MO HINH SO MO PHONG NOs
TRONG SONG VA HE THONG SONG

NCS. Ding Xuan Hién
Trung tam tw lien Khi twong Thiy vin
1. Giéi thiéu | |
NO; 14 chét kho xi 1§ trong cong nghe nuéc va nude thii, ké ci cic cong
nghe xi 1§ bing phuong phap sinh hoa hi¢n dai. Trong quén 1y, bdo ve va sk dung
“cac nguén nudc song thi chi tieu NO; 12 rét quan trong, dic bit dsi voi nhing
nguén nuéc ding dé cip nudc cho cac do thi, khu cong nghiép va nuodi trong thily
" sin. Néng do NO; cao trong ngudn nudc 1a rét doc ddi véi thily sinh, dac biet 12 vai
con ngudi khi nguén nuéc nay duge sit dyng tryc ti€p cho an uéng va sinh hoat. Vi
vay, viec tim kiém mot cong cu dé tinh toan va du bao NO; trong song 12 rét can
thiét va c6 § nghia 16n trong bdo v¢ moi trudng.
2. M6 hinh ho todn hoc qua trinh nitrat hoa trong dong chay song
Qué trinh nitrat hoa trong song voi tc nhan 14 cic vi sinh vat nitrat, phu
thudc vio cac yéu t6 moi trudng, nhw néng do cic chat nén NHy-N, NO,-N, 0xi hoa
tan, BOD; ciing nhu cic diéu kien nhiét do va pH, van toc dong chdy,.... Qua trinh
trén dwoc bidu thi toan hoc bing cong thitc sau:

= KNwaij 0 KN:V fZN 5 HT,0,,B0D,.v,..) ay
Trong do: o
. uy - Toc do phat trién ca vi sinh vt nitrat (ngay ™)
ue= - Toc do phat trién 16n nhat cha vi sinh vat nitrat (ngay™)
NH, ., NO, - Néng d¢ cia NH, va NO; trong nudc (mg/))
Kz, Ko, - Hing 56 Michaelis ctia NH, va NO, (mg/l)

- ¢ 12 ham xét dén sy phu thugc clia qué trinh nitrat hod vao nhiét do, oxi hoa
tan, BODs va van tdc dong chay... ‘
' Cac yéu t6 dnh hudng chd yeu 1a pH, nhiét do, oxi hoa tan, cac chit doc
ciing nhu hinh thai ciia thily vire, chuyén dong roi,clia nwée-va anh sing.

Cac 4nh hudng dén qua trinh nitrat hoé trong dong chdy song;

2.1. Su phy thuéc nhiét do ciia qud trinh nitrdt hod
Sy 4nh hudng cla nhiet do den toc do phit trién cla cac sinh vt nitrat c6 thé
dugc biéu thi bing quan he ham Vanthoff-Arrhenius (Gobel-Meurer, 1980):
¢ = ¢20vc-9(T_20) 2)
& day: @ - Hing s6 nhigt d9, theo Warwick, 8=1,046-1 076
2.2. Oxi hoa tan ‘
Su phu thuoc cha téc do clia qua trinh nitrat hoé vao ham lugng 6xi duge
biéu thi bing phuong trinh dong hoc enzym ctia Michaelis-Menten:
o DO
Do TR0 o+ DO )

O aay:
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@ - He s6 4nh hudng cla 6xi dén qua trinh nitrat (mg/l.ngay)
¢ - He s6 anh hudng 16n nhat cia 6xi dén qua trinh nitrat (mg/l.ngdy) -
k., - Hing s6 Michaelis cfia 6xi, kpo= 2,0 mg/l (EPA, 1975)

2. 3 Sy phy thudc cua qua trinh nitrdt hod vao BOD;
Su phu thuoc ctia qué trinh nitrat hoé vao BODs duge bidu thi bﬁng

Gpop = 1,2-0,035.B0D, )

Cong thitc tinh p,, duge viét gon lgi nhu sau:
o NH, NO.
Iu"N :ll'lN ‘K +[}\1H 'K +2]V0 '¢T'¢O~'¢BOD
NH NO,

Vi vi sinh vat nitrat rat nhay cdm véi nhiet do va ta cb phuong trinh thue
nghlém sau day [Miiller, 1995]:

My = 0,043+ 0,00617 +0,00097* - (©)

V61 T 1a nhigt d¢ nude, con g™ 1a toc do phét trién 16n nhé’t cla vi sinh vat
nitrat hoa (ngay™).

Qué trinh quan trong duge dé cip trong mo hinh hoa 13 xét 14i qué trinh
twong tac trao déi gifta nito trong nuéc song va nito trong bun day thong qua chu
trinh nito trong ving bin-nude, trong d6 cb k& dén qua, trinh khit nitrat xdy ra trong
vung nay. Cac qua trinh trén dugc moé hinh hoa bing cac céng thirc toan hoc, vi the
dé dang s6 hoa va dinh luong chiing.

)

3 . Mo hinh s8 tri thity dgng luc hoc phi tuyé’nr mdt chiéu

3.1. Phuong trinh co bdn va cdc diéu kién rang bugc

Bai todn thity dong luc duwoc viét nhu sau:

Bh+Q =q | 7
S gdg) o
0+, +gdh + 50 =0 ®
2 2 | |
hay g-+]g.a iA +gdh, +§?ﬁ' 0 ©)

xelx,,x ], t elt,,t]

h
(T&daykyhieu:h=~0,tf ;O =-0—Q svakyhieu f(x,,2,) = f")

Trong cde phuong trinh (7)-(9) ta ky hi¢u: A(x,t)-Dién tich mit cit ngang
long song (m?), B(x, t) -B¢ rong long song (m), R(x,t)- Ban kinh thiy Iyc (m), g-Gia
téc trong tru(mg (m/s), Q(x t)-Liu lwong nude s(‘)ng (m’fs), h(x, t) Cao do muc nubc
(m), C-He s6 Chezy (s/n ) q(x,t)-Luu lugng bé sung hodc mét di trén mot don vi
chiu dai dong chdy (m’ /s/m); x,t - cac bién kh(“)ng gian va thdi gian (m,s).

Cac phwong trinh (7)-(8) duge goi 13 he p}mxrmg trinh Saint-Venant, hé
phuong trinh hyperbolic bac nhat mot chiéu phi tuyén. Ta phai gidi he (7)-(9) d€ tim
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h, Q trong mién {xo <x<x,t,St< tl}thoﬁ man cac diéu kién ban diu va cac di€u
kién bién.
3.2 M6 hinh viing mo rong

Céc doan doc theo dong chdy s6ng ma khong cb hojc it c6 nudc chdy qua
dwoc goi 12 cac ving luu & D€ mo hinh hoa cic ving nay ngudi ta st dung quan
diém la mét sy b myc nudce gifta dung tich dong chinh (A) va dung tich luu chra
(Ao) x3y ra va ty 1¢ v6i sy chenh léch myc nude cla chung (h-h,).

Cac phuong trinh Samt Venant (7), (8) dugc viét lai trong trudng hgp nay,
- cling voi: .

h= h(x,4) . ‘
(ho)= K(h - ho) ' (10)
K 1a t6c do trao déi nudc. Myc nubc trong vung luu duge cho bdi ho(x,t) va
g1a thiét ring dien tich mjt ct ngang cla chiing A, ¢6 the dugc xac dmh va 12 ham
cua h,.

4. M6 hinh NO; ciia dong chdy song
Phuong trinh tdi - khuéch tén NO; trong song duge viét nhu sau:
(AC) =-(QC)x + (AEC)u + S(x,,C) - (1D
S(X,t,C) = [szOz -~(1- p) almA.Cp] <+ B4' Bg.NO:l, + q(CNQ3" C) (1 la)

i x elx,,x], t €lt,,], C>0.
& Fc

2 ] a:
Ky higu: ¢, =— ¢, =—,C

: . ] d ; * @: T - ?&T
Trong 46: - C,(x,?)- Ndng d chét tinh toén trong song .,
E(x,t)- He s6 khuéch tin theo Thatcher va Harlermam (m?/fs):

+d VIR hoic E = 63.n.v.R"

E(x,t)=d,.|
véi d;,d, 12 cac hing s6, n 13 he s6 nham Manning .

: ,s‘Trong cac phu'dng trinh (11 )-(11a ): Cyos- Néng do NO; trong nguén thai (mg/l);

- NO; - Néng do NO; trong séng (mg/l) oy- NOng do nito trong tdo (mgN/mgA); my-
_Toc d¢ sinh trudng cla sinh kh6i tdo (ngay '; Cp- Sinh khéi ciia téo trong nuéc
~ (mg/); Bo- Toc d0 khit mtrat hoa (ngay ": B,- He s6 toc do 6xi hoa smh hoc chuyén
* NO, thanh NOs (ngay™); B-T6c d0 gidi phong NO; ti bun day (ngdy” Y; p- Phin

" NH, trong tdo tryc tiép bi chuyén hoa, dwgc xac dinh theo:

p=Hy. NH /{By.NH, +(1-F,,)NO;]
vGi: B, , - He s6, c6 gi tri tir 0,2-1,0

- - Phuong trinh (11) chi co nghiém gidi tich trong mot s6 trudng hop dic biét,
" khiv, A va E 14 d3 biet va gid thiét 1a h?mg s6. Néu ngudén phat thdi mot khai lugng
M tai vi tri X, & thdi gian t,=0, nghiém gidi txch clia phwong trinh 1a phan b6 Gauss:

My (-—(vt—x)) ‘ 1
c(x,t) = ZQJEGXP ALt (12)
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* Cdc diéu kién ban ddu va diéu kién bién
Phuong trinh (7)-(9) va (i1) dwgc gidi v6i didu kién ban ddu va diéu kien
bién sau trong doan x, <x < x,:
- Diéu kign ban ddu: to = 0:h = ho(x,0); Q = Qu(x,0); C = Cy(x,0) (13a)

- Diéu kién bién: x = Xo : h = h(xo,t); Q = Q(%o,t); C = C(x0,t)
x =Xy h=h(x,1); Q=Q(x,t); C= C(xy,t) (13b)
va &'C/a*(x,t)=0

* Ghép ndi nhiéu moé hinh vé cdc diéu kién bién trong

Trong cic doan hop luu céa song noi ma cc gid thist cia phuong trinh Saint-
Venant bi vi pham, lic d6 ngudi ta phdi cin t6i cac diéu kien bien trong. Cac diéu
kién nay bao gom cic diéu kién lien tuc vé luu lwgng va mot diéu kien b8 sung,
chang han nhu can bing myc nuwéc hoic can bing nang lwgng va can bing néng do
NO:s.

Mo hinh hoa sy van chuyén trong séng: -
4.1. Qud trinh tdi, khuéch tdn va cdc phdn ing

Sy van chuyén clia cac chat tan trong song dugc bidu thi bdi phuong trinh
van chuyén tai va khuéch tan don gidn sau: .
(Ac), =—(Qe), +(EAc,), -K, Ac (14)
K; téng quat 12 he s6 t6c do bd sung hojc tiéu tan chat trong dong chdy va 1a
tuyén tinh. Trong trudng hop c¢6 n chat khac nhau véi néng do ¢; ma chiing c6 thé
phén tng twong tac 14n nhau, he céc phuong trinh phén fmg-tai-khuéch tan duoc b
sung bdi s6 hang phin tmg phi tuyén R, , ) '

(c), =-v(c), +%(EA(ci)x)x -—(%4-[(,)0,. +R(x,t,¢,...,c,)i =1,...,n (15)

4.2. Viing nudc ldng hay viing chét (dead zones)

Cac viing chét duoc xi Iy twong ty nhu cac ving luu @. Gia thiet ring chiing
dugc no6i v6i dong chdy chinh va can bng néng d¢ x4y ra. Trong ving nay khéng,
xdy ra sy van chuyén tai va khuéch tan chat. Véi cac gid thiet ndy, e¢ic dnh hudng
hai chiéu ¢ thé tim th4y trong viec xét mo hinh mot chiéu. : :

Ving chét cé thé'la:  a. Déng nhdt véi khéng gian luu (viing luu i),
b. Dugc mé hinh hod dgc Igp véi khong gian lun.
Xét phdn a): Trong trudng hop niy phuong trinh (14) duge thay the bdi:

~ (Ac+ Agm), = «(Qe), + (EAG)): - KiAc (16)
O day m(x,t) bi€u thi néng do chat trong cac ving chét vai dién tich mat cat
ngang Ao . Hon nifa,t6c d¢ thay déi néng do trong cac ving chét dugc gid thiét 1a
tuyén tinh so voi sy sai khac giita néng do trong dong chinh va trong viing chét, tirc

Ia: :
m, = K (c - m) amn
Néu cac phuong trinh cfia m6 hinh ving mé rong duge xét dén thi phuong

trinh (17) duge gidi hién theo ¢, :
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¢, =-ve, +— (EAc) —( +K,)c - K"——-(c m)+ (h e - m)——A(xho)

(18) -
Mot vai truong hqp gi6i han quan trong sau (cho viéc don gidn hod thi g = 0,
K] = 0)
(i) Khong x3y ra can bang myc nudc va khong cb can bang néng do

gifta dong chinh va khong gian lwu, tcJaK =0 va K =0,

(i) Khong x4y ra can bing myc nuéc nhung x4y ra can bing néng do
gitta dong chinh va khong gian luu, thc1a K =0,

(iii) Nc“)ng do trong dong chinh va trong khong gian luu la déng nhat, thc

1a £ —o0 ( can bing néng do tic thoi),

@iv) Khéng dat toi néng d6 chét trong khong gian luu, tic 1a K=0,
W) Xay ra mot can bing myc nudc tic thoi gilta dong chinh va kh(‘)ng
gian’ luu tic 1a K—o0.

Xét phdn b): KhC)ng glan hxu (AO) va ving nudc chét 4 14 doc 1ap 14n nhau
Trong phin ndy, ving nuorc chét duoc dua ra thong qua phuong trinh sau:
=g(A + Ap), e(x)<1
Voi phlxdng trinh trén ta nhan dugce:
m, = K(c—m)
(Ac), = ~(Qc), +(EAe,), +emQ, — e(4+ 4,)K(c —m)
5. Phuong phap so ctia m6 hinh
5.1. Bai todn tinh dong chdy khong dimmg mot chiéu
, Mién tinh dugc roi rac hoa bdi cac diém tinh trong mat phing (x,t) dugc
dinh nghia bdi tap hop:

w=w, xw, ={(x;,8,);%,, = X, +Ax 8., =1, AL j,neN}.

Ham lien tuc £(x,), cac dao ham theo thdi gian t va theo khéng gian X cha
ham f(x,t)trong cic phuong trinh (7) va (9) duge x4p xi bing cac bifu thirc sai
phan theo so d6 sai phan #n Preismann, va gid thi€t ring tat cd cac ham f(h,Q)
trong cac phu’o‘ng trinh dai s§ phi tuyén dwgc roi rac hoa 1a da biét tai budce thm gian

nA? va 13 kha vi theo h va Q. Khi db ta c6 thé danh gia mot ham f bat ky cta chung
tai budc thoi gian (n+1)A¢bdi khai tri€n chudi Taylor. Phuong trinh dai s6 phi

tuyén tiép theo dugc tuyén tinh hod va chi git lai s6 hang bac nhat, tir do ta thu duge
phuong trinh dai s6 vi€t dudi dang sau:

MEY +NQ™M + L + a0l = n | (19)
M + N O + LES + 0,000 =, (20)

Trong do:
B0 B O -Tuong (g 12 mire nudce va lwu luong tai m3t cit thir j va

j+l. ‘
M,N, L,p,,n VA M,,N,,L, @, mntueong tng 13 cic h¢ sG trong phuong
trinh lien tuc va phuong trinh chuyén dong.
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Cac phuong trinh (19) va (20) dugc viet cho c3p diém tinh toan (j,j+1). Néu
tren nhéanh séng c6 N diém tinh (j = 1,2,.. ,N-1,N), ta c6 thé viét 2(N-1) phuong
trinh dang (19)-(20) nhu trén cho 2N 4n s6. Vi hai diéu kien bién clia nhanh song
phéi dugc cho truéc nen thuong c6 2(N-1)+2 = 2N phuong trinh dai s6 cho 2N 4n-s6
(Q;,%,) . He phuong trinh dwge dong kin. ‘

Hién c6 nhiéu phwong phéap s6 d€ gidi he cac phuong trinh (19)-(20), nhu
phuong phap khit dudi, phuong phap lap Newton-Raphson, phuong phap double-
sweep, phuong phap khit ting budc theo Samaski hosc Preissmann, phuong phéap
Gauss-Jordar, phwong phap Gauss-Seidel ...[2, 4,5, 7, 9 ].

& day ta st dung phuong phap khi dudi bing cach st dung cong thirc truy
toan (recurrence formula) {6, 9] d€ gidi he phuong trinh nay.

5.2. Phuong phdp s6 gidi bai todn vin chityén vdt chdt trong séng

Xét bai ton tdi-khuéch tan mot chidu téng quat
(O); = - (VO + (EC)4 + S(x,1,C) 2D
véi C E[xo,xljx [to,tl]vé C>0.

Phuong trinh (21) 14 dang parabolic ¢6 thé dugc gidi bing mot s6 phuong
phép s [5,10,... 1. & day bai toan (21) duoc gidi bang phuong phap phan ra toan tl
thanh hai bai todn: bai toan tai va bai toan khuéch tan. Bai toan tii & dang khong
thudn nh#t c6 dang phuong trinh dang hyperbolic, va 13 bac nhét theo khong gian
cho neén chf cdn mot diéu kien bien. Bai toan ti dugc gidi bing phwong phap dic
trung, thay vi¢c gidi phuong trinh vi phan dao ham rieng bing viec gidi lien ti€p he
hai phwong trinh vi phan thudng phi tuyén trén luéi tinh (x,1).-Nghiem cla chiing
nhan duge bing tich phan s6 theo phuong phap Euler cii tien, 1a phuong phéap “du
tinh-hiéu chinh” hai buéc.

Bai toan khuéch tan ¢6 dang phuong trinh vi phan dao ham riéng tuyén tinh
bac hai dang parabolic, phdi cén t6i hai diéu kieén bién thuong luu va ha luu. Didu
kién ban ddu doi voi bude thoi gian cho trude la két qud thu duge tiv tinh todn bai
todn tai & phdn trén. Cac dao ham riéng bac nhét theo t va bac hai theo x trong
phuong trinh khuéch tan duge x4p xi bing cac sai phan hitu han (FDAs) theo so d6
sai phan 4n shu diém, san khi rat gon ta dugc h¢ phuong trinh ba dudng chéo sau:

a,Crt +5,Ci" e, Clil =w, ;i=2,3,..,N-1 (22)

AID]

Trong doé: a;, bj, ¢;, w; 14 chc he s trong phuong t1mh (22).

D€ gidi he phuong trinh ba dwéng chéo (22) c6 thé ap dyng mot s6 phuong
phép s6 quen thuoce [2, 4, 5, 8].

Phuong phép s6 va mo hinh trén da duoc kiém nghiem voi trudng hop nghiém
gidi tich va mot s6 bai toén thyc t€, va di chi ra ring chiing cho nghiém s6 thod mén
yéu ciu. - '

6. Ap dung

Ung dung mo hinh d€ mo6 phéng NO; voi bo s6 liéu trén cic doan séng
Hoéng, song D3 va séng Lo voi cic bién trén 13 cac tram thly vin Yen Bai, Hoa
Binh, Vu Quang va bién du6i 1a tram thity van Son Tay. Céc s8 litu dia hinh, diéu
kién bién, ngudn thii va chat lwvong nudc cla cic doan song trén duge do trong thoi
gian 1991-1997.
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S5 lieu bien d€ mo6 phong dong chay dua tren s6 lieu luu lugng tai tram thiy
van Yen Bai, Vu Onang, Hoa Binh va s¢ liéu myc nudc tai tram thily van Son Tay,
duoe do trong cAc nam 1991, 1992, 1995 va 1997.
Cac he s6 trong mo6 hinh NO; dugc xac dinh trong Labo can bing chit sinh
hoc. Cac he s ndy sau do duge xit 1§ hoi quy bang cac chuong trinh SPSS, SAS.

Dé hieu chinh mo6 hinh thiy lyc, nhiéu phuwong an khac nhau da dugc thyc
hién. Ti viéc phan tich d¢ pha hO'p cta dudng tinh toan va céc gia tri thyc do tai cac
mit cit co s6 lieu kiém tra, ta ti€n hanh hiéu chinh b6 thong s6 40 nham n.

Muc nuéc va luu lugng tinh toin duge so sanh voi muc nude va luu lugng:
“thyc do tai cac tram thity vin Trung Ha, Pht Tho, Son Tay trong thdi gian t 7 gid
ngay 13-6 dén 11 gid ngay 18-6 nam 1992, tix 7 gid ngay 10-6 dén 2 g1or ngay 22-6
“nam 1995, tir 7 gid ngay 3-1 dén 8 gid ngay 8-1 nam 1997. Cac két qud mo phong
cho thdy dudng qué trinh tinh toan va thyc do tuorng doi phu horp

M6 hinh NO; duoc kiém dinh bing cach st dung cic s6 liéu thu thap duge
trén cac doan song Héng, song Da va song Lo trong thdi gian tir 13-18 thang 6-
1992, titr 12-17 thang 6-1995, tir 3 -8 thang 1-1997. '

Mo hinh van chuyén vat chdt duge hiéu chinh thong qua vi¢e diéu chinh h¢ so
khuéch tan va truc tiép 13 diéu chinh céc h¢ s6 d, va d,. Viéc higu chinh E va cac he
s6 khac clia mo hinh thf)ng qua viéc so sanh cAc qué trinh tinh ton va sg li¢u thyc
do tai mot s6 mat cét ¢6 s0 lieu do dac. '

Két qud tinh toan nong d¢ NO; trong song Hong va song Da duogc so sanh
v6i s6 lieu thuc do, cho thdy cac két qud tinh toan cb sai s6 nhd hon gidi han cho
* phép va do chinh xéac chép nhan duge.

7. Két luan

Trong bai bao nay da trinh bay cac noi dung chd yéu cia mo hinh s6 mo
phéng NO3, bao gém cac phuong trinh co ban, cac diéu ki¢n rang budc, phuong
phap s6 cia mo hinh. Phuong phap s6 doi v&i bai toén thlty dong luc phi tuyén 14 so
d6 sai phan 4n Preissmann v&i ludi tinh khong déu; con phuong phép phan ra toan
ti tng dung d€ gidi bai toan van chuyén vat chat trong song. Bai toan tdi dugc gidi
bing phu(mg phap déc trung, dwa viec gidi s6 phuong trinh dang hyperbolic phi
tuyén ve viéc tich phan 6 hai phuorng trinh vi phan thuorng Bai toan khuéch tan
duoc gidi bing so d6 sai phan 4n sau diém. Céc so d6 s6 nay cho nghiém On dinh va
hoi tu. Mo6 hinh di ap dung d€ tinh cho song Hong va song Da. Cac két qua tinh cho
thdy mo hinh cé do chinh x4c chép nhan dugc.
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Déng chi cling nhic nhd CBCC toan Pai hay vwon lén hon nita trong théi
gian 161, cing toan Nganh KTTV phin ddu hoan thanh toan dien va vuot mic k&
hoach Nha nuée 5 nam 1996 - 2000, thi dua 13p thanh tich chio mung sy kién chinh
tri trong dai cla dat nue: Dai hoi Anh hing Chiéh si thi dua toan qudc 14n thir 6
vao cudi nam 2000; doan ket gitt viing truyén thong, phan du tr& thanh don vi dién
hinh tién tién ctia Nganh KTTV.

Budi chiéu, sau budi 18 dén nhan Huan chuong, B/c Gidm d6c Dai Nguyén
Xuan Sit d& chd tri Hoi nghi cAn bo chil chét ciia Dai d€ so ket cong tac 6 thang dau
nam 1999; ban bién phép cy thé cling c§ cic cong trinh, phuong tién, thiet bi, bio
d4m thyc hi¢n t6t nhiém vu quan tric do dac cac yéu 16 KTTV tai cic tram ciing nhu
cong tac dy béo, thong tin KTTV trong sudt mia bdo lut nam 1999 voi chét luong
t6t nhét, nhdm phuc vu kip thoi che cong tac chi dao phong chong thién tai cuj cac
tinh dat hieu qia./.

To Xuan Limg
Van phong Téng cuc Khi twgng Thily van
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