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WIND-TUNNEL MODELING OF THE DISPERSION
OF ODORANTS AND TOXIC FUMES ABOUT HOSPITALS
AND HEALTH CENTERS

Robert N. Meroney and Thomas Z. Tan

Fluid Mechanics and Wind Engineering Program
Colorado State University

Fort Collins, Colorado

Abstract. This paper presents results from wind-tunnel dispersion
studies performed around a hospital health center. Large research and
teaching hospitals or health centers frequently include animal laboratories,
contagious disease wards, incinerators, diagnostic laboratories, and
radiological treatment facilities. The resulting building complex thus
includes chemical fume hoods, exhaust ducts and short stacks distributed
almost randomly over the building roofs and walls. Such activities are
sources for odorants, air-borne bacteria or viruses, exotic and often toxic
chemicals, and radioactive gases. Wind-tunnel simulations of the resulting
transport of toxic or odorous scalar products are often needed to optimize
the placement of air handling units or mitigate existing re-entrainment
conditions.

Introduction

The concentration field produced by a source Tocated on or near a
hospital complex can be significantly modified from that predicted by
conventional diffusion formulae. Such formulae contain the implicit
assumptions that the flow field has straight parallel streamlines, modest
velocity gradients, and distribution of turbulence energy and length scales
which result from surface features that remain unchanged over Tong distances.
Near large hospital buildings the flow field becomes highly complex. Curved
streamlines, sharp velocity discontinuities, and non-homogeneous turbulence
disperse effluents in a complicated manner uniquely related to source
configuration and building geometry. Research and teaching hospitals or
health centers in particular often contain laboratories, disease wards,
incinerators, and radiological treatment facilities which can release
particularly noxious odorants and toxic gases. These facilities tend to grow
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WIND-TUNNEL MODELING OF THE DISPERSION
OF ODORANTS AND TOXIC FUMES ABOUT HOSPITALS
AND HEALTH CENTERS

Robert N. Meroney and Thomas Z. Tan

Fluid Mechanics and Wind Engineering Program
Colorado State University

Fort Collins, Colorado

Abstract. This paper presents results from wind-tunnel dispersion
studies performed around a hospital health center. Large research and
teaching hospitals or health centers frequently include animal laboratories,
contagious disease wards, incinerators, dijagnostic laboratories, and
radiological treatment facilities. The resulting building complex thus
includes chemical fume hoods, exhaust ducts and short stacks distributed
almost randomly over the building roofs and walls. Such activities are
sources for odorants, air-borne bacteria or viruses, exotic and often toxic
chemicals, and radioactive gases. Wind-tunnel simulations of the resulting
transport of toxic or odorous scalar products are often needed to optimize
the placement of air handling units or mitigate existing re-entrainment
conditions.

Introduction

The concentration field produced by a source located on or near a
hospital complex can be significantly modified from that predicted by
conventional diffusion formulae. Such formulae contain the implicit
assumptions that the flow field has straight parallel streamlines, modest
velocity gradients, and distribution of turbulence energy and length scales
which result from surface features that remain unchanged over long distances.
Near large hospital buildings the flow field becomes highly complex. Curved
streamlines, sharp velocity discontinuities, and non-homogeneous turbulence
disperse effluents in a complicated manner uniquely related to source
configuration and building geometry. Research and teaching hospitals or
health centers 1in particular often contain laboratories, disease wards,
incinerators, and radiological treatment facilities which can release
particularly noxious odorants and toxic gases. These facilities tend to grow
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and add extensions, wings or entire buildings which complicate the placement
of air handling units intended to mitigate re-entrainment of effluents.

Some general guidance exists about the flow field around building
complexes in the ASHRAE Handbook and Product Digectory, and monograph
chapters on turbulent diffusion near bui]dings.1"3 If concentrations
predicted by such methods are marginal or the building configuration is
unique then field or laboratory (wind tunnel) sampling at critical locations
are proposed. This paper presents the results of case studies of ventilation
problems associated with such a health center.

Cases studies to be considered include a) dispersion from fume hoods
and exhausts of the University of Colorado Health Sciences Center (UCHSC),
Denver, and b) transport of traffic exhaust into air handlers for tbg
proposed Biological Research Center (BRC), University of Colorado, Denver."

Fluid Modeling Criteria

Successful fluid modeling requires simulation of the characteristic
turbulent scales of the atmospheric boundary layer and the replication of
scaled flow around hospital buildings. Similarity criteria and wind-tugp;h
metrology are reviewed by Snyder (1981), Plate (1982), and Meroney (1986).°'
Critical -to accurate estimation of isolated plume dispersion will be the
reproduction of approach wind and turbulence profiles as characterized by
friction velocity, u., and roughness Tength, z,, or velocity profile power-
law exponent, a.

Often atmospheric turbulence may cause only weak effects compared to
the turbulence generated by a hospital complex and local terrain. Yet the
magnitude of the building induced perturbations depends upon the incident
flow turbulence scale and intensity, details of the hospital shape and
surface roughness, and size of the hospital compared to the boundary layer
depth. Geometrical scaling implies that the ratio of the hospital building
height to length scale must be matched and, of course, that all other
building length scales be reduced to this same ratio.

Golden (1961) measured the concentration patterns above the roof of
model cubes in a wind tunnel.’ Frequently, modelers quote Golden’s
experiments as Jjustification for presuming dispersion invariance when
obstacle Reynolds numbers exceed 11,000. Halitsky (1968) observed that for
dispersion in the wake region, no change in isoconcentration isopleths from
pasg;gg gas releases was found to occur for values of Reynolds number as Tow
as j

In addition to modeling the turbulent structure of the atmosphere in
the vicinity of a test site it is necessary to properly scale the plume
source conditions. When one considers the dynamics of gaseous plume behavior
the following nondimensional parameters of importance are identified:
Momentum flux ratio, o W,/p (U5 Densimetric Froude number, Fr = R Uzref/[(ps-
Pres )L15 and plume Reynolds number, Re, = W.D/v. Exhaust gases released from
fume hoods and small ventilators are typically at ambient temperatures and
densities; thus, model plumes are also set to ambient density. Plume exit
Reynolds number need only be large enough to ensure turbulent conditions,
i.e., Re, > 2500.

Data Acquisition and Analysis Techniques
The experiments were performed in the Environmental Wind Tunnel (EWT)

of the Fluid Dynamics and Diffusion Laboratory at Colorado State University.
This wind tunnel, especially designed to study atmospheric flow phenomena,
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significant buildings within a 900 foot radius of the UCHSC site. The
terrain upwind of the turntable area was modeled with a generic 2.54 cm
roughness.

Ventilator buildings incorporated 1arge ventilator plenums and accurate
placement of inlet and exhaust openings. The primary ventilator buildings
are the Biomedical Research Center (BRC) and the School of Medicine (SOM).
Sampling and source points surveyed during concentration measurements are
indicated for the UCHSC in Figure 1 and for the BRC in Figure 2.

Test Plan School of Medicine. The emissions from the Research Bridge
and Hospital roofs, a highly toxic gas from a stack on the hospital (ETO),
and fumes from a stack on the SOM roof (EF-91) were all simulated.
Additionally the intakes on the Hospital roof, on the roof of the SOM, and on
the SE annex of the SOM were modeled.

Test Plan Biomedical Research Center. The emission from the Research
Bridge roof tops, the emission from the BRC roof top, and the traffic from
the Colorado Boulevard were evaluated. The observations were divided into
building downwash, plume descent and vortices situations.

Discussion of Typical Results

Selection of the final intake and exhaust stack configuration for the
UCHSC and BRC sites will be based upon the consideration of its visual
appearance, zoning regulations, and mitigation of environmental impact. The
environmental effects of exhaust from the ventilator stacks will depend upon
traffic volume, ventilator flow rates, state and federal ambient air-quality
regulations, building and plume aerodynamics, and local meteorology. This
study evaluates through fluid modeling the influence of building and plume
aerodynamics on plume dilution.

Conclusion from smoke visualization tests. Major conclusions drawn
from observations of the visualization tests are as follows:

% Emissions from the stack on the SOM roof top do not appear to have much
impact on the SOM itself. However, with a easterly wind there is some
downwash into the larger of the two roof airhandler courtyards on the
SOM. Some building downwash is also evident with a NE wind into the
courtyard on the southern side of the SOM.

2. Emissions from the Research Bridge roof top tend to completely engulf
any region downwind. Consequently there could be a considerable
collection of pollutants from this source which may accumulate in
regions where the air stagnates. The Plaza to the SE of the BRC being
one such example.

3 There is some downwash of the exhaust vented from the BRC into the
adjoining courtyard, especially for N,NW and SW wind directions.
However, for the most part the fumes do not appear to have a strong
effect upon the proposed BRC itself.

4. Vehicle emissions from Colorado Boulevard did have a considerable
effect on the BRC. With wind coming from the N, the eddy in the wake
of the BRC tends to draw the pollutants back into the BRC’s SE
courtyard. For winds coming from the NE, E, and SE directions, the
auto emissions tend to impinge on the BRC, concentrating along its west
and north sides. This results in high concentration on the intakes
proposed for the west side of the building. But with winds coming from
the SW and W directions, the vortices caused by the obstacle of the BRC
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building tends to sweep the traffic exhaust westward or away from the
building, that would cause low concentration at the proposed intake
locations.

Conclusions from concentration measurements. By maintaining flow
similarity between model and field conditions, relative concentrations (x/Q)

for a given source configuration, building configuration and wind direction
will be invariant. The wind tunnel relative concentration measurements for
the UCHSC building complex will be the same as those that could be obtained
during full-scale measurements under the same ambient conditions.

Variation of wind orientation produces a wide variance in sample
concentrations. For the SOM Figure 3 shows concentrations measured at all
the sampling locations from the three exhaust sources for the NE wind
direction. Because the ETO stack is close to the intakes on the Hospital
roof top and the exit velocity for the stack is large, the Maximum K
concentration reaches a value as high as 6,000. Concentrations at the
intakes on the Hospital roof top are always higher than the other locations
sampled.

For the BRC Figure 4 indicates concentrations measured at the sampling
points for a east wind direction for each exhaust source. Sampling point #19
detects the highest K concentration value measured during the entire test
(13,000 from the traffic exhaust). This indicates that the traffic exhaust
strongly effects the proposed intake locations. The wind coming from the E
produces 20 times higher K coefficient than the wind coming from the west.
This phenomenon was also shown during the visualization program.

Based on the concentration data acquired during this study, there were
two recommendations as follows:

1. The intakes on the Hospital roof top should be closed and removed
in order to avoid the highly hazardous ETO stack.

2 The best location for the potential intakes at the Biomedical
Research Center should be on the roof top near the sampling point
# 4 of that building to avoid the traffic exhaust.
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Figure 2 Sampling Point Diagram
for the Biomedical Research Center
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Figure 3 Concentration Level at NE Wind
Direction for Low Speed Conditions
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Figure 4 Concentration Level for East Wind
Direction and Low Speed Conditions
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