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INTRODUCTION 

!ar$e 'ti*it+ and .ro0e11 0oo*in$ to2er1 e3it *ar$e 4o*'3e1 o5 *o2 0on0entration .arti0'*ate 

5ro3 3'*ti.*e 1ta061 t7at in a$$re$ate are o5ten 1i$ni5i0ant 3a11 e3i11ion 1o'r0e18 9 1i$ni5i0ant 

n'3ber o5 re$'*ator+ a't7oritie1 0on1ider 0oo*in$ to2er1 a1 .oint e3i11ion 1o'r0e1 and 7a4e 

re;'ired ;'anti5i0ation o5 bot7 .arti0'*ate 3atter and 0on1tit'ent e3i11ion1 5ro3 0oo*in$ to2er1 

0ontainin$ 7i$7 1o*id1 0ontent or .otentia**+ 7a<ardo'1 0on1tit'ent18 =7e di11o*4ed and 

1'1.ended 3ateria*1 in t7e 0oo*in$ 2ater 0on1tit'te t7e e3i11ion18  

 

Coo*in$ to2er e3i11ion1 are 4er+ 1ite 1.e0i5i08 ?3a**@ *o0a*i<ed $a.1 in t7e dri5t e*i3inator 

.ane*1 o5ten introd'0e t7e 3o1t 3a11 into t7e eAit air 1trea38 Be0a'1e t7e *o0a* $a.1 are a 

5'n0tion o5 t7e ;'a*it+ o5 t7e in1ta**ation@ 3aintenan0e@ and o.eration@ 1i3.*+ a11i$nin$ a dri5t 

e3i11ion rate ba1ed 1o*e*+ on t7e dri5t e*i3inator de1i$n or .er5or3an0e $'arantee i1 o4er*+ 

1i3.*i1ti08 Cri5t e*i3inator e55e0ti4ene11 de0rea1e1 2it7 a$e and t7'1 t7e a3o'nt o5 e3i11ion1 

2i** in0rea1e a1 t7e dri5t e*i3inator .ane*1 17rin6 or be0o3e da3a$ed d'e to 2ear@ '*tra4io*et 

*i$7t eA.o1're@ i0e da3a$e or .oor 2ater di1trib'tion8 Dn order to .ro.er*+ e1ti3ate t7e a3o'nt o5 

e3i11ion1 5ro3 a 0oo*in$ to2er@ an e3i11ion1 te1t i1 2arranted8  

 

=7e Coo*in$ =e07no*o$+E1 te1t 0ode 9=CFGHI i1 de1i$ned to addre11 t7e di55i0'*tie1 a11o0iated 

2it7 0o**e0tin$ *i;'id dro.*et e3i11ion1 abo4e t7e 0oo*in$ to2er rotatin$ e;'i.3ent8 =7e te1t 

0ode a*1o in0or.orate1 o.eratin$ and en4iron3enta* *i3itation1 t7at 3ini3i<e t7e 4ariabi*it+ in 

te1t re1'*t1 d'e to t7e1e .ara3eter1 and en1're1 t7at t7e to2er i1 not te1ted in an abnor3a* 

0ondition8 =7e C=D te1t 3et7od 7a1 been a00e.ted b+ 4ario'1 re$'*ator+ a't7oritie1 to ;'anti5+ 

t7e .arti0'*ate e3i11ion1 5ro3 0oo*in$ to2er18   

 

=7i1 .a.er i**'1trate1 t7e 3et7odo*o$+ 5or 0a*0'*atin$ .arti0'*ate e3i11ion1 5ro3 a 0oo*in$ to2er 

and di10'11e1 t7e 0on1er4ati13 a..*ied 27en 0on1iderin$ a** .arti0'*ate to be PMFGI8 =7e 1.e0ia* 

07ara0teri1ti01 o5 0oo*in$ to2er e3i11ion1 and t7e te07no*o$+ '1ed 5or 0ontro**in$ 0oo*in$ to2er 



e3i11ion1 are eA.*ained8 =7e 3et7odo*o$+ '1ed in C=D 9=CFGHI i1 de10ribed and t7e 

a11'3.tion1 and .ro0ed're1 '1ed in t7e 0a*0'*ation o5 t7e dri5t rate and .arti0'*ate e3i11ion rate 

are detai*ed8 Le0ent te1t data are .re1ented in order to i**'1trate t7e re.eatabi*it+ o5 t7e 3et7od 

and to de3on1trate t7e 1iteF1.e0i5i0 nat're o5 t7e 0oo*in$ to2er e3i11ion18   

 

Generation of Air-borne Particulate from Towers 

Dn a 0on4entiona* e4a.orati4e 0oo*in$ to2er@ t7e 0ir0'*atin$ 2ater i1 .'3.ed to t7e to. o5 t7e 

'nit 27ere t7e 2ater i1 di1trib'ted t7ro'$7 no<<*e1 and a**o2ed to 5a** o4er 7eat tran15er 3edia 

t7at eit7er 17eet1 t7e 2ater or brea61 t7e 2ater into 13a** dro.*et18 =7e *ar$e 1'r5a0e area o5 t7e 

13a** dro.*et1 5a0i*itate1 e4a.oration and 0oo*in$ o5 t7e re3ainin$ 0ir0'*atin$ 2ater8 Dn t7e 

3aMorit+ o5 1+1te31@ a 5an on t7e to. o5 t7e to2er i1 '1ed to ind'0e an air 1trea3 a$ain1t t7e 

2ater dro.*et18 91 t7e air i1 dra2n t7ro'$7 t7e to2er@ a 13a** 5ra0tion o5 t7e 2ater dro.*et1 are 

entrained in t7e air1trea38 Ba55*e1@ 0a**ed dri5t e*i3inator1@ are .*a0ed bet2een t7e no<<*e1 and 

t7e 5an1 to 3ini3i<e Nt7ro'$7 inertia* i3.a0tionO t7e a3o'nt o5 entrained 2ater dro.*et1 t7at 

e10a.e t7e 0oo*in$ to2er and di107ar$ed into t7e at3o1.7ere8 =7e e10a.in$ dro.*et1 are 0a**ed 

dri5t8 9n i3.ortant di1tin0tion bet2een dri5t and t7e nor3a**+ 4i1ib*e 0onden1in$ .*'3e i1 t7at 

t7e dri5t 0ontain1 t7e 1a3e 07e3i0a*1 and 1o*id1 .re1ent in t7e 0ir0'*atin$ 2ater@ 27erea1@ t7e 

0onden1ation i1 .'re 2ater 4a.or8 Coo*in$ to2er e3i11ion rate1 are '1'a**+ .re1ented a1 a Cri5t 

Pra0tion Per0enta$e 27i07 i1 de5ined a1 GII ti3e1 t7e ratio o5 t7e 2ater eAitin$ t7e to2er a1 dri5t 

di4ided b+ t7e 0ir0'*atin$ 5*o2 rate8 Parti0'*ate e3i11ion1 re1'*t 5ro3 t7e 1o*id1 t7at eAit t7e 

0oo*in$ to2er in t7e *i;'id dri5t8 91 t7e *i;'id dri5t e4a.orate1@ t7e re1'*tant 0r+1ta*1 or 1a*t 

1o*'tion1 are di1.er1ed into t7e at3o1.7ere8 =7e a3o'nt o5 dri5t and t7ere5ore t7e a3o'nt o5 

e3itted .arti0'*ate i1 5'n0tion o5 1e4era* ite31 27i07 4ar+ 5ro3 to2erFtoFto2er8 Dn a nor3a* 

to2er@ t7e a3o'nt o5 dri5t i1 5ir1t a 5'n0tion o5 t7e ;'a*it+ o5 t7e dri5t e*i3inator in1ta**ation8 Por 

a nor3a* to2er@ t7e 5a0tor1 27i07 in5*'en0e t7e a3o'nt o5 dri5t Nin order o5 in5*'en0eO in0*'deQ 

G8 t7e ;'a*it+ o5 t7e in1ta**ation o5 t7e dri5t e*i3inator1@  

R8 0ondition o5 t7e dri5t e*i3inator1 and 2ater di1trib'tion 1+1te3@ 

38 t7e t+.e o5 dri5t e*i3inator@  

H8 t7e 2ater and air *oadin$ and di1trib'tion@ and  

T8 t7e 2ater 07e3i1tr+8  



=7'1 t7e dri5t rate and t7e e3i11ion rate are 4er+ 1ite 1.e0i5i08 Dt i1 not 'n0o33on 5or dri5t rate1 

to 4ar+ 5ro3 0e** to 0e** b+ a 5a0tor o5 t2o@ .arti0'*ar*+ in o*der to2er18  

 

Overview of Cooling Tower Emission Testing 

=7e 3ea1're3ent o5 *i;'id dro.*et e3i11ion1 *ea4in$ a 0oo*in$ to2er 5an 1ta06 t7at 3a+ be '. to 

HI 5eet a0ro11@ i1 .rob*e3ati08 =7e 3o1t a00e11ib*e *o0ation 5or dri5t 1a3.*in$ do2n1trea3 o5 t7e 

dri5t e*i3inator1 i1 t7e 5an 1ta06 eAit .*ane8 =7e 1ta06 eAit .*ane i1 o5ten 2it7in U o5 t7e 1ta06 

dia3eter o5 t7e rotatin$ 5an8 =7e .roAi3it+ to t7e 5an 0reate1 nonF.ara**e* 1trea3*ine 4e0tor1 o5 

4ar+in$ .it07 a0ro11 t7e 0ro11F1e0tiona* area o5 t7e 1ta06 .*ane@ e4en to t7e .oint t7at near t7e 

3idd*e o5 t7e 1ta06 t7ere i1 '1'a**+ a 1i$ni5i0ant area 2it7 air 0o3in$ ba06 into t7e 5an 1ta06 

5ro3 abo4e8 =7e tota* to2er e*e4ation at t7e 5an 1ta06 eAit .*an1 3a+ be 1o3e TIFVI 5eet abo4e 

$rade and 1'bMe0t to e*e4ated 2ind1 d'e to t7e in5*'en0e o5 t7e to2er it1e*58 =7e e55e0t o5 t7e 

2ind i1 to 16e2 t7e 4e*o0it+ .ro5i*e and t7'1 16e2 t7e e3i11ion1 5ro3 t7e 1ta06 to t7e do2n2ind 

1ide8 P'rt7er3ore@ be0a'1e t7e 5an b*ade .it07 deter3ine1 t7e a3o'nt o5 air 5*o2 t7ro'$7 t7e 

to2er@ and be0a'1e t7e a3o'nt o5 2ater de*i4ered to t7e to2er 0an i3.a0t t7e ;'a*it+ o5 t7e 

2ater di1trib'tion@ t7e1e o.eratin$ .ara3eter1 0an a*1o in5*'en0e t7e a3o'nt o5 dri5t e3itted 5ro3 

a to2er8 

 

EP9 Met7od T 

Dnitia* 0oo*in$ to2er e3i11ion te1t1 2ere .er5or3ed a1 .arti0'*ate 3atter e3i11ion te1t1 a00ordin$ 

to t7e $enera* $'ide*ine1 o5 EP9 3et7od T8 =+.i0a**+@ a tota* o5 RH .oint1@ V .er radii@ 2ere 

1a3.*ed in order to obtain a 0o3.o1ite 1a3.*e o5 t7e .arti0'*ate eAitin$ t7e 5an 1ta068 =7e EP9 

3et7od T te1t 'ti*i<e1 an i1o6ineti0 a..roa07 27ere t7e 1a3.*ed air i1 0o**e0ted t7ro'$7 a .robe 

t7at i1 oriented into t7e air 1trea3 at t7e 1a3.*in$ *o0ation8 =7e air i1 dra2n t7ro'$7 t7e .robe at 

t7e 1a3e 4e*o0it+ N1.eed and dire0tionO@ a1 t7e eAitin$ air 1trea3@ t7'1 t7e te1t i1 0a**ed i1o6ineti0 

NDXO8 9 4a0''3 .'3. i1 '1ed to dra2 t7e air 1a3.*e t7ro'$7 t7e 1a3.*in$ train and 5*o2 

3ea1're3ent 1+1te38 =7e 3et7od T 1a3.*in$ train 0on1i1t1 o5 t7e 1a3.*e .robe@ 7eated *iner@ 

7eated 5i*ter boA and 5i*ter@ a 1erie1 o5 i3.in$er1 and a dr+ $a1 3eter8 Parti0'*ate dra2n t7ro'$7 

t7e 1a3.*in$ train i1 de.o1ited on a .reF2ei$7ed 5i*ter 27i07 i1 0onditioned and re2ei$7ed at t7e 

0on0*'1ion o5 t7e te1t8 Parti0'*ate 27i07 i1 de.o1ited 2it7in t7e .robe and on t7e 1ide1 o5 t7e 

t'bin$ *eadin$ to t7e 5i*ter boA i1 re0o4ered t7ro'$7 2a17in$8 =7e 2a17 1a3.*e1 0ontainin$ t7e 



re1id'e are .*a0ed in a .reF2ei$7ed 0r'0ib*e 27i07 i1 7eated to e4a.orate t7e 2a17 1o*'tion 

27i07 *ea4e1 t7e 0o**e0ted re1id'e 3a118 Xno2in$ t7e tota* 0o**e0ted 3a11 5ro3 t7e 5i*ter and t7e 

2a17 1a3.*e1@ t7e 1a3.*ed air 4o*'3e@ and 1a3.*in$ ti3e .er3it1 t7e 0a*0'*ation o5 t7e 3a11 

5*'A8 =7e 3a11 5*'A di4ided b+ t7e .rod'0t o5 t7e 2ater 5*o2 rate and t7e 0on0entration o5 tota* 

1o*id1 in t7e 0ir0'*atin$ 2ater@ +ie*d1 t7e 5ra0tiona* tota* 1o*id1 e3i11ion rate8 =7e 

i3.*e3entation .rob*e31 2it7 t7e EP9 3et7od T a..roa07 in0*'de Y di55i0'*t+ in rotatin$ t7e 

1a3.*in$ train at ea07 3ea1're3ent .ointZ di55i0'*t+ in 3ana$in$ *on$ 1a3.*in$ *ine1 0ontainin$ 

3oi1t're *aden airZ and 7a4in$ to 1a3.*e 5or an eAtre3e*+ *on$ ti3e to 0o**e0t eno'$7 1a3.*e 5or 

$ra4i3etri0 ana*+1i18 

 

Dn t7e *ate G[\IE1@ t7e Coo*in$ =o2er Dn1tit'te NC=DO be$an to 0odi5+ a 1a3.*in$ te07ni;'e t7at 

'ti*i<ed i1o6ineti0 1a3.*in$ to ;'anti5+ t7e 3a11 e3i11ion rate 5ro3 0oo*in$ to2er18 Dn G[[H@ t7e 

C=D .'b*i17ed t7e dri5t e3i11ion 0ode 9=CFGHI8 =7i1 te1t 0ode 2a1 de4e*o.ed b+ a 0ro11 1e0tion 

o5 0oo*in$ to2er 3an'5a0t'rer1@ o2ner]o.erator1 and 1'..*ier1 t7at 2ere 5a3i*iar 2it7 t7e 

di55i0'*tie1 in7erent in 0oo*in$ to2er e3i11ion1 te1t1 and t7e in5*'en0e o5 a3bient and o.eratin$ 

5a0tor1 on t7e a3o'nt o5 t7e dri5t8 

 

C=D Cri5t =e1t Code ^4er4ie2 and =e1t Dn1tr'3ent1 

D1o6ineti0 dri5t te1tin$ i1 t7e .ro0e11 o5 0o**e0tin$ _dri5t e3i11ion1 b+ dra2in$ a .ortion o5 t7e 

0oo*in$ to2er eAit air1trea3 into a 0o**e0tion a..arat'1 at t7e 1a3e 1.eed and dire0tion 

Ni1o6ineti0a**+O a1 t7e *o0a* 4e*o0it+ in t7e 0oo*in$ to2er8`  Dn1tead o5 0o**e0tin$ .arti0'*ate 3a11@ 

t7e C=D te1t 0ode 9=CFGHI i1 ba1ed on t7e i1o6ineti0 0o**e0tion o5 0o3.o1ite 3a11 1a3.*e o5 a 

tra0er e*e3ent Ne8$8@ 1odi'3@ 0a*0i'3 or 3a$ne1i'3O@ *ea4in$ t7e to2er8 Mo1t te1t1 are 0ond'0ted 

at t7e 5an 1ta06 eAit .*ane 27ere t7e 0ro11F1e0tiona* area i1 di4ided into GR 0on0entri0 rin$1 o5 

e;'a* area8 =7e 3id.oint o5 ea07 o5 t7e GR rin$1 i1 1a3.*ed 2it7 a..arat'1 1'1.ended 5ro3 ro.e1 

abo4e t7e 5an 1ta068 95ter one dia3eter i1 1a3.*ed@ t7e ro.e1 and 1'1.ended e;'i.3ent are 

rotated [I de$ree1 and a .er.endi0'*ar dia3eter i1 1a3.*ed to obtain an inte$rated 1a3.*e 5ro3 

t7e RH *o0ation18 =7e .ri3ar+ 0o**e0tion a..arat'1 in t7e C=D 1+1te3 i1 a 0+*indri0a* t'be 

0ontainin$ ti$7t*+ .a06ed $*a11 bead18 =7e o't1ide o5 t7e t'be i1 7eated 2it7 7i$7 2atta$e 

7eater1@ t7at in t'rn@ 7eat t7e $*a11 bead18 91 2ater dro.*et *aden air i1 dra2n t7ro'$7 t7e bead 

.a06@ t7e dro.*et1 1tri6e t7e bead1 and e4a.orate@ de.o1itin$ 1a*t1 5ro3 t7e dro.*et1 on t7e bead18 



9 _ba06F'.` 5i*ter i1 .*a0ed i33ediate*+ be7ind t7e $*a11 bead .a06 to 0a.t're 1a*t1 t7at e10a.e 

t7e bead18 =7e a3o'nt o5 1a*t de.o1ited on t7e 0o**e0tion a..arat'1 i1 a 5'n0tion o5 t7e a3o'nt o5 

dri5t *ea4in$ t7e to2er8 =7e 1a3.*ed air i1 dra2n t7ro'$7 t7e 0o**e0tion a..arat'1@ and 0a*ibrated 

5*o2 1e0tion b+ a *ar$e 0a.a0it+ 4a0''3 .'3.8 =7e 0o**e0tion a..arat'1 i1 1'1.ended 5ro3 ro.e1 

o4er t7e 5an 1ta068 !an+ard1 tied to t7e 1ide1 o5 t7e 0o**e0tion a11e3b*+ are '1ed to rotate t7e 

a11e3b*+ into t7e 5*o2 at ea07 1a3.*in$ .oint and to 3o4e t7e a11e3b*+ 5ro3 1a3.*in$ .oint to 

1a3.*in$ .oint8 =7e 1a3.*in$ a11e3b*+ 0ontain1 a 0a*ibrated re1i1tan0e de4i0e t7at 3ea1're1 t7e 

an$*e o5 rotation at ea07 1a3.*in$ 1tation8 =7e 0o1ine o5 t7e 3ea1'red an$*e i1 '1ed to 0orre0t t7e 

1a3.*in$ ti3e at ea07 .oint in order to 3aintain t7e 1a3.*e .ro.ortiona*it+8 9dM'1tin$ t7e ti3e i1 

3ore 0on4enient and 3at7e3ati0a**+ e;'i4a*ent to adM'1tin$ t7e area 5or t7e 1a3.*ed 0o3.onent 

t7at i1 nor3a* to t7e 5an 1ta068 Be0a'1e o5 t7e .roAi3it+ o5 t7e 5an to t7e 3ea1're3ent1 3ade at 

t7e 5an 1ta06 eAit .*ane@ t7e an$*e o5 t7e air5*o2 at t7e 1a3.*in$ *o0ation o5ten a..roa07e1 3I 

de$ree1 5ro3 4erti0a*8 

 

=7e 0o**e0tion a11e3b*+ a*1o 0ontain1 a 0a*ibrated .ro.e**er ane3o3eter to 3ea1're t7e *o0a* air 

1.eed and a te3.erat're .robe to 3ea1're t7e *o0a* 1ta06 te3.erat're8 =7e di55erentia* .re11're 

a0ro11 t7e 0a*ibrated ori5i0e@ t7e 1tati0 .re11're and t7e *o0a* te3.erat're at t7e ori5i0e are '1ed to 

1et t7e 5*o2 0ontro* 4a*4e to 3at07 t7e in*et 4e*o0it+ at t7e 1a3.*in$ .robe to t7e *o0a* air 

4e*o0it+ in t7e 1ta06 3ea1'red 2it7 t7e .ro.e**er ane3o3eter8 Baro3etri0 .re11're i1 a*1o 

3ea1'red to 0orre0t 5or t7e den1it+ di55eren0e bet2een t7e air at t7e in*et to t7e 1a3.*in$ .robe 

and t7e air 5*o2in$ t7e ori5i0e8 

 

=7e 1o*id1 0o**e0ted on t7e $*a11 bead1 and t7e 5i*ter are re0o4ered b+ a0id 2a17 and re.eated 

rin1e1 2it7 '*traF.'re N3eta*1 ana*+1i1 $radeO 2ater8 =7e ;'antitie1 o5 t7e tra0er 0o**e0ted are 

$enera**+ 1o 13a** t7at on*+ 0on1tit'ent1 .re1ent in 0on0entration1 abo4e GII3$]* are a00e.tab*e 

tra0e e*e3ent18 ?odi'3@ 3a$ne1i'3 and 0a*0i'3 are t7e 3o1t 0o33on*+ '1ed tra0er e*e3ent18 

?a3.*e ana*+1e1 are 3ade b+ 5*a3e ato3i0 ab1or.tion or ind'0ti4e*+ 0o'.*ed .*a13a te07ni;'e18 

 

9not7er di55eren0e bet2een t7e EP9 3et7od T and t7e C=D Heated b*a11 Bead D1o6ineti0 

NHbBDXO 1a3.*in$ e;'i.3ent i1 in t7e 1i<e o5 t7e 1a3.*in$ .robe and .'3.18 Be0a'1e o5 t7e 

7i$7 1ta06 4e*o0itie1 NRTII 5.3 .ea6 4e*o0it+O and t7e air 4o*'3e *i3it o5 t7e t+.i0a* 3et7od T 



4a0''3 .'3.@ t7e 1a3.*in$ .robe no<<*e 3i$7t be *i3ited to a..roAi3ate*+ c in07 in dia3eter 

in order to rea07 t7e de1ired no<<*e in*et 4e*o0it+8  Dn 0ontra1t@ t7e HbBDX 1a3.*e .robe 7a1 an 

in*et dia3eter o5 a..roAi3ate*+ G in078 =7e *ar$er area o5 t7e no<<*e 3ean1 t7at a 3'07 *ar$er 

1a3.*e i1 0o**e0ted in a $i4en a3o'nt o5 ti3e 27i07 red'0e1 t7e o4era** d'ration o5 t7e te1t8 ^5 

0o'r1e@ in order to rea07 i1o6ineti0 4e*o0itie1@ t7e HbBDX 4a0''3 .'3. 3'1t be 3'07 *ar$er 

t7an t7e 3et7od T .'3.8  

 

Cri5t Late Ca*0'*ation 

=7e te1t a..arat'1 i1 '1ed to 0o**e0t an inte$rated 1a3.*e o5 t7e eAitin$ tra0er 3a11 5ro3 a0ro11 

t7e 1ta068 =7i1 3a11 be eA.re11ed a1Q 

 
  ! " ! "

BB PPbBbB MMMMM #$#%                      NE;8 GO 
 
d7ereQ 

M  e t7e net 3a11 re0o4ered 5ro3 t7e $*a11 bead .a06 and t7e ba06F'. 

5i*ter 5or t7e 1e*e0ted tra0er e*e3ent@ Ne8$8 f$ 0a*0i'3OZ 

MbB  e 3a11 re0o4ered 5ro3 t7e b*a11 Bead .a06 5or t7e 1e*e0ted tra0er 

e*e3ent@ Ne8$8 f$ 0a*0i'3OZ 

BbBM  e 3a11 re0o4ered 5ro3 t7e $*a11 bead 5ie*d b*an6 5or t7e 1e*e0ted 

tra0er e*e3ent@ Ne8$8 f$ 0a*0i'3OZ 

MP  e 3a11 re0o4ered 5ro3 t7e ba06F'. 5i*ter 5or t7e 1e*e0ted tra0er 

e*e3ent@ Ne8$8 f$ 0a*0i'3OZ and 

MPB  e 3a11 re0o4ered 5ro3 t7e ba06F'. 5i*ter 5ie*d b*an6 5or t7e 1e*e0ted 

tra0er e*e3ent@ Ne8$8 f$ 0a*0i'3O8 

 

=7e tota* e3i11ion o5 0ir0'*atin$ 2ater a1 dri5t i1 0a*0'*ated b+ 

N

S
E A

A
tC

M)
&

%                                           NE;8 RO 

d7ereQ 

gE e t7e *i;'id e3i11ion rate o5 0ir0'*atin$ 2ater a1 dri5tZ N33]1O 

t e t7e tota* 1a3.*in$ d'ration N1OZ  



C e t7e 0on0entration o5 t7e tra0er e*e3ent Ne8$8 ..3 0a*0i'3O in t7e 

0ir0'*atin$ 2ater 

9h  e t7e area o5 t7e 1a3.*in$ no<<*e8 N3ROZ and  

9? e t7e tota* area o5 t7e 5an 1ta06 eAit .*ane 0orre0ted 5or t7e 7'b 1ea* 

di16 area N3RO 

 

=7e tota* 3a11 e3i11ion rate i1 a 5'n0tion o5 t7e 1o*id1 in t7e 0ir0'*atin$ 2ater@ t7i1 i1 eA.re11ed 

b+ 

 

   TSEPM C)) %               NE;8 3O 

d7ereQ 

gPM e Parti0'*ate 3atter 3a11 e3i11ion rate N$]1OZ and 

C=? e t7e 0on0entration o5 tota* 1o*id1 in t7e 2ater N$]33OZ 

 

Pina**+@ t7e dri5t rate 5or t7e te1ted 0e** i1 0a*0'*ated b+Q 

 

   
CW

E

)
)- GIIi %            NE;8 HO 

 

27ere 

gCd  e t7e 0ir0'*atin$ 2ater 5*o2 rate 5or t7e te1ted 0e** N33]1O 

 

9*t7o'$7 t7e e;'ation1 abo4e are *i1ted 5or a 1in$*e e*e3ent@ in nor3a* .ra0ti0e 3'*ti.*e 

e*e3ent1 are '1ed8 =7e '1e o5 di55erent e*e3ent1 5or .ara**e* dri5t rate 0a*0'*ation1 i1 bene5i0ia* a1 

a ;'a*it+ a11'ran0e 1te.@ be0a'1e an 'neA.e0ted*+ 7i$7 b*an6 0on0entration in a 0*ean 5i*ter or 

bead .a06 5or one e*e3ent 3a+ be ab1ent 5or t7e ot7er e*e3ent18  

 

=7e a3o'nt o5 ea07 tra0e e*e3ent 0o**e0ted in t7e 1a3.*in$ train i1 .ro.ortiona* to t7e 

0on0entration o5 t7e e*e3ent in t7e 0ir0'*atin$ 2ater8  =7'1 5or e*e3ent1 2it7 1i3i*ar dete0tion 

*i3it1@ t7e d'ration o5 t7e te1t i1 a 5'n0tion o5 t7e 0on0entration o5 t7e e*e3ent in t7e 0ir0'*atin$ 

2ater8 Dn 3o1t 0oo*in$ to2er1@ t7e e*e3ent1 1odi'3@ 0a*0i'3 and 3a$ne1i'3 are .re1ent in t7e 



7i$7e1t 0on0entration and t7'1 are '1ed 5or ana*+1i18 =7e 1a3.*in$ ti3e1 are 07o1en 1'07 t7at 

0o**e0ted 3a11 o5 at *ea1t one o5 t7e tra0er e*e3ent1@ at t7e anti0i.ated dri5t rate@ 2i** be at *ea1t 

GI ti3e1 t7e ana*+ti0a* dete0tion *i3it 5or t7e tra0er8 ?a3.*in$ ti3e1 4ar+ 5ro3 3 to GV 7o'r1@ 

de.endin$ on t7e eA.e0ted dri5t rate and t7e tra0er 0on0entration8 

  

Dn 1o3e 1it'ation1 27ere t7e 0ir0'*atin$ 2ater i1 eA0e.tiona**+ 0*ean or 27ere t7e a3bient 

0on0entration1 in t7e air are 'n'1'a**+ 7i$7@ t7e 0ir0'*atin$ 2ater 3a+ be 1.i6ed 2it7 a tar$et 

ana*+te8 =7i1 i1 '1'a**+ .ra0ti0a* on*+ 5or 13a** 1+1te318  

 

=e1t Dn5*'en0e1 and Le.eatabi*it+ 

9*t7o'$7 t7e .ri3ar+ 0ontrib'tor to t7e a3o'nt o5 dri5t t7at i1 e3itted 5ro3 t7e to2er i1 t7e 

;'a*it+ o5 t7e in1ta**ation o5 t7e dri5t e*i3inator1@ t7e t+.e o5 dri5t e*i3inator@ 2ater di1trib'tion@ 

2ater ;'a*it+@ air5*o2 rate and t7e air di1trib'tion a** 0ontrib'te to t7e a3o'nt o5 dri5t8 Ca*3 

2ind1 a*1o 5a0i*itate 3ore 1+33etri0a* 4e*o0it+ di1trib'tion1 at t7e 5an 1ta06 eAit .*ane and 

re.eatab*e di1trib'tion o5 dri5t at t7e 1a3.*in$ *o0ation18 =o2er1 2it7 13a** *o0a*i<ed $a.1 in t7e 

dri5t e*i3inator1 3a+ 7a4e *ar$e a3o'nt1 o5 dri5t 0o3in$ 5ro3 a 4er+ 13a** area8 b'1t+ or 

4ariab*e 2ind1 17i5t t7e *o0a*i<ed dri5t 2it7in t7e 1a3.*in$ .*ane *eadin$ to 10atter in t7e 

0a*0'*ated dri5t e3i11ion rate bet2een re.eated te1t1 o5 t7e 1a3e 1ta068 ?in0e t7e dri5t rate i1 

7i$7*+ de.endent on t7e ;'a*it+ o5 t7e in1ta**ation and t7i1 3a+ 4ar+ 5ro3 0e** to 0e**@ it i1 not 

'n'1'a* 5or t7e dri5t rate to 4ar+ b+ '. to TI .er0ent 5ro3 0e** to 0e** in t7e 1a3e 0oo*in$ to2er8 

=7i1 o00'r1 e4en 27en t7e re.eat r'n1 on t7e 1a3e 0e** are 4er+ re.eatab*e8 

 

9*t7o'$7 t7e te1t 0ode re;'ire1 t7e 1a3.*in$ o5 t7e a3bient air to deter3ine t7e 0on0entration o5 

t7e tra0er e*e3entN1O in t7e a3bient air@ no 0orre0tion i1 a..*ied 5or t7e a3bient 0on0entration8 

=7i1 *ead1 to t7e .otentia* 5or .o1iti4e*+ bia1ed te1t re1'*t1 a1 a3bient 0on0entration1 are dra2n 

t7ro'$7 t7e to2er air in*et1 and eA7a'1ted t7ro'$7 t7e to2er 1ta06 and into t7e 1a3.*e train8 =7e 

a3bient 0on0entration o5 t7e tra0er e*e3ent1 at 1o3e *o0ation1 i1 a 5'n0tion 2ind b*o2n d'1t and 

t7'1@ 3ore re.eatab*e te1t1 3a+ be .er5or3ed d'rin$ da+1 2it7 re*ati4e*+ 0a*3 2ind18 =7e C=D 

te1t 0ode a*1o 1.e0i5ie1 t7at t7e 2ater5*o2 rate and 5an 3otor in.'t .o2er 17o'*d be 2it7in GIi 

o5 t7e de1i$n 1.e0i5i0ation18 =7e1e *i3it1 3ini3i<e t7e e55e0t1 o5 t7e 07an$e1 in to2er o.eration 

on t7e a3o'nt o5 dri5t8 



 

=7e 5o**o2in$ tab*e .re1ent1 a 1'33ar+ o5 a re0ent 0oo*in$ to2er e3i11ion1 te1t8 

 

TABLE 1 : ISOCINETIC TEST SUMMARQ 
 

Drift Rate as a Percentage of Test Water Flow Rate 
 

Test Number 
 

Calcium S 
 

Magnesium S 
 

Sodium S 
 

Average S 
 
G de1t Ce** 

 
I8IIRI 

 
I8IIGj 

 
I8IIG3 

 
I8IIGj 

 
R de1t Ce** 

 
I8IIGT 

 
I8IIG[ 

 
I8IIG\ 

 
I8IIGj 

 
94$8 de1t Ce** 

 
I8IIG\ 

 
I8IIG\ 

 
I8IIGV 

 
0.0017 

 
 

 
G Ea1t Ce** 

 
I8IIGG 

 
I8III[ 

 
I8IIIV 

 
I8III[ 

 
R Ea1t Ce** 

 
I8IIGG 

 
I8IIGI 

 
I8IIIj 

 
I8III[ 

 
94$8 Ea1t Ce** 

 
I8IIGG 

 
I8IIGI 

 
I8IIIj 

 
0.0009 

 
 

 
Overall Average     

0.0013 
 

Por t7i1 t7ree 0e** 0oo*in$ to2er@ t2o 0e**1 2ere e4a*'ated 5or e3i11ion18 =2o te1t1 2ere 

.er5or3ed o5 ea07 o5 t7e 0e**18 =7e re.eat r'n1 on t7e 1a3e 0e** +ie*ded identi0a* dri5t rate1@ b't 

t7e dri5t rate 5or t7e t2o 0e**1 di55ered b+ a*3o1t a 5a0tor o5 R8 =7e a$ree3ent bet2een dri5t rate1 

0a*0'*ated ba1ed on t7e di55erent tra0er1 and t7e re.eatabi*it+ o5 t7e te1t r'n1 indi0ate1 t7at 

0onta3ination 2a1 not a .rob*e38 



SUMMARQ OF RECENT TEST RESULTS  
 
9 1'33ar+ o5 1e*e0ted HbBDX te1t re1'*t1 .er5or3ed b+ t7e a't7or1 i1 .re1ented in =ab*e R8 
 

 
TABLE 2: Summary of Test Results  

Coo*in$ 
=o2er =e1t =+.e 

CE 
=+.e 

=e1ted  
Cri5t Late 

iP*o2 

b'aranteed 
Cri5t Late 

iP*o2 
     

9 ?tat'1 ME I8II\  
B ?tat'1 HE I8IIH  

CG 900e.tan0e HE I8III[ I8IIR 
CR 900e.tan0e HE I8IIG3 I8IIR 
C 900e.tan0e HE I8IIIV I8IIR 
EG ?tat'1 ME I8IRT  
ER 900e.tan0e HE I8IIIj I8IIG 
PG 900e.tan0e HE I8IIj I8IIR 
PR 900e.tan0e HE I8IIj I8IIR 
b ?tat'1 !E I8IG[  
H ?tat'1 !E I8II[  
D ?tat'1 !E I8II\  
k 900e.tan0e HE I8IIG I8IIR 
X 900e.tan0e HE I8IIIR I8IIG 
! 900e.tan0e HE I8IIIH I8IIIT 
M 900e.tan0e HE I8IIIj I8IIR 
h 900e.tan0e HE I8III\ I8IIT 

^G 900e.tan0e HE I8IIIV I8IIIT 
^R 900e.tan0e HE I8IIIT I8IIIT 
PG 900e.tan0e HE I8II3V I8IIR 
PR 900e.tan0e HE I8IITR I8IIR 
g ?tat'1 HE I8IIG I8IIT 
L ?tat'1 HE I8IIV I8IIT 
? ?tat'1 HE I8IIG I8IIG 
= ?tat'1 HE I8IIIV I8IIG 
l ?tat'1 HE I8IIG I8IIG 
m ?tat'1 HE I8IIG I8IIIT 
d ?tat'1 HE I8IIIT I8IIIT 
n ?tat'1 HE I8IIG I8IIIT 
o 900e.tan0e HE I8IIIH I8IIIT 

h'3ber o5 =e1t1  3I  
94era$e Cri5t Late  I8IIH  
MaAi3'3 Cri5t Late  I8IRT  
Mini3'3 Cri5t Late  I8IIIR  
!E  e  *o2 e55i0ien0+ dri5t e*i3inator1Z 2ood *at7e 
ME e 3edi'3 e55i0ien0+ dri5t e*i3inator1Z 07e4ron t+.e 
HE e 7i$7 e55i0ien0+ dri5t e*i3inator1Z 2a4e 5or3 



?tat'1 te1t1 are done at t7e re;'e1t o5 t7e o2ner '1'a**+ ba1ed on a .er0ei4ed .rob*e3 or a5ter 

3odi5i0ation1 7a4e been 3ade to a to2er t7at do in4o*4e 0ontra0t'a* $'arantee18  =o2er1 gFn 

7ad been re0ent*+ reb'i*t b't 2ere not e4a*'ated 5or 0ontra0t'a* a00e.tan0e8  E3i11ion .rob*e31 

are '1'a**+ 3ani5e1ted b+ eA0e11i4e 1a*t de.o1ition aro'nd t7e 0oo*in$ to2er8 Coo*in$ to2er1 b@ 

H@ and D are di55erent de1i$n1 o5 HI +ear o*d 2ooden 0oo*in$ to2er1 2it7 2ood *at7e dri5t 

e*i3inator18 =7e+ are in rea1onab*+ $ood 0ondition 0on1iderin$ t7eir a$e8 hote t7at t7e dri5t rate1 

5ro3 t7e1e o*der to2er1 are *o2er t7an 5or 0oo*in$ to2er EG8  

 

=7e di55eren0e in dri5t rate t7at 0an be a07ie4ed b+ reb'i*din$ an eAi1tin$ 0oo*in$ to2er i1 

i**'1trated b+ 0oo*in$ to2er1 EG and ER8 Coo*in$ to2er EG 7ad 07e4ron t+.e dri5t e*i3inator1 

t7at 7ad been 1erio'1*+ da3a$ed b+ i0in$8 Coo*in$ to2er ER i1 t7e 1a3e 0oo*in$ to2er a5ter t7e 

interna* 0o3.onent1@ in0*'din$ t7e dri5t e*i3inator1@ 7ad been re.*a0ed8 

 

Coo*in$ to2er 9 2a1 in $ood re.air b't 7ad 1erio'1 2ater 07e3i1tr+ .rob*e318 Poa3 0o4ered t7e 

0o*d 2ater ba1in a1 2e** a1 t7e dri5t e*i3inator18 !ar$e .ie0e1 o5 t7i1 5oa3 2ere 0ontin'o'1*+ 

bein$ e3itted8 ?in0e t7e dri5t e*i3inator1 0annot 5'n0tion .ro.er*+ in t7e .re1en0e o5 5oa3@ 5oa3 

0ontro* i1 re;'ired to 3ini3i<e t7e a3o'nt o5 e3i11ion18 EA0e11i4e 5oa3 0an '1'a**+ be 

0ontro**ed t7ro'$7 .H 0ontro*8 

 

^5 a** t7e 0oo*in$ to2er1 te1ted@ on*+ EG eA0eeded t7e I8IRi dri5t rate 1.e0i5ied b+ EP9 

e3i11ion1 $'ide*ine 9PFHR8 =7e 3aAi3'3 and 3ini3'3 dri5t rate 5or 0oo*in$ to2er1 te1ted 

di55ered b+ a 5a0tor o5 GVj8 Con1iderin$ on*+ t7e a00e.tan0e te1t1 N5or 27i07 t7e 0oo*in$ to2er1 

2ere ne2 or re0ent*+ reb'i*tO@ t7e di55eren0e bet2een t7e 7i$7 and *o2 dri5t rate1 2a1 a 5a0tor o5 

Hj8 dit7 t7i1 de$ree o5 4ariabi*it+@ t7e 0on0e.t o5 an a4era$e dri5t rate o5 a** 0oo*in$ to2er1 

1ee31 to 7a4e *itt*e 3eanin$8 =e1tin$ o5 t7e 1.e0i5i0 0oo*in$ to2er in ;'e1tion i1 ne0e11ar+ in 

order to ;'anti5+ t7e 1.e0i5i0 e3i11ion1 5ro3 t7at to2er8 d7en te1ted@ a** o5 t7e ne2 0oo*in$ 

to2er1 te1ted 7ad e3i11ion1 *e4e*1 3'07 *o2er t7an t7at 1.e0i5ied b+ 9PFHR8 

 

Special Characteristics of Cooling Tower Emissions 

Coo*in$ to2er dri5t 7a1 1e4era* 1.e0ia* 07ara0teri1ti018 =7e 1i<e o5 t7e dri5t dro.*et i1 '1'a**+ 4er+ 

*ar$e 2it7 a t+.i0a* 3a11 3ean dia3eter o5 GIIF3II 3i0ron18 =7e *ar$e 1i<e i1 .artia**+ d'e to 



t7e *i3ited 0o**e0tion e55i0ien0+ o5 t7e dri5t e*i3inator1 5or 13a** dro.*et18 =7e dri5t dro.*et 1i<e 

di1trib'tion i1 a*1o a 5'n0tion o5 t7e 3e07ani131 27i07 0a'1e1 t7e dri5t to o00'r8 ^ne o5 t7e 

.ri3ar+ 5a0tor1 5or t7e a3o'nt o5 t7e dri5t and t7e di1trib'tion o5 t7e *i;'id dro.*et 1i<e i1 t7e 

;'a*it+ o5 t7e in1ta**ation o5 t7e dri5t e*i3inator18 =7e dri5t e*i3inator1 3'1t be in1ta**ed aro'nd 

1tr'0t'ra* 3e3ber18 ?3a** $a.1 aro'nd t7e1e 1tr'0t'ra* 3e3ber1 or bet2een dri5t e*i3inator 

.ane*1 a0t a1 e11entia**+ 'n0ontro**ed e3i11ion 1o'r0e18 9not7er 1o'r0e o5 *ar$e dia3eter 

dro.*et1 i1 t7e 0o**e0tion and reFentrain3ent o5 dri5t b+ 1tr'0t'ra* 3e3ber1@ t7e 5an 1ta06 and 

e4en t7e 5an b*ade18 Pina**+@ 0ir0'*atin$ 2ater 0an be reFentrained 5ro3 t7e trai*in$ ed$e o5 t7e 

dri5t e*i3inator1 i5 t7e dri5t e*i3inator1 are o4er*oaded8 ^4er*oadin$ o00'r1 27en t7e dri5t 

in0ident on t7e dri5t e*i3inator1 eA0eed1 t7eir draina$e 0a.a0it+8 =7i1 0an 7a..en 27en t7e dri5t 

e*i3inator1 are in1ta**ed too 0*o1e to t7e 2ater di1trib'tion 1+1te3 or 27en t7ere are bro6en 

no<<*e1 in t7e 2ater di1trib'tion 1+1te38  

 

Drift Droplet Size 

Pi$'re G i**'1trate1 a dro.*et 1i<e 1.e0tr'3 deter3ined b+ Pb= 5or a 7i$7 e55i0ien0+ dri5t 

e*i3inator 'ti*i<in$ a ?en1iti4e Pa.er te07ni;'e in a te1t 0e**8 =7e dri5t rate a11o0iated 2it7 a te1t 

0e** e4a*'ation '1'a**+ re.re1ent1 t7e *o2e1t a07ie4ab*e *i;'id dri5t rate 5or t7e te1ted 

0on5i$'ration be0a'1e o5 t7e 0are 2it7 27i07 t7e dri5t e*i3inator .ane*1 are in1ta**ed and be0a'1e 

3o1t te1t 0e**1 are 13a** eno'$7 t7at on*+ one .ane* o5 dri5t e*i3inator1 are te1ted at a ti3e8 

P'rt7er3ore t7e 1i<e o5 t7e te1t 0e** di0tate1 t7at additiona* 0ro11 3e3ber1 5or 1tr'0t'ra* 1'..ort 

and ot7er .enetration1 in t7e dri5t e*i3inator .*ane are not re;'ired8  

 

=2o dro.*et 1i<e di1trib'tion1 5ro3 t2o 5'** 10a*e 0oo*in$ to2er1 are .re1ented in Pi$'re1 R and 

38 =7e dri5t e*i3ination 1+1te3 in bot7 0oo*in$ to2er1 2ere 0erti5ied b+ t7e 3an'5a0t'rer to be 

read+ 5or te1t and bot7@ in 5a0t@ .a11ed t7eir dri5t $'arantee8  

 



Pi$'re GQ =e1t Ce** Cro.*et ?i<e Ci1trib'tion 

!"#$ &"'' ()*+$ (),-'"$ .*/" (*#$)*01$*,2

15.70'

42.5*'1+.06'

10.17'

5.-0'
4.6*'

5.0-'

20.*0 microns
*0.40
40.50
50.60
60.+0
+0.1*0
61*0

 

Pi$'re RQ Cro.*et ?i<e ?.e0tr'3 Por P'** ?0a*e Coo*in$ =o2er G 

31'' .45'" &,,'*26 !,7") 8 

1*.15

-.17

4.-1

6.42

5.+*

6.+-
-.47

+.*7

-.77

5.-1

-.*1

5.7+
-.01

10.60 microns
60.110
110.150
150.200
200.250
250.*00
*00.*50
*50.400
400.500
500.600
600.-00
-00.1000
61000

 



Pi$'re 3Q Cro.*et ?i<e ?.e0tr'3 Por P'** ?0a*e Coo*in$ =o2er R 

 31'' .45'" &,,'*26 !,7") 9

2+.15

27.+55.--

5.72

5.52

5.1+

4.17
*.6+

5.++
*.4+

2.7-
0.4-

10.60 microns
60.110
110.150
150.200
200.250
250.*00
*00.*50
*50.400
400.500
500.600
600.-00
-00.1000

 

d7i*e 0are in in1ta**ation 0an 3ini3i<e t7e dri5t rate@ 1o3e $a.1 are 'na4oidab*e in t7e 

in1ta**ation8 Por t7i1 rea1on@ 0oo*in$ to2er 3an'5a0t'rer1 $'aranteed dri5t rate1 are o5ten 7i$7er 

t7an t+.i0a* o5 dri5t e*i3inator1 27en te1ted in te1t 0e**18  

 

Calculation of Particulate Emissions from Drift Rate 

C'rrent de1i$n1 5or ne2 0oo*in$ to2er1 1.e0i5+ dri5t rate1 o5 I8IIIT to I8IIR .er0ent o5 t7e 

0ir0'*atin$ 2ater 5*o28 9 t+.i0a* de1i$n 5or a RTI Md 0o3bined 0+0*e .o2er .*ant 2o'*d be an 

\ 0e** 0oo*in$ to2er 2it7 GI 3eter N33 5tO dia3eter 5an1 and a 2ater 5*o2 rate o5 \RI 6$]1 NG3@III 

$.3O .er 0e**8 9t dri5t rate o5 I8IIG .er0ent o5 t7e 0ir0'*atin$ 2ater 5*o2@ 1'07 a 0oo*in$ to2er 

2o'*d e3itQ 

 
1e0]V8VTGIIIp\p

1e0
\RI

GII
IIG8I g

kg
gcells

cell
kgmw %%!

                    NE;8 TO 

o5 *i;'id 2ater8 9t a tota* 1o*id1 0on0entration o5 TIII ..3 in t7e 0ir0'*atin$ 2ater@ t7e tota* 

.arti0'*ate e3i11ion rate 2o'*d beQ 



yrtongg:mpm ]H8GG1e0]3Rj8I
1e0

V8VTpGITIII V %%% #!           NE;8 VO 

9PFHR 1.e0i5ie1 t7at .arti0'*ate e3i11ion1 be 0a*0'*ated ba1ed e3i11ion 5a0tor e;'i4a*ent to a 

dri5t rate o5 I8IR .er0ent o5 t7e 0ir0'*atin$ 2ater 5*o28 l1in$ t7i1 e3i11ion 5a0tor@ t7e 0oo*in$ 

to2er de10ribed abo4e 2o'*d 7a4e a PMGI e3i11ion rate o5 H8T\ $]1e0@ a 5a0tor o5 RI 7i$7er t7an 

0oo*in$ to2er .re4io'1*+ de10ribed8  

 

=7e dia3eter o5 t7e airborne .arti0*e 27i07 i1 .rod'0ed b+ t7e e4a.oration o5 t7e *i;'id 2ater 

5ro3 a dri5t dro.*et 0an be 0a*0'*ated b+Q 

 

                                               
33

VV psaltdTSwsalt ddCm '('( %%
                                        NE;8 jO 

 

                                     
3

TSw

salt
pd C

dd
(
(

%
                                                     NE;8 \O 

27ere 

31a*t e 3a11 o5 1a*t .arti0*e@ $ 

(1a*t e den1it+ o5 .arti0*e@ $]033 

(2 e den1it+ o5 dri5t dro.*et@ $]033 

C=? e 0on0entration o5 1o*id1 in 0ir0'*atin$ 2ater@ ..3 

d. e dia3eter o5 1o*id .arti0*e@ 3i0ron1 

dd e dia3eter o5 dri5t dro.*et@ 3i0ron1 

 

Por a 0ir0'*atin$ 2ater 0on0entration o5 TIII ..3 and a11'3in$ .arti0*e den1it+ o5 R8T $3]033 @ 

t7e 3aAi3'3 dia3eter o5 t7e dri5t dro.*et 27i07 2o'*d .rod'0e a 1a*t .arti0*e o5 GI 3i0ron1 

2o'*d beQ 
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Por t7e dri5t dro.*et 1i<e di1trib'tion in Pi$'re R@ o4er j\ .er0ent o5 t7e .arti0'*ate e3i11ion 

2o'*d be $reater t7e GI 3i0ron18 Por t7e dri5t dro.*et 1i<e di1trib'tion in Pi$'re 3@ o4er HR 

.er0ent o5 t7e .arti0'*ate e3i11ion 2o'*d be $reater t7e GI 3i0ron18 

 

CONCLUSIONS 

Coo*in$ to2er e3i11ion1 are di55i0'*t to 3ea1're 2it7 traditiona* EP9 3et7od18 =7e .roAi3it+ o5 

t7e 5an to t7e 3ea1're3ent .*ane 0o'.*ed 2it7 t7e *on$ 1a3.*in$ d'ration re;'ired 5or a 

$ra4i3etri0 ana*+1i1 3a6e1 t7e 3et7od T te1t di55i0'*t to .er5or38 =7e C=D te1t 0ode@ 9=CFGHI i1 

de1i$ned 5or 0oo*in$ to2er1 and 'ti*i<e1 a te1t 1a3.*in$ a..arat'1 t7at 0an be e3.*o+ed abo4e 

t7e rotatin$ 5an and 0an .ro4ide a 1a3.*e 1'itab*e 5or e3i11ion rate 0a*0'*ation in a 3'07 17orter 

te1t8 =7e te1t 0ode a*1o in0or.orate1 o.eratin$ and en4iron3enta* *i3itation1 t7at 3ini3i<e t7e 

4ariabi*it+ in te1t re1'*t1 d'e to t7e1e .ara3eter1 and en1're1 t7at t7e to2er i1 not te1ted in an 

abnor3a* 0ondition8  

 

Coo*in$ to2er e3i11ion1 are 4er+ 1ite 1.e0i5i08 ?3a** *o0a*i<ed $a.1 in t7e dri5t e*i3inator .ane*1 

o5ten introd'0e t7e 3o1t 3a11 into t7e eAit air 1trea38 Be0a'1e t7e *o0a* $a.1 are a 5'n0tion o5 

t7e ;'a*it+ o5 t7e in1ta**ation@ 3aintenan0e and o.eration@ 1i3.*+ a11i$nin$ a dri5t e3i11ion rate 

ba1ed 1o*e*+ on t7e dri5t e*i3inator de1i$n or .er5or3an0e $'arantee i1 o4er*+ 1i3.*i1ti08 Cri5t 

e*i3inator1 a*1o a$e and t7'1 t7e a3o'nt o5 e3i11ion1 2i** in0rea1e a1 t7e dri5t e*i3inator .ane*1 

17rin6 or be0o3e da3a$ed d'e to 2ear@ '*tra4io*et *i$7t eA.o1're@ i0e da3a$e or .oor 2ater 

di1trib'tion8 Dn order to .ro.er*+ e1ti3ate t7e a3o'nt o5 e3i11ion1 5ro3 a 0oo*in$ to2er@ an 

e3i11ion1 te1t i1 2arranted8 =7e Coo*in$ =e07no*o$+E1 te1t 0ode 9=CFGHI i1 de1i$ned to addre11 

t7e di55i0'*tie1 a11o0iated 2it7 1a3.*in$ a *i;'id dro.*et e3i11ion at 4ario'1 1trea3*ine1 and *o2 

dri5t rate .er0enta$e18 

 

=7e EP9 e3i11ion 5a0tor $'ide*ine 9PFHR i1 4er+ 0on1er4ati4e in t7e 0a*0'*ation o5 tota* PMGI 

5ro3 0oo*in$ to2er18 =7e e3i11ion 5a0tor o5 I8IRi o5 t7e 0ir0'*atin$ 2ater i1 7i$7er t7an a** 

te1ted to2er1 ot7er t7an a 1in$*e 'nit in 1erio'1 di1re.air8 Dt i1 a*1o a..arent t7at a 1i$ni5i0ant 

5ra0tion o5 t7e 0oo*in$ to2er dri5t i1 *ar$er t7an PMGI8 =7e a3o'nt o5 PMGI e3itted i1 a*1o 1ite 

1.e0i5i0 be0a'1e t7e1e e3i11ion1 are a 5'n0tion o5 t7e 2ater 07e3i1tr+@ dri5t rate@ to2er 

0o3.onent1@ to2er 0ondition and o.eration8 9 te1t 0e** dro.*et 1i<e di1trib'tion 17o'*d be '1ed 



2it7 $reat 0are 27en '1ed to .redi0t e3i11ion1 5ro3 a 5'**F10a*e 5ie*d ere0ted 0oo*in$ to2er8 Dn 

.ra0ti0e@ t7e e3i11ion *e4e*1 .redi0ted 5ro3 a te1t 0e** 17o'*d be 0on1idered t7e *o2er bo'nd 5or 

tota* 0oo*in$ to2er e3i11ion18 
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