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Tém tit: Bai bdo trinh bay viéc dé xudt mét mé hinh tinh todn phat tan hoa chdt déc
(trén co s phin bé Gauss) trong khong khi. Mot phdn mém may tinh (dat tén la:
ChemCode) ciing dwgc phat trién bang ngén ngit ldp trinh C/C++ (dwa trén cdc cong cu
Visual Studio 2013/2017, Spyder véi Python va cdc thu vién NumPy, Matplotlib,...), cho
phép tinh todn nhanh nong dé héa chdt déc phat tan theo khéng gian va thoi gian xay ra
trong cdc sy ¢6. Phan mém ChemCode duwoc kiém nghiém thong qua viéc so sanh thoi
gian tinh todn, @6 chinh xdc cia két qud tinh todn nong dé héa chdt déc véi phan mém
thwong mai quoc té ALOHA (ciia Myp). Phan mém ChemCode dwoc phdt trién véi muc dich
hé tro lap ké hoach chi huy va wng pho voi cac sy ¢6 héa hoc cia luc lwong quan su.

Tir khéa: Hoa chit doc; Su ¢b hoa chat; Phat tan; ALOHA; ChemCode.
1. GIOI THIEU

Cac mé hinh phat tan chat 6 nhidm trong khong khi va cac nghién ctru lién quan di duoc
nghién ctru tai Viét Nam, cu thé: mo6 hinh hoa méi truong tinh toan lan truyén phat tan chat 6
nhiém trong khong khi [1] x@y dyng m6 hinh lan truyen va khuéch tan chét ban trong bai toan
thiét 1ap hé thong quan trac sy nhiém ban trong moi truong khong khi [2], m6 hinh hoa 6 nhiém
khong khi trong diéu kién dia hinh phirc tap tir cic ngudn thai diém [3]. Trén thé gidi, da co
nhiéu cong trinh nghién ctru vé& cic mo hinh phét thai va phat tan khi doc trong cac trudng hop
khac nhau nhu: phat tan khi doc tir cac thiét bi di dong trong ting ddi luu [4], phan tich cac tham
hoa hoéa hoc do giai phong khi tw nhién chira Hydro Sunfua [5], dic diém phat tan khi doc va
danh gia rti ro phoi nhiém trong méi trudng toa nha [6]. C6 thé thiy rang, cdc nghién ctru ndy co
thé dugc chia thanh hai nhom: (i) xdy dung mé hinh tinh toan, dya trén img dung mé hinh thong
ké kinh nghiém dang Gauss-Pasquill [7, 8]; (ii) phat trién phdn mém may tinh, dé ty dong hoa
tinh toan qua trinh lan truyén 6 nhiém khong khi (thuong sir dung cong ngh¢ hé thng thong tin
dia ly - GIS). Tuy nhién, chua co nhiéu nghién ctru lién quan dén viéc mo hinh hoa sy phat tan
chit doc trong cac su ¢6 hoa hoc (do chay, no,...).

Bai bao trinh bay viéc xdy dung mé hinh tinh toan phét tan va phat trién phan mém may tinh
ding dé xac dinh nong d6 hoa chat doc (sinh ra tir cac su ¢d hoa chét) phat tan trong khong khi
theo khong gian va thoi gian. Viée tinh toan ndng d6 hoa chit doc dugc thuc hién trong cac didu
kién khi tugng va dia hinh khac nhau. Chuong trinh may tinh va mo hinh phat tan dugc xay dung
trén gia thiét: nﬁ)ng d6 hoa chét phat tan trong khong khi tuén theo phén bé Gauss. M6 hinh tinh
toan nay c6 thé ap dung cho mot ngudn phat thai, phu hop cho du bao ngin han va dai han. Cac
két qua tinh toan ciia phan mém duge so sanh véi két qua tir phan mém ALOHA (cua Hoa Ky,
dugc sir dung rong rai dé 1ap ké hoach va tng pho cac truong hop héa hoc khan cip. Bai bao nay
ciing trinh bay viéc xdy dung phin mém may tinh c6 giao dién thén thién voi ngudi dung, thong
qua ba qua trinh co ban: (i) nguoi dung nhap cac tham s6 dau vao; (i1) phan mém may tinh s&
tinh toan cac tham sO phat tan; va (ii1) cac tham so phat tan s& dwoc hién thi trén nén ban dd dia
hinh s6. M6 hinh va phan mém may tinh phat trién trong nghién ciru ndy v6i muc dich hd tro chi
huy, diéu hanh qué trinh tmg pho su ¢b hoa chit doc trong quan su.

2. CONG CU VA PHUONG PHAP NGHIEN CUU
2.1. M6 hinh tinh toan nong do héa chit doc phat tan trong khong khi
Nong do héa chat doc phat tan trong khong khi C(x,y,z,t) tai diém co toa do (X, Y,z)trong
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khong gian, vao thoi diém (t) duoc xac dinh theo cong thire (1) [1, 9].

X x —Ut
Z|:erf [mj - el’f (ﬁ}} (t Str)
x-U(t-t) x—Ut
ﬂ{erf( o2 J—erf(gxﬁﬂ (t, <t<oo)
Trong do:

+ o, la tham sb phat tan theo chiéu gid X, phu thudc vao khoang cach va 16p 6n dinh khi quyén;
X p g p g op quy:

C(x,y,z,t)= 1)

+ t, 1a khoang thoi gian phat tan;
+ U 1a van téc gi6 tai do cao z; ) . 7
+ x la ham dac trung cho phan bo Gauss tir mdt nguon phat thai cé trang thai 6n dinh lién
tuc, duogc xac dinh theo cong thirc (2).
Qe (t)

(X, y,z,t)=(Tng(x, ¥)9,(x,2), (2)

Véi g, (x,y) va g,(x,z) dugc tinh theo cong thirc (3) va (4) khi khong c6 sy dbi luu. Cac gia
tri nay phu thudc vao chidu cao ctia ngudn phat tan h,, khéi lugng ciia hoa chat doc phat thai vao
khong khi theo thoi gian Q,(t) va cac tham sb phét tan oy, o, theo chiéu y va z.

(x )—;ex iy 2 3

DI 00| 2o, ©

g,(x z)=; exp _l{z—_hsjz +exp _Lfz+h jz (4)
o \/EUZ(X) 2 Gz(x 2 O_z(x)

Céc tham s oy, 0, Va o,cho mdi 16p on dinh khi quyén Pasquill — Gifford va diéu kién dia
hinh [7, 9] dugc udc tinh theo cong thire (5).

O, =Sa%'? O, (x)=% va o,(X)=S,X(1+s5,,X)* (5)
Gié tri cua cc hé sb Sy» Sy, S, phu thudc vao do nham bé mit dia hinh, tuong trng va4i cac 16p

on dinh khi quyén [7] duoc liét ké lai trong bang 1.
Bing 1. H¢ 56 phat tan s, s,, S, theo dg nham bé mdt va I6p on dinh Pasquill — Gifford [7].

D) nhém bd mit I;I: AL' 6aninh khé quyén PEz)lsquill —EGifford §
- s, | 02 | 012 | 008 | 006 | 003 | 0,016
Khu viee nons ”;0" (viing s, 0 0 |0,0002|0,0015 | 0,0003 | 0,0003
: S, 0 o | 05 | 05 | = 1
s, | 024 | 024 | 02 | 014 | 008 | 008
Khu viee thanh thi s, | 0,001 | 0,000 | 0 |0,0003]0,0015|0,0015
s, | 05 | 05 o | 05 | 05 | -05
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Sx1 0,02 0,02 0,02 0,04 0,17 0,17

Syo 1,22 1,22 1,22 1,14 0,97 0,97

Cd hai Khu vuc Sy 0,22 | 016 | 011 | 0,08 | 0,06 | 0,04

S

y2 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001 | 0,0001

Ghi chu:

Cic I6p on dinh khi quyén Pasquill — Gifford ,

A — Rat khong on dinh; B — Khong on dinh vira phai; C —Khong on dinh nhe;
D — Trung tinh; E - On dinh nhe; F - On dinh vira phdi

Trong bai bao nay, gia dinh ring su cér xay ra d6i v6i truong hop hoa chét doc duogc giai
phong tor mét thung chira mét loai héa chat bi vo do tdc dong cua ngoai lyc. Hoa chat trong
thung chira ¢ dang long, sau khi gidi phong khoi thung 1ép tirc bay vao khong khi va phat tan
theo chicu giod, hodc bi boc chay de tao thanh khi doc. Khi do, Q,(t) trong cong thirc (2) s& phu
thudc vao khéi luong hoa chét thoat ra tur thung chtra Q;, khéi luong riéng cia hoa chét dang
long trong thing p, , khdi lugng riéng ciia hoa chit long thoat ra p, va khdi lugng riéng clia
hoa chat dang khi thoat ra Py » duoc tinh bang cong thirc (6).

Q.(0) = &(ﬂ] (6)
Px \ PL~ Py

2.2. Xay dung phan mém tinh toan va hién thi s6 ligu

Hinh 1 trinh bay m6 hinh tinh toan cac tham s6 phat tan hoa chit doc v6i 03 bude co ban: (I)
—nhap tham s6 diu vao; (I) — tinh toan céac tham so phat tan; va (I1I) — hién thi két qua tinh toan
cac tham s6 phat tan [9] Pé tich hop md hinh trong mot phan mém may tinh, b cong cu lap
trinh Spyder dugc st dung cung v6i ngdn ngir 1ap trinh Python va thu vién dir liéu NumPy.
Trong do, Spyder la mdt méi truong phat trién tich hop ma nguén mé (hd tro 1ap trinh Python),
dugc phat trién ding cho cac muc dich phan tich dit liéu. Spyder hd tro tu dong hoa qua trinh
chinh sira, bién dich, kiém thir ma ngudn, g& réi mot cach dé dang trong lap trinh. Spyder cling
hd tro cung cdp cac mddun khoa hoc tinh toan, xir 1y dit liéu thong qua cac thu vién nhu:
NumPy, SciPy, Matplotlib, Pandas,... Ngon ngit 1ap trinh C/C++ dugc s dung dé xay dung giao
dién phan mém nhdp dit li¢u tham s6 dau vao, tinh toan va hién thi két qua tinh toan lan truyén
hoéa chat ddc trén nén ban do dia hinh sd (duoc dat tén la: ChemCode).

Céc modun cia phan mém ChemCode duoc xay dung tudn theo cac budc ciia md hinh trong

hinh 1, bao gom:

(i) Mbdun tao giao dién thay ddi tham sé dau vao cua sy cd: toa do (kinh do, vi do) xay ra
su cb; dic diém dia hinh khu vuc sy ¢b; ddc tinh hoa chét phat tan vao moi truong (dang
hoa hoc 1ong, khi, sol khi; khdi lugng riéng; khéi lugng mol; nhi¢t do bay hoi,...); tham
s0 moi tru’ong va khl tuong (nhiét d9, hudng gio, toe do gio, dd 6n dinh khi quyén); thiét
1ap thoi gian va do phén giai tinh toan phat tan;

(i) Mbdun tinh toan cac tham sé phat tan theo khoang cach - gia tri o

, Va o, trong cong

thirc (5), dwa trén dic diém dia hinh va d6 6n dinh cua khi quyén - bang 1;

(iii) Modun tinh toan nong do hoéa chat doc tai mot vi tri, & mot thoi diém nhat dinh - cong
thirc (2), (3), (4), dua trén ly thuyet phan bd Gauss;

(iv) Médun tao vong lap dé tinh nong d6 chat hoa hoc tai mot vi tri theo thoi gian (da thiét
14p & muc (i) thong qua viée goi gia tri ham Gauss trong muyc (iii)).

(v) Mbdun hién thi két qua tinh toan bang d6 thi 2D vé6i cac mau sic khac nhau dic trung
cho sy thay ddi ndng d6 cua hoa chit doc phat tan. Médun nay ty dong luu két qua tinh
toan vao bang s6 liéu Excel, phuc vu cho viéc tra curu.
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Nhap tham sé dau vao

(O Vi i sw b, dac || D lew hoa chét, || Dir liu moi
diém dia hinh || dc di€m phat tén|| truong, khi twong

|
v
Tinh cac tham so phat tan theo khoang cach dya trén
diic diém dia hinh va 16p n dinh khi quyén

|

@ Tinh khi lugng ciia chét héa hoc phat thai vao
khong khi theo thoi gian

Tao vong lip theo thoi gian dé tinh todn ndng d6 chat
hoda hoc tai mot diém trén co s¢ phan bo Gauss
|
Hién thi két qua tinh toan dang d thi va luu két qua
dang bang Excel

Hinh 1. M6 hinh tinh todn cdc tham sé phdt tan héa chat doc trong cdc sw co, véi 03 qud trinh:
| - Nhdp cac tham 56 dau vao; II - Tinh todn cdc tham sé phat tin;
W1 - Hién thi két qua tinh todn cdc tham sé phdt tan.

Phian mém ChemCode duoc giao dién hoa sir dung moi truong 1ap trinh phat trién Visual
Studio 2013/2017 v6i ngdn ngir 18p trinh C++. ChemCode dugc xdy dyng co bang giao dién thiét
1ap tham s6 su ¢ hoa chat, cho phép thiét 1ap va thay dbi cac tham s0 su c¢b, bao gom: loai hoa
chat, cuong do va do cao phat thai; tham s6 mo6i truong va do on dinh cua khi quyén; thot gian
tinh toan. Ket qua tinh toan nong d6 hoa chat phat tan trong khong khi duoc hién thi trén nén ban
d dia hinh s tai vi tri khu vuc mong muén.

Ngoai cac chic nang tinh toan, hién thi cac thong sO vé su cb hoa chat doc, phan mém con
cung cap cac chire nang khac nhu: dua ra goi y vé cac phuong an ing pho su c¢b (thong qua viée
hién thi trén cac loai ban d6 sb cac thong tin nhu: khu vuc su ¢, ving anh hudng); cac hinh v&
cong cu (la ban, vong cu ly, ludi toa dd, thudc ti 1€); cac dir liéu hinh hoc (hinh chit nhat, hinh dé
quat, da giac); cac loai biéu tuong don vi quan sy. V&i cac chic nang nay, phﬁn mém dap tng
kha niang tmg dung trong chi huy — diéu hanh tmg phé su ¢6 hoa chat doc cua luc lwong hoa hoc
trong quan su.

2.3. Kiém nghiém phin mém ChemCode

Dé kiém nghiém thoi gian tinh toan cia mé hinh trong phan mém ChemCode, nhém nghién
ctru dd st dung mot may tinh ca nhan (dit tén 1a: TestPC) vé6i cau hinh nhu sau: Intel(R)
Core(TM)i5-5200U CPU @ 2.20GHz 2.20 GHz, RAM 8GB, hé diéu hanh Windows 10 Pro. Pé
kiém nghiém dd tin cay cua phém mém ChemCode, mot su ¢b gia dinh véi cac thong tin nhu
bang 2 duoc lay lam doi tugng nghién ciru. Gia dinh rang, su cb xay ra ddi véi truong hop hoa
chat doc dugc giai phong tir mot thung chira khi dang van chuyén trén duong. Hoa chat trong
thung chtra 1a Hidro xyanua (HCN) ¢ dang 16ng, sau khi giai phong khoi thung chira 1ap tirc bay
vao khong khi va phat tan theo chiéu gi6, hodc bi boc chdy dé tao thanh khi doc.

Bing 2. Théng tin ddu vao vé su cé gid dinh.

Tham s6 diu vao/ tinh toan Gia tri va don vi do cia dir li¢u
Kinh d6: 105:32:24 Pong,
Vi Do: 21:00:14 Bic

Toa dg (kinh do, vi d9)

Vi tri, dac diém su co

Pic diém dia hinh khu vuc thanh thi
D6 cao so voi mat dat 10 (m)
Dic diém hoa chét Loai hoa chat Hydro xyanua (HCN)
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Dang ton tai dang 16ng trong thung chira
Khoi lwong héa chat 150 (kg)
Thoi gian phat thai 60 phat
Nhiét do 25°C
e Téc do gio 6,5 (m/s)
Thong tin moi truong Hudng gid tir huéng 2259
D6 6n dinh khi quyén 16p C — khong 6n dinh nhe

Mot sb luu ¥ véi hoa chat doc Hidro xyanua: 1a chét kich doc, thuong dugc sir dung nhu mot
loai vii khi hoa hoc. Ngoai cac dudng hd hip va tiéu hoa, HCN c6 thé di vao co thé nguoi ta
béng cach thAm qua da. Khi bi nhiém doc nhe, ngudi cam théy nhtrc diu, nén mira, tim dap
manh. Khi bi nhiém ddc ning, ngudi mat cam giac, bi ngat thd, c6 thé di dén ngimg ho hap va
chét vi tim ngimg dap. Chat doc HCN [10] c¢6 khéi luong mol 13 27,0253 g/mol, ¢ thé khan
Ia cht 1ong linh dong, khong mau, rat dé tan trong nudc, ruou va dé hoa rin, dé bay hoi (nhiét
dd6 nong chay la -15 °C, nhiét d6 séi la 25,6 °C), khoi luwgng riéng 0,696 g/cm®. Theo WHO
(2004), khi tiép xuc v6i khi HCN co6 ndng do trong khoang 120-150 mg/m?® c6 thé gdy tu vong
sau 0,5-1,0 gio, véi nong do 150 mg/m? c6 thé gdy tu vong trong vong 30 phut, v6i nong do 200
mg/m? ¢ thé gy tir vong sau 10 phut, va véi ndng do 300 mg/m? c6 thé gay tir vong ngay lap
tuc [10].

Qua trinh tinh toan néng dd hoa chat doc HCN phat tan trong khong khi s€ dugc thuc hién
déng thoi boi phan mém ChemCode va boi phan mém ALOHA. Phin mém ALOHA dugc phat
trién boi Van phong quan 1y khan cap, Co quan Bao vé moéi truong Hoa Ky [11]. Phin mém nay
dugc st dung rong rai trén thé gidi dé tinh toan va lap ké hoach trng pho voi cac truong hop khan
cip vé hoa chét, né cho phép nhap cac thong tin chi tiét vé viéc phat thai hoa chat va ude tinh cac
khu vuc anh huéng véi cac mirc nguy hiém khac nhau (ving mau dé tmg voi mirc d6 nguy hiém
nhét, cic viing mau cam va mau vang thé hién mirc d6 nguy hiém giam dan). Cac két qua tinh
toan cua ALOHA va ChemCode s€ dugc so sanh vo1 nhau, lam can cir khéng dinh d96 tin cay cta
phan mém ChemCode.

3. KET QUA VA THAO LUAN
3.1. Nong d hoa chat doc HCN phat tan trong khong khi

Néng do chat doc hoa hoc (HCN) tai cac vi tri khac nhau tinh tir diém x4y ra sy cd (phat tan
theo chiéu gi6) dugc tinh bang phan mém ChemCode (CSe“®) va ALOHA (C/50™) dugce
trinh bay trong hinh 2. Sy khac nhau giita Cﬁgi‘mc"de va C/50* trong khoang 10%, cho thay: két
qué tinh toan nong dd hoa chat doc boi phan mém ‘ChemCode 1a du tin cdy (trén co s¢ lay két
qua tinh toan tir phan mém ALOHA lam tham chiéu). Do d6, c6 thé st dung ChemCode nhu
mdt giai phap cho tinh toan néng d6 phat tan hoa chat doc trong cac sy c6 hda chét cong nghiép,
quéan sy khi ¢6 su ¢c0 xay ra.

Céc yéu t6 anh huong dén két qua tinh toan la: cac tham sO trong su ¢b gia dinh, sy phu hop
cua mo6 hinh VO’l diéu kién thuc té, nhiing bién d01 bat thuong cua diéu kién khi tuong,... Bé
danh gia chi tiét do khong dam bao do cia cac yeu t6 nay 12 mot van dé phtrc tap, doi hoi nhu’ng
nghién ctru thém nira. Tuy nhién, két qua cua phan mém ChemCode trong nghlen clru nay cling
¢6 co so tin cay (do co két qué kha phu hop véi mot phan mém thuong mai quoc té da duoc tin
dung, ALOHA).

3.2. Vang phat tan chat doc HCN

'Ph?m mém ChemCode dugc chay trén mdy tinh TestPC va da tinh toan dugc vung phat tan
chat doc HCN trong su ¢ gia dinh, két qua dugc chi ra nhu trén hinh 3. Trong hinh v& nay, cac
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vung phat tin mau do, mau cam dadm, mau cam nhat, mau vang, va mau xanh dam, mau xanh
nhat 1an luot twong tng véi gia tri CSer®™® > 40 mg/m?, tir 30 dén 40 mg/m?, tir 20 dén 30
mg /m?, tir 10 &én 20 mg/m®, tir 5 d&én 10 mg/m?, va tir 0 dén 5 mg /m®. Véi cac thong sb sy
¢b va yéu cau tinh toan ddi v6i su ¢b gia dinh (xem bang 2), thoi gian chay cua may tinh TestPC
(doi véi phan mém ChemCode) 1a trong vong 02 phtit va hién thi két qua tinh todn trén nén ban
do dia hinh s0. Thoi gian nay ctia may tinh TestPC (d6i voi phan mém ALOHA) 1a >01phut do
khong c6 chirc ning hién thi két qua tinh toan trén ban d6 s6. Dicu nay cho thiy: dap tng thoi
gian cia phan mém ChemCode va md hinh tinh todn dé xuat 1a hoan toan c6 thé dap ung dugc
cho cong tac 1ap ke hoach chi huy va dua ra cac phuong an img pho véi céc su c6 hda hoc xdy ra
v6i luc lugng quan su.

40 : === Aloha Software -
R —k— ChemCode
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Khodng cach theo X (m)
Hinh 2. Néng dg héa chat djc (mg ! m?) phdt tan trong khéng khi theo chiéu gio
(gia dinh trén truc x) tai cdac khoang cach khdc nhau tw vi tri xday ra sy ¢6 dwoc tinh todn
boi phan mém ChemCode va ALOHA.

\3 e B T

\

Thiét 13p tham s6 sy c& héa chit X FT3A

1. Nhap céc tham s& héa hoc

Loai héa chét:| chat déc HON v|

C. 66 xa thai(ar/h):[ 1000 | B. cao xa (m): | 10

2, Thi€t Iap tham s6 mdi truong:
(® Gi6 c5 dinh (O Gié ngau nhién
Téc dd gi6: | 25 Km/h v | Hutng gié: | 225

9§ n dinh: Bkhéng 6ndinh v | Nhiétdé:| 25

3. Thi€t 13p tham hién thi:
Hién thi dif liéu tich Ity 58 ngay: |:’
[ Hién thi dir ligu tirc thsi 96 p.giai: | 10
Hinh 3. Giao dién thiét ldp tham sé sw co héa chat déc va hién thi két qua tinh todn
phat tan trén nén ban do dia hinh so boi phan mém ChemCode.

4. KET LUAN

M® hinh tinh toén phat tan hoa chét doc da dugc dé xuit boi nhom nghién ctru (dwa trén co sé
ctia phan bd Gauss). Mot phan mém may tinh (dugc dit tén 1a: ChemCode) di duoc phat trién
bang ngdén ngir 1ap trinh C/C++ (dwa trén cac cong cu Visual Studio 2013/2017, Spyder voi
Python va cac thu vién NumPy, Matplotlib). Phin mém ChemCode di dwoc kiém nghiém hiéu
suét tinh toan va do tin ciy thong qua viéc so sanh thoi gian tinh toan va két qua tinh toan ndng
d6 hoa chat doc v6i phan mém thuwong mai quic t¢ ALOHA (My). Két qua tinh toan boi
ChemCode cho thy: véi cling mét bo dit liéu dau vao va cling tinh toan trén mot may tinh giéng
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nhau, thoi gian chay cia ChemCode va ALOHA la twong duong nhau, két qua tinh toan nong do
hoéa chéat doc HCN c6 sy khac nhau trong khoang 10%. Phan mém ChemCode c6 thé duoc ting
dung trong phén tich danh gia tinh huéng su ¢d hoa hoc trén nén ban d6 dia hinh s6 va hd trg lap
ké hoach va chi huy Gng pho vai cac sy ¢ hoa chét doc trong lyc luwong quan su.
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ABSTRACT

A MODEL FOR CALCULATION OF CHEMICAL TOXICITY CONCENTRATION
DISPERSED IN AIR

The paper proposes a model (based on the Gauss distribution) for the chemical toxicity
dispersion in air. A computer software (named as ChemCode) has been also developed
using language C/C++ (together with software tools as Visual Studio 2013/2017, Spyder,
Python and other libraries NumPy, Matplotlib,...) for fast calcuations of chemical toxicity
concentration in chemical accidents as a function of latitudes and time. The ChemCode is
validated through a comparison of calulation time and calculated results of chemical
toxicity concentration with those obtained from an international commercial software,
ALOHA (USA). The ChemCode has been developed for supporting the planning of
command decision and response of the military force to a chemical accident.

Keywords: Chemical toxicity; Chemical accident; Dispersion; ALOHA; ChemCode.
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