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NUMERICAL ANALYSIS OF STORED WATERS IN RESERVOIR
HYDRAULICS AND ITS ENGNEERING APPLICATIONS

By Yoshiaki Twasa, Naoki MaTsuo and Asao Yu

Synopsis

This study deals with the hydraulic behaviors of waters stored in reservoirs by means of the
numerical techniques. The numerical technique for the mathematical model of higher level has
been developed in the multi-level staggered difference schemes or partial implicit difference
schemes, and the verification of the technique developed has also been made to the thermally
stratified flow with high turbidity. Furthermore, the mathematical procedure of simulaticn tech-
niques for the eutrophication process is explained with results of finding eutrophication indicators.
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Fig. 4. Estimation of temperature distribation in Nagayasuguchi Reservoir.
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Fig. 5. Estimation of turbidity distribution in Nagayasuguchi Reservoir.
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Fig. 6. Temporal change of temperature at water surface in Nagayasuguchi Reservoir.
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Fig. 7. Temporal change of turbidity at water surface in Nagayasuguchi Reservoir.
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%£7—¢(c,)+_|c,, “2,0,° A]y~+1+(,‘% K4 T-C,—G, NG 7))
~=¢(z)+a-a,-G,—K,-T-z—KD-z ........................ (33)
dN; Ly
Bt F=d(Nr)— —BGo,+Ky(No—BCp—r2)+ L IOOOA FA(1=a,)G,  cooeverriieeneee (34)
O =) L Novvo, g 41321+ 0G0, Ko No—BCy—72) ~ B(1~a)Gerr++(35)
P . L
,,,J—¢(pk)+ _T“Dh vo,p,t A |J’ 1y lOO(l)JhAy ........................ (36)
il = —iy NI Ph ------------------------
ez, G(;p U Kus T+ exp[l 1 KN+NI K‘,+P,, .C, (37)
Ko,
= C.. _.2C, e 38
G, =C, Ko, i 2:C, (38)

TZic, Go, s W97 v 7 b v ORIEC K BIEKAEE, G U7 7 v 7+ v ORI L B IHREE,
b MYT T 0 b Y DBRKIBEHEE, Ko pDRBHIER, 1,5 By KB 2B5&, L REH
W&, K1, Ky, Kp, Ko,; TRZNAME, WHEESER, #Y) Y, 7927 40 a iKET 3 Michaelis &
¥, K Ko ZNENRY, BT 7 V7 b Y OTREE, G HAEE, a7 77+ vhoRk
REEL/BOT v aBOW, o FLE, Ko; BT 7 7 + YORTER, B:8H77 V2t i)
BXRBLI/onT v a BOW, Kr; HEEEER, 7 B80T 7 V7 b YHOERBEREROW, Le,
Lwyi Z0ENRY v, MBEEROERSY > ORAHRN 0D OIFHEE, tocy tory top, s ENEN
smn7 qva, AREBEL B v ORBEEETH .

4. 2 BEEREDCI V-3V EZOBRE

R & Uikt ARENNFRN IR T 2 BAKIETH 5. BERKIBRBEKKERL

077 m® OEBA/NIBORAKMTIRS S0, BIEFKBRRICE L CEMBRIARIVNS {, BEETK
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KAENS & & HIC LHBL SORBEHORARLDELVERBLBETLTHVEECLATHH S,
F1o, FkibOPREMHEICBOT, VEEKBNOBKBEINTED, F2EEHICREBBUKEIC X
DHAINZBENDSDOHRAND 5. BEAEICHI: - TR, SFEOMBLDIDIEROTERE, T
TIHEHBREROENERER T B0 Lich-T, BERXOEE RN EMIEHD TR~z i 5D
THaH, BEICBELTR, R (82)~(36) KBD 2 ERFOEERMEHEL, v T 794 A%
LEBVD, TOFHENL, R (32)~(36) O XS BEERICT L TOBYHTEE, b L0 EINTEBYD,
HEOBHTH B, EZFR (32) BROESCHEINS, R (32) OHRAOKEERE Fl; &T5&
Coli=Chis+Fipdt e (39)

C;if;=czi,j+%( Fi;+F) BN 1)}

zzie, Ci¥st=n+l KB AKVLERAO/ a7 (0 a BE CH) OFRT, FI5 5 i=ntl itk
0 BYTE (d, KR, #KEBRE) OFETEROTHELLR 3D OETH 5,
BREAMFOSZHE, ChETOKL, BERFOBELELAUTSHS, SREHEEOR KL L%
B BMARRLE, HAKE @n (m/sec) &OMBEBEEDHRROLSICTE7D,

/uan7 v oa; L(C,)=0.3456Q;, (kg/day)

B97r3 vy L(2)=0 C )
IR L(N7)109.5Q%,°" C v )b e 4D
EREES L(No)=3217Q;;*® ( » )
Wy v L(P,)=1240Q5% ( » )

YR, BERIS2E 1 B4R OEREEKE, KEBEIEX, /07 £ — 2 DI, SRR, BiE
DEROEA ERBICRE L, /KilAHRE, KEBRIE, BERKRENZ00.1, 0.5, 0.1 L7
7, BERR & AZKEREDRINN, EMNER, BEOZNEERE»S UL RZNUTORED,
REDTHEIEDLY, dx, 4y DAXXZ, BEMTOBRAEBERICEZNTTHT, 44=1000m, 4y=
im & Ufco BEMER 4t QREVCGIOARIEE 0 & Uiciale CFL &0 & & £ 560 1/41EL
U, ZEMABR S, SEEMR, MR524E 1 258 » M35 1 A3l Te L, R(32)~(38)D
FRMEE Table 1 ICRTXIED THAKEREOBHOL(LEY L 2L — 1 Ui, Table 1 OREIE
BBEOWL SHLOMETHO SN HORBATEH L IKHEEI N DTH B,

Fig.9,10 325 LTHONIHAD—FITH B, Fig. 9 13, RKERER SUICKROBELEMES &4
BELAMSOREICBIAETRLILODOTHY, ZOEM L, HEMBIZFNZNOMENE/LOBENE K
BHRABFIALTOREVWZ XS, Y77 vy (sra 7 na) ORI, Ko LR, 8%,

Table 1. Parameter values for simulation of eutrophication.

Notation Parameter value Notation Parameter value
He 1.02 a; 0.6
Ku J 0.04 (1/°c) K. 0.002 (1/°c-day)
1, ! 360 (cal, Ky 0.01 (1/day)
Kn 0.1 (mg/l) B 0.01 (ppm-N/ppb-chla)
K, 0.01 (mg/l) K, 0.005+0.001-T (1/day)
Ka 0.005 (1/°c-day) | r 0.2 (ppm-N/ppm-Z)
Cy 0.25 (1/mg-+°c+day) vo,0p 0.3 (1/day)
Key 60 (ppb) v, Pi 0.3 (1/day)
a 0.05 Yo, No 0.3 (1/day)
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Tig. 9. Temporal change of temperature and eutrophication indicators in Murou Reservoir.
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Fig. 10. Vertical distribution of temperature and eutrophication indicators in Murou Reservoir.
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