1&%&«‘7)!!7&’3&&

)F? N

Mathematical Models ‘oF Water -Q.uinlilv::y in‘Ti‘da‘.l Estuaries'

ERAERRETESLRERRS

B %

&#

Dr. Albert Yi-lhﬁong Kuo

the real-time model.

~a,

and uses.

N g ¥ ‘
AXHBRBEE Rk B RARS
% UEREARARIRITENEER » KD
SRR H AT RS RTAs #% (Real-
Time Model) MEFHRA (Tidal-Average
Model) FXHE o FrERHZ— BBk K@%
FUNZAR » BB A+ BRES HHA
BIERYHERG R ) SOP R ERRNERER
ALMBBRARRRERAR .

. - S
- MWEN (Tidal Rivers) B¥IBF)ITH

¢ ' ' ABSTRACT

This paper briefly describes the basic principles and the
formulation processes of mathematlcal models of water quahty
Two estuarine water quahty models are presented’to demon- .
strate the dxfference between the tldal—average model and
The tidal-average model employs mul-

txple mtegrals of txdal cycle as tlme increment of numerical
.mtegratlon, and s;mulate the tidal transport with dispersive
terms. The real—tlme model employs a time mcrement much 4
shorter than a tidal cycle, and thus, is capable of sunulatmg ‘
the tidal transport with_ advective terms. The txdal—avernge
* model presented in this paper simulates the salt intrusion in
an estuarine river, while the real-time model simulates the
dissolved oxygen digtribuﬁon in a tidal river. Some results
of both models are prgléented to show the model capabilities
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*Hend Hydraulics Section, Dept. of Physlcal Oceanography and Hydraulici, V!rginla Institute

of Marine Scienee, -¥irginia, USA.

— 18 —



MR AAERERANES  HRG)RBEXSE
FiKEF (both nutrient-rich and water-
rich) H97KES » 300 UM B Py BAY AWM » K
RS MR KR A M » BB RKEY
ERZS  ERCREAMABUL  EERNAES
S RIS R RS R PRI R
BET o BT AN ENEEE LA o RSB AS
THNRBAGREENL » — BRI )R
BPR » EEREHRR » A DS ZHE &
RN EK 0 B B I 28 0BRSS - BA
FHBZEE ) LW TZRAREHRTERAK
KB FREIA SRR HHEKRTERKZ
AR
ERER R TRSEBE » AnEms
b » NESKEFRHANERBREK » AR
ARAAERNAREETAEGR » THER » RE
MIEZRETR » UMLK ER 5 &2 8T
MEAET ) TRAOARAKGKE » REALY
& RRENEESS o RURATARTE » +8
F BRTHEZRE » ADKEES » ARE
iy 2 B BORELRAB BT )ITE BAE 1 (Assimil-
ative Capacity) » A B3 KHA 0 ERE
EEFATEDBAERE LHFEB » ARBEHE
NBRMNER » ERATRRERR MR EGET
R FABST) IBRAEKE » BRANE
g (iH » B8 TAW s BEB] » BRESK

B o FALTT)I o EE PR 2R MTREKE

FERRRRR LA ZREE LR » RUE
 ERERRAEETERE » AERZHBOHZ

Bl AEEFBNERRAEEECRBAEE

BRL—EERENRE  AENERANEACE
BRBARTE RE N E—-BERENNIL » B
BBA BB AEHI ENINEEE (Relevant
Processes) LUK X ZRHAE » BAABNA
BT » ERWHE T LEC IR R
BRE » TR T A ATRAS )1 | oM a5 Sl b
BRI BRI K RIL o

=~ MRRANARANZ RN

AESHRREXTIHERBROIANE » 7
%% 18 L O o R K T YRR M U S SR 2R T KR
TIEES ERE » SEWILAERBITIF » AR RY
R—EESHEUTNIAENIR » EELTARRSE

SR L ETREY TENKEIRER - BB
A EXHBR-EIEE » BTRERN FHW
TREEZMBANANERGELEEERNG
X BPFEE—ETAKERELESEABAT %
FJIEAERE » BETREE )| A BRI
Mg B » IR ST SEB I 15 Rutp iy Bk
o KEBEBEEAR B iR Bk A sk RB AN
KERIREZ—o

KEEHIER T HHEM)I iﬂi?ﬂﬂiiﬁﬁ?ﬂiﬁﬁ
SRR ES T HAEPRKERIE
BT HRa BEcm A e S5E 8E » DL B g7
B KEERNTIERG » HMTBRE—B5 5
BRI (National Pollutant Discharge
Elimination System) » #HEEM Hidp Bk
H BENHEKRER - TR~ B8 - BORSS
HRIBERNZETIRES B TR ARZE 4%
RERKE » TEERIE €36 i ENE
M A RKEZE & S (Assimilative

‘Capacity) » REIKBBTRBEN BATRYZ

e R TID R E A R K R » SERERARE
SRS Sy ¥ B BB B A — A (A K
B o

E—aam;tﬁgam&

—EERTARLERERESF (Processes)
H—EMELERER » KENBREAZLBRER
TREFEAEPIEAERRNERS » BRERIKE
BEESUESEN SRy R L RS

(LRERETHENERTASERRRNER®

BRREARRENHERA > HERAMATFHER
KRB EGRY WAR 28 (W75 RE - B85
%) WRESHREY ﬁﬁﬂﬁf’tiﬁ@ﬁﬁ?ﬁﬁ
HERAEFRA KBTS » ﬁﬁﬁﬁ'ﬁ‘#ﬂ
—EEBE LR MRNE RS R HER » HER
WE—HERE—EEF  BEHERARBELER
Bio SRR T WEMGR o A TRELBTAIR
BB AR M » PEGRWEHE ﬁﬂﬂﬁ&ﬁﬁm
LG o
1. BRI Fl—TJames River

il 153 Chesapeake Bay Ry HiR#t »
R 2B RN R AR IR - BALRY 290
ABH HHEATY 224 A8 > ZER Susqueh-
anna, Potomac, Rappahammock, York #



James S8 KFRPRAT FRERAEHE » BR
M Oi%iE (tidal range) RE 91 &% »
HERAFATNOEE 1.75 ARN ¥ % 8% »
ERRMIRAEE T8 » FLRHBREER » B
Potomac River f&¥IZ= B MR » 1B Ja-
mes River R¥ZHFE BEMN A Richmond »
R O& 160 AHpE o Janes River R#EE
BARAT » RRAES Richmond FHLET
¥%#H5 Hopewell LIERERY HAZKE »
James River AFHLMENFERFHERARN
BB > PrildEsd REEM Hib—RR BIKE
% » BB EHHD ILEER © '
2. IRy F=MA  (Representation of the
River) ‘ '
inAAT#E (Hydraulic Model) Ll
FIRRBELUT N AR TRERAERERE (Pr-
ototype) —#f » —EPRBRAEETELHSBR
FRAETNNBETTR » BRI ST

RYE » BEHRELBBATRAR » BERK

AY

,‘.

B 1. Chesapeake Bay ﬁzﬁﬂﬁﬁ%ﬁ

‘I 964{15511)
isatmoszl) ’
Heet01s141)
7 POINT SOURCES
(7)) amen S (1) Richmond STP

- @ DuPont .

. (D Falling Ck. STP
(£) Bellwood Manor
(5 Proctors Ck.

77°,20°

o
o ——
- STATUTE MILES

"(6) American Tobdeco
() Phillip Morris, Inc.
(8) Gravelly Run & Baitey Ck.

5
37"
30°

10

KILOMETERS

Lagoon [ Kingsland Ck.}

77°,00°

. James River AZMAB (MFKERRIFEZIOEN  LAGE - ERAKESLER



K » RFEALEE—E TSR 858 (Reac-
hes) » SENE L—H8 B FRAREHEAY
R o BT HIRKBER » RFE James River &
RMERELE Chickahominy ZWIERRE (%E
824 AB) SH 49 A (B 2) » BRSNS
WA RABCBEE » £EMRLERBE » FHK
FERE SR KERARRE » SEEHEDRETER
BANER - KENFESR 0 ERRRE &
—RAER P BB RN » H—TRER
NERBTENRY » B VAR — N R
WAL THES » ERB TS 50 B »
8 50 [ENEBEHBIRTREEZN » B—Ra0
B o MLHMANBIEE » XK BEFHRE

James River HySfIBR o -

C ARBRFIRESH S HER - BT EE
BENTESMNEE (Tidal Current Amplit-
ude) iﬁﬂiﬁ%‘(Phase Difference) Kﬁi 58
HER » TS BB R KX (Hydrodynamic

‘Model) ZHH » Bk THREERAPERERR

HR SR AERBT 2 BRI B BB R A

R BB BRI o ERMEGR

P SOOI I » 35— 178K E| FITTEG RIS »
BT BRSO E R L
KRG » HATIE RAELLREE » (WIS
ST LSRR B R 2R o

% — James River HR%NBENEZSTKE
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Transect from Cross-  “lgectional Transect Depth**, | Area Volume®*
No. Mouth*, mi ii?i?,“ ?tl= Area®, ftt | Depth*/ ft | - gt nteome | 107 £
1 99.0 3,000 3,000 3.0 60 100 2,20
2 98.1 6,272 6,272 139 15.8 50 218
'3 97,5 7,470 | - 7470 17.7 17.2 5.0 208
4 97,0 8,322 8,322 168 160 50 254
5 96.4 o1 . A0 15.2 16.2 50 279
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4”6 s%,e' ar}oeo ; 93,‘444 ‘ 2£.6 167 2(1).0 ms.loo
47 524 ° ‘as;ooo | 95201 19.3 19.6 25.0 68 20
e 51.0 89,000 89,198 243 18.9 250 7880
o 495 109,730 109,730 164 123 25.0 120,00
50 478 132,540 158,694 108 - - .

* @E (Transects) ¥
** /j\_& (Reaches) 5% 3



'# = JamiesRiver M X & W W M W B 0 3

Transect Number _ Tidal Velocity, ft/sec Phase Difference, hours
1 Qo 00
2 0.1 0.0
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5 0.23 0.08"
6 © 032 0.12
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49 1.64 3.25
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