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EXECUTIVE SUMMARY 

 
Modeling and field measurements have been conducted between 2019 and 2021 to assess the practicality 

of using a non-zero deposition velocity for safety basis estimates of tritium oxide fate and transport 
modeling. A model was developed which used a complex deposition algorithm designed to assess how 
tritium oxide would mix based on the turbulent motions and wind speed effects that the forest canopy has 
on the atmosphere. The model was driven based on measurements of wind and turbulence taken from the 
Aiken AmeriFlux Tower which measures these properties at five levels located within and just above the 
forest. The model was then validated against a series of field experiments which were designed to test the 
model predictions and estimate the deposition velocity occurring over the forest environment at the 
Savannah River Site. The field releases used deuterium oxide as a surrogate for tritium oxide and was 

released as a fine mist which rapidly evaporated, creating a gaseous tracer in the atmosphere. Using air 
samplers, the elevations in deuterium concentration in the air relative to background measurements was 
assessed and then modeled. Generally, the numerical model tended to underpredict the amount of deuterium 
being mixed from above the canopy to the forest floor, indicating that the predictions it provides are still 
conservative relative to what was measured during the field experiments. Across a suite of modeling runs, 
the 95th and 99th percentile deposition velocities were estimated to be 1.2 and 0.7 cm s-1, respectively. 
Estimated deposition velocities in the 2021 field experiments, which specifically assessed a release above 

the forest canopy and its mixing to the surface, predicted deposition velocities ranging from 1.75 to 6.61 
cm s-1. While these field releases do not cover all possible meteorological conditions, it seems appropriate 
to use a non-zero deposition velocity when performing safety-basis modeling of tritium oxide. The 
recommendation presented in this report is to use 1.0 cm s-1. This is between the 95th and 99th percentile 
value estimated from the modeling study, suggesting it should be appropriate for the majority of release 
scenarios given the model’s apparent conservatism relative to field measurements. 
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1.0 Introduction 

 

Releases of tritium to the atmosphere from the operation of nuclear reactors, reprocessing plants, 

and tritium processing facilities may result in potential health risks to facility workers, co-located 

workers, and the public. Most atmospheric releases of tritium consist primarily of its elemental 

(HT) or oxide (HTO) forms (Kessler, 1983). HT is a low-energy beta emitter with inhalation as 

the primary dose pathway. However, HTO exposure is of much greater concern due to its 

molecular similarity to water which is readily exchanged in plants and organic tissue (Ojovan and 

Lee, 2005), and then rapidly distributed throughout the body, leading to cell damage as it 

undergoes radioactive decay. Accordingly, HTO has a significantly larger Dose Conversion Factor 

(DCF) than HT, posing a much greater risk to human health (EPA, 1988). 

 

To reduce potential radiological consequences from HT and HTO releases, material-at-risk limits 

may be placed on tritium processing facility inventories and/or production levels. These 

administrative controls are typically determined by radiological consequence assessments using 

atmospheric transport and diffusion models for unmitigated releases which predict potential 

downwind concentration and dose to the workers and the public. Several similar models are 

available to perform the assessment, all based on Gaussian dispersion methodology. MELCOR 

Accident Consequence Code System Version 2 (MACCS2) (US DOE, 2004) and Generation II 

Environmental Radiation Dosimetry Software System (GENII) (Napier, 2011) are two of the 

radiological consequence codes that are available through the DOE Central Registry of safety 

software (Defense Nuclear Facility Safety Board, 2011). The Gaussian dispersion methodology 

enables an analyst to take a large meteorological data set, spanning a large range of possible 

atmospheric dispersion conditions, and calculate cumulative frequency statistics of predicted time-

averaged plume and potential consequences (Hanna et al., 1982). However, this methodology uses 

several simplified environmental characteristics (Miller and Hively, 1987) such as temporally- and 

spatially-uniform meteorological conditions, discrete plume diffusion modes based on typing 

atmospheric stability; applying roughness length and zero-plane displacement parameters to 

describe frictional drag imposed by the ground surface, and deposition velocity algorithms to 

describe an average rate of plume depletion by surface contact. 

 

HTO has been shown to have a complex behavior with the environment; it behaves like water 

vapor in terms of its interactions with soil and vegetation but is also subject to uptake and 

respiration processes. Lee et al. (2012) identified that for facility safety basis modeling, a 2 h 

residence time of HTO within vegetation or soil should be used, which represents a fairly rapid 

cycling of HTO in and out of the environment relative to the 24 h period typically used for dose 

assessment calculations. Its interactions with soil are further dependent on the soil moisture 

conditions (Garland, 1979). Galeriu and Melintescu (2015) identify that more detailed 

understanding of the transfer of HTO between the atmosphere, soil and vegetation is still needed 

and is an important component for accurately performing dose modeling for accident analyses. 

 

The UFOTRI model (Raskob, 1999) has been the most widely used model specifically designed 

to assess the movement of tritium in the environment. A sensitivity analysis identified that 

interactions with the surface and vegetation contain the most (Galeriu et al., 1995). A potential 

shortcoming with UFOTRI and similar models is that, once deposition has occurred, the deposited 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib18
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib23
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib23
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib7
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib29
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib22
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib5
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib16
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib20
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib19
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib12
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib9
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib26
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib10
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material remains in that location unless the model accounts for potential resuspension of deposited 

material. In complex environments, it is possible that movement of the deposited material could 

occur on rapid timescales. For instance, within a forest canopy, there can be transport within the 

airspace of the canopy that is distinctly different from the surrounding environment above the 

canopy. A closer examination of the complex environment may yield interesting facets of transport 

that would not be captured by the traditional Gaussian models. 

 

Gaussian models typically assess deposition using a single deposition velocity which is designed 

to account for the complex interactions at the surface using a single number to describe the net 

effects. This parameter is based on a range of measurements and is highly site- and environment-

specific. For this reason, we have undertaken a detailed study of the forested environment at the 

Savannah River Site (SRS) to assess the range of deposition velocities in the forest and identify 

what would be considered a conservative deposition velocity for use in safety basis modeling. 

 

A forested environment has a spatially varying wind flow and turbulence regime separate and 

distinct from the free atmosphere above it. Several earlier analyses of wind structure in forested 

environments have shown that wind direction changes within the forest canopy (Smith et al., 1972), 

and that the standard logarithmic wind profile is not maintained due to frictional effects of the 

forest (Garratt, 1980; Parlange and Brutsaert, 1989). While the zero-plane displacement parameter 

partially accounts for this change by shifting the logarithmic wind profile upward to a more 

representative height, it does not account for deposition, which is permanently removing material 

onto an idealized surface. Accordingly, the Gaussian model is much too constrained to accurately 

depict ongoing HTO transport and fate as it moves from the free atmosphere to the forest canopy 

atmosphere and then to the understory atmosphere, before recycling back to the free atmosphere. 

The presence of a separate flow regime below the forest canopy transports HTO horizontally at a 

different rate within the forest compared to its transport rate above the forest. Ejection and sweep 

events (i.e., strong bursts of upward and downward vertical motion across the forest boundary) 

result in intense turbulent motions (Zhu et al., 2007; Guo et al., 2010), propelling HTO into the 

forest, or flushing it out of the forest and back into the free atmosphere at a rapid rate (Rannik et 

al., 2016). While the effects may be minimal through the depth of the plume, the effects on near-

surface concentration has a direct impact on the determination of radiological consequences. 

 

In addition, forest vegetation absorbs HTO from the atmosphere as part of natural photosynthetic 

and evapotranspiration processes (Canadian Nuclear Safety Commission, 2009). The removal of 

HTO from the atmosphere through the mixing and absorption processes can be inferred in the 

standard Gaussian models from a determination of a deposition velocity. However, most of the 

HTO that is taken up by vegetation in the canopy region is returned to the atmosphere through 

resuspension, with a half-life of less than 1 h (Brudenell et al., 1997; Boyer et al., 2009), leading 

to the conservative assumption of no deposition. Moreover, these processes will lead to some HTO 

redistribution well into the forest understory where it will be affected by additional mechanical 

shear and by changes in both wind direction and wind speed. Unfortunately, the extent to which 

the forest environment acts to further disperse an airborne plume and how this enhanced dispersion 

affects net deposition velocity and plume centerline has not yet been fully researched. While these 

processes are far too complex to capture in a Gaussian modeling architecture, it may be possible, 

with a more comprehensive model, to determine a representative deposition velocity for HTO that 

captures a physically realistic net effect on the plume. 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib27
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib13
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib24
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib35
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib15
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib25
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib25
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib4
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib3
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib2
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With this objective in mind, the Savannah River National Laboratory (SRNL) performed a review 

of dispersion modeling methodology for HTO, mainly in response to findings issued by the 

Defense Nuclear Facility Safety Board (DNFSB, 2011). The DNFSB was concerned that the 

application of a specified deposition velocity (i.e., 0.5 cm s−1) in design safety analysis modeling 

of HTO plumes at SRS was not supported by current scientific understanding and may not be 

sufficiently conservative to ensure that no adverse worker or public health risk existed in the event 

of a release of HTO. A subsequent study by Murphy et al. (2012) examined experimental data 

collected at SRS on the uptake processes and subsequent resuspension of HTO from surface 

vegetation. This study concluded that the time scale of uptake and resuspension was of sufficiently 

short duration that no net deposition would occur during the integration period (i.e., approximately 

24 h) considered by safety-related radiological consequence assessments. As a result, the report 

recommended that modeling for design safety analysis should not credit removal of HTO by 

deposition in order to maintain a sufficiently conservative upper-bound for dose estimates at key 

downwind receptors. It should be emphasized that the DNFSB studies used the aforementioned, 

limited Gaussian modeling techniques, which made it impossible for it to examine the potential 

influence of the forest on fate and transport (Viner, 2012). Since the presence of extensive forests 

at SRS creates a micrometeorological environment where wind speed and wind direction will vary 

from above to below the forest canopy, the application of a Gaussian plume model is not 

sufficiently robust to capture these complex dispersion patterns. The current study seeks to 

quantify a deposition velocity that serves as a surrogate for the effective removal of HTO, with 

respect to a downwind receptor of concern, due to enhanced dispersion resulting from the complex 

interactions of the plume within the forest canopy and understory. 

 

To demonstrate a more realistic value of deposition velocity, measurements from the Aiken 

AmeriFlux tower at the SRS were used as input to an atmospheric transport model, which can 

address two separate flow regimes above and within the forest. This coupled model was developed 

to quantify the movement of an airborne effluent from the free atmosphere as it moves in and out 

of the confined forest canopy and understory atmospheres. The SRNL model enables an estimation 

of the potential decrease in near-surface concentrations that result in comparison to using a simple 

Gaussian model. Accordingly, the magnitude of the predicted flux can be used to determine 

suitable deposition velocity magnitudes for use in simpler Gaussian models. In addition to 

improving the understanding of how forests influence dispersion, this model can also inform 

decisions regarding the determination of appropriate values of deposition velocity in highly 

complex environments. 

2.0 Modeling and Analyses 

 

2.1  Model Descriptions 

 

The coupled dispersion model developed for this study consists of: (1) A Gaussian model to 

simulate atmospheric dispersion above the tree canopy (z >/ = 25 m); and, (2) An advection-

diffusion model of transport to simulate transport within the forest (z < 25 m), where z is the height 

above the ground. 
 

2.1.1  Gaussian Dispersion Modeling 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib5
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib21
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib31
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The traditional Gaussian model concentration in three dimensions for an elevated release is 

represented by: 

𝐶(𝑥, 𝑦, 𝑧) =
𝑄

2𝜋𝑈𝜎𝑦𝜎𝑧
𝑒𝑥𝑝 (

−𝑦2

2𝜎𝑦
) 𝑒𝑥𝑝 (

−(𝑧 − ℎ)2

2𝜎𝑧
+

−(𝑧 + ℎ)2

2𝜎𝑧
) 

 

where, C is the concentration at any (x, y, z) point downwind, Q is the source term, U is the wind 

speed, σy and σz are diffusion parameters for the horizontal and vertical planes, respectively, and h 

is the source height. The plume was initialized as a point release of 30-min duration at a height of 

61-m. The release height was chosen because that is the approximate height of the tritium facility 

stacks at SRS. The selection of a surface height (i.e., zero-plane) for the Gaussian model is not 

necessarily clear since there is a gradual transition occurring between the turbulence characteristics 

above the canopy which is generated by mechanical turbulence (i.e., wind shear) and thermal 

turbulence (i.e., buoyancy) terms and the turbulence generated by the forest canopy which is more 

by mechanical means (Arya, 2001). The surface for the Gaussian model was selected to be at 25 m, 

which is the forest-free surface layer height, equivalent to the approximate height of the loblolly 

pine forest. Direct measurements at and below the forest height from the Aiken AmeriFlux tower 

were used to describe the more complex vertical wind profile through the forest and understory. 

Values for σy and σz are determined from the standard deviations of the horizontal and vertical 

components of wind direction, respectively (Garrett and Murphy, 1982). The value of σy is 

calculated by: 

 

𝜎𝑦 = 𝜎𝑎𝑥
𝑥−0.2

1.67 + 0.3 (
|1 − 𝑥−0.2|

0.48
)

0.5 

 

where x is the downwind distance the plume has traveled and σa is the standard deviation of the 

horizontal wind direction. The determination of σz is based on the Pasquill stability class, 

calculated as a function of σe based on EPA protocols (EPA, 2000; Hunter, 2012) and downwind 

distance from the source, as shown in Equations (3a), (3b), (3c), (3d), (3e), (3f)): 

 

𝐴 𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝜎𝑧 = 0.20𝑥 

𝐵 𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝜎𝑧 = 0.12𝑥 

𝐶 𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝜎𝑧 = 0.08𝑥(1 + 0.0002𝑥)−0.5 

𝐷 𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝜎𝑧 = 0.06𝑥(1 + 0.0015𝑥)−0.5 

𝐸 𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝜎𝑧 = 0.03𝑥(1 + 0.0003𝑥)−1 

𝐹 𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 𝜎𝑧 = 0.02𝑥(1 + 0.0003𝑥)−1 

 

2.2.2 Forest Canopy Model 

 

Most models use a deposition velocity to predict the effect of plume material settling on the surface. 

Here, we are interested in assessing what the deposition velocity should be, so we instead attempt 

to explicitly model the deposition processes as movement of HTO into the forest, transfer between 

different levels of the forest, and movement from the air into the vegetation and the soil. Deposition 

velocity is then calculated for each scenario and a distribution of calculated deposition velocities 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib1
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib14
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib8
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib17
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fd3a
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fd3b
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fd3c
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fd3d
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fd3e
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fd3f
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will be used to determine the 1st and 5th percentile deposition velocity which would correspond 

to the more conservative rates of deposition which we would look to apply in safety basis modeling. 

The mass of HTO predicted to move into the forest from the free atmosphere above it is then used 

as a source term for the advection-diffusion transport model that predicts transport within the forest. 

In a similar manner, resuspension in this model refers to the upward flux of airborne material from 

the forest canopy back to the free atmosphere. Where the canopy portion of the plume was 

predicted to exceed the concentration of the free atmosphere above it, the flux calculation yielded 

a negative deposition velocity which was treated as a resuspension velocity separate from the 

deposition velocity. 

 

The downwind effects of HTO deposition (i.e., downward flux of HTO from the free atmosphere 

to the forest canopy atmosphere) on the Gaussian plume was modeled by applying negatively-

sourced Gaussian plumes originating at the points of deposition. In a similar manner, the 

resuspension of HTO (i.e., upward flux from the forest canopy atmosphere to the free atmosphere) 

was modeled as positively-sourced Gaussian plumes. This technique created a family of 

overlapping plumes which, when summed with the original plume, predicts the resulting 

downwind concentration including full HTO recycling through the forest environment. 

 

Transport within the forest was modeled by first dividing the forest into a 10-m downwind grid 

(dx = 10 m) with four vertical levels, which spanned lower and upper understory levels (i.e., 0–

7 m, 7–15 m) and lower and upper canopy levels (i.e., 15–20 m, 20–25 m), centered around the 

four measurement heights of the Aiken Ameriflux Tower located within or below the forest 

canopy (Figure 2-1). Transport within the forest canopy and understory was modeled using an 

advection diffusion method (Egan and Mahoney, 1972): 

 
𝜕𝐶

𝜕𝑡
= −𝑢

𝜕𝐶

𝜕𝑥
− 𝑣

𝜕𝐶

𝜕𝑦
−

𝜕

𝜕𝑧
𝐾

𝜕𝐶

𝜕𝑧
 

 

where C is concentration, u and v are the horizontal wind speeds in the x- and y-directions, 

respectively, and K is the vertical turbulent diffusivity. The term on the left represents the change 

in concentration with time. The first term on the right-hand side of the equation is the downwind 

transport of the concentration at each height level within the grid. The third term describes the 

diffusion between vertical levels as a function of the vertical concentration gradient between 

adjacent levels and the atmospheric resistance between these levels and is treated in a manner 

identical to that of the Gaussian model (Garrett and Murphy, 1982). The horizontal diffusion and 

vertical advection terms, which are not shown, have been omitted since they are negligible 

compared to the horizontal advection and vertical diffusion terms. At each of the 4 levels, the 

meteorological conditions were modeled using half-hourly averaged meteorological data from a 

20-Hz sonic anemometer located at each measurement level of the tower; allowing the model to 

account for changing wind direction with height above ground. This wind direction change 

introduces a mechanical shearing effect on the plume since it could travel in different directions 

based on the variable wind conditions at each level. 

 

Flux of HTO into the vegetation is driven by the concentration gradient between the atmosphere 

and the vegetation. Many models simulate the rate of uptake or respiration by the vegetation by 

calculating resistance terms to describe how easy or difficult it is for HTO to move between the 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fig1
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib6
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib14
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atmosphere and the vegetation (Uptake source). We use the method described by Garratt and 

Murphy (1982) which is based on measurements of HTO releases and accounts for differences 

between daytime and nighttime scenarios due to stomatal opening and closing. HTO moves into 

this vegetation when the HTO concentration is lower within the vegetation than the atmosphere, 

and HTO moves back to the atmosphere when the concentration was greater within the vegetation 

than the atmosphere. Soil flux of HTO was also simulated for the lower understory levels following 

the same modeling approach used for vegetation that describes the rate of transfer as a function of 

the concentration gradient between the lowest level of the model and the soil.  

 

Plume depletion was quantified at the 25-m level by comparing the baseline Gaussian model in 

which it was assumed that no deposition occurred (i.e., deposition velocity = 0.0 cm s−1) to the new 

coupled modeling framework that addresses the effects of forest interactions on the HTO plume. 

Of great interest were the concentrations 10 km from the HTO release at the edge of the SRS site 

boundary, where offsite populations could be affected. 
 

2.2  Description of Modeling Cases 

 

The Aiken AmeriFlux tower is a 30-m high walk-up tower equipped to measure 

micrometeorological variables at the 2-m, 12-m, 18-m, 25-m and 28-m levels. It had continuously 

monitored key meteorological variables during its 39-month operation between February 2011 and 

April 2014. Each level of the tower is instrumented with a 20-Hz sonic anemometer (i.e., CSAT3; 

Campbell Scientific, Logan, Utah, USA) to measure three-dimensional winds (u, v, w) and virtual 

temperature (Tv) along with an open-path CO2/H2O gas analyzer (i.e., LI-7500; Li-Cor Biosciences, 

Lincoln, NE, USA) to measure ambient CO2 and water vapor concentrations. The instruments 

monitored the meteorological conditions by taking samples at 20 Hz which were then binned into 

30-min averaging periods. Averages of wind speed, wind direction and water vapor, as well as 

water vapor flux, were 

calculated for each 30-min 

period. Periods which had 

missing values for greater than 

10% of the period at any of the 

five levels were considered 

incomplete and subsequently 

removed. 

 

A total of 12,615 periods were 

identified where 30-min 

averages of the data required 

for this analysis were available 

at all five levels of the 

AmeriFlux tower. Cases were 

then further down-selected to 

ensure that no rain had 

occurred in the previous 6 h 

(i.e., instruments were dry), 

and that the wind was blowing 

 
Figure 2-1. Illustration of the Aiken AmeriFlux tower and model 

levels relative to the pine forest canopy and understory. 
 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib14
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib14
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in a sector from 90° clockwise to 270° (i.e., East-West). 

Since the tower instruments are mounted on booms 

extending 5 m to the south of the tower, this latter 

condition was imposed to ensure that mechanical 

turbulence from the tower structure, which would 

obfuscate the data, was minimized. Another reason for 

selecting this downwind sector was to ensure a relatively 

homogenous fetch over the forest landscape so that the 

measured flow could not be influenced by local 

agricultural or industrial regions which have significantly 

different roughness lengths. After accounting for these 

constraints, 5963 periods remained for analysis. 

 

To account for potential biases related to the tilt of the 

sonic anemometers, as well as from gently sloping 

topography, a planar fit was applied to the measurement 

data prior to analysis. The planar fit was performed 

following a technique which imposes a coordinate 

transformation to ensure that the mean vertical velocity 

is zero (Wilczak et al., 2001). Additional corrections to 

account for density fluctuations were applied following a barometric pressure-related methodology 

(Webb et al., 1980). The pressure measurements required for performing the density fluctuation 

corrections were taken from 15-min averages from a sensor located near the center of the SRS, 

approximately 10 km from the Aiken AmeriFlux tower. With respect to this technique, the 

pressure data were judged to be spatially representative. 

 

The atmospheric stability category used for determining the σz was based on the standard deviation 

of the vertical wind direction, σe, measured at the Climatology Tower at SRS, a 61-m tower located 

17-km away at the center of SRS. The range of σe recommended by the EPA (2000) for each 

Pasquill stability class is representative of flat environment with a roughness length of 15 cm and 

wind measurements taken at 10 m. EPA-recommended corrections were applied to account for 

differences in roughness length (160 cm), displacement height (18 m), and the height of wind 

measurements (61 m) of the forest at SRS (US EPA, 2000; Weber et al., 2012). 

 

To ensure that the range of meteorological conditions were temporally representative of the overall 

climatological conditions of the region, a comparison of stability classes was conducted between 

the simulated periods and a five-year climatology of stability class at SRS (Figure 2-2). Individual 

periods were binned according to the six Pasquill stability classes, where Class A is the most 

unstable, Class D is a neutral stability, and Class F is the most stable. There are only small 

differences in the stability class distribution and this pattern is reasonably representative of the 

general climatological conditions in the region. 
 

Figure 2-3 presents the results of an analysis to determine the magnitude of wind direction changes 

with height in the forest canopy and understory. The counter-clockwise (CCW) and clockwise 

(CW) changes in 20-degree azimuth increments of the wind direction at each level was determined 

relative to the 28-m level of the AmeriFlux tower, which is representative of the prevailing wind 

 
Figure 2-2. Comparison of stability 

classification frequencies at the Aiken 
AmeriFlux tower (black) and the five-
year climatological record taken at the 

Climatology tower at the Savannah 
River Site (gray). 

 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib34
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib32
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib8
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib30
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib33
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fig3
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direction above the forest canopy. This analysis showed that wind shear occurred at all levels of 

the forest, and the shear was greater in magnitude in the understory regions of the forest canopy, 

which was the expected outcome. At the top of the forest canopy, represented by the 25-m level, 

the data show that very little shearing occurred (i.e., more than 95% of the cases exhibited wind 

direction changes of less than 20° azimuth). Deeper into the lower canopy, represented by the 18-

m level, 70% of cases exhibited wind direction changes less than 20° azimuth, as the canopy effects 

on the wind field became more pronounced. At the lower and upper understory levels (i.e., 2-m 

and 12-m levels, respectively), the cases which exhibited wind direction changes less than 20° 

azimuth, dropped to 40% and 46%, respectively, suggesting that within the understory, the wind 

direction is often greater than 20° azimuth different than above the canopy. The distribution of 

winds turning to the right (i.e., CW) or to the left (i.e., CCW), moving downward through the 

forest canopy was nearly even. 

 

2.3 Field Release Instrumentation 

 

Measurements of airborne D2O released during field experiments were taken using multiple 

methods to provide redundancy and comparative methods of analysis. The two primary methods 

were to use condensation samplers and air pump samplers. 

 
Figure 2-3. The change in wind direction between the 28m level and 2, 12, 18 and 25m levels. Negative 
changes in wind direction indicate a counter-clockwise shift while positive values indicate a clockwise 
shift from the 28m level. Bars indicate the number of cases which fell between the x-axis values (i.e., the 
number of cases between 0 and 20°, between 20 and 40°, etc.). 
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The condensation samplers consisted of using frozen water bottles suspended from trees which 

acted as condensers for water vapor in the atmosphere. By condensing the water, we were able to 

periodically collect the water in glass vials which was later analyzed. These samples provided 

time-averaged D2O concentrations in the atmosphere which could be express the amount of 

deuterium in the atmosphere in terms of parts-per-million of Hydrogen. The benefit of these 

samples was that they could be taken over shorter time periods with ease. After each collect, the 

frozen water bottle would be dried and cleared of liquid condensation to ensure that there was no 

carry-over from one sample to the next. 

 

The air pump samplers were used beginning in 2021 to simulate the type of air sampling used by 

the SRS environmental monitoring program. The air pumps moved air at a rate of 8-10 LPM 

through a silica-gel medium. Moisture in the atmosphere was captured by the silica-gel beads and 

subsequently analyzed by pyrolyzing the beads, capture of the moisture evaporated during the 

process, and analyzing the moisture captured to express deuterium in terms of parts-per-million 

Hydrogen. 

 

2.4 Sample Collection and Distillation:  

 

Ambient air/moisture was collected for background, during release and post-release time periods. 

The sample intervals occurred on average 30 min before D2O release for the background, during 

the release for ~25 min, and at 30 min intervals for a total of 90 min post-release. One sampling 

tube was attached to the sampling train per time interval. After sampling was completed the 

sampling tube was immediately removed from the sampling train, sealed with parafilm on each 

end, and placed inside of a barrier bag. The barrier bag was held at 4°C and transported back to 

the laboratory where there parafilm was removed from the tube ends and the sampling tube 

weighed for a final mass measurement of water absorbed post collection, Mass post-collection 

(MPC). The silica gel was weighed and returned to a barrier bag and held at -20°C. Water adsorbed 

onto the silica gel was collected by heating the silica gel to 220°C at a ramp rate of 4°C min-1 and 

held for 65 min using a Raddec Pyrolyser-6 TrioTM combustion furnace (Raddec International Ltd., 

United Kingdom) with a 0.5% Plantium-Alumina catalyst (10 g). One gram of silica beads were 

placed into the quartz sampling boats and processed in duplicate.  

 

The distillate was collected in bubbler trap containing 10 g of 0.1 M HNO3 and analyzed for the 

Deuterium: Hydrogen ratio (D/H) by a PICARRO L2130-i Isotopic Water Analyzer (PICARRO, 

Inc., CA, USA). Determination of residual moisture in the silica gel was determined by bakeout at 

900°C in the Raddec Pyrolyser-6 TrioTM. To determine the concentration of the D/H in ppm a 

series of D standards (137.0, 139.59, 145.54, 149.03, and 155.45 ppm) were run and data 

normalized by weighted average. Samples were analyzed as a function of time collected after 

release in minutes.  

3.0 Results and Discussion 

 

3.1 Modeling Studies 

 



SRNL-STI-2021-00643 
Revision 0 

 10 

Figures 3-1 through 3-3 present a summary of the deposition velocity, resuspension velocity, and 

net deposition velocity, respectively, that was calculated by the coupled model. The deposition 

velocity in Figure 3-1 represents the transfer of HTO from the free atmosphere above the forest to 

the canopy atmosphere. Deposition velocities ranged from 0.6 cm s−1 to 17.9 cm s−1, with the 

highest values occurring during unstable and neutral stability classes and a slightly lower upper 

bound during stable stability cases. The highest mean values of deposition velocity occurred in 

weakly unstable and neutral cases (i.e., C and D stability), while minimum values of deposition 

velocity were about the same for all stability classes. 

 

In Figure 3-2, the resuspension velocity, which represents the transfer of HTO from the canopy 

atmosphere back into the free atmosphere, exhibited a similar pattern of mean and minimum values 

across all stability classes, with a slight increase in the mean occurring for neutral stability.  

 

Summing the deposition velocity and resuspension velocity for each case produced a ‘net 

deposition velocity’, which ranged from 0.1 cm s−1 to 17.6 cm s−1, as shown in Figure 3-3. The 

distribution of net deposition velocity by stability class was virtually the same as the calculated 

deposition velocity, which is again expected given that the range of deposition velocity was more 

than twice that of resuspension velocity, and more than four times greater in the unstable cases. 

For all stability classes, the magnitude of the mean deposition velocity was 2–3 times greater than 

the magnitude of the resuspension velocity. 

 

Murphy et al. (2012) had earlier concluded conservatively that in the context of modeling an HTO 

release for safety-related radiological consequence assessments, no deposition should be 

considered in radioactive consequence calculations. This conclusion was based on the premise that 

the cycle of deposition, uptake, and resuspension of HTO in the environment occurs on very short 

time scales, ranging from minutes to hours. While this behavior is generally true, radiological 

consequence models are typically Gaussian which are unable to address the physics of a plume 

interacting with the surface environment in any way except through simple dry deposition 

processes. While the conventional approach of using Gaussian models without credit for 

deposition provides an upper bound for plume concentrations and radiological consequences, 

additional comprehensive parameterization of the HTO recycling process could provide analysts 

a means to calculate more realistic values. SRNL has examined how complex forested 

environments may be characterized by modeling the dispersion of an HTO plume over a forested 

region using a more comprehensive modeling scheme that has been calibrated by a statistically-

significant sample of wind measurements spanning the forest environment from the forest floor to 

a few meters above the forest canopy. 

 

Figure 3-4 presents an example of the modeled concentrations at each level of the model. The 

figure illustrates how HTO can move from the free atmosphere at the 28-m level into the lower-

level canopy and understory areas. During the plume passage, the HTO concentrations in the forest 

canopy atmosphere are roughly an order of magnitude less than the free atmosphere. Following 

the plume passage, the model levels within the forest quickly come to a near-equlibrium at all 

levels. Resuspension from the forest is also observed to occur, with the 28-m level remaining 

approximately an order of magnitude below the within-canopy concentration. The HTO 

concentration within the canopy had a tendency to drop only slowly following the plume passage,  

 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib21
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Figure 3-1. Range of modeled deposition velocity as a function of Pasquill stability class. The horizontal 

lines in the boxes represent the 1st quartile, mean, and 3rd quartile values, while the whiskers represent the 
full range of deposition velocity. 

 

 
Figure 3-2. Range of modeled resuspension velocity as a function of Pasquill stability class. The horizontal 
lines in the boxes represent the 1st quartile, mean, and 3rd quartile values, while the whiskers represent the 

full range of resuspension velocity. 

 

 
Figure 3-3. Range of modeled net deposition velocity as a function of Pasquill stability class. The 

horizontal lines in the boxes represent the 1st quartile, mean, and 3rd quartile values, while the whiskers 

represent the full range of net deposition velocity estimates. 
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indicating the potential for 

HTO to be held up within the 

forest airspace for a substantial 

amount of time after the initial 

plume passes. 

 

The deposition velocities 

estimated in this study ranged 

from 0.6 cm s−1 to 17.9 cm s−1. 

Compared to other published 

deposition velocities, such as 

between 0.1 and 

10 cm s−1 (Galeriu et al., 2008), 

the model predicted range 

appears somewhat high. 

However, it should be noted 

that previously reported 

deposition velocities, as well as 

those applied in commonly-

used radiological consequence 

dispersion models, are single 

values that encompass all 

stages of HTO transfer from 

the atmosphere into vegetation 

or the soil matrix. Earlier 

studies did not use a coupled 

advection model. 

 

The predicted values represent not only direct plume deposition through vegetative absorption, but 

also the rate of transfer of HTO from the free atmosphere into the canopy atmosphere. Once in the 

understory layer, the SRNL coupled model transports HTO within the forest, often in a direction 

different from the prevailing free atmosphere wind direction (see Figure 2-3). This wind shear 

shows that the model is advecting the peak canopy and understory atmospheric concentrations 

away from the centerline of the free atmosphere plume, which in turn, allows greater sustained 

downward flux of HTO compared to that of a simple Gaussian model that is unable to account for 

the micrometeorological conditions within the forest. This further lowers the peak centerline 

concentrations of the airborne plume and produces and increase in deposition velocity. 

 

Typical deposition velocities only describe the rate of HTO movement from the free atmosphere 

above the canopy to within the canopy. Since this study is not focused on deposition to surfaces 

but to a distinctly separate atmosphere, how HTO moves from within the forest canopy back into 

the free atmosphere needs to be better understood. The modeling results revealed a range of 

predicted resuspension velocities that had similar extremes to the range of deposition velocities. 

However, the resuspension velocity was determined to be approximately one-third of the 

deposition velocity across all cases. A plausible reason for this behavior may be that the forest 

understory approaches equilibrium following the passage of the plume, thus limiting the upward 

 
Figure 3-4. An example of the predicted HTO concentration. The 

solid black line indicates the expected concentration using a 
Gaussian model over the forest between 0.3 and 4.0 km, 

representing the baseline case. The dashed black line indicates the 
predicted concentration when forest interactions are included. 

Arrows indicate the leading (right) and trailing (left) edge of the 
plume resulting from a 30 min release. Additional concentration 

to the left of the arrows represents resuspension from the forest at 

the 28m level. The gray lines indicate concentrations at model 
levels within the forest. The depiction represents a snapshot of 

dispersion 100 min following the release in an unstable (PG 
Stability Class ‘A’) atmosphere. 

 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#bib11
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flux from the understory. This equilibrium may result from HTO deposition to the soil matrix 

occurring over longer time frames than the downward flux of HTO from the canopy levels of the 

forest to the understory level. In the example shown in Figure 3-4, the concentration gradient 

between the 2-m and 12-m understory levels would continue to drive HTO downward well after 

the plume passes, but as the magnitude of the gradient approaches zero, the downward transfer 

rate slows. If deposition to the soil matrix is a slower process than the downward flux of HTO, 

peak levels will exist somewhere else in the canopy or upper understory layer of the forest rather 

than near the surface for an elevated release occurring above the canopy. 

 

The influence of the forest, in terms of percent plume depletion, was remarkably similar at the two 

distances, indicating that forest size may not play an appreciable role beyond a certain distance, 

and that any change in the magnitude of HTO concentration that enters the forest canopy and 

understory air is primarily dependent on the ambient air concentration. Figure 3-5 shows the 

percent of plume depletion at 1 km and 10 km from the above-forest atmosphere relative to a 

Gaussian model that does not include transport and interactions within a forest environment. 

Slightly greater percentages of depletion were noted after 10 km of travel, but the average 

depletion was increased by less than 3% for 

unstable and neutral cases and increased by less 

than 5% for stable cases. This conclusion would 

suggest that the size of the forest does not affect 

the rate of plume depletion, but that larger forests 

will result in greater plume depletion. 

 

To develop a net deposition velocity that could 

be used in radiological consequence models, the 

resuspension velocity was subtracted from the 

deposition velocity. In all cases there was a net 

loss of material (i.e., depletion), since the 

deposition velocity was always greater than the 

resuspension velocity. With respect to design 

safety basis calculations, the lowest values of net 

deposition are typically of greatest interest as this 

limits the amount of plume loss and ensures 

conservatism in atmospheric plume 

concentrations. In this study, the 5th and 

1s percentile of net deposition velocities, which 

would lead to more conservative results, are 

1.2 cm s−1 and 0.7 cm s−1, respectively, which is 

more closely aligned with the range of reported 

deposition velocities. 

 

3.2 Field Releases 

 

Field releases of D2O were performed to assess 

the transport of a tracer moving into and through 

a forest environment. Based on measurements of 

 
Figure 3-5. The percentage of plume depletion 

from the above-forest plume relative to a 
Gaussian model that does not include transport 

and interactions within a forest environment 

for distances of 1 km and 10 km. 
 

https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fig7
https://www.sciencedirect.com/science/article/pii/S0265931X18301899?via%3Dihub#fig8
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D2O from samples of water condensed from the atmosphere and trapped in silica gel beads, we 

can assess the performance of the tritium deposition model to predict real-world transport cases. 

These field releases began with surface releases and sampling close to the release to ensure that 

we could see D2O in our measurements before moving to elevated releases above the forest canopy 

and sampling at greater distances. 

 

3.2.1  August 2019 

 

This release consisted of a release of 5 kg of D2O released over 20 minutes and sampling out to 

25 m. The goal of this release was to provide initial data on measuring deuterium in a real-world 

environment and to test sample collection methods. Background levels measured 12.5 m upwind 

of the release showed a slight increase following the release indicating a mixing of deuterium in 

the environment while other samplers showed a large increase during and following the release 

relative to the average background values of deuterium (Figure 3-6). Given the proximity of the 

samplers to the release, this is not necessarily a surprising outcome, but was beneficial in that it 

demonstrated our ability to capture deuterium increases in the atmosphere and provided initial data 

in support of the hypothesis that deuterium may remain in the environment following the release. 

 

 

3.2.2 June and July 2020 Releases 

 

These releases were replicates of the August 2019 release but with sampling out to greater 

distances as well as sampling at elevated locations using the AmeriFlux Tower. Each trial released 

5 kg of D2O over a duration of 20 minutes. These releases were designed to begin expanding out 

 
Figure 3-6: Measurements of deuterium in terms of ppm Hydrogen during and following the August 

2019 field release. Measurements at 10 minutes represent the release average; measurements at 35 
minutes represent the average between 20 and 50 minutes. 
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to greater distances of 100-200 m as well as sampling at elevated locations on the Aiken AmeriFlux 

Tower at heights throughout the forest canopy.  

 

At the surface, we continued to see increases in deuterium during the release and persistent 

elevated values of deuterium following the release for out to 1.5 hours which further supported our 

hypothesis that airborne releases which mix into the understory of the forest will persist rather than 

be transported out of the region (Figure 3-7). This requires that mixing occur into the understory 

from above the forest canopy, as would be the case in safety basis modeling relevant to the Tritium 

Facility, but further supports the idea that assuming no deposition or surface interaction, while 

conservative, does not accurately reflect what may be happening in the environment. 

 

These field releases do provide our first measurements to identify mixing of the plume vertically 

through the forest (Figure 3-8). Elevated measurements showed that the highest concentrations in 

the vertical were taken at 10m and 15m, despite the release being at the surface. This suggests that 

deuterium mixing vertically is becoming held up in the forest canopy layer where turbulent mixing 

is lower and wind speeds would also be at their minimum due to the presence of branches, leaves, 

and pine needles all act to provide drag on the atmosphere. In the July release, the measurements 

at 5 m (our closest level to the surface on the tower) actually exhibited the lowest concentration of 

deuterium in the sampling period following the release, suggesting that the plume in the understory 

was being transported away more quickly while the plume in the canopy was being held up for at 

least thirty minutes. The canopy concentrations decrease with time as it diffuses vertically out the 

top and bottom of the canopy, but the 15, 20 and 25m level measurements consistently appear 

among the highest concentrations measured at the tower, suggesting that mixing of the plume 

through the forest is indeed occurring and that the plume is being held in the canopy for at least 1-

2 hours after the release ends.  

 
Figure 3-9: Deuterium concentration in air during and following the February 2021 field release. Masses 
are adjusted to remove background. Measurements which fell at or below background are not shown. 
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3.2.3 February 2021 

 

This release was the first elevated release with sampling out to 350m. The goal of this release was 

to demonstrate that a release occurring above the forest could be detected at the surface after it 

mixed through the forest canopy as well as demonstrate that detection was possible at greater 

distances than previously sampled at. This was important to show since this would provide the 

best data that matched safety basis scenarios with elevated releases which are used by the Tritium 

Facilities. The release occurred at the top of the Aiken AmeriFlux Tower, located at 28m, which 

is 3-4m above the top of the forest. This also marked the first use of the air pump samplers in 

supporting our field deployments. 

 

Measurements from this release showed increases of 12-21 micrograms m-3 of deuterium in the 

atmosphere during the release at the 250m and 350m measurement sites. In the hour after the 

release ended, elevated concentrations of deuterium persisted with concentrations of 5-20 

micrograms m-3 measured above background. Modeling of the release generally agreed with the 

results, with the modeled concentrations at 350m shown in Figure 3-9. The model predictions were 

lower than the measured concentrations, which suggests that the model is not simulating the full 

extent of the canopy mixing.  

 

 

3.2.4 May 2021 

 

This release was designed as a 

replicate of the February 

release with an elevated source 

which released 10kg of D2O 

over 40 minutes. The primary 

difference was the use of 

sampling sites out to 700m to 

capture a longer distance of 

transport (Figure 3-10). 

Measurements of deuterium 

concentration again showed 

that values during the release 

were elevated above 

background, but only at the 

300m level were values found 

to remain above background 

for both measurement periods 

following the release (Figure 

3-11). At the 600 and 700m 

locations, concentrations 

dropped below background 

during both of the post-release 

measurement periods. 

 
Figure 3-10: Release and sampling locations used during the May 

2021 field release. 
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Model predictions of the release 

were mixed relative to the 

measured concentrations. At the 

300m level, the model predicted 

higher concentrations than 

measured, but nearly matched at 

the first post-release period before 

dropping back to background at the 

second post-release measurement 

period. At the 600 and 700m sites, 

the model underpredicted the 

measured concentration by 

approximately 50% and then 

predicted a slightly elevated 

concentration at the first post-

release measurement period which 

was not seen in the measurements.  

 

3.2.5 July and August 2021 

 

The July and August releases in 

2021 were conducted similarly to 

 

 
Figure 3-11: Deuterium concentration in air during and following the May 2021 field release. Masses 
are adjusted to remove background. Measurements which fell at or below background are not shown. 

 

 
 
Figure 3-12: Release and sampling locations used during the 

July 2021 and August 2021 field releases. 
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February and May 2021 releases using an elevated source which released 10 kg over 40 minutes. 

 
 

 
Figure 3-13: Deuterium concentration in air during and following the July 2021 (top) and August 

2021 (bottom) field releases. Masses are adjusted to remove background. Measurements which fell at 
or below background are not shown. 
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The primary difference in these field releases was the arrangement of samplers which were 

oriented perpendicular to the expected wind direction in an attempt to capture the spread of the 

plume lateral to the primary wind direction (Figure 3-12). The samplers were placed in an arc 

approximately 400 m downwind of the release point which covered the wind directions on both 

field days. 

 

During both field releases, elevated measurements of deuterium concentration were measured 

during the release and following (Figure 3-13). While the second post-release period detected no 

above background measurements in July, one was detected in August. However, the above-

background measurements in the post-release periods were very similar to the measurements taken 

during the release, suggesting that the plume which mixes into the forest is being held there in 

substantial quantity until such time that it leaves the region.  

 

Model predictions for the two releases are also shown in Figures 3-13. Because of the 

perpendicular arc of samplers all being essentially the same distance from the sampler and given 

the natural variability in wind direction during the release periods, the values selected for display 

represent the average and maximum concentration values at the arc distance since the model does 

not account for shifting wind direction. In the July release simulation, the average and maximum 

model concentrations for each sampling period were at least one order of magnitude below the 

lowest elevated concentration, and nothing above background was predicted for the second post-

release sampling period. In the  measurements, but the average concentration was much closer to 

the background.  

 

4.0 Recommendations for Deposition Velocity 

 

For the four simulations conducted against the elevated releases, the predictions of deposition 

velocity were collected and shown in Table 4-1. For the four releases in 2021, the estimated 

average deposition velocities ranged from 1.75 to 6.61 cm s-1 across the range of simulations used 

to model the weather conditions for each day. In most cases, the model concentrations were still 

underpredicting the measured concentrations which suggests that the model is not sufficiently 

mixing the airborne plume of deuterium into the forest canopy and its understory. If this is the case, 

then it would suggest that the actual deposition velocities should be somewhat larger than what 

was predicted. 

 

In the modeling portion of the work, the 95th and 99th percentile values of the deposition velocity 

were found to be 1.2 and 0.7 cm s-1, respectively. If the model is underpredicting the amount of 

Table 4-1. Estimated deposition velocity from the model ensembles used to simulate each of the 

elevated releases in 2021. 

 Predicted Deposition Velocity (cm/s) 

February 6.61 ± 0.25 

May 4.67 ± 0.32 

July  1.75 ± 0.26 

August 2.21 ± 0.33 
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mixing and plume depletion as a result of the complex forest structures, then it is possible the 95 th 

and 99th percentile values may in fact be slightly higher. Regardless, however, the use of a non-

zero deposition velocity appears to be plausible while maintaining the nature of conservatism 

desired in the safety-basis models. The recommendation of this report is that a value of 

approximately 1.0 cm s-1 is reasonable to provide conservatism for the vast majority of atmospheric 

releases. 

5.0 Summary 

 

This study clearly demonstrates that a significant reduction in HTO concentration at the centerline 

of the airborne Gaussian plume occurs through migration of HTO deep into the forest canopy and 

understory atmosphere, and where the material can be transported in a direction that is different 

than the above-canopy winds. In this way, while the HTO that is deposited into the forest may 

return to the atmosphere over a relatively short time scale, its return to the free atmosphere may 

occur some distance away from the original plume centerline. 

 

In all the study cases, some finite net deposition occurred, and the airborne concentrations 

predicted by the coupled model were around 60% lower at a receptor distance of 10 km than the 

results from the conventional Gaussian atmospheric transport models currently used in design 

accident analysis. Since the predicted radioactive dose varies linearly with air concentration, it is 

estimated that the worst-case potential dose determined from current models may be overpredicted. 

The results presented here suggest that there is a reasonable and defendable basis for using a non-

zero deposition velocity in these models, which still maintains conservatism, while acknowledging 

the mitigating effects of the forest on plume concentration and calculated dose at a downwind 

receptor. A value of approximately 1.0 cm s-1 seems plausible given that it is beyond the 95th 

percentile value and that the model appears to have a tendency to underpredict the deposition 

parameter based on comparisons of measured and modeled concentrations of elevated releases of 

deuterium. 
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