow network already used to describe that house.

Specifically, the new program would define a three-dimensional grid, allocate and
characterize nodes to discretely describe the soil, and determine flow resistances
between these nodes based on soil permeability. The program would also
characterize the radon production rate at each node and the diffusivity of radon
between nodes.

The second approach is simpler than the first one, because it requires less
programming effort. Modifications to existing computer code not developed in-
house often require more time and effort to understand the structure of that code
than that required to develop and test new code. Therefore, the second approach
was used in this project.




2.3.2 Review of CONAIR

The CONAIR computer program (Wray 1990, Wray and Yuill 1990a, 1990b; Yuill
and Wray 1989) is capable of simultaneously solving for room pressures, interzone
airflows, HVAC system airflows, and flows across the building envelope, taking into
account the effects of buoyancy, wind, and building features. It includes a wind flow
model that can estimate the distribution of wind pressure coefficients on all four
sides of a building, and that can account for the effects of terrain on the wind velocity
profile. CONAIR also contains a model that accounts for two-way buoyancy-driven
airflows in large openings such as doorways. The program calculates steady-state
airflow rates on an hour-by-hour basis using hourly weather data such as wind
velocity, wind direction, and outdoor temperature.

Time-varying or steady-state radon levels under the influence of these airflow rates
can be predicted by the program. It simultaneously determines the concentrations at
discrete points within the building. The program can model: steady-state and/or
time-varying radon mass transport due to air movement (infiltration, exfiltration,
interzone airflows, and HVAC system airflows); removal of radon from the air by
-radioactive transmutation; and steady-state or time-varying generation of radon.
Provisions for simulating one-dimensional convection-diffusion processes are

included in the program.
2.3.3 Review of PRESSU and MASTRA

PRESSU and MASTRA implement three-dimensional steady-state finite-difference
models. PRESSU uses a sequential node method (Jeppson 1982) along with Darcy’s
law and the principle of conservation of mass, to predict the soil gas velocity and
pressure fields in a heterogeneous soil region surrounding a basement. MASTRA
uses the soil gas velocity field generated by PRESSU and a sequential node method,
along with models of radon production and of convective and diffusive transport of
radon, to predict radon concentrations and fluxes in the soil. MASTRA also predicts
total soil gas infiltration and radon entry rates from the soil into the basement. These
two programs can model basements that have a crack only at the basement wall/floor
intersection. However, they cannot model subslab venting systems, separations

between the basement wall and backfill, or air barriers in the soil.



studies of mitigation system types to gain an understanding of the general patterns of
radon dynamics and of mitigation system performance. This enables better and
cheaper mitigation systems to be developed.

23 Review of Existing Programs
2.3.1 Introduction

The work carried out in this project is the next step in a series of studies of radon
mitigation system performance that have involved the development of three
computer programs (Wray 1990, Yuill and Associates 1991). One program
(CONAIR) models airflow and the movement of radon in multizone buildings (Wray
and Yuill 1990a, Wray and Yuill 1990b). The other two programs (PRESSU and
MASTRA) model the three-dimensional flow of air and the emanation and transport
of radon in the soil surrounding these buildings (Loureiro 1987).

These programs have been linked in the past in a crude way (Wray 1990), which was
adequate for the studies carried out. The results of a series of runs at several
different pressures using the soil models were reduced to a flow equation and an
equation for radon source strength. These equations were then added to the
multizone model of the indoor space. This approach has been used to simulate air
and radon transport in a conventional house, but it cannot be used to model houses
with subslab venting systems. These systems introduce additional links between the
indoor space and the soil, which require a coupled network solution of the soil and

indoor space.

In the remainder of this Chapter, these programs are examined to determine their
applicability to simultaneously simulating the airflows and radon levels in a house
and in the heterogeneous soil surrounding its basement for three different radon
mitigation systems (basement suction, subslab depressurization, and subslab
pressurization). A new approach to simulating these systems is presented at the end
of this Chapter.



2.2 Need for Simulation Tools

The impact of radon mitigation systems such as subslab venting on airflows and
radon levels in buildings and in the soil surrounding them is too complex to predict
without computer simulation. Although preliminary field monitoring of a Winnipeg
test house has been carried out to study these interactions (Yuill and Associates
1991), the results of that work indicate more detailed monitoring is required if this
approach is to be used to fully understand the variations in airflow patterns and
radon levels caused by these systems. Unfortunately, that approach is prohibitively
expensive and time consuming if even a few combinations of building type, system
type, ventilation rates, and soil types are to be examined.

The analysis of airflows has significantly lagged the modelling of other building
features, because of limited data, computational difficulties, and incompatible
methods for analyzing different flows. This is particularly true of the combined
building, soil, and HVAC system simulation. In the past, methods have been applied
independently to analyze airflows in mechanical ventilation systems, to predict soil
gas flow fields, and to estimate total infiltration and natural ventilation for the
building. The predicted flows were then combined using crude superposition models
intended to account for the non-linear interactions between these processes. Kiel
and Wilson (1987) have shown that total ventilation is not well predicted by these
superposition models due to the non-linear interactions between pressures and flows
in the presence of natural and forced ventilation.

More sophisticated airflow models, such as multizone airflow and pollutant dispersal
analysis computer programs,; have been developed recently to treat the building and
soil as a network. In these models, the rooms, soil, and outdoor environment are
represented by nodes. Discrete airflow passages such as construction cracks, ducts,
fans, doorways, and sections of the-soil are represented by airflow elements that
connect the nodes to one another. Flows within these elements are calculated using
well-established relationships between airflow rate and element pressure differential
to solve sequentially or simultaneously for the pressure at each node as a function of
wind and stack effects and as a function of HVAC system operation.

Multizone simulation tools are far too complex to be applied to analyzing individual
houses to develop their mitigation systems. Rather, they can be used in generic



2.0 PHASE 1 - AIR/ RADON TRANSPORT SIMULATION TOOLS - A REVIEW

2.1 Introduction - Importance of the Research

Radon is a radioactive gas that is produced by the radioactive decay of radium. It is
part of the decay chain of uranium-238, which is present in varying concentrations in
most mineral materials. The precursors of radon are not a significant hazard,
because they are solids that remain bound in the minerals where they are produced.
Radon, however, is a noble gas, so it emanates from the radium-bearing minerals. In
soil, radon can move through the pore spaces.

Houses draw radon from the soil due to stack effect (the tendency of warm air to
rise) and due to wind effect (the alteration in indoor pressure caused by the flow of
wind over and around a house). As a result, the radon concentration in a house can
rise to a dangerous level. This does not happen in the atmosphere, because radon
has a short half-life (3.8 days), which allows it to decay fast enough to keep the
atmospheric concentration low.

Radon is our most serious indoor air pcllution problem. According to the U.S.
Environmental Protection Agency (EPA), radon-induced lung cancer kills about
20,000 Americans per year (Puskin and Nelson 1989), which is more than all other
indoor air pollutants combined. This amount is probably proportionally as high in
Canada.

Radon is also our most serious radiation problem. Well over half of the total
radiation exposure of the Canadian population is due to the radioactive decay
products of radon. Many thousands of Canadian homes expose their occupants to
more radiation than is permitted in uranium mines or around nuclear reactors.

Radon mitigation systems are presently being installed in houses, and it has been
found that they usually reduce radon levels substantially. However, more knowledge
is needed to make it possible to design these systems with confidence that they will
work, that their capital and operating costs will be minimized, and that their use will
not cause other problems.



It is recommended that:

1E

the finding regarding the potential of large separations between the basement
wall and backfill to contribute to soil freezing be studied further through
computer simulations of heat transfer and airflow in the soil, and

the finding about the relative performance of the mitigation system types be
confirmed by experiments in test houses and by computer simulation for a
wider range of configurations and soil types.



reduced by sealing the basement as tightly as possible before installing the subslab
depressurization system, and then adjusting the subslab depressurization flow rate to
provide just the amount of ventilation required to exclude entry of soil gas into the

house.

With a large separation between the basement wall and the backfill and without the
air barrier, most of the air removed by the subslab depressurization system passed
through the separation, and not through the basement. Further research regarding
the heat transfer around the footings is necessary to determine if the cold outdoor air
drawn through the separation by this system could cause the soil to freeze under the
footings and damage the foundation.

When the subslab depressurization system operated with a small separation or with a
soil air barrier installed, the program predictions showed the simulated house was
adequately ventilated according to CSA Standard F326.1-M1989 "Residential
Mechanical Ventilation Requirements" and soil gas entry into the basement was
excluded. With a large separation, this system did not adequately ventilate the house
and soil gas entered the basement. Although the simulations predicted that the
basement suction system also ventilated the house similarly for these same
conditions, soil gas always entered the basement when this system operated. The
predicted radon levels in the living room when this system operated were an order of
magnitude greater than those when the subslab depressurization system operated.
To reduce these levels with the basement suction system, the exhaust airflow rate
from the basement would have to be increased to eliminate flow from the basement
to the main floor. This increase would lead to unnecessary energy losses.

Program predictions also showed the subslab pressurization system did not
adequately ventilate the house according to CSA Standard F326.1-M1989 and did
not exclude soil gas entry from the basement under any conditions. The predicted
indoor radon levels when this system operated were significantly higher than those
when the subslab depressurization system operated. Most of the air exhausted from
the main floor and supplied to the subslab region by this system was predicted to
return to the main floor through the basement. This recirculation of exhaust air is
not permitted by CSA Standard F326.1-M1989.



1.0 EXECUTIVE SUMMARY

This project had the objectives of assessing the performance of subslab ventilation
systems and of assessing their potential for creating foundation problems and for
wasting energy. The approach taken to achieve these objectives was to use a
computer program (CONAIR) to simulate the flow of air and radon through a house
and the soil surrounding it for fifteen cases. These cases considered different
combinations of three radon mitigation systems (subslab depressurization, subslab
pressurization, and basement suction), a large and small separation width between
the basement wall and backfill, a soil air barrier at grade level, and two subslab

venting system flow rates.

One of the two most important findings was that indoor radon levels were always
lower with subslab depressurization than with subslab pressurization or basement
suction. For example, in the cases with a small separation width, a low subslab
venting system flow rate, and no soil air barrier, the radon concentration on the main
floor was 0.2 pCi/L with thc subslab depressurization system. This concentration was
the same as that outdoors, was 15 times lower than that with the basement suction
system, and was 60 times lower than that with the subslab pressurization system.

The second important finding was that in cases with a small separation between the
basement wall and the backfill, or in cases with an air barrier at grade covering the
separation and backfill, most of the air exhausted by the subslab depressurization
system from the subslab region originated in the basement, and not in the soil
Therefore, it is unlikely in these cases that cold outdoor air drawn through the soil by
the subsiab depressurization sysiem couid cause ihe s0il io ffecze under t

and damage the foundation.

The air flowing from the basement into the subslab region could create two
problems. It could depressurize the basement enough to cause furnace backdrafting,
and it could withdraw enough air from the house to cause excessive inflow of cold
outdoor air, thus wasting heating energy.

Radon mitigation contractors must be trained to avoid these two problems.
Excessive depressurization can be avoided by testing the house for furnace
backdrafting potential, and providing combustion air if necessary. Energy use can be
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séparation peut faire geler le sol sous les semelles et endommager les
fondations.

Lorsque le systéme de dépressurisation sous la dalle fonctionne dans une
maison ol la séparation est petite ou pourvue d'un pare-air au sol, le
programme indique que la maison en simulation est correctement ventilée,
respecte la norme F326.1-M1989 cz la CSA, intitulée «Ventilation des
habitations», et empéche l'infiltration des gaz souterrains. Lorsque la
séparation est grande, ce systéme n'arrive pas & ventiler la maison
adéquatement et les gaz souterrains parviennent & s'infiltrer dans le
sous-sol. Bien que les simulations révélent que le systéme d'aspiration au
sous-sol ventile tout autant la maison dans les mémes conditions, il n'entrave
pas l'infiltration des gaz souterrains dans le sous-sol. Les concentrations de
radon prévues pour le salon & l'utilisation de ce systéme sont plus élevées
par un ordre de grandeur que celles qui sont anticipées d& l'emploi du systéme
de dépressurisation. Pour que ces concentrations soient réduites avec le
systéme d'aspiration au sous-sol, il faudrait que le débit de l'air extrait du
sous—-sol soit accru de maniére a €liminer le mouvement d'air entre le sous-sol
et le rez-de-chaussée. Cette augmentation entralnerait toutefois des pertes
d'énergie inutiles.

Le programme montre &galement que le systéme de pressurisation sous la dalle
ne réussit pas a4 ventiler la maison suffisamment pour respecter la norme
F326.1-M1989 de la CSA et n'empéche jamais l'infiltration des gaz souterrains
dans le sous-sol. Les concentrations intérieures de radon prévues &
l'utilisation de ce systéme sont beaucoup plus élevées que lorsque le systéme
de dépressurisation est employé. Le logiciel prévoit que la majeure partie de
l'air extrait du rez-de-chaussée et amené sous la dalle par ce systéme
retourne au rez-de—chaussée en passant par le sous—-sol. Ce genre de
recirculation de l'air extrait n'est pas permis par la norme F326.1-M1989.

Recommandations

1. Il faudra étudier davantage, au moyen de plus amples simulations
informatiques du transfert de la chaleur et du mouvement de l'air
dans le sol, l'observation selon laquelle une grande séparation
entre le sous-sol et le remblai peut faire geler le sol.

2. La performance relative des divers systémes de réduction des
concentrations de radon devra étre confirmée au moyen d'expériences
dane des maisons d'essai ainsi que par simulation informatique pour
un large éventail de configurations et de sols.



RESUME

Cette étude a pour objectifs d'évaluer la performance d'installations de
ventilation sous la dalle et de déterminer si elles peuvent entrainer des
problémes de fondations et un gaspillage d'énergie. A ces fins, le logiciel
CONAIR est utilisé pour simuler le débit d'air et de radon passant dans une
maison et le sol envir_nnant. Quinze cas permettent d'étudier les différentes
combinaisons de systémes de réduction de la concentration du radon
(dépressurisation sous la dalle, pressurisation sous la dalle et aspiration au
sous—scl). En outre, ces cas servent 8 analyser l'efficacité d'une petite et
d'une grande séparation entre le mur du sous-scl et le remblai, la pose d'un
pare—air au niveau du scl et les débits de deux installations de ventilation
sous la dalle.

L'étude révéle deux phénoménes d'importance : premiérement, les concentrations
intérieures de radon sont toujours plus faibles en dépressurisation qu'en
pressurisation sous la dalle ou qu'en aspiration au sous-sol. Par exemple,
lorsque la séparation est petite, que le débit de l'installation de
ventilation sous la dalle est faible et qu'il n'y a pas de pare-air au sol, la
concentration de radon au rez-de-chaussée est de 0,2 pCi/L avec le systéme de
dépressurisation sous la dalle. Cette concentration est la méme que celle de
l'extérieur, soit 15 fois moins que ce gque l'on obtient avec le systéme &
aspiration au sous-sol et 60 fois moins qu'avec le systéme de pressurisation
sous la dalle.

Deuxiémement, lorsque la séparation entre le mur du sous—-sol et le remblai est
petite ou lorsqu'un pare-air au sol recouvre la séparation et le remblai, la
plupart de 1l'air extrait sous la dalle par le systéme de dépressurisation
provient du sous-sol et non du sol. Par conséguent, il est peu probable que,
dans ces cas, l'air froid de l'extérieur entrainé dans le sol par le systéme
de dépressurisation sous la dalle fasse geler le sol sous les semelles et
endommage les fondations.

L'air qui va du sous-sol & la zone située sous la dalle pourrait créer deux
problémes. Il pourrait dépressuriser le sous-sol suffisamment pour entrainer
le refoulement des gaz de combustion du générateur de chaleur et extraire
assez d'air de la maison pour causer l'admission excessive d'air froid
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Les entrepreneurs spécialisés dans la réduction des concentrations de radon
doivent étre formés de maniére i éviter ces deux problémes. On peut pallier a
la dépressurisation excessive en vérifiant si le générateur de chaleur de la
maison présente des risques de refoulement et en assurant, au besoin, un
apport d'air comburant. L'énergie utilisée peut &tre réduite en rendant le
soue-8ol le plus étanche possible avant d'installer le systéme de
dépressurisation sous la dalle, puis en réglant le débit de dépressurisation
de maniére a fournir la quantité exacte de ventilation requise pour empécher
l1'infiltration dese gaz souterrains.

Lorsque la séparation entre le mur du sous-sol et le remblai est grande et
qu'il n'y a pas de pare-air, la plupart de l'air extrait par le systéme de
dépressurisation passe par cette séparation et non par le sous-sol. De plus
amples recherches concernant le transfert de chaleur autour des semelles sont
nécessaires pour déterminer si l'air froid extérieur aspiré de la sorte par la
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ABSTRACT

The project had the objectives of studying the effectiveness of subslab ventilation
systems in reducing indoor radon levels, and of assessing their potentials for creating
foundation problems, wasting energy, and creating troublesome or dangerous indoor
depressurization. To achieve these objectives, a computer program was used to
simulate the flow of air and radon through a house and the soil surrounding it for
fifteen cases. These cases considered different combinations of three radon
mitigation systems (subslab depressurization, subslab pressurization, and basement
suction), a large and small separation width between the basement wall and backfill,
a soil air barrier at grade level, and two subslab venting system flow rates.

Of the three systems, subslab depressurization always worked best. With a small
separation between the basement wall and the backfill, or with the soil air barrier
installed, most of the air removed by this system came from inside the basement, not
from the soil. Therefore, cold air drawn through the soil by this system is unlikely to
cause the soil to freeze under the footings and damage the foundation. However,
this flow of air from the basement could depressurize the basement enough to cause
furnace backdrafting, and could withdraw enough air from the house to cause
excessive inflow of cold outside air, thus wasting heating energy.

Radon mitigation contractors must be trained to avoid these two problems.
Excessive depressurization can be avoided by providing combustion air if testing the
house indicates a potential for furnace backdrafting. Energy use can be reduced by
sealing the basement as tightly as possible before installing the subslab
depressurization system, and then adjusting that system’s flow rate to provide just the
ventilation required to exclude entry of soil gas into the house.

With a large separation between the basement wall and the backfill and without the
air barrier, most of the air removed by the subslab depressurization system passed
through the separation, and not through the basement. Further research regarding
the heat transfer around the footings is necessary to determine if the cold outdoor air
drawn through the separation by this system could cause the soil to freeze under the
footings and damage the foundation.
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3.0 PHASE 2 - PROGRAMMING AND VALIDATION
3.1 Program to Generate Input Files for CONAIR
3.1.1 Introduction

In this project, the soil was assumed to be a porous medium with no open channels or
fractures. It was also assumed that: soil properties are constant and isotropic within
each distinct region of the soil surrounding the basement; the soil gas in the pore
spaces can be treated as a single-phase gaseous mixture of air and radon; and soil gas
density was constant, so the soil gas was considered to be incompressible.

The geometrical configuration of the basement and surrounding soil for the house
modelled in this project is shown in Figure 3.1. It is based on the configuration used
by Loureiro (1987). Only one quarter of the soil surrounding the basement was
modelled, because symmetry around the basement was assumed. Except for the
surface of the soil at grade and the surface immediately below the basement floor
perimeter crack, it was assumed there is no flow across boundaries of the quarter soil
block.

Basement wall footings were not modelled, because it was assumed the subslab
region and bottom of the backfill region are coupled and have flow resistances
several orders of magnitude lower than the rest of the soil. Ignoring the footings is
not expected to significantly affect the program predictions for the cases considered
in this project. However, further research in a future project should be carried out to
quantify the effect footings and drain tile systems have on program predictions.

The basement has dimensions of 2ly, 2}y, and 1. The soil block has dimensions 2L,
2Ly, and L;. Three different regions of aggregate soil material with thicknesses Iy aggr,
}.ager, and lz.aggr in the x-, y-, and z-directions respectively are located just outside the
basement. The basement walls have thicknesses of t; and ty respectively in the x- and
y-directions. The floor has a thickness of t,. Soil gas can enter the basement only
through a crack located at the wall-floor interface. The crack width is C; and C; in
the x- and y-directions respectively.
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Figure 3.1. Basement and soil block geometrical configuration.
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A single network was used to represent the house, the soil surrounding it, and the
radon mitigation systems. Each room of the house was considered to be a single
zone. To simulate soil gas flow and radon levels within the soil, the quarter soil block
was divided into hundreds of nodes using a non-uniform three-dimensional grid. The
method for defining the grid is similar to that used by Loureiro (1987). Each soil
node was placed at the center of a different grid control volume.

Indoor nodes were connected with convective flow elements, while the soil nodes
were connected by convective-diffusive flow elements. The house was coupled to the
soil using convective-diffusive flow elements to represent the crack at the basement
floor perimeter. Another set of convective-diffusive flow elements were used to
represent the separation between the basement wall and backfill. The subslab radon
mitigation systems were represented by constant-flow convective elements supplying
air to or exhausting air from a node in the subslab region immediately beneath the

center of the floor slab.

To use CONAIR, several parameters had to be specified for each node and/or flow
element in each of the four distinct soil regions. These included the depth of each
node below grade, the mass of air in the control volume surrounding each node, the
radon generation rate for each node, the flow resistance to gas in each element, the
radon diffusivity in each element, the length of each element, and the mass per unit
length of each element. The manual calculation and specification of these
parameters would be prone to error and too time consuming to carry out within the
scope of this project. To solve this problem, a new computer program was developed
by Yuill and Associates. The program subdivides the soil, determines the necessary
parameters, and generates CONAIR input data files. The input file generator
program is listed in Appendix A.

Using the new program, the soil block was subdivided into ten planes in the x-
direction, ten planes in the y-direction, and eleven planes in the z-direction. Figure
3.2 shows the locations of these planes in the soil. The total network consisted of 787
nodes and 2143 elements, of which 778 nodes and 2100 elements were in the soil.
Excerpts from a sample set of CONAIR input files generated using this program are
listed in Appendix B. The entire files were not included, because they are too large.
These excerpts illustrate the format of the input files.
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Figure 3.2. Location of soil regions around basement.
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3.1.2 Airflow Network Inputs
3.1.2.1 Soil Permeabilities and Flow Coefficients

Darcy’s law (Wray 1990) and the fundamental principle of conservation of mass were
assumed to govern the flow of gas through the soil. However, CONAIR does not
contain a flow element based on Darcy’s law. To model flow in the soil based on
Darcy’s law, the power law resistance element in CONAIR was used. For this
element, the relationship between flow and pressure difference is based on that
which is commonly used to represent leaks across a building envelope (Wray 1990).
A flow exponent of 1.0 in the soil was assumed. Thus, the relationship between the
flow coefficient and soil permeability was defined as:

C=kA (tho)®3/(ul) 3.1)
where

C = flow coefficient, (m?-kg)*5/(Pa-s).

k = soil permeability, m?.

A = element cross-sectional area, m-.
rho= soil gas density, kg/m?.

1 = soil gas dynamic viscosity, Pa-s.
1 = element length, m.

For the basement floor perimeter crack and for the separation between the
basement wall and backfill, the same power law relationship was used, but the flow
coefficients were defined differently. For these flow elements, it was assumed the
flow was fully-developed and was similar to that between flat parallel plates
(Loureiro 1987). Thus, assuming a flow exponent of 1.0, the flow coefficient for
these elements was given by:

C=12(rtho) A/(12ul) (3.2)
where

t = distance between parallel sides of crack or separation, m.
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For elements with flows crossing interfaces between soil regions, an expression based
on mass continuity was developed to evaluate the effective flow coefficient for these
elements. The effective coefficient was calculated using the effective soil
permeability, which is approximated by the weighted average of the soil
permeabilities in each of the two regions, as follows (Loureiro 1987):

Kett = (ki * k2) (b +12) /(I * k) + (I2 * ku)) (3-3)
where

keir = effective soil permeability, m2.

k; = soil permeability in region 1, m2.
k2 = soil permeability in region 2, m?.
li = length of element in region 1, m.
l. = length of element in region 2, m.

The soil permeabilities used in this project for each region of the soil are described in

detail in Section 4.1.2. The input file generator used those permeabilities along with
the node locations to define the characteristics for each flow element in the soil.

3.1.3 Radon Transport Parameter Inputs
3.1.3.1 Production of Radon in Soil
It was assumed that production of radon occurred only in the soil. The rate at which

radon enters pore spaces from soil particles was similar to that defined by Nazaroff
et al. (1989):

S = (1.332 x 10") f rhos [2°Ra] Rngec (1-€) V (3.4)
where
S = production rate of radon into pore spaces,
radon atoms/h.
1.332x 104 = conversion factor for Ci/s to atoms/h.

{ = radon emanation fraction, dimensionless.
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rhos = soil particle density, kg/m3.

[#26Ra] = radium-226 concentration in soil particles, Ci/kg.
Rngec = radon decay constant, s'..

e = soil porosity, dimensionless.

\'% = soil control volume, m3.

The parameters required in Equation 3.4 to characterize radon production in the soil
regions surrounding the basement are described in detail in Section 4.1.2. The input
file generator used these parameters along with control volume sizes it calculated
from grid control surface locations to determine radon production rates for each
node in the soil.

3.1.3.2 Diffusion of Radon in Soil

Equation 3.4 defines the rate at which radon escapes from soil particles into pore
spaces around the particles. However, it does not describe the transport of radon
through the pore spaces into the basement, subslab venting system, or outdoor air.
This transport is driven by convection and diffusion.

A general steady-state transport equation similar to the thermal conduction-
convection equation is implemented in CONAIR to represent radon flow in an
element from one node to another node (Axley 1988). In that equation, the diffusive
mass transport rate is described relative to the convective mass transport rate, based
on Fick’s one-dimensional law of molecular diffusion. According to that law, the rate
of diffusion in an element is dependent on the radon concentration gradient across
the length of that element, and on the bulk diffusion coefficient for radon for that
element. This diffusion coefficient relates the radon concentration gradient in an
element to the flux density across the geometric cross-sectional area of that element
(Nazaroff and Nero 1988).

The bulk diffusion coefficients used in this project for each region of the soil are
described in more detail in Section 4.1.2. For convective-diffusive elements crossing
interfaces between soil regions, an effective diffusion coefficient was determined
using a relation similar to that described by Equation 3.3. Diffusion of radon through
the concrete (other than through the crack) was assumed to be negligible.
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The input file generator also determined the mass per unit length for each
convective-diffusive flow element. This parameter was used in CONAIR to calculate
a Peclet number and then an upwind factor for each element to maintain numerical
stability for large Peclet numbers. The Peclet number is a measure of the
importance of convection relative to diffusion. High Peclet numbers indicate
convection is the dominant transport mechanism.

3.2 Porting CONAIR to a Mainframe Computer Environment

Normally, CONAIR is run on a microcomputer. However, the networks involved in
these simulations required large amounts of memory. Six megabytes of memory
(RAM) were required for each simulation. Each set of CONAIR input files was
approximately 500,000 bytes in size. The set of output files from CONAIR for each
simulation was of a similar magnitude. Execution times for running these large
networks on a microcomputer were expected to be unacceptably long. Thus, the
program was modified, recompiled, and run instead using a commercially-available
IBM 3090 Model 150S mainframe computer.

CONAIR is written in FORTRAN. Several changes were made to this source code
to allow it to be compiled and run on the mainframe computer. These changes

included:

—_

truncating file input and output record lengths,
2. replacing do case structures with if statements,
3. altering include file specifications,

4. altering file naming protocols,

5. altering interactive prompts, and

6. increasing maximum allowable numbers of nodes, elements, and element
characteristics to permit simulations of the large networks.
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In addition to these changes, a new feature was added to CONAIR. A multiplier for
convective and diffusive flow through an element was added. The modification was
necessary to correctly link the house sub-network with the soil sub-network, which
included only a quarter of the soil surrounding the basement. For each element
connecting the soil to the outdoors, or connecting the soil to the basement, a flow
multiplier of four from the soil was specified.

Only steady-state simulations were carried out in this project, because budget
constraints did not permit time-varying runs. The steady-state runs provide sufficient
information for the purposes of this project. It should be noted that if time-varying
runs had been carried out, they still would be significantly less expensive than
monitoring.

3.3 Post-Processor Program
3.3.1 Introduction

As described in Section 3.2, CONAIR produces very large output files for the
networks generated in this project. These output files include the pressure
differential across each element, the flows through each element, the pressure at
each node, and the radon concentration at each node. To analyze these data without
summarizing them is impractical. However, summarizing these data manually would
be prone to error and too time consuming to carry out within the scope of this
project. To solve this problem, another new computer program was developed by
Yuill and Associates to summarize CONAIR output files. A listing of the post-
processor program is included in Appendix C. The summaries produced by this
program are described in Sections 3.3.2 through 3.3.4.

3.3.2 Airflows Between House, Soil, and Outdoors

To summarize the predicted airflow data, the soil block was considered to be two
single control volumes (separation and remaining soil space), and each room indoors
was considered to be a separate control volume. Each control volume was enclosed
by a control surface. The flows across these control surfaces were of five different
types: infiltration (the flow of outdoor air into a control volume), exfiltration (the
flow of air out of a control volume to the outdoors), exhaust (the constant fan-driven
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flow of air out of a control volume to the outdoors), supply (the constant fan-driven
flow of air from the outdoors into a control volume), and interzone (all other flows).
Total flows of each type between connected pairs of control volumes were
determined by the post-processor program using CONAIR output files as input. The
post-processor program generated output files summarizing these data. The
program also converted the mass flow rates predicted by CONAIR in units of kg/s to
volumetric flow rates in units of L/s, using an air density corresponding to standard
conditions (barometric pressure of 101,325 Pa and a temperature of 20°C). The
format of the zonal airflow summaries is shown in Appendix D.

3.3.3 Pressures Indoors and Profiles in Soil

The pressures predicted by CONAIR are total pressures relative to the outdoor
pressure at grade level. ‘These total pressures are the sum of hydrostatic pressures
and disturbance pressures. The hydrostatic pressure is a result of the mass of air at
rest in the house, in the soil, and outdoors. The disturbance pressure at any node in
the network is a result of pressure disturbances imposed at that node or at other
nodes in the network. Thus, it is the disturbance pressures that are of primary
interest in understanding how radon mitigation systems operate. Since the
hydrostatic pressure is constant (independent of disturbance pressures), it can be
eliminated, leaving only the disturbance pressure. The post-processor program
carried out these calculations using CONAIR output files as input. The output files
generated by the post-processor program include summaries of disturbance
pressures for each room indoors, along with disturbance pressure fields in the soil

surrounding the basement.

Appendix E shows the format of the disturbance pressure fields in the soil. Figure
3.2 illustrated the location of the soil regions around the basement. All vertical slices
shown in Appendix E are in the x-z plane.

In the x-z planes shown in Appendix E, vertical slice Y=1 is at the center of the
basement floor. Vertical slice Y=9 is at the outer limit of the soil block. Lines in
each figure outline the different soil regions considered. Regions with asterisks
represent concrete (basement wall and floor), which is impermeable to airflow and

radon transport.
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The perimeter crack is shown in vertical slices Y=1 through 3 at coordinates X=4
and Z=2, and in vertical slice Y=4 at coordinates X=1 through 4 and Z=2.

The separation between the basement wall and backfill is shown in vertical slices
Y =1 through 5 at coordinates X=6 and Z=1 through 2, and in vertical slice Y=6 at
coordinates X=1 through 6 and Z=1 through 2.

The backfill region is shown in vertical slices Y=1 through 6 at coordinates X=7 and
Z=1 through 2, and in vertical slice Y=7 at coordinates X=1 through 7 and Z=1
through 2.

The subslab gravel region is shown in vertical slices Y=1 through 7 at coordinates
X=1 through 7 and Z=3 through 8.

The subslab mitigation systems supplied air to or exhausted soil gas from coordinate
X=1and Z=3 in vertical slice Y=1.

3.3.4 Radon Concentrations Indoors and Profiles in Soil

The radon concentrations predicted by CONAIR are on an atomic number basis in
units of radon atoms per unit mass of air. The more traditional unit for radon
concentrations is pCi/L, which describes the activity concentration. Thus, the post-
processor program converted the radon concentrations to units of pCi/L using an air
density corresponding to standard conditions (barometric pressure of 101,325 Pa and
a temperature of 20°C).

The output files generated by the post-processor program include summaries of
radon concentrations indoors, the radon concentration at the subslab vent location,
the average radon concentration at the bottom of the basement floor perimeter
crack, along with radon concentration fields in the soil surrounding the basement.
The format of the radon concentration fields is shown in Appendix F. The structure
of these fields is the same as that presented for the disturbance pressure fields in
Appendix E.
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3.4 Program Validation

CONAIR has been validated by comparing its predictions with those of other
available programs or solution techniques to determine whether the predictions of
CONAIR are reliable.

AIRNET is one of the programs on which CONAIR is based. Walton (1989) has
compared the predictions of AIRNET with those of ESPAIR (ABACUS 1986),
which is a separate airflow analysis program included in the ESP building thermal
analysis program. AIRNET and ESPAIR were used to solve a large airflow network
that represents a four-storey building with six rooms, a hallway, an elevator shaft, and
a stairwell on each floor. Both programs solved the same airflow and pressure fields,
but AIRNET was significantly faster than ESPAIR (a factor of approximately 1000).

Walton also described 14 analytical validation tests he carried out to demonstrate the
performance of AIRNET. In all cases, AIRNET predictions matched the analytical
results. These cases were also analyzed using CONAIR. CONAIR’s predictions
were exactly the same as those of AIRNET.

CONAIR has also been validated through comparisons with four other airflow
analysis programs. Three of these programs (SCAFA, LINEAR, and SIMLOOP)
have been developed by Yuill and Associates (1990b). The fourth program was
ASCOS (Klote and Fothergill 1983). The solution methods used in these programs
vary. In the comparisons of the predictions of these five programs, the same case
was run in each program. The case involved a five-storey building with an atrium, a
zoned smoke control system, stairwell pressurization, and atrium exhaust. This
building had 66 zones and 170 airflow paths. All programs predicted the same zone
pressures, element pressure drops, and flows.

CONTAM 87, another program on which CONAIR is based, has been validated
internally by NBS (Axley 1988) through one inter-program comparison and two
comparisons of program predictions with measured data. In addition, the program
has been externally validated by another inter-program comparison (Sparks 1988).
For cases for which input data were available, CONAIR predictions were identical to
those of CONTAM 8&7.
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The input file generator program used for CONAIR is based on algorithms used in
the computer programs PRESSU and MASTRA (Loureiro 1987). Loureiro carried
out tests to determine whether the predictions of his programs behaved as expected.
Several of these tests involved comparisons of program predictions for simple test
cases with hand-calculated results obtained using the fundamental principle models
described in his dissertation. He also carried out sensitivity studies to determine the
effects of house size, disturbance pressure, crack width, soil permeability, soil
porosity, and bulk diffusivity of radon in soil on the predictions of PRESSU and
MASTRA. These sensitivity analyses indicated that the variations in program
predictions exhibited the expected behavior. However, these results do not verify the
accuracy of the programs.

Loureiro employed analytical techniques to test the subroutine used by the two
programs that implements the widely accepted Thomas algorithm (Patankar 1980)
for solving transport equations. In these tests, this subroutine was used to solve for
heat flow in a one-dimensional bar and in a two-dimensional surface. The heat flow
predictions generated using this subroutine agreed well with the results obtained
analytically.

Validations of PRESSU and MASTRA have also been carried out by other
researchers (Fisk et al. 1989). Exact analytical models (Mowris and Fisk 1988) have
been used to check the predictions of Loureiro’s programs for homogeneous soils, in
the absence of diffusion. Excellent agreement was reported. Diffusion was
neglected, because analytical models that include this phenomenon are not presently

available.

CONAIR and the new input file generator program were also validated through a
program-program comparison with PRESSU and MASTRA. A 600-node
representation of a basement and heterogeneous soil block was specified in
PRESSU. Based on the three-dimensional finite-difference grid generated by
PRESSU, a CONAIR airflow network representation of the same soil block and
basement was also developed using the input file generator program. The pressure
and airflow rate predictions of CONAIR and PRESSU were identical. The
concentration predictions of CONAIR and MASTRA were identical.
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The output of the post-processor program was validated through comparisons of
program predictions with hand-calculated results obtained using the algorithms
implemented in the program. Perfect agreement was obtained.
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4.0 PHASE 3 - COMPUTER SIMULATION OF SUBSLAB VENTING SYSTEMS
4.1 Input Data
4.1.1 House Characteristics

An unoccupied house located in Winnipeg, Manitoba was used as the basis for the
simulations. This house is a one-storey bungalow having a floor area of
approximately 100 m? (not including the basement), an Equivalent Leakage Area
(ELA) of 154 cm? with all intentional openings sealed and excluding below-grade
leaks, and a total volume of 446 m® The walls of the house are of typical wood-
frame construction, using studs 38 x 140 mm. The basement in this house is
unfinished. The top of its poured concrete floor slab is 1.26 m below grade level.
The slab is 75 mm thick and has dimensions of 7.5 m by 11.8 m. It has a lapped and
caulked polyethylene moisture barrier underneath it. A layer of small-diameter
gravel with a total thickness of 125 mm is Jocated immediately beneath the moisture
barrier. Subslab perforated piping connects the sump pit and drain tile system. The
basement walls are poured concrete with a thickness of 200 mm. Heating for the
house is provided by electric baseboard heaters.

The house is ventilated by a multi-port central exhaust fan that runs continuously.
There are damper-controlled outdoor-air inlets in each room to provide replacement
outdoor air for the air that is exhausted. The fan is capable of exhausting air from as
many as six locations with a total design flow rate of 62 L/s. In the house, air is
continually exhausted at a design flow rate of 17.5 L/s directly from each of the
kitchen and the bathroom. To emulate a basement suction system, a duct from the
exhaust fan was placed to exhaust air directly from the basement at a continuous
design flow rate of 27 L/s. To emulate a subslab depressurization system, a duct was
run from a penetration (diameter of 102 mm) through the slab to connect the above-
mentioned piping and drain tile system to the exhaust fan. The design flow rate in
that duct to the exhaust fan was 27 L/s. No air was exhausted directly from the
basement in this case. Subslab pressurization was achieved by directing all of the
exhaust air from the exhaust fan to the subslab region through a duct connected to
the floor slab penetration. The design flow rate in that duct was 62 L/s. In this case,
additional air was exhausted directly from the kitchen at a design flow rate of 27 L/s.
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For the simulations, the house was divided into the following eight zones:

basement;

kitchen/dining room/living room;

hallway joining living room, bathroom, and bedroorms;
bathroom (sink area);

bathroom (tub area);

master bedroom,;

bedroom 2; and

bedroom 3.

® N AW e

The kitchen, living room, and dining room of the simulated house were lumped
together as one zone because there are no significant flow resistances between these

regions.

Using the total ELA of the actual house, which was obtained from blower door tests
(Yuill and Comeau 1989), using assumptions of leakage area distributions based on
surface area, and using ASHRAE (1989) estimates of door and window component
leakages, inputs were developed for the airflow analysis section of CONAIR to
characterize the magnitude and location of unintentional leaks in the building
envelope. The only leaks considered between zones were interior doorways, which
were simulated as if the doors were wide open.

All windows and exterior doors were simulated in their closed position. Thus, the
only source of natural ventilation in the house was infiltration and exfiltration driven
by wind and stack effects through unintentional leaks in the house envelope and

through the air inlets.

Each damper-controlled air inlet was modelled using empirical airflow data
determined in tests carried out by Yuill and Associates (Yuill and Comeau 1989).
The ELA of each air inlet in the fully-open position was 23.6 cm? and the flow
exponent was 0.57. In the so-called "fully-closed" position, these tests indicated the
ELA of the air inlet was reduced to 68% of that in the fully-open position. The air
inlets were positioned so those in the living room were fully open, while those in the
bedrooms were fully closed. These positions are typical of those that would be used

during normal daytime occupancy.
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The basement was assumed to be at a constant temperature of 20.00°C. Every other
room in the house was assumed to be at a constant temperature of 20.15°C. The
basement temperature was based on monitored data, whereas the temperatures in
the remainder of the house were based on calibrated-modelling exercises (Yuill and
Associates 1991). It was found that a slight temperature difference between the
basement and main floor was required to explain flows of radon from the basement
to the main floor. No monitored data were available to support the assumed main
floor temperature.

For the wind model in CONAIR, the following information was input:
1. house height is 3.6 m from grade to the eaves, and
2. house is located in suburban terrain.

Wind pressure coefficients for the house were estimated using the model contained
in CONAIR (Swami and Chandra 1988).

4.1.2 Foundation and Soil Characteristics

The dimensions used in this project to model the basement and surrounding soil as
shown in Figure 3.1 were:

£ 14450m Ly 16.600m  Lg: 11.460 m
haggrr  0.500m  kager  0.500m  lLaggr 0.125m
I 3.745m 5895 m I 1.260 m
e 0.200 m ty: 0.200 m & 0.075 m
C: 0.005m Gy 0.005 m

The soil block was defined with silt in the primary soil region and with coarse sand
beneath the floor slab. A looser-packed silt was specified in the backfill region,
because the house is still relatively new. Over time, it is expected that the packing of
the soil in this region will become similar to that in the primary region. These soil
types are based only on observations at the building site, because field investigations
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to determine the soil types or their physical properties were beyond the scope of the
project.

No data or observations were available regarding the separation between the
basement wall and backfill. ~Also, no literature was found describing the
characteristics of this gap. However, consultations with foundation experts who have
observed these gaps around houses in Winnipeg indicated:

1. the width of the gap varies seasonally, depending on the moisture content of
the soil,

2. the maximum gap typically occurs during the period from July to September,
when the soil is desiccated,

3. moisture from snow melting adjacent to heated foundations tends to cause
local soil swelling, which closes the gap in winter months, (insulated
foundations are expected to have larger gaps around them, because of
reduced snow melting),

4. typically, the maximum gap for Winnipeg houses is approximately 20 mm
wide at grade, and tapers to zero at a depth of approximately 1 m below

grade,

5. in drought conditions when the soil is extremely desiccated, the maximum gap
for Winnipeg houses is approximately 40 to 50 mm wide at grade, and tapers
to zero at a depth of approximately 1.5 to 1.8 m below grade, and

6. the gaps around houses in Winnipeg normally extend to a depth below grade
of 1.0 to 1.5 m, but can extend to as much as 2.0 to 2.5 m for houses in severely
desiccated soil.

Based on these observations, it was assumed the separation was 1 mm wide for the
winter conditions simulated in this project. The separation was assumed to have a
constant width around the entire basement perimeter, and extended from grade to
the top of the subslab gravel layer.
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The permeabilities of the soils were assumed to be: 5 x 10® m? for the sand,
2.5x 1012 m? for the silt in the primary region, and 2.5 x 10-!! m? for the silt in the
backfill region. These values are based on values found in the literature (DSMA
1983, Sextro et al. 1987, Nazaroff and Nero 1988). A higher permeability was used
for the backfill region to account for the looser packing in that region.

The porosities of the soils were assumed to be 0.4 for the sand and 0.5 for the silts.
These values are based on values found in the literature (DSMA 1983, Nazaroff and
Nero 1988, Nazaroff et al. 1989).

The soil particle density of all the soils was assumed to be 2650 kg/m3. Nazaroff and
Nero (1988) state that this soil particle density is typical of most soils and that only
rarely is the density outside the range of 2600 to 2800 kg/m3.

The 226Ra concentrations of the soils were assumed to be 0.3 x 10 Ci/kg for the sand
and 3.0 x 10? Ci/kg for the silts. These concentrations tend to increase with
decreasing grain size (Nazaroff et al. 1989). Since the sand has large grain sizes, a
value near the minimum found in the literature was used for the sand (Nero and
Nazaroff 1984, Sextro et al. 1987, Nazaroff and Nero 1988). A higher concentration
was used for the silts for two reasons. First, the silts have much smaller grain sizes
than the sand. Second, calibrated-modelling exercises (Yuill and Associates 1991)
indicated that high 226Ra concentrations in the backfill and primary soil regions were
necessary to explain the high soil radon concentrations measured.

The radon emanation fractions were assumed to be 0.20 for the sand and 0.35 for the
silts. These fractions are based on the range of values listed in the literature. (Bruno
1983, Sextro et al. 1987, Nazaroff & Nero 1988). The emanation fraction for the silts
is typical of most moist soils (DSMA 1983). A lower fraction was used for the sand,
because it has a larger grain size. Emanation fractions tend to decrease with
increasing grain size (Nazaroff et al. 1989).

The bulk radon diffusion coefficients were assumed to be 3.65 x 10-7 m?/s for the sand
and 3.5 x 10® m?s for the silts. These values are based on those found in the
literature (Nazaroff 1988, Nazaroff and Nero 1988). A lower coefficient was used
for the silts than for the sand, because the silts are assumed to be moister than the
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sand. As the moisture content of a soil increases, the diffusion coefficient decreases
as a function of the fourth power of the moisture content (Nazaroff and Nero 1988).

4.2 Meteorological Data and Outdoor Concentrations

All of the simulations were carried out using an average outdoor dry-bulb
temperature of -23.5°C (Yuill and Associates 1991). Wind speed and direction data
were not available. A wind speed of 11.5 km/h and a wind direction from the North
was used.

A constant outdoor air pressure of 101,325 Pa was used for all of the simulations.

The variation of soil temperatures in the soil block were not measured or simulated,
because that work was beyond the scope of this project. The feasibility of developing
a linear approximation of the temperature variation in the soil using the average
outdoor air temperature and the soil temperature measured in another project just
outside the basement walls (Yuill and Associates 1991) was examined.

A review of long-term normal monthly average January outdoor temperatures and
soil temperatures published by Environment Canada (1982, 1984) was carried out.
This review showed that the variation in soil temperatures for undisturbed soil far
away from buildings is not as large as would be expected if the soil temperature near
the surface was considered to be the same as the outdoor air temperature.
Outdoors, the long-term normal mean daily air temperature was -19.0°C. In the soll,
the soil temperature was -5.0°C at a depth of 0.05 m, 1.2°C at a depth of 1.00 m, and
6.5°C at a depth of 3.00 m.

With the presence of a building in the soil, the temperature gradients become even
more complex. Therefore, it is not practical to develop a linear approximation of the
variation using only a single soil temperature. Further research should be carried out
in a future project to determine the impact of soil temperatures on soil gas flows
around foundations (and vice versa). Thus, the soil was assumed to be isothermal,
with a temperature equal to the average soil temperature (7°C), which was measured
just outside the basement walls at footing level.
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The infiltration of radon in outdoor air can be a significant contribution to typical
indoor levels, even though it is negligible at higher indoor levels. Radon
concentrations in outdoor air are usually in the range of 0.1 to 0.4 pCi/L (Nazaroff
and Nero 1988). In a survey of these concentrations in Manitoba, levels as high as
2.5 pCi/L were measured. However, some of the measurements were made just
under the eaves of houses, where the detectors might have been exposed to radon-
laden air exfiltrating from the house. Thus, a typical value of 0.2 pCi/L (Bodansky et
al. 1989) was assumed for the cases simulated in this project.

43 Summary of Simulation Cases

Fifteen simulation cases were created using the input file generator developed in this
project. Several parameters were varied in these cases to study the impact of radon
mitigation system type, subslab venting system flow rate, basement wall-backfill
separation width, and air barriers on airflow and radon concentration distributions in
the house and in the soil.

The three radon mitigation systems considered were: basement suction, subslab
depressurization, and subslab pressurization. The basement suction system was
included as a reference for comparison with the subslab venting systems.

Two different sets of subslab ventilation system flow rates were considered. The
reference set of flow rates were described in Section 4.1.1. The other set of flow
rates corresponded to an exhaust fan with a 25% increase in total exhaust flow. This
variation was intended to represent the effect of fan oversizing in radon mitigation
systems. Flow rates lower than the reference 1ates were not considered, because
these rates are likely to reduce the effectiveness of the radon mitigation systems, and
are less likely to contribute to soil freezing than are the high rates.

Two different basement wall-backfill separation widths were considered. The
reference separation width was 1 mm, as described in Section 4.1.2. The other
separation width was 20 mm. This larger gap was selected to represent the average
width of the maximum sized gap that is expected to occur around basements in
Winnipeg.
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In three of the fifteen cases, an air barrier at grade level was simulated. This air
barrier was impermeable to airflow and radon transport. It covered the separation
and the top of the backfill. A perfect seal between the air barrier and the basement
wall to which it was attached was assumed.

Table 4.1 summarizes the variation of parameters in the fificen cases simulated in
this project using CONAIR.
Table 4.1. Summary of Cases Simulated.

Basement Subslab Subslab Total

Suction  Depress Press Exhaust Separation Air

Flow Flow Flow Flow Width Barrier

Case [L/s) [L/s] [L/s] [L/s] [mm] Installed
1 26.9 0.0 0.0 61.8 1 No
6 26.9 0.0 0.0 61.8 20 No
11 26.9 0.0 0.0 61.8 20 Yes
2 0.0 26.9 0.0 61.8 1 No
4 0.0 42.3 0.0 7.2 1 No
7 0.0 26.9 0.0 61.8 20 No
9 0.0 42.3 0.0 77.2 20 No
12 0.0 26.9 0.0 61.8 20 Yes
14 0.0 42.3 0.0 77.2 20 Yes
3 0.0 0.0 61.8 61.8 1 No
5 0.0 0.0 772 71.2 1 No
0.0 0.0 61.8 61.8 20 No

10 0.0 0.0 712 77.2 20 No
13 0.0 0.0 61.8 61.8 20 Yes

15 0.0 0.0 77.2 77.2 20 Yes
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4.4 Simulation Results
4.4.1 Introduction

Tables 4.2 through 4.4 summarize the predicted infiltration, exfiltration, exhaust,
supply, and interzone airflows across the house and soil control surfaces for each set
of cases with the three different systems: basement suction, subslab
depressurization, and subslab pressurization. Tables D.1 through D.15 in
Appendix D summarize the predicted infiltration, exfiltration, exhaust, supply, and
interzone airflows across the control surfaces for each zone for the fifteen cases that

were simulated.

Figures E.1 through E.15 in Appendix E show the predicted disturbance pressure
fields in the soil surrounding the basement for each of the fifteen cases. These
figures also list the predicted disturbance pressures for each room of the house in
each case. The format of these figures was described in Section 3.3.3.

Table 4.5 summarizes the predicted radon concentrations in the basement, living
room, bathroom, and bedrooms for the fifteen cases simulated. It also lists the radon
concentration at the subslab vent location beneath the basement floor and the
average radon concentration at the bottom of the basement floor perimeter crack for

each case.

Measured radon concentrations for the basement and living room of the actual house
on which the simulated house is based are also included in Table 4.5 in three cases
for comparison. These three cases represent ccnditions similar to those studied in
the actual house (Yuill and Associates 1991). The other twelve cases involve changes
to these three cases, which have not been studied in the actual house. Thus, the
three cases for which measured data are available are called reference cases.

The predicted radon concentration fields in the soil are shown in Appendix F for
each of the fifteen cases (Figures F.1 through F.15). The structure of these fields is
the same as that presented for the disturbance pressure fields in Appendix E. These
figures also list the predicted radon concentrations in each zone of the house in each

case.
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4.4.2 Basement Suction - Reference Case

In the reference basement suction case (Case 1), the predicted radon concentration
in the basement was 6.9 pCi/L and in the living room was 3.1 pCi/L, as shown in
Table 4.5. These levels are similar to those measured in the actual house: 8.1 pCi/L
and 3.0 pCi/L respectively (Yuill and Associates 1991).

Predictions in Table D.1 show that there were large airflows from the basement to
the living room for the reference basement suction case. This suggests the basement
exhaust airflow rate should be increased to eliminate flows from the basement to the
living room, so radon from the basement would not be transported to the main floor.
However, the basement was only slightly under-ventilated in this case according to
CSA Standard F326.1-M1989 (CSA 1989). Predictions for this case listed in Table
D.1 show the basement received 8.6 L/s of outdoor air (even though the exhaust flow
rate for the basement was 26.9 L/s). The standard calls for 10 L/s as a base flow rate
for the basement. The remainder of the house was adequately ventilated based on
the predicted airflows shown in Table D.1 and according to this standard.

Table 4.2 shows all of the air removed from the house in this case was by exhaust
flows (not by exfiltration) and most of the flows into the house (61.8 L/s) were
directly from the outdoors. Only 4% of the flows into the house were soil gas, which
entered through the crack at the basement floor perimeter. Thus, the outdoor air
change raic for ihe conditioned volume of this house was predicted to be 0.5 ach.
This means that if CSA Standard F326.1-M1989 is assumed to define an acceptable
level of energy loss caused by ventilation, increasing the exhaust airflow rate from the
basement would lead to unacceptably high ventilative energy losses from the house.
Furthermore, increasing this exhaust flow rate would lead to higher basement radon
levels, because the basement would be depressurized further. In this case, Figure E.1
shows the basement depressurization was predicted to be 12.5 Pa.

Table 4.2 also shows that most (83%) of the soil gas entering the house flowed
through the 1 mm wide separation between the basement wall and backfill, as
expected. The flow resistance of this gap is significantly less than that for the rest of
the soil. Figure F.1 illustrates the soil gas flow patterns further. The radon
concentrations in the separation in this case were extremely low relative to those in
the remainder of the soil space, due to the dilution effects of the outdoor air flowing



Table 4.2. Summary of predicted airflows across house and soil control surfaces - Basement suction.

Total Flows Between Zones (L/s)

I'rom To Comment Casc 1 Case 6 Case 11
In Flows __ Ouldoors House | Infiltration 59.4 4.8 61.7
Soil | House_ Interzone 24 76.8 0.1
S ~ Total Into House: | 61.8 81.6 61.8
Out Flows ___House  Seil ___ Interzonc 6o 0.0 0.0
House | Outdoors |  Exhaust 618 61.8 61.8
House ___Outdoors ___ Exfiltration _ 0o 19.8 0.0
House Soil Supply 0.0 0.0 0.0
o ____Total Outof Ilouse: 618 81.6 61.8
In Flows ___Outdoors | - . lnfillratinn_'___ 0.4 0.0 0.1
__Outdoors |  Scparation __Infiltration 2.0 76.8 0.0
_ _House |}  Sail Interzone 0.0 0.0 0.0
House Soil ~ Supply 0.0 0.0 0.0
o S S T(‘n‘aj Into Sgiltn_ < _5.4 76.8 Ol
Out Flows Soil House __ Interzone 24 76.8 0.1
Soil Outdoors Exhaust 0.0 0.0 0.0
____Secparation _ |  Outdoors _ | Exfiltration 0.0 0.0 0.0
P ' S " TotalOutofSoil: | 24 76.8 ] T 0.1

£e



Table 4.3. Summary of predicted airflows across house and soil control surfaces - Subslab depressurization.

Total Flow Between Zones (1‘1‘5}

From To Comment Case 2 Case 4 Case 7 Case 9 Case 12 Case 14
In Flows Outdoors House Infiliration 59.3 74.1 3.7 43 61.7 77.1
Soil House interzone___| 00 0.0 54.2 51.9 0.0 0.0
~ Total Into Housc: 593 74.1[ 57.9 56.2 61.7 77.1
Out Flows House Soil ~ Interzone 244 392 0.0 0.0 26.8 42.2
House Outdoors |  Exhaust 34.9 349 349 349 349 349
House Outdoors | Extitrtion | 00| oo 23.0 213 0.0 0.0
House Soil _Supply ISR || .. 0.0 0.0 0.0 0.0 0.0
: - ~ Total Out of House: | “se3] 0 4] 519 s62] 617l 7111
In Flows Outdoors Soil Infiteation | 04 05 0.0 0.0 0.1 01
Outdoors Separation Infittration | 2.1 26 81.1 94.2 0.0 0.0
House Sq_i!_ | Inmterzone  } _244 39.2 0.0 0.0 268 422
House Soil ~ Supply 00| 0.0 0.0 0.0 0.0 0.0
- ~ “Total Into Soil: 269 423 81.1 94.2 26.9 42.3
Qut Flows Soil House ~Inmlerzone 0o 00 54.2 519 0.0 0.0
Soil Outdoors |  Exhaust | 269 423 26.9 423 26.9 42.3
| Separation Qutdoors |  Exfiltration__ 0.0 0.0 0.0 0.0 0.0 0.0
" Total OuwtofSoil: | 269]  4a23] 81.1 94.2| 26.9 42.3

14



Table 4.4. Summary of predicted airflows across house and soil control surfaces - Subslab pressurization.

Total Flow Betlween Zones [[_,.!s)

From To Comment Case 3 Case 5 Case 8 Case 10 Case 13 Case 1§
In Flows Outdoors House o ‘Inl’illralinn N B3 B 8.7 23 2.9 9.0 90
Soil House Interzone 62.5 77.9 86.1 99.2 61.8 77.2
' ~ Total Into lHouse: 71.2 866 88.4 102.1 70.8 ~86.2
Out Flows House Soil ___Interzone b0y 00 0.0 0.0 0.0 0.0
House Outdoors | Exhaust 0.0 0.0 0.0 0.0 0.0 0.0
House Outdoors | FEixfiltration | 94| 9.4 266 249 9.0 9.0
House Soil _ Supply  _ }  618|. 77.2 61.8 77.2 61.8 772
' " Total Out of House: ] 12| 866] 884 102.1 70.8 862
In Flows Outdoors Soil ) Infiltration 0y _01 I 0.0 0.0 0.0 0.0
Outdoors Separation | [Infiltration . 06 24.6 248 0.0 0.0
House Soit | Interzone 0.0 0.0 0.0 0.0 0.0 0.0
House Soil Supply 61.8| 77.2 61.8 77.2 61.8 77.2
) ~ TowablmoSoil: | e25] 779 86.4 102.0 61.8 712
Out Flows Soil House ___Interzone . 62.5 71.9 86.1 99.2 61.8 77.2
Soil Outdoors - __ Exhaust 6,0 . 0.0 0.0 0.0 0.0 Gﬂ
Separation Qutdoors___ | Exfiltration | 0.0 0.0 0.3 28 0.0 0.0
Sl S ~__ Total Out of Soil: | 625] 719 ~ 86.4] 102.0] 618] 7172
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Table 4.5. Summary of predicted and measured radon concentrations
indoors and in the soil beneath the basement floor.

Radon Levels (pCi/L)
Crack

Bottom  Subslab
System Basement Basement LivingRoom Living Room Bathroom Bedrooms Average Vent
Case Type+  (Pred+*) (Meas**) (Pred++) (Meas*+)  (Pred++) (Pred++) (Pred++) (Pred++)
1 Ref B 6.9 8.1 3.1 3.0 0.2 02"+ 76.5 2018.8
6 B L1 1.0 1.0 1.0* 09 756.6
11 B 6.1 2.7 0.2 0.2* 1948.7 2029.9
Z RefD 0.2 1.5 0.2 0.3 0.2 0.2* 02 11.0
4 D 0.2 0.2 0.2 02* 0.2 8.5
T D 0.5 0.5 0.5 05* 0.6 34
9 D 0.4 0.4 0.4 0.4 * 0.5 29
12 D 0.2 0.2 0.2 02* 0.2 10.7
14 D 0.2 0.2 0.2 02* 0.2 8.6
3 Ref P 14.0 39 13.3 22 129 12.6** 434 13.1
5 P 13.8 131 12.9 126 ** 40.5 13.0
8 P 23 ’ 2.3 2.3 23 * 2.0 23
10 P 2.3 2.3 2.3 22" 2.0 2.3
13 P 11.5 10.7 10.5 103 »* 15.2 10.7
15 P 11.6 11.0 10.8 10.5 ** 14.6 109

+ - B = Basement suction, D = Subslab depressurization, P = Subslab pressurization, Ref = Reference.

++ - Pred = Predicted, Meas = Measured.
- Bedroom 2, bedroom 3, and master bedroom.
- Bedroom 2 and master bedroom (Bedroom 3 concentration was (.2 pCi/L).

Note: Outdoor radon concentration was 0.2 pCi/L.

9¢
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through the gap. The radon concentrations in the backfill region were higher than
those in the separation, but were still significantly lower than those in the remainder
of the soil. This indicates that a large fraction of the outdoor air dilution flow
through the soil outside of the separation was through the backfill. This behavior was
expected, because the backfill was significantly more permeable (factor of ten) than
the primary soil region.

4.4.3 Subslab Depressurization - Reference Case

Table 4.5 shows that the predicted basement and main floor radon levels with the
reference subslab depressurization system (Case 2) were significantly reduced, in
comparison to the basement suction reference system (Case 1). Throughout the
house, the predicted levels were all slightly less than those outdoors (0.2 pCi/L).
These low levels occurred, because no radon entered the basement from the soil, and
because the radon from outdoors decayed as it entered the house.

Monitored data for the actual house operating with the subslab depressurization
system have shown similar reductions in radon levels relative to the basement suction
system (Yuill and Associates 1991). As Table 4.5 shows, the measured radon levels
were 1.5 pCi/L in the basement and 0.3 pCi/L on the main floor when the subslab
depressurization system was operating.

Table D.2 shows that for most rooms in the house, the predicted airflows in this case
were similar to those for the basement suction case. This was expected, because the
house operated under similar depressurizations in both cases, as shown in Figures
E.1 and E.2. As for the reference basement suction case, the predicted ventilation
airflows in this case conformed in general to the requirements of CSA Standard
F326.1-M1989.

In this case however, the predicted flows between the basement and soil were
significantly different. Instead of air flowing from the soil into the basement as
predicted in the reference basement suction case, Table 4.3 shows that air flowed
from the basement into the soil in this case (24.4 L/s). Of the 26.9 L/s of air
exhausted from the soil, 91% was from the basement. The rest of the air exhausted
from the soil (2.5 L/s) was due to leakage from outdoors through the separation and
soil.
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Table 4.3 indicates that most (84%) of the air leaking through the soil passed through
the separation into the subslab region. However, in this case it is unlikely the low
airflow rate through the separation (2.1 L/s) would contribute significantly to soil
freezing near the basement footings.

The patterns of dilution airflow through the soil in this case were similar to those
discussed for the reference basement suction case, as shown in Figures F.1 and F.2.
However, Figure F.2 shows that the predicted radon concentrations in the subslab
region when the reference subslab depressurization system was operating were
slightly lower than those when the reference basement suction system was operating.
For the reference subslab depressurization case, the predicted radon concentrations
in the subslab region near the basement floor perimeter crack were similar to those
indoors. Nearer to the point at which soil gas was exhausted from the subslab region,
the predicted radon concentrations increased. These reductions in subslab radon
concentrations were primarily due to the dilution airflows from the basement into the

soil.
4.4.4 Subslab Pressurization- Reference Case

CONAIR predicted that the radon levels indoors increased when the reference
subslab pressurization system operated (Case 3) compared to those when the
reference subsiab depressurization sysiem operaicd (Case 2). This irend was also
shown by the monitored data (Yuill and Associates 1991), which are included in
Table 4.5. Table 4.5 shows that predicted radon levels were similar almost
everywhere in the house when it operated with the reference subslab pressurization
system. This behavior can be explained by the predicted airflow patterns in the solil

and in the house.

The reference subslab pressurization system supplied air at a rate of 61.8 L/s from
inside the house (living room and bathroom) to the soil. As Table 4.4 shows, almost
all of this air then passed through the subslab region and back into the basement
through the crack at the floor perimeter. It is not clear if 100% of the air supplied to
the soil from the house reentered through this crack, because CONAIR predicted
that a very small amount (5 mL/s) of soil gas flowed from the soil to outdoors, as
shown in Table D.3.
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Like the reference basement suction and subslab depressurization cases (Cases 1 and
2), there was a large flow from the basement to the living room with the reference
subslab pressurization system. However in this case, the flow from the basement to
the living room was significant'y greater than in the other two cases, as shown in
Tables D.2 and D.3 (73.2 L/s compared to 26.7 L/s). Also like the other two cases,
there was no exfiltration of air from the basement in this case, even though the
neutral pressure plane in the house moved below the level of the main floor ceiling
with the increase in house pressure from -12.5 Pa to -5.2 Pa, as shown in Figures E.1,
E.2, and E.3. Thus, most of the soil gas entering the basement (62.5 L/s) flowed from
the basement through the doorway to the living room.

In the living room in this case, there was also some exfiltration, unlike in the other
two cases. However, the exfiltration was predicted to be only 5% of the total airflow
leaving the living room. A large fraction (57%) of the air leaving the living room was
supplied directly to the soil. Another large fraction (29%) flowed into the hallway,
from which most (77%) of the air was drawn into the bathroom and supplied directly
to the soil. This meant that the subslab region, basement, living room, hallway, and
bathroom acted like a duct system for soil gas flow. Some dilution of the soil gas
occurred in the basement and in these rooms through infiltration of outside air.
However, CONAIR predicted that only 12% of the airflows entering the house were
from above grade. It is important to note CSA Standard F326.1-M1989 does not
permit ventilation systems to recirculate air that is exhausted from the bathroom and
kitchen. (The living room zone in this house included the kitchen and dining room).

Figure E.3 shows the reference subslab pressurization system did not pressurize the
entire subslab region. As a result, the radon levels below the floor perimeter crack in
this case were higher than those for the reference subslab depressurization case. To
reduce the indoor radon levels when the subslab pressurization system operates, it
appears that the balance of subslab pressurization flows from the subslab vent into
the crack and to the outdoors through the soil must be altered so more subslab
pressurization air flows to the outdoors than into the basement, and/or subslab radon
levels must be lowered by increasing subslab pressurization airflows through the
subslab region.
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One method to change the balance of airflows in the subslab region is to seal the
basement floor perimeter crack. However, if the sealants degrade over time, the
flows through the crack will increase, which will result in increased indoor radon
levels. An additional step should be to reduce the resistance to soil gas flow outside
the basement between the subslab region and outdoors.

For the reference subslab pressurization system, Table 4.4 shows there was no flow
directly from the subslab region to outdoors through the soil. Instead, 0.7 L/s of
outdoor air flowed into the soil. As expected, most (86%) of this flow was through
the separation, due to the low flow resistance of the separation compared to the rest
of the soil. Decreasing this resistance to soil gas flow further would occur if the
separation between the basement wall and backfill increased. This effect is
examined in Section 4.4.5.

Increased subslab pressurization airflows would increase ventilative energy losses to
the soil and outdoors, but these would be partially offset through reduced conduction
heat losses through the basement floor slab and, to a limited extent, through the
basement walls. Another significant drawback to increasing these flows is that a
larger, more expensive fan would be required. This could cause unacceptable noise
levels and could lead to excessive air velocities caused by increased airflows from the
basement to the main floor. The effect of increasing subslab ventilation rates is
discussed further in Section 4.4.7.

As Table 4.5 shows, the indoor radon levels predicted by CONAIR for the reference
subslab pressurization case were significantly higher than those measured. The
reason for these higher levels appears to be primarily due to simulating a different
location for subslab pressurization (further from the floor crack). This meant that
subslab pressurization airflows could not reach the subslab region near the crack to
dilute radon levels, particularly at the corner of the basement as shown in Figure F.3.
From the predictions, it appears that the airflows in the subslab region can be
expected to be more sensitive to variations in permeability of that region and to the
location of the subslab ducting for the reference subslab pressurization system than
can those for the other two reference mitigation systems. Further research in a
future project should be carried out to examine the sensitivity of these systems to
different soils and to different subslab vent locations.
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Table D.3 shows that the predicted airflows did not meet the requirements of CSA
Standard F326.1-M1989 for the reference subslab pressurization case. The
basement received only 37% of the required airflow, while the kitchen/living
room/dining room combination received only 15% of the required airflow. The
bedrooms were virtually unventilated relative to the standard’s requirements. Of the
three bedrooms, only bedroom 3 received ventilation, and that was only 7% of that
required. Only the bathroom was adequately ventilated. The addition of another
ventilation system incorporating a heat recovery device is necessary if this system is
to meet the airflow requirements of CSA Standard F326.1-M1989 and is to avoid
significant increases in ventilation energy losses.

It must be noted that if the central exhaust fan used in the subslab venting systems
described in this project failed or was turned off, these systems could cause higher
indoor radon levels than would otherwise occur if the systems were not present. The
duct leading from the subslab region was connected to the indoor space through the
fan. With no forced flow into or out of the subslab region through this duct, the duct
would act to increase the area of leaks in the basement floor slab.  Flow of radon-
laden soil gas into the fan plenum could occur. This gas could then be delivered to
the main floor without any dilution from outdoor air infiltrating into the basement.
Although a backdraft damper could in theory obviate such a condition, it might be
difficult in practice to design a low cost, low pressure drop damper that would be
airtight when closed.

Without a backdraft damper, this failure scenario would always occur in the absence
of fan-driven flow in a subslab pressurization system, unless outdoor air were used to
pressurize the subslab region. However, the considerable potential for soil freezing
and foundation damage in that mode of operation precludes that approach.

For subslab depressurization systems using ducts leading directly outdoors through a
fan, and not connected to the indoor space, the lack of fan-driven flow would not be
as significant a concern. In that case, the duct from the subslab vent could act as a
passive stack, although the buoyancy-driven flows through this duct would be
significantly lower than the flows driven by the fan.
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4.4.5 Effect of Increased Separation Width

Compared to the reference cases (Cases 1 and 3), increasing the separation between
the basement wall and backfill from 1 mm to 20 mm significantly reduced indoor
radon levels when either the basement suction system or subslab pressurization
system was operating (Cases 6 and 8 respectively), as shown in Table 4.5. In contrast,
the increased separation caused a slight increase in these levels compared to the
reference case (Case 2) when the subslab depressurization system operated (Case 7).

Table 4.2 shows there were significant increases in flow from the soil to the house for
the case with basement suction and an increased separation, compared to the
reference case. In the reference case (Case 1), the flow from the soil into the house
was 2.4 L/s, which was 4% of the total flow into the house. The remainder of the flow
into the house was infiltration of outdoor air (59.4 L/s). With the increased
separation (Case 6), the flow from the soil into the house was 76.8 L/s, which was
94% of the total flow into the house (81.6 L/s). All of the flow from the soil into the
house passed through the separation. The remainder of the flow into the house was
infiltration of outdoor air (4.8 L/s).

This shift in flow magnitudes was due to the increased pressure in the house for the
case with the increased separation and basement suction. Figures E.1 and E.6 show
the house pressure increased from -12.5 Pa to -3.7 Pa when the separation increased
from 1 mm to 20 mm. Since the exhaust flow raies did not change, this change in
pressures can be entirely attributed to an increased leakage area of the house below
grade. The leakage area increased, because the flow resistance in the separation was

reduced.

The increased separation also increased flows from the soil to the basement in the
case with an increased separation and subslab pressurization compared to the
reference case, as shown in Table 4.4. In the reference case (Case 3), the flow into
the house from the soil was 62.5 L/s, which was 88% of the total flow into the house
(71.2L/s). With the increased separation (Case 8), the flow into the house from the
soil was 86.1 L/s, which was 97% of the total flow into the house (88.4 L/s). As in the
case with basement suction and an increased separation, all of the flow from the soil
into the house passed through the separation in this case.
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Although the house pressure also increased in the case with an increased separation
and subslab pressurization, as shown in Figures E.3 and E.6, the pressure increase
(2.7 Pa) was diminished relative to that predicted for the cases with basement suction
(8.8 Pa). The change in pressures caused by the increased separation was not as
great in the case with subslab pressurization, because most of the flow from the soil
into the house was due to piessurization of the subslab region through air supplied
from the living room and bathroom. With the 1 mm separation, Table 4.4 shows the
air supplied to the soil through the subslab vent was 99% of the total flow from the
soil into the house (62.5 L/s). With the 20 mm separation, the air supplied to the soil
was still a large fraction (72%) of the total flow from the soil into the house
(86.4 L/s).

The increased flows of soil gas into the basement did not increase indoor radon levels
in the cases with basement suction or subslab pressurization, because the increased
supply of outdoor air to the subslab region through the larger separation reduced
radon concentrations in the subslab region, as shown in Figures F.1, F.3, F.6, and F.8.

These predictions indicate that reducing the flow resistance between the subslab
region and outdoors increased the effectiveness of the subslab pressurization system
in controlling indoor radon levels. However, maintaining an increased separation
between the basement wall and backfill is impractical. A passive vent connecting the
subslab region and outdoors could be used instead. Further research should be
carried out in a future project to study this alternative.

As predicted for the basement suction and subslab pressurization systems, flows from
the soil to the basement increased in the case of the subslab depressurization system
with an increased separation compared to the reference case, as shown in Table 4.3.
In the reference case (Case 2), there was no flow into the house from the soil. With
the increased separation (Case 7), the flow into the house from the soil was 54.2 L/s,
which was 94% of the total flow into the house (57.9 L/s). All of the flow from the
soil into the house passed through the separation in this case, as it did in the other
cases with an increased separation. Increases in house pressure similar to those
predicted for the basement suction case with an increased separation were also
predicted for this case, as shown in Figures E.1, E.2, E.6, and E.7.
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The increased flows of soil gas into the house with the 20 mm separation and subslab
depressurization increased indoor radon levels slightly, compared to the house with
the same system and a 1 mm separation. Table 4.3 shows the flow through the
separation increased significantly from 2.1 L/s to 81.1 L/s with the increased
separation. Although the radon levels in the subslab region were no longer diluted
with air from the basement for the case with the increased separation, the increased
flow through the larger separation diluted these levels instead. However, because
the dilution airflows passed through the soil region rather than through the house
before reaching the subslab region, the radon concentration of the dilution air was
slightly higher in the case with the increased separation. Table 4.5 shows the average
radon concentration at the bottom of the basement floor perimeter crack increased
from 0.2 pCi/L to 0.6 pCi/L with the increased separation.

Large flows of outdoor air through the separation when the subslab depressurization
operates with a large separation are of significant concern. For basements with high
insulation levels, heat loss from the basement could be insufficient to warm the air
flowing through the separation to prevent soil freezing near the footings. The issue
of combined conduction and convection heat transfer around basements should be
investigated further in a future project.

Reducing the flow resistance between the subslab region and outdoors impaired the
effectiveness of the subslab depressurization system in controlling indoor radon
levels. In addition, the increased outdoor airflows through the separation could
contribute to the problem of soil freezing. Thus, the separation between the
basement wall and backfill should be minimized. Foundation experts consulted in
this project indicated the separation can be reduccd through watering of the soil near
the foundation or by placing fibreglass batt insulation in the separation to impede
airflow. These experts warned that incompressible materials such as soil should not
be added to this separation to impede airflow, because subsequent soil swelling could
increase the bearing pressure of the soil on the foundation. In some cases, the
increased pressure could lead to foundation cracking, which would provide more
leaks for radon-laden soil gas to enter the house. Another potential solution to
decreasing the effect of the separation on subslab depressurization system
performance is to place an air barrier in the soil to impede the flow of soil gas in the
separation and/or in the backfill region. This approach is discussed in Section 4.4.6.
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The increased separation altered indoor radon levels, but it also changed the amount
of outdoor air supplied to the house for ventilation. For the basement suction and
subslab depressurization cases with an increased separation, Tables D.6 and D.7
show the house no longer met the requirements of CSA Standard F326.1-M1989.
The basement received 23% of the required airflow in the case with basement
suction, and only 16% in the case with subslab depressurization. The kitchen/living
room/dining room combination received only 8% of the required airflow in the
basement suction case, and 7% in the subslab depressurization case. The bedrooms
were completely unventilated. Only the bathroom was adequately ventilated. For
the subslab pressurization case with an increased separation, Table D.8 shows the
house still could not meet the requirements of CSA Standard F326.1-M1989.

It should be noted that the crack width at the basement wall-floor perimeter was
5mm in this project. Smaller cracks, which have a higher flow resistance, are
expected to reduce the effect on airflows of changing the separation width.
However, further research in a future project is needed to quantify the effect of
changes in the separation width with other crack widths.

4.4.6 Effect of Adding a Soil Air Barrier

Compared to the basement suction reference case (Case 1), placing an air barrier in
the soil at grade level to cover the separation and backfill caused indoor radon
concentrations to decrease slightly when this system operated (Case 11), as shown in
Table 4.5.

In this case, Table 4.2 shows the air barrier had no effect on the total flow into or out
of the house (61.8 L/s) compared to the reference case (Case 1). The barrier slightly
reduced the flow of soil gas into the house in this case from 4% to 0.2% (0.1 L/s) of
the total flow into the house. The remainder of the flow into the house was
infiltration, which increased slightly from 59.4 L/s to 61.7 L/s. As Table D.11 shows,
the house still met the requirements of CSA Standard F326.1-M1989 with the
basement suction system and soil air barrier.

As Table 4.2 also shows, the flows of outdoor air into the soil were reduced from
2.4 L/s to 0.1 L/s by the air barrier in this case. All of this airflow passed through the
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surface of the soil outside of the backfill, which has an order of magnitude higher
flow resistance compared to the backfill.

Figures E.1 and E.11 show the house pressure decreased slightly from -12.5 Pa to
-13.0 Pa. This change was entirely due to the increased flow resistance through the
soil, which reduced the leakage area of the house.

The air barrier reduced dilution airflows to the subslab region, which caused the
radon levels near the basement floor perimeter crack to increase significantly to the
same order of magnitude as the undiluted levels far away from the basement in this
case, as shown in Figures F.1 and F.11. However, the radon entry rates into the
basement did not significantly increase, because the decreased flow of soil gas into
the basement offset these increased subslab radon levels.

Indoor radon concentrations decreased slightly when the subslab pressurization
system operated with the air barrier in the soil (Case 13), compared to the reference

case (Case 3), as shown in Table 4.5.

A slight decrease in the total flow into or out of the house occurred for this case.
Table 4.4 shows the air barrier reduced the total flow into the house from 71.2 L/s to
70.8 L/s compared to the reference case (Case 3). The barrier also slightly reduced
the flow of soil gas into the house in this case from 88% to 87% of the total flow into
the house. The remainder of the flow into the house was infiltration, which increased
slightly from 8.7 L/s t0 9.0 L/s. As Table D.13 shows, the house still could not meet
the requirements of CSA Standard F326.1-M1989 with the subslab pressurization
system and soil air barrier.

For this case, there were no flows of outdoor air into the soil. Thus, the only source
of dilution air in the subslab region was that supplied from the house through the
subslab vent. As in the case without the air barrier, almost all of this air reentered
the house through the basement floor perimeter crack. The flow of dilution air out
of the soil decreased insignificantly from 5 mL/s to 3 mL/s, as shown in Tables D.3
and D.13.

Figures E.3 and E.13 show the house pressure was relatively unaffected by the air
barrier. The pressure was decreased slightly by 0.1 Pa from -5.2 Pa to -5.3 Pa. This
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change was entirely due to the increased flow resistance through the soil, which
reduced the leakage area of the house.

Only slight decreases in subslab radon levels were predicted in the case with the air
barrier and subslab pressurization, as shown in Figures F.3 and F.13. The
combination of similar flow patterns in the house and subslab region, and this
decrease in subslab radon levels, explains why the indoor concentrations were
relatively unchanged by the air barrier. Slight increases in radon levels occurred in
the separation, and significant increases in these levels occurred in the backfill region
in this case. However, the contribution of soil gas flows from these two regions to the
radon entry rate into the basement is negligible.

With subslab depressurization (Case 12), the air barrier had no effect on indoor
radon concentrations, compared to the reference case (Case 2).

The air barrier slightly increased the total flow into or out of the house for this case.
Table 4.3 shows the total flow into the house increased from 59.3 L/s to 61.7 L/s
compared to the reference case (Case 3). All of this flow into the house was
infiltration. As Table D.12 shows, the house still met the requirements of CSA
Standard F326.1-M 1989 with the subslab depressurization system and soil air barrier.

In this case, the flow of soil gas out of the house increased by 10% from 24.4 L/s to
26.8 L/s, as shown in Table 4.3. As for the case with basement suction and the air
barrier, the flows into the soil from outdoors were reduced in this case to 0.1 L/s.
Thus, almost 100% of the air exhausted from the subslab region (26.9 L/s) originated
in the house. This flow pattern eliminates the risk of soil freezing, if the integrity of
the barrier can be maintained.

The air barrier had the same effect on house pressure when the subslab
depressurization system operated, as when the basement suction system operated.
In these cases, Figures E.2 and E.12 show the pressure indoors decreased by 0.5 Pa
from -12.5 Pa to -13.0 Pa.

Subslab radon concentrations between the basement floor perimeter crack and the
subslab vent decreased slightly with the addition of the air barrier in the case with
subslab depressurization, as shown in Figures F.2 and F.12.
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It appears from these simulations that the placement of a soil air barrier at grade is
an effective means of enhancing the performance of subslab depressurization
systems for the soils considered in this project. Also, although the issue of water
drainage was not studied, it is expected this barrier would also help divert water away
from the foundation, if the barrier were sloped away from the basement. Further
research is needed to determine the effectiveness of soil air barriers in other soils
with higher permeabilities outside the backfill. Research regarding the installation of
these barriers and to determine if their integrity can be maintained is also required.

4.4.7 Effect of Increased Subslab Ventilation Rate

Conservative design of ventilation systems dictates that a factor of safety be applied
when specifying the system flow rates. This approach results in oversized systems.
To investigate the effect of these increased flow rates, the total flow rate of the
central exhaust fan was increased by 25% from 61.8 L/s to 77.2 L/s. In the cases with
subslab depressurization, the bathroom and living room exhaust flow rates were
unchanged (34.9 L/s), but the flow through the subslab depressurization vent was
increased by 57% from 26.9 L/s to 42.3 L/s. In the cases with subslab pressurization,
all of the fan exhaust was directed through the subslab pressurization vent. Thus, the
flow through that vent changed in the same manner as the total flow rate for the fan.

As Table 4.5 shows, radon concentrations indoors were slightly decreased (1%) when
the subslab pressurization system operated with the higher flow rate in the case with
a 1 mm separation (Case 5), compared to the reference case (Case 3). For this same
system, but with the soil air barrier (Case 15), the radon levels indoors increased
slightly (3%) in comparison to the reference case (Case 13). The higher subslab
pressurization flow rates had no effect on indoor radon levels in the case with a
20 mm separation (Case 10), compared to the reference case (Case 8).

Increasing the subslab pressurization flow rate had no effect on house pressures or
on the infiltration of outdoor air into the house in the cases with a 1 mm separation
or with an air barrier, as shown in Figures E.3, E.5, E.13, and E.15, and in Table 4.4.
The house still could not meet the requirements of CSA F326.1-M1989 in these
cases, as shown in Tables D.5 and D.15.
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In the case with a 20 mm separation, the increased subslab pressurization flow
caused a slight increase in infiltration of outdoor air into the house from 2.3 L/s to
2.9 L/s, as Table 4.4 shows. The increased infiltration was due to a slight decrease in
house pressure from -2.5 Pa to -2.8 Pa, as Figures E.8 and E.10 show. The increased
subslab ventilation flow increased the pressure drop in the subslab region between
the subslab vent and the basement floor perimeter crack. Although the quantity of
outdoor air entering the house increased in this case, the house still did not meet the
requirements of CSA F326.1-M1989, as shown in Table D.10.

Also with the 20 mm separation, Table 4.4 shows the increased subslab
pressurization flow substantially increased the flow of soil gas from the subslab
region through the larger separation to the outdoors from 0.3 L/s to 2.8 L.
However, the increased flow through this separation was still only a small fraction
(3%) of the total flow out of the subslab region. Most of this flow entered the house
through the perimeter crack. There was no significant change in the flow of outdoor
air into the separation in this case, and no flow of soil gas occurred in the soil outside
the separation.

Figures F.3 and F.5 show there were slight decreases in radon levels beneath the
basement floor between the subslab vent and the perimeter crack in the case with
increased subslab pressurization flows and a 1 mm separation. There was a slight
increase in these levels for the same system, but with the soil air barrier, as shown in
Figures F.13 and F.15. The increased subslab pressurization flows had no effect on
these radon levels in the case with the 20 mm separation, as shown in Figures F.8 and
F.10.

Radon concentrations indoors were slightly decreased (0.1 pCi/L) when the subslab
depressurization system operated with the higher flow rate in the case with a 20 mm
separation (Case 9), as shown in Table 4.5 compared to the reference case (Case 7).
For this same system, but with the smaller separation (Case 4), or with the soil air
barrier (Case 14), the higher subslab depressurization flow rates had no effect on
indoor radon levels, compared to the reference cases (Cases 2 and 12).

- Increasing the subslab depressurization flow rate had a substantial effect on house
pressures and on the infiltration of outdoor air into the house in the cases with a
1 mm separation or with an air barrier, as shown in Figures E.2, E.4, E.12, and E.14,
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and in Table 4.3. With the 1 mm separation, the house pressure decreased from
-12.5 Pa to -15.6 Pa. For the case with the air barrier, this pressure was reduced from
-13.0 Pa to -16.3 Pa. Outdoor air infiltration above-grade increased by 25%, from
59.3 L/s to 74.1 L/s in the case with the smaller separation, and from 61.7 L/s to
77.1 L/s with the air barrier. The house in both these cases exceeded the
requirements of CSA F326.1-M 1989, as shown in Tables D.4 and D.14.

Large flows of air out of the basement, such as those occurring with the subslab
depressurization systems described in this project, create two problems. The first of
these is furnace backdrafting. In a relatively airtight house, the pressure reductions
predicted for the basement could be enough to backdraft a furnace. Although radon
levels indoors would be reduced, this could create another indoor air quality problem
and, in some cases, could even lead to the production of carbon monoxide by the
furnace due to an inadequate combustion air supply.

The second problem caused by the withdrawal of air from the basement is that of
energy loss. Since most of the air exhausted from the subslab region was predicted to
originate in the house, the high subslab exhaust flow rates will waste energy through
excessive ventilation of the house. This loss would be offset somewhat by the
warming of the basement floor and subslab region, which would reduce the heat loss
through the floor. Further research in a future project should be carried out to

quantify this phenomenon.

In the case with a 20 mm separation, the increased subslab depressurization flow
caused a slight increase in infiltration of outdoor air into the house from 3.7 L/s to
4.3 L/s, as Table 4.3 shows. The increased infiltration was due to a slight decrease in
house pressure from -3.2 Pa to -3.4 Pa, as Figures E.7 and E.9 show. The increased
subslab ventilation flow increased the pressure drop in the subslab region between
the subslab vent and the basement floor perimeter crack. Although the quantity of
outdoor air entering the house increased in this case, the house still did not meet the
requirements of CSA F326.1-M 1989, as shown in Table D.9.

Also with the 20 mm separation, Table 4.3 shows the increased subslab
depressurization flow slightly decreased the flow of soil gas into the house by 4%
from 54.2 L/s to 51.9 L/s, but there was still no flow of indoor air from the basement
into the subslab region with this large separation. In addition, Table 4.3 shows the
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increased subslab ventilation substantially increased (16%) the flow of soil gas from
outdoors into the subslab region through the larger separation from 81.1 L/s to
94.2 L/s. The increased flow through this separation will exacerbate the problem of
soil freezing near the footings in this case. No flow of soil gas occurred in the soil
outside the separation.

In the cases with increased subslab depressurization flows and with the smaller
separation or the air barrier, Table 4.3 shows there were no significant changes in
flows of outdoor air through the separation or soil into the subslab region. However,
the magnitude of the increase in flow of indoor air through the subslab region was
similar to that for the increase in flow in the subslab depressurization system in these
two cases. Between 93% to 100% of the exhaust flow from the subslab region was
from the basement in these cases.

Figures F.2, F.4, F.12 and F.14 show there were no significant changes in radon levels
beneath the basement floor between the subslab vent and the perimeter crack in the
cases with increased subslab depressurization flows and with a 1 mm separation or
with an air barrier. There was a slight decrease in these levels for the same system,
but with the larger separation, as shown in Figures F.7 and F.9.
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5.0 CONCLUSIONS

1.

Subslab depressurization systems were very successful at reducing indoor
radon concentrations. For the conditions considered in this project, the
simulations showed this system performed much better than the subslab
pressurization or basement suction systems.

Most of the air removed from the subslab region beneath the house by the
subslab depressurization system with a small separation between the
basement wall and backfill or with a soil air barrier at grade level was drawn
through the basement floor, instead of through the soil. This means that:

i) there is little danger of subslab depressurization systems causing soil to
freeze under footings for these conditions, but

ii) airflows from the basement into the subslab region should be minimized to
avoid excessive depressurization of the basement (leading to furnace
backdrafting) and to avoid over-ventilating the house (leading to

unnecessary heat loss).

With a large separation between the basement wall and backfill, most of the
air removed from the subslab region beneath the house by the subslab
depressurization system was drawn from outdoors through the separation,
instead of through the soil or from the basement. This means that airflows
through large separations should be minimized to avoid the potential freezing
of soil near footings.
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6.0 RECOMMENDATIONS

1. Further field tests and computer simulations should be carried out using
different soils and for a wider range of configurations to confirm the
conclusion that freezing of the soil under footings is not likely to be a problem.
The project should also determine the impact of soil temperatures on soil gas
flows around foundations (and vice versa) and should quantify the effect
footings have on these flows.

The field tests should be carried out using a different test house surrounded
by soil that is highly permeable to air, to create a worst case condition. The
new test house should have thermocouples buried under the footings and
around the house. It should also have a permanently installed subslab
depressurization system. An identical house without subslab depressurization
should also be tested and simulated for comparison. '

The computer simulations should consider combined conduction and
convection heat transfer in the soil. Convection heat transfer in the soil
around basements has been ignored in the past. CONAIR can be adapted to
carry out these analyses, since it already implements a transport equation that
is similar to the thermal conduction-convection equation.

2. Subslab venting systems should not be ducted to the indoor space, to avoid
the potential for increased radon entry rates in the event the system’s fan is
turned off or fails.

3. Air barriers should be used to impede airflows from outdoors through large
separations between basement walls and the backfill Incompressible
materials such as soil should not be added to these separations if they were
created by soil shrinkage. Swelling of the soil with the added material could
increase soil bearing pressures, which could lead to foundation damage.
Future work should evaluate the effectiveness of placing an air barrier at
other locations, such as at the footing.

4. A radon mitigation contractor training program should be developed in
Canada. This program should include a procedure for ensuring that radon



54

mitigation systems do not create furnace backdrafting problems, and a
procedure for balancing the subslab depressurization flow rate to reduce or
eliminate energy wastage due to over-ventilation of the house and/or of the
surrounding soil. That procedure should include the following five steps, in
the order listed here:

a. Seal the basement floor as much as possible to reduce air leakage from
the basement into the subslab region.

& i : ; ’
b. Place a soil air barrier outside the foundation to reduce air leakage
from outdoors into the subslab region, at least in the immediate region
adjacent to the basement wall at grade where large separations could

Occur.

c. Install and balance the subslab depressurization system so that
system’s exhaust flow rate is just sufficient to cause all parts of the
subslab space immediately beneath the basement floor to be at a lower
pressure than the basement under design conditions. If the addition of
the subsiab depressurization system causes the total ventilation rate for
the house to exceed the requirements of CSA F326.1-M1989, and if
further sealing of the basement floor is possible, then steps @ and ¢
should be repeated.

d. Carry out backdrafting tests, and apply the formal procedure of CGSB
Standard 51.71-M "Combustion Ventilation Requirements".

e. Monitor the radon concentration in the house for at least two weeks.
If the radon levels indoors are too high during this period, all of the
steps should be repeated, with consideration given to extending the soil
air barrier further from the foundation. If it is not possible to achieve
further increases in flow resistance through the soil and basement
floor, it may be necessary to increase and rebalance the subslab
depressurization system exhaust flow rate to exclude soil gas entry into
the house.
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BIGK(1000§,c(1600), Tﬁ:sn Cf,CEE :ﬁw?

REAL®8 AREA MU RAOS, DIST SMALLK EAVEHT SLAS. STORE2 DIFF,
+ DIF1,DIFX,DIFY,DIFE ﬁc EMERCR . EMFRCY 2  BASEV

+ POROS1,POROSX, PO 4 POROSS RDEOR S RDCONK RDEOR ancoﬁz,
+ usunar.srl,sr*,srr,sfz.nbnné,nnoa,ﬁnca,!ué DIFAIR

CHARACTER* 14 COMMENT, LOCN

C DIFFUSIVITY IN OPEN AIR [m 2/h] (LOUREIRC - MASTRA 'DFAIR1’')
E}I{;.\I!ho .0432

1
SIMP = 0
JUNR = 999
JDEF = BIMP
JMIN = 0
JMAX = 1
CALL INTGET(’' Enter SOIL element type: SIMP=1, CNDF=0',
4 JDEF, JMIN, JMAX, JUNK, S1HP)
WALSEP = 1
JUNK = 9586
JDEF = WALSEP
JMIN = C
JMRX = 1
CALL INTGET(' Wall-soil SEPARATION ?: YES=1, NO=0',
+ JDEF , JMIN, JMAX , JUNK, WALSEF )
SEPAR = 0.
IF %wausrp 28 1) THEN
RUNK

B2n

1y}

Ll
Itll‘!l
Dcﬂﬂﬁ

« o

oo

B S

RMAX .05
CALL R.ELGET[ ? \-i'-!ll soil SEPARATION é A.R
,RMIN,RMAX, RUNK, SEP.

END IF
OPEN (2,FILE='L2.DAT',STATUS='UNKNOWN')

OPEN (13 FILE='L2IN.DAT', STATUS='OLD’

OPEN (3,fI1LE=‘LOUT] .OUT’ STATUS=UNKN

OPER 4,r:L£-*Lou*2 OUT’ ; STATUS=" unxnowh

OPEN (5,FILE='LOUT3.0UT',STATUS= ' URKNOWN

OPEN B.FILE='FLOUSYSI olT’ STATU5='UhKNOHN‘
OPEN (9, FILE='FLOWSYS2.OUT' STATUS=’UNKNOWN'
OPEN (10, FILE='FLOWELEN.OUT! STATUS='UNKNOWN')
OPEN (11,FILE='KINELM.OUT',STATUS="UNKNOWN'
OPEN (12,FILE="STEADY.OUT',STATUS="UNKNOWN’
REWIND(2)

REWIND|13)

YRITE (8,2507) ‘FLOWSYS:

WRITE [10, *FLOWELEM'

WRITE 11 2507] *KINELEM'

WRITE (12,2506) 'STEADY'
EARE AR R R AR A AR R AR R A AR AR AR R AR A R R R AR RN IR ARA RN NN AR RS

creaxxs TNPUT OF SUNDRY WEATHER AND TERRAIN DATA ®naxea

c‘lll--.ntlllllIII-in.llli.i‘t‘ll'lﬂll‘lllhlhﬂ.tﬂll.!!‘

READ (2,1700) STRT1,STRT2,STRT3
READ (2,1700) FIN1,FIN2,FIN3
READ (2,1800] YEAR'

READ (2,1800) LOCK

READ (2,2100) TERR

READ (2,2200) EAVEHT

WRITE (3,1700) STRT1,STRT2,STRT3
WRITE (3,1700) FIN1,fIR2,FIiN3
WRITE (3,1800} YEAR

WRITE (3,1900) LOCN

WRITE (3,2100) TERR

WRITE (3,2200) EAVEHT

CERARR AR A AR R A R R AR A AR N AR AR AR R AN R ER SR AR R AR AR AR AN

"BEGIN NODE PROCESSING.

c“....ll..ll.“l‘l.I.I‘lI..-I....-l.ll.t-ll.l.lll"il

C THE GRID PARAMETERS ARE GENERATED BY PROGRAM "GRIDSUB'", WHICH
c ASSUMES GRID POINTS ARE AT THE CENTER OF EACE GRID BLOCK.



c TOTAL NUMBER D{"pGRID POINTS IN EACE DIRECTION

READ (13,*
READ (13,*) NPTY
READ (13,*) NPTZ

C THE GRID POINT NUMBER AT EACH OF THE PHYSICAL BOUNDARIES
¢ INRE:SH(?ERE?T521 NX2,NX3,NX4,RX5 2,NY3 5
NY1,NY2,NY3,NY4,RY
rzifou,kz2Lou, N300

IF (WALSEP.EQ.1) THEN
ROTXeNPTR S )
FX4=NX4+1
RX3=NX%+1
RPTY=NPTY+1
RY4=NY4+1
HY5=NY5+1

IF

RZ1l = RPTZ - NZ2LOU
RZ2 = RPTZ - RZ1LOU
RZI3 = RZ3LOU

c 80IL AIR PERMEABILITIES Units: m2.
READ (13,*) KXAG,KYAG,KZAG,K50IL

C  BASEMENT VOLUME Units: m3l.
READ (2,*) BASEV

c BASEMENT FLOOR SLAB THICKNESS Units: m.
READ (2,*) SLAB

c BASEMENT AND OUTDOOR PRESSURES Units: Pa.
READ (2,*) BASEP
READ (2,*) ATMOS

c AIR TEMPERATURES Unite: Deg. C.
READ (2,*) AIRT
READ (2,*) GRDT
READ (2,*} BASET

C AIR DENSITIES Unite: kg/ml.
RHOA = 3.483BE-3 * 101325/(AIRT+273. 5%
RHOB = 3.4B3BE-3 * 101325/(BASET+273.1
RHOS = 3.483BE-3 * 101325/(GRDT+273.15)

c SOIL GAS VISCOISTY Units: Pa*s.
= GRDT*4.B2BE-8+1.71432E-5

XSUM=0.0
YSUM=0.0
Z8UM=0.0

c TE'E Gl;éDIXiBOU-l;DARY POSITIONS Unite: m.
(o]
IFX&S\J&LSEP -EQ. A.& AND. (I.EQ.(NX3+1))) THEN

1
XPOS(1I &sun+xnoaun(1)

ELSE
READ §13,‘ XBOUND (I
NXP??( )=XSUM+ (XBOUNZ(I)/2.)
o

XSUM -XSUM*X.BOUHD( 1)
10 CONTIN

C THE GRID Y-BOUNDARY POSITIONS Units: m.
Dolgc JGALEEE EQ.1).AND. (J.EQ. (NY3+1))) THEN
0 - - . . +
Yé sa% EPA%
YPOS(J SUM+YBOUND (J)

31 YBOUND JP
1905( =¥sUM+ (YBOURD(J)/2.)
ND IF

YSUM=YSUM+YBOUND[J)
20 CONTINUE

c THE GRID Z- BOU’NDARY POSITIONS Unite: m.
Do 30 ’\-15

READ (13 “zB0UN sﬂs
2ZPOS ( 28UM+ zao (K)/2.)
25 g:;z UM+ ZBO!

30 CONT
DO 35 K=1
ZPOS x1=-zsun+z905(x)
3s CONT1
WALLX=NX3
WALLY=NY3
WALL2=NZ2
C BOlL BULK MADUN ULFFUSLIUN COEFFICLENTS Unite: mZ/s.
READ (2,*) DIF1
READ [2,*) DIFX
READ (2,*} DIFY
READ (2,*} DIFZ

c 8OIL RADON EMANATION FRACTIONS Units: Dimensionless.
READ (2,*)} EMFRC1
READ (2,*) EMFRCX
READ (2,*) EMFRCY
READ (2,*) EMFRCZ

c BOIL PARTICLE DENSITIES Units: kg/m3.
RE 2,") RHOS1

AD '
READ (2,") RHOSX
READ (2,*) RHOSY



READ (2,*) RROSZ

< BOIL RADIUM
READ o N
READ (2,*) RDCONX
READ (2,*) RDCONY
READ (2,*) RDCONZ

c BOIL PGRDSITIESRO§?1t3= Dimensionless.

READ (2,*

READ (2,*) POROSX
READ (2,*) POROSY
READ (2,*) POROSZ

c RADON DECAY CONSTANT Units: h-1.
READ (2,*) RDDEC

C Convert diffusivities from mi/e to m2/h.
DIF1l = DIF1*3600

DIFX = DIFX*3600
DIFY = DIFY*3600
DIFZ = DIFZ*3600

BT1 = EMFRC1*"RDCON1*RHOS1*
= EMFRCX*RDCONX*RHOSX*®(1-POROSX}*3600%3.7E10
= EMFRCY*RDCONY*RHOSY*(1~-POROSY)*3600*3.7E10
-

1
EMFRCZ*RDCONZ*RBOSZ*(1-POROSZ)*3600*3.7E10

11,3000 'K-',ls'c Decay constant: Rn [h-1]"
WRITE (11,3100) RDDEC,'< Lourelro, p.268'

1*?03051}‘3500‘3.7210

11,2850) <’

C*#*a%as% WRITE NODE DATA TO OUTPUT FILE*#*asassansxs
€ OUTPUT TO FILE “LOUT1.OUT"
NCOUNT = 0

DC 40 K=1,NPTZ
DO 50 J=1,NPTY
DC_60 I=1,NPTX
1E (I.Lé.WALLI.AND.J.LE.NRLLY‘hND.K.GT.(WRLLZ*I}) THEN
c THESE NODES AREGéN THE BASEMENT

NCOUNT = NCOUNT + 1
AME=0

IF }K.EQ.NALLZ*l THEN
1 éI.LE.NXI- D.J.LE.NY1) THEN
N OUHEENCOUNT~1

GOTO
ELSE IF {I.LE.NX2.AND.J.LE.NY2) THEN

CRKBOT=(2POS (K) - ZBOUND (K) /2.

NDNUM{1,I,J ] = NCOUNT

WRITE (3,1050) NCOUNT,TYPE,AMB,CRKBOT,TEMP,PRES,
* " CRALK BOT'
ELSE IF (I1.LE.NX3.AND.J.LE.NY3) THEN

NCOUNT=NCOUNT-1

GOTO

60
ELSE IF I.LE.éNX3*%Aé#ND.J.LE.(NYJ#l)) THEN

TP odx agf?ég éi&)-zaouunfx)fz.}
"R) = Ncount

NDNUM(2,1,J
WRITE (5,1040! NCOUNT, TYPE , AMB, CRKBOT, TEMP,
+ PRES,' WALSEP BOT'
ENECCI)ENT=NCOUNT+ 4
NDRUM{1,I,J,K) = NCOUNT
WRITE (3,1000) NCOUNT,TYPE,AMB,ZPOS(K), TEMP,PRES,
+ é,J,
E
NDNUM(1,I,J Kl = NCOUNT
WRITE {5,1060) NCOUNT,TYPE,AMB,ZPOS{K],TEMP,PRES,
+
"
NDNUM(1,1,J,K) = NCOUNT
pRITE (5,1060) NCOUNT,TYPE,AMB,ZPOS(K),TEMP,PRES,I,J,K
END IF
6 CONTINUE
50 CONTINUE
40  CONTINUE
TYPE=0
NCOUNT = NCOUNT + 1
ZPOS(NPTZ41) = ZPOS(NPTZ) s ZBOUND(NPTZ)/2.
WRI 3,1050) NCOUNT,AME,TYPE,ZPOS(NPTZ+1},BASET,BASEP,
-t m NT!
TYPE=1
RCOUNT = NCOUNT + 1
SURNOD=NCOUNT

WRITE (3,1060) NCOUNT,AMB, TYPE,ZPOS(NPTZ+1),AIRT,ATMOS
R mbo6R 2 sOTs BURRACE: o ZrOS! FeRR .

WRITE(8,2800) SURNCD, 'BC=
WRITE(B,2850) '<’

cl.Il.ll.'..‘l.“.l.lllll'.ll“'l'lllil’l‘.l‘lll‘l.lll’.

'BEGIN ELEMENT PROCESSING...'

WRITE 16"1
CEAA AR AR R AR AAA RS AR AR SRR AR R AR R A RS AR R R AR R AN RAARRE RN

WRITE B,Z?OD; 'Nl'.NCOUNT{"gfl ID=URn TP=A'

c.l!.O-.i...IlI.-...l.ll..l’l’l”.l....“‘l.ll.l.ﬁ"...‘.l

62



63

Caseaseset FIRST SET OF ELEMENTS (X-DIRECTION) *421227*

CRARRAAARAARRARRARAARAARARSARARARARARATIORARRA EREERARN

WRITE (11,3200 P K=1’
WRITE 511,3300} NCOUNT, * I=?,NCOUNT,’ GEN=1 K=1’

CLASS = 1
TCOUNT = 1
LCOUNT = 0
TOP = 0.0

DO 70 K=1,NPTZ
DO_80 J=1,NPTY
DO 90 I=1,NPTX
PORS=-1.0
VOL = XBOUND(I)*YBOUKD(J)*ZBOUND(K)

IF ;3 .EQ.WALLZ+1) THEN
R o AND 3 LB Do

YOLS OIS 1) 0N 9170 o000t smaose1000.
Ve TERACK BOR’ #dedeR00 +VOLMAS,

END _IF
END IF

IF !I.LE.HQLLX.&&D.J.LE.HﬁLLY.ARD.K.GT.HALLZ) THEN
END IF s

IF :NPTX) THEN
PORS=BOND

END IF
COMMENT ='X-DIRECTION'

LCOUNT = LCOUNT +1
SEPFLG=0

IF (K.LE.NZl% THEN
SMALLR=RSOIL
DIFF=DIFi
PORS=POROS1
GENRAT=ST]*VOL

ELSE IF LK -LE. NzT&ETHEN

IF }I
IF (J. LE NY4
RZ

DIFF=DIFZ
PORS=POROSZ
GENRAT=STZ*VOL

LSE
SMALLR=KSOIL
DIFF=DIF1
PORS=POROS1
GENRAT=ST1~VOL

END IF

ELSE IF (1.EQ.NX4) TREN

IF (2. Nw%

NALLK= INTECE (KZAG, KSOIL XBOUND(1) XBOIND(1+1))
DYEF-INTICE (BEFZ DIF . XBOUNS I),XBOUNS I+
PORS=POROSZ
GENRAT=STZ"VOL

ELSE
SMALLE=ESOIL
DIFF=DIF1
PORS=POROS1
GENRAT=ST14VOL

END IF

ELSE

SMALLE=KSOIL

DIFF=DIF1

PORS=POROS1

GENRAT=ST1*VOL

END
¢ (ELSE K.QT.N22)

IF ;I .LT. NX34
R
DIFF=DIFY
ggns-;g%gg; EQ.1).AND. (J KY3+1))) THEN
. . . . . . +
shbrigeg o) AR (7-BQ: (Y3

GENRAT=0.0

LSE
GENRAT=STY*VOL
BND IF
ELSE
SMALLE=EKSOIL
DIFF=DIF1
PORS=POROS1
GENRAT'STI‘?OL

END I
ELSE 1; 1.E0. JNX3) THEN
TR ARiLEST ca{xrac RXAG, xnouwn;:&ﬁxnounn{1+1))
gé§§=5nwrcz(n FY,DIFX, XBOUND (I OUND(I+1}))
IF é;UALSEP LEQ.1).AND. (J.EQ. (N¥3+1))) THEN
GENRAT=0.0
ELSE
GENRAT=STY*VOL
END IF

ELSE



95

200

-

PORS=POROS1
SMALLE=RSCIL
DIFF=DIF1
GENRAT-STl‘VDL

IF
ml
DIFF-DIFX

ﬁALSEP o1 I.E NX3+1)).AND.
L NY3+ %HEN # Q=8 R

DIFF-IHTTCE(DIFAIR,DIFX,XBDUND(IJ,XBOUHD(I+1)}
GENRAT=0.0

ELSE
GENRAT=STX*VOL
END IF

SE
BMALLEK=KSOIL
DIFF=DIF1l

END I
ELSE IF (1.EQ.NX4) THEN
DIFF~IKTFCE(DIFX,D

=POROSX
GENRAT=STX*VOL
ELSE
SMALLE=KSCIL
DIFF=DIF1l
PORS=POROS1
BE??AT-STI‘VOL

F1,XBOUND(I) UND ( I+

AREA= YBOUNDéJ}'ZBOUND(K‘

IF (SEPFLG THEN
DIFF=DIFAI
DIST’(XBOJND&I%‘XBOUND I!ll&
TBIGK={SEPAR***AREA)/ ;ST}
CT=TBIGR*DSQRT(RHOS } /M
SEPFLG=C

ELSE 1IF (SEPFLG.EQ.l) THEN
DIST=XBOUND(I+1 /2.
CT=CEE(AREA,DIST,RHOS, MU, SMALLE)
TBIGK=HEYK AHBA D.-.,SHALLK
DIST=(XBOU D(Ij+XBDUND(I+1} /2.
g%PFL =0

DIST= XBOJNDé é*xBOUN‘D{ I+1}))/2.
CT=CE ﬁ T,RHOS, MU, SMALLE)
TBICK: EYK(ARLA b1sT,SMALLK)
EPFLG=0
EN'D IF
MASSL=AREA*RHOS*1000.

Biciél)=u
D=NDRUM(1, 1 x&

TDNOD=NDNUM{ i+4,a

DO §5 TYPE=1,TCO

IF_(CT.E ciwrpsy .AND.TBIGK.EQ.BIGK(TYPE)) THEK

100) Lcounérnnma Dy

TONCD, .,TY E,0.,0
WRITE (5, 1500 D,O.D
IE SIMP E THEN
00] LCOUNT, 'I=" ,FRMNCD,

'IUNCID v i TESI
ELSE
WRITE 1062650 LCOUNTt I";FRHNOD,
=

TONOD, \T=CNDF * L&',DIST,
END TF
GOTO 200
EN’D 1F
C} TCOUNE) = CT
GR{TCO NT&
WRITE 00) TCOUNT, CLASS, BIGR(TCOUNT) , BIGK(TCOUNT),
ITE (5 1100& LCOUNT, FRMNOD, 0. , TONCD,
0. Nt
WRITE. (5,16 6
IF_(sIMP.E PR
3 00) LCOUNT, ' I=',FRMNOD,
Tunon, Pekimp
ELSE
WRITE (10,2650) LCOUNT, ‘I=’,FRMNOD,
?ogon T-ENDF M=‘,MASSL,7 L=',DIST,
END IF
TCOUNT = TCOUNT + 1
C(TCOUNT )=

B1GK({TCO! NT]=D.
IF }wanzp .EC.1) THEN
(K.EQ wﬂLLz+1) THEN

LK'INT%CE KXAGiKBOIL6XBOUND(x£ XBDUNDiI41})



b TN 1016} wadr T14)2506) oNOm(2, 1,9, %)
+ 'CG' L 0

=XBOUND(Ng‘YBOUND(J}'O .0O00001*RHOS*1000.
ﬁ!ITELE 2420 NUM(2,1,J,K),'V=',VOLMAS,

+ B&T

END

END
o NX3+1) .AND.J NY3+1)) THEN
¢ E? E .0.0) “VRISE (1235900) KDNUM(1,1,J,K),

+ !cc-
!SEPhR'YBOUND Ji‘ZSOUND‘K}'RBOS‘IOOD.
HBITE ] 2420} RDNUHE +1,9,K),"V=" ,VOLMAS,

ELeF f:: i?ng(o 3;1&&ITE (13'8805 %&ﬁl11¥?§,x;,

+ 'cc-'.
VOLMAS tl%-sspan*znounn;x)-nnos'lnoo.
WRITE s 24201 NUM(1,1 J,x}, V=',VOLMAS,

EL?E {EE TESEtnx3+Ia%ITE ( 2 ;250 ?Ygﬁéﬁﬂll J K),

+ oG
VOLMAS= IPAR-saran'zsounn{xi-nsos-loou.
WRITE(9, 2420) WDNUM(1,I Ve’ VOLMAS,

SE
. IF (GENRAT.NE.0.0) WRITE (12,2900) NDKUM(1,1,3,K),
VOLnAé-vOanons-nnos'1000

WRITE(9,2400) NDNUM(1,1,3,K), V=", VOLHAS,'<’,1,3,K

ELSE
IF (GENRAT.NE.0.0) WRITE (12,2900) KDNUM(1,I,J,K),
+ 'CG=', GENRAT
VOLMAS$=VOL * PORS* REOS*1000.
Ewgnigzlg ,2400) NDNUM(1,1,J,K),’V=',VOLMAS, '<’,I,J,K

ELS
IEG[GEEEﬁT .NE.0.0) WRITE (12,2900) NDNUM(1,I,J,K),
+ 4 -
VOLHAS-VOL'PORM EHOS‘IGOC
Ngﬂ§¥£(g ,2400C) NDNUM(1 1,.,R},'V=',VOLMAS,'<’,I,J,K

Cr R AP R A AP A AN R R AR N AR AR AN R AR RN PP P AR ARAAR AR AR R RN R FRR R R

Cessraares SECOND SET OF ELEMENTS (Y-DIRECTION) #sassessx

CHFRARRAARA R A RAAA AR R ARRAR AR R E R O e Y L L L

COMMENT = ‘Y-DIRECTION'’

IFGé%ésgégPTY) TEEN

END IF

LCOUNT = LCOUNT +1
SEPFLG=0

IF (K.LE.NZi) THENW
SMAHLK KSO L
DIFF=D
ELSE IF K JLE.NZ2 TPEL
iF éJ T. NYé%
IF (I.LE.N d& THEh
SMALLE=RZA
DIFF=DIFZ

ELSE
SMALLE=RSOIL
DIFF=DIF1
END IF
ELSE IF J NY% THEN
IF (1. THEK
SMALL x 1 CE(KZAG,KSOIL, YBOUND(J), YBOUND(J+1))
ELgIrF=1uTrc£rD 1Fz,DIF:, YBOUND(J), YBOUND(J+1))
SMALLK=RSOIL
DIFF=DIF1
END IF
FLSE
SMALLE=KSOIL
DIFF=DIF1

END IF
€  (ELSE K.GT.N22)

" &J[%TLNYN{G& THEN

?%FF WALSE®. EQ.1).AND. (I.EQ.(NX3+1 THEN
Sé;FLG=2 Q-1).AND. (I.EQ.( 1))

END IF

ELSE
SMALLE=RSOIL
DIFF‘DIFI

stz IF £J .LT. NYTAETHEN
SMALLKixYa
DIFF=DIFY
zrs££w3és§p.sq.1}.ann.{a.so.(HY3+1})) THEN
Eugxgg-xnrrcz(nlrazn,nzrv,rnounn(a;,Ynouun(a+1})

ELSE IF {I.LE.NX4) THEN

SMALLK
n FF=DIF

y ééw?%$§§1??11%é%§n.[I.EQ.(NXJ*I]].RND.



SEPFLG=1
gxp DEFFINTFCE(DIFAIR,DIFX, YBOUND(J) , YBOUND(1+1))
ELSE
BMALLK=KSOIL
(DIFE=DIF1

zmg; 1F {: EQ.NY4) THEN
SMALLET cz KYAG, KSOLL vnouwncf& rnouwns;+1)1
DIFF=INTFCE ‘ ,nirl YBOUND(J ), YBOURD (J+

ELSE IF I.
BMALLE= ( i YBOUND (J YBOUND{J*!))
nxrp-xuw?c*tn FX, Df?l tnbunn{a} UND (J+

ELSE
8MALLE=ESOIL
DIFF=DIF1

END IF

ELSE
BMALLK=KSOIL
DIFF=DIF1

END _IF

END IF

-xBDUNDéI}‘ZBDUND{ )
IF (SEPFLG 2) THEN

DIFF=DIFA

DIST=( rnounn&a;+xnoun:&:+1 32

TBIGK=( SEPAR 12, %DIST)
CT=TBIGK*DSQRT (RHOS)
BEPFLG=0

ELSE IF (SEPFLG.EQ.1) THEN
DIST=YHOUND(J+1]/2
CT-CEE (AREA, DIST, RHOS MU, SKALLK)
TBICK-HEYK(AREA, DIST, L SMALLK
DIST=(YBO D(J)araouunxaol} /2.

SE
e L,
TBICK=HEYK( Xﬁxa b1sT, énAiLK) ]

END IF
MASSL = AREA*RHOS*1000.

DO 205 TYPE=1,TCOUNT
IF (CT.EQ.C(TYPE).ANLC.TBIGK.E BIGK(TYFE}) THEN
ITE ? 100} LCOUNT.NDNUM 1 E), 0},
+ NDNUM{ J+1 6 TYPE 0 1 COMHEN
WRITE (5 isooi

IF (sIMPIE
% LCOUN‘T,'1=' NDNUM(1,1,3,K),
. £ NONOM(L, 11341, K) " Peshe
ilo 2650) LEOUNT, «1=' (NDNUM(1 1,3 K),
+ yngdn( 1,3+1,K), "T=CNDF M=',MASSL, t bist,
+ ="
END IF
GOTC 300
END IF
205 CONTINUE
}TCOUNT' =
éTco LT& TBIGK
L8¢1200) TCOUNT,CLASS, BIGK(TCOUNT) , BIGK (TCOUNT),
+ C(TCOUNT ), EXP

WRITE (5, 1100& LCQUNT NDNUM(1,1,3,K),0. KDNUM(1,1,3+1,K),

c.
VRATE (5, iaob
IF (S1MPIEQ.1

ITE 3oty

& LCDUNT 'I",NDNUH(l I,J,K),
+ NDRUM( ,L,J+1 ). T=81
ELSE
WRITE (10,2650) LCOUNT ‘1= NDNUH£1,1 34X
+ e ONUM(1,1,341,%) “p=CcNDF M=f,MassL,’ L=} bisT,’ D=',DIFF

TCOUNT = TCOUNT + 1
C{TCOUNT}-U.
B1GK(TCOUNT)=0.

CRAEE A AR AR AR AR AR R AR AR R AR A AN A AAR AN A AR AR R AR ARG AR ATRRRIRRRR RRAR

Crrexaxnwanan THIRD SET OF ELEMENTS ‘Z_DIRECTIONI.I.H.lHIIIII

CRrERRAARRRARARKARAIANEARNARARRRARTER ARARARAER R LAL R R A A B R A&}

300 CONTINUE
COMMENT = 'Z-DIRECTION'

SEPFLG=0
CREFLG=0
310 LCOUNT = LCOUNT +1

= ixé:Q NZN%J ola LE NX3) THEN
UNT = LCD 1

GOTO 400
ELSE IF .LE.NX3) THEN

XF ;J B NY&& EN
I é{WALSE ES 1; ;J +EQ. (NY3+1))
AN .;SEPFLG E.J3)) BEPFLG=2
SMALLR=EKYAG
DIFF=DIFY
SE

SMALLF=RSOIL
DIFF=DIF1

END_IF
ELSE IF (I.LE.NX4) THEN



1 J.
RS TV P T 28

DIFF -D I F)(
ELSE

SMALLE=KSOI1L

DIFF=DIF1
END IF

SE
S8MALLE=KSOIL
DI ;‘;-D IF1

IF (SEPFLG.NE Ii"!‘BOI.I’N'D
DIB;‘-&ZBDU‘Nﬁ i

i

TBIGK-&SEPM"Z'W.\)H‘SIQ «*DIBT)

CT=TBICK*DSQRT(RHOS )/
SEPFLG=0 (

CT=CEE (AREA,DIST, RHOS,MU, SMALLK
TBIGR=REYK(AREA, DIST , SMALLK) )
BEPFLG=0

END IF
COMMENT = 'SURFACE’
FRMNOD=NDNUM(1,1,J,K)
TONOD=SURNOD
MASSL = AREA*RHOS*1000.
GOTO 320
ERD IF
ERD IF
IF_(K LT.NZI% THEN

DIFF=D
RLSE IF ]('K 89 NZT&

LK=INT% inznc ,KSOIL, ZBOUND x+1gozaounnix))
nxrr-xurrhz(n FZ,DIF1,ZBOUND K+ UND(R)

ELSE
SMALLK=RSOIL
DIFF=DIF1

END IF

ELSE
SMALLE=ESCIL
DI}'F'DI‘FI

END
ELSE I'F FR.LT. NZ%% THEN
EN

}J E NYG
I THEN

SMALLK-RZAL

DIFF=DIFZ
ELSE

SMALLEK=KS0IL

DIFF=DIF1
END IF

SE
SMALLK=KSOIL
DIFP-DIFl

END
ELSE IF LR Eg .NZ2) THEN
IF E.NX1.AND.J.LE.NY1) THEN

LCOU’NT 1

BLSE IF J LE.NY2) THEN
IF (I.LE- NKZ EN

CRRFLG
ELSE IF (I LE. NXJ) THEN
LCOUNT"LCOUN 5

mSE Tr (TR0 TR
IF (( 3&* mg 0, (WX3+1))

SEPFLC.RE.
SMALLR= CE (KXA znounv x+1£ ZBOUND (K))

ELgéFFzINT?ca(n FX,DiFz, znounn(x¢ BOURD (X))
SMALLE=KSOIL
DIFF=DIF1

END I

F
EI.BE IF £J +LE.NY3 'I'HEH
E.NX3
L OUN'I‘ = L DU'NT-

GOm0 400

13 I{ ALSEE.ER 1) TAND
.Aﬁé s§§§%c 85 ;&)xzac

xLD:rr-INTrcz(nirx DiFz,ZBOUND(K41)

SE
SMALLR=KSOIL
DI?F'DIFJ.

ELEND iJ .LE. RYT% THEN
1FI}: uanr ! J.EQ. (NY3+1))
3 SEPFLC 2 ) AN Esrie
= INTFCE (KYAC  KZAG %50 UND K+ 1), ZBOUND x))
ngérg;zﬂrrcz{n FY,Df piFz, zéounn(xa11 BOUND (K
i uN e

K= INTFCE(KXAG, +1),ZBOUND(K))

;I BQ (NX3+1))

ZBOU'ND{K*liﬁgsgg?'D K))
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ng%FFﬁINTFCE[DIFX,DIFZ,ZBOUND(K*I),ZBDUND[K)}

SMALLR=KSOIL
DIFF=DIF1
END IF

ELSE
SMALLE=KSOIL
DIFF=DIF1

END XIF

IF I.LE.NX1. lND J.LE.NY1l) THEN
UNT t LCOUNT-1

ELSE i? LE .LE. NYT&EN

(1. LT 2; THEN
OUND(J

T=YB
ELBE
r-xnouun{1)
END IF
CRKFLG=
ELSE IF (1 LEKX3) THEN
LCOUNT=LCOUNT -

N Ianﬂ(z zp.sgsl;l) D (1.EQ. (RX3+1))

DIPP-DI?X

ELSE
SMALLE=ESOIL
DIFF-DIPI

END
ELSE IF J.LE.NY3 TBEN
E.NX3
UNT = L OUNT A
DO
ELS

N
R G oo

DIFF=DIFX

LSE
SMALLE=RSOIL
DIFF=DIF1

ELSE IF J.LE.NY4 THEN

IF }1 E. NX];
I (WALSE ES 13 £J «EQ.(NY3+1))
. iSEPFLG E.3)) SEPFLG=2
SHALL
DIFF=DIFY
ELSE IF (I.LE. NX4
I LE. (KX3+1

+ iéﬂééw(N‘J‘ll? AAD {SE FLG.NE. 3)) &EPFLG=

DIFF=DIFX
ELSE
SMALLR=ESCIL
DIFF=DIF1l
END IF
ELSE
SMALLE=RKS0IL
DIFF=DIF1

AREA'XBDUND&IAHYBOUNDéJ)

IF ((CREFLG.EQ.0).AKD.SEPFLG.EQ.0)) THEN
FRMNOD=NDNU il 1,J,K

E?ggn=§ggg:$ K +zaoun&(x+1 /2.
CT=CE. é éT RHOS ,MU, 8 MAL

TBIGK-REVK .\F.I.A DIST, SMALLK)
ELSE IF (CRKFLG.EQ.1) THEN
SOIL TO CRACK ELEMENTS
COMMENT = 'TO CRACK BOT'
FRMNOD=NDNUM(1,1,J l]

Tonon-nnnunkngi 5 K+

oo Dibed
=CEE(AREA DT é RHOS, MU &zac;
STORE=2POS (K +
ZPOS(Ke1) = C
ELSE I ic L. EQ 2) THEN
BASEMENT CRACK ELE
e BASEMENT'
rnnmon-nnnun{l 1,3,K)
TONOD=BASNOD

TBIGK T“Z‘ARI:Q él? . *SLAB)
CT=TBI K‘DSgRT e} ]/HU
STORE=ZPOS I

K

OT+8
8TO 2=Z OS

ELSE IF SEPFLG gg .1) THEN
80IL TO SEPARAT N ELEME
COMMENT = 'TO SEP BOT'
FRMNOD=NDNUM(1,1,J Ki
i 5 K+ )

TONOD=NDNUM
015T=znounol 2;5
TBIGK=BEYK(AREA. DIST, xzac
CT=CEE(AREA DISH- RHOS G)
STORE=2P0S (K+1

ZPOS(K+1) 4!
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320

305

400

~ w0

[=1<1=]

SEPFLG=3
LSE IF (SEFPFLG.E

E +2) THEN
SOIL-WALL SEPARATION EL
DIFF=DIF.
;gﬂggn;gnnun 141,9.K
DIST-(ZBDUHé‘i%¢Z§OUN& Ks1)102.
TBIGK= (SEPARC*24AREA)/ (12, 4038T)
gw-wn: K*DSQRT (RHOS ) /
szpr LG.EQ.3) THEN
SOIL-WALL “SEPARAYT
SEP BOT’
DIFF=DIFAIR
FRMNOD=NDNUM(2,1,J,K+1)
TONOD 157 k+1)

+

+

+ 4+

sr-zaom&n
TBIBR SEP, ‘*ZIHREA}N£12 *DIST)
CT=TBI1GK*DSQRT(RHOS )
SEPFLG=0
END IF

DO_305 TYPE=l

IF ;CT S &gYPE]‘sURFEgIGR ESEEIGK(TYPE)

s 1 T dh o
IF si P TR’

ITE ;1 ;2600) LCOUNT, *I=",FRMNOD,
TONOD, ' T=81MP

ELSE
WRITE ‘1 255(.'&2I LCDW‘%‘L'I-',FWDD,

TONOD .
Y89 ¢ pav
END IF
ELSE
I (comd | BASEMENT
io LCOUNT rﬁnnon,o”
TONDD é 4,5,
WRITE £841200 LCOUNT, FRMNOD 0. ,
£ 3OROD, P, TYP 0,1, COMMENT
I!-"m&SIM.? (EQ.1) THE
) £00) LCOUNT, * 1=, FRMNOD,
TONOD, I1esinm

ELSE
WRITE (10,2650) LCOUNT,'I=’ FRHNOE,
TONOD, "T=CNDF _M=' MASSu, L
DIST,’ D=',DIFF

) THEN

END IF
END IF
WRITE 65,1600} 0,0.0
GOTO 400
END TIF
CONTINUE
51Tk (TCOUNT
GK(TCO NT& = TBIGK
WRIT 4 120C) TCOUNT,CLASS,BIGE(TCOUNT),BIGK|TCOUNT),
C TCOU .EKP
CO g SURFACE’) THEN
'TE 5 1180 LCQUNT, RMNOD,C. ,
TONOD, 0. , TCOUNT 0,4,1,COMMERT
IFués’MP Eg g
ITE ;1 2 00) LCOUNT,'I=',FRMNOB
TgNOD,

1)

WRITE (10,2650) LCOUNT,’I=',FRMNOD,
TONOD, ' T=CNDF M=’ ,MASSL,” L&',
DIST,! D=',DIFF

£ BN TF

xrwﬁconnznr .EQ. 'BASEMENT') THEN
£3p11 0 (LCOUNT, FRMNOD, 0.
Touoo £,TCOUNT, 4.0, 4,1, COMMENT

ELS
WRITE 1100 LCOUNT Pnnmcn
TONOD, 40# TCOUNT, 0. OMMENRT

i SIHP £Q- 1) TEEN
1 00) LCOUNT, 'I=',FRMNOD,
rouon T=5IMP "

ELSE

WRITE (10,2650) LCOUNT, ‘I=', FRMNOD,
TONOD, ' T =C =7, mAssL,” 1
DIST,! D=’,DIFF

END TF

END I
TRITE {5,1600) 0,0.0
TCOUNT = TCOUNT + 1

C(TCOUNT)=0.
xicn(rcoaurjso.

CONTINUE
IF (SEPFLG.EQ.3) GOTO 310

CONTINUE
CONTINUE
CONTINUE

WRITE (12,2%00) BURNOD,’'CG=',0.0
VOLMAS=BASEV*RHOB*1000

WRITE(9,2410) BASNOD,'&-',VOLMAS,'<

VOLMAS=( 100000000.
WRITE(9,2430) SURNOD,‘V=',VOLMAS,'<

*RHOA*1000.

BASEMENT'

OUTDOORS

BOIL BURFACE'
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™

"END’
"END
*RETURN'
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WRITE (6,*) "END OF PROCESSING...WRITING INPUT FILES'

CALL AIRCON
Crernanennansnnantan PORMAT SBTATEMENTS Athswasssnsnsannn

1000 FORMAT(I4,3X,I1,3X,11,3X,F6.5,3X,F13.8,3X,F6.2,313
1030 FORMAT(I4,3X,I1,3X,I1,3X,FB.5,3X, F13. 8,3X,F6.2,A11
1040 FORMAT|I&,3X,I1,3X,11,3X,F8.5,3X,F 3.s,Jx F6.2,M2
1050 FORMAT(I4,3X,11, .11.3x.rs 3/3X/F13 .a,ax,r +2,A10
1060 FORMAT(14,3X,11,3X,11,3X/F 53X, SN a 2,A25
1100 FORMAT i;,gx 14§2x FB. Sx 14,2X,F8. i‘ 2X/F3.1,2x,11,2X,
1200 FORMAT(I4,2X,I2, 5x E11.6E2,3X,E11.6E2,3X,E11.6E2,3X,F5.3)
1300 FORMAT(I1
1500 FORMAT(A6
1800 FORMAT(2X,I1,2X,£3.1)
1700 FORMAT(I1,1X,I1,1X,I{)
1800 FORMAT 142
1900 FORMAT(A1l )
2100 FORMAT{2X,11)
2200 FORMAT rq.zi
2300 FORMAT(13,4%X,13,4X,13,4X,14
2400 FORMAT(3X,I3,2X,A2,E14.9E2,10X,A1,2X,12,3%,12,3X,12)
2410 FORMAT(3X,I3,2X A2 ,E14.8E2,10X A1%
2420 FORMAT|3X,I3,2X,A2,E14.9E2,10X,R14
2430 FORMAT(3X 13,2X,AZ,F14.9E2,10X,A27
2503 FORMAT(A
5208 FORMAT|Ae
2507 FORMAT(A7
2508 FORMAT(AB)
2600 FORMAT(3X,I4,2X,A2,13,*,’,13,1X,A6)
2650 FORMAT(3X,14, 2x A2,13,¢,',13,1X,A9,E13.8E2,2(A3,E23.8E2))
2700 FORMAT(AZ,I4 ég
2800 FORMAT[2X,14,1X,A3,A2)
2850 FORMAT(A1
2900 FORMATII4,1X,A3,E17.12E2)
3000 FORMAT(AZ, VA30
3100 FORMAT|FS. iox asuﬂ
3300 FORMAT|A3Z)
3300 FORMAT(14,A3,14,R11}
END
Cm === e e e e e e e e ee—eses INTFCE
DOUBLE PRECISION FUNCTION INTFCE(K1,K2,D1,D2)
REAL*® K1,K2,D1,D2
IF ((K1.EQ.0.0DO).AND.(K2.EQ.0.0D0)) THEN
INTFCE ='0.0D0
INTFCE = (R1*K2)/((K1*D2+K2*D1)/(D1+D2)}
END IF
RETURN
END
=== e e s e e emmsmee——mesmm—eaeeess e ————- CEE
DOUBLE PRECISION FUNCTION CEE(AREA,DIST,REO,MU,SMALLK)
REAL*8 AREA,DIST,RHO,MU,SMALL
CEE = AREA*SMALLK*DSQRT(RHO)/(MU*DIST)
RE
END
T S — HEYK

DOUBLE PRECISION FUNCTION HEYK(AREA,DIST,SMALLK)
REAL®8 AREA,DIST,SMALLK

HEYEK = AREA*SMALLE/DIST

RE
END

SUBROUTINE AIRCON
C--SUB: AIRCON - Writes CONAIR input files.

INTEGER UNUM, STREND
CHARACTER*BO STRING
CEARACTER*1 LINE(80)



EQUIVALENCE (LINE(1),STRING)
ICAL WD

[} *** Write AIRNET input file =#*

OPEN(13,FILE='BOILA.INP',STATUS="UNKNOWN' )
WDEND = .FALSE.
UNUM = 3
OPEN (3,FILE='LOUT1.0UT',STATUS='0OLD")
DO WHTLE O
DO WHILE (.KoT. wnzun%a

CALL I UNUM, STRING, WDEND)

STREND = LE STR NG}

W3 p § - NOT - WDEND) HRITB( 3,900) (LINE(I),I=1,8TREND)

cnoss(unun)
VDEKD = .FALSE.

UNUM =
OPER (4,FILE=’LOUT2.0UT’ ,STATUS=’OLD"
REWIND (U0 ! )

{
.KOT.WDEND) WRITE(13,900) (LINE(I),I=1,8TREND)
CLOSE (UNUM)
WDEND = .PALSE.
OPEN =55PILE 7LOUT3.0UT' ,STATUS="'OLD’ )
REGIND ﬁwun )
DO WEILE (.NOT.WDEN
ChLL - INREAD (UNUM 8 RING, WDEND)
STREND = LE 5TR
IF (.NOT.WDEND) Hn:rs(ia 900) (LINE(I),I=1,STREND)

END D
CLOSE (UNUM)
CLOSE({13)

c *** Write CONTAM input file *»*

900

OPEN(14,FILE='SOILC.INP',STATUS='UNRKNOWN')

WDEND = .FALSE.
URUM =
OFEN (8,  FILE=’FLOWSYSI. OUT’, STATUS=‘OLD" )
REWIN UNUM
DO WHILE (.NOT.WDEND)
&unu» sfnzns WDEND )
S'IR.END = LENTRM(STRI 1
IF (.NOT.WDEND) HRITE{ 4,900) (LINE(I),I=1,STREND)

END D
CLOSE (UNUM)
WDEND =g.FALSE.
OPEN 39 ,FILE='FLOWSYS2.CUT',STATUS=‘0LD" )
UNUM
DO WEILE OT. WDEND )

CALL IN UNUM, STRING,WDEND)

"STREND = LE RM(STRING

IF S.NOT .WDEND) WRITE({{4,900) (LINE(I),I=1,STREKD
END D
CLOSE (UNUM)

WDEND = .FALSE.

UNUM = 10
OPEK (10 FILE-'FLOWELEH.OUT',STATUS=’0LD’)
DO WHILE OT. wnznn%

CALL INﬁLnD UNUM, STRI Ng,WDEND)

STREND = LENTRM(STRIN
EN%F .NOT . WDEND) wRITE{i4 900) (LINE(1),I=1,STREND)
CLOSE (UNUM)
WNFNN = .FALSF.

UNUM = 11
OFEN 11 ?ILB-'KINELH.OU‘I',STATUS-'OLD']

REWI
N’HI E UI' WDENKD
CALL I UNUN,, STRING ,WDEND }
STREND = LE|

(

W 3F & - NOT - WDEND ) HRITE(14 900} (LINE(I),I=1,STREND)
cnosz(unun)
WDEND = .FALSE.
UNUM = 12
OPENN$12,FIL£-'STE&DY.OUT',STATUs-'ULD')
REWI
DO WHILE (.RoOT. HDEND%R

CALL I UNUM, STRING, WDEND)

BTREND = ﬁrnn(

IF (.NOT. Hnssn} wn:rsi 4,900) (LINE(I),I=1,BTREND)

END D
CLOSE (UNUM)
CLOSE({14)

FORMAT( 80A1)

END

INREAD
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SUBROUTINE INREAD(UNUM, ST‘RING

WDEND
g--suﬁ INREAD - Reads STRING data tﬁa source file defined

--------------- in FNAME procadure

INTEGER UNUM
CEML\CTER*BO STRING
LOGICAL WD

I.]'NIT!U‘R‘UH FMT=900,ERR=5,END=10) 8TRING
s00 FO [ )

5 Continue
10 WDEND = ,TRUE
RETURN

?UNC'TION LENTRM(STRING
--FUN:LENTRM - DETERMINES LENGTH OF TRIMMED ETRIEG - A STRING WITH
TRAILING BLANKS REMOVED

LENTOT : THE TOTAL I.EHGTH OF THE BTRING
LENTRM : THE LENGTH OF THE TRIMMED BTRING

""" CBARACTER STRING(*) T
INTEGER LENTOT, L

LENTOT = LER([STRING)

DO 10 I=LENTOT
colE(STRING(I: i} NE.1 ') GO TO 20

10
20 LENTRM = I
RETURN

END

INCLUDE 'UTILL2.FCR'
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BUBROUTINE ERROR(MSG,BEVR)

DESCRIPTION A rA st maard i d A A A A A A A AR A A AR RS R AN AR AR AR AR RAR SRR AW

Bimple error message writer with fatal error termination.

DECMTIORS (AR R RN R AR R R R RS RN RN RN RN Rl

Input:
G - message to be printed.
BEVR - error severity code.

COMMON /UNITS/ UB,U9,U10
INTEGER U8,US,Ul0
INRTEGER BE?R
INTEGER

CHARACTER '{
CHARACTER*15 SRVER{O 3)

CDDE ARAAAR AR AR AT AR R AN R AR AR R AR AR AR AR A R AR R R AR R R AR R A

_DATA BEVER / !*** NOTE ##% !, ’#2#% WARKING *#%’,
l‘.. BEVERE #%# I" LR R § rATAL L 3] L /

} - HIN[I 5
WRITE i EvERili
WRITE (U 1 SEVER(1)

wnzwz ué ) Mse
1 .GE.3) sTOP

END
SUBROUTINE ERROR2(MSG1,MSG2,SEVR)

DESCRIPTION AEARARNRE AR R AR AR R R T R AR A AR A A AR AR A AR NP R AR A RAR R PR AR RR

Simple error message writer (2 messages) with fatal termination.

DECLARATIONS EEA AR AR AR AN AR AR R A AR AR AT R AR AR AR AR EA TR AR R AR A AR NARA AR

Inpu
RSGI - first message to be printed.
MSG2 - second message to be printed.
SEVR - error severity code.
COMMON /UNITS/ UB,US,U10
INTEGER UB,U9,Ul10

INTEGER SEVR

INTEGER
EHARACTER’! ) M5G1, MSG2
CHARACTER*15 SEVER(0:3)

CODE ®tmr st ass ama s n st d A s A I AR A A AN AN R AN N R A NAR RS AR A RN AR AR RAR A AR AR

DATA SEVER / f*** NOTE *=* f, "es® WARNING #esr,
IEEE] SMRI ARS f’ fTaks PATM‘ RAR r J{
1= Haxlssvn ,0)
1= MINT3)
WRITE(6 2 EVER(1)
WRITE ué ) SEVER(
WRITE M5Gi,MSG
WRITE ué ) MsGi, MsG2
IF(SEVR.GE.3) STOP
RETURN

END
SUBROUTINE GETSTR(UIN,A,NUE)

DESCRIPTION AAARRA AR RS AR AT R A AR R AR IR AR R A RARAA AR AR AARRRAARA R A AR

Get character data from batch input file. On CDC computers,
an empty record is considered an end-of-file

n:cm‘r:ons RAAAARA AR A RARERARARAST AN AN AARARAR AR R RAARARARRARRRRRRA

Input:
EIN - unit number of input file.

Output:
A - user input (character string).
NUE = (0 = no input).

INTEGER UIN

CHARACTER"* 4

CODE ERA R AR RA R RAR AR RAAAAARAARARSAS AR AR A AR AR AR AR RAR AR R R

RUE = 1
REAgéUNIT=UIR,FMTBBOI,BHD-iD] A
999

End-of-file.
0 NUE = 0
I = UIN
CALL INTDISE UNITNR, L
CALL ERROR2|‘End-of-file on UNIT ’,UNITNR(1:L),2)
FORMAT (A
RETURN

END
BUBROUTINE GETWRD(STRING,K,WORD)

DEBCRIPTION AARARAASAARAAARARSARSRARERERAGRAARRERand s aAdARARABARA
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Get next "WORD" from the "STRING" of characters.
Words are peparated by blanke or commas: HORD WORD or
WORD WORD WORD or” WORD, WORD. WORD are aii vaiid.

DECLARATIONS RAARANRANAASER AR AAARARRARRARRRRARRARARARRARARERRRRAR

Ingutloutput'
current position in “BTRING".
Lof;].

- maximum langth of "STRIRG".
L = current tion in "WORD".
LW - maximum length of "WORD".
COMMON /UNITS/ UB8,U9,Ul10

INTEGER US,US,U10
INTEGER K, 1S, L, LW
cnnnnggsn-i-] WORD,  BTRING
CHARACTER*1 'A
CDDE AARRAAARTRARARAAERRRARANRERARRAARARARRARARRRARSRARRRAARRRRARARRAR

=

WO
LS = LENESTRING)

iw -OLE
Bkip blanks before the word.
10 UONTINUE
K = R+1
IF(K GT LS GO TO 30
(n sg éoc& TO 10
1r[A EQ.T,") 95%
Copy ""WORD" from "STRING".
20 CONTINUE
L 1 Copy character from "STRING" toc '"WORD".
= +

Find separator in "STRING".

IF(A.EQ. i TO 999
iFr A.Eg- .} 60 TO 995
GO TO 20

30 CALL ERROR('Did not find expected value'’,2)
GO TO BC

40 CALL ERROR('Word too long (parameter WRDLEN too short)’,2)
GO TO 60

50 CALL ERROR(’'Did not find end of word (blank or comma)’,2)
60 CONTINUE
WRITE(6,*) STRING
éué, STRING
RROR| 'Could not process the input line listed above',3)

999 CONTINUE

B
INTEGER FUNCTION INTCON (ANUM,EFLAG)

DESCRIPTION MAREA AR RN ER R AR AN AR R AN AR A AT R AR A AT AR AR AR AR AR AN

Convert character string "ANUM" to an integer.
The lim;ting values for short integers are +/- 32758;
for long integers +/- 21474B836485.

DECLARATIONS RAARFAARARRARARARARRARARRAARN A RARAAS A AR ATAARAARRARTARNRAR

INTEGER EFLAG, I, J, MINUS
CHARACTER ANUM®(*), TEST*13

COMMON /UNITS/ U8,US,U10
INTEGER UB,US,Ul0

CODE AAARRRAAAR AR AR AR AR R AT R AR RN ARR AR AR R AR AR A A AR KRR RARARAR IR R AR AN

DATA TEST / ' +-0123456789' /

MINUS
DO 40 J=1 LEN(ANUM L
i Go to 10
0,20), I

10 Ir urcon GE.3276) GO TO 70
on = INTCON*10+(1-4)

20 HINUS = -1
30 IF&%.NI.I) GO TO 60
40 CONTINUE
50 CONTINUE

INTCON = MINUS*INTCON

EFLAG = 0

GO TO 999

Error nanngg

60 SSL%OE§§OR2('Invalid integer (INT R)- ' ,ANUM, 2)
70 CALL ERRORZ('Too many digites (INTCON): ' ,ANUM,2)
BO EFLAG = 1

END
BUBROUTINE INTDIS(I,ANUM,L)
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DESCRIPTIOR *Rassgsctdtddd e A aA AR AARAARAARAS R AR RER AR AR NARARBARRER

Convert integer I to character string ANUM(1:1L) for display.

DECLmTIm AR A AR AAAR N AR AN AN A AR AR A AT AT AR AR R R AR A AR RN

INTEGER K, L, n, N, KN

INTEGER

cnanacrzn-{
o) Bier

CODE B SARAA R AR AR AR R AR AR A AR AR R AR PR R R AR AR TR AR R AR R R AR

DATA DISP / ‘0123456789 /
IF(1.GE.0) THEN

K:K) = DISP(M+1:
LN _GT.0) GO TO 10
N =

IF(L. B? 1) nﬁun(n (L) = ’-

L = L+l

ANUM(L:L ANUM(K:K)

\ =

IF{K LT.&]
RETURN
ERD
SUBROUTIRE INTGET(MSG,IDEF,IMIN,IMAX,IUNE,I)

DESCRIPTIONR RARRBRR AR AT AR AR RS R R R T A AR AR R I RN SN AT AR R AR A AN R AR B AR A

END_IF
E iLE .L) CALL BRRDR&’string variable tooc short (INTDIS)’,3)

Interactive input processor for a short integer value.
Print message glus minimum, maximum, and default values.
Read user inpu treat carriage return ae default valiue.

DECLARATIORS ARARAR A AR AR AR AR AR A AR AR TR AR R IR A AR R R P AT R R R AN R AR AR R

Inﬁut
56 - megsage to be printed.
IDEF - default val
IMIN - minimam value
IMAX - maximum value.
IUNK - undefined value.
Output: i
1 - ioteger value (possibly INTEGER}.
Local:
NUE - SD = no user input).
EFLAG - indicates improger integer.
ANUM - mser input character string.

10

11
12
13
14
15

16
17

INTEGER 1, IDEF, IMIN, IMAX, IUNK
INTEGER LD, LN, LX, J, EFLAG, NUE
CHARACTER‘£

CHARACTER" 20 RNUH Ch, CN, CX

CODE S o waass s s st sttt st s iR mdsmd it i i aa s e NS P S NSRS ARTARR RN

J =20
IF(IMIN.EQ.IUNK) J = J+1
IF(IMAX.EQ.IUNK} J = J+2
IF(IDEF.EQ.IUNK) J = J+4
CALL INLDIS{IUEF,CD,LD
CALL INTDIS IHIN,CN.LN
CALL INTDIS|IMAX,CX,LX
Print message and read user entry.

CONTINUE
1F[nsc NE.’ 1 WRITE(6 901 . ,nsc, '

20 {11¢ 12,1314, 15 i
HRITE( MAX = /,CX(1:LX),

eFanit o ',CD i:Ln) LS

GO TO 17
ggrgg(?%-) * [MAX = /,CX(1:LX),’ DEFAULT = *,CD(1:LD},’]
WRITE(6,*) ' [MIN = ' CN(1:LN),’ DEFAULT = ',CD{1:LD),"'}) '
nggg(é&-) * [DEFAULT = *,CD(1:LD),’] '
cﬂglg éf" MINK CN;LN "' ;Q\x b 1:1X),' !
' = ¢, : = ! ,CX(1: .
o e
oL AR ) #CX(1:1X), ")

WRITE(6,*) [M:m = 7,CN(1:LN),’] !
CONTINUE

CALL STRGET(ANUM

IF(NUE.EQ.0) GO m 3

I = INTCOWN ANUM,EFL&G

IF(EFLAG.E ﬁ 0

IF(IMIN.EQ.IUNK GO TO 20

IF I.GE.1 &U TO 20
WRITE(6,") HBE! TOO SMALL'

Decode and test user entry.
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20

10
20

GO TO 10

CONTINUE

IF (IMAX.E .IUNé& GO TO 999
IF

I.LE.I S TO 939
WRITE(6,*) ' ER TOO LARGE’
6o To 16

CONTINUE

IF(IDEF.EQ.IUNK) GO TO 10

I = IDEF

FORMAT (A, $)

FORMAT (A

END
IRTEGER FUNCTION LENSTR(A)
DESCRIPTION AAf e aaast sttt sttt d AN AN AN AN A R AR A AR AR,

Determine the location of the last non-blank character in "A".

DECL‘RATIONS AR AR A AR AAAR A AN AR AN RARN A N AA R AT AR A AR R AN

CEHARACTER*(*) A
INTEGER 1

CODE RAAAAAARARARARAARARERARRRAARARARARRRARERAARARARRAdARARERdARRARSS
DO_10 I=LEN(A),1,;1
IF(A(I:1).RE." 'y 60 TO 20
CoRThnE
I=0
LENSTR = I
RETURN
END
INTEGER FUNCTION NOYES (MSG)

DESCRIPTION AAARARARAA AR RN AR AR A AR R R AR AT AR A AR AR R R AR AR RN R R RAR N R R R

Obtain a YES or NO response from the user; 0 = no, 1 = yes.
To be called from an interactive grogram with the

unit numbere for the interaction input and cutput files.

Be careful with the length of the integer variables.

DECLARATIONS AR AR R A AR R ANE A AR A RS AN P P AR A PR AN AR A P TR R R RN ARE N AAR AR

Iﬂﬁut :
5G - Message to user.
Local:

10

20

30
801

999 RE

NUE - (0 = no user entry).

CHARACTER'{‘) MSG
CHARACTER*1 A
INTEGER NUE

CODE AR AR NS R AR A A AR R A AT R AN A R AR IR IR AR AR R R AR R A P AR AN AR AR R AR RS

WRITE(6,901) ' ' ,MSG,’ (Y/N)? *
CALL STRGET(A,NUE)

IF(R.EQ.'Y’ .OR. A.EQ.'y’) GO TO 20

IF(A.EC.'N' .OR. A.EC.'n') GO TO 30

WRITE(E+) ' VALID RESPONSES ARE: Y OR Y FOR YES, K OR N FOR NO.'

ERD

SUBROUTINE OPENFL(U,FNM,ACC,RL,FOR,STA,MSG,NUE)

DESCRIPTION AAA A A SR AR AR A AR T AA R R AR RN R AR AR R A A AR AR AR AR A AR AR R R AR A AR
Open a file; to be called from an interactive program with the
unit numbers for the interaction input and output files.

For use with named filee (status cannot = SCEA?CH).
Be careful with the length of the integer variables.

DECLARATIONS AAARREA AN RAA SRR RARNERNARAARARRARAAARARRARARRRRRAR AR AR RN

Input: \
E - unit number of file to be opened.
FNM - name of file énuggiiad by user).
ACC - access ('SEQUENT ' or "DIRECT'),
RL - record ung h *égr direct access files only).
FOR - format ('FORMA D' or 'UNFORMATTED').
STA - status ('NEW' or ‘OLD’ or 'UNKNOWN').
% Ms% - message to user.
ocal:

10

ENDIF

-~ (0 = no user entry).

INTEGER U, RL, IOS
INTEGER KRUE
CHARACTER® (*) FNM, ACC, FOR, STA, MSG

CODE AAAAARAARREAARAEARRARAAREARAARARNESGRERRARRRRARARRRddRARRARA B RN

CONTINUE
WRITE(6,901) ' *,MSG,’ *

CALL STRGEZ(FNM,RUE)

IF(NUE.EQ.0) Go To 100

Irégcc.sg.' EQUENTIAL’) THEN
URIT=U,FILE=FNM,ACCESS=ACC , FORM=FOR, STATUS=STA,
10STAT=I0S, ERR=20, RECL=1000)

ELSE
OPEN (UNIT=U,FILE=FNM,ACCESS=ACC, RECL=RL, FORM=FOR, STATUS=STA,
I0STAT=10S,ERR=20)

EN({
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GO TO 999
Failed to open file.
20 CONTINUE
WRITE(6, '} ! COULD NOT OPEN FILE NAMED: ',FNM
WRITE(6,*) ‘' FORTRAN 1/0C STATUS: ',I0S,’ (SEE FORTRAN MANUAL)'
IF&%T .E ’NEN éx EN
ITE PECTED Tnz NAME OF A NEW FILE.'
ELSE IF s&a EQ ‘O'Dc*z
D TBE NAME OF AN EXISTING FILE.'
WRITE(6,*) ' TRY AGAIN. ENTER REVISED FILE NAME.'
=§§%% g.: {TO STOP PROGRAM EXECUTION, PRESS ONLY ENTER)’
Go To 16
User termination.
100 STOP'User Termination’
1 FORMAT(A

90
901 FPORMAT(A
999 RETURN

BUBRDUTINE OPNCTL (U,FNM,ACC,RL,FOR, STA,MSG)

DESCRIPTION RARRARRA TR AR ARRANAA AR A AR R A RAR AR RN ARARARARRRARRARERARS

Open a data file containing airflow element enntrol values.
For use with named files (Btatus cannot = SCRATCH).
Be careful with the length of the integer variables.

DECLARATIONS ot adn A at sttt d s dddd A d AR R A AR AR AN A AR AR R R RN R AR W

InHut.

FNM
ACC

FOR
STA
MSG

Local:

KUE

CODE

unit number of file to opanad

name of file px%ied b user

access ['BEQU NT DIREC

record an th i or direct accass f;lea only).
format or "UNFORMATTED').
Btatus 'NEH' or ’OLD‘ or 'UNENOWN').
message to user.

- (0 = no user entry).

INTEGER U, RL, IOS
INTEGER NUE
CHARACTER*(*) FNM, ACC, FOR, STA, MSG

AR A AR AR AR A AR I AR AR A A A AR R AR AR A AR AN AR NN AR AR AR AT A REA AR R AR

FNM='RFE.CTL'

10 CONTINUE
IF(ACC.E
PEN(U

I

I

Q:SEQUENTIAL:) THEK
IT=U FILE=FNM, ACCESS=ACC, FORM=FOR, STATUS=STA,
OSTAT=10S,ERR=20, RECL=1000)

E SE
OPEN(UNIT=U, FILE*?NFﬁACCEssthC +RECL=RL, FORM=FOR, STATUS=5TA,

OSTAT=10S, ERR=

ENDIF
GO TO 999 o
Failed to opern [iie.
20 CONTINUE

WRITE(6,") ’ COULD NOT OPEN FILE NAMED: *,FRM
wn:wsle ] ' FORERAN 1/0 STATUS: ' 108.' [SEE FORTRAN MANUAL)’
IF (STA. E .'m:w' THEN

; ECTED THE NAME OF h NEW FILE.'
ELSE :r STA Eg "OLD’
o HRITE EXPECYED THE NAME OF AN EXISTING FILE.’
WRITE(6,") ' TRY AGAIN. ENTER REVISED FILE NAME.’
WRITE(6,*) ' {TO STOP PROGRAM EXECUTION, PRESS ONLY ENTER)’
WRITE(G,*
WRITE(6,901) ' ', ,MSG,’' ’
CALL STRGET PR, RUE)

6o o {oo

IF(NUE.EQ.O
GO(TO IOQ

User termination.

100 STOP'User Termination’
901 FORMAT

A
an) FORMRTihj
299 RITURL

REAL FUNCTION RELCON(ANUM,EFLAG)

DESCRIPTION RAARAAARRAAARR A AR R AARAAARAEAAASRRARARSREPRARERARNARAARAR

Convert character string "ANUM" to a real number.

DECLAaATIoNs AARAARAARAAATAR A SR ANARARARRNER AR RARGRARERNREdRRRARRER®

COMMON /UNITS/ UB,U9,U10
INTEGER U8,U9,U10

INTEGER EFLAG, I, J, MINUS
REAL RNUM

LOGIC
camcmk "ANUM* (%), TEST*16

CODE

MULT,

U

AR AR A AR AR AN TR AR R AT AR RAR AR AR AR AR R AR TR AR AR R AR RN

DATA TEST / 'eE.-+ 0123456788%" /
RELCON = 0.
MINUS = 1

Procese each character until a blank.
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6
10 GO TO 170.%0,36,40.501. 1
G0 TO 120

Add digit to pumber.
20 RNUM = RNUM*10+(I-7
IF(%& MULT = T*10.
GO 80

Rote decimal point.
30 IF(D ign. E) GO TO 120

GO TO 80D
Hote minus sign.
40 iR 109-15.50. '€4) 6o To 50
IF MﬂmiJ-l:J-l;. .'@') GO TO 50
GO TO 1
0 B a0t
Note plus sign.
60 IF(J.EQ.1) GO TO 80D
IF(ANU J-1:J-1}.ES.'E' GO TO BO
IF(ANUM(J~-1:J~1).EQ.'@’) GO TO BO
GO TO 120

Begin exponent.
70 IF(I1.E 'O%OGO TO 120 "~ P
l!: 1?0

E = .TRUE.
BO CONTINUE

c
100 EFLAG = 0
IF(E) GO TO 110
RELCON = REAL{RNUM*MINUS)/MULT
G0 TO 999
110 RELCON = RELCON*10.**(RNUM*MINUS)
GO TO 999

Finish calculation of number.

c rror messaﬂe
120 CALL ERRORZ{'Invalid numher (RELCOR)
EFLAG =
999 RETURN

ENC
SUBROUTINE RELDIS(R,M,ANUM,L)

DESCRIPTION ERERAA AR AR R AR R EAR AN AR TR RA RN AR R AN R R AR R R AR AR

' ANUM, 2)

Convert real R to character string ANUM(1:L) for display.

DECLARATIONS ERARAAA R A A AR R R R AR AR AR AR RN RAR R AR PR R EAR AR R AR A RA NN

Ingnt:
- real (eingle pre5191on&

& - number of significant lgits in result.

u

AEUH - character string with number beginning at 1.
" L - last position of number in ANUM. [ANOM{1:1))

ocal

LFC positior of firet character in ANUM.

LDEC position of decimal point in ANUM.

LEXP position of "E" in

LSIG - position of last Iigriiicant digit in ANUM.
EXP = ANUM.

T value of the exponent in
DECML .TRUE. if decimal point hae been written.
INTEGER M
INTEGER L LFC LDEC, LEXP, LSIG, EXPT, I, EFLAG
LOGICAL Dﬁ
REAL
C&ARACTEB‘{ ANUM
CHARACTER*10 FORM
CODE AARARARARAR AR RAR AR AR RE AR R AR AR AR RN AR R R R R AR AR AR AR AR TR
Ip(LGinnun).LT.JO) CALL ERROR(’Short string (RELDIS)’,3)
CALL IK’I‘DIS I
FORM = ' 3b. f/iN%H(l'L}f/'}’
H‘RITE{ FHT-PO
10 iF[lNUH(I tI).EQ." ') GO TO 10
LFC = :
12 1= I
Ir{anun(x I).NE.’.’) GO TO 12
LDEC = I
14 I = I+1
IF(ARUH[I I).NE.'E') GO TO 14
LEXP
16 I = I-
IF(&N‘U‘M[I I).EQ.'0') GO TO 16
LSIG =

EXPT = INTCON mm_i‘or.xru :30) ,EFLAG)
IF,EXPT.LT.-‘; GO 30
I ) GO TO 30

F(EXPT.GE.M+
Display number in normal format.
DECML = .FALSE.

L =20
IF{ANUH(LPC:LFC}.EQ.'~'I THEN
= L+1
ANUM(L:L) = '~
END IF
IF£EXPT.LT.0} THEN
- +
ANUM(L:L) = 'O’
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10

C 901
901

11
12
13
14
15
16

EXPT = EXPT+1

IF (EXPT.GE.0) GO TO 22
ANUM(TIL) = t0’

00 Mo 36

EDNTIHUE
£ L} = ANUM(LDEC-1:LDEC-1)
I ' DE

ST = Expr-1
17 (EXPT.2Q.0) THEN

ANUM L:L) =t
DECHL = .TRUE.

END IF
IF(1.GT.LSIG) THEN
r(nzan) TO 999

ANUH(L L] = 10’
ELSE

lﬂvﬂiizL] = ANUM(I:I)
= 1+1

Display number in exponential format.
EONTINUE
DOL32 i’LFC +LBIG
ANUM(L:L) = ANUM(I:I)
CONTINUE
Do 34 %-LEXP.SO

ANUM L:L) = ANUM(I:I)
CONTINUE

RETURK

SUﬁHOUTINE RELGET(MSG, RDEF , RMIN,RMAX ,RUNK,R)
DESCBIPTlON ARER AT FAAAR AR AR R AR R R AR R RAARNA AR sl bR AR PR AR R RS
Interactive input processor for a real value.

Print message flus minimum, maximum, and default values.
Read user input; treat carriage return as default value.

DECLARATIONS AR A AT A R NA R RN R AR AR A AR S A AR AT AN AR AR AR A AR AR R R AR A AR R

Ingn:
56 - meesage to be printed.
RDEF - defaclt value.
RMIN - minimum value.
RMARX - maximum valiue.
RUKE - undefined value,.
Qutput:
R - real value.
Local:
NUE - !0 = no user input).
EFLAG -

indicates imp rcger real.
ANUM - user input character string.

INTEGER I, LD, LN, LX, EFLAG, NUE
REAL R, RDEF RMIN, RMAX, RUNK
CHAHACTEF‘l ) MSG

CHARACTER"¢0 ANUNM
CHARACTER*30 CD, CN, CX

CODE ARRA AR R AR AA R AR N AR AR AR AR R R AR RAA R AR R R AR R AR R AR AAARRAAARARRARANA

T =0

IF(RMIN.EQ.RUNK) I = I+1
IF{RMAX.EU.RUNK) 1 = 142
IF(RDEF.EQ.RUNK) I = I+4

L RELDIS(RDEF,6,CD,LD
CALL RELDIS(RMIN,6,CN,LN
CALL RELDIS{RMAX,6,CX,LX

Print message and read user entry.

CONTINUE
IF(MSG.NE.' ') WRITE(6,901) ' ’,MSG,’' '
FoO Tl $)
FORMAT (A

g 2, (14.25.18,17)
HRITE( w0 PIEN{1:LR MAX = ‘,CX(1:1X),
L ‘ default = !',CD i LD} L6

ngmr(sz-; * [MAX = ’,CX(1:LX),’ DEFAULT = ’,CD(1:LD),’} '
WRITE(6,*) ' [MIN = ',CN(1:LN),’ DEFAULT = /,CD(1:1D),']
WRITE(6,*) ‘ (DEFAULT = ’,CD{1:LD),’] *

Eﬁx§%(é$-; * [MIN = ',CH(1:LN),’ MAX = *,CX(1:LX),?) '
GO TO 17 '

WRITE(6,%) * [MAX = ‘,CX(1:LX),’] '
URIELSN) L ( }."]

1
WRITE(6,*) * [MIN = ’,CN(1:LN),’) /
CONTIRUE ]
CALL STRGET(ANUM,NUE
IF(NUE.EQ.0) GO TO
Decode and test user eniry.
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R _= RELCON(ANUM,EFLAG
IF(EFLAG.EQ.1) GO TO 10

IF FMIN.ES.RU K) GO TO 20
R.GE. IN& TO 20

WR %[gb') ‘NUMBER TOO SMALL'

GO
20 CONTINUE

30

IF{R.LE 995
WRITE(6,*) ' ER TOO LARGE’
6o To 16

CONTINUE
IF (RDEF.EQ.RUNK) GO TO 10
R = RDEF

xrlmls.\x.mma& % TO 999

998 RETURN

Output:
AP

901
999

END
BUBROUTINE STRGET(A,NUE)

DESCRIPTION Sttt sadttd it At RAR it ddtadantd Rl AR AR AR S d AR RARA R

Thie is a likely

Get character data from interactive input file.
computers, an empty record

lace for machine depandencies:
s considered an end-of-file.

DECLARATIONS shdEddAAAR AR AR ARNAA AR AR R R A AR ARAR R AR R TR

RUE = (0 = no user input).
COMMON /UNITS/ U8,U9,Ul0
INTEGER U8,U9,U10

INTEGER NUE
CHARARCTER A*(*)

CODE AREAARAARARAAARAE AR AAARRARAARAARARARARRARPAARRRRRAARARASRARR®

NUE = 1
READ(*,FMT=501) A

e ) e - 0

RETURN
END

- user input (character string).

Test for no user input.
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FILE:

GETDAT.FOR

CS$NOAR
c

1111

nn

900
1300

COMMON /UNITS/ USB,US,U10
INTEGER UB,U9,u1b

COMMON /AF1/ FIRST,CTLEnd
LOGICAL FIRST,CTLEnd

COMMON /EDY{ STDYRFT
LOGICAL STDYRPT

COMMON /LST/ LIST
INTEGER LIST,NUE,NZST,NFTST, "EST, NEBSMT, NEOUT, KSBSMT, NSOUT
INTEGER JURNK,JDE , JMAX

CBARACTER*20 FILENM, FLNMIN
Open files.

TDY!
CALL opsw? Us FILENY, * SEQUENTIAL' *FORMATTED' , 'OLD’ ,
) Nwé RAME OF AI CRXRACTERIETICS TRBUS SYTE! i
FLNMIN = FILENM
JDEF = LIST
JMIN = 0
JMAX = 4
CALL INTGET(' Enter airflow data OUTPUT CONTROL parameter’,
- JDEF, JMIN, JMAX,JUNK,LIST)
JDEF =
JMIN =
JMAX

CALL

JDEF
JMIN

JMAX
CALL

JDEF
JMIN
JMAX
CALL

JDEF
JMIN

JMAX
CALL

JDEF

JMIN 1

JMAX 25000

CALL INTGET(' Enter NEW starting NODE number’,
EF ,JMIN,JMAX,JUNE ,NZET)

JDEF = ?09

JMIN =

JMAX = 5000

CALL INTGET(' Enter NEW startin DHARACTERISTIC number’,
JDEF ,JMIN,JMAX ,JUNK,

JDEF = 2101

JMIN = 1

JMARX = 50000

CALL INTGET(® Enter NEW startina ELEMENT number’,
JDEF, JHIN JMAX , JUNR, NFEST)

If (LIST. cz 1) the

T

CALL FILESNF( TRCODE, "RECRM F. 'LRECL 132, ‘BLESIZE',132)

CALL OPENFL(US, FILENM, snguznrxni'.xos ' FORS “NEW',
ENTER N FONIRFLOU DATA QUTPUT PILES v

000
GET(' Enter HOUSE network BASEMENT NODE number’,
JDEF , JMIN, JMAX , JUNK , NHBSMT }

(=L

G

Qu @ QU - aw

' Enter HOUSE network OUTDOOR NODE number’,
JDEF , JMIN, JMAX, JUNR, NEOUT )

(=0

0
T(' Enter SOIL network BASEMENT NODE number'’
JDEF , JMIN, JTMAX , JUNK ,RSBSMT )

=0
(=]

|
[EL=
—0

mo

' Enter SOIL network CUTDOOR NODE number’,
JDEF ,JMIN, JMAX , JUNE , NSOUT)

wleeius 900) FLNMIN
dviite U9,901) FILENM

OPEN (3,FILE<'LOUT1.0UT',BTATUS="'UNKNOWN'
OPEN (4,FILE='LOUTZ.0UT', »STATUS= ' UNKNOWN ¢
OFEN 5 FILE='LOUT3.0UT' ; STATUS=’UNKNOWN '
proe s 6f§1LE=’FLOHELEM.DUT’.STATUS*’UNKN )

ER
CALL GETDAT&NHBSHT +NHOUT , NSBSMT , NSOUT , NZST , NFTST, NFEST)
WRITE (3,1300
WRITE
4
5
1

I i,IJOO 0
WRITE (5,1300) 0O
CLOSE
CLOSE
CLOSE

FORMAT(//, ' INPUT DATA FILE : '/ A20./)
i OUTPUT DATA FILE: ,azb 75
FORMAT(I1)

End
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Cz==== EE=E ==zEESsSo-rEEsCs=EzZzcEe = WEATHER

BUBROUTINE Weather

Commmmccmccm s m e e e e s e e em e e mm——— e — e ——————————
C===== Developed by Craig Wra AARA RN RA R AR AN AR AR R AR SR F R ARSI R R
c January 1989

C§INCLUDE WIER.INC
C$INCLUDE WTHRD.I

commar: JRF1) FIRST CTLEnd
3 LOGICAL  FIRST,CETLEn

REAL RELCON

INTEGER ~INTCON, Year

INTEGER
cnnnacwtn-iso STRING
CHARACTER*80 WORD

COMMON /UNITS/ UB,U9,U10
INTEGER US,U9,U10

Character CNm*6,Xtn*3,YKm*2

CHARACTER*1 ANL

READSUB +,900) BTRING

A
CALL GETWRD STRING K NORDJ
StMon = I f
CALL GETHRD&ST ING k; wo
StDny = INTCON HORD Fhagg
CALL 6 G,E,WORD)
StHr = IN‘T\. MHORD FLAG

READ&UB +900) STRING

K

CALL GETWRD(STRING,

EndMon = INTCON NORD FLAG
CALL GE THRD STRING, K,WCRD
EndDaE CON UORD FLAG
CALL ETNRD STRING.K HOR»S
EndHr = INTCON{WORS,FLAG)

Read{u8, 50
Read(uB,1

WRITE

C;ty

00) STMON,STDAY,STHF
0C) EN Dﬂoh ENDDR& ENDHR
80 YR

D
i}
1
: &
1 CITY

3,17
3,17
3,18
3,19

WRITE 0

50 Format &
100 FcrmatiAZ )

00 FORMAT %
FORMAZ i 2,1X,12,1X,12)

9
1700
1800 FORMAT (A4 )
1900 FORMAT Ald}
RETURN
END

Cmmm == e = o e e e mmmm—m——m—m— - GETDAT
SUBROUTINE GETDAT(NHBSMT,NHOUT, NSBSMT,NSOUT,NZST,NFTST,NFEST)

DESCRIPTION ARARRAA BN A AARA AR A RN A AR A AR A AN AR A AR AR AR AR RSN AR AR

Read the airflow data file.

DECMTIDNS RAARARARRARARARARRRARASAARARARARARR AR AR RN ARTARARARR

RAFP - Number of airflow element parameters stored.
hir§éggcglemant data

MAXAFE
PARAMETER (MAXAFE = 3200)
_COMMON /AFEDAT/ AFELNK E 2,MAXAFE) ,AFEPTR(MAXAFE)
Lnﬂxarz} lz £),ETYP {MAXAPE!, !
- TC n.
INTEGER AFELNK, AFEPTR,ETYPE, TCls
REAL HT, AFECTL , Azm, BBt
COMMON /CTLAFE/ NoCtl(MAXAFE),Ct1S1(MAXAFE,2),Ct11(MAXAFE,2)
IRTEGER NoCtl,CtlS

Real ctid

c Airflow element rameters
INTEGER
PARAMETER (MAXAFT = 650)
INTEGER
PARAMETER (MAXAFP = 3300)

COMMON /AFEPAR/ AFENDX(MAXAFT),AFEPAR(MAXAFP), AFTMAP (MAXAFT)

coNNOnNNNo
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INTEGER AFENDX,AFTMAP
REAL AFEPAR
COMMON /LST/ LIST
COMMON /CONTRL/ PB,ACNVG1,ACNVG2 ACN’VGJ AMAXIT,DPMAX,
- ROINIT,FAFET, NAFE,N
INTEGER LIST, AMAXIT, NOINIT, NAFET
INTEGER MAFE,NZON
REAL PB, ACNVGl, ACNVG2, ACNVG3, DPMAX
COMMON /UNITS/ UB,U9,U10
INTEGER U8,U9,Ul0
Zone (airflow node) data
I MAXZON
PARAMETER (MAXZON = 1000)

ON
_comon /m’%ﬁ mxzo“; PZ!H.\X%DN T%[MDN),BZ(MDH),

INTEGER ZTYPE,ATYPE, ZONMAP
DOUBLE PRECISIDN Pz
REAL TZ

zc
REAL RELCON
INTEGER INTCON J,MI,MOUT
INTEGER N, FLAG, RAFP, R

CHARAGTER* 160" SERIA

» TMAX
INTEGER NZST, NFTST, NFEST,N'HBSHT NHOUT , NSBSMT, NSOUT

C$INCLUDE WTHRD.INC

g coDE AARRAARARRAR AR AR AR A AR AR A AR AR AR AR A AR R
c
NAFF = 0
NAFET = 0
NAFE = 0
NZCON = O
JUNK = 999
C wwasusamsts Read bujlding site terrain class and building height.
§xan6ua,9001 STRING
CALL GETWRD({STRING,K,WORD)
TCle = INTC éWORD FuAG}
REhD U8,900) STRIKNG
CALL GETWFD[STR‘NG E,WORD)
Bt = RELCOR(WORD, ,FLAG)
WRITE (3,210 TCLS
WRITE (3,2200) BHT
IF(LIST.GE.J) WRITE(US,9C7) Tllie
C RAFEARARE IR AR RS PR R PR R R R R R R R AR R R R R R Reac zone data:
pe(ambient,known press.), height, temperature, pressure.
IP(L13¥ e 8) WRITE(US,901) ! ! !
NZON=NZS5T-1
10 CONTINKUE

RERDSUB,QOO) STRING

ChLL GETWRD(STRING, R ,WORD)
=  INTCON (WORD FLAG)
ir éx .E nsn*g THER
{I}*NS SMT

IF£ EEP?I;?U% THEL

END
IF I L‘E 0) GO TO 20
= NZON+1
BOHH.\.PIS & NZON
IF(N2O T. MAXZON& CALL ERROR(' Parameter MAXZON too emall’,3)
L_GETWRD(STRIN WORD )
E = TNTCON HORD FI..A

ATYPE (RZON
STRING, X WORD )
N = INTCON(WORD,FLAG)
ETYPS&NZON = N

CALL GE STRING X, WORD)
HZ(NZOK) = NELCON WORD, FLAG)

CI.LN?n" ! h'll';?: U(‘I'RgOFI lf‘}

S nemiesle

,K,WORD)
unrrn(a 1000) uzon ATT?E RZON) zwwrséxzon
- ion; NZO 2o8)
IF(LIST.GE.3) wn TE(US,902) NZOK £0N& zrvpz NZON),
- BZ(RZON) T2 (NZOR ), PZ(N20N)

GO TO 10
20 CONTINUE

C ®AARAAARARARARARARARAARARAARAARARS R‘ad airflw al.mnt p‘rmtars-

30

IF (LIST.GE. 3% WRITE (U9,903)
AFET=NFT
CONTINUE
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ol Read first line.
iUﬂ 900!
%PIL ST.GE.3) 'd‘RITI‘.[UB 904 ) BTRING

CALL GETWRD(S In:nc K ,WORD )
I = INTCON(WORD,FLAG)
:i£x.hs.alpco 2300
NAFET ET+1
IF [NAFET.GT.MAXAFT) CALL ERROR(’ Parameter MAXAFT too small’,3)
ar&nnrééuns RAFET
CALL G srnznc K,WORD)
I v JNTCON(Wo FLAG
IP(NAFP+10.GT
-+ CALL ERRO R(‘ Parameter MAXAFP too small’,3)
NAFP = NAFP+
AFERDX unrzT} = RAFP
nFBPAR NAFP) = I
n: -M
(] Read remaining data.

i &LmGFIVR]. BTRING K,WORD)

I!‘B (561200 .M»'ET I,COMMENT

ELSE IF(I
c Power law resistance.

DO 32 W=l
¢ Haféwnn(sralna,x WORD)
- M+
32 AFEPAR(M) = RELCON (WORD,FLAG)
CALL GETWR1(STRING,K WORD)

WRITE (4,1210) NAFET (AFEPAR{MOUT) ,MOUT=(MI+1) ,M
’ '
( r ) Eﬁ ( )1 ( )r )

ELSE IF(I1.EQ.2) THEN
c o 35 Hnd Duct element.
CALL z&wnn(srnxns K, WORD)

35 AFEPAR;M& RELCON{WORD FLAG)
IF{L ST.GE. %} W:RITE{UQ 904) STRING

Y]
DCI 16 N=1,4
CALL GI.‘TW'RD(STRING K,WORD)

M = M+
36 .l.FEPAR{H) = RELCON(WORD, FLAG)

AFEPAR(M) = AFEPAR(NAFP+4)/AFEPAR(NAFP+2)

= +

AFEPAR(M) = AFEPAR(NAFP+1)/AFEPAR(KAFP+2)
= +

.\FEPAR&M) = 1.14 - 0.B6B589*LOG(AFEPAR(NAFP+3))

M = M+
AFEPAR(M) = AFEPAR(NAFP+11)
ELSE IF(1.£EQ.3) THEN
c Doorway element.
Do 41
ﬁALL cséwnn(sraxuc K,WORD)
41 REEPRR(M) = RELCON {WORD , FLAG )
CALL G TWRI&STRING,K,HORD}
COMMENT = WORD
WRITE (4,1230) NAFET,I, (AFEPAR(MOUT),MOUT={MI+1),M),
COMMENT

MI = Mil
}ua 900) STRING
IF(LISTIGE.3) WRITE(US,904) STRING
DO 42 N=
CALL cs&wnn(srnxuc K,WORD)
42 AFEPA_R ) = RELCON(WORD,FLAG)
WRITE La 123T%E§nr PAR(MOUT) ,MOUT=MI M)
ELSE IF(I.
c Constant flow rate.
CALL GETWRD(STRING, K, WORD)
AFEPAR(M) = RELCON{WORD,FLAG
cALL‘clmwnl srnz§c K wonD}]

COMME
WRITE (4 1240; NAFET, 1, (AFEPAR(MOUT) ,MOUT= (MI+1) ),

ELSE IF(I.EQ.5) THEN
C oy Detailed fan element.
CALL cz&wnn(srnmnc K, WORD )

4 PAR ; }, = sRELEON (WORD, FLAG)
IF(L i ST.GE. 3) unxrz(ua 904) BTRING

K =
Do l5 N=1,6
mlo GMD(STRING,K,WRD)

45 nrzpnninlr RELCON(WORD, FLAG)

DO 46 N= EPAR (NAFP 9)
READ(UB, 900) §

IF(LIST.GE.3) un:rn(ue,goaj BTRING

Do 46 J=1,5
SALL GEMD[STRING +K,WORD)
= +
AFEPAR(M) = RELCON(WORD, FLAG)

46 CONTIN
ELSE IF(I.EQ.6) THEN
c Constant power fan element.
CALL GETWRD(STRING,K,WORD)
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56
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110

M= M+l
AFEPAR(M) = RELCON(WORD,FLAG)
ELSE 1F(1.EQ.7) THE

DO 51 N=1,4
EALL G?TWRD(STRIHG +K,WORD)
AFEPAR{MAY RELCON (WORD, FLAG )

DO 52 N= EPIR AF +2)

iU 9003
IP[L ST.GE.3) ﬂRITE[UQ 904) BTRING

Bo 59 g=1
CALL cziwnn(smmc,x,wom)

= M+l
AFEPHR M) = RELCON(WORD,FLAG)

ELSE IF(I.EQ.8) THEN
56 B3 Bt A Variable resistance.
e Hcgiwnn(smnc,x,mnn:
AFEPAR RELCON (WORD, FLAG
cé'ranu smnw(x WORD) )

VRITE (4 1230) RAFET, I, (AFEPAR(MOUT),MOUT=(MI+1),M),
COMMENT

Multirange resistance.

M+l
iUB 9003 BTRING
IF(L ST.GE.J3) WRITE(U®,904) BTRING

K =
Do 35 59 Ne
CAL Gs‘ivnn(smmc K, WORD )

AFEPAR u = RELCON(WORD,FLAG)
MIH’RIEE]. ,1282) (AF pn(ﬁou'r),mu'r =MI, M)

Iru.isw GE. .Jn mu'r:(ua 904) STRING

DO 55 N=1,
CALL GETHRD(STRING K,WORD)

M‘EPAR m = RELCON(WORD,FLAG)
ngTE 4,1284) (AFEPAR(MOUT),MOUT=MI,M)

Element tY
F i(ms'r.m-.a) <AND. (LIST.GE T) wm'rz(ug 904) STRING
Mrn.noa(' Invalid airflow element type’,2)
e

= 1
AFEPAR(M}=0.0
END IF
NAFP = M
IF(NAFP.GT.MAXAFP)
CRL%OERROR(* Parameter MAXAFF too small’,3)

GO TO
CONTINUE
IF(LIST.GE.4) CALL DUMPVI('AFENDYX:' AFENDX,NAFET,U9)
IF(LIST.GE.4) CALL DUMPVR('AFEPAR:' ,AFEPAR, NAFP,US)

AEARKRARARAAREXARRAARRRRARARRANRRRR R ®2* Read airflow element data:

link 1, height 1, link 2, height 2,
cinter to parameters surface azimuth,
ctl intervale, ctl timaa. ctl values.

IF&LIST .GE. 3) HRITE[UB 905)
AFE=N
CONTINU
READ&UB .900) STRIKG

CALL GETWRD(STRING,K WORD)
I = INTCON(WORD,FLAG)

N =N
IF NEFE GT. HAXAFE& CALL ERROR(’' Parameter MAXAFE too small’,3)
CALL GETWRD(STRING K WORD)
AFELNK(1 NAFE) = zoum INTCON (WORD, FLAG) )
THRD (STRING, K )

Jon RELEON (WO ,FLAG)
TRING, K, WORD

ZONMAP { INTCON (WORD, FLAG) )

P fo
AFEHT (2, NAF = RELCON(WORD,FLAG
ALY GEHWRD(ATRING, % WORD l
AFEPTR(NAFE) = INTCON(WO FLAE}
AFEPTR{NAFE| = AFTMAP{AF sphtm E))
TWRD STRIHGiﬂékD
WORD)

Azm{!ﬂrs] = RELCON
ETYPE(NAFE) = 1m6niwom rmc)

C 890723

150

ETWRD(STRING, K
L_GETWRD(STRING,K,WORD)
NOCt1(NAFE) = INTCON (WORD, FLAG)
CALL c}:m wémmc K, WORD)
COMMENT
e %?°£§aé 306) 0.0 th
an
g ;0 ING
End if
g%ﬁlsﬁuz smxggwgomwo FLAG)
T i .
CAL &m

ING,E,
gt}lgNhFE,Ii = RELCON(HO +FLAG)
=J+
Continue

I=NOCt1(NAFE)+1

85



Ct1S1(NAFE,I)=24

IF (LIST.GE.3) wnxrﬁ*us 906) NAFE, AFELNK(1 NAFE

9.906 24 Esrél,nnrz),
srrg arsar, 4RAFE ,AFE TR(NAF

FORMAT | Al)
FORMAT I4,1X.AJ E17.12E2)
FORMAT(A2 31,5 A30

IF (LIST.GE.3) unx éos) (
" WRITE(5,1100) nnr é iI;A# NA}E
'

- ﬁx i i;z&fa NAFE
WRITE(S 1600} 2# t1l irs I BOCTL (RAFE
uarrﬁ[16 3 uarz. l,nnrs LAFEL ( ,u&rz cénmmu%)

120 CONPINVE
900 PORMAT n}
901 PORMAT(/ AMB__TYP TZ PZ’)
902 FORMAT zoﬁ-',314 2F8. 3.:9 n)
903 PORMAT(/,8X,’'I  parameters’)
904 FORMAT(’ AFP:  /,A)
905 FORMAT(/,8X,’I K JBL oM B2 T AZM TYP',
| WOCTL! IME:CTL' )
gg? FORMAT( " AFE: ’211 ré 5,14 F8.3,14,F12.5,14,16)
306 FORMAT 24(16 °F63 )
1000  FORMA 3k, 11,5%,11,3x%,F X/E13,8,3X, 86,2,
1100 42X, 1s 12X FB.5 é X F8.5,5X,14,2x i zx 11,2X,

& 11.:x.n¢64

1200 PORMAT(I4,1X,I2,T6 l

1210 PORMAT(Ié&.2X,12,2X 5 E11.6E2,3X),F5.3, 762 Aaog
1230 FORMAT|I4,2X,I2,2X 1,652 3X) , 6X, JFbL3.5 3,T62,A40)
1235  FORMAT 7x,3iéx F6.4 % L

1230 RMAT(14,2%,12,2X, iz ézz MO)

1260 FORMAT(I4,2X IZ,Zx,3é iz sk} 3,T62,A40)
1282  FORMAT(15X,Fb.4,8X,F6.4

1284 FORMAT(7X,3(BX,F6.4),2X,F6.4)

1300 FORMAT|I1

1500 FORMAT(A6

1600 FORMAT(24(2X,I2,2X,F4.2))

1700 FORMAT(I1,1X,I1,1X,I1)

1800  FORMAT :41

1500 FORMAT(A14)

2100 FORMAT(2X,11)

2200  FORMAT|F4.2)

2300 ronna?k:3.4 JAR4%, 13, )

2300 FORMAT(3X,13,2X,A2,E14.9E2,10X,A1,2%,12,3X,12,3X,12)
2503 RMAT (A3

2506 FORMAT(AG

2507 FORMAT(A7T

2508  FORMAT|AB

2600 FORMAT(3X,14,2X,A2,13,’,',13,1X,A6)

2650 FORMAT(3X,14,2X.A2,I3,’,’,13,1%X,A5,E13.08E2,2(A3,E13.8E2))
2700  FORMAT Az,ld,llég

2800 FORMAT(2X,14,1X,A3,A2)

2850

2500

3000

3100

3200

3300

4000

nonnoonn

nno

nononNnonn

nn

FORMAT(I5,' i=',14,',7,14,' T=SIMP ’,A40)
RETURN

SUBROUTINE DUMPVD(S,V,N,UOUT)

DESCRIPTICN AEAAREAA AR EA AR AR R A AR AR R AR AR R RN AR AR SARNR R A ARARAR AR

Print the contents of the double precision V" vector.

DECLARATIONS AR R AR A R A A AR T AR T R AR A AA N R AN RN AR R AR AT A AR AR R AN AR

INTEGER UOUT
INTEGER N,

cmn.;cr'an—[ { s

CODE dAddnrddRsdARdaddARAd R ARARARARRARAdRAAddARARARAARRRARRARTARARR

s
WRITE(UOUT, 9021 [V§1),1=1,N)
WRITE{UOUT, §

FORMA g
FORMAT{ 1X, 1P, 5E15.7)

RETURN
END

WRITE lUOUT , 901

SUBROUTINE DUMPVI(S,V,N,UOUT)

DESCRIPTION AANEAAA RN AR E RN AR R AR AR A N AR A AR AR AR AR RN AR AR R AW

PRINT THE CONTENTS OF THE INTEGER*4 '"V'' VECTOR.
DECLARATIONS Mossaas s amAnad AA Sl d e A SR AN AN ARAR AR R A AR RPN AR A
INTEGER UQUT

INTEGER n, Lo NL¥)
CHARACTER* (*) '8

CODE RERARRARARARAR R AR A SR AR A A AR N AR A AR R ARA AR AR AR AR ARA AR RS
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c
WRITE(UOUT, 901
\nu'rrlvouu' 902} (V{I),I=1,K)
Ci!  WRITE{UOUT
901 FORMAT(1X t‘.)
é 202 romxr[ix,1 16)
END
L et e e e === DUMPVR
& BUBROUTINE DUMPVR(8,V,N,UOUT)
(<] DESCRIPTION AAAAAARRAR Al ddddd ot A d e daARaAR AR RS RRRRANAAARENARAR
c
g Print the contents of the real V" vector.
[ Dm:ons BRRAAEAARAAAR IR ARAARRANRARARRARAT AR RRRERRARRRRERARD
C
INTEGER UOUT
INTEGER N
cnmmn'i l ]
g coDE AAARAAARRAAAAARAAAARARERRRARAARRRARRRRRRARARRRdARRRERAdRdRaERRRR
c
WRITE (UOUT, 9 8
WRIT: vouTr, sozi ;v;n,:-:.,ln
cll D
901 rom g
& 902 FORMAT :.x,1 ,5E15.7)
RETURN
END

C$INCLUDE UTILGET.INC
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UTILGET.INC

BUBROUTINE ERROR{MSG,SEVR)

DESCRIPTION fRfsAAaaft s d kAR AR s AR AR AR AR AR ARKARARANAARRARRRANS

Bimple error message writer with fatal error termination.

nscLaHlT:oNs ARARAANARRRARRARRRdARdRARAdEARRAARRARRERRRERAARRERI AW

Input:
G - message to be printed.
BEVR - error severity code.

COMMON /UNITS/ UB,U9,Ul0
INTEGER UB,U9,U10
INTEGER BEVR
IRTEGER I
CEIRACTER‘i‘) MsSG
CHARACTER*16 BEVER(D:3)
CODE HRARRARRRARANRARARAAARSFARKAARREANANERARARRAAREARRANRARERARR

_DATA BEVER / ! *%% NOTE a%2 !, ! ##% WARNING *4*’
L 1 1] BEVERE ##= l I maw FATAL LA} * ,
1 = MAX(SEVR,0)

= MIN
VRITE & i EVER 1}
WRITE(US 1) SE )
WRITE
WRITE (U ) MeSe

n.r‘i’u éz 3) STOP

END
SUBROUTINE ERRORZ(MSG1,MSG2,SEVR)

DESCRIPTION AARARR AR R AR AR AR A AR AAARA R AR AdAREARRARNRARARRRRARARRARS

SEimple error message writer (2 messages) with fatal termination.

DECLARATIONS RAARARAA R A AR A RAARRN AR R AR A RASAR A AR AR RAR R RANRER R R RN AR

Input:
Gl - first message to be printed.
MSG2 - second message to be printed.
SEVR - error severiiy code.

COMMON /UNITS/ U8,US,Ul0
INTEGER UB,U9,U10
INTEGER SEVR

INTEGER
CEARACTER’& MSG1l, MSG2
CHARACTER*16 SEVER(0:3)

CODE #o e ittt r AR N AR R A AN R AR R A AR R P R AR AR R R AR R A AR R AR AR AR AR AR

DATA SEVER / ' **% NOTE *#*  f, ' w**» WARKING "*=',
- f hAR SEVERE LR R P' P oERRR FA:AL AR r ,
1 = MAX(SEVR,0)

I = MIN

WRITE (6 j &rvzn 1!
WRITE 6 sEVER()
WRITE(6 MSG1,M

WRITE(US, 1) Hsc.,uscz
1E(s .GE.3) STOP
RETURK

END
SUBROUTINE GETSTR(UIN,A,NUE)

DESCRIPTION AEARAARA N R A AR N AR AR AR R R AR AR AR AN A AR NARRARAR R RARN R A

Get character data from batch input file. On CDC computers,
an empty record is considered an end-of-file.

DEELARATIONS AARARARAARARRARRFRARARAFRAAASSIRAdAR A AARARERR R R RN R AR

Input:
BIN - unit number of input file.

Qutput:
A - user input (character string).
NUE - (0 = no input).

INTEGER UIN
INTEGER NUE, I, L
CEARACTER A* ‘5;}

CHARACTER"4 TNR

CODE AAARAAR AR AR A AR AR R AR AR AR AR R R AR ARR AR R R AR AR AARARRARRARANARARAR

NUE = 1
REA%SURIT-UIN,FHT—QO),END-IO) A
999

End-of-file.
0O NUE =0
1 = UIK
CALL INTDIS(I,UNITNR,L
CALL ERROR2{’ End-of-file on UNIT ’,UNITNR(1:L),2)

901 FORMAT(A)
999 RETURN

END
BUBROUTINE GETWRD(STRING,K,WORD)

DESCRIPTION AARARARA AR AAARE AN R AN ARARAARARRARAARRARARNARARRRARADERN
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Get next "WORD" from the "STRING" of chaructera.
Words are separated by blanks or commas: WORD or
RSPWORD “or) WORD, WORD, WORD are aii vaiid.
DECMTIO‘NS ARRARAARNRAR R AR A RAARASAARAARAARARRRARRARFARRENRARNRRRRAR
Ingut/output:
- current position in "“BTRING".
Local:
LS - maximum length of "STRING'.
L - current sition in ""WORD".
1w - maximum length of "WORD".
COMMON /UNITS/ UB,US,Ul0
INTEGER UB8,U9,U10
INTEGER K. LB. L
CHARACTER 2{*) o WoRb, “BTRING
CHARACTER*
CODE RARAAERAAARARARNRARARRENARARAREARRERARERRARNARRARARNARARARRTRAN
WO -
LE = LSN STRING]
IW =
L= 0
8kip blanks before the word.
10 CONTINUE
F = K+1
IF(K.GT. ‘LS 'IO ac
%ansgn i G T™© 10
IF(A.EQ. 9 S &o 999
Copy '"WORD" from "STRING'".
20 CONTINUE
S Copy character from "STRING' to "WORD'.
= +
IF(L.GT.LW) GO TO 40
WORD(L:L) = A
¥ - Find separator in "STRING".
= +
IF(K.GT.LS) GO TO 50
A = STRING[K:K
IF(A.EQ." TC 999
IF .A.Eg.','; GO TO 989
GO TO £0
o ggL%cEggon(' Did not find expected value’,2)
40 ggL%OEEROR(' Word tooc long (parameter WRDLEN toc short)’,2)
50 CALL ERROR(' Did not find end of word (blank or comma)’,2)
60 CONTIN
WRITE l S'I'RING
WRITE (06,
CALL RROR Conld not procesee the input line listed above',3)
999 CONTINUE
RETURN
END
SUBROUTINE GETWR1(STRING,K,WORD)
DESCRIPTION AR AR AR AR AN ANARN AR A AR R R AR A AA NN R R R RAR TR AR RA R AW
Get next "WORD'" from the "STRING" of characters.
Words are separated by blanks and/or commas: WORD , WORD ,WORD .
DECWTIQNS FEARARAAAR AR AR R A AR AARAR AR N ARAA R AR AR RS RN RA R R AR AR R RN
in utfoutput'
current position in "STRING".
Local:
LS - maximum length of "STRING".
L - current EOB tion in "WORD"™.
LW - maximum length of "WORD".
COMMOR /UNITS/ UB,U9,V10
INTEGER UB,US,Ul0
IRTEGER K, LS, L, LW
cuanacrzn*iﬂ} WORD, BTRING
CHARACTER*1 Al
CEARACTER*2Z A
CDDE AR ARREAARR AR R R AR AARA N R AR AR R AR AR RAR AR AR AR AR AR R AR A

WORD = ' *
LS = LEN(STRING)
LW -OLG[wonn)

L -
Skip blanks before the word.
10 EO?TINU’E
IF(K.GT. LS& GCI TO 30
hI = STRIN i
10 10
Al E GO TO 999
Copy "WORD" from "STRING".
A=STﬂ1NG(x~ iK)
20 CONTINU
T Ll Copy character from "STRING" to "WORD".
= L+

IF(L.GT.LW) GO TO 40
WORD(L-1:L) = A
Find separator in "STRING".

89
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30 SEL#OBRRGH[' Did not find expected value’,2)
40 EBLL ERROR[' Word too long (parameter WRDLEN too short)’,2)

50 CALL ERROR[' Did not find end of word (blank or comma)’,2)
60 CONTINUE

WRITE(6,*) STRIN

WRITE(US,*) BTRING

CALL ERROR{’ Could not process the input line listed above’,3)
999 CORTINUE

END
INTEGER FUNCTION INTCON(ANUM,EFLAG)

stmm!os AREARAR AR AR A AN R R AN AR AR AR AR AR AR R AR

Convert character string "ANUM" to an integer
The limiting values for short integers are +/- 32759;
for long integers +/- 2147483645.

DE:WTIORB AERAARAENARAA RN EAAA R A AR A AR AR AR R R AR RN AR AR AR R R R

INTEGER E?LRG. ‘ J, MINUS
CHARACTER ANUM*(*), TEST*13

COMMON /UNITS/ U8,US,Ul0
INTEGER UB,U9,U10

CODE Attt s i ad A a s AR R AR AR AR AR R AR AR AR AR N AR A AR AR N R R AR RN R R

DATA TEST f ' +-0123456789" /
m'rcon o

MINUS
D 45 3=1
1= INDéxi aﬁUM(J :3))
IF(1.GT.3 o 40
g0 m3(56,30,20) i°

10 Inérnmcon .GE.3276) GO TO 70
INTCON = INTCON*10+(I-4)

20 S
30 IF&%.NE.l] GO TO 60
40 CONTINUE
50 CONTINUE

INTCON = MINUS*INTCON

EFLAG = 0
GO TO 989
ITOr Messa

60 ESL%D£§§DR2(' Invalid 1nteger [INTgON): ' ANUM, 2)
70 CALL ERRORZ(' Too many digite (INTCON): ‘,ANUM,2)
B0 EFLAG = 1
999 RETURN
END
SUBROUTINE INTDIS(I,ANUM,L)

DESCRIPTION R R R e

Convert integer 1 to character string ANUM(1:L) for display.
DBCLmTIoNs SERRAR AR SR AR A AR R AR RN R RN RN R AR ENARRARRARARARS
INTEGER K, L, M, N, NN
INTEGER 1

CHRR&CTER's‘) ANUM
CHARACTER* 10 DISF

CODE FAARAAARAAAIREAARRAARRNARARAS A AR A AR ARARAEA AR A AARRASRREARRRARA N

DATA DISP / '0123456789' /
IF£I.G§.0} THEN

BLEE
END IF
N = ABS(I
K = LENL )
10 CONTINUE
IPAN LT.10) THEN
= N
N=0
ELSE
KN = N/10
M = R-10*"KN
N ;FNN
IFEK.LE.L} CALL ERROR(’ String variable too short (INTDIB)',3)
v MLK: ) = DIBP(M+1:M+1)
IF N G OJ GO TO 10
IF (L. E? U% UM[L:L] = -t
= L+l
K = K+

1
M(L:L) = ANUM(K:K)
IP(K LT.R) 60 TO
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BUBROUTINE INTGET(MSG, IDEF, IMIN, IMAX,IUNK,I)

Interactive input procnanor for a short integer value.
Print message flun minimum, maximum, and default values.
Read user inpu treat carriage return as default value.

Input
- message to ba printed.

IDEF - default value.

IMIN - minimum value.

IMAX -~ paximum value.

IUNK - undefined value.
Output:

I = IRTEGER VALUE (INTEGER*4).
Local:

NUE - in = no user input).

EFLAG - indicates improper integer.

ANUM - user input character string.

NNNNANaNNNANNNANOANNNAN

INTEGER I IDEF, IMIN, IMAX, IUNE
INTEGER 6‘ LAG, NUE
CHARACTER® ({) e

CTER*20 ANUM, CD, CN, CX

I = INTCON ANUM,EFLAGi

IF(EFLAG.E & 0

IF(IMIN.EQ.IUNK

IF I GE.IMIN) Gl TO 20
(?6') ! Number too small’

20 CONTINUE

IMAX.E UNE TO 999
IFlI LE Ighx G& TO 999
WRITE . Rumber too large’

30 CONTINUE
IF(IDEF.EQ.IUNK) GO TO 10
= IDEF

I =
C 901 FORMAT(A $)
901 FORMAT(A

999 EETURN
INTEGER FUNCTION LENSTR(A)
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DESCRIPTION H A v A AmAsd st Ann st A A S e AN A AR AR AR A AR AANSRANRANRRRANAARR

DECLARATIONS AR R AR AR ANARE ARG R AR R R R A R R AR AR AR AN AR A R AR R A AR AR

g CODE AAAAR AR AR AR AR AR R AR A AR AR AN AT A AR R A AR AN AR AR A AR AR
c
J =0
IF(IMIN.EQ.JUNRK) J = J+1
IF(IMAX.EQ.IUNK) J = J+2
IF(IDEF.EQ.IUNK) J = J+4
L INTDIS(IDEF,CD,LD
CALL INTDIS({IMIN,CN,LN
CALL INTDIS({IMAX,CX,LX
Print message and read user entry.
10 CGNTIHUE
IF(MSG. +! ') WRITE 5 901 HSG
11 12 13,14,1 i
HHITE[ [m;r = ',cu HI max = !, CX{1:LX),
" default = r,cp{i:1p) '
11 ggxwrcsﬁna ' [max = ‘,CX{1:LX),’ default = ’,CD(1:1LD),'] '
12 gg:ggfg *) ' [min = *,CN(1:LN),’ default = ’,CD(1:1LD),’]
13 WRITE(6,*) * [default = ‘,CD(1:LD),’} '
GO TO 17
14 WRITE(6,*) ' (min = /,CN(1:LN),’ max = ',CX(1:LX),'])
Go TO 17
15 HRITE(Bi'} ' [max = ',CX(1:LX),’') '
16 WRITE(6,*) ’ [min = ',CN(1:LN),’'] '
17 CONTINUE
CALL STRGET;RNUM,NUE&
IF(NUE.EC.0) GO TO 3
c Decode and test user entry.

g DESCRIPTION AAAARAAARAAAARAAARAR A ARRARARARARARAAARARARSERARARFRAAANA
Cc
C Determine the location of the last non-blank character in "A".
g DECLARATIONS AARAARRARARAARAARARARERANAERAARASRARARRARAERARRSAREATE RN
E
CHARACTER* (*) A
INTEGER 1

g OQDE ARRAAAI AR AR A A R AR AR AN AR AR AR A AN R R RN R AR AN AN AR AR R R AR AW
(<

PO 0 20 20

3 B
o ik
20 LENSTR =1

RETURN

END

INTEGER FUNCTION NOYES(MSG)
g DESCRIPTIDB AARARAARRAARARAARNRERRARNAAN N PFARRRRARNRRARRR T RARARARRARA
C
c Obtain a YES or NO response from the user; 0 = no, 1 = yes.
C To be called from an interactive program with the
c unit numberse for the interaction input and output files.
c Be careful with the length of the integer variables.
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DECLARATIONS AR A AR R AR R AR S AR R A AT AR AN R AR RS AR R AA NN AR P AR A R R RS

G - Message to user.
Local:
RUE = (0 = no user entry).

10

CHARACTER*& ) MSG
CHARACTEE;UE A

CODE ARAAARAASAARARR AR R A AR A AR AR AAR R E A AR AR AR R AR RS ARG AARARNARARARRAR
ﬂRITEéE 9011 b ',MSG,' (Y/R)? *
IFiB E§ y ] GO TD 20
A.EQ.'N' .OR. ™ 30
36 ay ¢ Valid rolponles are: Y or y for YES, N or n for RO.'

END

SUBROUTINE OPENFL(U,FNM,ACC,RL,FOR,STA,MSG,NUE)

DESBCRIPTION Aot tadxdndtadd A At dr AR R a i tdd datd AR A AR RS R AR R AR R AW
Open a file; to be called from an interactive program with the
unit numbers for the interaction input and nutgcﬂ)

For use with named files (status cnnnot = SCRA
Be careful with the length of the integer variables.

DECLARhTIONs AEAR I AAAAARR AT AR AR A AR R A AR T AAT AR AR A N ARAAARERRAAARA NS

Input:
g - unit number of file to be opaned
FNM - name of fileuésug 11¢d h¥ unar
ACC - access ('S
RL - record angth s or direct accass filas only).
FOR ~ format [ fUNFORMATTED' ).
STA - status (‘NEW' or 'OLD' or 'UNENOWN ')
MSG - message to user.
Local:
NUE - (0 = no user entry).

10

c
100

nn

(eleleleloleloleleolololeloleTolpls]

901
901

INTEGER U, RL, IOS
INTEGER NUE
CHARACTER'& FNM, ACC, FOR, STA, MSG
CHARACTER*80 FNMO

CODE s mamaadm i A N AR AR A AR AR AR R AN R AR R A AR T AR R R A S AR A AR AR A AN R AR

CONTINUE
WRITE (6, 901) MSG

TRGET FAM, NUE)
IF(NUE EQ.D) 00
NMO=FNM

ENMOFNME
IF (ACCEQ. ' SEQUENTIAL') THEN
PEN{UNIT=U, P ILE=PNM ACCESS=ACC, FORM=FOR, STATUS=STA,
10STAT=10S,ERR=20)

ELSE
OPEN(UNITHU,FILE=FNM§hCCESS-ACC,RECL-RL,FORH-FOR,ST&TUS=STA,

I0STAT=10S,ERR=20)
Failed to open file.

WRITE 6.'] ! Could not open file named: ',FNM
! FORT: RhN I/0 status: ’,I0S,’ (See FORTRAN manual)’
ITE ected the name of a new file.’
ELSE IF STR Ey 'OLD') THEN
WRITE(6,*) Expected the name of an existing file.’

ENDIF
WRITE(6,*) ! Try again. Enter revised file name
:%%%E g,: iTo stop program execution, press only ENTER) '

User termination.
STOP'User Termination’

FORMAT (A
FORMAT (A

998 RETURN

Iﬂ&“:

END
SUBROUTINE OPNCTL(U,FNM,ACC,RL,FOR,STA,MSG)
DESCRIPTION AAAAAARAAASARSRAARRARARANSARAARARARARKAARARRAAARRRRAR

Open a data file containing airflow element cantrol values.
For use with named files (Btatus cannot = SCRATCH).
Be careful with the length of the integer variables.

DECLARATIONS AEAATAAAARREAARRATRAAARATARAT AN ARAN SRR T AR R

unit ngm?gg of !11&133 opened.

name o e (su user

access ué ERL orhwnlnic% )=

record en th for direct access rilan only).
format [’F RMA' D' or 'UNFO RMATTED' ).

status ('NEW’ or 'OLD' or 'UNKNOWN').

message to user.

FNM
ACC
RL

FOR

STA
MsSG

LI A R I A |
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C Local:
C NUE - (0 = no user entry).
INTEGER U, RL, 108
INTEGER NUE
é CHARACTER*(*) FNM, ACC, FOR, BTA, MSG
c CODE AERARAR AR AR AN N AAAR A AR AR A AR R R AR R AR AN SRR A AR PP RN AR AR R R R
c
FNM='AFE CTL'
10 CONTINUE
IF&?CC.E ’SEQUENTIAL') THEN
EN( I U,FILE=FNM, 6 ACCESS=ACC,FORM=FOR, STATUS=STA,
-us: I0s T-IDS,ER.R 0)
OPEN(UNIT=U,FILE=FNM, ACCESS=ACC,RECL=RL, PORM=FOR, STATUS=STA,
- ICSTAT=IO0S,ERR=50)
ENDIF
G0 TO 999
[+ Failed to open file.
20 CONTINUE
WRITE 6,'1 * Could not open file nmd: ' ,FPRM
‘;"?Ig 6,*) * ronmn I/O statue: ',IOS,’ isu FORTRAN manual)’
ITE éx c:ted tha name of a new file.'
ELSE IF s'i'a sg
mu:;%u ") txpec ad thc name of an existing file.’
WRITE(6,*) * Try a ain. Enter revised file name.’
HR{% 2,' ;To op program sxecution, press only ENTER)'
WRITE(6,901) MSG
L STRGET|FNM,NUE
IF{NUE.EQ.O GO TO
c User termination.
100 STOP'User Termination’
€
C 901 FORMAT(A, %)
901 FORMAT(A}
999 EﬁgURN
REAL FUNCTION RELCON (ANUM,EFLAG)
E DESCRIPTION ARRARA A A ARARAAAARAFA SR A AR E AR A A AR I ARAR AR FARAA R AR RAANEA
c
e Convert character string "ANUM" to a real number.
g DECLmTIONs ERAAEAR AR R ERARAR ARSI R R AR ARN AN T A AR AR AR A RRART AR ARA NN
e
& COMMON /UNITS/ UB,U9,U10
INTEGER U8,U9,U10,MINUS
c
INTEGER EFLAG, I, J
REAL HULT, RNUM
LOGICAL D,
CHARACTER hNUH'{ )}, TEST*16
g CODE AAERAAAR ARSI AAAFTAARAR RN I I ARAR AR A AR R FF AR AR ARRA S AAER A TAR R AR SRR RS
c
DATA TEST / 'eE.-+ 0123456789' /
RELCON = 0.0
MINUS = 1
MULT = 1.
RNUM = 0.0
D = ,FALSE
E = ,FALSE
c Process each character until a blank.
DO 80 J=1 LEN ﬁ&
é UH{J J))
15‘(1 6
10 860 7040 6,40,60). 1
GO TO 120
c Add digit to number.
20 RNUM = RNUH‘lG*{
EE (T& MULT = MULT*1
GO
C Note decimal point.
30 IF(D .OR. 1:) GO TO 120
D = .TRUE
GO TO 80
c Note minus mign.
40 IF(J.EQR.1) GO TO 50
IF(ANUM(J-1:J-1).EQ.'E’') GO TO 50
IF(ANUM(J-1:J-1).EQ.'e’) GO TO 50
GO TO 120
50 MINUS = -1
GO TO BO
c Note plus sign.
60 IF iﬁﬁg.l} GO TO 8
IF J-1:J-1).EQ.'E') GO TO 80
IF(ANUM(J-1:J-1).E{J.'e’'] GO TO 80
. GO TO 120 P, 5
egin exponent.
70 IF I.E&.)O GO TO 120
IF(E 120
RELCON = REAL(RNUM*MINUS)/MULT
MINUS = 1
RNUM = 0.0
D = .FALSE.
80  CONTINUE "
c Finish calculation of number.
100 EFLAG = O

IF(E) GO TO 11
RELCON = REAL{RNUH‘HINUS)/HULT
GO TO 999
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c
120

NoONNONNONOONNNANNNNNNNN

ann

899

Ingut. H

Ougggﬁz

RELCON = RELCON*10.**[RNUM*MINUS)
GO TO 999

Error messages.
E%%iGBRR?RZ{’ Invalid number tRELCSN)a ' ,ANUM, 2)

END
SUBROUTINE RELDIS(R,M,ANUM,L)

DESCRIHID" AREFARASARAR R RN R ARA R RN AR AR R AR AR A AR N ARRRRRRERARARRRAN

Convert real R to character string ANUM(1l:L) for display.

DECMTIDNS MEAANAARNARArARARARRRARRARARARARSARARERENRRRARARRRAEN
-~ real (single p;ucinion& number.
-~ pumber of significant digits in result.

- character string with nu.nb-r innin
L - last position oi number i hqg ANBH

Local

10

12

14

16

20

22

24

30

Ly

position of first character in ANUM.

LDEC position of decimal int in ANRUM.
LEXP position of "E" in
LSIG position of last -1gn1ficant digit in ANUM.

LI I I A |

EXPT value of the exponent in
DECML .TRUE. if decimal point has been written.

INTEGER M
INTEGER L, LFC, LDEC, LEXP, LSIG, EXPT, I, EFLAG
LOGICAL DECML
REAL R
CHARACTER® (+)  ANUM
CHARACTER*10' FORM
CQDE AARRANRARARRRAAARAFAAARARANAN RN ARRTRARSR SRR ARRA SRR TAR AR AR AW
I?(LEN!QNUH}.LT.JO) CALL ERROR(' Short string (RELDIS)’,3)
CALL INTDIS(I ANUM L)
FORM = ! 30. 'f/AN M(1:1)//")
?RITE{AN N EHT-FORM
LFIF[ANUM(I:I).EQ.' ‘) GO TO 10
I = 1+1
IF (ANUM(1:1).NE. ") GO TO 12
LDEC

b I
IF(RNUM(I:I).NE.'E’] GO TO 14
LEXP =

I 5
Lszr(axun(x :1}.EQ.’0') GO TO 16
IG =
EXPT = 1urcon§anun LEXP+1:30) ,EFLAG)
IF(EXPT.LT.-4] GO
) 60 TO %o

IF(EXPT.GE.M+
Display number in normal format.
DECH% = .FALSE.

IF{ANUE(?FC:LFC).EQ.'—') THEN
- +
ANUM(L:L) = '-
END IF
I?iEKPT.LT.O] THEN
= L+l
ANUM(L:L) = 1o
+1

IF(EXPT GE 01 60 TC 22
m LL = 'Q'
[7e) Té 20)

CONTINUE

= L+l
8 LL L} = ANUM(LDEC-1:LDEC-1)

EXPT = BIPT
IF{EXPT EQ. D} THEN

BCML } = e

END
IF{I GT LSIG) THEN
? L qL) TO 999

RNUM(L: L) = *0°
ELSE

L = L+1

iL :L) = ANUM(I:I)

Display number in exponential format.
EONT%HUE
DO 32 {-?FC,LSIG

anun Lugl = ANUM(I:1)

CONTIN
DO 34 I=LEXP,30

94



L = L+l
ANUM(L:L) = ANUM(I:I)
o 34 CONTINUE
999 RETURN

nonNOoNONONNNNANONANNNN

ann

END
BUBROUTINE RELGET(MSG,RDEF,RMIN, RMAX, RUNK,R)

DESCRIPTION AAREARAARARAAAAARRR RS RS S AR ad Al dad AR RARARARARARARARTS

Interactive input processor for a real value.
Print message Elus minimum, maximum, and default values.
Read user input; treat carriage return as default value.

DECMTIQNS RMEEAR S AAR AR AR R AN R R AR RN AR N R AR AR AR AR AR R

1n£Pt=
sG - massage to be printed.
RDEF - default value.
RMIN = minimum value.
RMAX - maximpum value.
RUNK - undefined value.
Output:
R - real value.
Local:
NUE - (0 = no user input).

EFLAG - indicates improper real.
ANUM - user input character string.

INTEGER I, LD, LN , EFLAG, NUE
REAL R, RDEF, RMIN, RMAX, RUNK
CHARACTER* [*) MSG

CHARACTER*Z0 ANUM
CHARACTER*30 CD, CN, CX

coDE RRAARRARAARAAARARSFTARAAAAARAR AR ARARARAARATARAARARRE AR AR AR R R R AR
I1=0
IF (RMIN.EQ.RUNK
IF { RMAX

L RELDIS(RDEF,
CALL RELDIS(RMIN.6,

CALL RELDIS(RMAX,6,CX,LX .
Print message and read user entry.

10 CONTINUE

IF(MSG.NE.’ ') WRITE(6,301) MSG
C 901 FORMAT(A §) t

TO
12 WRITE(6,*) ' (min = /,CN(1:LN),’ default = ',CD(1:LD),’]
13 WRITE(6,*) * [default = ',CD(1:1D},’])
14 WRITE(E,*) ’ [min = ',CN(1:LN),’ max = /,CX(1:LX),']
15 WRIZE(6,") ' [mex = /,CX(1:1X),")

16 WRITE(6,*) * [min = 7,CN{1l:LN),'] '
17 CONTINUE

A
901 ?onm'rfai

7)., 1
LN}, mag]- :,CX(l:LX),

60 TO é11512,13 14,15,16,
L]
! ,cbli:Lp),

WRITE( f [min = ',CN(
- '’ default =

et
e

GO TO 17
11 ggITE[?s-) * [max = !,CX(1:1LX),' default = *,CD(1:LD),’'] *

CALL STRGET(ANUM NUE)
IF(NUE.EQ.0) GO TO 3

R_=_RELCON(ANUM, EFLAG)
:rlzrmc.a .1) 60 TO

Decode and test user entry.

0

IF(RMIN.E .ﬁU&K GO TO 20

IF(R.GE.RMIN) TO 20

WRITE(6,*) ' Number tooc small’
To 16

GO
20 EONTINUE

F(RMAX.EQ.RUNE) GO TO 899

IF(R.LE. ) TO 999

WRITE(6,*) ' Number too large’
10 16

30 CONTINUE

IF(RDEF.EQ.RUNK) GO TO 10
R i RDEFSQ )

C
999 RETURN

n 0 ananNnNonNNnNNNan

no

END
SUBROUTINE STRGET(A,NUE)

DBSCRIP‘I‘IQN AAARAAARRE I AR AR AR AR AR AN R R AN AARANARRRARRARRRSARAARRENN

Get character data from interactive input file. This ie a likely
lace for machine dependencies: On CDC computers, an empty record
s considered an end-of-file.

DEmTIONS RARAAANEAN AR ARSI AR AR A R AR R AR A R AR A AR AR AR R R AR

Output:
A - user input (character string).
RUE = (0 = no user input).

COMMON /UNITS/ U8,U9,U10
INTEGER UB,U9,Ul0
INTEGER NUE
CHARACTER A*("*)

CODE RAARAABARARARAARARRAAARASAAARARRREARAAARRARAARAARARARRAARRRAAL

95
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FILE:

WTHR.INC
COMMON /WTHR1/CITY, INNAME, YR
CHARACTER CITY*20, fN‘NAHE"iB YR*4

_COMMOR /WTHR2/DAYS, FRSTDY, FRSTER LAS HOURS,
STDAY, STHR  E NDRR %

1,5TMON NDDS
_INTEGER DAYE, FRStDY . PRATHR f.as*mr N | NSTER i STMON,
8tD ay,sr.ar.ﬁnd.ﬁon f:nd.Day,ﬁndBr,

97
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FILE: GRIDGEN.FOR
BASED ON PRESSU PROGRAM DEVELOPED BY CELSC LOUREIRO (1987)

PROGRAM GRIDGEN

c +e« SPECIFICATION OF THE LOCAL BCALARS
IMPLICIT REAL®8 {h B
IMPLICIT INTEGEE &
REAL*8 IFF

D
REAL*8 LX Lxé 3, Lk LX4, LYl er LYJ LY4,LZ1,LZ2

REAL+8 LaAG LYAC
REAL*8 LX1DiM, ﬁnm LX3DIM,LX4DIM
REAL*8 LY1DIM, LYZDIH£LY]DIH LY4DIM, LZ1DIM, L2ZDIM

REAL"8 PERH36§£RH165"3HX,PSRHY

REAL*8 TOL

LEN vof.m BEIGHT,VE
REAL*8 XKCRAR, YRCRAK . LESS1, imsssz YLESS2,LCRACK
REAL*8 SUM,ZR

c +++ BPECIFICATIOR OF THE LOCAL INTEGERS

INTEGER NX1,NX2 sxa NX4 NY1,NY2,NY3 KY4,R21,K22
INTEGER 11, §2,1 1,82, 3%y 1,k2
NTEGER iﬁ G K éac IAG, JAG,kac

IHTE GER I,J,
NTEGER Iiznni T4ER. 8%
INTECER FV,KE,RVA,NUB, VPRINT(8) ,EPRINT(6)

[ ««« BPECIFICATION OF THE LOCAL ARRAYS
[ o LOCAL VECTORS

Egifngggxfggifs (8z),CvVZ({S2),LX(S2),LY(SZ),LZ(52Z)

COMMON I1,12,I3,14,J1,32,J3,J4,K1,KR2
c +++ LIST OF THE SUBROUTINES USED WITE TEIS PROGRAM
€ BRESUT  iiiiENy RoUTINETT
Cll!I‘II'II‘II‘I'I'Illlli‘l‘ﬁlll!ll’llnllllllli'l!ln'li'lll'tllt‘!.l"illt'iltt
c STEFP#2 : ASSIGN PARAMETER VALUES
o] ... REAL DATA

PARAMETER (ZR=0.0)

/5.0D+0/

DATA RNLAMB VISCO /2.098D-6,1.8D-5/

DATA DIFFO !1 op-6/

DATR PERMO,PERM1 /1.0D-12,2.5D-12/

DATA PERMX PERFY PERMZ F 35 5D 11,2.5D-11,5.0D-8/

DATA ﬂglGu* ;3. f

DATA LX G /3.75D+0,5.0D-3,2.0D-1,10.00+0,5.0D-1/
DATA LYI LY2 LYAG f5 909«0 5.00-3,5.0D-1

DATA LZ1,L22,LZAG /1.26D+0,10. 00*6 1.25D-1/

DATA TOL!I-OD—EK

DATA PCONV,WCONV /0.0,0.0/

c +++« INTEGER DATA

DATA ITER/Q/
DATA ITEMAX/500/

DATA NX1,NX2,NX3, an NXthE 1,1,2,Y/
DATA NY1,NY2.NYAG
DATA NZ1,NZ2, szac;z é i

[of *** CHANGE PARAMETERS 7 ***
OPEN(7,FILE='GRDGEN.OUT’ , STATUS= " UNENOWN'

OPEN(8. FILE=L21IN.DATY &Arus-*unxnoum-)
LCALL anNU{£§LTap nn6£§znn1 PERMX, PE

1,1LX k| LXAG,LY1, LYZ LYAG in LZ2,LIZAG,

b NX1,KX2, NX] NX4,NXAG, NZZ +NZAG,
. TOL,ITENAX NV NB th HVB. RiNT EﬁRI
LX1=LX1-LX2

LY1=1Y1l-LY¥Y2

LY3=LX3

LY4=LX4

LZ1=LZ1+LX3-1.25D-1

NY3=NX3

NY4=NX4

Il = KX1

I2 = 11 + NX2

I3 = I2 + NX3

IAG= I3 + KXAG

14 = IAG+ NX4

J1l = NY1

J2 = J1 + NY2

J3 = J2 + NY3

JAG= J3 + NYAG

J4 = JAG+ NY4

Kl = NZ1

G= K1 + NZAG + 5
K2 = EAG+ NZ2
(o] ««« TEST IF THE GRID 1S ASSIGNED APPROPRIATELY.

IF(NX1.LT. (KX3+2))TEEN



WRITE(6,7000
WRITE(7,7000

ELSZIFééId+21 .GT.5Z2,0R.(J4+2).CT.52.0R.(K2+2).GT.8Z)TEEN
» 7100 52 2

CrARARAARRARARAAR A AR AR SRR AR RAAAAARRAR AR N AR A AR R RRRRRRAARERRRReERRARRRdRES

Cc
c

BTEP #3 : CALCULATION OF BOME OF THE CONSTANTS USED IN THE
DIMENSIONLESS EXPRESSIONS.

XKCRAK = ((LX2)**2)/(12.%VISCO*LX3
YKCRAR = ((LY2}#*2)/(12.*VISCO*LX3
LENGTH = Enr DIFFO0/RNLAMB)
LCRACK=LX3/1EN

VELO = Dsgnrsn:rro-nnnansg

LE - YDELTAP f5v1 CO*DIFFO)

XLESS2 = (XKCRAK*D

YLESS2 = YKCRAK‘BBLTAP /VELO

VOLUME =4.0* (HEIGHT+(LZ1-LX3))*(LX1+LX2)*(LY1+LY2)

C‘II..Iﬂlll‘.-"l‘.Il.l!....I.l.l..l..lll‘ll.ll...lll‘lll..l'..llll’l’llll

Nno NN N

nnon

10

15

20

BTEP #4 : CALCULATION OF THE DIMENSIONLESS S8IZE OF ALL C.V.

... THE BIZES OF THE C.V,FACES ARE DISTRIBUTED IN EACH SEGMENT
FOLLOWING AN EQUATION OF A CIRCLE. (SEE APPERDIX)

«s« ALL THESE VALUES ARE STORED IN ONE-DIMENSIONAL ARRAYS WHERE
THE FIRST AND THE LAST POSITIONS ARE MADE EQUAL TO ZERO.

LX1DIM = LX1/LENGTH
LX2DIM = LX2/LENGTH
LX3DIM = LX3/LENGTH
LX4DIM = LX4/LENGTH
LYIDIM = LY1/LENGTH
LY2DIM = LY2/LENGTH
LY3DIM = LY3/LENGTH
LY4DIM = LY4/LENGTH
LZ1DIM = LZ1/LENGTH
LZ2DIM = LZ2/LENGTH

«+» SOME REAL VARIABLES ARE DEFINED HERE TO SUBSTITUTE THE
INTEGER VARIABLES NX1, NX2, etc. IN THE FOLLOWING
CALCULATIONS.

RX1=NX1 - NX3
RX2=NX2
RX3=NX3
RX4=NX4

RXAG = NXA
RY1=NY1 -~ NY3

RZAG = NZAG
++»+« CALCULATION FOR THE X-DIRECTIOR
UNDER THE BASEMENT (FAR FROM THE CRACE)...

SUM = 0.0
Do 10 II-I,{NXI-NX3)I2.
%E‘%E
EI} (&LXlDIH LXBDIN%JZ )*(1.0-DSQRT(1.-(2.*RI/RX1)**2))-SUM
1-NX3+2-11)=CVX(
SUH=SUH4
CONTINU

UNDER THE BASEMENT (NEAR THE CRACK)..
8SUM=0.0

CVX(NX1-NX341)=LXIDIM* (1. -DSQRT(1.-(RI/RX1)**2))-SUM
SUM=SUM+CVX (NX1-NX3+1)

UNDER THE CRACK...

IF (NX2.EQ.1)THEN
(I2+41)=LX2DIM

BUM = 0.0
DO 20 II = 1,NX2/2
I-II*I

cvx §%4§]Iinxsznfz 1 (1.-DSQRT(1.-(2.*RI/RX2)**2))-8UM
+
suu-sun+cvx 11
CONTINUE
ENDIF

UNDER THE WALL...

BUM = 0.0
DO 25 II-l,NX!
I=II+1
RI=II



25

27

30

35

40

45

50

55

100

CVX(1241)=LX3IDIM* (1.-DSQRT(1.-(RI/RX3)**2))-8UM
SUM=SUM+CVX (I2+1)
CONTINUE
WITHIN X-AGGREGATE...
IF (KXAG N .0) THEN
5UM=0.0
Do 27 11-1 RXAG
RI=1].
13+1)=(LXAG/LENGTE)*(1.-DSQRT(1.-(RI/RXAG)"**2))-8UM
sun-suuoévic:ao A QRT(1.-( ) ))
ENDIF
WITHIN BOIL...

BUM = 0.0
Do 30 IIIJ. RX4/2

RI'II
IA\G*I iLJHDII‘UZ i;(l.-DBQRT(1.-(2.'31/“4)“2)) SUM

«++ CALCULATION FOR THE Y-DIRECTION
UNDER THE BASEMENT (FAR FROM THE CRACK)...

0.0
B0 35 JI=1, (NY1- NY3)/2

J=Jg+
J LY1DIM-LY3DIM)/2.}*(1.-DSQRT(1.-(2.*RJ/RY1)**2))-SUM
cv§ Jl(é ‘2 ;; B 3 VS QRT(1.-( /RY1)**2))=
sun-sun+
CONTINUE

UNDER THE BASEMENT (NEAR THE CRACK)...

SUM=0.0

DC 40 JJ=1,NY3
J=NY3+2-JJ
RJI=JJ
CVY(NY1-NY3+J)=LY3DIM*{1.-DSQRT(1l.~(RJ/RY3)**2))~-SUM
SUM=SUM+CVY (NY1-NY3+J)

CONTINUE

UNDER THE CRACK...

IF (NY2.EQ.1) TH
évv(3291)=ernxn

SUM = 0.0
DO 45 JJ=1,NY2/2
J=JJ+1

RJI=JJ
CVY(J1+4J)= SuYZDIFIZ 3 (1.-DSQRT(1.-(2."R3/RY2)"*2))~-SUM
CVY{J2+2-J =CVY Ji
SUH'SUM‘C\?’Y J1+J
CONTINUE
ENDIF
UNDER THE WALL...
SUM = 0.
DO 50 JJ=1 NY3
J=JJ+1
RJI=JJ
CVY(J2+J)=LY3DIM*(1.-DSQRT(1.~(RJ/RY3)**2))-SUM
SUM=SUM+ (J2+3)
CONTINUE

WITHIN THE Y-AGGREGATE...
'F[NE%G .NE.O)THEN
DO 52 JJ-l NYAG
J=JJ+1
ng;fgaw LYAG/LENGTH)* (1.-DSQRT(1.-(RJ/RYAG)**2))-5UM
sun-aum«év§(J3+J1 ? ¥
INUE
ENDIF
WITHIN THE SOIL...
SUM = 0.0
D0 55 JJ-:I..!'NIZ
JAG*JJJ)LY!DIHI? } (1.-DSQRT(1.-(2.*RI/RY4)%*2))-8UM

Jé+2-~
BUM=SUM+CVY (JAG+

CONTINUE
++« CALCULATION FOR THE Z-DIRECTION
ABOVE THE BASEMENT...
SUM = 0.0
DO 60 KK-J.NZII?
! KK

CVZ K)=(LZ1DIM 1.-D -(2.*RK/RZ1)**2))-8UM
[KI s-RR}- /2. l { SQRT(1.-( / ) ))



60

nn

62

65

70

15

BO

101

EUM=SUM+CVZ(K)
CONTINUE

AT THE MIDDLE LAYERS...

(NOTE THAT THE SIZE OF THE FIRST MIDDLE LAYER IS EQUAL TO THE
AVERAGE OF TEE CRACK WIDTHS AT THE X-LINE AND Y-LIKE.)

CVZ(R1+2 -W?DIH*LY?DIHHL
=CVZ(K1+2

CVZ(EK1+4)=CVZ(K1+2)*2.

CVZ(K1+5)=CVZ(K1+2)"4.

CVZ(K1+6)=CVZ(K1+2)*8.

WITHIN THE Z-AGGREGATE...

IF (KZAG K. 0) THEN

DCI 62 "KE=1,NZAG
E=KK 1

RE=KK
CVZ(K1+54K)=( (LZAG/LENGTH) - 16.*CVZ(K142))
?nru -(RK/RZAG)**2))-8
SUM=SUM+CVZ (R145+K
INUE
ENDIF
WITHIN THE SOIL...

8UM = 0.0
DO 65 KK=1,NZ2/2
B‘K.K 1

Z KAG*K LZZDIHIZ “(1.-DSQR’I‘(1.-{2."“!3.22)"2”-811!'1
CVZ K2+2- {( }
SU‘H-SUM'-C\?Z K.\Gi- }
CONTINUE

«+« ASSIGN THE VALUE ZERO FOR THE EXTREMITIES OF THESE ARRAYS

el
C'\Fé’ §A+2]
g !HQ)

... ASSIGN VALUES FOR THE ARRAYS LX(I), L¥(J), AND LZ(K)
LX(1)=0.0

DO 70 1=2,14+2
LK#I%=LX(I—1]¢LENGTH‘CVX(I)
ONTINU

ooO0000
000000

LY{ g
'? J= 2;

llgJEEL‘“J 1)+LENGTH*CVY(J)
CONTI

L2(1)=0.0
DO 80 K=2,

Psx%-z.z(x 1)+LENGTH*CVZ(K)
CONTI

CRF AR AR R AR AR P AR R A AR R AR A AR N A AR AR A AN AN AN A AR AN P AR AR NN AR A RARA SRR AR

c
Cc

TE
WRITE(7,5600)DELTAP, RNLAME, VISCOéDIFFDﬁ
-

STEP W14 : waR QUIPUT *ww
.+« PRINT ALL CONSTANTS AND CALCULATED PARAMETERS

WRITE(7,5200
WRITE(7,5300)TOL,PCONV, WCONV
WRITE ;,5;30 ITEMAX, ITER

PERMO, PERM1, PERMX, PERMY , PERMZ

WRITE(7,

-W'RITE 5BDOiEEIGHT VOLUME ,LX1,LX2,LX3,LX

4,LXAG,
I-Yl Lyz, LY3 L'!'4 LY&G LZ1,L22,LZAG
WRITE(7,5900

H‘RI'I'E 7,6000)NX1,NX2,NX3,NX4,NXAG,
N‘x’ \NY2,NY3,NY4,NYAG,NZ1,NZ2,NZAG

WRITE 610
WRITE 7,5200 11,12,13,IAG,14,J1,72,33,JAG,J4,K1,KAG,K2
WRITE(8,*) I
WRITE(8,*) J4
WRITE(8,*) K2
WRITE(8,*) ' *
WRITE(8,*) I1
WRITE(B,") I2
WRITE(8,*) I3
WRITE(8,*) IAG
WRITE(8,*) I4
WRITE(B,*) * *
WRITE(S8,*) J1
WRITE(6,*) J2
WRITE(8,*) J3
WRITE(8,*) JAG
WRITE(B,*} J¢
WRITE(8,*) * '
WRITE(8,*) K1
WRITE(8,*) KAG
WRITE(8,*) K2
WRITE(8,*) ’ !
WRITE(8,*) PERMX
WRITE(8,*) PERMY
WRITE(8,") PERMZ
WRITE(6,*) PERMI1
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HRITE[? GJODi
‘ﬂRITE 7,6400 VE%O , LENGTE, ECRACK +XKCRAK, YRCRAK, LESS1,

52,YLESS
WRITE(7,6500)

WRITE 7,5500%
PO 1310 1=1,1442
WRITE(7,6500)1,CVX(I), (LENGTH*CVX(I)),LX(I)
1310 CONTINUE
WRITE s ny v
DO 1315 1=2,1
un:rz(n,-) (LGcmn-cvxtz})
1315 CORTINUE

WRITE(7,6700
DO 1320'J=1

WRITE (7, éaou)a CVY(J), (LENGTH*CVY (J)),LY(J)
1320 CONTINUE
WRITE .
DO 1328" 302, 7401

WRITE(8,%) (LENGTH*CVY(J))

1325 CONTINUE

WRITE(7,6800
DO 1330 K=1,K2+2
wnxrs(7 69001x,cvz(x},(L:ucmn'cvz(x)),nz(x)
1330 CONTINUE N

DO 1355 K2RZ41
WRITE(8,*) iLﬁncTs-cvz(x))
1335 CONTINUE

CLOSE(8)
C..l“.ll‘.‘li‘*‘..'li‘.i.*‘.tlt.ﬁ“ﬂ..ﬂﬁ..ﬂll“‘.ﬁﬁ.ﬁll‘*ﬁ.l.‘..l‘.t'
c STEP #15 : FORMAT STATEMENTS

5200 FORMAT(' ',/,/,15%,"====- GRIDGEN OUTPUT--- - /)
5300 FORMAT(' ', 'T0L %//D13.6,2X, TPCONV, n13 5 2& WCONV =*,D13.6)
5400 FORMAT(' ’,'1 4,11%, TiTE ,Ii
2500 PORMAT(’ ’.r#xs INP T O ARAMETERS »#
5600 FORMAT(’ ', ’DELTAP=',D13.6,2X, Ka!m 5t vy

. *RNLAMB=',D13.6,2X,'[1/8] ¢,

- 1! "VISCO =7 D136, 2%, ¢ gfm s]*,f.

. 1X)/DIFFQ =/ D13.6.2X.  [md/8} ",/

" "*PERMO =',D13.6,2X, '

. lx,’FERMI =/,D13.6,2X, " e ',f,

. 1%, 'PERMX =',D13.6,2X,"[m2]" 7/,

» 1X) /PERMY =//D13.6,2X. m2] 1/,

. "'PERMZ =''D13. hmz RN
5700 FORMAT{ LD SEOMERRICAL iHle okS of SOIL BLOCK ***',/)
5800 FORMAT(' ', 'HEIGHT=',D13.6,2X,’ ;] )

m
1x. Lxi -’,D13.6, ;

c
c
c
e

1X, "VOLUME="', D13 6, zx,
X 'Lxﬁ =,D13.6,2X,"'[m1",/,
4 1x,'Lx4 =',D13.6,2X,"'(m])’,/,

,f.lx,’LYE =',D13.6,2X,"' L
2 /01X, ’LY4 =',D13.6,2X," F "l

‘:f'1x.*Lzz =!,D13.6,2X,'[m)’,/,

5900 FORMAT(' ','*=* Huumén OF C. vs. AT éaca BLOCK SEGMENT #wa’ /)
6000 FORMAT(‘ -/ /NX1=',13,2X, 'NX2=',13,2X, NX3=',13,2X, 'NX4=',14,

8 %% 5= 38N
; -
Lok
LN
S
Lo
(7]
LR}
-
-
vuo
et i et et
WL
o
o
ie
-

bl
>
NEHEESISBEE.

. 2x,=uxnc=

- f,xx,:ﬂgic ‘iaiix *NY2=',13,2X,'NY3=',I3,2X, 'NYd=',1I3,

. /,1X, 'RZ1=" £3 éox, iNz2=', 132X, ‘NZAG=! 13,
6100 FORMAT(' *,’*** ORDER o vn R ENen B AR BbblENT wwar, /)
6200 FORMAT '2' :§i-; 13, 2x,-12-',13 2x,71357,13,2X, "IAG= ", 13,

. /,1X0r31="01302x, *J2=",13,2X, ' 33=",13,2X, ' JAG=",1I3,

. X, 134=" 11

-

/,1X, 'R1=".13,18X, 'KAG=’ 2X, 'K2='
6300 FORMAT(' *,*a%» PARAMETERS G Nﬁ AeD’ By GRIDGER' -2-'
6400 FORMAT(' ’;'VELO =',D13. s,zx, mial./,

1X0 LENGTH= ' ,D13.6,2X.  [m] ',/
1X, 'LCRACE=',D13. 6.. D wenaionlnnn]',/.
1X, *XKCRAK=",D13.6 /.ix, *,D13.6,7,
1X, LESS1 ='.D13.6./,

1X, ' XLES52=",D13.6,/,1X \YLESS2=',D13.6,/ /
6500 FORMAT(' ',1ox "SIZE nlsrninuwlb OF THE éo wTROL- (ol unzs* /
6600 FORMAT K, /,4X, 1", 6X, " 51}' 10x reixl1)’,

6700 FDRMAT&x"fozi i c&nim'i7'=i rsx, *m]co%s -t1$x VY (),

PR

BATE] Dim, 6X, ' [m
6800 annn?& (K 112& 10N’ i.nti ‘gi.ﬁiélcﬁis [m]' 'cvz&x)'
6900 FORMAT(® & % i,n15 é 3X,D13. l 5 ﬂ 5 l
7000 FORMAT na saadael S Fn
*1X, c i 16 noé ass:cn:n coaaserzv 1’
* / REVIEW THE PARAMETERS FX1 AND RX3.'
= as8ump iou nxl oLUST BE GREATER | oa sg.‘.._' ;uiaozj. 3

7100 FORMAT Tananans
Eéz cﬁ:é $2%6n O ASSIGNED R ORRECTLY

VREVIEW THE PARAMETERS X7, Yyt AND Nz?',/,/.1%,
g THE MAXIMUM NUMBER oﬁ BODES  IN ‘aky' v, 7, 1%,

~ DIRECTION SHOULD BE LOWER OR EQUAL TO :

RARARARARAR R AR AR R AR R R AR R A AN AR AR AR A AR AR R R AR AN RN AR R AA RN R RARARFRRRRAR AR
BTEP #16 : LIST OF VARIABLES
*a% SCALARS ***
VARIABLE  UNITS DESCRIPTION
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nAanNAnn ANNON NOonN NaNnNn ANann NN Nnona NnNonn

YLESS2

XFCRAK

YRCRAK

LCRACEK

SUM
ZR
FLAG

m.less
m,.less
m.less
m.less

)

m/e)
dim.less]

opoo HHH HOUBHE HEHHH

[dim.less]

[dim.less]

[m2.8/Rg]

[m2.8/Rg)

[dim.less]

Dummy varia
Parameter e
Character v

*»* INTEGERS ***

VARIABLE
b i

NVB
VPRINT(8
HPRINT(8)

DESCRIPTION

X-direction

X-direction :
X-directien :
X-direction :
X-direction :
A-direction :

Y-direction :

Y-direction

Y-direction :

Y-direction
Y-direction

Z-direction
Z-direction

Z-direction :

Order of the last node under the basament;
Order of the last node under the crack;

X-direot.:
X-direct.:
X-direct.:
X-direct.:
X-direct.:

Y-direct.:
Y-direct.:
¥-direct.:
Y-direct.:
Y-direct.:
Z

-direct.:
Z-direct.:
Z-direct.:

Delta pressure applied at the crack;

Radicactive decay constant of Rn-??ﬁ;
Bulk dif(univit{

Dynamic viscosei

)of radon in soil;
y of air;

Characteristic permeability of soil;
Permeability of soll;

Permeability of x-aggregate;
Permeabllity of y-aggregate;
Permeability of :-aggregate;

X-dimensicn of bassment;
X-dimension of crack;

X-dimeneion under vertical wall;
X-dimension cof soll after aggregate;
X-dipension of aggregate;

Y-dimension of basement;
Y-dimension of crack;

Y-dimension d vertical wall;
Y-dimeneion of scil after aggregate;
Y-dimension of aggregate

2-dimension above basement;
Z-dimension below aggregate;
Z-dimension of aggregate;

Tolerance criterla;
Difference between WCRACK and WSOIL;
Difference between PRES and PRESA;

SA
A particular value of the velocity WSOIL;

Characteristic length;

Total internal volume of the houss;
Beight of the house;
Characteristic velocity

Constant used in the calculation of the

gas velocity through the soil matrix;

Constant used in the calculation of the
as_velocity through the crack parallel

o the y-axis;

Constant used in the calculation of the
as velociti through the crack parallel

o the x-axls;

Conetant used in the calculation of the
as ve]ocit; through the crack parallel
8;

o the y-ax

conetant ueed in the calculation of the
as velocity through the crack parallel

o the x-axls;
Depth of the crack;
ble;

quai to zero;
ariable, ues? 1z crient the printout.

Number of nodes under the basement;
Number of nodes under the crack;

Number of nodes beyond aggregate;
Number of nodes in the aggregate;

Number of nodes under the basement;
: Number of nodes under the crack;

: Number of nodes beyond aggregate;
: Number of nodes in the aggregate;

: Number of nodes above the basement;
Number of nodes in the aggregate;

Order of the last node under wall;

Order of the last node under the basement;

Number of nodes under vertical wall;

Number of nodes under vertical wall;

: Rumber of nodes under the aggregate;

103

Order of the last node within aqgragate;
Order of the last node in the soll;

Order of the last node under the basement;
Order of the laet node under the crack;
Order of the last node under wall;

Orde: of the last node within aqgregata:
Order of the last node in the soil;

Order of the last node above basament;
Order of the last node within aggregate;
Order of the last node in the soll;

Order of the first layer baslow the basement;
Dummy variable;

Maximum number of iterations;
Actual number of iteratlons;

Parameter that specif

ies the dimension of the arrays;

These integer parametere orient the output;
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CLOSE ?i
CLOSE(5
END

INCLUDE 'GRDSUB.FOR’

C RAR ARRAYS AR

Cc VARIAELE UNITS DESCRIPTION

c CvVX(52Z dim.less] X-direction : Bize of the C.Vs.

c CVY(SZ dim.less Y-direction : Size of the C.Vs.

c Ccvz(szZ dim.less Z-direction : Bize of the C.Vs.

[« LX(5Z m X-direct.: Distance from C.V to origin;
c LY szf m Y-direct.: Distance from C.V to origin;
c Lz(sz m Z-direct.: Distance from C.V to origin;
Cc A(SZ

[+ B(SZ

g g g% These vectors are used in the subroutine TRIDIM.

c c(5z)

c ##* MATRICES #**

c VARIABLE URITS DESCRIPTION

c WCRACK(SZ,52Z) dim.l.ll} Gas velocity through the crack;

C WSOIL({ z,éz} dim.lees] Gae velocity through the soil/crack;
c PRES(8Z,5Z,52 dim.less Pressure distribution in the soil;
c PRES (sé,sé,s ) [dim.less] Pressure distribution in the soil;
c PERM(SZ,52,8Z) [dim.less) B8oil permeability distribution;

c AE(5Z,8Z,8Z dim. less

2 AwW(S52,S8Z,582 dim.less

c AN(S5Z,582,82 dim.less

¢ A5(82,82,82 dim,.less Discretization coefficients.

c AT(S52,82,82 dim.less

c AB(S5Z,8Z,5Z dim.less

c AP(sz,82,82 dim. less

104



FILE: GRDSUB.FOR
BASED ON PRESSU PROGRAM DEVELOPED BY CELSO LOUVREIRO (1987)

CI*OIl!ﬁIﬂII-lnlllllIII..lIllll...-.‘.l'!.‘II.Illllllll".'ll‘.l....“’

c #%® GRDSUB #u#
SUBROUTINES CALLED FROM GRIDGEN

i ! )
CEAR RS A AR AR AR AR AEA R AR AN AR AR R A AR RS R R A R N A A AR AN R AR A AARAAR AR AR AR R

¢ # *ASUBROUTINE PMENU®*#
c ... OBJECTIVE : TO HANDLE THE MENU FOR THE PROGRAM GRDGEN
c
_BUBROUTINE PMENU(DELTAP,PERMO, PERM1 PERMX, PERMY PERNZ
LX1,LX%,LX3,1X4,LXAG,LY1,LY2, L?Ac in 122,LZAG,
. ML N3 B3 Nk e  FeRG IRY1.NY2 (WY 1,NZ2,NZAG,
. _ TOL, ITEMAX, iV, NA, NVA , VB, vPRiNT SR N&

IMPLICIT REAL*S (A -B,0-2)
IMPLICTT INTEGER (1-K)

REAL§ DELTAP BERMO, PERM1 PERYX, PERMY P
REAL*8 LX1,LX2,LX3,1X4,LXAG,LY1,LY2, LEAG in Lzz LZAG

INTEGER Iminax Nx1 NX2,NX3,HX4 KXAG,NY1,NY2,RYAG,N21,N22,NZAG
INTEGER KV Nii KV A, RVE 0anﬁ1§ugsnpniur{6)
HARACTER MENU1* 1, MEN(2%2,ME
Z1 = DELTAP
Z2 = PERMO
Z3 = PERM1
2§ = PERMX
Z5 = PERMY
76 = PERMZ
Z7 = LX1
zZ8 = Lx2
Z9 = LX3
Z10 = LX4
Z11 = LXAG
Z212 = LY1
Z13 = LY2
Z14 = LYAG
215 = LZ1
216 = LZ2
217 = LZAG
Z18 = TOL
I1 = ITEMAX
I2 = NX1
I3 = NX2
I3 = NX3
15 = NX4§
16 = NXAG
17 = NYI
I8 = NY2
I8 = NYAG
110 = NZ1
111 = N2
112 = NZAG
1 DELTAP= Z1
PERMG = 22
PERM1 = 23
PERMX = Z4
PERMY = 25
PERMZ = Z6
X1 = 27
IX2 = z8
I3 = 29
IX4 = 210
LXAG = 211
LYl = 212
LY? = 213
LYAG = 214
Lzl = z15
1z2 = z16
LZAG = 217
TOL = 718
ITEMAX= I1
NX1 = I2
NX2 = I3
X3 = I8
HX4 = 15
NXAG = 16
NYl = 17
KY2 = 18
FYAG = I9
NZl = I10
NZZ2 = I11
RZAG = 112
¢ aa® PRINT THE FIRST MENU

10 WRITE(6,6000
JWRITE(6 50101 PERM1, PERMX, PERMY, P
LX4 anc LY1 er in LX4,LYAG,LZ1, Lzz LZAG

LX3,L%

HRITE(G 5615]nx1 fiX2, kX3,NX4, NKAG, RY1,NY2, NX3, NX4, NY.
NZ1, zz,uzac

WRITE(6,6020)

20 READ(5,5000)MENU1
IF( 1 Eg 'R’ )THEN

N1

N2 = + NY2
Nl = N2 + KX3
NAG = N3 + NYAG
N4 = NAG + NX4
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30

40

50

60

62

64

65

66

67

70

80

90

100

RV =0
NH =20
NVA = 1

= N2

GO TO 300
ELSEIF (MENU1.EQ.'C’ )THER
ELSETF (NENU1 EQ. X' )THEN

60 10 815 2 X"

#me PRINT MENU §#2 #***

WYTTE(6,6030
WRITE 6 6000

READ(S, SOOU}HEN‘U
IF( - '"P' )THEN

ELSEIF (MENU1.EQ. 'K’ ) THEN
ELSEIF (MERU1.EQ.’T’ )THEN
sLszxr$gsngl.sq.':')razu
BLSEIF (MENU1.EQ. ‘L’ )THEN
ELSEIF (MENU1.EQ. 'G' ) THEN
ELSEIF (MENU1.EQ. 'S’ )THEN
ELSEIF (MENU1.EQ.'X')THEN
GO &o o )
ELSE
GO TO 40
ENDIF
READ NEW PARAMETERS
wnlrzgs 6050 )DELTAP
010)DELTAP
»=a PRINT MENU-K *#**

WRITE(6,6060 SPERHI +PERMX , PERMY , PERMZ
WRITE(6,6000

READ (5,5002 )MENU2
IF( NUZ.E?.'KI'}T}IEN
TC 6

Go
ELSEIF (MENU2.EQ. 'KX')THEN
ELSETF (KENU2.EQ.'KY' ) THEN
ELSEIF(MENU2.EQ.'K2’)THEN
G0 fo 6. R
ELSEIF (MENUZ.EQ. 'S’ )THEN
ELSEIFiHENUZ.EQ.’X'}THBN
GO TO 10

READ NEW PARAMETERS FOR MENU-K
WRITE (66064 )PERM)
READ& 010)PERM.
wnxrzge %6065 ) PERMX
6010) ERMX

WRI TE;G 6065 PERMY
5010) ERMY

HRITE acs? PERMZ
Té 010) PERMZ

WRITE(6,6070)TOL

READ( £ 5010}%DL

I'I"E;S EDBD}ITEMAK

##* PRINT MENU #3 #»=*

"RI'I'EEB,GDBO]LXI,LXZ ,LX3,LX4,LXAG,LY1,LY2,LYAG,LZ1,L22,L2ZAG
WRITE(6 00

5
:P{Hénﬁsoo ,Eﬁggelwnmn

znsxxr*gznns .EQ. 'LX2' )THEN

Go 120

ELSEIF (MENU3.EQ. 'LX3’ )THEN

ELSEIF (MENU3.EQ.'LX4’)THEN
& 16 140 EQ )

ELSEIF MENU3.EQ. 'LXA’ )THEN

ELSEIF (MENU3.EQ.’LY1’ JTHEN

106
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G0 TO 150
ELSETF(MENUA.EQ. 'LY2' ) TREN
s;sgérégmggé.no.'an')rnzu
ELSEIF(MENU3.EQ. 'LZ1’ )THEN
ELSEIF (MENU3.EQ. 'LZ2" ) THEN
ELSEIF(MENU3.EQ. 'LZA’ ) THEN
ELSEIF (MENU3.EQ. 'S8’ )THER
ELSEIF (MENU3.EQ. 'X’ )THEN
1. 010 TR )

G0 TO 100
ERDIF

c READ KEW PARAMETERS FOR MENU #3
110 WRITE(6,6110)LX1
ggan § 5n10)£x1
120 WRITE(6,6120)LX2
READ] 5 5010)ﬁx2
130 WRITE(6 5130£§x3
READ ( 5010)1X3
GO 60
140 WRITE(6,6140)LX4
READ( £010)1xs
145 WRITE 205145 LXAG
Rzagég 501o)£xac
) 80
150 WRITE(6 6150)LY1
READ égom} ¥1
WRITE (& 6155)LY2
READ( 5010)LY2
GO 60
157 WRITE(6,6157)LYAG
READ égolo} YAG

160 WRITE(6,6160)12
READ ( £010)121
GO LN

170 WRITE(6,6170)122
READ ééom) 22

175 WRITE(,6175)L2ZAC
nzagé 5010)LZAG
Go 5o
*s% PRINT MENU K4 ***

190 WRI'I‘E}6,6190iNKl,NxZ,NKJ,NXG,NMG,N‘.’I,NYZ,N‘."AG,NZ:,NZZ,NMG
WRITE(6,6000

200 READ(5,5005)MENU3
IF( NU3.§?6'NXI']THEK

ELSg?FTaENgJ EQ."NX2')THEN
ELS%F%E?E‘J%.EQ. 'NX3' )THEN
ELSEIF (MENO3.EQ. 'NX4' ) THEN
ELSEIF P{ENE%.EQ. 'NXA' )THEN
ELSEIF (MENU3.EQ.NY1')THEN
ELSEIF (MENU3.EQ.'NY2' ) THEN
ELSEéFégEgg%.EQ.'NYR'}THEH
ELSEIF (MENU3.EQ. 'NZ1')THEN
ELSELF (MENU3.EQ. 'NZ2' )THEN
ELSEIF (MEKU3.5Q. 'NZA' ) THEN
ELSEIF(MENU3.EQ. '8’ )THEN
ELSEIF(MENU3.EQ. X’ )TEEN
rral0 1010
END?? TOC 200

& READ NEW PARAMETERS FOR MENU #4

210 WRITE(6,6210)NX1
READ 58201 X1

220 H’RITE.'gB 6220)NX2
READ i2320} X2

WRITE (6, 6230)NX3

nsagé 5020)Kx3

GO fag

240 WRITE(6,6240)KX4
READ ngo; X4

GO

245 WRITE(6,6245)MXAG
READ( £020)KXAG
G0 i30

230



250

255

257

260

270

275

300

360

365

400

410

e e
[TV
]

430
431

440

500

540
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WRITE (6,6250)KY1
READ (S5, 5020)KY1
) 30

H'RI'I"E;B 6255&51’2
READ( 5020)KY2
GO {0
ﬂRI‘I‘EgE 6257 )NYAG
READ (5, 5020)RYAG
H’RITE;B 6260)NRZ1
READ(5,5

020)KZ1
Go 50

WRITE(6, 6270)N22
READ iggzu) z2

WRITE (66275 )NZAG
READ( £020)AzAc
GO f30

*%a QUTPUT MENU ***

CONTINUE
WRITE(6,6000)
WRITE(6,6340)N1,R2,N3,RAG, R4

READ(5,5000)MENU1
IF( 1-38.'3')1‘321!
TO

2 RUL ¢’ YTHEN
ELSEIF (MENU1.EQ.'C’)
ELSEIF (MENU1.EQ. P’ )THEN

P S
ELSEIF (MENUI.EQ. 'S’ )THEN

Go 360
ELSEIF (MENUL.EQ. ‘X’)THEN

GO 910

a#% MENU - CHANGE VERTICAL CROSS-SECTIONAL VIEWS *#**

WRITE(6,6000
WRITE(6, 6400
WRITE( 6, 6000

R£Aﬁ§5,50001M3N31

IF(MER01.EQ. A’ ) THEN

GC TO 420

ELSEIF*EENUl.EQ.'B’}THEN
Go 430

ELSEIF&EENUI.EQ.'S'}THEN
ELSg?F$gE§§?.EQ.'K‘]THEN
GO 300

ELSE
GO TO 410

ENDIF

WRITE (6, 6420)NVA

READ (S, 5020)KVa

IF (NVA.GE.N4 ) THEN
GO TO 421

ENDIF
GO TO 400

WRITE (6,6430)NVB

READ ,,50202

IF(NVB.GT.N4.OR.NVB.LT.NVA) THEN
GO TO 431

ENDIF
GO TO 400
NVA=1
RVB=N2
GO TO 400
a%e MENU - CHANGE PRINTOUT BELECTION *#*
WRITE(6,6000
IF(NV.EQ.O)THEN
WRI {6,6500)
s
WRITE(6,6510)NV, (VPRINT(I),I=1,NV)

ENDI
IF (NH.EQ.O0)THEN
WRITE(6,6520)

SE
WRITE!E,GSJD!NB, (HPRINT(I),I=1,KH)
'U{gITE 65,6535

NVA,NVB

READ(5,5000)MENU]
IF( NUl-E?.'V')TﬂEN
GO TO 550

ELSEIF (MENU1.EQ.’H')THEN

ELSETF (MENU1.EQ. 'S )THEN

ELSEIF (MERUL.EQ. 'X')THEN
€0 300



550 wnxwzga ssoggv
IF(nv'GT .8)
ELSELF (NV.EQ.0) THEN

ENDIF
un:ngs 8551
wak IF( nfﬁgz?i“5¥fﬂiim&zn

ENDIF
555 CONTINUE
G0 TO 500 -
560 HRITE§5535§O NH
IF gé.gT B}%BEN
ELSEIF (KB.EQ.O0)THEN
GO 40 5%8 )
ERDIF
HRITEéG 6561
566 RAEAD (56020 nmn:nr;
IF( RiNTin 14NZ2+NZAG) ) THEN
GO TO
565 CONTINUE

570 Nv=0

c *#* WRITE THE EXIT STATEMENTS
900 wnxmﬂ_&s,asoo;
RETU
910 WRITE(6,6910)
STOP
#a% FORMAT STATEMENTS ***
...READ FORMATS
5000 FORMAT J\l}

5010 FORMAT ?g.l}
5030 FORMAT IJ!
c «-+WRITE FORMATS

6000 FORHAT;?!{“'%A
6010 FORMAT X, 'THESE ARE THE IKPUT PARAMETERS:' .f
*10X, 'PERMY =‘,D13.6,2X,/[m2] = Soil permeability’
RMX 13.6,2%,"' X-Aggregate parmsaf:iiity A
.§8§' ’;Eﬁ; =! mij .6, 2x.‘ m2 ; :ggragate Pemagi:llit ; ¥
L . = Fi regate permea § 2
onr&nICAL TERS weel oy oo P ¥

*3%, f1x1 = 1 E7.4,2X, R *,F7.4,2X, lix3 = ', F7.4,

*2X;'LXs = 7.4,2X, 'LXAG= '.F7.4,

*3%,'1Y1 = ', 704,2X,11¥2 = 1JET. 4,2%,°LY3 = ',F7.4,

22X11L¥s = 1IF7.4,2X) ‘LYAG= ([F1 4.7

*3X, 121 = ' r?.4‘32ﬁ 'LZ2 - LF1.6 (8%, 112AG= 1, F1.4,/)
6015 FORMAT(’ ’ 23X, #** 'GRID P TE =0 yf

*3X,'NX1 = f 12,7X,'NX2 = ',12 7%, N = 33,

"7X, 'NX4 = 1,12,7X, 'NXAG= *,12,/,

*3X,'NY1 = ’[12,7X,'NY2 = ',12 IX,'NY3 = ',12,

-7x,'nya =

12 X, 'NYAG= ' 12,/
3%, 'NZ 37%,'K22 = *, 15, 9%, 'NzAG= 1,12,/)
6020 roanar:- C3ER!Tanh MEIN MERU %4
1% Y- MPRUN GROGEN WiTH TRESE PARAMETRRS; ! ;

. /.15x,'c - CHANKGE INPUT PARAMETERS;',

. 4 - STOP AND EXIT.'
6030 FORMAT 1Disz,--n MENU #2 ¢  CHAKGE INPUT PARAMETERS wans g,
110X, 'L GEOMETRICAL rﬁsanz:zns',

GRID PARAMETERS
SELBCT TaE DERAULY’ PARAMETERS ',
EXIT 10 THE MAIN MENU,/
Fd. 1X, "ENTER NEW VALUE:’
X, " an b MERO K+ CHANGE PERMEABILY wxwe f /,
' m2] = Soil pearmeability’,/
m2] = X-Aggregate permeabi H:.y o
m2] = Y-Aggregate permeability’,/,
52 P Z-Aggregate permea 11:y sl il ok
r

*10X, 'S - SELECT THE DEFAULT vLLuzs‘.l.

*10X, - EXIT TO THE MAIN MERU’/
6064 FORMAT /1%, |ERTER KEW VALUE:!

6065 FORMAT ’ ’
6 T +1X, 'ENTER NEW VALUE:'

-

-

'
4 R NEW VAL
13;7/:1X; 'ENTER NEW VALUE (FORMAT 13):')
5 : ' CHANGE GEOMETRICAL DIMENSIONS &w#’,
*/,10X BIRECTION: /.
026X, "4x1 = 7,F7.4 B] = Uhdér the basement;',/,
215X,/LX2 = *,F7.4,* = Crack size;’,/,



:15X..:LXJ = :.F?.i.: m] = Under vertical wall;’,/,

eiB%. Eings ¢ p1.4" [B] T Rithip blook soily®,/.

*10X,'IN TBE Y-DIRECTIOR:’, YorASLE

:15)(,'1.‘1'2 = :,F?.i,: m] ='Under the bacmant, ol s

i e e Ll S I -

S A

» L - -4, m (-] samant; Pi

#15%,'L22 = ’,F7.4,' [m] = Underneath tha basement.’,/,

*10%, ' GYRER OPTIONG:’. 7. - Adgregate.’

*15X,5 -  BELECT THE DEFAULT va&uts-',/,

*15%,’X - EXIT TO THE MAIN MERU.
6110 FORMAT(’ ‘,’LX1 = ’,D13.6,/,’ ERTER VALUE: /
6120 FORMAT(‘ ‘)0LX2 = ,D13.6,/,' ER NEW VALUE:’
6130 FORMAT J'LX3 = 7,D13.6,7,° R NEW VALUE:’
6140 FORMAT(’ ’,'LXs = ',D13.6,/,' ERTER NEW VALUE:'
6145 PORMAT(' ’,'LXAG= ’,D13.6./,' ENTER NEW VALUE:’
8155 FORMAT] < /1 /142 = */DI13.6.7+ ENTER NEW VALUE:’
2%23 FOﬁHAg ' :::kg?c- ::g g:ng:: xn“rg NEW 3:%32;:
6170 FORMAT(’ *,'LZ2 = *,D13.6,/,’ ENTER NEW VALUE:’
6175 FORMAT(' ', 'LZAG= ’;D13.6 {4’ ENIER NEW VALUE:'
6190 FORMAT(*® *’/,20X,’*é MER(#4 : CHANGE THE GRID DPARAMETERS see’,

TR W s LS ———

HEGR C D e SR

. - = Unde ver ca 'ﬂ H

*15X; ‘NX4 = /,I2,’ = Within block soil;’,/, '

®15X, 'NXAG= *,I2,' = thin aggregate;’,/,

A0 L T, RO, e basement; ./,

»15X,*KY2 = 7,12, = Under the crack;’,/

*15X, 'NYAG= ’,I2,’ = Within aggregate; ./.

HE T BRI e paasmen;,/

" Pid - b = semen ’

“13%. /N2 = 1.15.¢ = Within block Boil; ,/,'

*10%. 'OVRER OPTIONS:! 7 in aggregate.’,/,

»15%,'S - SELECT THE DEFAULT VALUES;’,/
6210 FORMAT(’ 7, 'Nis = ?olgag SN ENTER NEW' ¥ ;E‘ FORMAT(12))*
6220 FORMAT{’' ’,'NX2 = ',12,/," ENTER NEW VALUE: [FORMAT{IZ}]’
6230 FORMAT|' ',’NX3 = *,I2,/,' ENTER NEW VALUE: [FORMAT|(I2)]’
6240 FORMAT|' ’,’Nx4 = ’,12,/,' ENTER NEW VALUE: [FORMAT|I2){’
6245 FORMAT(' ', ’NXAG= ' I2,/,' ENTER NEW VALUE: [FORMAT|/I2}]"
6250 FORMAT({' ’,’NY1 = ',I2,/,' ENTER NEW VALUE: [FORMAT{I2{!’
6255 FORMAT(' ’,/NY2 = ’,12,/,¢ ENTER NEW VALUE: [FORMAT{I2{]’
6257 FORMAT(' '.'NYAG= ',12,/,' ENTER NEW VALUE: 11211’
6260 FORMAT(' *,/N21 = ’,12,/,' ENTER NEW VALUE: ORMAT! 12417
6270 FORMAT(‘ ' 'NZ2 = '}12,7,’ ENTER NEW VALUE: [FORMATII2)]’
6275 FORMAT(' ',’NZAG= ’,12,/,° ENTER NEW VALUE: [FORMAT{I2)]’

6300 FORMAT(’ ’,20X,’'**» THIS IS THE OUTPUT MENU *##*’,/,
* 20X,’- VERTICAL CROSS-SECTIONAL VIEWS -',/,
¥ 17%,'FIRST VERTICAL CROSS-SECTIONAL VIEW: NODE = ',I12,/,
» 12X, 'SECOND VERTICAL CROSS-SECTICNAL VIEW: NODE = ',I12,/,
" /,25%,'- PRINTOUT SELECTION -',/)

6310 FORMAT(' ’,11X,'ANY PRINTOUT AT ALL (Yfﬁj? : N, /1)

6320 FORMAT(' ',11X,'ANY PRINTOUT AT ALL Y}N ) SV
. 12X, ‘AT WHICH CROSS- SECTI MAXINUN or'e)?’,/,
* 12X, ’VERTICAL = ',B(1X, Iz, ,

6325 FORMAT(' ',11X,'ANY PRINTOUT AT ALL Y/Ni
. 12X, 'AT WHICH CROSS-SECTION HAXIHUN OF B)?',/,
- 12X, '"HORIZONTAL = *,B(1X,I12,',')./)

6330 FORMAT(' ',11X,'HORIZONTAL = ’,8(1X,12,','),/)

6340 FORMAT(® ',9X,'NOTE: K1 = '

I2,' = LAST NODE UNDER BASEMENT',/,
* 16X,'N2 = Ii ' = LAST NODE UNDER TEE CRAC*' o4
. 16%, /N3 = +/12, = LAST NODE UNDER THE WALL', 7,
* 16X, 'NAG= ' IZ,' = LAST NODE IN ~AGGRBGBT'E f"'
» 16X,'N4 = ' 12‘ » LAST NODE WITHIN THE SOIL',/,
. /,30X, **** MERU it
b 14X,’'R - RUR ﬁDGEN H'ITH T.EIS olrreuT CONFIGURATION;',/,
*  14X,;’X - STOP AND EXIT.’)

6400 FORMAT(’ ’, 14X, '+*% CHANGE VERTICAL CROSS-SECTIONAL VIEWS »*3',/,
“J Ll Ri= *,12,’ = NODE OF THE FIRST VERTICAL VIEW;',/,
r B - NR2= ! 12 ' = NODE OF TEE SECOND VERTICAL VIE\-"' /.
8§ - seLech THE DEFAULT VALUES FOR THESE PARAMETERS;',/,
X - GO TO THE MAIN OUTPUT MENU.7,/,/)

6500 FORMAT(" *,16X, %1+ MENU - CHANGE PRINTOUT SELECTION *4+',/,/,
. 10X) {VERTICAL CROSS SECTIONS :’
" ‘NUMBER : (MAXIMUM OF 8) = ﬁoﬁz-'./}

6510 FORMAT(" *,16X, 5+% MENU - CEANGE PRINTOUT SELECTION (LTI
. 10X, VERTICAL CROSS sncw:ons 2
o 15X, 'NUMBER : (MAXIMUM O ix 120/
. 12X’ 1NODE TOCARION = ',s(1x 12,707)07)

6520 FORMAT(’ 10‘1. 'EURI ZONTAL CROSS- SE(.'I'IQIS-I‘S{;_E

o ,.I'

[
* r

. 'NUMBER : (MAXIMUM OF 8) = ARTIVE
. iax! cnaﬁc E VERTICAL  SECTIONS!.7,
- 15)(,'}1 - RIZONTAL SECTIONS',/,/
- 13X/78 ° SELECT DEFAULT OF THESE PARAKETERS',/,
. 15X,’X - GO TO THE OUTPUT MENU',/,/)
6530 FORMAT(' ", 10X, 'HORIZONTAL CROSS_SECTIONS: !,/
. 15X, ¢ MAXIMUM OF 8) = ';1%,12,/,
» 13X TNODE LOCARION = 7,8 X,12,007)) /g
6535 FORMAT(’ *,/,/,/,/,15X,’V - CBANG Retchy ECTIONS',/,

110
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111

13%, /B - CHANGE HORIZONTAL SECTIONS:
18X)/8 - SELECT DEFAULT OF THESE Anﬁuiréns' 14
15X%,'X - TC THE OUTPUT MENU',/,/

6420 !‘DRMAT{’ » ”I'EE FIRST \F'ER'I‘IEAL VIEW IS = '512 f.

ENTER NEW Vi CLL
6430.?031‘!.\1‘[' ! 'nzl'ﬁrgECOND V'ERTI VIEW I

6550 FORMAT('

L}

I2] { i
- 12,/,
R NEW VALUE (FORMAT 12) s'i

,'THE NUMBER OF VERTICAL SECTIONS I8 = ',I2,/,
' ENTER NEW VALUE (FORMAT I2) :’
) (botear 12):7)

6551 FORMAT(' ’,'ENTER THE VERTI BECTIORS (

GSGD.FORHAT( '
6561 FORMAT('

6900 FORMAT(’
6910 FORMAT('

END

L

’

'%mzn SKngRIZONTRL BECTIONS I8 = ',I2,/,
+ 'ENTER THE BORIBON{‘.\L BECTIO&S {MT 12):')

*./,/," EXECUTION OF GRDGER BEGINS ...',/, /
'y/+/," EXECUTION OF GRDGEN INTERRUPTED. .. ' ,/ /)
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FILE: CASEOQ1A.INP

BAMPLE CONAIR AIRFLOW NETWORK INPUT FILE -~

111
1.1
1981
HIgNIPEG
3.58

~ M WA
0000000

o
[=2]
o
HH COOOCOOOOOCO0OOC0OOOO000000000000000000000C0000000000000000000000000000000000C00

0000000

UM 0CODOOOHOOOOO00COO000000000000000000000000000000000000000000000000000000000000

-0

~-8.96000
-8.96000
00

OMONORONO
oUoUounowro

2.48000

0811E-10
B095E-11

NT
OUTDOORS - SOIL BURFA

EXCERPTS
7.00000000 .00 1 1 1
7.00000000 .00 2 1 1
7.00000000 .00 3 1 1
7.00000000 .00 4 1 1
7.00000000 .00 5 1 1
7.00000000 .00 6 1 1
7.00000000 00 7 1 1
7.00000000 .00 6 9 8
7.00000000 .00 7 9 8
7.00000000 .00 8 95 B8
7.00000000 .00 9 9 8
7.00000000 .00 CRACK BOT
7.00000000 .00 WALSEP BOT
7.00000000 00 6 1 8
7.00000000 .00 7 1 8§
7.00000000 . 8 1 9
7.00000000 .00 9 1 §
7.00000000 .00 CRACK BOT
7.00000000 .00 WALSEF BOT
7.00000000 .00 6 2 9
7.00000000 00 7 2 9
7.00000000 .00 8 2 9
7.00000000 .00 & 2 9
7.00000000 .00 CRACE BOT
7.00000000 .00 WALSEP BOT
7.00000000 .00 € 3 8
7.00000000 .00 7 3 9
7.0000000C .00 8 3 9
7.00000000 00 9 3 ‘9§
7.00000000 00 CRACE BOT
7.00000000 00 CRACK BOT
7.00000000 .00 CRACEK BOT
7.00000000 .00 CRACK BOT
7.00000000 .00 WALSEP BOT
7.0000000C .00 &6 4 9
7.00000000 00 7 4 9
7.00000000 .00 8 4 9
7.00000000 .00 9 4 9
7.00000000 .00 WALSEP BOT
7.00000000 .00 & 5 9
7.00000000 .00 7 5 9
7.006000000 .00 &8 5 ¢
7.00000000C .00 & 5 9
7.00000000 .00 WALSEP BOT
7.0000000C .00 1 ]
7.00000000 .00 WALSEF BOT
7.0000000C .00 2 B_9
7.00000000 .00 WALSEF EOT
7.00000000 .00 3 6§
7.00000000 .00 WALSEP BOT
7.00000000 00 4 & 9
7.00000000 .00 WALSEP BOT
7.00000000 .00 5 6 9
7.00000000 .00 WALSEP BOT
7.00000000 .00 6 & 9
7.00000000 .00 7 6 9§
7.00000000 .00 8 6 9
7.00000000 .00 9 & §
7.00000000 .00 1 7 9
7.00000000 .00 2 7 9
7.00000000 .00 3 7 9
7.00000000 .00 4 7 9
7.00000000 00 5 7 9
7.00000000 .00 6 7 9
7.00000000 00 7 7 9
7.00000000 .00 8 7 9
7.00000000 .00 9 7 9
7.00000000 .00 1 910
7.00000000 .00 2 910
7.00000000 .00 3 910
7.00000000 .00 4 9 10
7.00000000 .00 5 9 10
7.00000000 .00 6 9 10
. 0000000 . 7 910
7.00000000 .00 8 9 10
7 000000 .00 5 9 10
20.00000000 «00 BASEME
-23.50000000 .00
20.15000000 0.00
20.15000000 0.00
» 15000000 0.00
20.15000000 0.00
. 15000000 0.00
20.15000000 0.00
20.15000000 0.00
.200811E-10 .128946E-05 1.000
«77B0595E-11 .499634E-06 1.000

CE
ining/Living Room
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SO LW

e ow o

o o o
W e

o o

W @ - o &

oo O O O
[=]

1582
1583
o
15684
0
1585
o
1586
o
1587
0
1588
1589
1590
0
1591
1592
0
1593
1594
1595
0
1596
1597
0
1598
0
1599
0
1600
0
1601

O bt et et L et o o B ot o o ek ok i

B W W W

571
2D
571
.0
571
.0
572
.0
572
.0
573
0
573
573
"§50
"574
"574
.0
574
"§75
"§75
0
575
0
576
576
0
577
577
578

.2523160E-11
+360900E-10
«347256E-09
«B77963E-12
+284750E-12
«219491E-13
«711875E-14
«354167E-09

-1B7266E-10
«1B7266E-09
+190100E-08
+374600E-08
+305500E-02
0.000

f '
471700E-08

.0000
-474200E-02
0.0001
«269700E-02
0.0001
«265600E-08
.262700E-02
0.0001
1?59002—08

B e L

2,210
- 4015E-01
D.744
.00000
.00000
.00000
.00000
. 00000
.0000C
. 00000
.00000
.00000
.00000

.0oco0
. 00000
.oocoo
.00000
. 00000
00000
.00000
. 00000
. 00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
- 00000
.00000

034E-01

6E-09

.877963E-12
.2B4750E-12
.218451E-13
.711875E-14
+354167E-09

+.1B7266E-10
«1B7266E-0S
+190100E-08
«574600E-08
.305500E-D2

2.0700
.471700E-08
.182100E-07
«107600E-07
«-147600E-07
+547S00E-D7

1.0000

1.0000
.474200E-02
2.4400
-269700E-D2
2.0400
.265600E-DB
.262700E—82

2.0600
. 775900E-08
.453200E-08

10
B2

Xl
B3

12
B84

572
580
649
573
581
574
582
650
651
575
583
652

584
653
585
654
578
586
579

.00000
.00000
.00000
. 00000
. 00000
.0000C
. 00000
.00000
. 00000
. 00000

.00000
.00000
.00000
.00000
.00000
00000
00000
.00000
. 00000
.00000
00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000

«162046E-06
«231743E-05
«222982E-04
.563762E-07

.227419E-04

+120248E-05
+120248E-D4
«158000E-03
.3662005-?%

1.4
0.8000
«315200E-03
.B879800E-0Q3
.589800E-03
. 749900E-03
.172600E-02
0.0020
1.884
0.8500
1.324
0.7500
.203700E-03
1.302
0.7300
.460100=-03
«305800E-03
1 «C
2 0
3 .0
4 .0
2 .0
3 .0
5 .0
€ .0
7 .0
5 .0
443 o]
446 ¢}
509 0
448 0
444 o]
445 .0
45¢C .0
510 .0
511 .0
452 .0
453 .0
512 .0
9 .0
B .0
513 .0
8 .0
513 .0
439 .0
456 .0
442 .0

(== = | [=]
[=l=L]N=1=1] l=l=l=la]=1]

=]
¥ v e

o 0 o 0o 0o o o 9 o

O © O O O OO0 O OO0 OO OO©oOOoOOoCOoDOoO D

(=]=laT0
R e

OO O O = LA O O

EHOO-OHOD ~OOOm-OD
COoOO00O00000 00000000

1=]
[o]=]
(=11

O O«
* s e O
Lol Lot L e T 5]

O e = e

[y

e s

Ll R R e e e O I R R S T A = R = U S

Zone 1 E. Window Top/Bottom Pesistancas
Zone 1 Eill1 Reaistances
Zone 1/Zone 2 Interior Door

Zone 2 B. Window Top/Bottom Resistances
Zone 2 E., Window Top/Bottom Resistances
8. Exterior Door Top/Bottom Reslstances
K. Exterior Door Top/Bottom Resistances
LAFSWs with Controlled Resistances

Zone 3 Entrance (Door)
Bedroom/Bathroom Intarior Doore

Zone 4 N. Window Top/Bottom Resistances
Zone 5/Zone & Passage (Door)

Zone 7 W. Window Top/Bottom Resistances
Zone 8 W. Window Top/Bottom Resistances
Zone 2/6 Conetant Flow Intake (37 cfm)
Conatant Flow Intake (57 cfml
Fan Constant Flow Exhaust (131 cfm)
Door Two-Way Flow Null Element

X-DIRECTION

Y-DIRECTION

Z-DIRECTION

X-DIRECTION

Y-DIRECTION

Z-DIRECTION

X-DIRECTION

Y-DIRECTION

Z-DIRECTION

X-DIRECTION

X-DIRECTION
Y-DIRECTION
TO CRACK BOT
X-DIRECTION
Y-DIRECTION
X-DIRECTION
Y-DIRECTION
TO BEP BOT
FROM SEP BOT
X-DIRECTION
Y-DIRECTION
Z-DIRECTION
X-DIRECTION
Y-DIRECTION
Z-DIRECTION
Y-DIRECTION
Z-DIRECTION
X-DIRECTION
Y-DIRECTION
X-DIRECTION

114



1602 578
1603 579
1604 579
1605 580
1606 580
0 .0
1607 580
1608 581
0 .0
1609 581
0 .0
1610 582
15%1 “582
1612 'gaz
1613 ‘656
1614 ‘583
1615 'asa
1616 583
1617 584
o .0
1618 584
1619 584
1620 '395
1621 'gas
1622 586
0 .0
1623 586
1624 587
1625 587
0 .0
1626 288
1627 588
o .0
1626 580
o .0
1629 589
1630 589
0 .0
1631 590
1632 590
o .0
1633 591
e .0
1634 391
1635 591
o .0
1636 €62
1637 592
0 .0
1638 592
1639 592
1640 593
0 .0
1641 593
1642 593
0 .0
1643 594
1644 594
1645 595
o .0
1646 595
1647 595
0 .0
1648 296
1649 596
1650 596
o .0
1651 597
0

1652 597

.00000
.00000
.0D000O
.00000
.00000
.00000
.00000

- 00000

. 00000
. 00000
.00000
. 00000
» 00000
.00000
.00000
. 00000
» 00000
.00000
.00000
.00000
.00000
.00000
. 00000
.00000
.00000
.00000
. 00000
. 00000
. 00000
.00000
.ooooo
.00000
00000
.00000
. 00000
.00000
.00000
. 00000
.00000
.00000
. 00000
. 00000
.00000
.00000
.00000
.00000
. 00000
. 00000
.00000
.00000
- 00000

587
580
588
581
589
655
582
590
583
591
656
657
584
592
658
585
593
659
594
660

595
588
596

.00000
. 00000
. 00000
.00000
.00000
.00000
. 00000
.00000
. 00000
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
.00000
.00000
.0oooo
. 00000
.00000
.00000
.00000
Melelelels]
. 00000
.00000
.00000
.00000
.0000C
.00000
.00000
. 00000
. 00000
. 00000
.0oooo
.00000
.00000
. 00000
.00000
.00000
.00000
.00000
. 00000
.00000
. 00000
.00000
.00000
.00000
.00000
.0oo00
.00000

456
443
457
443
458
508
448
457
449
459
510
511
452
460
512

22
513

22
513
461
462
464
462
465
465
465
467
514
469
465
470
471
515
516
473
474
517

33

32
518

iz
518
47
462
519
479
462
519
467
465

a = = = % % = & = & s s ®= ® % a = = = = = =
o 0O O O 0o 000 00 OO0 0 o o0 o0 O o0 o o0 o

= e .
(=2 = I - ]
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614 90.0
615 0.0
624 0.0
616 C.0
624 0.0
e17 0.0
617 0.0
614 0.0
616 0.0
624 0.0
618 0.0
624 0.0
616 0.0
624 0.0
619 270.0
619 270.0
614 270.0
614 270.0
6l6 0.0

O = & 0 0 0 0 0 0 F H B O OO0 0 - = B B B B H F B B OO HHF B2 B 9 &6 686 0 & 0 & 0 & 0 & 08 0686 O

L e I e e e = T T T T

[

L S T S R T = o

X-DIRECTION
BURFACE

X-DIRECTIOR

BURFACE

X-DIRECTION

SURFACE

X-DIRECTION

BURFACE

X-DIRECTION

BURFACE

X-DIRECTION

BURFACE

X-DIRECTION

SURFACE

SURFACE

Lower E. Window Top

Lower E. Window Bottom

N. 8il1l1 Crack

E. 5ill Crack

5. 811l Crack

W. Sill Crack
Basement Door
Basement Door

§. Window Top

S. Window Bottom
Upper E. Window Top

Upper E. Window Bottom

S. Exterior Door Top

S. Exterior Door Bottom

N. Exterior Door Top

N. Exterior Door Bottom

N.E. LAFSW

S.E. LAFSW

Hall Entrance

Ball Entrance
Bedroom 3 Door
Bedroom 3 Door

N. Window Top

N. Window Bottom

N. LAFSW

Bathroom Door (S8ink)
Bathroom Door (Sink)
Bathroom Door (Tub)
Bathroom Door (Tub)
Master Bedroom Door
Master Bedroom Door
8.W. Window Top

8.W. Window Bottom
S.W. LAFSW

5.W. LAFSW

Bedroom 2 Door
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0
2137
0
2138
2139
0
2140
0
2141
0
2142
[
2143
0

-1.24000
3.29000
2.48000
2.48000
1.21000
1.21000
1.21000

787
787
787
787
781
77%
785

-1.24000
0.81000
0.00000
0.76000
0.99000
1.21000
0.95000

624
620
820
614
621
622
621

0.0
270.0
270.0
270.0
180.0
160.0
180,0

0O 0 O = B = O

R I T I T

Bedroom 2 Door
N.W. Window Top
N.W. Window Bottom
F.W. LAFSW

Kitchen Exhausts
Basement Exhaust
Bathroom Exhausts
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BAMPLE CONAIR CONTAMINANT DISPERSAL INPUT FILE

L LEREREEE RS S

RO

LE: CASEO1C.INP

CONTAMINANT INPUT FILE - CASE 1

HITBIL S

a n

ﬁuc
Airflow =
Concentrat

on System, 1 mmb:aparation, no soil air barrier.

inni ., Manit
lei Pe? m , hr

lon =" [nuclei/

Generation Rate = [nucle

e ]
[-1-17]
OVE-NONE W O~

-

648

chahhh

LU
B OW

5=1 ID=URn TP=A
BC= C

V=_,158989774E+05
V=_,158989774E+05
V=,179396078E+04
V=,448490196E+02
V=,17939607BE+D4
V=.896980434E+01
V=.44B8490196E+04
V=.44B8490196E+05
V=.448490196E+05
V=.158989774E+05

174319E+02
0062B83E+01
515708BE-01
006283E+01
V-.15?503149E-01

=.787515708E+01
V=,787515708E+02
V=.787515708E+02
V=,179396078E-04
V=_358792173E-05

=,239493776E+01
V=.598734412E+03
V=.598734412E+04
V=,598734412E+04
79396078E-04
B792173E-05
9493776E+401
B734412E+03
B734412E+04
B734412E+04
6002513E-05
2005038E-06
B8213363E+00
0533368E~C2
53338BE+03
S333IBBE+02
669727E-0D4

279
315
787
«315

<
n

oo,
oo
AT}
=l
(L]
L~
mm
oo
-

L

<

I
Tt OV Lkt 1 e 1k B 1 L LA RO L
OO AL -4 I 4 1 B R R OV U RAD D WD Lo U

OO UD- OO0
OO
Ll = O
(INT
Ly
ow®
@ LT
T m
1
ooo
R~

3334?E+02
v=.105133347E+02

=.252005038E-06
V=,168213363E+00
V=,42053338B6E+02
V=.42053338BE+03
V=.42053338BE+03
V=,223339465E-05
V=,149079093E+01
V=,2233359465E-05
V=,148079093E+01
V=, 2520050332 06
V=.168213363E+00
V=.630012595E-08
0533408E-02

2
8
6
A
0266704E+00
0266704E+01
0266704E+01
%6977152#03
0
5
0

3/

i
iy

AAAAMAAAAAMN

AAAAANAAN

AA AN
A AA

AAA AAANAAA AR AA
AN A A

AAA

AAMAAAAAARAAN

AAAAAMAAAAN

AAA

=4 U0 D~ O LY e Lt B

N1 et et e 8

VWD DWW

kb e ot et

L--1--1--1--1.-2..]-.1. -]

WALL SID-XY.

woDNEWOVo-J
£
=

sd=d=d ==t TN

e OO

-
9
e B

VOYWOWOODW

000 Voo
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727 V=,239493776E+01 < WALL SID-X
728 .598734412E+03 < 7 2 10
729 +59B734412E+04 < 8 2 10
730 V=,598734412E+04 < 10
731 V=_.168213363E+00 < WALL SID-X
732 V=,420533388E+02 < 3
733 V=.4205333B8E+03 < 8 3 10
734 V=,4205333B8E+03 < 3
735 V=,420533408E-02 < WALL SID-X
736 V=,105133347E+01 < 10
737 V-.10513334TE*02 < 8 4 10
738 V=.105133347E+02 < 10
739 V=.168213363E+00 < WALL BIl'-X
740 V=_42053338BBE+02 < 7 10
741 V=,4205333BBE+023 < B 10
742 =,.42053338BE+03 < 9 10
743 V=,149079093E+01 < WALL BID-Y
744 V=.149079093E+D1 < WALL SID-Y
745 V=,168213363E+00 < WALL SID-Y
746 V=,420533408E-02 < WALL 8ID-Y
747 V=,168213363E+00 < WALL SID-Y
748 V=,841066B56E-0 < WALL BID-XY
749 V=,210266704E+00 < 10
750 V=,210266704E+01 < 10
751 V=.210266704E+01 < 9 10
752 WV=,372697715E+03 < 1 10
753 V=,372697715E+03 < 2 T 10
754 V=,.42053338BE+02 < 3 7 10
755 V=,105133347E+01 < 4 i 10
777 V=.105133347E+05 < 8 9 10
778 V=.105133347E+05 < 9 9 10
779 V=,249053968E+06 < BASEMENT
780 V=,141396372E+12 COUTDOORS - SOIL SURFACE
781 V=162561.11 < Kitahan!bining/biving Roam 135,07 m™3 @ 20.15 C)
782 V=93B7.55 < Hallway S? 80" m c
783 V=23480.92 < Bedroom 18.51 m 3 e 20 15 C)
784 V=9544.01 < Bathroom ink) g? .93 m e 20.15¢C)
785 V=7726.68 < Bathroom (Tub) 3 @ 20,15 Cé
786 V=47804.30 < Master Be room ag ,72 m 3 @ 20.15 €)
znon? V=27921.95 < Bedroom 2 (23.2 3'e 20.15 C)
FLOWELEM
1 I= 1, 2 T=CNDF M=.1793960BE+05 L=.17725000E+01 D=.12600000E-03
2 I= 1, 10 T=CNDF M=.11166973E+05 L=.28475000E+C]1 D=.12600000E-03
3 I= 1, B2 T=CNDF M=.63595910E+04 L=.50000000E+01 D=.12600000E-03
4 I= 2, 3 T=CNDF M=.17939608E+05 L=.98625000E+00 =.12600000E-03
5 I= 2, 11 T=CNDF M=.11166873E+05 L=,28475000E+01 =,12600000E-03
6 1= 2, B3 T=CNDF M=.63595910E+04 L=.50000000E+Q] D=.12600000E-03
7 1= 3, 4 T=CNDF M=,1793960BE+05 L=.10250000E+00 D=.12600000E-03
8 I= 3, 12 T=CNDF M=.12600251E+04 L=.28475000E+0C1 D=.12600000E-03
9 I= 3, B4 T=CNDF M=.71758431E+03 L=.50000000E+C]1 D=,12600000E-03
10 I= 4, 5 T=CNDF M=,17939608E+05 L=.10250000£~GG D=.1260000CE-03
2097 I=776.7B0 T=CNDF M=.31500628E+04 L=.33375000E+00 D=.12600000E-03
2098 1=777,778 T=CNDF M=.42053339E+04 L=.50000000E+01 D=.12600000E-03
2099 I-???,TBO T=CNDF M=.31500628E+05 L=.33375000E+00 D=,12600000E-03
2100 1I=778,780 T=CNDF M=.3150062BE+05 L=.33375000E+00 D=.12600000E-03
2101 I= 780, 779 T=SIMP Lower E. Window T°¥
2102 1= 780, 779 T=SIMP Lower E. Window Bottom
103 I= 780, 779 T=SIMP N. S8ill Crack
2104 I= 780, 779 T=SIMF E. Sill Crack
2105 I= 780, 779 T=SIMP S. 8ill Crack
2106 I= 780, 779 T=SIMP W. 811l Crack
2107 I= 779, 781 T=SIMP Basement Door
2108 I= 779, 781 T=SIMP Basement Door
2109 I= 780, 781 T=SIMP S. Window Tog
2110 1= 780, 781 T=5IMP S. Window Bottom
2111 1= 780, 781 T=SIMP Upper E. Window Tog
2112 I= 780, 781 T=5IMP Upper E. Window Bottom
2113 I= 780, 781 T=SIMF 8. Exter;or Door To
2114 I= 780, 781 T=SIMP S. Exterior Door Bottom
2115 I= 780, 781 T=SIMP K. Exterior Door Tog
2116 I= 780, 781 T=SIMP N. Exterior Door Bottom
2117 I= 780, 781 T=SIMP N.E. LAFSW
2118 1= 780, 781 T=SIMP S.E. LAFSW
2119 I= 781, 782 T=SIMP Hall Entrance
2120 I= 781, 782 T=SIMP Hall Entrance
121 I= 782, 783 T=SIMP PBedroom 3 Door
122 I= 782, 783 T=SIMF PBedroom 3 Door
123 I= 780, 783 T=SIMP N. Window To
124 I= 780, 783 T=SIMP N. Window Bottom
125 I= 780, 783 T=SIMP N. LAFSW
126 1= 782, 784 T=SIMP Bathroom Door (Sink
:12? I= 782, 784 T=SIMP Bathroom Door (Sink
2128 I= 784, 785 T=SIMP Bathroom Door (Tub
2129 I= 784, 785 T=SIMP Bathroom Door (Tub
2130 I= 782, 786 T=EIMF Master Bedroom Door
2131 1= 782, 786 T=SIMP Master Bedroom Door
2132 1= 780, 786 T=S5IMP S.W. Window Tog
;133 I= 780, 786 T=SIMP S.W. Window Bottom
134 I= 780, 786 T=SIMP .W. LAFSW
2135 I= 780, 786 T=SIMP .W. LAFSW
2136 1= 782, 787 T=SIMP Bedroom 2 Door
2137 I= 782, 787 T=SIMP Bedroom 2 Door
2138 I= 780, 787 T=SIMP N.W. Window Top




.007
<

1
787

I= 780, 787 T=SIMP

I= 780, 785 T=SIMP

N.W. Window Bottom
N.W. LAFSW
Kitchen Exhausts
Basement Exhaust
Bathroom Exhausts

< Decay constant: Rn [h-1]

5528
=1

I= 1 K
I= 787 GEN=1 EK=1

z

[=1"-1. B8 1- TEF AN T

-

CG=.467659086621E+10
CG=.467659086621E+10

CG=.131920757862E+10
CG=.1315920757862E+11
CG=.131920757862E+11
CG=.4676590B6621E+10

CG=.109626844713E+10
CG=.109626844713E+10
CG=.123697427038BE+09
CG=,309243567596E+07
CG=.123687427038E+09
CG=.618487164568E+06
CG=.309243567596E+09
CG=.309243567596E+10
CG=.,309243567596E+10

CG=2938 < Dutdoor Rn222Z Concentration (Constant 0.2 pCi/L)

RETURN

< Loureiro, p.268
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APPENDIX C - POST-PROCESSOR PROGRAM LISTING






FILE: PST.BAT
BET 18=POST15.
CALL GET CASE15
POST

CALL DUMP CASEl5

FILE: GET.BAT

COPY ..\..\RUNS\RI\V1A.INP
COPY ..\..\RUNS\MI\ALlA.OUT
COPY ..\..\RUNS\%1\%1C.STD

FILE: DUMP.BAT

COPY R17.SUM ..\..\RUNS\S1\*.EUM
COPY %17.PRS ..\..\RUNS\%1\*.PRS
COPY 817.VPC ..\..\RUNS\S1\*.VPC
DEL %17.*

FILE: POST.FOR

c MAIN PROGRAM
CHARACTER*20 FLNOUT
CALL GDhTSFLNDUT )]
CALL VFPIC
CALL VPICZ(FLNOUT)
END

C; INCLUDE GDAT.FOR

C$INCLUDE VPIC1.FOR
C$INCLUDE VPIC2.FOR
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FILE:

1111

nnonNAnNann N

(4]

800
901

- 7 Enfer INTERMEDIATE DAT

- ' Enter AI RFLOW
- NUE

128

GDAT.FOR

BUBROUTINE GDAT(FLNOUT)

COMMON_/UNITS/ U8,US U10, RSBSMT,NSOUT
INTEGER U8,u9,u1b, uénsuf

COMMON /AF1l/ FIRST,CTLEnd
LOGICAL FIRST,CTLEnd

COMMON /LST/ LIST
IHTEGER LIBT, NUE
IRTEGE Jﬂﬂﬁ JDEF , JMIN, JMAX

CHARACTER*20 FILENM, PLNMIN, FLROUT

Opan files.
ug = 0
ug = 1
U10= 2

JURK = 999

NUE
CALL OPENFL (U8, FILENM, *SEQUENTIAL ', 108, + PORMATTED' , 'OLD’,
€ Enter AIRFLOW file name (*A.INP): ’,
FLNMIN = FILENM
JDEF = LIST
JMIN = 0

CALL INTGET( ! Enter OUTPUT CONTROL garmt.or' -

- JDEF, JMIN,JMAX, JUNR, LIST
THE

IF (LIST.GE.1l N
1 OPENFL{U9,FILENM, 'SEQUENTIAL’ IOS 'FORMATTED' 'NEW‘
A file name (*a.fmD): !,

NUE)
rite Ug9,900) FLNMIN
write(US,901) FILENM
END IF
CALL GTDAT1

WRITE(*,*
CALL OPENFL(U10,FILENM,’SEQUENTIAL’,IOS, 'FORMATTED', 'OLD’,
Oow OUTPUT file name (*A.OUT): ',

JDEF = 779

JMIN = 1

JMAX = 25000

CALL INTGET(' Enter BASEMENT NODE number’,

- JDEF , JMIN,JMAX , JUNK,NSBSMT )

= 780
JIMIN = 1
JMAX = 25000
CALL INTGET(' Enter OUTDOOR NODE number’,

= JDEF ,JMIN,JMAX , JUNK, RSOUT )

HRITBé','%
CALL GTDATZ2(FILENM,FLNOUT)

Close(3)
§T.GE.1) CLOSE(US)
CLO E(UB
CLOSE %R
FInet o VE
WRITE éT
1f ( vk .0) Goto 1111
FORMAT( ' INPUT DATA FILE : ',A20, f]
FORMAT(’ OUTPUT DATA FILE: ',A20,/
RETURN
End

BUBROUTINE GTDAT1

DESCRIPTION AR AR AN R AARAANTARAR A AN RAR AR AR RAR AR AANSAARARAARNEARAR

Read the airflow INPUT data file.
DECLARATIONS KEKARAARARAARRRARSARRRARARRRERAARRRRRNSAARAANRARRAARR

NAFP ~ Number of airflow element parameters stored.
Airflow element data

G MAXAFE
PARAMETER (MAXAFE = 2200)

_CM'IDN /AFEDAT/ R?EL IHAI.%FEH% A sm&mms},

2, MAXAF
- E),PS naxarsg izu( z),zrvp:( E),
- e 8,BHt
INTEGER AFELNK,AFEPTR,ETYPE,TC
REAL AFEHT,AFECTL, PW,P izm,nﬂt

REAL*B DP, lFLDW
COMMON /CTLAFE/ NoCtl(MAXAFE),Ctl381(MAXAFE,S), CtlJ{MAXAFE 4)
INTEGER NoCtl,CtlSl
Real ctif
Airtlw elamen rameters
INTEGER HAXAFa

PARAMETER (MAXAFT = 700)
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INTEGER MAXAFP
PARMBMETER (MAXAFP = 4200)

COMMON /AFEPAR/ AFENDX(MAXAFT),AFEPAR(MAXAFPE)
INTEGER AFENDX
REAL AFEPAR

COMMON /LST/ LIST
COMMON /CONTRL/ PB ACNVG1 ACR’VGzﬁhCWGJ +AMAXIT, DPMAX,

- ROINIT,NAFET, RAF

INTEGER LIST AMAXIT, NOINIT, RAFET
INTEGER NAFE,HNZO

REAL BB AGRVG1, ACNVG2, ACNVG3, DPMAX
COMMOR /UNITS/ UB,US9,U10,NSBSMT,RS0UT
INTEGER U8, 6 v1b, RSBSMT, RSOUT

Zone ;nirtlnw node) data
I GER
(MAXZON = 1000)

COMMON /ZONL/ZTYPE (HAXZON) , PZ(MAXZON naxzoul:azs cn;,
RE 02 mxzonl Eg [ } VIBCZ N)
(MAXZOK § , ATYPE [ MAXZON

INTEGER ZTYPE,A
DOUBLE PRECISION
REAL TZ

TYPE
PZ, RHOZ, SQRTDZ, VISCZ, SUMAF

REAL RELCON
INTEGER INTCON,I,J

INTEGER K, M, N, FLAG, NAFP, E
CHARACTER*B0 ' STRING
CHARACTER*40 WORD

/WTER1/CITY , INNAME, YR
CRARACTER CITY*20, INNAME* 16, YR*4

COHMON /WIH'RZ!DAYS FRSTDY ,FRSTHR, LASTDY , LAS BOURS,
1,8 sDayY rﬁn rnnnou ENDDAY  ENDHA . %
INTEGER nays rnsiny PR&TH LASTHR, HOURS, THON,

n}',StBr fnr.m:m End.Duy,f:ndﬂr x'

CQDE ARAAARARARARAAARRARARA RN ARARRAREAARARAAR AN RAARRRRRRRARTRARA R AR

NAFP = 0
RAFET =

NAFE = O
NZON = 0

C--NAME WEATEER DATA INPUT FILE

nn

950
951

10

RENJ&UB ,900) STRING
CALL GETWRD(STRING,F,WORD
(WORD, FLAG)

Sthion = INTCON(WORD, FLAG
é 1NG,K,WORD)
StDay = INTCON wsnﬁ FLAG

C& G,R WORD )
St.llr = INTCON(WORD, FLAG]

EEAD&UB,QDD] STRING
=
CALL GETWRD STRIhG K, WORD

EndMon = 1 iWORD +FLAG
CALL GETWRD(S

EndDaE = I N{WORD, FLAG
CALL GE

TWRD{ SPRING K WORD
EndHr = INTCON(WORD,FLAG)

Read(u8,950) ¥r
Read(uB,951) City

Format (A4
Format (A2

building Bite terrain claes and building height.
R!'.AD&UE 900} STRIN

CALL GETWRD(STRING,K,WO
TCls = INTCON(WORD ri.M;)
READ (U8, 900) TRING

CALL GETWRD(STRING K wonn}
SRt = RELCON
IF(LIST.GE. 3 i‘E(us 907) TCle

Read ZODB
knoun I8ss. height, temperature, pressure.
1F(L1sT G cf‘”s wnzrs(ﬁg g01)" L . T =

READ&U& +900) BTRING

CALL GETWRD B‘I'RING K,WORD)

I = INTCON FLAG)

IF (I.LE.0) G0 T

xr NZON GT MAXZON) CALL ERROR(’ Parameter MAXZON too amall’,3)
IF(1.NE. RZDRATR!“ ERROR(' Zone data out of sequence’,3)

G, K, WORD)
E = INTCOK uonn FLAG)
ATYPE (NZO
K,WORD)

CALL TRING,
N = INTCON \&o LAG)
STR :Nc‘x,wom

KZON LCON (WO G
ca.{. (smm K, ufmu} )



TZ( NEGN
pzié

IF

= (RELCON (WORD  FLAG)
E(nzmg) Q. 1} TZ(KZON) = ODBT

snbZ{E nzou) =
I?(LIST-GE.!) WRITE(US,902) Nzouéo” géuzou“ Pz{giuzom,

GO TO 10
20 CONTINUE
IF&OIST .GE.3) WRITE(US,903)

32

a5

36

41

42

44

45

xp(nigg

800

N.EQ.
sz‘i'\-mn TRING,K

LCDN(HOﬁg?Eglﬁ}

HZ(N {KRZO ON }
Read airflow element parameters:

Read first line.

BTRIN

GZ.A) ﬂRITE(UQ 90‘) BTRING

- INTCDN

IF

ETRIN

RDFLAGS O §

l!&?ocv 26 100
Arr.r!c'r mxm; CALL ERROR(' Parameter MAXAFT too small’,3)
L xn.nong

AF paramotez data out of sequence’,3)

1 I':t:m:om R0, FLAG

-

IF(NAFPAIC0. O MAXAED
CALL

RAFP = NAFP+1

AFENDX(NAFET) = NAFP

aFEPAR gAFP) =TI

OR{'

Parameter MAXAFP too small’,3)

Read remaining data.

IF(1.EQ.1) THEN

DO 32

CALL GE
= M+

ELSE IF(
DO 35

I.ISQZ}
N=1

Power law resistance.

hnm:smmc K,WORD)

RELCON (WORD, FLAG)

Duct element.

CALL GE*WRD{STRING K,WORD)

M=

AFEP.
us,

READ
IF(11s
Bo 38

AR(M) =
TGE_)i)
N=1

RILCON(WDRD FLAG)
HRITE(US 804) STRING

CALL GE'fWRD(STRING K,WORD)

AF
ELSE IF(

A.R(H] =

RELCON (WORD , FLAG )

(M) = AFEPAR(NAFP+4)/AFEPAR(NAFP+2)
M) = AFEPAR(NAFP+1)/AFEPAR(NAFP+2)

My =015

M

A.';.}M% = APEPAR(NAFP+11)
Q.

3) THE

DO 41 N=1,
CALL GETHRD(STRING K,WORD)
f

AI'EP.\R&M& = RELcou[wonn FLAG)
{_F{LOST .GE. .)i} \II"RITE{UQ 904) STRING

DO 42

N=1,4

14 - 0.B6B589*"LOG{AFEPARINARFP+9))

Doorway element.

ﬁlLLnﬂﬁTHRD(STRING,R,UORD)

AFEPAR(M) = RELCON(WORD,FLAG)

ELSE IF({I.2Q.%) TREN

Constant flow rate.

CALL GE{NRD(STHING K,WORD}
{ % = RELCON(wonn FLAG)
Q.5

H =
ELSE IF[
Do _&4

m?iﬁi"é'ét”;'

K=

Do 45
CALL
M=

M

AFEPAR Hl =

N=1,4

m:’im

)
N=1

cai'wno

e
e

us, 500

IF(LiST GE.

DO 4

5 J=1

Detailed fan element.
(STRING,K,WORD)
RELCON (WORD, FLAG)
HRITE{UQ 904) BTRING

(STRING,K,WORD)

RELCONLHORD FLAG)
4 ‘NAF

.’1} mm{ug 904) STRING

CALL cs‘iwnblsramc,x,wonuj
M= Mel

AFEPAR(M) = RELCON(WORD,FLAG)
CONTINUE
ELSE IF(I.EQ.6) THEN

CALL GETWRD(STRING, K,WORD)
{M%Q- RELCON (WORD, FLAG)

AF PRB
ELBSE IF(

Constant. power fan element.

Multirange resistance.
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annn

51

52

54

55

56

DO 51 N=1,
GETWRD[STRING K,WORD)

CAL
N =
AF i”ir nchon;wonn ,FLAG)
e EPAR(NAFP+2)
us 900 IN
IF (11 ST.GE.3) un:mz(us 904) BTRING

5ZJ
H GE*HRD(ETRING,R WORD)

Arzpnn M) = RELCOR(WORD,FLAG)

CONTI
ELSE zr(:.sg.s} THEN
DOSl
H-

8!

Variable resistance.
sznn(srnxus.x,uosn)

; & = RELCDH(HORD FLAG)
I?tL}ST GE. A) HRITE(US 904) BTRING

Bo g% Nséiwnn(srnznc K,WORD)
AR(M) = nzncon(uonn FLAG)
iF(L 82.a8. J) un:wa(ue 904) STRING

DO 56 Ne=l
CALL sziunn[srnxnc K, WORD)

*1
ﬁFBPAREN) = RELCON(WORD,FLAG)

AFEPAR(M)=0.0
END IF
NAF M
IF[NAFP cT.MAxarP)

CALL ERROR(' Parameter MAXAFF too small’,3)

GO _TO
100 CONTINUE

150

907

FORMAT
908 FORMAT
RETURK

F(LIST.GE.4) CALL DUMPVI|('AFENDX: ,AFENDX NAFET,U9)
F(LIST.GE.4) CALL DUMPVR('AFEPAR:',AFEPAR ,09)
Read airflow element data:
link 1, height 1, link 2, height 2,
ointer to parameters, surface azimuth,
ctl intervals, ctl timen, ctl values.
IFéLIST.GE.J] WRITE(U9,905)
ONTINUE

§EAD6U8,900} STRING
CALL GETWRD(STRING,K,WORD)
I v INICON(WORD,F FLAGS

IF

N E = NAFE+ 1

IF NA.FE GT. CALL ERROE{ Parameter MAXAFE too small’,3)
éF .RE NAFE CR& ERROR" data out of sequence’,3)

AFELNK N E%ﬁ- 1ﬁ?con§D RD,FLAG)
CAL IN
arzur 1 NAPS JRAFE) = Rrxcéuéuoﬁp FLAG)

nrz;nx a§ = INTCON(WORD,FLAG)

CALL c RING, K, WORD

AFEHT(2 achouéwonn FLAG)

CAEL GE4WRD{ STRING (K RD)

APEPTRNARE | = INPEOR (i WORD, FLAG)

CALL GETWRD{STRING,K,

Azn(NATE) = nchou(woan FLAG)

GETWRD(STRING, K, WO

zrwpsén#igg = INTCON{WORD| FLAG)
ALL STRING,K,WORD

NOCT1(NAFE) = INTCON (WORD , FLAG )

Do 150 1=1 /NOCLl(NAFE)
If (MOD(J 5& ? then
AD[UB, 900 ING

End

CALL GET“FD§ST§ING + K, WORD
Ctl1S1(NAFE = INTCON WORD , FLAG)
CALL GE TRING Rg
gtll RAFE,I) = RELCO [HD FLAG)

SoRGETs TRAFE)+1
Ct1S1(NAFE,I}=24
IF(LIST.GE.3) WRITE(US,906) NAFE AFELNK(1 WAFE) AFEHT(1,NAFE),
£}, AFEPTR(NAFE),
AZ¥(NATE ES é NAF z ﬁOCTL RAFE)
IF(LIST.GE.3) WRITE(US §oa) 1{RAF
Ctl11(NAFE,I), 1t 1,uoc 1(NA§£ §
GO TO 110
CORTINUE
]
FORMAT(/,8X,'N AMB TYP HZ TZ PZ’)
FORMAT/( * 'ZON:’,314,2F8.3,F9.0
FORMAT f igP' 31 : Rnrnme:urn’
_FORMAT({/, 8X, ' 1 ﬁ ALK B2 T AZM TYP',

906 ponnar;* Arz-‘,zxi eorb S 14 Fe 3,19 F13.5,14, 16)

Cla:
24(16, F6! 3)
END
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BUBROUTINE GTDATZ2(FILNIN,FLNOUT)

DESCRIPTION AAAAA AR AR AR RAR AR AR AR AR AARAARA AN R AR E RN AR

Read the airflow OUTPUT data file.
DECLARATIONS AR A st A n e a ARG AR AR SAR AR AR R AR R AR A AR AN R ARG ANANAR NS

HAFP - Number of airflow element parameters stored.

Air mnt. dn ta
pnnii%%zgi {uaxarz = 2200)
COMMON /AFEDAT/ AFEL E MAXAFE ) , AFEPTR(MAXAFE),
- . ¢ inﬂxartl £§Lau‘z ﬁﬁ l
E sl ET?PE(&LxAFB),

INTEGER AFELNK AF PTR

LNK AFEPT zwrrsix
REAL*8 np EFLOW

COMMON /CTLAFE/ RoCtl(MAXAFE),Ct1S1(MAXAFE,5),Ctll(MAXAFE,4)
%ET?GER “cgtiiCtIS:l

m,BHL

Airflow element rameters
IN’TBG HAXA.F.

R
(MAXAFT = 700)
INTEGER
PARAMETER (MAXAFP = 4200)

COMMON /AFEPAR/ AFENDX(MAXAFT),AFEPAR(MAXAFP)
INTEGER AFENDX
REAL AFEPAR

COMMON /LST/ L1ST
_COMMON /CONTRL/ PB,ACNVG1, ACNVG2, Acnvca,anaxxw,n?nnx,
NOINIT,NAFET,RAFE,NZON

INTEGER LIST, AMAXIT, NOINIT, NAFET

INTEGER NAFE,NZON
REAL PB, ACN\"GI, ACNVG2, ACNVG3, DPMAX

COMMDN JUNITS/ UB,US,Ul0,NSESMT, NSOUT
NTEGER U8, b9, U].D NSBSHT NSOUT

Zuneﬂ;lrflw node) data
MAXZON
PARAMETER (MAXZON = 1000)

_COMMON /ZONL/ZTYPE (MAXZON MAXZOK ,TZ naxzong,az MAXZON),
Z | MAXZON 52 ZON},VISCZ OK),
- (MAXZON § TYPE MAXZON

INTEGER _ZTYPE,
DOUBLE PR.ECISIO!& PZ RHOZ, SQRTDZ, VISCZ, SUMAF

REAL HZ, TZ

REAL RELCON
INTEGER INTCON I,J

INTEGER K &, 'FLAG, NAFP, E
CHARACTER<60 " STRING
CHARACTER*40 WORD

COMMON /WTHR1/CITY, INNAME, YR
CHARACTER CITY*20, iNNM‘E"lé YR*4

_COMMON /WITHR2/DAYS, FRSTDY, FRSTHR, LASTDY  LASTER  HOURS,
, STMON, STDAY , STHR, ENDMON , ENDDAY , ENDHR , X

INTEGSR nnvs FRSTDY FRSTHR  LASTDY, LASTHR , BOURS , STMON,
ay,Stux,EndMon,éndnay £naBr, X’

REAL NODFLO(11,11,) ,DIMPRS, FLNTM(2) STDRHO, FM
SEPKOD, FRROD, fiob, NU
HARACTER* 20 f:nzun,iiLnqufL

DATA ZONAME /’BASEMENT' | ng' 'LIVI us RooM
*HALLWAY', sznnonu 3'(1BATE (SINK)!
'nnriaiTus "MASTER BEDROOM', 'BEDROOM 27,
* SEPARATION’ ‘SD!L'
FLOTYP /! INFILTRATIOR’ irnarzon' *SUPPLY',
T, nréaxonz

L X 2

CODE AAARARAARNRRARTRA AR AR ER N AR AR AR AR AR AR R RN AR R R AR AR TR RS

=y
LASTND=NZON-RSBSMT+3
SEPNOD=LASTND-1
PB=101325

3
DO 32 J=
ncDFLO(ﬁ M,J)=0.0
CONTIRUE
CONTINUE
STDRHO=0.0034838PB/(273.15+20)

Compute zone air properties.
DO 10 N=1,NZON
RBEOZ u) = 0.0034B3B*PB/(T2(N)+273.15)

10 CONTINUE
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1000 READ(U10,900) STRING

CALL GEMI‘}S S'}.‘RING,K,WORD)

IF fetit s J=1
IF (WORD(1:J).NE.’Flow:’') GOTO 1000
1010 CALL GEMD'SBTRING K,WORD)

I = INTC G
J = unnx!:uzpm: 1)

ITYPE = AFEPAR(J)

CALL GETWRD(STRING,K WORD)
K = INTCON(WORD,FLAG

CALL G &ornin
M = INTCOR

nD, LAG)
IF (Lrsr.cn.z: ux:mt(us,slo) 1,DP(1),AFLOW(1,I),AFLOW(2,I)

FLRS"I'M[ IEIA}LES i1 J r-rn*wnéfémnao

=AFLOW 2 I)*FPM*1000/STDREO

IF N.GE.NSOUT) .AND. (M.LT.NSBSMT)) THEN
&SDD-IQ‘ NSBSM‘}' { N

IF (M.EQ.723.OR. . EQ.727.0R.M.EQ.731.0R. M. EQ.735.0R.
.OR. (M.GE.743.AND.M.LE.748)) THEN
TONSD=SEPNOD
ELSE
£y 2ONOD=LASTND
ELSE It éé” GE.NSOUT s (K.LT.NSBSMT) ) THEN
IF (K. SRR 25 727 ORN. EE 731.0R.N.EQ.735.0R.
E 9.0R. (N.GE.743.AND.N.LE.748)) THE
FRUGS-SEEROD
ELSE
FRNOD=LASTND
END IF
TONOD=-NSBSMI+ 1
ELSE IF ((N.EQ.NSBSMT).AND. (M.LT.NSBSMT)) THEN
FRNOD=N-NSBSMT

TONCD=LASTND

ELSE IF ££M Eg +NSBSMT) .AND. (N.LT.NSBSMT) ) THEN
FRNOD=LASTN
TONOD=M NSBSMT+1

ELSE ((N.GE. NSBSFT) AND. (M.GE.NSBSMT)) THEN
FRNDD=h ~NSBSMT+
TONCD=M- NSBSI“"'+1

ELSE IF 6;N-LT-NSESHT).AND.[M.LT.NSBSHT]] THEN
GOTO 1050

END IF

INFIL}"RA""I ON

+

+

F {{N.EQ.NSQUT) .AND. (FLNTM(1).GT.0.0) .AND.
ODFLO{ FRNO }mra::., =NODFLO RNOD ToNOD 11.».“%{”
ELSE IF cL(M-E E NSOUT D. (FL (1).LT.0

ODFLO(TONO FRNOD 1)=NODFLO(TONOD,FRNOD,1)-FLNTM(1)

EXFILTRATICN

+

+

+

ELSE IF (ISL EE NggU‘T] <AND. (FLNTM(1).LT.0.0).AND.
IEODPLOETONO FRNOD, 2 }=NODFLO( TONCD, FR.hOD 2 FLN’I’H( 1)
ELSE IF

PSM EE NSOU'I‘S D.(FL (1. éT.

iy ODFLO(FRND TONOD 2)=NODFLO( FRNOD, TONCD , 2}+FLNTH(1}
ELSE IF N.EQ.NSOUT) .OR. (N.EQ.LASTND) ) . AND.

FLNTM §iﬂ 2 o) AR %YPEQESN &

OLELO! FANGD . TON b 3) =RODFLO{ FANO TONOD D/ 3) 4FLNTM(1)
ELSE IF [{(M. EQ. NSOUE& THD

FLNTH{1) 1T.0.0). &I P %8 & iR

ODFLO(TOROD, FRNOD , 3 ) =RODFLO{ TOROD , FRNOD, 3) -FLNTM( 1)

FLNTM
ODFLO

UST
ELSE IF K. EQ NSOUT DR N.EQ.LASTND) ) .ARD.
1 T TR

NOD PRN D l.) OD‘FLO TSNO& I-‘RNORN;)-FLNTH{I)

ELSE II" N EQ NSOUT OR.
+ & 1 PE Sg" & 13
—— oDrLo r on TON D,i)- ODFLO( FANO! ,TDNOD,4}+FLNTH(1)
ELS
IF (FLNTM{1).GT.0 g
stzD¥?G R"GD(§°“° 5]-Noano(ranon TONOD,5)+FLNTM(1)
NoDELO{TONOD, ¥ oD, 5) gwonrm(?ouon FRNOD, 5) -FLNTM(1)
END IF
INFILTRATION
i}YPEQ . NSO UT) AN'D (FLNTM({2).GT.0.0).AND.
ODFLO{FRNO& TQNOD 1)=NODFLO(FRNOD,TONOD, 1 I"LN'I‘H[2]
ELSE IF ((M.E zg "§§§§5 . (FLNMM(2).LT.0.0}.
-
DDFLO(‘IQNO FRNOD, 1)=NODFLO(TONOD,FRNOD, 1)-FLNTM(2)
EXFILTRATION

+

ELSE IF (&N Eg NSO%E;}-MD.{FLR‘IN{N +1T.0.0).AND.

&DDFLOEEWONO FRNOD , 2 ) =NODFLO ( TONOD FRNODSZ -FLNTM(2)

ELSE IF ((M.EQ.NSOUT).AND. (FLNTM(2).6T.0.0
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+

IsITYPE.FE.dﬂl THEN
ODFLO( FRNCD , TONOD, 2 ) =NODFLO( FRNOD , TONOD, 2 ) +FLNTM (2 )

C SUPPLY

+ FLNTM

ELSE IF 5&: EQ NSOUT OR.M L.\S‘I’N'DHERND

&b PoN0D 3)=RODFLO 5 FRROBD TONGD 3)+FLNTM(2)
ELSE IF é Rsout '“'-i-n'v JAND.

&E%% NOD ?RN&D.J)-‘ODFLO(ISNDI!}MOD 3)-FLNTM(2)

& ngESE IF RSDUT .OR EQ. MI'.D
- RO B R
ODFLO NOD rmi ODFLO(TORO FRNOD, 4 4)-FLNTM(2)
ELSE_IF 5 .oa. m’m
' L i -
, ODFLO(F; on D,d) oanot 0 ,TDNOD,J}#P (2)
IF éer}’R& A
g1 NODFL (Tono 5)-nubr10(rﬂlﬂb TOROD, 5) +FLNTM(2)
ROD?LO IONOD;F oD, 5)'&09?1&0{'1‘0500 FRNOD,5)-FLNTM(2)
END IF
1050 :ERDBUID,SOO) STRING
CALL cswwnnggwnxuc ,K,WORD )
J:LGsmn(wb
I (3.LE. 0;
IF (WORD(1:J EQ 'Flow:') GOTO 1010
CALL OPENFL(11, ?ILSN’H 'SEQUENTIAL',JOS, 'FORMATTED' , 'NEW',
FEaiar : UHgAR SUTRUT ila name (*A.SUM): ’,
write 11,901 FILNIN
writeLll,gczi FILENM
CALL OUTDAT(11
WRITE(11,90
U'RITEEII 90¢
DO 60 J=1,5
DO 61 N=1,LASTND
o 62 M=1,LASTND
62 NODFLO(N, M, J& NE-D.O%
+ 2{11 960) ZONAME(N),2ONAME(M),NODFLO(N,M,J),FLOTYP(J)
61'  CONTINUE
60 CONTINUE
wn112{11 904)
CLOSE(11]
1085 WRITE(s *)
CALL-OPEN L(12,FILENM, ' SEQUENTIAL’, I0S, 'FORMATTED’, 'NEW',
- NUE Enter DISTURBAKCE BPRESSURE OUTPUT file name’ (*A.PRS): /,
write 12 901) FILNIN
FLNOUT=F ILENM
write(12, 9021 FLNOUT
CALL UTDAT 2)
'Room: ') GOTOC 1070
1060 REAB(UID 360] "SPRING
EALL GETWRD&ETRING,R,WDRD)
J=LENSTR(WORD)
_LE.O) J=1
15 { RD{I J}.NE."Room: ') GOTO 1060
1070 CALL GETWRD(STRING,K,WORD)
N = INTCON(WORD,FLAG
CALL GE STRING, K LWORD)
PZ(N) = RELCON wonn §)
DIMPRS=PZ(N] {M;‘B LB+HZ(N)
WRITE(12,
1080 READSU]O,QOD,END=1100) STRING
CALL GETWRD(STRING,K,WORD)
J=LENSTR(WORD)
IF (J.LE.0) J=1
IF (WORD{1:J).EQ.’Room:’) GOTO 1070
1100 CLOSE(12)
900 FORMAT(A)
901 FORMAT(' INPUT DATA FILE : ‘,A20./)
§02 FORMAT(' OUTPUT DATA FILE' A20
903 FORMAT(2X, FROH zonz' E
13X, Lls]',zx,frncw TYPE')
904 ?ORHAT{zx, -------------: ----------------------------------- o
910 FORMAT )
950 FORMAT(I4,2X,2E14.6
960 FORMAT(2(%X,A14),2X,E14.6,2X,A14)
END
L T DUMPVD
SUBROUTIKE DUMPVD(S,V,N,UOUT)
g DESCRIPTIQN FAAARRARRARARARRAARRARAARARSEARERAREEAR AR EAA R R RNRNR AN
¢
C Print the contents of the double precision '"V" vector.
g DECI'RHTIONS EAARRARARAARAS AR AARARARARARAAARARRARRARARRERAREAAANN
c

INTEGER UOUT
INTEGER W, I
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nan

902
c

n

nnn nnnannn

N

nNnoNnNan

ann

901

oo

(X1

REAL*E
C‘E.\.'R.\L‘TER*E i 8

CODE RARAASRAAR AN SRR A AR AR AR AR R R A AR A RARARARARARRREdRSARERRaS

WRITE Uuur,goll
WRITE(UOUT,902) (V(I),I=1,K)

F&%ﬂ 1k, 18, Meis. 7)

BURROUTINE DUMPVI(E,V,N,UOUT)

DEBCRIPTION 2R ttddddtddddut At dAn Attt and A A ai st dndtAARARARNSaR

PRINT THE CONTENTS OF THE INTEGER*4 'V VECTOR.

nscmt:ons AAEARRAARANARARRAAARAR AR AR RAARRRA R AR R ER A RA R AR AR

INTEGER UOUT
INTEGER N, I, V(*)
CHARACTER*(*) s

mg AAREARANARA R AR R AN AR R A AR AR AR AR PR A AR R R R R AR A AN AN R

WRITE (UOUT, 901
WRITE uou'{isuz (\'{I),I-:I. N)

;gﬁrl{)’c 161&)

RE!
END

SUBROUTINE DUMPVR(S,V,N,UOUT)

DESCRIPTION LRSS R RN R R RN R AR RN R RS R RRRRERERRR YRR RS0 SE)

Print the contents of the real '"V" vector.
DECLWTIDNS AAARAARARATARRAARARNFRANEARRAARARRARRARRRERARARARERAREN

INTEGER UOUT
INTEGER N, I

REAL v

CMCTER‘[' s
CODE AARARARAANRASARARKRARARRANRARARNA SRS RS RARARRRAARTARARARR RN R AN
WRITE(UOUT, 901
WRITE UOUT 8g2 (V[I) I=1,N)

FORMA E !
FORMAT{ 1X, 1P E15.7)

RETURN
END

C$INCLUDE UTIL.FOR
INCLUDE OUTDAT.FOR

[
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FILE:

900
501

a0
10

40
41

e
wm

46
47

VPIC1.FOR

BUBROUTINE VPIC1

REAL C(9,9 10)£D GRDT ?B 8TDRHC, PCILCV,ND568, CRRAV

LOGICAL uﬁ {“WbE ﬁn
CRARACTERS B0 STRING.
CHARACTER* 40

WORD
CHARACTER”14 FILENM, FLNMIN
DATA COMMENT/ ’ BASEMERT

¢ JBEDROOM 37, narnnoéﬂ

*BEDROOM 2
WDEND1=.FALSE.
WDENDZ2=.FALSE.
WUE = 1

u*gm

L}VING naou 'HALLWAY',
R BEDROOM’ ,

narnnoéu

CALL OPENFL(8,FILERM,'SEQUENTIAL’,IOS, 'FORMATTED' ,‘OLD’
- 1OEnter BEEADY STATE CONCENTRATION fiie name {rc.81h): *,

RUE)
FLNMIN = FILENM

WRITE
ﬁN%L(B FILENM, ‘SE
- Enter CORCE

“write(9,50
write(9,900) FLNMIN
write{(9,901} FILENM

CALL T{9)
FORMAT( ' INP DATA FILE :
FORMAT( ’OUTPUT DATA FILE:

UENTIAL’,I0S, ' FORMATTED
TION PICTURE file name [*c vic;- ¥

A'ZO
.nzoi

OPEN'&IO FILE='SOIL.XYZ',STATUS='0LD’')
REWIND(10)

DO 10 Z=1,10
DO 20 ¥=1,9
DO 30 X=1

consi Xt é)--99999999

CONT INUE
CONTINUE

PB=101325
SETDRHO=3.4B3BE-3*PB/ (273, 15+20}
PCILCV=2.09BE-6*STDRHO/.037

WRITE(9,810)

If éﬂDEN‘DZ 41
ALL IN 2!10 XSY +Z,WDEND2)

1f (WDEND 4
XL IN&DI[B,STRING,WDENDL)

R =
CALL GETWRD STRING,K,HDRD}

CALL GETWRD({STRING, K, WORD

K & INICON(WORD, FLAC

CALL GE STRING E,WCRD}

CALL GETWRD(STRING,K,WORD |

D = RELCON(WORD,FLAG)

D=D*PCILCV
IF_(WDENDZ.AND.(.NOT.WDEND1)) THEN

I=1+
é(l;l‘é):[ .NE.6) WRITE(9,800) COMMENT(I),D
41

ELSE
IF (WDEND2.AND.WDEND1) GOTO 45

C(X,Y,2)=D
&o16" 45

caxnv-cﬁsAVoC(z 4,9)
DO 47 J=1,3

cnxnv=cnxav+c{4 J,9)
CREAV=CRKAV/7

H’RI'I‘E}B,BIl
WRITE(9,990

WRITE(9,99]1) ND568
WRITE(9,992) CREAV

DO 50 Y
N’RITE&g 1000; 'VERTICAL SLICE Y=',Y
aITE 9

ZPp z

IF((2.EQ.8 - Y.LE.6 WRITE(9,1150

IF((Z.EQ.8 . .E .7 WRITE(9,1160
2.EDQ. . .1. o7 WRITE(9,1160

F((Y.L .TJ.ano (z. GT z%
ITE(9,1200) 2P, 1.z Mx=1 9)
ELSE IF( YILE.7).AN | THER
WRITE(9, 1210 zp (x r z ,X=1,9)
ELSE IF (Y.GT.7
WRITE(S,1210 zp (C(x Y,2),X=1,9)

END_IF
ELSE IF (Z Eg 9 '.'['HEN
IF }

TE(9, 1306) zp C{d ¥,Z),(C(X,Y,2),X=6,9)

ELSE IF Y EQ.4
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60
50

800
810
+

811
990

1000

1100 FORMAT

1200

1210 FORMAT
1300 FORMA"
+ F7
1400 Fonuaf
1500 Fonnar

+
1600
1610
1620
1700

1750

1800
1810

C*-SUB

C--SUB:

ZP,(C(X,Y,2),X=1,4), +¥,2),X=6,9
Tﬂfﬁ (X,Y,2),X=1,4),(C(X,Y,2) )

ELSE IF (Y. B0 8
518500 7 (C(X,¥,2),X=6,9)
ELSE IF (¥ED.6
A
nediF(piee] Bjecam .z
oL 9,1620) ZP, (C(X,Y,Z),X=1,9)
EbsngFr(fézgilo THEN
snsénxr '3,1702 ZP, (C(X,Y,2),X"6,9)
srsiRITE 3}??'2 ZP, (C(X,Y,Z),X=6,9)
g o RITE 32??'2 ZP, (C(X,Y¥,Z),X=6,9)
it I;E 3I¥36$ ZP,(C(X,Y,2),%X=1,9)
natElii b B oo rn. o
WRITE(9,1820) ZP,(C(X,Y,Z),X=1,9)
EKD IF
copZiD IF
NB 9) WRITE(9,2000
comrzwﬁz ) ¢ L
CLOSE( 8
cnoszfgi
CLOSE(10)
FORMAT(A14,6X,F7.1
FORMAT( “ RADON ' COR ENTRATJONS IN BOUSE pCifL]',f/.
* ROOM CONC
FORMAT( # ~===csmocommmemcomsmamnenamnn
FORMAT ;f 'RADOR CONCENTRATIONS IN SOIL

FORMAT 5X Alﬁ 12]

rix!1d,5F7.1,
1, §4 5F7.10

AARERA

FORMAT

’

P 2f7.1
Fonnnf;lx.iq 5??21,'

FORMAET 1X,14,5F7. 1;
FORMAT(1X,14,5F7.1
 FORMAT 1*,14 arns
FOR”*Tilisi

F ¢

FORMAT

RETURK
END

1X}

" CONCENTRATION AT SUBS
FORMAT( ' AVERAGE CONCENTRATION AT 30¢TDH OF CRACK:

X=1
e

z 3 4

+1

SUBROUTINE INRD1({LUN,STRING,WDEND)

INREAD - Reads

REAL D

INTEGER LUN
CBARACTER*BO STRING
LOGICAL WDEND

READ LUNiEOD.ERR=5,EHD=10

Read (UN
Return
Continue
WDEND = .TRUE
FORMAT(A)
RETURN

INTEGER X

Y,Z,LUR
LOGICAL WDEND

T=LUN,FMT=* ,ERR=

STRING
+END=10) N,D

SUBROUTINE INRD2(LUN,X,Y,Z,WDEND)
INREAD - Reads data fro
in MAIN program.

Read (UNIT=LUN,FMT=* ,ERR=5,END=10) X,Y,Z

Return

Continue
WDEND =
RETURN
END

. TRUE.

AR 43 ]' 2F7.1
[ 1] 2
ann‘.T ﬁ? 1 H Tn!t
1,7 lr [
RERRAN .;l."‘.l Ll
! ZF?.I
¥ 12F7.1
widig ',F].l,' ,]F? 2
EREARRERA LR

ENTRATI £
LAB VE OlgC1!L]'. ,FT.I)

"F7.1,/

&',

!- ‘P11, |7,

|-

]?’.’E--:rfi,-

ilu rT 1,77
'WF7.1,"

data from the source file defined
in MAIN program.

rom’ the source file defined

[
‘

Li
’
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FILE:

30
10

40
41

- * Enter DISTU
RUE

VPIC2.FOR

BUBROUTINE VPICZ(FLNMIN)

IRTEGER & 1°’ép N FLAG
ﬁoi

LOGTCAL
caanncrzn 80
CHARACTER" 4
CRARRCTER®14 FILENH FLNMIN, COMMENT|(9)
DATA COMMENT/’BASEMENT’ 'ouinoo LIVING ROOM’ BALLHLY'
+ *BEDROOM 3', ' BATHROOM' ,  BATHROOM' , 'MASTER BEDROOM
+ *BEDROOM 2’/
WDERD1=.PALSE.
WDEND2=.FALSE.

NE = 1

WRITE(*,*).

OPRH}é %‘Ill-m.’m FORM='FORMATTED' , BTATUS="0OLD’ )
,S‘I‘RJIR‘G WDEND1
s ND

BTRING WDEND1
CALL INRD1 G STRING,WDEND1

CALL OPENFL(9,FILENM,'SE NTIAL',I0S, 'FORMATTED
{ RHANCE CPRESSORE' B LCAURE

write(9,900) FLNMIN
write{(9,901) FILENM

AT{9
FORMAT( ' INP ,DATA FILE : +A20,/
FORMAT({ ‘OUTPUT DATA FILE: Lzoi

OPER(10,FILE='80IL.XYZ',STATUS='OLD')
REWIND (10)
DO 10 2Z=1,10
DO 20 Y=1
DO 30 i=
onp XX é;--gsasgggg
CONTINUE
CORTIRUE
GRDT=7
PB-1013
RHO=3. asaas~3*pa/t213 15+GRDT)
WRITE(S,810)
I=0
£ om0 21, 2 vomwor)
1t &:EEnnm T
5 LOIH 1(8,S8TRING,WDEND1)
CALL GETWRD(STBING x WORD )
= INTCONéNORD
CALL GE STRING K WORD)
= RELCON(WCRD, FLAG
IF [HDENDZ AND. { .NOT.WDEND1)) THEN

I=
IF !I‘!ilB 6) WRITE(9,800) COMMENT(I),D

ELSE
IF (WDEND2.AND.WDEND1) GOTO 45

Gé'ﬁ)y +Z2)=D

END IF
CUNTINUE

WRITE(9,B811
WRITE(9,990

DO 50
HR'IT'E.' § JODD; 'VERTICAL SLICE Y=',Y

HRIT'EQII
60 2=10,1,-1
ZP=11-2
IF((Z.EQ.8).AKD. (Y.LE.6)) WRITE 9,1150
IF((Z.5Q.8).AND. (¥.5Q.7 TE(9,1160
TFUla B8 2 AND. (Y.L8.7 wnxwz 9,1160
IF (z.LE.8) THEN
P RiTE (9] 1200 ‘B (5 ,! 2 X=1 9)
ELSE IF( Yii509) . Anb' é 1E. 2 § TEEN
1TB(9,1210) 2P, (P(X,¥,2),X=1,9)
BLSE-1E (Y GT:7
ITE 9,1210} 2P, (P(X,Y,Z),X=1,9)
ELSE 2F (z xg.s THEN
I A KivE19)1300) zP P(4,Y,2),(P(X,¥,2),X=6,9)
' s}y rie rA=D,
ELSE IF [Y.EQ.d THEN
WRITE(9,1800) ZP,(P(X,Y¥,Z),X=1,4),(P(X,¥,2),X=6,8)
ELSE IF v.zg.s
WRITE(9,1500) ZP ﬁp{x,r,z),x-a,s)
ELSE IF ?.sg.s THE
WRITE(9,1600) ZP,(P(X,Y¥,Z),X=1,9)
ELS eRITE ;'Egi; ZP, (P(X,Y,Z),X=1,9)
I rlele) g AL,
ELSE IF (Y 6T o) THEN

file ncna (-A veC): ’,
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ENDWR%‘TE[S ,1620) ZP,(P(X,Y,Z),X=1,9)
ELSE IF (Z.EQ.1 THEN
Fr Ly Tiod) ThER

Lo RIT 3 1700) 2P, (P(X,¥ ,Z),X=6,9)
£re RITE 32%253 ZP, (P(X,Y,Z),X=6,9)
WRITE(O,1500) ZP,(P(X,Y,2),X=6,9
ELSE IF rizg.s Tokh” (XY2),%=6,8)
WRITE(9,1500) ZP,(P(X,Y,Z),X=1,9)
ELSE IF (YEQ.7
sreiizE( g 1Ri0) z¢ P(X,Y,Z),X=1,8)
sy RLTE 9,1820) 2P, (P(X,Y,Z),X=1,9)
IF
80 T NE.9 WRITE(9,2000)
50 conrInoE =0) '
CLOSE(8
CLOSE 91
cmoszi1 )
800 FORMAT(A14,6X,F7. 1)
810 FORMAT 'pnéssunns N BOUSE [Pa]’,//,
*ROOM PRESSURE!  /,
A - R ... -
811 FORMAT(/ =nmmmmm=mmmmmmmmmmmmm mmmm o =
930 FORMAT /; 'DISTURBANCE PRESSURES IR so1L [Pa]’,/)
1000 FORMAT{5X;A18,12)
1100 FORMAT X, &= x=1 5'1 3 4 5 6,
‘1150 nnawtsx.] S S N .=
1160, r nnarlsxl -------------------------------------------- v
1200 FORMAT(1X 18,5F7.1,7 *,§7.1,7 *,F1.1, |*,2F2.1
1210 FORMAT(1X, 14 SF7:1r R0 LF1L r12r7.1
1300 FomT 1;#; ;.‘ RARARARAAAANSEAEAN "*?.1' “* r F?-l" !f’
1600 FORIA( 1 Aa,487.1, 0 R LT P e S R AT 1
1500 PomT! -w ‘-. LERE R R ] - MARREEA ERBEARAAAR ‘l | .
1600 FORMAR(1 .i4,5r7!1.f VLFT.1, 0 ]',r7.1,' r,2F7.1
1800 FORMATIIX T4 8F7.3.¢ «'F7.1.r VotF2iale |7i2F701
1620 FORMAT{1X.I4,SF7.1.' //F7.1," ‘,F1.1," '7,2F71.1
1700 Fom-r 1 SI“f "....t.’llll‘tlll. TERR '.??.l,' 4'
+ F1.1 2F7.1)
o romiat A o |
1800 FORMAT (1%, 14,587.1,7 *,F7.1,' |*,F2.1,7 |/, 2F1.1
1810 FORMAT(1X,I4,5F7.1,! ',F7.1.' '',F1.1,’ F12F7.1
1820 FORMAT(I1X.I&,8F7.1,¢ *,F7.1," *,F7.1," '*,2F7.1
2000 FORMAT|1X
RETURN

END
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FILE: UTIL.FOR

BUBROUTINE ERROR(MSG,SEVR)
DESCRIPTION “ARRASRARARARARARARARRARAANAAARRRRRRANERANRRARARARSAR

Eimple error message writer with fatal error termination.

nkchmr:ons AT AR AR AAR A AR AR A AR AR RN A AR EAAR AR TR AR R RN

Inﬁs 2
G - mepsage to be printed.
- error severity code.

COMMON /UNITS/ UB,U9,U10,RSBSMT,NSOUT
IRTEGER UB,U9,Ul10,NSBSMT,RSOUT
INTEGER BBVR
INTEGER

CHARACTE i
CHARACTER* 16 SEVER(O 3)

CODE RAARARERAAARANAAN AR R AR AARRARRER AN ARARARARRARR SRR R ARARA RSN

N aNnonNnNNanNNnNn

ann

DATA SEVER / ' #**% ROTE #&% I ¢ ®as WARNING #wa’,
- P oRRN SMRB "R ‘ ? RAR ?un‘ ARE L ,
I = MAX(SEVR,0)

- HTN!
WRITE( 6 iiéggnvznaxh

WRITE(U
WRITE a
r;s c}: 3; smP

SUBROUTINE ERROR2(MSG1,MSG2,SEVR)

DESCRIPTION AREARRAARAAREAAREAAAARAARRAARR AR ARAR AR AR R AR SRR R R R

Simple error message writer (2 messages) with fatal termination.
DECMTIONS AARRARRARAARRAAR A AR AR ASARAERAARIRRAAARARRRARANR TR RN
Input:
Gl - first message to be printed.

M5G2 - second message to be printed.
SEVR - error peverify code.

COMMON /UNITS/ U8,US,U10,NSBSMT,NSOUT
INTEGER UB,US9,U10,NSBSMT, NSOUT
INTEGER  SEVR
INTEGER
cnmc:rzn-i MSG1, MSG2

HBARACTER*16 SEVER(0:3)

CODE AR AR R AR AT A AR AR A RARA AR AR R AAAR AR R AN A AR R AR RN R R RRAAAR R AR AR R AR R

N N NoONOnNNNOanNOn

oan

DATA SEVER / ' »** NOTE *** ', ! %** WARNING ***’,
- I Aan EMRE LS I" ! %ad PATA] #®#*n r /
1 = MAX(SEVR,0)

1= HINE
WRITE j EVER
WRITE ) SEVE
WRITE(6, %) MSG1, G

) nsc MSG2

WRITE
R (SEVR.GE. 3} 810D
az'i'u

END

SUBROUTINE GETSTR(UIN,A,NUE)

DESCRIPTION RARREERAR R AAR AR A A AR AR AR R AR AR A AR AR AR A A AR AR R AR AR R AN

Get character data from batch input file. On CDC computers,
an empty record is considered an end-of-file

DECMTIUNS ARARSAARARAAARAAARRANSARARARARRRARARSARAdRRRRRERRARAR

Input: ;
E = unit number of input file.

Dutput:
A - user input (character string).
NUE - (0 = no input).

INTEGER UIN
INTEGER NUE,

= T

CODE RAARARARAARAR A RS R AR AERERRREAAAARRRERRARRAARARARARARANARERARA RS

noNOoNMNNNONNNON

NUE = 1
REA%&UNIT-UIN,FHT=901,END*lO) A
GO 999

c End-of-file.
10 NUE = O
I = UIN
CALL INTDIS[I,UNITNR
CALL ERROR2 End-of-flle on UNIT ',UNITNR(1:L),2)
901 FORMAT(A)
999 RETURN



n o NANNNANnNNAANONNNN

ann

nn

nna

naonNaonNnnnn

nann 0 0

Local:
Ls

END

BUBROUTINE GETWRD(STRING,K,WORD)

DESCRIPTION ARRARRARAARRARAARAAASRRAAARAARARRRRAAARNARRRARENRARNAARSERR

Get next "WORD" from the "STRING" of characters.
Words are mesparated by blanks or commas: WORD ,WORD ,WORD or
RDTWORD o' WORD, WORD, WORD are ail vaiid.

DECLARATIONS et tataddtaasddt e ndndstnaa sttt d ANt datanansntanany

Input/Cutput:

- current position in “STRING".

- maximpum length of ""STRING".

L - current position in ''WORD".

w - maximum length of "WORD".

COMMON /URITS/ UB,U9,Ul0,NSBSMT,RSOUT
INTEGER UB,U9,U10,RSBSMT,NBOUT
INTEGER K, L5, L, LW
cnmmn-i-) WORD, BTRING
CHARACTER* A

coDE AAARRARNAAARAAR R AR A A AR AAR AR AN R R P AR AR AR AT AR AR S AR RAR A ARA SR

WORD =
LS = :.znls'mms)

IW =
L=20
Skip blanke before the word.
10 CON‘I‘INUE
IFIK.BT LS GO TO 30
?r“\sgm TO 10
IF(A. 39.9 ') &o TO 999
Copy "WORD" from "STRING".
20 CONTINUE
% witad Copy character from "STRING" to "WORD".
= +
IFLGTLw) 201'040
B ; k3= Find separator in "STRING".
- +
IF(K.GT.LS) GO TO 5§
A = STR Nt‘.‘i :é&
. TO 998

a0

IF!AE ad
IF(A.EQ.’,') GO TO 999
GO TO £0

CAL%NEERON " Did not find expected value',2)

o cC

GC TO
40 CALL SRROR{' Word too long (parameter WRDLEN too shert)’,2)
40 CONTINUE

GO TO 60
50 CALL ERROR(' Did not find end of word (blank or comma)’,2)
60 CONTINUE

“II‘E 6 Ql i.l.t;smING fPamAd

wm'rzéué rwant STRING, ' #ax’

ALL ERROR!{’ Could not proceu the input line listed above’,2)

C
999 CONTINUE
RETURN

1

i wn

0

END

INTEGER FUNCTION INTCON(ANUM,EFLAG)

DESCRIPTION AR R AN A AR AR AN AR AR TR R A AR AR AR AR AR AR AR A AR R R AR AR AR A RN

Convart character string " " to an integer
The mitini values !or short integers are +/° 32759;
for long integers +/- 2147483649.

DECMTIONS ERAERARR AR AT AR A AR IR AR AR A AR AR AR AR AR R R R R R

IN‘I‘EGEE EFLJ\G. I, J, MINUS
HARACTER ANUM*(®*), TEST*13

COMMON /URITS/ UB,U9,U10,NSBSMT,RSOUT
INTEGER UB,US,U10,NSBSMT,NBOUT

CODE ARABRAAASARAAT AN A AR AR AR AR AR AR AR ARA AR AR R ARR AR R R

DATA TEST / ' +-D123456789' /
INTCON 0

MINUS = 1

DO 40 J=1 LEN(ANUM)
I = INDEX(TEST UM(3:3))
IF(1.GT.3) 6o %o 10
GO TO(50,30,20), I
GO TO 60

I;&.Im N.GE.3276) GO TO 70
A CON" INTCON*10+(I-4)

CONTINUE
INTCON = MINUS*INTCON
EFLAG = 0
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nan

[glelnlslsltlelolelololelololololnlnislelnls]

nean

60
70
999

@
o

10

20

Inﬁgéz

GO TO 999
Ir'ror masga

g%L%osggonz(' Invalid 1ntegar TINTQON}: ', ANUM,2)

CALL ERROR2(' Too many digits (INTCON): *,ANUM,2)

EFLAG = 1

RETURN
END
BUBROUTINE INTDIS(I,ANUM,L)

DESCRIPTION f ot asa st ana Rttt st Al e ARA R A RAR R AR Ad A AR ARA RN R RS

Convert integer I to character string AKUM(1:L) for display.

DECLARATIONS R oA faAm s dsanmad dnd AR S A A d A AR AN AAREAR SRR RARAARRRAAAARA

INTEGER K, L, M, H, .1
INTEGER

CH&RACTER‘{O DIBP

EODE AARARAAGR R R A AR RN A AR A AR AR AR AR R AR AR A AR A AR AR A AR R AR A RNAR AR AR

DATA DISP / 0123456789’ /
IP{I.GE.O) THEN
ELSE
L =1
IF
N = ABS(I

K = LBNLUE )
CONTI
IF(N.LT.10) THEN

M=N
N=20
ELSE

NN = K/10
H = N-10*NN
N N

TIE. L) CALL ERROR(’ String variable too short (INTDIS)’,3)
Anﬁn K:iK) = DISP(M+1:M+1)
TF(N.CT. :0), G0 TO 10

ANUM( L'L& = ANUM(K:K)
IF(K.LT.H) GO TO 20

RETURN
END

SUBROUTINE INTGET(MSG,IDEF,IMIN, IMEX TUFK 1}

DESCRIPTICN ARRAARRARRAARARNAARR AR IR AURAAR AR AR AR A AR R AR AARRE R R A R o

Interactive input processor for a short integer value.
Print message Elus minimum, maximum, and default values.
Read user input; treat carriage return as default value.

DECLARATIONS AAE R R AR E AR A AN AT A AR AR R R AR AR R AR R AR R AR AR R AR

message to be printed.

IDEF - default value.
IMIN - minimum value.
IMAX - maximum value.
IUNK - undefined value.
Output:
7 INTECER VAIUE {INTEGER*2Y.
Local:
NUE - io = no user input).
EFLAG -~ indicates improper integer.
ANUM - user input character string.
INTEGER I IDEF IHIN. IMAX, IUNE
INTEGER LD, , EFLAG, NUE
CHARACTER Mé

CBABACTER‘ 0 ARUM, CD, CN, X

CODE AR AR AN AR AR AR A AR AR AR A A AN A R R AR AR AR AR R R AR R AN RN

J =0
IF(IMIN.EQ.IUNK) J = J+1
IF(IMAX.EQ.IUNK) J = J+2
IF{IDEF.EQ.IUNK) J = J+&
L INTDIS(IDEF,CD, LD
NTDIS! IMIN, ON, TN
CALL InTDIs IMAX,CX, LX)
Print message and read user entry.

10 CONTINUE

_uRITE( ,901)" " Lm n= éN(

11
12
13

IF(M5G.NE. ' ' JWRITE(S, *) MSG
a0 TD 11,12,13,14,1 15 17 J
R) uax = 1,CK(1:1X),
fault = CD(J Ln ’

GO TO 17

HRITE[&GSDIJ ! |max = ',CX(1l:LX)," detault = ',CD(1:LD},"}
:glgg{?&QOI) * [win = ’,CN(1:LN),' default = ’,CD(1:LD),'] *
gg!gg(ﬁ 901) *' [default = 7,CD(1:LD),") *

17
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gn‘r:gﬁsnu * [min = ’,CN(1:LN),' max = *,CX(1:LX),’] '
WRITE(6,901) ' [max = ',CX(1:LX),'] *

co To 17

WRITE(6,901) ' [min = ’,CN(1:LN),’'} '

I
CALL STRGET(ANUM NUE&
IF(NUE.EQ.0) GO TO 3

Decode and test user entry.
I = TNTCON(ANUM EPLAGI
IF(EFLAG.E .é&_‘éo T0 10
IF|{IMIN.EQ.I GO TO 20
IF{I.GE.IMIN) TO 20
WRITE(6,*) ' Number toco small’
¢o To 16
20 CORTINUE
IF(IMAX.E .IUNE& GO TO 995
IF I.L!:.Ishx) TO 999
WRITE(6,*) ' Number tooc large’
TO 16
30 CONTINUE
IF(IDEF.EQ.IUNK) GO TO 10
I = IDEF
901 FORMAT(A,S$)
901 FORMAT(A)
999 RETURN
END
INTEGER FUNCTION LENSTR(A)
DESCRIPTION AAAARAARRARERARARAARAARRRARAARARARARRARRRAARAARRARARARR
Determine the location of the last non-blank character in "“A".
DECLmTIoNs AARRAAARRAARAR R RARARARRAAARAARARNERAARARAARAARARRARRR
CHARACTER*(*) A
INTEGER 1
CDDE AREARARA R A AC ARSI AR AR AR AAARR AR AR AR RN EAARRAA RN R AR RN AR R AR
DO 10 I=LEN(A},1,-1
Irrsaiz:n.ﬁﬁ.' ') GO TO 20
10 y CDOT NUE
20 LENSTR = I
RETURN
END
INTEGER FUNCTION NOYES(MSG)
DESCRIPTION FAR R AR R ARAR AR AR R R RN AR AN AR AN AR R RN RN R A RA R AN R RA AR
Obtain a YES or NO response from the user; 0 = no, 1 = yes.
To be called from an irnteractive progranm wiil the
unit numbers for the interaction input and output files.
Be careful with the length of the integer variables.
DECMTIONS AERAAAARAANA AR A ARAAN R AR R AR AR R AR AR AAAARARRARRARAR AR AR R
Inggt:
G - Message to user.
Local:
NUE - {0 = no user entry).
cmcrsm[-) MSG
CHARACTER* A
INTEGER HNUE
CODE ARRRNANAFAAATRAARARAARATAAARNRARAAARA AN TR AAARARATREARRARRARRARN
10 WRITE 6,901! 'rorL,MSG, ! (Y/N)? !
CALL STRGET({A,NUE
IF{A.EQ.’Y" .OR. A.EQ.’'y’) GO TO 20
IF;&.E%.'H' .OR. A.EQ.'n') GO TO 130
WRITE(G6,") ' Valid responses are: Y or y for YES, N or n for NO.'
6o To 16
20 ROYES = 1
GO TO 999
30 NOYES = O
901 FORMAT(A,$)
901 FORMAT(A)
RN
END
BUBROUTINE OPENFL(U,FNM,ACC,RL,FOR,BTA,MSG,NUE)
DESCRIPTION AAAAAAERARRARRRERRARAARARRERRARRARARRARARRERARARRRARR
Open a file; to be called from an interactive program with the
unit numbers for the interaction input and output files.
For uee with named files (status cannot = SCRATCH).
Be careful with the length of the integer variables.
bEcmTIoNs AAARARARERARARARA AR ARAARRAEARRARRRERARARARARAERARRAARA
Inaut:
- unit number of file to be opened.
FNM - name of filsuﬁluggiiud b¥ ulaé%.
ACC - accesse ('SEQUENT * or "DIRECT').
RL - record ength for direct access files only).
FOR - format ('FORMATTED' or 'UNFORMATTED').
STA - ptatus ('NEW' or 'OLD’ or 'UNENOWN').
MSG - message to user.
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nn

Local:
NUE - (0 = no user entry).

INTEGER u, ERL Ios

INTEGE
CHARACTE s , ACC, FOR, BTA, MSG
CHARACTER*B0 FNMO

CODE BARAARARRAAAER AR AR AR AN ARARARA AR ARARRRAR AR SRR R TR R

n

ann

© WRiT unxwzss 901) MSG
rnn RUE
IF(RUE_EQ.0 76 100

ran-rnuo
IF(ACC.EQ. ’'SEQUENTIAL’) THEN
EN(UNIT=U, FILE=FNM, ACCESS=ACC,FORM=FOR, STATUS=STA,
- IOSTAT=I05,ERR=20)

ELSE
DPEN{UKIT-U FILE=FNM, ACCESS=ACC,RECL=RL,FORM=FOR, 8TATUS=8TA,
- IOST. T‘IOS ERR=20)
ENDIF
S deor Failed to fil1
a open a.
20 CONTINUE ol

' Could not open file nln.d' ' FNM
: FORTRAR I/0"status: ’,I0S,’ {Eee FORTRAN manual)’

HRI ,'
WRITE o
IF (STA. ég (NEY’) THE
X| ctod th- nane of a new file.’

ELSE 1F|SHA! :BQ.7OLD’) THE
WRITE(6,*) Expected the name of an existing file.’
. , Try a ain. Enter revised file name.’

‘Tn stop program execution, press only ENTER)'

User termination.

100 STOP'User Termination’
901 FORMAT(A,$)

901 FORMAT(A)
999 RETURN

END

(2]

SUBROUTINE OPNCTL(U,FKM,ACC,RL,FOR,STA,MSG)

DESCRIPTIONR AEAARERANARA R AR AR AR AR A A AR R RO R AR AR REAAARRRARERARA RN

Open a data file containing airflow element control values.

For use with named files (Btatus cannot = SCRATCH).

Be careful with the length of the integer variables.
AARARARARAREAAAAAARAAARARATAR AR AAARAARAAANRAARRERARRAD

DECLARATIONS
InEut:

FNM
ACC
RL

FOR
STA
MSG

Local:

NUE

unit number of file to be opened

name of flleuéauggiaed b user

access 5’5 Q DIREC

record Sth i or direct access files only).
format D' or "UNFORMATTED').

etatus ('NEW’ or 'OLD' or 'UNKNOWN').
message to user.

- (0 = no user entry).
INTECER U, RL, IOS

INTEGER N
CHARACTER* (*) FNM, ACC, FOR, STA, MSG

CODE RARAARAAAARAAREAARAARKEARARAAARARAARARFRAARAARARARARAR A AARA N AR

FNM='AFE CTL'
10 CONTINUE
1r{ACC. LE bh UENT1IALS
PEN (U 1T=U,r1LE-FNM ! ACCESS=ACC, FORM=FOR, STATUS=STA,
105TAT=108,ERR=20)

ELSE
OPEN (UNIT=U, FILE=FNM,ACCESS=ACC, RECL=RL, FORM=FOR, STATUS=STA,
- 10STATZ10S,ERR=20)

leleleleleleloleleleleleleleslolalelalels]

nnn

ENDIF
GO TO 9%9
Failed to open file.
20 CONTINU.
WRITE(6,*) ' Could not open file named: ',FNM
WRITE(6,*) ' FOR TRAN I/0 status: *,I0S,’ Es.o FORTRAN manual)’
IF (ST ﬁg JNEV')
I *) x ctad the name of a new file.'
ELSE IF STR Eg il # D'{a
6,* Expected tha name of an existing file.’

WRITE(G,*
WRITE(6,*
WRITE(6,9
CALL GET
IF(NUE.EQ.O
GO TO 10

NbI
WRITE 6.'1 ! Try again.
1) MSG
FHM,NUIi
GO TO 100
c
100 STOP'User Termination’

901 FORMAT(A,$)
€ 901 FORMAT(A)
999 RETURN

END

Enter revised file name.’

;To siop program execution, press only ERTER;’

User termination.
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REAL FUNCTION RELCON(ANUM,EFLAG)

DESCRIPTION EAARAAAAAAARFARAEARAARNARS R AR FARARARRARAAAARAARARARARR "

Convert character string "ANUM" tc a real number.
DECLARATIO“S ERARARRANARARRARAA AR AR R AR ARAERR AR R EAR A RAA N AN AR
COMMON /UNITS/ UB,US,U10,NSBSMT,KSOUT

INTEGER U8,US,Ul0,MINUS,KSBSMT, KSOUT

INTEGER EFLAG, I, J

REAL MULT, 'RNUM

LOGICAL D, E.

CHARACTER a\N‘IJH"{ )}, TEST*16
CODB MAARAARAARRAARAARA R R AR ARAR R A AR RRARAR AR RdARARRERRARARARRARRARRS
DATA TEST I 'eE.~+ 0123456789’ /

RELCON = 0.0
MINUS = 1
MULT = 1.
RNUM = 0,
D = ,FALSE.
E = .FALSE.

Process each character until a blank.

Gy g-l Lgmésr,nﬁun(a :J))

IF(I 6 100,20
i 0,%0,36,40,60), 1
GO TO
Add digit to number.
RNUM = RNUM*10+(I-7
IP{%& MULT = MULT*10.
GO 8o
Note decimal point.
IF(D .OR., E) GO TO 120
D = .TRUE.
GO TO 80
Note minus sign.
IF(J.E .1) GO TO 50
IF(ANU J—l; Eg 'E’') GO TO 50
IF ANUMiJ 1:3-1).EQ.'e'] GO TO 50
GO TO 140
HINUS = -1
TC BO
Note plus sign.
S .1) GO TO
Mu.l J=-1:J- 1} ES 'E'; GO TO BO
ANUM g- J-1 GO TO B8O
Begin exponent.
IF(I1.E .O%OGD TO 120
IF E& 120
RE K = REAL({RNUM*MINUS)/MULT
MINUS = 1
RNUM = 0.0
D = .FALSE.
E = .TRUE.
CONTINUE s
Finish calculation of number.
EFLAG = O

I'.F](JE& ™ 110
RELCON = REAL(RNUM*MINUS)/MULT
GO TO 999
RELCON = RELCON*10.*® (RNUM*MINUS)
GO TO 999
Error messag
CALL ERRORZ(' Invalid number (RELC N).

EFLAG = 1
RETURN

" ANUM, 2)

SUBROUTINE RELDIS(R,M,ANUM,L)

Dzscnxpr!on AAARERARARA R AR TR R R P AR AR AR AR AR AR AR R RN AR ARARARRARERA

Convert real R to character string ANUM(1:L) for display.

DECLARATIONS BARRAARAAAAAARRAAAAARAAAARRAAARATAREANAANARNRAARSRARRAR

- real (single praciaion&
- number of significant igitu in result.

Uu ut:
Aﬁ ~ character string with number beginning at 1
) Aﬂﬁn{1-L

-~ last position ol number in ANUM.

Local.
LFC - sition of first character in ANUM.
LDEC - sition of decima]ngoint in ANUM.
LEXP - position of “E" {
LSIG =~ position of last significant digit in ANUM.
EXPT - value of the exponent in ANUM.
DECML - .TRUE. if decimal point has been written.
INT'EGER H
NTEGER LFC, LDEC, LEXP, LSIG, EXPT, I, EFLAG
Losxcn. k
CHARACTER‘i
CHARACTER* 10 PORH

CODE BRRAAAARN AR RA R A AR N AR AR R ARARERARATARE AR R R A RO R EAARRER AR

%F(L;:NSANUM).LT.BO] CALL ERROR(' Short string (RELDIS)’,3)
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[plale]

cALL INTDIS
FORM_ : ael Pégg;'ffinﬂntl L)'y

- IP{ANUH(I:I).EQ.' *) 60 TO 10
12 I = I+
IF[WH(I!I] KE.'.') GO TO 12
LDEC 1

14 I 1
IF(AN?M(I:I}-HE.’B') GO TO 14

16
r(nnun:: I).EQ.’0’) GO TO 16

LSIG =
EXPT = INTCON ANUH&ORXP+1:30),BFLAG)
IF (EXPT.LT.-

) GO TO 30

IF (EXPT.GE. n4
Dieplay number in normal format.
Encﬂm = .FALSE.

IF (ANUM(LPC:LFC) .EQ."-') THEN
ANUM(L:L) = *-*
END IF
IF (EXPT.LT.0) THEN
= L+l
ANUM(L:L) = 'O’

ANUM(L:L) = '.’
DECF = .TRUE.

END
20 CONTINUE
EXPT = EXPT+1
{r{nxpf.sz .0) GO TO 22
ANUM(L:L) = '0*
00 T 35"
22 CONTINUE
ANUM(L:L) = ANUM(LDEC-1:LDEC-1)
1 = LDEC
24 CONTINUE
EXPT = EXPT-1
IF (EXPT.EQ.0) THEN
ANﬁnLilL) ',
BroML <~ TRUE
END IF
IF(1.CT.151G) THEN
F(DECML) TC 999
L =1-1
hNUM(L L) = "0’

L = L+l
ANUHEL:L) = ANUM(I:I)
1= 141

END IF
GO TO 24
Dieplay number in exponential format.
30 chTINUE
Do 32 £=§FC ,L81G
ANUM(L: L) = ANUM(I:I)
32 CONTINUE
DO 34 I LEXP 30

ANUM{L :L) = ANUM(I:I)
34 CONTINUE

999 RETURN

END

SBUBROUTINE RELGETMSG, RDEF,RMIN,RMAX,RUNK,R)

DESCRIPTIDN MARREAARARERRERANKARAARNTAR RS A A AR AR R R AR AR R A AR

Interactive input processor for a real value.
Print message glus minimum, maximum, and default values.
Read user input; treat carriage return as default value.

DECLARATIONS REAARR A AR R AR AT AR ARA AR A AR AR AR A AA AR R AR R AR RAR AR AR

Input:
G s nesaage to be printed.
RDEF - defau value.
RMIN - minimum value.
RMAX - maximum value.
RUNK - undefined value.
Output:
R - real value.
Local:
NUE - iu = no user input).
EFLAG - indicates improper real.
ANUM - user input character string.
INTEGER I, LD, LN, LX, EFLAG, NUE
REAL : F, RMIN, . RUNK
CHARACTER*(* G

CHARACTER'£0 ANUM
CHARACTER*20 CD, CN, CX

CODE AEARFAAEAARAAR SRR AAARARAEARREARRAARARRAdAREAR R AR AR AN AR

I=0

146



N N NonNonooannNnann iz

nno

147

IF(RMIN.EQ.RUNR) I = I+1
RMAX.EQ.RUNK) I = I+42
IF(RDEF.EQ.RUNK) I = I+4
CALL RELDIS(RDEF,6,CD,LD
ALL RELDIS(RMIN,6,CN,LN
CALL RELDIS{RMAX .&.cx.n% & » . .
rint message and read user en »
0 CONTINUE 9 Ty
IF(MSG.NE l ITE s ' MSG
GO TO 11 12 3 1¢, 171, 1
_WRITE( min = & - f,CX(1:LX),

P efault = ,coz1’£n),'3 '
11 HRITE(G$901} ' [max = 7,CX(1:1X),’ default = ’,CD(1:LD),"]
12 WRITE(6,901) * [min = ’,CN(1:LN),’ default = *,CD(1:LD),’]
13 WRITE(8,901) * [default = /,CD(1:1D),’)
14 WRITE(6,901) / [min = /,CN(1:LN),’ max = /,CX(1:LX),’) '
15 WRITE(6,901) / (max = *,CX(1:1X),’)
16 WRITE(6,901) * (min = *,CN(1:LN),’] '

CALL STRGET(AKNUM

50 #5 36

IF(NUE.EQ.0O
Decode and test user entry.

R = RELCON ANUH EPLAGI
IF(EFLAG.E 0
IF({RMIN.E G& GO TO 20
IF(R. GE IN)
WRITE( 6 Numher toa small’
20 CONTINUE

RMAX.EQ.RUNE)} GO TO 999

IF LE. ) TO 999

WR TE(G *) ' Number toc large’
Go To 16
30 CONTINUE
Ir(nnsrizo.nunx) GO TO 10
c
901 FORMAT(A
901 (A)

599 RETU
END

SUBROUTINE STRGET(A,NUE)

DESCRIPTION REARARRRARAAARAANARRAANAR AR A S ARRANAR AN RN ARARARARARRRARRRR

Get character data from interactive input file., This 1is a likely
glaca for machine ﬁapandenciea On cDC computers, an empty record
e considered an end-of-file

DECLARATIONS ARAAARFAAF AR A RARRRRARAAAFT P AR A SRS A AR ANA R AR AR AR R R R A AR R

Cutput:
- user input {character string).
NUE - (0 = no user input).
COMMON /UNITS/ U8,U9,U10,NSBSMT,NSOUT
INTEGER U8,U9,Ul10,NSBSMT,NSOUT

INTEGER NUE
CHARACTER A*(*)

CODE AEARNERAEER A AN E R A AR AA R R IR AARE R R AR R IR ARA N AR NN RARRN AR AR AN AR

NUE = 1

READ(18,FMT=501) A

HRITE
801

999
END

Test for nco user input.

é?")mmno
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FILE: OUTDAT.FOR

SUBROUTINE OUTDAT(LUN)

H u D y of Week, plus Year-Month-Day and
oun ocon 8 to screen.

%mmgnn-z IYR, IMON, IDY,IHR, IMIK,ISEC, IBSEC, IWEEK
CAARACTERI T WESTR*21

u:wu.::ncs mn‘& Jnmié 1!1

TA WKSTR/’SunMonTueWedThurrisat'/

CALL GE'I‘DATE IYR, IMON, IDY &
IER IMIN, IBE& IHSEC)

IWEEK=IWEEK+1
WRITE(LUN,100) WKDY(IWEEK),IYR,IMON,IDY,IER,IMIN,ISEC,IHSEC

100 !‘OMTU 33 IS 12 2 12. 2R
§2,5:7 012, i, : In :’e, L1112:2,1)
RETURN
END

C;INCLUDE GETDAT. INC
C$INCLUDE GETTIM.INC
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FILE: GETDAT.INC

SUB'ROUTIHE GETDAT( IYEAR, IMONTH, IDAY ,IWEEEK)
*$noextension
ntagar'z iyear,imonth, iday, iweek

* Define registers: These correspond toc the element of an
: array which is to contain the values of the registers.

integer*2 AX,BX,CX,DX, BP,DI 51,E8,05,F
rameter (AX=1,BX=2,CXe$,D! . .BP-s biee. 31-7)
rameter (ES=8,D5=3, 'FiAGhel
nteger Gé
parameter (NUM$REGS=10)

L
: Define DOS functions.

integer*2 GETDATE,DOSCALL
par&tu (DOSCALL=33, GETDATE=42)

L
: Define array to contain registers.

integer*2 regs

integer*1l n:gséay{;),uaakS(zl

integer*2

integer*1 nonth da

equivalence ragnt i.unok
DX

equivalence (regs year
equivalence (regs ;mons a
equivalence (month, mon
equivalence (day , mon dn
equivalence (week , week&(

: Set AH to be DOS ’‘get date’ !unction.
rege(AX) = GETDATE*256
Return the date.

call intr( DOSCALL, regs )
iyear Year

imonth month

iday day

iweek week

end

numn
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FILE: GETTIM.IRC

BUBROUTINE Gmmi IBERS, IMINS, 1BECS, IBSECS )
integer*2 ihrs,imins,isecs,ihsecs

Define registers: These correspond to the element of an
array which is to contain the values of the registers.

integer*2 AX,BX,CX,DX,BP,DI,SI,ES,DS,FLAGS
parameter (AX=1,BX= ,6x- D! -4,!?-5,ﬁ1-6,81-7)
gatlneter ES=8,DS=9,FLAGS=10)

nteger NUH;SEG

parametor | SRECB~10)

ctine DOS functions.

integer*2 GETTIME,DOSCALL
paradeter (DOSCALL=33,GETTIME=44)

Defins array to contain registers.
integer®*2 regs(NUM

3!3651
integer*l hrs$min(Z),sec$tic(2)
integer*l hours, nnitacl§t1cn

equivalence (regs(CX),hraimin
equivalence (regs(DX),secitic
equivalence (hours, hre$min(2
equivalence (mine , hre$min(1l
equivalence (secs , secjtic
equivalence (tice , secitic

* Set AH to be DOS ’'get time' function.
regs(AX) = GETTIME*256
* Return the time.

call intr( DOSCALL, regs )
ihre = hours
imins = mine

isecs = secs

ihseca = tics

end
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APPENDIX D - ZONAL AIRFLOW PREDICTIONS
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Table D.1: Zonal airflow summary - Case 1.
Basement suction, 1 mm separation.

FROM ZONE TO ZONE PLOW [L/s] FLOW TYPE
OUTDOORS BASEMENT B.6E+DO ILTRATION
OUTDOORS LIVING ROOM +1E+01 ILTRATION
OUTDOORS BEDROOM 3 .2E+00 ILTRATION
OUTDOORS MASTER BEDROOM +6E+D0 INFILTRATION
OUTDOORS DROOM 2 +3E+00 KFILTRATION
OUTDOORS BEPARATION 2.0E+00 INFILTRATION
OUTDOORS IL +BE-D1 NFILTRATION
BASEMENT OUTDOORS 2.7E+01 EXHAUST
LIVING ROOM RS .7E+01 EXHAUST

TH (TUB) RS +7E+01 EXHAUST

LIVING ROOM 2.7TE+01 I
LIVING ROOM BAS NT «3E+01 ]
BALLWAY LIVING ROOM 2.6E+00 RZ
BALLWAY BATE lsINKJ 1. 7E+01 RZONE
3 JALLWAY 5. 2E+00 TERZONE

BATH (SINK IATH (TUB) «1E+01 RZ!
MASTER BED BALLWAY 9,.6E+00 INTERZOKE
BEDROOM 2 BALLWAY 5.3E+00 INTE
BOIL BASEMENT 2.3E+00 INTERZONE

Table D.2: Zonal airflow summary - Case 2.
Subslab depressurization, 1 mm separation, low flow rate.

FROM ZONE TO ZONE FLOW [L/s] FLOW TYPE
OUTDOORS BASEMENT B.6E+00 INFILTRATION
OUTDOORS LIVING ROOM 3.1E+01 INFILTRATION
OUTDOORS BEDROOM 3 5.2E+00 INFILTRATION
OUTDOORS MASTER BEDROOM 9.6E+00 INFILTRATION
OUTDOORS BEDROOM 2 5.3E+00 INFILTRATION
OUTDOORS SEPmeN 2.1E+00 INFILTRATION
OUTDOORS 80 4.1E-01 INFILTRATION
LIVING ROOM OUTDODRS 1.7E+01 EXHAUST
BATH (TUB) OUTDOORS 1.7E+01 EXHAUST
SOIL R 2.7E+01 EXHAUST
BASEMENT LIVING ROOM 2.7E+01 INTERZONE
BASEMENT SOIL 2.4E+01 INTERZONE
LIVING ROOM BASEMENT 4.3E+01 INTERZONE
HALLWAY LIVING ROOM 2.6E+00 INTERZONE
HALLWAY BATH LSINK) 1.7E+01 INTERZONE
BEDROOM BALLWAY 5.2E+00 INTERZOKE
BATH ’gsmkg BATH LTUB) 1.7E+0Q1 INTERZONE
NJ\STE BEDAROOM HALLWAY 8.6E+00 INTERZONE
EDROOM HALLWARY 5.3E+00 INTERZONE

Table D.3: Zonal airflow summary - Case 3.

Subslab pressurization, 1 mm separation, low flow rate.

FROM ZONE

FLOW [L/s)

FLOW TYFPE

LIVING ROOM
LIVING ROOM
HALLWAY
HALLWAY

BASEMENT
LIVING ROOM

BEDROOM 3
BEPARATION
SOIL
OUTDOORS
OUTDOORS
OUTDOORS
OUTDOORS
OUTDOORS
LIVING ROOM
BASEMENT
HALLWAY
SINK

+TE+00
6E+00
E-01

l".l
1

0

[

M
(N
ooo
O

M
-+
o0
o0

E-D3
E+01
E+00

100 Lt =l i AL Lt ol O L e e O e

E+D0

DlHHNHUHhNﬂI-IﬁHUHﬁHﬂIUbH

R R R I

INFILTRATION
I H‘!F'I LTRATION
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Table D.4: Zonal airflow summary - Case 4.
Subslab depressurization, 1 mm separation, high flow rate.

FROM ZONE TO ZONE FLOW [L/s] FLOW TYPE
OUTDOORS E 1.0E+01 INFILTRATION
OUTDOO. LIVING ROOM 3.8E+01 INFILTRATION
OUTDOORS BEDROOM 3 6.4E+00 INRFILTRATION
OUTDOORS MASTER BEDROOM 1.2E+01 INFILTRATION
BED 6.8E+00 INRFILTRATION
OUTDOORS BEPARATION 2.6E+00 INFILTRATION
80IL 5 iE-01 JINFILTRATION
LIVING ROOM OUTDOO! 1.7E+01 EXHAUST
{ QUTDOORS 1.7E+401 EXBAUST
BOIL QOUTDOO)! 4.2E+01 EXHAUST
BASEMENT LIVING ROOM 2.1E+401 IKRTE
BASEMENT 80IL 3.9E+01 INTERZONE
LIVING ROOM 5.0E+01 TERZONE
HALLWAY LIVING ROOM 8.1E+00 TERZONE
HALLWAY BATH 18 INK) 1.7E+01 TERZONE
BEDROOM 3 HAL 6.4E+00 NTERZONE
BATH ASINK BATH (TUB) 1.7E+01 IKTERZONE
MASTER BED HALLWAY 1.2E+01 INTERZONE
BED: 2 HALLWAY 6.BE+00 INTERZONE

Table D.5: Zonal airflow summary - Case 5.
Subslab pressurization, 1 mm separation, high flow rate.

FROM ZONE TO ZONE FLOW [L/s] FLOW TYPE
OQUTDOORS BASEMENT 3.7E+00 INFILTRATION
OUTDOORS LIVING ROOM 4.6E+00 INFILTRATION
OUTDOORS BEDROOM 3 3.6E-0]1 INFILTRATION
OUTDOORS SEPARATION 5.5E-01 INFILTRATION
OUTDOORS S0IL B.BE-02 INFILTRATION
LIVING ROOM OUTDOORS 4.1E+00 EXFILTRATION
BEDROOM 3 QOUTDOORS 1.3E-01 EXFILTRATION
MASTER BEDROOM OUTDOORS 3.3E+00 EXFILTRATION
BEDROCOM 2 OUTDOORS 1.BE+00 EXFILTRATION
SOIL OUTDOORS 1.0E-02 EXFILTRATION
BASEMENT LIVING ROOM B.4E+0]1 INTERZONE
LIVING ROOM BASEMENT 2.6E+00 INTERZONE
LIVING ROOM HALLWAY 2.2E+01 INTERZONE
LIVING ROOM SOIL 6.0E+0)1 INTERZONE
HALLWAY BATH (SINK 1.7E+01 INTERZONE
HALLWAY MASTER BEDROOM 3.3E+00 INTERZONE
HALLWAY BEDROOM 2 1.BE+00 INTERZONE
EEDROOM 3 HALLWAY 2.3E-01 INTERZONE
BATH (SINK) BATH (TUB) 1.7E+01 INTERZOKE
BATH (TUB) S0IL 1.7E+01 INTERZONE
S0IL BASEMENT 7.8E+01 INTERZONRE

Table D.6: Zonal airflow summary - Case 6.
Basement suction, 20 mm separation.

FROM ZONE TO ZONE FLOW (L/s] FLOW TYPE
OUTDOORS BASEMENT 2.3E+400 INFILTRATION
OUTDOORS LIVING ROOM 2.5E+00 INFILTRATION
OUTDOORS SEPARATION 7.7E401 INFILTRATION
S0IL 1.3E-02 INFILTRATION
LIVING ROOM OUTDOORS 9.5E+00 EXFILTRATION
B 3 UTDOORS 1.8E+00 EXFILTRATION
MASTER BEDROOM OUTDOORS 5.5E+400 EXFILTRATION
BE OUTDOORS 3.0E+00 EXFILTRATION
ASEMENT OUTDOORS 2.7E+01 EXBAUST
LIVING ROOM OUTDOORS 1.7E+01 EXHAUST
BATH mp’ua} 1.7E+01 EXHAUST
BASEMENT LIVING ROOM 6.4E401 I
LIVING ROOM BASEMENT 1.2E+01 INTERZONE
LIVING ROOM HBALLWAY 2.8E+01 INTERZONE
HALLWAY BEDROOM 3 1.BE+00 INTERZONE
HALLWAY BATH lg&‘.nm 1.7E+01 INTERZONE
HALLWAY MASTER BEDROOM 5.5E+00 INTER2ONE
HALL BEDROOM 2 3.0E+00 INTERZONE

WAY
ggﬁ (S5INK) BATH (TUB) 1.7E+01 INTERZONE
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Table D.7: Zonal airflow summary - Case 7.
Subslab depressurization, 20 mm separation, low flow rate.

FROM ZONE TO ZONE FLOW [L/B] FLOW TYPE
OUTDOORS EME 1.6E+00 INFILTRATION
OUTDOO LIVING ROOM 2.1E+00 INFILTRATION
OUTDOORS BEPARATIOR 8.1E+01 IRFILTRATION
IL 2.3E-02 INFILTRATION
LIVING ROOM OUTDOORS 1.1E+01 ILTRATION
ROOM 3 2.2E+00 EXFILTRATION
MASTER BEDROOM OUTDOORS 6.1E+00 EXFILTRATION
BEDROOM 2 OUTDOORS 3.4E+00 EXFIL™ATION
LIVING ROOM 1.7E+01 EXHAUST
BATH ( OUTDOORS 1.7E+01 EXHAUST
BOIL [ RS 2.7E+01 EXHAUST
BASEME LIVING ROOM 6.6E+01 INTERZONE
LIVING ROOM NT 1,0E+01 INTERZONE
LIVING ROOM EALLWAY 2.9E+01 INTERZONE
BALLWAY ED 2.2E+00 RZO
BALLWAY BATE (SINK 1,7E+01 INTERZONE
BALLWAY TER BED 6.1E+00 INTERZONE
BALLWAY BEDROOM 2 3.4E+00 INTERZONE
BATH (SINK) BATH (TUB) 1.7E+01 INTERZONE
zuénw 5.4E+01 RZONE

Table D.8: Zonal airflow summary - Case 8.

Subslab pressurization, 20 mm separation, low flow rate.

FROM ZONE TO ZONE FLOW [L/s] FLOW TYPE
OUTDOORS BASEMENT 6.7E-01 INFILTRATION
OUTDOORS LIVING ROOM 1,6E+00 INFILTRATION
QOUTDOORS SEPARATION 2.5E+01 INFILTRATION
'DOORS 50IL 2.0E-03 INFILTRATION
BASEMENT OUTDOORS 1.2E-01 EXFILTRATION
LIVING ROOM OUTDOORS 1.3E+01 EXFILTRATION
BEDROOM_3 OUTDOORS 2.BE+00 EXFILTRATION
MASTER BEDROOM OUTDOORS 6.8E+00 EXFILTRATION
BEDROOM 2 UTDOORS 3.8E+00 EXFILTRATION
BEPARATION OUTDOORS 2.9E-01 EXFILTRATION
SOIL OUTDOOR 2.1E-02 EXFILTRATION
BASEMENT LIVING ROOM 8.8E+01 INTERZONE
LIVING ROOM BASEMENT 1.5E+00 INTERZONE
LIVING ROOM BALLWAY 3.1E+01 INTERZONE
LIVING ROOM SOIL 4.4E+01 INTERZONE
BALLWAY BEDROOM 2.6E+00 INTERZONE
HALLWAY BATE ﬁsznx& 1.7E+C1 INTERZONL
HALLWAY HASTE BEDROOM 6.8E+00 INTERZONE
HALLWAY 3,8E+00 INTERZONE
BATE (SINK) BAmH (TUB) 1.7E+01 INTERZONE
BATH (TUB) sOIL 1.7E+01 INTERZONE
BASEMENT 8.6E+01 INTERZONE

Table D.9: Zonal airflow summary - Case 9.

Subslab depressurization, 20 mm separation, high flow rate.

FROM ZONRE TO ZONE FLOW [L/s] FLOW TYFE
OUTDOORS BASEMENT 2.0E+00 INFILTRATION
OUTDOORS LIVING ROOM 2.3E+00 INFILTRATION
OUTDOORS BEPARATION 9.4E+01 INFILTRATION
OUTDOORS 80IL 3.1E-02 INFILTRATION
LIVING ROOM OUTDOORS 1.0E+01 EXFILTRATION
BEDROOM 3 OUTDOORS 2.0E+00 EXFILTRATION
MASTER BEDROOM OUTDOORS 5.8E+00 EXFILTRATION
BEDROOM 2 OUTDOORS 3.2E+00 EXFILTRATION
LIVING ROOM OUTDOORS 1.7E+01 EXHAUST
BATH (TUB) OUTDOCRS 1.7E+01 EXHAUST
S0IL OUTDOORS 4.2E+01 EXHAUST
BAS LIVING ROOM 6.5E+01 INTERZONE
LIVING ROOM BASEMENT 1.1E+01 ERZONE
LIVING ROOM HALLWAY 2.BE+01 RZONE
BALLWAY EDRi 3 2.0E+00 RZONE
HALLWAY BATH (SINKK 1.7E+01 RZONE
HALLWAY MASTER BEDROOM 5.8E+00 RZONE
BALLWAY EDROOM 2 3.2E+00 TERZOKE
BATH (SINK) ‘BATHEHéTUB) 1.7E+01 INTERZONE
NT 5.2E+01 RZONE




155

Table D.10: Zonal airflow summary - Case 10.
Subslab pressurization, 20 mm separation, high flow rate.

PROM ZONE TO ZONE FLOW [L/s] FLOW TYPE
OUTDOORS BASEMENT 1.0E400 INFILTRATION
OUTDOORS LIVING ROOM 1.9E+00 INFILTRATION
OUTDOORS BEPARATION 2.5E+01 INFILTRATION
LIVING ROOM oUTD 19507 B TTON
. + f
BEDROOM 3 OUTDOORS $:25:8% EBEIERATION
MASTER BEDROOM OUTDOORS 6.5E+00 EXFILTRATION
DROOM OUTDOORS 3.6E+00 EXFILTRATION
BEPARATION OUTDOORS 2.8E+00 EXFILTRATION
IL OUTDOO 2.7E-02 EXFILTRATION
BASEMENT LIVING ROOM 1.0E+02 INTER
LIVING ROOM W 3.0E+01 INTERZONE
LIVING ROOM S0TL 6.0E+01
HALLWAY BED 2.4E+00 RZONE
HALLWAY BATH (SINK 1.7E+01 INTERZONE
LWAY MASTER BED §.5E+00 INTERZONE
HALLWAY BEDROOM 3.8E+00 ERZO]
BATE (51aT) BATH (TUB) 1.7E+01 ZONE
BATH ) 801IL 1.7E+01 RTE
801 BAS 9.9E+01 INTERZONE

Table D.11: Zonal airflow summary - Case 11.
Basement suction, 20 mm separation, soil air barrier.

FROM ZONE TO ZONE FLOW [L/s] FLOW TYPE
OUTDOCRS BASEMENT B.9E+00 INFILTRATION
OUTDOORS LIVING ROOM 3.2E+01 INFILTRATION
OUTDOORS BEDROOM 3 5.4E+00 INFILTRATION
OUTDOORS MASTER BEDROOM 1.0E+01 INFILTRATION
OUTDOOKRS BEDR 2 5.5E+00 INFILTRATION
OUTDOORS S0IL 9,3E-02 INFILTRATION
BASEMENT OUTDOORS 2.7E+01 EXHAUST
LIVING ROOM OUTDOCRS 1.7E+0] EXHAUST

BATH (TUB) OUTDOORS 1.7E+01 EXHAU
BASEMENT LIVING ROOM 2.6E+01 INTERZONE
LIVING ROOM BASEMENT 4.4E+01 INTERZOKE
BEALLWAY LIVING ROOM 3.5E+00 INTERZONE
HALLWAY BATEH };SINK] 1.7E+01 IKTERZONE
BEDROOM 3 HBALLWAY 5.4E+00 INTERZONE
BATH ;SIN‘KA BATH ;\ATUE] 1.7E+01 INTERZONE
MASTER BEDROOM HALLWRY 1.0E+01 INTERZONE
BEDROOM 2 HALLWAY 5.5E+00 INTERZCNE
SOIL BASEMENT S.3E-02 INTERZONE

Table D.12: Zonal airflow summary - Case 12.
Subslab depressurization, 20 mm separation, low flow rate, soil air barrier.

FROM ZONE TO ZONE FLOW [(L/8] FLOW TYPE
OUTDOORS BASEMENT 8.9E+00 NFILTRATION
OUTDOORS LIVING ROOM 3.2E+01 INFILTRATION
OUTDOORS BEDROOM 3 5.4E+00 NFILTRATIOR
OUTDOORS MASTER BEDROOM 1.0E+01 INFILTRATION
OUTDOORS BEDR 2 5.5E+00 INFILTRATION
OUTDOORS BOIL 1.1E-01 INFILTRATION
LIVING ROOM QUTDOORS 1.7E+01 EXHAUST
BATH (TUB) QUTDOORS 1.7E+01 EXHAUST
50IL O OORS 2.7E+01 EXHAUST
JASEMENT LIVING ROOM 2.6E+01 INTERZONE
NT 2.7E+01 INTERZO
LIVING ROOM BASEMENT 4.4E+01 INTERZONE
BALLWAY LIVING ROOM 3.4E+00 INTERZONE
LW, BATH }‘SIHK) 1.7E+01 INTERZO.
BEDROOM 13 LWAY 5.4E+00 ERZONE
BATHE (SINK BATH (TUB) 1.7E+01 NT ONE
MASTER BED HALLWAY 1.0E+01 NTERZONE
B 2 HALLWAY 5.5E+00 RZONE
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Table D.13: Zonal airflow summary - Case 13.
Subslab pressurization, 20 mm separation, low flow rate, soil air barrier.

FROM ZORE TO ZONE FLOW [L/e] FLOW TYPE
OUTDOORS 3.BE+00 INFILTRATION
OUTDOORS LIVING ROOM 4.7E+00 INFILTRATION
OUTDOORS BED, 4.8E-01 INFILTRATION
OUTDOORS 80IL B8.9E-D3 NFILTRATION
LIVING ROOM ouTl 3.9E+00 EXFILTRATION
3 OUTDOORS 1.2E-01 EXFILTRATION
MASTER BEDROOM OUTDOORS 3.2E+00 EXFILTRATION
BEDRCOM 2 UTDOORS 1.7E+00 (FILTRATION
BOIL 3.4E-03 ATION
BAS LIVIRG ROOM 7.3E+01 RTERZONE
LIVING ROOM BAS 7.1E+00 NTERZONE
LIVING ROOM EALLWAY 2.2E+01 I NE
LIVING ROOM 80IL 4.4E+01 INTERZONE
HALLWAY BATH &51!’! 1.7E+01 TERZONE
LLWAY MASTER BED 3.2E+00 INTERZONE
LLWAY BED! 2 1.7E+D0 INTERZONE
D, 3 HALLWAY 3.6E-01 "ERZONE
JATH {EINK) BATH (TUB) 1.7E+01 RZONE
BATH (TUB) BOIL 1.7E+01 INTERZ
BOIL BASEMENT 6.2E+01 IRTERZONE

Table D.14: Zonal airflow summary - Case 14.
Subslab depressurization, 20 mm separation, high flow rate, soil air barrier.

FROM ZONE TO ZONE FLOW [L/e] TFLOW TYPE
OUTDOORS BASEMENT 1.1E+01 INFILTRATION
OUTDOORS LIVING ROOM 4.0E+01 INFILTRATION
OUTDOORS BEDROOM 3 6.6E+00 INFILTRATION
OUTDOORS MASTER BEDROOM 1.3E+01 INFILTRATION
OUTDOORS BEDROOM 2 7.1E+00 INFILTRATION
OUTDOORS SOIL 1.4E-01 INFILTRATION
LIVING ROOM OUTDOORS 1.7E+01 EXHAUS

BATE (TUE) OUTDOORS 1.7E+01 EXHAUST

01 OUTDOORS 4.2E+01 EXHAUS
BASEMENT LIVING ROOM 2.0E+01 INTERZONE
BASEMENT SOIL 4.2E+01 INTERZONE
LIVING ROOM BASEMENT 5.1E+Q. INTERIONE
. HALLWAY LIVING ROOM S.1E+00 INTERZOKE
BALLWAY BATH ASINK) 1.7E+01 INTERZOKE
BECROONM 3 HALLWAY 6.6E+0C INTERZONE
BATH (SINE BATH (TUB) 1.7E+01 INTERZONE
MASTER BEDROOM HALLWAY 1.3E+01 INTERZONE
BEDROO HALLWAY 7.1E+00 INTERZONE

Table D.15: Zonal airflow summary - Case 15.
Subslab pressurization, 20 mm separation, high flow rate, soil air barrier.

FROM ZONE TO ZONE FLOW [L/B] FLOW TYPE
OUTDOORS BASEMENT 3.BE+00 INFILTRATION
OUTDOORS LIVIRG ROOM 4.7E+00 INFILTRATION
OUTDOORS BEDROOM 3 4.BE-01 INFILTRATION
RS 4.5E-03 INFILTRATION
LIVING ROOM 3.9E+00 EXFILTRATION
BEDROOM 3 UTDOORS 1.2E-01 EXFILTRATION
MASTER BEDROOM OUTDOORS 3.2E+00 EXFILTRATION
BEDROOM 2 UTDOORS 1.7E+00 EXFILTRATION
8OIL O RS 7.7E-03 EXFILTRATION
BAS LIVING ROOM B.4E+01 RZONE
LIVING ROOM BASEMENT 2.BE+0D0 NTERZONE
LIVING ROOM HALLWAY 2.2E+01 NTERZONE
LIVING ROOM BOIL 6.0E+01 NTERZONE
BALLWAY BATH ﬁ.EINK 1.7E+01 NTERZONE
HALLWAY MASTER BED 3.2E+00 KTE
BALLWAY BEDROOM 2 1.7E+00 INTERZONE
BEDROOM 3 HALLWAY 3.6E-01 IRTERZONE
BATH (SINK) BATH (TUB) 1.7E+01 INTERZONE
BATH (TUB) IL 1.7E+01 INTERZONE
IL BASEMENT 7.7E+01 INRTERZONE
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PRESSURE [Pa)

BASEMENT

OUTDOORS

Figure E.1. Predicted disturbance pressures - Case 1.

Basement suction, 1 mm separat
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PRESSURE [Pa]

Subslab depressurization, 1 mm separation, low flow rate.
VERTICAL BLICE ¥=_1

Figure E.2. Predicted disturbance pressures - Case 2.
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PRESSURE [Pa]

Figure E3. Predicted disturbance pressures - Case 3.
Subslab pressurization, 1 mm separation, low flow rate.
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Figure E.4. Predicted disturbance pressures - Case 4.
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Subslab pressurization, 1 mm separation, high flow rate.
PRESSURE [Pa)

Figure E.5. Predicted disturbance pressures - Case 5.
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Figure E.6. Predicted disturbance pressures - Case 6.

Basement suction, 20 mm separation.
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tion, 20 mm separation, low flow rate.

riza

PRESSURE [Pa)

Figure E.7. Predicted disturbance pressures - Case 7.
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Figure E.8. Predicted disturbance pressures - Case 8.
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Subslab depressurization, 20 mm separation, high flow rate.

Figure E.9. Predicted disturbance pressures - Case 9.
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Figure E.10. Predicted disturbance pressures - Case 10.

Subslab pressurization, 20 mm separation, high flow rate.
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ion, soil air barrier.

.

PRESSURE [Pa)

VERTICAL BLICE Y= _1

Figure E.11. Predicted disturbance pressures - Case 11.

Basement suction, 20 mm separat
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PRESSURE [Pa)

VERTICAL ELICE Y=_1

Subslab depressurization, 20 mm separation, low flow rate, soil air barrier.

Figure E.12. Predicted disturbance pressures - Case 12.

DISTURBARCE PRESSURES IN SOIL [Pa]

Ll B A Tl T TP R - 115

Lala B T D Tt 2

*SS ©0000s

I i
NN | SRR E | M0y
s s & s oo al s o=
" | SeSw T | @
L I T L Lo L B B
U T B
) ]
L] ]
1
'
L lu R T Tl A b YT
I
Ve | ISP F | DN
el e e L L L
U I T A
1 '
1 ]
e — 1
£ & | NN | @
- “ % s 8 8]
ne = IR EF | D
- Calnlalalel BN
-k L TN T O |
I
'
WOV~ | v
a) x s 0 on | oaw
* MMMy | On
Ll R e L |
LI B I I T T |
“ i
i
— NNV |
" T
ME & | SRPPLF | D
e s L e L e L N
- B
== 1
=a | i
A £ NN | no
- ] L]
N I I
- ] 1
- 1 1
= ] (]
& & | i
L ) 1
. | I
e ! i
LR ]
o= i '
€% | '
-

i
i
Ll
Ll
]
'
1
i
[
1
|

AERRN
AEE RS

2
1 KERRARRAERARRARARRS

2

3

AARARFARAABRARARARR
4

3
3

3
-13.4

2

2

2
-13.4

1

X=1
X1

RARARRARRR A AR AR RA NS
VERTICAL SLICE Y=

VERTICAL SLICE Y=
VERTICAL SLICE Y

Il =N ML~ @
(2]

=

Lt M NWe-o

L1

5

4

5

] RERARRERR R AR RARR AR R AR AR R AR R AR

2

VER?ICRL SLICE Y=

Z=

[l N b L
—

[alalalalel i

™N MPno-o 9m

a3
-13.
-13.

2
-13.9
=-13.9

-13.9
-13.9

VERTICAL SLICE Y= 6
X=1



181

AN MMAmOne e

. “ s 8 84w - .
;OO CO00O00 —ed
1 U ] L]

MA MOMOMe O

] s oaoe s .

.
WO s M
[ LI O O | i
' |
VD 1000000 | @
a4l ® s s e 8 sl =
MM eeeeee | M
L R e e e T N
U O R
I i
1 1
| 1
' i
~@ i 000000 | WO
* 8 e L | - .
OMmM i TeeSed | Y
L L B T T B P = I B
LR ]
[ '
i |
' '
~@ | AOONOE | O
. =0 L A ] .
NI Mmoo | e
e R e L L L L LI
LI N R
' ]
I |
~@ | VOO | DO
LI | - . Ll ] . w
2MM OO NS
b B L L L L L R Y
I T I
| 1
' i
~@ | Ao | O
™~ a4l & s e s s oo
MMM meEnme oS
L L R T L L T T NI
Eo R B B B R O I ]
| ]
(2] I i
U o i oadidh | nm
- L | L - . .
HNMM | Memmme | O
L I L N e L L Ll L o ]
U I B B )
i i
I 1
maﬂ_ggggﬂ.!.ls
H sl s s e w ]| omos
HAMM i mmmmme |~
A e R L L e L T A
ﬂx_...__._._
' i

et mMWuno~e 0o
0] Lol

HENANNNONMN O

R

MOCOOO0OOOrr
Frrrrrna

1355555595
RN
M iy

MAMMMMmEO o0
L L O I
O ririrt e e N
RN

MeMAMAMes-O
R
VO rrmnm
T r e

313333“70
TR
501‘1111 Heltdm
LI I I I |

313““‘90
s E e ow o
‘0111111123
LU I O B I I O A I |

Lalab S b L L L 1o

A
30111111123

Par i rr

‘355555512

e e ss o

2a 111111133
[ R I A T

MO OOOYOmMmM

s 4 e e s
it Aamm
LU I IO B A |

X=1
-D.

VERTICAL SLICE Y= B

I HNMenNO~O00
L] -~

NOHrAAA~S@Dn
e e s ma o

i

AEANNMNNNO D
» s 4 4 s 0w oa e oaow
[ -l=lal=lelaleleleb ool
LI O I T I T A

HeEmmmmmmcNo
R
?ooooowmmdq

1133333330

“ ke oaa
50000000012
R N )

1133333330

v e m s a e e
5000040901_2“.—
LB I

1233333330

1233333330
. * . .
30000000012
LI B O R |

123333333]
e s e e
20900000012
LR A Y I I

1233334441
R
O ﬂﬂoomwlz
(1

X'l

VERTICAL SLICE Y= 9

I SR ~-aMo
L] -



182
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Figure E.13. Predicted disturbance pressures - Case 13.
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Figure E.15. Predicted disturbance pressures - Case 15.
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APPENDIX F - HOUSE AND SOIL RADON CONCENTRATION PROFILES
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CONCENTRATION |pCi/L]

Subslab depressurization, 1 mm separation, low flow rate.

Figure F.2. Predicted radon concentrations - Case 2.
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Subslab pressurization, 1 mm separation, low flow rate.
CONCENTRATION [pciﬂ.]

Figure F.3. Predicted radon concentrations - Case 3.
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Subslab depressurization, 1 mm separation, high flow rate.
CONCENTRATION [pCi/L)

Figure F.4. Predicted radon concentrations - Case 4.
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Subslab pressurization, 1 mm separation, high flow rate.

Figure F.5. Predicted radon concentrations - Case 5.
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Figure F.6. Predicted radon concentrations - Case 6.

Basement suction, 20 mm separation.
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Figure F.7. Predicted radon concentrations - Case 7.
Subslab depressurization, 20 mm separation, low flow rate.
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Figure F.8. Predicted radon concentrations - Case 8.
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Subslab depressurization, 20 mm separation, high flow rate.
CONCENTRATION [pCi/L)

Figure F.9. Predicted radon concentrations - Case 9.
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Figure F.10. Predicted radon concentrations - Case 10.
Subslab pressurization, 20 mm separation, high flow rate.
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ion, soil air barrier.

CONCENTRATION [pCi/L)

Figure F.11. Predicted radon concentrations - Case 11.

Basement suction, 20 mm separat
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CONCENTRATION [pCi/L]

Subslab depressurization, 20 mm separation, low flow rate, soil air barrier.

Figure F.12. Predicted radon concentrations - Case 12.
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Subslab pressurization, 20 mm separation, low flow rate, soil air barrier.

Figure F.13. Predicted radon concentrations - Case 13.
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Figure F.14. Predicted radon concentrations - Case 14.
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CONCENTRATION [pCi/L]
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Subslab pressurization, 20 mm separation, high flow rate
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Figure F.15. Predicted radon concentrations - Case 15.
RADON CONCENTRATIONS IN BOIL [pCi/L)

ZONE

@M OONeN e WU MNMNOMO e D OO M~ OO AW e Wrd O el TO ROMNOAN e
s meaase aw s sewwuaw . s e s amoes . P i i . c s s eoaoma . . 8 =a e ..
M NNNMMe O =M NNCNNNMTM iy ANNNNM™M Oy =ty AMNMNONMmM =N ACNNNNMmM Oy et SANNNMM
W DO dnn WIS NNnAEIE W AN D s I T T A R 2] N nunug unn Ll B T T T Ty T s Ty ]
MU DOOVOOY DO MO DWWOOD OO MO OOWOWOOWY Do MO OWOOWOWD OO MO DOOOOY O MO LOVOOO OO
PO IDIINND NN DITY MNMIMNMNNMN NN N NN NN IR (OIS NN N NN NN A MNNMNNMNN NN
N NODHON e MO VOOLOor~ —e M ~OOoOnNG Ao O OVDOWLPAD A 00 WHrOYHO e N VODOW—@D e
s s h e sww = T s+ e s e s e . P T i e . T I T R .
D AeESNNm OO WM~ OMOO~~ O o0 DDOOOD A -0 DOOMOO oy ®~O @oAOoS oo @0 oDOMOOD Od
Lt S T L s L T I 1T ) M P nnuin nn oM S N OMm =<0 N oM =wroeoun N OmM === W
MO DOWOUOEY OO MO VOOWOWLW OO MU DOWDOWOY OO MO ODOODOOY La MO OOOOOO oW MO DOWOOOD DO
PN NNMNNNN N MM PN NN CICd NN NN CIM MNONNINNG NN TAON DMNOIMNMNNY NN I NN NN

' ] 1 i (] ) (] (] (] (] ] ]
@I DRINO | O oM | NOOVLT | A oM I VIO~ | e M OMODWOT | O VD ) N0 | D O R nNOWO A WO
L N L i - . oag [ N . PR D B R . w L | -
Wi ) Oe-r=~r~0 0 Og SOM I OAMNDOW g W i ~-OWnsnm g Mrtd) |~ O | ~OM I ONHAOMND oo =l | NONONA NG
WO | rrdrirdried | 0 OO | NLMrIMNM | DD Dl I T T T T 1 [ te BTl Tala T BT ET5 MO NN D Q@ 1 FMNNNMNM LD
o | O [n Lol ] I 0o 1 WO Mo 1 WD @ -1 N [ -1
21‘h NN 21“ I NN [N Ty ] [alol) [ 15 - ] [Ny 1y Ll ] “22

i i i ] i I U

I i i " i

i ' I ' ] i I i |
9_98?535“57 MO 1 O00O0OMNA | et N M PR | M 59_999998"41 37"352957_51
“l & 6w wowoaf o8 s e s oa s ow s I o= wiie a sl s on s ow o | . T YRR
e B e e e L L N T--] D | PRSP | MO N n W | eSO LY | oSS D | g W OO
L N e e e e e NI e N e e e T R ") Wi N e e e e L s ]"s ) R e e e NI ] WM AN a0
1 I oo 1 | oo oo I | DD ] (1] - -1
1} 1NN 1 1NN N ] PN ] 1NN ] [Nalal

i ] 1 ) [} ] ] ) ] i

— ] 1 i 4 ' '] ] ] '
£ I NOINNNY | w0 -8 1OFOOCO | < el E | DDDE@OVE | M =% | NGO | o e N T T T T R T
) v e ses el o eow T e .. P R i Iowoe YT s 84w nw i ve
s A O@ Vie & | WWNANWOWOE | MO | e Wi s | FSTIFFO OO e & | FLLFF~ | OO W@ | D r~OWo
LRl Ll Lo T )] ® & I Heeedieid i I # & | ettt oo 8 | e o A MR Lo Lol o Lot NN T ]
- | (R-1-] €% | | W9 1 | OO L oW L I DD - | DO
||J “22 1 I i | i | NN TN "22 " | NN

] 1 i ' 1 ' LB L]
0100000 I M= (el Ralal=1. T TV BT T2 ' O T T T R T R e T = | AONVOO M WD NAO N | e
N R ) a) *# % s % 8 8} = s ¥ i e = N e - I & 8 s » 2 af & & a s) * » s 5 8 0] » 8
sl B lalalalatadB=1 "] MmO NG ] P 2 WL LND NG TE £ | SEFLFND OO e | FNODO~0 g
Ll L e L L L =1 Ll e e e L R s 1" i | un R L T L e T, 1)) ® % | Aeteetiete o WML NN AN DD
1 (r-1": I | DO i (17 " [T ® | -1 Lo B (-1
“ 1NN 1 1O [} NIl i 1NN ® a0 NN " 1NN

' ] ' i i ' ] €& | i i
—_— Q00 DOH | @M M Pnr-D e IO~ @ | @ W OO | O - | PADLOA N M @ANMOO M
80 ey * N KW | s T T T O S - .l s r s s s s e MY ®E | o= wwowwes]l osv D B W oe e
MEE | At | D ME & | Ao | Ao Me ¥ OO e M O1O00MMNT g mMe & | MNCINGD | ng MOT | N-OOO0 1o
8 et 0N f s A N i % & ) e e D NNNNNG 0 ) &8 | NONNNON N OM  Immemes |
el w4 == ) 10w > = a i DWW i TOW M oeE DWW > N (=17
L ] I NN L | [N Ta') L I A i [N 1] L ) | MM [] [Ex 13 ]

aa | [] B == [} g &= 0 [] = (] (] B o= x (] 5] ] )
£E IO I1ON U = I0O0000MN WO U &£ | MMASE-~ | e U QI OTOTDE I O U s x i FHemes e U O At | e
A B 1 &0 0000 s 8 P EHE ) *e0s 80 I * s i # & | *» o s s & a I s s M af % a2 2 s 8 8 I 8 4 mE | s o os oo I o= = N « e e 2] s 8
NE e | OOO0OM | O LAMNE & | At 0 | g HMHNE & | Attt N0 N AN Mt MO AN E MMM O GNOW Aoy | S
EX IHrrSeA 1 ON W &% e PN U s 8 | ettt 00 0 e e e L L L B ot A R T e L L T R T B TS R e T T T I)
=i | aD L (=171 L] [ =1"s} ' | 0w - | -1 ' I DWW
-w | NN €% | | N . w | PN ' IO a0 | NN " |t

a0 ] - = | 1 == [} ﬂ ] (] == | ] ] ]
- WO | DO " r 1 COQ0CO00 109 U % | 0O000Hm I OO0 U o AAAD M D ad | PePLND IO MM DN~ )
B8 ) 5000l 2 H BE|] s I+ 5 H S & | & 8 8 8 s » . - ] [ o EE ] oees s L - 50l S s 4B a) v
e 1o R34 “1-1_111111.09 EHris & | mirdrcieted | 20 Hel ot mrtmeieded | 000 Hrde £ | bbbt (030 B0 | Mmoiti e |~ o0
H [N ] M- Iwe |ttt 10N Elle e |ttt | M0 i o Attt M0 K e R | et e et 0 @ N | et e e |
K w | 1 0 Wx- =i 0w K ow | -1 ] Wx ' | DD WI- Il 1 OO WK 1 | DO
- i NN “-s 0 1NN an | | N ] 1NN «-n 0 NN i 1NN
e MenOr~D O =N MeTNO~o o e mMPnOr-o OO N MO~ O =N MmenO~D O =N MmM=enNOr-o o
L - L] = N - N - N - N -



218

OO @O—AnoWn e
" e s asas woa
=l SeENNMMm Oy
VISP AU un
MO WDOOOOWY O
NN NNNNNA NN
- OOANNG e
c 4 s s es s wa
DDO VDANOO O
oM S
MO VDWOUOWOWOWY oW
M NN NN
_—
[ |
oW | WOOWwM | M~
[ B
SO I MOnoOWuo | nt
=0 ~OSMNT On
@ | 1 WO
el nzz
|
i i
)
@ @O EN D
R
LM I NS OWO g
DWW I NN |
@i 100
== 1y
i ]
] )
03_990291.51
el s s a8 ]l o® o
WD 66‘132 Lanh
O®@ | DINTMMT | a0n
o R L]
N N
1 [
M | OO MO | D
« s & 8 @ & & 2] & =
FOWN | DOFADMN O]
MO DM A
oo | | DD
(2 1o B} NN
| i
e | HOMMPTO | B
- 4| * & a8 4 a s = @
eI | SO OW Dot
U =M O O
o 1 DO
U i OrOowurr | v
o+ s e w s s e
OO | ~OM~—n | NG
W S0 ONOG L nn
me | DD
m 22“ 1NN
= OODENN |
= %] & % s % 8 a] w4
HAMNO | MA@~ | MmO
B UM | MMM | N
WXJD. | DD
™ NN
el MYenar-o o
] i

‘3‘5716111
R

90111122399

TEONOIMNOINNNNN
‘1..1..80‘0‘ Ladal

2779163011
e s e e e
76‘77589099
O Y P P <P AN D
MDD D WD WD DD WD
PNNMNMNONNMNMNMNN

HY*ODANMO 11

R

53477539099
NN NN

DMODONNO

NS~ ~OOOOnd

NN NN NN
9255052011

e e ose o
‘0‘?7889099
O M) <P o = < TN
DD WD DD ADAD D D
I NN NN

1258052011
R
30477889099
L b i b a1
ND D WO IDAD DD DD
2222222222

SA-OOINON0
el e e e e e S 1211 ]
™NAD WD DD DD WD D WD
N NN NN
CO@NMNS-TNO A

R

VERTICAL BLICE Y= @

N A~ M@ e
...... . e oa o

WO O NN

CINMN NN NN
maomM 595011

5301111239

PN NN NN

503‘ _.Dn Cal=T o
. R
73111 .12_230.9

I I DN DN

5034605011
R

631 1.1. NN
PINMNNNMNNON OO

~FOMPUOVLO A
T

M@ A A AN

PN NN NN
~omw 605011

" s e s ra
€D A AN OO
& P NN DD N
MAD O WO D AD WD O WD
NN NN NN

~OMPOOWA—

] R
MO A A ANNMON
L A 2l s sl s s ]
MDD DDA DD D
CIMINS N NII NNY

[2]
m 013 ‘606 1.1_1.

DI TN NN N
Cala b 'l ol 16111

| T .

M 9111122399
P U0 A O W KN

WXJGGBEEBEGE
CINNNMINSN NG

# HONMPNO~ N0
L] —



