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1.

Based on the WBGT Index”. The overall goal is to
use the WBGT to provide information when heat
related injuries are likely to occur.

INTRODUCTION

To better serve the needs of the Fire
Services, Industrial Hygiene and the overall Y-12
National Security Complex (Y-12 NSC) plant
population
regarding
heat
stress,
globe
temperature sensors were installed at both Y-12
NSC meteorological towers. Temperature data
from these sensors combined with other
meteorological parameters are used to determine
the wet bulb globe temperature (WBGT). The
WBGT, also referred to as the WBGT Index, is a
composite temperature used to estimate the effect
of temperature, humidity, wind speed and solar
radiation on humans. The WBGT is used to
determine appropriate exposure and activity levels
to high temperatures. This paper documents the
WBGT project, components used, installation,
costs, suppliers, as well as the data obtained
during the summer of 2009 and how it is used at
the Y-12 NSC. The overall goal is to improve heat
stress awareness of the Y-12 NSC plant
population, provide Fire Services and Industrial
Hygiene with needed heat stress information, and
provide a historical archive of measurable WBGT.
2.

The WBGT is derived from one of the following
formulas:
With direct exposure to sunlight:
WBGToutside = 0.7Tw + 0.2Tg + 0.1Td
Without direct exposure to the sun:
WBGTinside = 0.7Tw + 0.3Tg
Where:
Tw = Natural wet-bulb temperature
Tg = Globe temperature
Td = Ambient air temperature
For this project, only the WBGToutside was derived for
both Y-12 NSC tower sites using measured
meteorological parameters. It should be noted that
the WBGT can also be reasonably estimated using
standard meteorological measurements (Liljegren,
2008 & Hunter, 1999).
3.

SENSORS AND INSTALLATION

ISO 7243 and the OSHA Technical
Manual, Section III, Chapter IV, Heat Stress
provides the specifications for the equipment to be
used. Given that the Y-12 NSC meteorological
program already meets American National
Standards Institute and U.S. Environmental
Protection Agency meteorological standards, the
wet-bulb temperature was derived using the
measured ambient temperature and relative
humidity using the following equations:

BACKGROUND

The U.S. Occupational Safety and Health
Administration uses the WBGT for identifying
environmental conditions under which individuals
are likely to experience heat stress effects and for
implementing protective controls to prevent heat
related injuries. The WBGT was initially developed
by the United States Marine Corps at Parris Island
in 1956 to reduce heat stress injuries in recruits and
has been revised several times. Figure 1 shows the
U.S. Army work/rest guidelines including the heat
category determined by the WBGT. Similar tables
using the WBGT have been developed for
numerous activities ranging from work to play. The
internationally accepted standard that provides a
simple method for the assessment and control of
hot environments is ISO 7243, “Hot Environments –
Estimation of the Heat Stress on Working Man,

Tdc = ((Tc - (14.55 + 0.114 * Tc) * (1 - (0.01 * RH)) ((2.5 + 0.007 * Tc) * (1 - (0.01 * RH))) ^ 3 (15.9 + 0.117 * Tc) * (1 - (0.01 * RH)) ^ 14))
E = (6.11 * 10 ^ (7.5 * Tdc / (237.7 + Tdc)))
WBc = (((0.00066 * P) * Tc) + ((4098 * E) / ((Tdc +
237.7) ^ 2) * Tdc)) / ((0.00066 * P) +
(4098 * E) / ((Tdc + 237.7) ^ 2))
Where: Tc = Temperature in degrees C
RH = Relative Humidity in form 88 not 0.88
Tdc = Dew point in degrees C
E = Saturation vapor pressure
WBc = Wet Bulb Temperature in degrees C
P = Pressure in mb
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The globe temperature is the temperature at the
center of a 15 cm (6-inch) diameter hollow copper
sphere (mean emission coefficient of 0.95) painted
on the outside with a matte black finish. It is
important that the sphere is 15 cm in diameter, is
not shaded, and air flow is not obstructed around it.
The bulb or sensor of a thermometer (range -5°C to
+100°C with an accuracy of ±0.5°C) must be fixed
in the center of the sphere.
To fulfill these specifications, two Novalynx
Globe Thermometers (Model 210-4417NT) were
purchased for $250 each. This model provides just
the black hollow copper sphere with no
thermometer or sensor. A rubber stopper with a
hole for the temperature sensor was also included.
Two Climatronics 100093 temperature sensors
were purchased for $140 each. The temperature
sensor was inserted into the rubber stopper so that
it was located in the center of the globe. This allows
the temperature sensor to be easily removed for
calibration. Small pieces of angled aluminum were
purchased and attached near the existing solar
radiation sensor at the Y-12 NSC meteorological
tower sites to mount the globe. These locations
provided good air flow around the globe and no
shadows from nearby obstacles. A ½ inch thick
piece of black foam rubber was placed between the
globe and the aluminum mounting to minimize
thermal effects from the mounting. Existing spare
wires, spare ports on the lightning suppressor, and
a spare Met I/O card were used to connect the
sensor to the site data logger. The data logger was
easily programmed to accommodate the new
temperature sensor. Hourly, 15-minute, and 1minute averages of globe temperature data are
collected. Figure 2 shows the overall globe
temperature installation at one of the Y-12 NSC
meteorological towers.
4.

5.

SUMMER 2009 WBGT DATA

Table 1 shows a summary of temperature and heat
stress parameters from June 1 through August 31,
2009. A cooler than normal summer provided few
periods of high heat stress but numerous periods of
moderate or slight heat stress. During this period,
the ambient temperature reached 90°F or more for
only about 40 total hours. Figure 4 shows a graph of
the various temperature parameters for a ten day
period in June 2009.

Table 1. A summary of temperature and heat stress parameters
measured at the Y-12 NSC meteorological towers for the period
June 1 – August, 2009.

6.

SUMMARY

The small cost and ease of installation of
globe thermometers to existing meteorological sites
can provide WBGT measurements needed for heat
stress. This project can easily be duplicated at
other sites to improve heat stress awareness and
implement protective controls to prevent heat
related injuries.

OPERATIONAL IMPLEMENTATION

At the end of each 15-minute averaging
period, the WBGTs were derived for both Y-12 NSC
tower sites using the respective measurement of
globe temperature, ambient temperature and wet
bulb temperature. All meteorological data including
the WBGTs are easily accessed by the Y-12 NSC
plant population through an intranet website
developed for the meteorological system. To
improve heat stress awareness of the Y-12 NSC
plant population, the website also displays a color
coded heat stress category as needed at the top
of each page and a link to the heat stress
categories. Conservative heat stress categories
were developed by Y-12 NSC Industrial Hygiene
personnel and are shown in Figure 3. The WBGTs
are also archived to provide a historical record of
measured WBGTs at the Y-12 NSC.
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Figure 1. U.S. Army work/rest guidelines including the heat category determined by the WBGT

Figure 2. Globe temperature installation at one of the Y-12 NSC meteorological towers
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Figure 3. WBGT based color coded heat stress categories used at the Y-12 NSC.

Figure 4. Various temperature parameters in degrees F for a ten day period in June 2009 from the Y-12 PSS meteorological tower.
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To better serve the needs of the Y-12 Fire Services, Industrial Hygiene and the plant population regarding
heat stress, globe temperature sensors were installed at both Y-12 meteorological towers. Temperature
data from these sensors combined with other meteorological parameters are used to determine the wet
bulb globe temperature (WBGT). The WBGT is a composite temperature used to estimate the effect of
temperature, humidity, wind speed and solar radiation on humans. The WBGT is used to determine
appropriate exposure and activity levels to high temperatures. This presentation will explain the WBGT
project, sensors and components used, installation, costs, suppliers, as well as the data obtained during
this summer and how it is used at Y-12. The overall goal is to improve heat stress awareness of the Y-12
plant population, provide Fire Services and Industrial Hygiene with needed heat stress information, and to
provide a historical archive of measurable WBGT.
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