ADMS 6 Buildings Validation
Millstone Nuclear Power Plant

Cambridge Environmental Research Consultants

1 Introduction

April 2023

A series of tracer releases was carried out at the Millstone nuclear power plant® located near

Niantic on the Connecticut coast [2].

Each release comprised an hour-long continuous emission of SFe from a stack at 48.3 m or of
Freon-12 from three stacks at 29.1 m. A total of 36 releases of SFs and 26 releases of Freon-12
were carried out. Concentrations were measured at 38 receptor locations along three arcs. The

experimental set-up is illustrated in Figure 1.

Meteorological measurements were
made at an on-site tower, at heights of
10 and 43m. Winds were
predominantly on-shore, with
generally high speeds. The wind speed
exceeded 7 m/s for most hours and
reached more than 10 m/s for several of
the release periods. The majority of the
releases were carried out during stable
or neutral conditions.

The input data for the ADMS runs were
taken from the AERMOD files
downloaded from the United States
Environmental Protection Agency
website [3]. These data included the
arcwise maximum observed
concentrations that have been used for
comparison with the ADMS modelled
concentrations.

This document compares the results of
ADMS 5.2.0.0 with those of ADMS
6.0.0.1 (hereafter referred to as ADMS
5.2 and ADMS 6.0, respectively).
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Figure 1 — Millstone experiment site.

Section 2 describes the input data used for the model. The results are presented in Section 3 and

discussed in Section 4.

! Note that the study description and Figure 1 have been taken directly from the document [1].
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2 Input data

2.1 Study area

The site is located at 41.31°N and the surface roughness is 0.010 m. This relatively low
roughness chosen for the model runs was due to the close proximity of the experimental site to
the sea, and the fact that the winds were predominantly from the direction of the sea.

2.2 Source parameters

The source parameters are summarised in Table 1.

Emission temperatures were different for each of the releases, but were all close to ambient
temperature at around 21.9°C. Similarly, release velocities varied for different hours, but were
all close to 10 m/s. Note that the 1 g/s emission rate indicates that the observed concentrations
supplied in [3] have been normalised by the emission rate.

Source name Pollutant | Location | h (m) |V (m/s)| T (°C) | D (m) | Q (g/s)
REAC (reactor stack) SFs (0,0) 48.3 | varied | varied | 2.12 1
TURBL1 (turbine stack) | Freon-12 | (-77,32) | 29.1 | varied | varied | 1.40 1
TURB2 (turbine stack) | Freon-12 | (-66, -5) | 29.1 | varied | varied | 1.40 1
TURBS3 (turbine stack) | Freon-12 | (-53,-50) | 29.1 | varied | varied | 1.40 1

Table 1 — Source input parameters. h is the stack height, V the exit velocity, T the exit temperature, D
the effective diameter and Q the emission rate.

2.3 Receptors

The receptors were positioned in three arcs at distances of 350, 800 and 1500 metres downwind
of the sources, as shown in Figure 4.
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Figure 2 — The receptor network.
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2.4 Meteorological data

At 43.3 m, the wind speeds varied from 3.4 to
12.6 m/s, the wind direction from 147 to 232°
and the ambient temperature from 8.9 to
17.9°C.

Wind speeds at heights of 10 and 43.3 m were
input to the model.

The wind rose at 43.3 m is shown in Figure 3.

The meteorological conditions are presented 200
in Table 2. The criteria for the stability
categories are as follows, where H is the
boundary layer height and Lmo is the Monin-
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Figure 3 —Wind rose.

Obukhov length, as calculated by the model’s
meteorological processor:
Stable: H/Lmo > 1
Neutral: -0.3 <H/Lmo <1
Convective: H/Lmo < -0.3

Conditions ADMS 5.2 ADMS 6.0
Stable conditions 17 20
Neutral conditions 17 14
Unstable conditions 2 2
Total 36 36

Table 2 — Meteorological conditions.

2.5 Buildings

The building dimensions are given in Table 3 and their location relative to the modelled stacks

are shown in Figure 4.

Building name | Length (m) | Width (m) | Height (m) | Angle (°)
Reactorl 47.8 47.8 44.7 344.2
Reactor2 45.6 35.4 41.6 344.8
Turbinel 92.4 36.7 27.6 344.3
Turbine2 91.2 35.4 27.6 344.8

Table 3 — Dimensions of the buildings.
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Figure 4 — The building and stack locations.

3 Results

For this experiment, arc maximum modelled and observed concentration values are compared.

The data were processed using the Model Evaluation Toolkit v5.2 [4]. Scatter plots and
quantile-quantile plots of model results against observed data are presented in Section 3.1 and
statistical results are given in Section 0.

3.1 Scatter and quantile-quantile plots

Figure 5 and Figure 6 show the conventional scatter plots and the quantile-quantile plots
respectively of ADMS results for Freon-12 and SFe. Note that these quantile-quantile plots are
linear; care should be exercised when comparing these plots with similar ones presented with
logarithmic axes.
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Scatter Plot: 5.2 VS 6.0, ALL STATIONS, HOURLY MEAN SF6 (ug m°)
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Figure 5 — Scatter plots of ADMS results against observed concentrations (us/m3).
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ALL STATIONS, HOURLY MEAN SF6 (ug m™3)
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Figure 6 — Quantile-quantile plots of ADMS results against observed concentrations (ps/m3).
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3.2 Statistics

The Model Evaluation Toolkit produces statistics of the data that are useful in assessing model
performance. Statistics calculated include mean, standard deviation (Sigma), bias, normalised
mean square error (NMSE), correlation (Cor), fraction of results where the modelled and
observed concentrations agree to within a factor of two (Fa2), fractional bias (Fb) and fractional
standard deviation (Fs).

Table 4 shows the statistical results for both pollutants. Tables 5 and 6 show the statistical
results for the Freon-12 and SFe releases, respectively.

Data Mean | Sigma | Bias | NMSE | Cor Fa2 Fb Fs

Observed | 18.58 | 14.81 | 0.00 0.00 1.000 | 1.000 | 0.000 | 0.000
ADMS 5.2 | 1498 | 17.48 | -3.60 1.50 0.231 | 0.398 |-0.215 | 0.165
ADMS 6.0 | 15.13 | 1755 | -3.45 | 1.48 0.234 | 0.409 |-0.205 | 0.170

Table 4 — Statistics for both pollutants together over all arcs.

Data Mean | Sigma | Bias | NMSE | Cor Fa2 Fb Fs

Observed | 18.17 | 13.30 | 0.00 0.00 1.000 | 1.000 | 0.000 | 0.000
ADMS 5.2 | 26.22 | 21.05 | 8.05 1.07 0.314 | 0.692 | 0.363 | 0.451
ADMS 6.0 | 26.48 | 21.09 | 831 1.06 0.318 | 0.692 | 0.372 | 0.453

Table 5 — Statistics for Freon-12 over all arcs.

Data Mean | Sigma | Bias | NMSE | Cor Fa2 Fb Fs

Observed | 18.88 | 15.80 | 0.00 | 0.00 | 1.000 | 1.000 | 0.000 | 0.000
ADMS5.2 | 687 | 7.00 | -1201 | 272 | 0.410 | 0.185 | -0.933 | -0.772

ADMS 6.0 | 694 | 7.03 |-11.94 | 266 | 0.416 | 0.204 | -0.925 | -0.768

Table 6 — Statistics for SFs over all arcs.

4 Discussion

It is of interest to note that there is significantly different behaviour in the results between the
Freon-12 and SFs observed values. As this behaviour is also seen in the AERMOD modelling
of this experiment (see for example Figures 10 and 11 in [1]), it is likely that there may be some
systematic difference in the quantification of the observed data for the different pollutants used
in the experiments.

There is generally good agreement between ADMS modelled and observed concentration
values. The model tends to underestimate observed SFs concentrations and overestimate
observed Freon-12 concentrations.

The differences between ADMS 5.2 and ADMS 6.0 are generally small. Over both pollutants,
the statistics are generally slightly better with ADMS 6.0. There has been a change to the
meteorological processor, in which the solar elevation angle is calculated at the middle of the
hour rather than the end of it, which is having some effect in daylight hours. The ground-level
plume emanating from recirculation region is now also modelled as a line source rather than a
point source, with an initial concentration that is better matched to the uniform concentration
of the entrained part of the plume within the well-mixed recirculation region; this is also
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affecting results slightly. The development relating to how plumes that directly impact a
building are modelled does not affect this study as each source is directly above its main
building.
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