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1 Introduction

In version 4.6.2.5 of the OPS model, the influence of buildings can be included in the calculations of
the concentration and deposition. The building influence is computed on the basis of correction
factors determined offline on the basis of calculations with ISL3a. The effect on deposition is
assumed to be equal to the effect on concentration (in relative sense). In order to estimate the
effects, runs with the Gaussian plume model ISL3A have been performed with and without the
presence of a building and for different sets of input parameters. From these runs, distance-
dependent, yearly averaged building factors are derived which are put into a table. To include the
effect of the building in the OPS calculation, the concentrations and depositions from the OPS-model
are multiplied with the factors in this pre-processed table.

A previous study (Wesseling, Nguyen, 2015) has been the starting point of the current research. It
uses the NSL (Nationaal Samenwerkingsprogramma Luchtkwaliteit) database, provided by
municipalities, as input for the calculation of the building effect. The current study focusses on a
refinement/extension of building effects calculated in this study.

This report describes the methods to derive the building effect table. Sensitivity tests are described
too, as well as an outlook to further research.

1v2019-2, https://www.infomil.nl/onderwerpen/lucht-water/luchtkwaliteit/slag/is|3a



https://www.infomil.nl/onderwerpen/lucht-water/luchtkwaliteit/slag/isl3a
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2 Methods and limitations

2.1 ISL3A

The influence of a single building on an emitted plume can be included in the calculations of the concen-
tration and deposition. The building influence is computed using correction factors determined offline
on the basis of calculations with ISL3a (Infomil 2020). The building module in ISL3A is based on the
sketch in Figure 1 and is described in Scholten et al. (1998).

Figure 1. Sketch of effect of building on streamlines around the building. From Scholten et al. (1998).

2.2 Concentration

ISL3A is used to establish multiplicative factors with which to multiply concentrations. Currently,
seven input parameters have been varied: emission height, exit velocity, stack diameter, building
height, building length, building width and building orientation.

For each set of input parameters, two ISL3A runs have been done: one with and one without a
building and the ratio of (concentration with building) / (concentrations without building) is the so-
called building factor fp. In formulas:

fo = Cisi3a, with building / Cist3a, without building
COPS, with building =fb : COPS, without building
with

Crmodel, type: CONCentration contribution, computed with model = OPS, ISL3A and type = with, without
building.

The total number of building factors computed is 5,832,000.

2.3 Deposition
The effect of a building on depositions at a receptor location is only by means of the effect on the
concentrations (so if concentrations are multiplied with a factor 2, so are depositions).

Dors, with building = fb * Dops, without building
with
Dmodel, type: deposition contribution, computed with model = OPS and type = with, without building.

It is expected that, due to enhanced turbulence in the presence of a building, the deposition velocity
will increase near a building, but the magnitude of this effect is currently unknown.
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The effect of a building on source depletion has not been taken into account.

2.4 Limitations of ISL3A building module, fixed input parameters

Main limitation of the ISL3A building module is that only the effect of one, rectangular building can
be computed. For more information, one is referred to the INFOMIL website? (in Dutch). In section
5.3.1. of the description on the website it is stated:

The following rules of thumb can be used to apply the building module:

e building influence can be ignored if the stack is higher than 2.5 times the height of a
characteristic building.

e |t js difficult to provide a criterion for the distance between the receptor and the building. At
a distance greater than 10 times the largest building size (length, width or height), its
influence is in many cases negligible.

In the current implementation, the first rule of thumb is ignored, because ISL3A computes a
significant building effect in some situations where the stack is higher than 2.5 times the building
height.

With respect to the distance, it is assumed that there is no building effect beyond 10000 m from the
source. Scholten et al. (1998), chapter 12, mention a distance of 3000 m, but large building effects
beyond 3000 m are seen in Scholten et al. (1998) and in our results. A discussion on the maximal
distance follows later on (section 7.3).

Other limitations arise from the fact that only a limited set of ISL3A runs has been done, with a set of
fixed parameters and a set of varying input parameters. Fixed parameters for the ISL3A runs are:

1. Heat content=0 MW.

The source is located in the middle of The Netherlands (near Barneveld, (x,y) = (166818,
460698) m RDM). Another location means another meteo regime, which might change the
building effect.

3. The emission point ('stack’) is located in the middle of the building.

4. The roughness length is 0.1 m, corresponding to the roughness that belongs to the majority
of the animal houses that are used within the framework of the NSL. (See Wesseling,
Nguyen, 2015).

5. The receptor height is (according to RBL) 1.5 m. Note that the height at which OPS
computes concentrations is 4 m (measuring height LML network), so the building factor
from ISL3A at 1.5 m is applied to a concentration at 4 m in OPS. Since we do not have access
to the source code of ISL3A, we cannot change the receptor height in ISL3A.

The sensitivity of parameters 2, 3 and 4 has been studied: see sections 7.4, 7.5 and 7.6.

2.5 Varying input parameters

In Table 1, the different parameters for the ISL3A runs have been listed. Input values are based on
data taken from the NSL database, for a set of 2500 animal houses. The building height and
emission height were extended to include buildings up to 20 m.

2 https://www.infomil.nl/onderwerpen/lucht-water/luchtkwaliteit/regelgeving/wet-
milieubeheer/beoordelen/koppeling/nieuw-nationaal/handreiking-nieuw/handreiking-nieuw-
0/5 1 samenvatting/



https://www.infomil.nl/onderwerpen/lucht-water/luchtkwaliteit/regelgeving/wet-milieubeheer/beoordelen/koppeling/nieuw-nationaal/handreiking-nieuw/handreiking-nieuw-0/5_1_samenvatting/
https://www.infomil.nl/onderwerpen/lucht-water/luchtkwaliteit/regelgeving/wet-milieubeheer/beoordelen/koppeling/nieuw-nationaal/handreiking-nieuw/handreiking-nieuw-0/5_1_samenvatting/
https://www.infomil.nl/onderwerpen/lucht-water/luchtkwaliteit/regelgeving/wet-milieubeheer/beoordelen/koppeling/nieuw-nationaal/handreiking-nieuw/handreiking-nieuw-0/5_1_samenvatting/
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The building orientation is the angle between the long axis of a building and the x-axis, 30 degrees in
Figure 2 (left panel). The building orientation is between 0 and 180 degrees. The source-receptor
angle is the angle between source-receptor vector and x-axis, also 30 degrees in Figure 2 (right
panel). This angle is between 0 and 360 degrees.

S

Figure 2. Left panel: building orientation. Right panel: source-receptor angle in building effect calculations.

Table 1. Parameters and input values for ISL3A-runs to compute the building effect.

class
parameter unit 1 2 3 4 5 6 7 8| 9|10
Emission height hemis | m 0 4 6 8| 10| 12 14 16 | 18 | 20
Exit velocity Vs m/s 04|15]| 44| 84
Stack diameter D; m 05|15]| 25 5
Building height H m 4 6 8| 10| 12| 14 16 18 | 20
Building length L m 30| 75| 100
Building - 0.25 | 0.5 1
width/length W/L
Building orientation degrees 0| 45| 90| 135
0} (x-axis)
source receptor degrees O 45| 90| 135|180 | 225 | 270| 315
angle (x-axis)
source receptor m 70| 90 | 130 | 210 | 370 | 690 | 1330 | 3000
distance

For intermediate parameter values, the table is interpolated linearly (FORTRAN routine SILUPM,
MATH77 library from www.netlib.org).

2.6 Scope of input parameters
The next two tables show the limit values for parameters as used in OPS:
e If a parameter value is outside the limits of Table 2 (with/without a building), OPS issues an
error message and stops the program.

In case of a building there are extra limit values and extra limitations on the handling of missing
values (see Table 3).

e If a parameter value is outside the limits of Table 3, OPS issues a warning in the log-file and
continues with a value at the edge of the table (=lower limit, if value < lower limit, =upper
limit, if value > upper limit).

e For source receptor distances < smallest distance in Table 1, the building factor is set to the
value at this distance (without a warning). Note that the source is located in the middle of
the building.

e For source receptor distances > largest distance in Table 1, the building factor is set to 1
(without a warning). Note that the source is located in the middle of the building.


http://www.netlib.org/
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Table 2. Emission parameters and limit values for OPS, with/without a building. Missing values are given by setting the
value to -999.0 in the emission file.

parameter unit lower | upper | missing | action for missing value
limit limit value
allowed
Emission strength Q g/s 0 10°-1 no
Emission height hems m 0 5000 no
Deviation in emission m 0 5000 no
height Oemis
Diameter area source Da m 1 108-1 no
Heat content Qu MW 0| 10%1 yes!) | compute heat content
from {Vs, Ds, Ts}
Exit velocity Vs m/s 0 50 yes | o omentum olume rise
Stack diameter D; m 0.01 30 yes
Effluent gas temperature Ts | C 0 2000 yes!) | use heat content Qu

() either Qu or Ts must be given a value (not both); if Ts is given, then Vs, Ds must be given also.

Table 3. Emission and building parameters and extra limit values for OPS, in presence of a building. There are more
restrictions on the use of missing values than in the previous table. Missing values are given by setting the value to -999.0 in
the emission file. Because ISL3A runs have been performed for animal houses with Q, = 0 MW, Ts must be set to -999.

parameter unit lower | upper | missing | action for missing value
limit limit value
allowed
Emission height hemis m 0 20 no
Heat content Quw MW 0 0 no
Exit velocity Vs m/s 0 8.4 yes | no momentum plume
Stack diameter D; m 0.01 5 yes | rise
Effluent gas temperature Ts | C -999 -999 yes | use Qn=0
Building height H m 0 20 yes
Building length L m 10 105 yes
Building width/length W/L | - 0.15 1 yes | building factor =1
Building orientation O degrees 0 180 yes

(x-axis)

2.7 Missing configurations in ISL3A

ISL3a gives an error message during a calculation without building with (hemis, Ds) = (4, 5) (emission
height hemis = 4 m, diameter D; = 5 m). However, the interpolation requires that all lines of the table
have valid values. For these configurations it was decided to equate the building effect with the
building effect associated with (hemis, Ds) = (6, 5); this situation is allowed in ISL3A. Within this subset,
the building effect of a 4-meter-high building was equated with the effect of a 6-meter-high building.
In short: f» (4, 5, H) = f» (6, 5, max (6, H)), with f (hemis, Ds, H) the building factor.

In some cases, it is possible that a receptor lies within the envelope of the building. In that case, at
equal angle between source receptor vector and the x-axis, the building effect of the next available
greater distance is adopted.
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3 Sensitivity studies

3.1 Input parameters of the building factor table

The effect of varying input parameters that are part of the building factor table, has been studied in
sections 7.2.1 to 7.2.4. Parameters varied here are Stack diameter, exit velocity, Emission height,
building height, Building length, building width, Building orientation, source receptor angle.

3.2 Maximal source receptor distance

In the current version of the building module, the maximum distance for which a building influence
is present is set to 3000 m. This is a pragmatic choice, at the request of the user group. At the same
time, it has been established that there are cases, where ISL3a extends the building influence further
than 3000 m; the building factor at 3000 meters is regularly even greater than 1.2. However, it is not
clear at this time how realistic these effects are at a great distance. See section 7.3.

3.3 Source location

To test the sensitivity of the building factor to the location where the source and the building are
located, ISL3A runs were carried out for three different locations in the Netherlands (central, west,
east NL). Differences in building factor due to different locations (different meteo) become larger
with larger and higher buildings / higher emissions and are present at 70 m from the source, but
limited (~ 30%). At greater distances, the differences are very small. See section 7.4.

3.4 Location of the emission point at the building

To test the sensitivity of the location of the emission point on the building, separate ISL3A runs were
performed, shifting the building so that we have four situations with the emission point on one side
of the building. For most distances, the results with the different emission locations are within 25%
of the situation with the emission in the middle of the building. In addition, we compared this
approach (i.e. emission in the centre of the building) with the 'no building effect' approach. For most
situations tested here, the first approach gives a smaller error. See section 7.5.

3.5 Roughness length

The roughness length used to generate the table values with ISL3A was 0.1 m. To test the effect of
different roughness lengths, new ISL3A runs were performed for a 'standard stable' and for different
roughness lengths. At short distances, the roughness length can have a relatively large effect on the
building factor, for larger distances, the effect of the roughness length is small. See section 7.6.
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4 Verification tests

In section 8.1, we verified that the lookup of values in the building factor table is correct. In section
8.2 we verified that interpolation is done correctly for a case where emission height was interpo-
lated. In section 8.3, we concluded that interpolation is sufficiently accurate for several test cases
presented, comparing OPS results with ISL3A runs for values that are not in the table. For these
tests, separate verification runs with ISL3A have been done. For most examined cases, the
uncertainty, due to interpolation, is ~30 %. For cases with extreme large fluxes, uncertainty can get
larger.

5 Recommendations

The table derived in this study has only a limited scope. Some parameters are not included in the

table and an extra error is introduced by the interpolation. This can partly be solved by expanding
and / or refining the table, but it would be better to investigate the implementation of a building

module in OPS.

To what distance the building effect extends, is subject to further research. In particular, we need to
address the following questions:

e Why does ISL3A produce a constant building factor for large distances in case of a high
volume flux? The source code of ISL3A is needed to investigate this.

e What is the effect of roughness length and roughness length variations?

e Can we take into account the effect of obstacles such as other buildings, rows of trees, etc.?

e What is the length and occurrence of distances without large obstacles in the Netherlands?

Calculations are done in AERIUS based on one receptor point in a hexagon of ~ 100 m. Only in case
the emission point is inside the hexagon, sub-receptors are generated and the average of the
concentrations at all sub-receptors is the concentration of the hexagon. The location of the building
is not taken into account when generating the sub-receptors; as a result, receptors can be placed in
the building and they get the building factor of a receptor point at the minimum distance (70 m). It is
recommended to adapt the generation of the sub-receptors to the location of the building.

6 References
R.D.A. Scholten, J.J. Erbrink en A. van Melle (1998): Beschrijving rekenmodule voor de

invloed van een gebouw op de verspreiding van een rookpluim.
https://www.infomil.nl/publish/pages/67563/pb30.pdf

Wesseling, Nguyen (2015): Approximating the effect of a building on nearby concentrations. Release
notes OPS 4.6.5.2, www.rivm.nl/ops.
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7 Appendix A. ISL3A runs

7.1 Set-up of ISL3A runs
The following settings were used: point source located at (166818, 460698) m RDM, emission as
PM10 (medium particle size distribution), emission strength Q = 100.0 g/s, other emission and

building parameters as in Table 1. Receptors were placed in circles around the source, see also Table
1.

7.2 Results of ISL3A runs

In this section, we show several plots through specific intersections in the table with building factors.
The dashed line in the plots is the line of 'no building effect' (building factor = 1). In most plots, we
limit the x-axis to maximal 500 m, although building factors are computed up to 3000 m. Note that
the building factor is constant below a distance of 70 m (not plotted here).

7.2.1 Stack diameter, exit velocity
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Figure 3. Building factor as function of source - receptor distance for different values of exit velocity Vs and stack diameter
Ds. The parameter F in the legend is the volume flux = Vs n(Ds/2)2. Other parameters hemis=8 m, H=8m, L=75m, W/L =
0.5 (W =37.5m), O =0 degrees, source-receptor angle = 45 degrees.
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Gevoeligheid gebouwfactor van uittreedsnelheid
GebH = EH = 8, gebor=45, d=2.5
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Figure 4. Building factor as function of exit velocity (uittreedsnelheid) for different distances (afstand) and source receptor
angle (angleSRxaxis). Vertical lines denote the current class value of the exit velocity. hemis=8 m, Ds=2.5m, H=8m, L =75
m, W/L =0.5, O =45 degrees.
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7.2.2 Emission height, building height
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Figure 5. Building factor as function of source - receptor distance for different values of emission height hemis and building
height H. Other parameters V= 0.4 m/s, Ds=0.5m, L= 75 m, W/L= 0.5 (W = 37.5 m), O = 0 degrees, source receptor angle =

45 degrees.
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Figure 6. Building factor as function of source - receptor distance for different values of emission height hemis and building
height H, where hemis 2 H. Other parameters V= 0.4 m/s, Ds=0.5m, L =75 m, W/L =0.5 (W =37.5m), O =0 degrees, source
receptor angle = 45 degrees. Limited set of values for H and zoomed in at distances < 150 m.

The

next plot shows the building factor as function of emission height.
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Figure 7. Building factor as function of emission height hemis for different source-receptor distances d. Building height H = 4

m, other parameters Vs= 0.4 m/s, Ds=0.5m, L =75 m, W/L =0.5 (W =37.5m), O =0 degrees, source receptor angle = 45

degrees.
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7.2.3 Building length, building width
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Figure 8. Building factor as function of source - receptor distance for different values of building length L and width/length
ratio W/L. Other parameters hemis =8 m, Vs= 0.4 m/s, Ds= 0.5 m, H =8 m, O = 0 degrees, source receptor angle = 0 degrees.
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Figure 9. Building factor as function of source - receptor distance for different values of building length L and width/length
ratio W/L. Other parameters hemis =8 m, Vs= 0.4 m/s, Ds= 0.5 m, H=8 m, O = 0 degrees, source receptor angle = 45
degrees. Note that for L= 100 m and W/L = 1, points within 50V2 = 70.7 m of the centre of the building are inside the
building. In these cases, the building factor is taken as the building factor from the first valid value next to the building.
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7.2.4 Building orientation, source receptor angle
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Figure 10. Building factor as function of source - receptor distance for different values of building orientation O and source

receptor angle. Other parameters hemis =8 m, Vs=0.4 m/s, Ds=0.5m, H=8 m, L= 75 m,W/L = 0.5.

7.3  Maximal distance
In the reference cited above, it is stated that the building factor f, at 3 km will be close to 1.

However, many ISL3A-runs showed that this is not the case. In Figure 11, we show the effect of
increasing this distance to 10 km. It can be concluded that

- the percentage in the 'little effect class' building factor =1 - 1.1 doubles.

- The percentages in classes > 1.2 clearly decrease.
- The percentages in classes < 0.8 hardly decrease.

The first two conclusions support the choice for 10 km. The last conclusion shows that there may still
be an important building effect at 10 km. Note that the percentage concerns all ISL3A runs, without
taking into account whether runs are realistic or not.
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Another assumption that may not be fulfilled in realistic situations is that the terrain between source
and receptor should not be disturbed by other buildings, rows of trees etc. which are much larger
than the prevailing roughness length. In most areas in NL, it will be difficult to find terrains of 10 km

without any disturbances.

35 —

-
1 ok
30
25 |
S
12
<
2
w“
o
[}
j=2]
o)
<
Q
<
7
Q
| m | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 14 1.5 16 1.7 1.8 19 2 2.1 22 23 24 25
building factor (-)

Figure 11. Percentage of ISL3A runs as function of the building factor at 3 km (blue) and at 10 km (yellow).

In the next plot, we study the building factor at distance 3, 5, 10 km for different configurations.
Building factors < 1 occur for high values of the volume flux. In those cases, the building factor is

relatively constant w.r.t. distance.
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Figure 12. Maximal building factor (maximum over receptor angles, W/L ratio); hemis = H for different values of exit velocity
V_stack = Vs =0.4, 1.5, 4.4, 8.4 m/s and stack diameter D_stack = Ds= 0.5, 1.5, 2.5, 5 m. 'gebouwlengte' = building length,
'afstand’ = distance. Number in left corner = volume flux = Vs t(Ds/2)? in m3/s.

The NSL-dataset for 2500 animal houses, shows that the median value of volume flux = 2.9, the 98
percentile = 12.8, 99 percentile = 17 and the maximum = 49.2 m3/s. That means that flux values in
the lower right triangle of Figure 12 are in the upper 1 or 2% range.

To what distance the building effect extends, is subject to further research. In particular, we need to
address the following questions:

This research is foreseen for coming year.

Why does ISL3A produce a constant building factor for large distances in case of a high
volume flux? The source code of ISL3A is needed to investigate this.

What is the effect of roughness length and roughness length variations?

Can we take into account the effect of obstacles such as other buildings, rows of trees, etc.?
What is the length and occurrence of distances without large obstacles in the Netherlands?
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For now, RIVM advised to apply the building effect up to a distance of 10 km to ensure a smooth
transition to the deposition calculations at longer distances. At the request of the user community, a

maximal distance of 3000 m has been set.

7.3.1 Test run with low and high volume flux

20

Figure 13 shows the building factor of a run with a low volume flux F (Vs =0.4 m/s, D;=0.5m, F=0.1
m3/s) and with a very high volume flux ((Vs = 8.4 m/s, Ds=5 m, F = 164.9 m3/s).
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Figure 13. Upper panel: building factor (black / left axis) and ISL3A concentrations (red / right axis: reference without

building, green / right axis: with building) for test run with low exit velocity (0.4 m/s) and small stack diameter (0.5 m),
source receptor angle = 90 degrees. Lower panel: the same, but for high exit velocity (8.4 m/s) and large stack diameter (5
m). Circles are the separate values for 8 source receptor angles (the circle for 90 degrees coincides with the lines). Other

parameters: hemis=8 m, H=8m, L =100 m, W/L = 1, O = 0 degrees.
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7.4 Source location

To test the sensitivity of the building factor w.r.t. the location where the source and building are
located, ISL3A runs have been done for three different locations in The Netherlands, see Figure 14
(70 m distance) and Figure 15 (2610 m distance). Differences in building factor due to different
locations (different meteo) are present at 70 m, but limited to 30%. At larger distances, differences
are very small.

v_stack = 0.4, diam = 2.5, dist = 70, buildH = emisH , buildWDfrac= 0.5 or_geb= 0
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Figure 14. Building factor at 70 m distance at three different location in NL (Barneveld - central NL, Schiphol - west NL,
Venray - east NL), as function of source receptor angle for different values of emission height (hemis =4, 6, 8, 12 m) and
building length (len_geb = 30, 75, 100 m). Vs = 0.4 m/s, Ds= 2.5 m, H = hemis, W/L = 0.5, O = 0 degrees.
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v_stack = 0.4, diam = 2.5, dist = 2610, buildH = emisH , buildWDfrac= 0.5 or_geb= 0
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Figure 15. Building factor at 2610 m distance at three different location in NL (Barneveld - central NL, Schiphol - west NL,
Venray - east NL), as function of source receptor angle for different values of emission height (hemis =4, 6, 8, 12 m) and
building length (len_geb = 30, 75, 100 m). Vs = 0.4 m/s, Ds=2.5m, H = hemis, W/L = 0.5, O = 0 degrees.

7.5 Location of emission point in building

In order to test the sensitivity of the location of the emission point on the building, separate ISL3A
runs have been done, where the building has been shifted so that we have four situations with the
emission point located at a side of the building (see Figure 16). Figure 17 shows that for most
distances, results for the different emission locations are within 25% of the situation with the
emission in the middle of the building. In Figure 18, we plotted the error in the approximation using
the table value (i.e. emission at the middle of the building) and compared it with the approximation
'no building effect'. For most situations tested here and especially for high buildings in combination
with equally high emissions, the first approximation is better.
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Figure 18. RMSE = Root mean square error in building factor as function of source receptor distance (afstand). RMSE is
computed as the difference between ISL3A results and an approximation; black dots = approximation: building factor from
table, with emission point in the middle of a building; red dots = approximation: building factor = 1. RMSE over 32 building
factors (four different 'shifted buildings' and 8 receptors per distance). Building and emission parameters in box, other
parameters: L = 75 m, W/L = 0.25, O = 0 degrees.
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7.6 Roughness length

The roughness length to generate the table values with ISL3A was 0.1 m. Local roughness values at
emission locations in the NSL database vary around this value. To test the effect of different
roughness lengths, new ISL3A runs have been done for a 'standard stable' and for different
roughness lengths: see Figure 19. At small distances, the roughness length can have a relatively large
effect in the building factor, for larger distances the effect of the roughness length is small.
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Figure 19. Building factor as function of roughness length zo (ruwheid [m]) for different distances (afstand) and different
source receptor angles (angleSRxaxis). Other parameters: hemis =8 m, Vs = 0.4 m/s, Ds=2.5m, H = hemis, L = 75 m, W/L = 0.5,
O =45 degrees. The vertical line is for the value used in the table zo = 0.1 m.
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8 Appendix B. Verification tests with OPS

8.1 Verification tests with OPS; look up

In this section, several tests are described in order to verify that the values of the ISL3A table are
read and interpolated correctly and that the building factor is applied correctly to the
concentrations. First we want to see whether OPS reads the building factor table correctly for a
given set of parameters which is present in the table (look up only, no interpolation).

[Test directory: /OPS_Users/sauterf/test/tst_gebouw/tst_2019]

The following settings were used:

point source located at (166818, 460698) m RDM, emission as PM10 (medium particle size
distribution).

Emission strength Q:  100.0 g/s

Heat content Qu: 0.0 MW
Emission height hemis: 8.0
Stack diameter D;: 25m
Exit velocity Vs: 0.4 m/s
Building length H: 75.0m
Building width W: 37.5m
Building height H: 8.0m

Building orientation: 0.0 degrees.
Results of tests with OPS are shown in Figure 20.
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Figure 20. Building factor as function of distance. Black circles show the building factor from the input table and the red
dots show the ratio of concentrations computed by OPS with and without a building. Slight differences are found because
OPS rounds the coordinates of the receptor locations to integers. For integer coordinates, the match between OPS and the
table is 100%. [OPS runs 032, 033]
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In ISL3A, receptors have been located at distances of 50, 60, 70, 90, 130, 210, 370, 690, 1330, 3000
m in circles around the source. Because OPS rounds coordinates to whole meters, there are small
deviations in the source-receptor distances that OPS uses.

In a previous test report (building_orientation_20191114.docx), it has been shown that for different
settings of the OPS run (with and without deposition, heat content Q. = 0 MW or effluent gas
temperature Tsock= 11.84 C), the ratio of the concentrations stays nearly the same.

8.2 Verification tests with OPS; interpolation

Results of a simple verification run to test whether OPS interpolates the emission height correctly,
are shown in Figure 21. In this test, an older version of the table has been used. The FORTRAN
interpolation routine SILUPM (MATH77 library from www.netlib.org).

v &= 0.4 m/s, D ¢=25m,H=8m,L=75m, W/L=0.5
45 —
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Figure 21. Building factor as function of source - receptor distance for class values of hemis = 6 m (blue) and 8 m (red) and
interpolated building factor for hemis = 7 m (green).

8.3 Verification tests with OPS; comparison with ISL3A

For this test, a set of parameters has been used such that for all parameters we need interpolation in
the table of building factors. In the next figures, we show scatter plots of building factors for
different test situations; interpolated values from OPS vs. computed building factors from separate
runs with ISL3A (with and without building). Note that in this version, distances of 50 and 60 m are
still included, but the building factor is constant within 70 meter of the source. In order to be able to
compare the results with previous versions, receptors are within 3000 m from the source. The main
conclusion is:

- Interpolation is sufficiently accurate for these test cases. For most examined cases, the
uncertainty, due to interpolation, is ~¥30 %. For cases with extreme large fluxes, uncertainty
can get larger.
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Figure 22. Scatter plot of building factors from ISL3A and interpolated building factor from OPS. Upper left: Vs= 1.0 m/s, Ds=
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1.0 m, F=0.79 m3/s. Upper right: Vs= 1.0 m/s, Ds= 3.7 m, F = 10.8 m3/s. Lower left: Vs= 6.1 m/s, Ds= 1.0 m, F = 4.8 m3/s.
Lower right: Vs= 6.1 m/s, Ds= 3.7 m, F = 65.6 m3/s. Other parameters: hemis=7.2 m, L=50m, W/L=0.4, H=7 m. The
outliers for 3 km (e.g. two red dots in lower right panel) are caused by the choice that the building factor = 1 at 3 km.
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