
EPA/600/A-96/117 

8.5 DEVELOP\1:ENT OF AN INTEGRATED MOnILC METEOROJ .OCilCAL MONITORING 
SYS'! FM FOR USE 1N OPEN BliRNIN(, AM) Of'L:N IJETONATlON ACTIVITIES 

fiennaro H Crescenti 1 

Atrnosphenc Sciences Modeling Division 
Air Resources Laboratory 

National Oceanic and Atmospheric Administratmn 
Research Triangle Park. North Carolina 

Bnan D Templeman 

Coopeiative Institute for Research in Env!l'rnunental Sciences 
Universit\· of Coh,rado 

Boulder, Colorado 

l. L\ITROOUCTIUN 

Dunng the Cold War the United States nulitary 
accumulated a vast arsenal ofwartare materials. These 
included explosive mumtions, propellants, and \'arwu,; 
pnotedmic materials. Now that the Cold War has ended. 
the U S is faced with the task of disposing these 
energetic nwtenals in an environmentally sate manner. 
Disposal of the dcmihtarized st<Xkp1Ie will be a 
momentous undertakmg. The current surplus mventor. 
is L'SllinatcJ t0 be at 450,000 tons and growing rapidly at 
a rate of40,000 tons pt!r year (C S Army 1995). Thesc 
mat..:rials are d.istnbutcd throughout the count{}' at several 
hw1drcd Department of Defense (DOD) and Department 
ufE11cr1:,,y (DOE) installations. Man:, of the materials arc 
u]d_ unstable, and w1safc. 

H1c mu::;t common dispo::;al method currcntlv lll use 
1s open burning (OB) and open detonation (OD) 
OR/OD acti,·itics are a relatively simple and cost 
cmx:livc means for stockpik rcductiun. However, these 
acti\·Jties can generate au pollutanb such u:; SO:, NO" 
en, part1culalcs, metals, cyarndc:-, and volatile and 
semivolaulc organic compounds Any facility which 
intends tn use OR/OD disposal mcthcxls must meet 
permit requirements under Part 264, Subpart X of the 
Resource Conservation and Recovery Act (l J S EPA 
1993 ). lo obram a Subpart X perrmt, a facility mnsl 
pro,·idc infom1at1on on the materials bemg destroyed, the 
tvpe and quant1tv of pollutants bemg released, a 
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dcscnpt1on of how lhcsc pollutants will be di.~pcrsed in 
urne and space. and an assessment on the pokntrnl 
impact on human health and the surrounding ecn,,·ystern 
by these emis,;ions both on a short-term and long-term 
basis A Subpart X pt,T1111t 1s issued by an [nv1ronmental 
Protection Agency (L:P/\) Regional Office only 1f the 
facilny can demonstrate that the impact from OB/OD 
act1\iUcs poses no s1g:mticant threat to human health and 
the surrounding ecosystem Very tew Subpart X pc1m11s 
have been granted. This 1s due, m part, to the lack of an 
EPA approved model spec1ficallv designed to simulate 
OB/OD trrub'Jl<,)11 and dispersion In many msuinccs, lhe 
facility applying for a penmt docs not have enough data 
to demonstrate compliance Very few perrmts have been 
granted; the ones that have been are \·ery restrictive m 
scope 

The Stratc)!ic J::n\'lronmental Research and 
Development Program (SFRDP) has fonded J::PA's 
National E~-posure Research Laborator.· (NERL) and the 
~ational Oceanic and Atmospht:ric Administration's 
(l\OA./1.) Environmental T cclmologv Ll!!Joratorv (ETU 
to Jcvclop an OR/OD air pollution dispersion model and 
;i mobile mdcorological obscrving platform wlnch will 
he used to acquire the necessary mfonnation nc.:cdcd 101 
ohL1imnga Suhp2rt X pcnnit. Weil ct al ( 1995, l<)<J6a, 
1996h) arc currently undertaking rhe development of a 
Gaussian puff model which considers source emissions, 
plume nse, transport and dispersion from either :m OB or 
OD. The mobile meteorolo!?1cal momtonng system will 
be used to provide a detailed characterization of the 
structure .ind Jispc1 si,~ state 0f the atmosphci ic 
bounJary lavcr (ARL). In addition, those data acquircd 
b~ thc mobilc rnonitonng system will be uscd bv thc 
modd for prcchcting transport and dispersion of 
emissior.s released by an on or 01) into the atmosphere 
This p,lpcr describes the mter,rated sui!c of 
mc:c,1rnrn2,ical ,::ensc-,rs 



2 ~E:'.'-JSOR DESCRIPTION 

Because the plumes released from 0B/01) activities 
rise 4uidJv, il is important to accw aldy dia.ractenze the 
state of the A.BL. In unler tn accomplish this, a suite of 

gronnd-hasc..i m siw and remote sensors will be used lo 

characterize the vertical strncture of the atmosphere from 

tht: swface up to 2 to 3 km. The ori!l-inal design 
spc\.:ifications for a measw·ement ~-ystcm were first 
prc:--entcd al an OB/OD workshop in February 1995 
(Banta 1996). A cunsens:1s was reached on lht: 
measurements needed lo characterize the AHL and fr)r 
rnput into the OR/OD d1spers1on model. The integrated 
system was designed io be mobile so that the system 
could be easily mon~<l from one 013/01) sac to another 
with a minimal amount of lime and effort. 

Towcr-has(,-d in slfu :,;cnsors \\ill he ust:d lo ac4uire 
surface Ja,-cr mt:asurernenls while a suite of rt:rnotc 
sensors. mounted on a !lathed trailer, will he used to 
obtain vertical profile data The accompanying 
decrronic;; and data acquisition sys:e:11s will he located in 
a nem·hy enclosed moh1lc trailer 

2.1 In ,\'1111 .''en.son 

A 20-m op<..'TI-latt1ce alummum tc,wcr will ser.·e as a 

111<:!asurement platform for a nwnber of in situ sensor:;. 
An R ~1. Young wmd monitor (05701-AQ) will measure 
scalar-a,·eragcd w111d speed (S). vector-averaged w111d 
speed (U), \'(.-Ctor-aveiaged wmd direction (0), and the 
slamlard de\'iation of tl1e wind direction ( o Al at IO m. A 
Vaisala HMP-35A probe will be used lo mea:;we ai1 
temperatu1e (T) and relatin: humid11v (RI I) at 2 m. Net 
radiation (Q~) will be acquirl.!d with a Radiation Energ, 
Balance S, stem:; nl.!t I aJiomeh:r. A Vaisala PTB- IO l H 
"111 he u.-;cd for me~uring baromdric pressure (P) win le 
p:-ceipitation (R) data will he acquired hy a Texas 
l·.icctrnnic,; tipping buckd ram gauge A Campbell 
Scienti fie CR- JO data logger m II be IL"-ed to interrogate 
thc;;c scnS<,rs and log their data as 15-min values These 
darn \,ill he ttk:metered , 1a a radio frequency (Rf) 1inc
of-s1te link to the "huh" computer on regularly scheduled 
basis (typ1caJ1,· once per hour) or on demand 

TWt) Metek sonic anemometers (USA- l) will be 
111ow1tcd 011 the tower at 5 and 20 m. These fast response 
instrnmcnt._ will ac4uire 15-min mean (11, \', w, T..) and 
standard dc,iallon (o_,, o,, o •. , o,v) d the three
component wind velocity and virtual air temperature 
I :srng eddy correlation tcchniqu~s, rhese somcs can also 
dclt!rmmc turbulence parameters ;;uch as the kmemat1c 
heat flu, (w'TJ, kinematic mnmentwn flu, (u'w'). 
!nction ,·elocity (u.), temperature scale (J'.). \.1onm
Ohukhov kngth {L'>. drag coetlic1enl (Cl)), and 

long1tudmal (IJ, lateral Ovl and ve1tical ti,) turbulence 
mtcns1tv. Each some transmits its data hy an RS-232 
senal line to a computer 

The monitoring system 1s dcsit'.Tlcd lo incorporate a 
number of ancillary towL'T systems where complex terrain 
Settings demanded a helter representation of the surface 
layer wmd field Should this need anse, a sufficient 
number of 10-m towers will be deployed ln this case, 
each towcr will be equipped only with an R M. Young 
\\ind monitor and a Vaisala air temperature and rdativc 
humidity probe A Campbell Scientific CR-I tJ data 
logger \\ill be used to acquire these data and the same RF 
telemetry link mil be utilized for transrruss1on of this 
mformation to Llie hub computer. A sununary of the 

surface !aver in situ mst111menL.:; and measun:ments 1s 
givt!n in Table 1. 

TABLE 1. Summary of surface layer in situ sensor 
measurements 

\fam:faclllTCT Model Measurement 

R M. Young 05701-AQ S,U,O, o, 

Va1sala Htv1P-:~5A T. RJI 

R.Ei3S net radiometer 

pVaisala PTB-1018 

Te:--a:s Eh:ct tippmg. bucket R 

Mctd. USA-I u, ,·, W, T, 
~ .. ,_~,o .... 
w'T;, u'w·, u., T •. 

L, Cr,!_,. I_.. 1, 

2 2 /(emnte Sensors 

l\vo type:o. of proiilers will be used to acquire 
detailed wind field data. The first Js a Radian 924 .MHz 
phased-arrav Doppler wind pro1ilini radar (LAP-30001. 
The range of the radar 1s approximately 2 to 4 km with a 
resolution of I 00 m. The remoteIv-sensed mea:mrements 
include horizontal wmd spct:d (U) and direction (8), the 
standard deviation of the hori10ntal wind direction ( o 0 ). 

and vcrtic:il wind speed (W) In addition. the radar 
estimates the n:frncli\·c indc, structure parameter (C.,/). 
This ,·aluc 1;; a direct mea:mrement of the turbulent 

rntensJty ofhum1ditv tluctuat1ons m the /\BL and JS useful 
for estimating the mi,t·d layer he1~ht (z,). 

The second profiler is a Radian phased-array 
Dupµkr sodar (600PA) Tlus s1.:nsor ,,ili be used lo 



cqwre wind profil in th first several hundred mele 
of th plan tary boundary la er. The sodar range is 
approximate! · 500 m with a resolution of 25 m. The 

acquires the sam wind field data (U, 8, o,, 
\\ ll th tandard d viation ofth ertical wind speed 
(a.). The ba · atter mformation acquired b the sodar 
i directl related to the temperature stru ture function 
(Cr') Tius measurement i useful in depicting inversion 

rers and other regioos ~ temperature grad.ten e · 

A radi usu widin em {RA ) h 
m luded b · combining the radar and sodar to acquire 
profil f vutual air temperature (f.). The ran e of th 
RA i 1 to 1.5 km with a resolution of 100 m. Thi 
RA di{Ji fr m th more traditional tems used in 
th past ,,hich utilized four separate aco tic 
surroundmg the radar. In this configurauon, the sodar l 
DO\ · the c source. 1be phased-arra d ign allO\ · 
the coustt beam to be st red upwind whtch optimiz 
data capture effi ien . During the first 25 min of a 30-
min samphng interval, the radar and sodar operate 
independent! from each other acquiring wind profile and 
b · tter data. During the last 5 min, the RA mod 
1 initiated. The sodar and radar work together to 
determine m an profile of T... 

A Vai ala CT25K ceilometer will be used to 
e timate the a ro l ba kscaller profile (11) and cloud 
b height (7J from the SUiface to about km with a 15-
m lutJoo. A summmy of the upper-air rem te nsing 
instrumen and m asurem nts i given in Table 2. 

The radar, , and ccilometer are mounted on a 7 -
m fl tbed trat.ler. The radar its on the front end of the 
trailer while the sodar i ituated in the rear. The 
ce1lometer r d near the back edge of the trailer 
(Figure I). Le, lingofthetrailer(andhencethesenso ) 
i a mpli ed "ith the use of seven J m unted 
al n th d and front of th trailer 

Figure 1. Remote sensors mounted on flatbed trailer. 
From left to right: Ceilometer, sodar, and radar. 

A sembly and aluation of thts integrated mobile 
meteorological monitoring tern has been condu ted at 
th Boulder AlIDospheric Observato (BAO) in Erie, 
Colorado (Kaimal and Gan r 19 3). Meteorological 
m asurements taken from the BAO 300-m to, er have 
been used to establish the reltabili f the upper-air data 
obtatned b the remote 

COMPUTER Y TEM 

A ubstantial number of puter ems and 
accanpan ing electroruc are n ed for data cqU1S1tion 
and pr ing. The mobtle · em d 1gned to be 
modular and integrated Thus, al] of th electroni are 
heltered in an en losed trailer The heated and cooled 

trailer is 24 m, ide and 5.5 m long. Th procurement of 
a large trailer was necessary m th event more electroni 
were needed for additional m t rological 

Figure 2 is a depiction of the integrated measurement 
' tern. The radar and sodar are ea h operated b their 

O\\TI 486 personal computer (PC). An R -2 2 serial line 
between the radar and sodar computer enabl the two 
y terns to communicate in th RA data acqui ition 

mode. A third 486 PC is dedicated to obtatning data from 
the ceilometer and two sonic an m meter using RS-232 
serial lin . These three compute are net\ orked into a 
"hub" computer using odeRwmer 2000/C self
de ribing internet cards with L tastic 6.0 ne~ ork 
oftv are. All LO\ er-based m asur ments are rela ·ed 

through a RF link , hich i hooked directl into the hub 
computer A fifth computer · llnked to the hub using the 
ame type of n t\ · rk connecll n This computer i 

dedicated to the OB/OD di n mod I developed b 
Weiletal.(1995,1996 1996b). ~mot n intothe 
hub computer is po ible via leleph ne ltne and a high 
speed modem. Data from the hub computer can also be 
do,,1110 ded b ' File Transfer Pro~ I (FTP) through an 
Internet connection_ 

The hub computer emplo , a clock card to keep an 
aocurate time. The hub peri .caJJ 
comp and I' th 1T respecU\e cloc · 
differ b m re than 5 . All of th computers and 
electrom require standard 110/120 AC, 60 Hz oltage. 
These stem are protected agamst power surg and 

with an uninterruptabl power suppl (UP ). 

On a regular hedule, the hub computer receiv 
and records all m rological data from h computer. 
Th data are recorded on an internal hard dis ·. In 
addition, a 1.3 Gb e optical disk drive atta bed on the 
hub computer also sto th data Th optical disk 
acts both as a backup mechanism as well a enabling 
di mination of large volume of information 
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TABLE 2. wnmary f upper-8lf remot nsor measurements 

Manufacturer Model Variabl 

Radian LAP-3000 U, 8, W, o,, C_ 1 

Radian 600PA U, 8, W, o,, o 

Radian RAS T,, 

Vaisa.la CT25K 11, Z. 

radar sodar 

sodar · 
computer 

RASS 
mode 

Remote Access 

Figure 2 

Th hub computer also processes m of th 
inconung data. A real-time QA/QC editor (Weber and al 
1993) 1 employed to check for the quali and 
con I len of the radar wind profiler data. 
devel ped mixed la ·er height d termination algorithm 
(White 1993 , Angevine et al. 1994) have al been 

Minimum/Maximum 
Range(m) 

125 - 2500 

C,.2 50 - S00 

125 - 1500 

30 - 4000 

.... 
' ' 

' ' \ 
\ 

I 

' 

Ancillary 1 <kn T 

R luu n 
(m) 

100 

2S 

100 

15 

incorporated which estunale z, using data acqwred by the 
radar, sodar, ceilome1er and sorn anemom ters. The hub 
oomputer also contain algonthms, · ch wi11 proces the 
data in a format needed b the 08/0D model for real
time forecasts of transport and di ersion of released 
pollutants. 

http:Vaisa.la


An integrated mobile meteorological monitoring 
system has l:u.'!1 designed and constructed to characterize 
the atmospheric boundary layer at foc1ltties which 
conduct open burning and open detonation of surplus 
military mw1itions. Becm.1se Lhe plume n:kased from an 
OR/OD can nse quickly, it is important to accurately 
predict how the atmo,;phcre will disperse the plume In 
order to accomplish this, an integrated suite of ground
based in srlll and remote sensors will be used to 
characten.1.e the \'ert1cal structure of the atmosphere m 
t11e ,·icuuty of an OR/OD release from the surface up to 
2 to 1 km Surface layer mcasuremcnls include 
horizontal wind speed and direction, air temperature, 
rel,lli\'C h1urudity, net radiation, barometric pressure, and 
prec1p11at1on In addition. two sonic anemometers arc 
employed to acquire turbulent tluxes Ver11cal wind 
profib arc acquired by a 924 MHz wind profiling radar 
and a phased-array Doppler sodar. The sodar also acts as 
the acousti-: Svurcc for the RASS which acquires profiles 
of \'!11ual mr temperature. A ce1lometer has also been 
included to acquire infom1at1on 011 aerosol back.scatter 
and cloud base height. These ground-bused remolt: 
:,e.it>t>rs arc rnOUllted 011 a 7-m flatbed traile1 winch allow:; 
cas\ tran:-1m11 fi om one OB/OD facility to another. All 
of the computers used for data acquisition a.re nct,.vurkcd 
logcthc1 mto a hub com1.mtcr. The mekurological data 
an; used by a11 OR/OD mudd residing on the primary 
svskrn for predicting transport and dispersion of 
cm1ss1om rckased into the atmosphere. 
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