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1. INTRODUCTION

During the Cold War the Umited States mulitary
accumulated a vast arsenal of wartare materials. These
included explosive munitions, propellants, and various
pyrotechiic materials. Now that the Cold War has ended,
the U S 15 faced with the task of disposing these
energetic materials in an environmentally sate manner.
Disposal of the demiitanzed stockpile will be a
momentous undertaking.  The current surplus mventory
15 estimnated to be at 450,000 tons and growing rapidly at
arale of 40,000 tons per vear (U. S Army 1995). Thesce
materials are distnbuted throughout the country at several
hundred Department of Defense (DOD) and Department
of Energy (DOE) mstallauons. Many of the matenials are
old. unstable, and unsafe.

The mest conunon disposal method currently n use
is open burmng (OB) and open detonation (OD).
OB/OD activities are a relatively simple and cost
effective means for stockpile reduction. However, these
aclivities can generate air pollutants such as SO, NO,,
CO, particulales, metals, cyamdes, and volatile and
semivolaule organic compounds  Any facility which
intends to use OR/ON disposal methods must mect
permit requirements under Part 264, Subpart X of the
Resource Conservation and Recovery Act (17 S EPA
1993). To obtain a Subpart X permit, a facility must
provide informaton on the matentals being destroyed, the
tvpe and quanuty of pollutants being released, a
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deseripuon of how these pollutants will be dispersed in
ume and space. and an assessment on the potenual
impact on human health and the surrounding ecosystem
by these emussions both on a short-term and long-term
basis A Subpart X permut 1s 15sued by an Inwvironmental
Protection Agency (LPA)Y Regional Office only 1f the
facility can demonstrate that the impact from OB/OD
activiues poses no sigmiticant threat to human health and
the surrounding ecosystem. Very few Subpart X permits
have been granted. This 1s due, 1n part, to the lack of an
EPA approved model specificallv designed te simulate
OB/OD transport and dispersion. In many mstances, the
tacility applving for a permut does not have enough data
to demonstrate compliance.  Very few permiuts have been
granted; the ones that have been are very resirictive n
SCOpC.

The Strategic  Environmental Research and
Development Program (SERDP) has funded EPA’s
National Exposure Research Laboratory (NERLY and the
National Oceanic and Atmospheric Admunstration's
{NOAA) Environmental Technology Laboratory (ETL)
o develop an OB/OD air pollution dispersion moedel and
a mobile meteorological observing platform which will
be used to acquire the necessary mformation needed for
obtaining a Subpart X permit. Weil et al (1995, 1996a,
1996h) are currently undertaking rhe development of a
Gaussian puftf model which considers source emissions,
piume nise, ransport and dispersion from either an O3 or
OD. The mobile meteorclogical monitoring system will
be used to provide a detailed charactenization of the
structure end dispersive state of the  atmospheric
boundary luver (ARL). In addition, those data acquired
by the mobile monitonng systern will be used by the
model for predicting transport and  dispersion of
emissions released by an OB or OD into the atmosphere
This paper describes the integrated suite  of
meteoraiogical sensors,
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SENSOR DESCRIPTION

Because the phumes released from OB/OD activities
rise quickly, it 15 important to accw ately characterize the
state of the ABL. In order to accomphsh this, a sunte of
ground-based m st and remote sensors will be used to
characterize the vertical structure of the atmosphere from
the surface up to 2 10 3 km.  The onginal design
specifications for a measurement system were first
presented at an OB/OD workshop m February 1993
{Banta 1996). A consensas was reached on the
measurements necded to characterize the ABL and for
nput into the OB/OD dispersion model. The integrated
svstem was designed to be mobile so that the system
could be easily moved from one OB/OD site to another
with a mummal amount of tme and effort.

Tower-based in situ sensors will be used to acquire
surface laver measurements while a swie of remote
sensors. mounted on a flatbed trailer, will be used to
obtain verucal protile data.  The accompanving
clectronics and data acquisition systems will be tocated in
a ncarby enclosed mobile trailer.

21 [ Suu Sensors

A 20-m open-lattice aluminum tower will serve as a
measurement platform for a number of in sifu sensors.
AnR. M. Young wind momtor (05701-AQ) will measure
scalur-averaged wind speed (8), vector-averaged wind
speed (U), vector-averaged wind direction (8), and the
standard deviation of the wind direction (0,) at 10 m. A
Vaisala HMP-35A probe will be used to measure au
temperature (T) and relative hunndity (RH) at 2 m. Net
radiation (Q,) will be acquired with a Radiation Energy
Balance Systems net radiometer. A Vaisala PTB-1018
will be used for measuring barometrie pressure (P) while
precipitation (R) data will be acquired by a Texas
Eicetronies tipping bucket rain gauge. A Campbell
Scientific CR-10 data logger will be used to interrogate
these sensors and log their data as 15-min values These
data will be telemctered via a radio frequency (RI) line-
of-site link to the "hub” computer on regularly scheduled
basis (tvpically once per hour) or on demand

Two Metek sonic anemometers (USA-1) will be
mounted on the tower at 5 and 20 m. Thiese fast response
mstruments will acquire 15-min mean (u, v, w, T.) and
standard deviation (o, o,. o,, 04) of the three-
component wind velocity and wirtual air temperature.
Using eddy correlation techniques, these sonics can also
determune turbulence parameters such as the kinematic
heat {flux (w7T,). kinematic momentum flux (u‘w’).
fricton velocity (u.), temperature scale (1.), Momn-
Obukhov length (L), drag coeflicient (C,), and

longitudinal (1), lateral (L) and vertical (I,) turbulence
mtensity.  Each sonic transmits its data by an RS-232
serial line to a computer

The monitonng system is designed to incorporate a
number of ancillary tower svstems where complex terrain
settings demanded a better representation of the surface
laver wind field Should thus need anse, a sufficient
number of 10-m towers will be deployed. In this case,
cach tower will be equipped only with an R. M. Young
wind monor and a Vaisala air temperature and relative
humudity probe. A Campbell Scientific CR-10 data
logger will be used to acquire these data and the same RF
telemetry link will be uulized for transmussion of this
iformation to the hub computer. A summary of the
surface laver in st nstruments and measurements 1s
given i Table 1.

TABLE 1. Summary of surface laver in sitv sensor
measurements

Manufacturer  Model Measurement
R.M. Young 03701-AQ S.U,0, 0,
Vaisala HMP-35A T,RI

REBS net radiometer  Qy

Vaisala PTB-101IB P

Texas Eleet. upping bucket R

Metek USA-] u, v, w, T,
0.0..0,.0,,
wT,, uww' u., .

1.Cpl 1.1

x it

22 Remote Sensors

Two types of profilers will be used to acquire
detailed wind field data. The first 1s a Radian 924 MHz
phased-array Doppler wind protiling radar (LAP-3000).
‘The range of the radar 1s approximately 2 to 4 km with a
resolution of 100 m. The remotelv-sensed measurements
nclude horizontal wind speed (U) and direction (6), the
standard deviation of the honizontal wind direction (o4),
and vertical wind speed (W) In addition, the radar
estimates the refractive index structure parameter (C%).
This value 13 a direct measurement of the turbulent
ntensity of hurmdzty tluctuations in the ABI and 15 useful
for estumating the nuxed laver height (2).

The sccond profiler 1s a Radian phased-array
Doppler sodar {600PA). This sensor will be used to
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4. SUMMARY

An 1ntegrated mobile meteorological monitoring
svstern has been designed and constructed to charactenize
the atmospheric boundary layer at facilities which
conduct open burming and open detonation of surplus
nuhtary munitions. Because the plume released from an
OB/ON can nse quickly, it 1s important o accurately
predict how the atmosphere will disperse the plume. In
order to accomplish this, an integrated suite of ground-
based in situ and remote sensors will be used to
characterize the vertical structure of the atmosphere in
the vicmity of an OB/OD release from the surface up to
2 to 3 km.  Surface layer measurements include
horizontal wind speed and direction, air temperature,
relattve humidity, net radiation, barometric pressure, and
precipitation.  In addition, two sonic anemometers are
emploved to acquire turbulent fluxes Vertical wind
profiles are acquired by a 924 MHz wind profiling radar
and a phased-array Doppler sodar. The sodar also acts as
the acoustic source for the RASS which acquires profiles
of virtual air temperature. A ceillometer has also been
included te acquire information on aerosol backscatter
and cloud basc height.  These ground-based remote
serpsors are mounted on a 7-m1 flatbed trailer which allows
casv transport from one OB/OD facility to another. All
of the computers used for data acquisition arc networked
together mto a hub computer. The meteorological data
arc used by an OB/OD model residing on the prunary
systermn for predictng  trapsport and  dispersion of
crmssions released into the atmosphere.
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