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1 RERDERERAD%BD AFZHE

T Q Xic ‘X0c QAcc Vic Vsp MLR MLRE
(h) (m® /s) | (mg/1) | (mg/1) | (m® ) | (m ) |(m® ) |(kg/h) | (kg/h)
0- 1] 0.200 150 178 720 720 1184 108 123
1- 2 | 0.135 115 160 1206 486 | 977 56 111
2- 3 ] 0.130 75 132 1674 468 753 35 92
3- 4 | 0.165 45 94 2268 594 655 27 65
4- 5 | 0.120 65 82 2700 432 395 28 57
5- 6 | 0.100 60 72 3060 360 62 22 50
6- 7 | 0.175 70 70 3690 630 0 44 49
7- 8 | 0.210 120 120 4446 756 64 91 83
8- 9 | 0.220 160 157 5238 792 164 127 109
9-10 | 0.270 200 194 6210 972 443 194 134
10-11 | 0.280 210 205 7218 | 1008 759 212 142
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Tl RERDERBERADEB AFHZHE (&)

T Q Xic Xoc QAcc Vic Vsp MLR MLRE.
(h) (m /s) | (mg/1) | (mg/1) | (m> ) | (m* ) | (m® ) [(kg/h) | (kg/h)
11-12 | 0.300 220 214 8298 | 1080 1147 238 148
12-13 | 0.310 210 212 9414 | 1116 1571 234 147
13-14 | 0.280 200 207 10422 | 1008 1886 202 143
14-15 | 0.250 180 198 11322 900 2094 162 137
15-16 | 0.270 180 193 12294 972 2374 175 133
16-17 | 0.200 170 187 13014 720 2402 122 130
17-18 | 0.150 175 185 13554 540 2249 94 128
18-19 | 0.160 210 190 14130 576 2133 121 132
19-20 | 0.120 215 194 14562 432 1873 93 135
20-21 0.110 220 199 14958 396 1577 87 138
21-22 | 0.170 210 202 15570 612 1496 129 140
22-23 | 0.150 200 201 16110 540 1344 108 139
23-24 | 0.140 180 196 16614 504 1156 91 135

#* 2 #8Cubic Spiline L EIR% 7 ket BUR

T QAV QAcc Vic Voc MLR MLRE
1.0 692 720 720 692 108 123
1.4 962 924 602 692 83 119
1.8 1232 1108 519 692 64 114
2.2 1502 1280 467 692 51 108
2.6 1772 1453 446 692 42 101
2.9 2042 1646 463 692 36 93
3.3 2311 1872 519 692 31 82
3.7 2581 2111 578 692 28 71
4.1 2851 2331 590 692 27 63
4.5 3121 2514 537 692 28 59
4.9 3391 2665 454 692 28 57
5.3 3661 2794 379 692 26 55
5.7 3931 2926 343 692 22 53
6.1 4200 3093 371 692 22 49
6.5 4470 3316 467 692 27 46
6.8 4740 3580 588 692 38 46
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%2 #8Cubic Spiline HRMEZ Rt MR ()

T QAvV QAcc Vic Voc MLR MLRE
7.2 5010 3866 682 692 55 b5
7.6 5280 4162 735 692 74 69
8.0 5550 4459 756 692 a1 84
8.4 5820 4754 761 692 103 95
8.8 6089 5064 773 692 117 104
9.2 6359 5407 820 692 139 114
9.6 6629 5784 898 692 168 125

10.0 6899 6176 968 692 193 134
10.4 7169 6566 938 692 205 139
10.7 7439 6958 1004 692 209 141
11.1 7709 7359 1013 692 214 143
11.5 7978 7775 1039 692 225 145
11.9 8248 8204 1073 692 236 148
12.3 8518 8641 1102 692 241 148
12.7 8788 9078 1118 692 239 148
13.1 9058 9505 1112 692 233 146
13.5 9328 9912 1081 692 222 145
13.9 9598 10295 1029 692 208 144
14.3 9867 10651 966 692 189 142
14.6 | 10137 10996 914 692 170 140
15.0 | 10407 11354 901 692 162 137
15.4 | 10677 11740 939 692 168 135
15.8 | 10947 12123 975 692 175 134
16.2 | 11217 12466 946 692 170 133
16.6 | 11487 12757 848 692 149 131
17.0 | 11757 13004 725 692 123 130
17.4 | 12026 13220 622 692 104 129
17.8 | 12296 13425 556 692 94 128
18.2 | 12566 13641 540 692 97 128
18.5 | 12836 13871 562 692 110 130
18.9 | 13106 14094 577 692 120 131
19.3 | 13376 14288 547 692 117 133
19.7 | 13646 14453 483 692 104 134
20.1 13915 14598 416 692 90 135
20.5 | 14185 14738 375 692 82 136
20.9 | 14455 14900 382 692 84 137
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%2 #¥Cubic Spiline yAJEIRIE 2 BREHBUR ()

T QAV QAcc Vic Voc MLR MLRE
21.3 | 14725 15110 451 | 692 98 138 |
21.7 | 14995 15355 550 | 692 | 117 139
22.1 | 15265 15601 617 | 692 | 129 140
22.4 | 15535 15822 612 | 692 | 126 140
22.8 | 15804 16025 564 | 692 | 114 140
23.2 | 16074 16221 513 | 692 | 101 139
23.6 | 16344 16416 486 | 692 92 137
24.0 | 16344 | 16614 504 | 692 91 135
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Bt 8% 2

Chang Chin-Chen 743145 A:EQUALIZ.PAS 0:24:29am 5/20/89 Page.1
PROGRAM EQUALIZATION;

{*********************************************************************}

{ Determination of flowrate qualization volumn requirment }
{ }
{ and effects on BOD mass loading }

{*********************************************************************}

{array Q :average flowrate during time period
QAcc :cumulative volume of flow at end of time period
Xic :average BOD concentration during time period
Vic :volume of flow during time period
Vsp :volume in storage at end of time period
Xoc :equalized BOD concentration during time period
MLR :BOD mass loading during time period
MLRE :eqalized BOD mass loading during time period }

{$1 float.inc}

> (*********************************************************************)

> (* GRAPHIX TOOLBOX 4.0 *)
> (* *)
> (* Copyright (c) 1985, 87 by Borland International, Inc. *)
> (*********************************************************************}
>

> { The setting of the N compiler directive within this include file will}
> { determine whether your toolbox programs will use the standard Turbo }
> { Pascal 6 byte real number or the Turbo Pascal double precision real }
> { number. In order to use the double precision real number type, you }
> { must have an 8087 math coprocessor installed in your computer. }
>

> .

> {$N-} {Change to $N+ if you want to use the 8 byte double precision real
}
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> {Change to $N- if you want to use the 6 byte non-8087 real number
}

USES Dos , Crt;

TYPE

A1=ARRAY[0..30] OF REAL;
A2=ARRAY[0..100,1..2] OF REAL;
VAR
I, J, L, N, M:INTEGER;
X, V, Voc, PEAK, PEAKE, MIN, MINE, RA, RAE, AV, AVE: REAL;
T, Q, Xic, Xoc, Vsp: Al; ‘
QAcc, Vic, VicE, MLR, MLRE: A2;
V1, V2, M1, M2, Q1, Q2, A2;
FVAR:TEXT;

Subroutine for
procedure Spline(var AA : A2; N : dinteger; X1, Xm : REAL;
the cubic spline
var BB : A2; M : integer);

method.
type

Vector=array [1..100] of REAL;
var

I,K :integer;

Dx, T :REAL;

B,C,D :Vector;
function SplineEval( T:REAL;var I : integer) : Real ;
var

J, K:integer;

Dx : Real ;
begin
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if I > = N then

I :=1;
if (T <AA[I, 1]) or (T > AA[I+1,1]) then
begin
I :=1;
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J :=N+1;

repeat
K :=(I + J) div 2;
if T< AA [K, 1] then

J = K;
if T > = AA[K, 1] then
I:=K;

until J < = (I + 1) ;
end;
Dx:=T - AA [I, 1] ;
SplineEval : AA [I, 2] +Dx * (B [I] + Dx * (C[I] +Dx * D [I] )) ;
end; {Sp]ineEva]}

begin {Spline}
if N > = 3 then
begin

D[1] :=AA[2,1]-AA[1, 1];

C[2] :=(AA[2,2] - AA[l, 2])/ D[1];

for I:=2 to N-1 do

begin
D[I] :=AA [I+1,1]-AA[I,1] ;
B[I] :=2.0 * (D [I-1] + D[I]);
C[I+1]:=(AA[I+1,2] - AA[I,2])/ D[I];
C[I] :=C[I+1]-C[I];

end;
B[1]:=-D[1];
B[N]:=-D[N-1];
C[1]:=0.0;
C[N]:=0.0;

if N > 3 then
begin
C[1] :=C[3]/(AA[4,1]-AA[2,l])—C[2]/(AA[3,1]-AA[1,1]);
C[N] :=C[N-1]/(AA[N,1]1-AA[N-2,1])
-C[N-2]/(AA[N-1,1]1-AA[N-3,1]);
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C[1] :=C[1]1*Sqr(D[1]/(AA[4,1]1-AA[1,1]);
C[N] :=-C[N]*Sqr(D[N-1]/(AA[N,1]-AA[N-3,1]);
end;
for I :=2 to N do
begin
T:=D[I-1]/B[I-1];

B[I] :=B[I] -T* D[I-1];
C[I] :=C[I] -T* C[I-1];
end ;

C[N] :=C[N]/B[N];

for I :=N-1 downto 1 do

C[I]:=(C[I]-D[I]* C[I+1])/B[I];
B[N] :=(AA[N,2]-AA[N-1,2])/D[N-1]+D[N-1]* (C[N-1]+2.0* C[N])
for I:=1 to N-1 do

begin
B[I] : =(AA[I+1,2]-AA[I1,2])/D[I]-D[I]*(C[I+1]+2.0*%C[I]);
D[I] : =C[I+1]-C[I]/D[I];
C[I] : =3.0*C[I];

end;

C[N] :=3.0 * C[N];
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D[N] :=D[N-117;

end
else

if N =2 then

begin
B[1] := (AA[2,2]-AA[1,2])/(AA[2,1]-AA[1,1]);
C[1] := 0.0;
D[1] := 0.0;
B[2] := B[1];
C[2] := 0.0;
D[2] := 0.0;

end;

— 98—
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if (N >=2) and (M >=2) then ,
if (X1 >=AA[1,1]) and (Xm < = AA[N,1] then

begin
Dx :=(Xm-X1)/(M-1);
K :=1;

for I :=1 to M do
begin
BB[I,1] : X1+(I-1)*Dx;
BB[I,2] :Splinekval(BB[I,1],K);
end;
end

end ; {Spline}

Subroutine for determining
PROCEDURE. FINDMAXMIN (AA:A2; VAR MAX, MIN:REAL) ; | the Mas./Min. points in
Fig.2 and Fig. 3.

BEGIN
MAX:=AA[1,2];
MIN:=AA[1,2];
FOR I :=1 TO M DO
BEGIN
IF AA[I,2]>MAX THEN MAX:=AA[I,2];
IF AA[I,2]<MAX THEN MIN:=AA[I,2];
END;
END; {findmaxmin}

Subroutine for
PROCEDURE. FINDEQVoTumn(AA,BB:A2;VAR Q:REAL;VAR X:INTEGER); determining
equalization
tank volume.

VAR
MAX1,MAX2,DQ:REAL;
BEGIN
MAX1:=0; MAX2:=0;
FOR I:=1 TO M DO
BEGIN
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IF AA[I,2]>BB[I,2] THEN |Determine the accumulative flowrate pattern
BEGIN
DQ:=AA[I,2]-BB[I,2];
IF DQ>MAX1 THEN
BEGIN
MAX1:=DQ;
X:=I;
END;
END;

IF AA[I,2]<BB[I,2] THEN |Determine the accumulative flowrate pattern
BEGIN
DQ:=BB[I,2]-AA[I,2];
IF DQ>MAX2 THEN MAX2:=DQ;
END;
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END;
Q:=MAX1+MAX2;
END; {FindEQVolumn}
BEGIN {EQUALIZATION}
CLRSCR;
N:=24;
ASSIGN(FVAR, 'D2.DAT’) ;
RESET(FVAR) ;
FOR I:=0 TO N DO
READ(FVAR, T[I1,Q[I],Xic[I]);
CLOSE (FVAR) ;

QAcc[0,2]:=0;
FOR I:=1 TO N DO
BEGIN
Vic[I,2]:=Q[I]*3600;

- 100—



QAcc[I,2]:=QAcc[I-1,2]+Vic[I,2];
MLR[I,2]1:=Q[I]1*3600*Xic[I]/1000

END;

QAcc[0,1]:=0;
Vic[0,1]:=0;
MLR[0,1]:=0;
MLRE[O0,1]:=0;
FOR I:=1 TO N DO
BEGIN
QAcc[I,1]:=T[I];
Vic[I,1]:=T[I];
MLR[I,1]:=T[I];
MLRE[I,1]:=T[I];
END;

M:=60;

SPLINE(QAcc,N,QAcc[1,1],QAcc[N,1],Q2,M);

Voc:=QAcc[N,2]/24;
FOR I:=1 TO M DO
BEGIN
Ql[I,1]:=0Q2[I,1];
Q1[I,2]:=Q2[I,1]*Voc;
END;
FINDEQVOLUMN(Q1,Q2,V,J);

X:=INT(Q2[J,11);
L:=TRUNC(X)+2;
Vsp[L-1]:=0;
Xoc[L-1]:=0;

FOR I:=L TO N DO

—101-—
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BEGIN
Vsp[I]:=Vsp[I-1]+Vic[I,2]-(QAcc[N,2]/24);
Xoc[I]:=(Vic[I,2]*Xic[I]1+Vsp[I-1]1*Xoc[I-1])/(Vic[I,2]+Vsp[I-1]);
MLRE[I,2]:=(Xoc[I]*QAcc[N,2]/24)/1000;

END;

Vsp[0]:=Vsp[N];
Xoc[0]:=Xoc[N];
FOR I:=1 TO L-1 DO
BEGIN
Vsp[I]:=Vsp[I-1]+Vic[I,2]-(QAcc[N,2]1/24);
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Xoc[I]:=(Vic[I,2]*Xic[I]+Vsp[I-1]1*Xoc[I-1])/(Vic [I,2]+Vsp[I-1]);
MLRE[I,2]:=(Xoc[I]*QAcc[N,2]/24)/1000;

END;

SPLINE(Vic,N,Vic[1,1],Vic[N,1],V1,M);
SPLINE(MLR,N,MLR[1,1],MLR[N,1],M1,M);
SPLINE (MLRE,N,MLRE[1,1],MLRE[N,1],M2,M);
FINDMAXMIN (M1,PEAK, MIN);
FINDMAXMIN (M2,PEAKE, MINE);
RA:=PEAK/MIN;
RAE : =PEAKE/MINE ;
AV:=0; AVE:=0;
FOR I:=1 TO N DO
BEGIN
AV:=AV+MLR[I,2];
AVE :=AVE+MLRE[I,2];
END;

—102-
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AV:=AV/N;
AVE :=AVE/N;

WRITELN;

WRITELN( * * :3,” T Q@ Xic  Xoc  QAcc  Vic Vsp MLR MLRE’);

WRITELN( 7 * :3,’ (h) (mg/1) (mg/1) (kg/h) (kg/h);

WRITELN( oF

FOR I:=1 TONDO T TTTTTTTTTTTToeeees
BEGIN

WRITE(T[I-1]:2:0,7-/,T[1]:2:0,Q[1]:7:3, Xic[I]:7:0, Xoc[I]:7:0);
WRITE (QAcc[I,2]:7:0); |
WRITE(Vic[I:2]:7:0,Vsp[I]:7:0,MLR[I,2]:7:0,MLRE[I,2]:7:0, ;"
WRITELN;

END;

WRITELN;

WRITELN(’ ’:5,T  QAV  QAcc  Vic  Voc MR  MLER’);

8 1 s

FOR I:=1 TO M DO

BEGIN
WRITE(Q1[I,1]:7:1, QI[I,2]:7:0, Q2[I,2]:7:0, V1[I,2]:7:0);
WRITE(Voc:7:0, M1[I,2]:7:0, M2[I,2]:7:0);
WRITELN;

END;

WRITELN;
WRITELN;
WRITELN(" /27, o mmm oo el ")
WRITELN(" ' :7,° I BOD mass 1loading )
WRITELN(" 7:7,’ RATIO I Unequalizd Equalizd )

- 103 -
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WRITELN (" 77,7 - o m oo m o e d oo oF
WRITELN(’ ‘:7,”  PEAK I’,PEAK:10:0,PEAKE:10:0);
WRITELN(’ ’:7,’ MIN I’,MIN:10:0,MINE:10:0);

WRITELN(’ ’:7,” AVERAGE I’,AV:10:0,AVE:10:0);

WRITELN(’ ’:7,’ REAK/MIN I’,RA:10:2,RAE:10:2);

ASSIGN(FVAR, ‘A1.DAT’);
REWRITE (FVAR);
WRITELN(FVAR);

WRITELN(FVAR),’ T Q Xic  Xoc  QAcc Vic Vsp MLR MLRE');
WRITELN(FVAR,” " :3,” (h) (mg/1)  (mg/7) (kg/h) (kg/h)");
WRITELN(FVAR, ’ s
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FOR I:=1 TO N DO

BGEIN
WRITE(FVAR,T[I-1]:2:0,"-,T[I]:2:0,Q[I]:7:3, Xic[I]:7:0, Xoc[I]:7:0);
WRITE (FVAR,QAcc[I,2]:7:0;

WRITE (FVAR,Vic[I,2]:7:0,Vsp[I]:7:0,MLR[I,2]:7:0, MLRE[I,2]:7:0);
WRITELN(FVAR);
END;

CLOSE (FVAR) ;
ASSIGN(FVAR,A2.DAT’);
REWRITE (FVAR) ;
WRITELN(FVAR);
WRITELN(FVAR);
WRITELN(FVAR,’ ’:5,’T QAV  QAcc  Vic Voc MLR  MLRE’) ;
WRITELN(FVAR);
FOR I :=1 TO M DO

BEGIN

~104—
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WRITE(FVAR,QI[I,1]:7:1, Q1[I,2]:7:0, Q2[I,2]:7:0, VI[I,2]:7:0);
hRITE(FVAR,Voc:7:O, MI[I,2]:7:0, M2[I,2]:7:0);
WRITELN(FVAR);
END;
WRITELN(FVAR);
WRITELN(FVAR);
WRITELN(FVAR,’ ’ :5,’REQUIRED EQALIZATION VOLUME’);
WRITELN(FVAR);’ ’/:8,’V=',V:8:2);
WRITELN(FVAR);
WRITELN(FVAR);

WRITELN(FVAR, "/ o7, oo e oo ___. ’5;
WRITELN(FVAR,’ ' :7,’ I BOD mass Tloading O H
WRITELN(FVAR,’ ' :7,’ RATIO I Unequalizd Equalizd )
WRITELN(FVAR, "/ 17, - _____. s
WRITELN(FVAR,” ’ :7,’ PEAK I’,PEAK:10:0,PEAKE:10:0);
WRITELN(FVAR,’ * :7,’ MIN I’/,MIN:10:0,MINE:10:0);
WRITELN(FVAR,’ ’ :7,’ AVERAGE I’,AV:10:0,AVE:10:0);
WRITELN(FVAR,’ ’ :7,' REAK/MIN I’,RA:10:2,RAE:10:2);

WRITELN(FVAR);

WRITELN(FVAR);

CLOSE (FVAR) ;
WRITELN(’ ’:5,’REQUIRED EQALIZATION VOLUME’);
WRITELN(’ ’:8,'V=",V:8:2);
WRITELN(L);
WRITELN(PEAK:7:0,MIN:7:0);
WRITELN(PEAKE;7:0,MINE:7:0)

END.
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