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ANTNN 1.6 aWﬂqiﬂauQuﬁqﬂaﬁizwwuwﬁnWiﬂsuauﬂﬁwuasTETun153Lﬂawzﬁ

No. Name

i

2

5 HR 1L RMC

6 CH 1L RMC

7

8 CH 1L RMC
10 CH 1L RMC
12 CH 12+850
13 HR 2L RMC
15 CH 2L RMC
16 CH 2L RMC
17 CH 2L RMC
18 CH 28+000

23 CH 17+200
25 CH 23+223
27 CH 28+950
29 HR B6R LMC
31 CH 42+400
32 CH 58+075
35 CH 43+750
36 HR 4R RMC
38 CH 4R RMC
39 CH 57+800
41 HR 6R RMC
42 HR 7R RMC
44 CH 7R RMC
46 HR 9L RMC

48 CH 71+130
49 HR 8R RMC

51 CH B8R RMC
53 CH 77+700

57 CH 864955

56 HR 13R RMC

ST VD Wk Wl o e oy el o prm sl ey e e . b g ey P e} RS TR Y — et oy

Monitoring & Analysis

P T T T T T T N ST ST T E=E N

s e e e e e e ———— ——— ———- b gt . o Sl B i VO v ]

HR RMC 0+000
HR LMC 0+000

0+006
3+615

HR 1R-1L RMC 0+C00

11+520
21+231
RMC
0+000
2+950
7+870
11+551
RMC

21 CH 7+850 LMC

LMC
LMC
LMC
0+9000
LMC
LMC
RMC :
0+000
15+457
RMC
0+000
0+000
5+980
0+000

47 HR 9AL RMC 0+000

RMC
0+000

50 HR 3L-8R RMC 0+000

6+000

RMC
04000

RMC

e i vl S iy e L Sy S S S A b S T — e ) bt e

Monitoring only

== SRS SEETmRRES

[ e e o oy o e A A S T A S S S T T T Sy e

3 SPILLWAY

4 RIVER OUTLET

9 HR 4R-1L RMC 04000
11 HR 5R-1L RMC 0+000
14 HR 1R-2L RMC 0+000
19 HR 1R LMC 0+000

20 HER 2R LMC 0+000
22 HR 3R LMC 0+000

24 HR 3R-1 LMC 0+000
26 HR 4R LMC 0+000

28 HR 5R LMC 0+000

30 HR 7R LMC 0+000

33 HR '12R LMC 0+000
34 HR 3L RMC 0+000

37 HR 2L-4R RMC 0+000
40 CH 63+540 RMC

43 HR 4L-7R RMC 0+000
45 HR 5L-7R RMC 0+000
52 HR 11L RMC 0+000
54 HR 12L RMC 0+000
55 CH 84+250 RMC

58 HR 13BR RMC 0+000

e e o o o o —— T G e o S — " )

b o e B i Ea e A - e e e e S SN TR R Gk AL S S — o ]
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4‘ -
ATINN 1.7 %aganwsﬁauz%ﬁv {calibration) 81A19munMuTATINITERITIN

s
Struc. Section Structurss Formula
no ——Tyre A b for Type "T
main canal laterais Sk L C m
1 1 RMC (v O F 152.2 4.5 0.13
2 1MC 0000 FO18k.42 1.5 0.49
3 Spiilway ¥ 150 43.5 .15
4 River ocutlet ¥ 142 3.7% 0.53
5 2 MC 1l R0 F o 47.349 .5 0.582
6 RMC 11, 3+6153 s 141.76 3.22 1 -0.806
T i 1R-1L, G+200 s no calibration curve
8 RC 1L 11+52C 5 139.814 2 1.1 -0.556
9 RMC 4R-11, 0+OCO T 4.292 -43.901
10 RMC 1 21+231 § —— no calibration curve
u i, o SR-1L G+O00 T —— no calibration curve -
12 RMC 12+850 S 147.007 4, 0.465 -1.286
13 3 RE 7L 000 5 145.294 2.5 0.7T%6 -0.853
14 MC 1R-2L, OHOO0 T 9.615 138.029
15 R 21, 24950 § — no calibration curve
16 RMC 2, 510 § —— no calibration curve ———
17 RMC 21, 114551 § —— no calibration curve ~—
18 RMC 28+000 § ——— no calibration curve
19 4 IR 04000 § —— no calibration curve
20 L 2R 0HOO0 S 152.827 0.8 0.662 -0.596
21 1LMC 74850 s 1%51.43 4 0.814 -0.926
22 LMC 3R 0000 T  6.452 -39.923
23 L 174200 S 149.803 4 0.8 -0.95
24 M 3R-1 (000 T 4.237 -4.932
25 IMC 234223 S5 148.947 4 0.601 -1.1i3
26 jF, o 4R (300 v ¢ 2.67 1.7
21 5 IMC 28+950 S 147.569 2 0.789 -1.109
28 MC BR 4000 T 10.753 -116.43
29 14 6R 000 T 9.174 -66.275
3o e TR 000 T 16.129 ~114.5
KX R IMC 42+400 S 145.436 2 0.464 -1.054
32 1MC 58075 S 141.344 1.2 1.368 -0.618
33 MC 12k O0H000 T 10,989 98.791
k.| 6 me : 3L OO0 T 1C.101 -144.818
kLY RMC 434750 s 14178 6.9 0.524 -1.116°
36 RIC 4R 000 T 23,256 70.023
37 RMC Zir4R G000 T 7.576 ~53.03
32 e 4R 15+457 3§ ———— no calibration curve
39 ®MC 574800 5 139.414 4 0.953 -0.953
40 i RMC 63+:40 § 138.721 4 0.83 -1.023
41 RMC 6k OHOOG T 23.256 -133.791
42z C TR CHOO0 T 28.571 -457.143
43 R 4R-TR OHOC0 T 5.495
4 iy CTR 5+930 § 133.81 1.26 0.354 ~1.044
45 RMC 5i~TR OHO00 T 3.559
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AaUT VIR

Controlling and monitoring structures, lam Pao

MIWN 1.7 (Fa) ¥eyen13dEULTEY (calibration) pAmsmumdiilulasinas

Struc. Section Structures Formula
ne Type a b for Type "T"
main canal laterals sL L C n
46 8 R 9L OHOO0 T 6.711 187.557
47 RMC 9AL (4000 T  4.06%
48 RMC T1+130 s 138.46 3 1.629 -0.809
49 RMC 8R G000 T 27.933 -209.497
50 RMC 31~-8R 04000 T 16.393
51 RMC 8R 6+300 s 138.28 1.25 0.666 —0.901
52 9 RMC 111 0+000 T 12.346 -203.185 .
53 RMC T7+700 S 138.024 2 1.621 -0.63%
54 RMC 121 0H000 T 6.098 -81.207
. 5B RMC 844250 S 137.109 1.8 0.677 -1.048
56 RMC 13R O+000 T 18.868 -52.792
57 RMC 864955 § 136.69 1.4 0.633 -1.337
58 RMC 13BR O+000 T 6.494 4.481
Note -
PARAMETERS

a,b = constant for straight line relation of CHO type
SL = 8111 elevation for tvpe §,F or crest elevation for type W
L = gate width for type S,F or crest length for type W
C = constant for type F,W or from realation of Cs and hs/Go for type S
m = constant from relation of Cs and hs/Go for type §

FORMULA

Two gate type T (CHO)
foomla@G=a*G+h

Single gate type S (subwerge flow)
formula Cs = (hs/Go/C) "1/m
Q/Cs = Lxhs* (2%xg*Diff K} 1/2
when hs = D/§ - 5L
Diff H = U/S - /S

Single gate type F (free flow)
for mula Q = CLGo(2%g™(U/S-SL)) "1/2

Weir type W {or spillway)

formula Q = CL H 3/2

when H = head above crest
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1 I.D' a ‘;' L% '
MINN 1.8 pamsmusitilEeuon o waviiras sy lng

Canal REQ. STRUCTURES
LMC ' 2
RMC 1

H . : o ot ] 1
m3ed 1.9 pwrsmupntiidinae o wdelEamsan A

Canal WS REQ. STRUCTUKES
LMC 4 2, 27

yﬁc 5 27

RMC 2 1, 12

RMC 3 12, 18

RMC 6 18, 39

RMC 7 39, 48, 46, 49
RMC 8 46, 47, 49

RMC 9 48, 47




el mm1muquﬁ"t§"l‘ﬂa‘mm 0 #ﬂq'lﬁ'lméw "

Lamm .-y IONES REQ. STRUCTURES REMARKS

.... UV

2, 2}

21, 23
23, 25
25, 27

E B L BRI

27, 29 no boundary structure between lone I and lone 2 ;
29, 31 o i.e. inaccurats resuits
32

32 ‘ low sfficiencias wmay be caused by spillage at the tail

S Lt B e
w
-
-

-y

[V R o S
&
-
[
=]

ey 12, 18, 13
13, 15
15, 16

16, 17

9Z-1

A

35

36, 38

»

PRSI SR BT B A
-
o

i e

39, 4B, 446, &9, 42, 41 rough figure bhecause of missing boundary section

o Ld RS -
'
»
-
FS
-

46, 41
49, 50, 51

B LA P e
w
o

48, 47, 53
57, 56

- B3
v
el
-

57 low afficiency may be caused by spillags at the tail
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t
A 1011 BaysuuanasTitheaselivgnlugguie (file DGEN.DAT)

4.2,5.0,5.3,5.8,5.2,4.9,4.7,4.2,4.3,4.4,4.2,3.7

1.5

200,3

80,1

80,1

200, 3

1.04,1.04,1.04,1.04,1.12,1.12,1.12,1.22,1.27,1.27,1.27,1.27,1.18,1.18,1.18,1.18,.9%, .98, .98, .95

6.34,0.44,0.52,0.60,0.66,0.69,0.73,0.77,0.78,0.76,0.73,0.64,0.52,0.41,0.41,0.41

6.2€,0.32,0.4,0.5,0.64,0.86,0.96,1.02,1.05,1.0€,1.0%,06.98,0.8,0.6,0.54,0.54

1.1,1.1,1.,t.1,1.,108,20 00,000,004, 800,000,000, 108

S e e -
NS
=~

aswi 1.2 Beyeinenis i e 3wt zﬂﬁr LG (File WCEN.DAT)

4.2,5.0,5.3,5.8,5.2,4.9,4.7,4.2,4.3,4.4,4.2,2.7

1.5,200,3

1.04,1.04,1.04,1.04,1.12,1.12,1.12,1.12,1.27,1.27,1.27,1.27,1.18,1.18,1.18,1.18, .98, .98, .98, .98
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T T T e em R e e T M T TR ER e e e e W R S R A L MR MR R TR A ML S R e L MR AR A e A P e e W

"1","HR RMC 0+00C","F",152.2.4.5,.73.9
"a2v,"HR LMC Q+0Q00" . "F",155.42,1.5,.49.0
"3, "SPILLWAY" , "W",160,42.5,2.15,0
"4","RIVER OQUTLEYT", "¥",142,3.75,.53,0

“5","HR 1L RMC Q+0QCC™"."F",147.349,1.5,.5
"6","CH 1L RMC 2+615","3",141.76,3.22
"7","HR 1R-1L RMC U+0H0”f"S“,G,O,D,0
"g","CHE 1L RMC 11+£207","s8",139.614,2,1.1,-0.556
"g","HR 4R-1L RMC Q+000","T",4.292,-43.901,0,0
"10","CH 1L RMC 21+231","s8",0,0,0,0

"11","HR BR-3IL RMC 2+COOT","T",0,0.,0.,0

"12","CH 12+850 RMC™,6"s",147,007,4,.465,-1.28¢

1A, "HR 2L RMC GO0, "3",145,.294,2.5,.776,~.853

"14"  "HR IR-ZL RMC 0+4C07, ‘m",9 61%,138.029,0.,0
*15" , "CH 2L RMC Z2+950"."3",0.,0,0,0

"16","CH 2L RMC 7+57¢","5",0.0,0,0

17", "CH 2L RMC 11+5517,"38",0,0,0,0

"18","CH 28+000 RMC","S$",0,0,0,0

“19","HR 1R LMC {+CO0Q™,"S",0,0,0.0

"20","HR 2R LMC 0+0GCG","S",152.827,.8,.662,-.596
"21","CH 7+850 LMC™,"S",151.43,4,.814,-.926
"22","HR 3R LMC 0+000","T",6.452,-34.923,0,0
"23","CH 17+20C LMC","S",149.803,4,.3,-.95

"24","HR 3R-1 LMC 0+0Q00Q0°,"T", 4.237,-4.932,0,0
"25","CH 23+223 LMC","8",148.947,.4,.601,-1.113
"26","HR 4R LMC 0O+CCO","W",0,2.67,1.7,0

"27","CH 28+950 LMC","S", 147.569.2,.789,-1.109
"238","HR 3R LMC Q+000","T",10.753,-116.43,0,0
"T29" ., "HR G6R LMC 0Q+C00", "T",9.174,-66.275,0,0
"30","HR 7R LMC O+OOO",“T" 16.129,-114.5,0,0C

"32","CH 58+075 LMC",6"S",141.344,1.8,1.368,-.6138

"31","CH 42+400 LMC","S",145.436,2,.464,-1.054
"33","HR 12R LMC 0©+000™,"T",16.989,98.791,0.0

—— At s e e e v S e e e v e = e L Lm WA W ETE TR SR S we M e e s e o — v — i e o L —




T4, "HR 2L ORMC G000, TV, 10,100, -144.313,90,9
"A5","CH 43+75Q RMC","3",141.76,6.90,0.524,-1.11%
"3e" R RMC 0+000","T",22.256,70.9023,0,0

, ,"HR 4
"37","HR 2L-4R RMC 0+000","T",7.576,-53.03,0,0

"38","CH 4R RMC 15+4%:%77,"5",0,0,0.0

"38","CH 37+E800 R’RMCY,"8",139.414.,4,.953,~.953
"40","CH 63+540 RMC",K"5",138.721,4,.83,-1.023
"41","HR BR RMC 0+000", "T", 6 23.256,-133.791,0,0-
"42","HR 7R RMC 0+00C0","T",28.571,-457.143,0,0
"43","HR 4L-7R RMC 0O+QQ0","T",5.495,0,0,0

44" ,"CH 7R RMC 5+980","38",138.81,1.25,0.354,-1.044
"43","HR 5L-7R RMNC 0+000","T",3.55%,0,0,0
"46","HR 9L RMC 0+000","T".,6.711,187.557,0,0
"47","HR 9AL RMC 0+0QO0","T",4.065,0,0,0
"48","CH 7314130 RMC","S",138.46,3,1.622,-.309

"49","HR 8R RMC 0+000","T",27.933,-209.487,0,0

. "HR 3L-8R RMC 0+0Q00","T",16.393,0,0,0

,"CH 8R RMC 6+000","S",138.28,1.25,0.666,-0.911
"52","HR 11L RMC 0+000","T",12.346,-203.135,0,0

,M"CH 77+700 RMC","38",138.024,2,1.521,-.639

.,"HR 12L RMC 0+000","T",6.098,-81.207,0.,0
"55","CH 84+250 RMC","S",137.109,1.8,.677,-1.048

"56","HR 13R RMC 0Q+0Q00".,"T",13.368,-52.792,0,0
"57","CH 86+955 RMC","S5",136.696,1.4,.633,-1.337
"58","HR 13BR RMC 2+000","7",6.494,4.481,0,0
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k
of
AW 114 TDyessuunalTEa wasduldnig  (file SYSTEM.Fix)

L1 PAO
34 58

121 13840 4 1-12 -6 -7 2 10.7 20.3

122 10672 2 5 -8 4 20.3 30.2 604 120.1
123 706 2 3 -10 1 5 1.0

124 10732 1 10 2 50.2 80.8

125 5500 1 7 i 6 1.9

1310 11240 3 12 -1g -13 2 490.1 120.9

132 1070 2 13 -13 2 10,9 50.1

T E0gs 2 1% -6 : 11.0

T2 58 20 15 -1 : 51.0

PRI C3c. o B v 2 30.2 380.2

241 w0 2 2-11 o 103 130,35

242 6904 2 21 -23 1 2 1.0

243 648 2 23 -2% 1 31.0

244 12280 2 25 -27 3 30,5 60.3 70.2
251 19228 2 27 -2% 2 70.1 16 0.9

252 1470 2 29-31 2 70.5 16 0.5

253 TM2 2 3t-32 2 70.1 16 0.9

254 7580 1 32 2 "70.3 14 0.7

161 11590 2 13-35 2 40.7 50.3

162 7913 2 35 -39 2 50.6 130.4

163 1010 2 36 -38 1 13 1.0

164 10154 1 38 2 100.7 13 0.3

171 9750 6 39 -48 ~46 -45 -42 -41 3 30.6 90.1 130.3
172 1196 1 41 2 30.8 90.2

173 688 2 42-4 2 30.1 90.3

174 946 1 44 2 9 0.5 10 0.5

181 3334 2 46 47 1 10 1.0

182 4061 3 49 -51 -50 1 10 1.0

183 6030 1 S0 1 10 1.0

184 753 1 51 1 11 1.0

191 7789 2 48 -47 ~53 2 90,5 110.5

192 10740 3 53 -57 -36 1 11 1.0

193 6340 1 56 1 11 1.0

194 5740 1 57 1 14 1.0
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4 .
M9 1.1 (A8)  deayesvuusaUszmukasdulngg (file SYSTEM.Fix)

16
E34
LP3
LP4
LP5
Lo
LP7
LP3

. Lp9
LP10
LPil
LP12
1Ll RMC
KM2 4R RMC
KM91 RMC
KM4+650 LMC
K42 LC
50 200.00
5¢ 200.00
50 200.00
50 200.00
50 200.00
65 373.75
65 373.75
60 360,00
45 1350.00 31.
S0 200.00
50 200.00

o0

283887388888

T LR AN 4 OO0 W LN LN LR LN
" . . . .
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PROGRAM WUA (VERSION 1/APR 1988} : WATER USE ANALYSIS

LAM PAC IRRIGATION PROJECT
DATE OF DATER PROCESSING : 14/ 6/19338

WEEKLY ANALY SIS FOR AL L Z ONES

WEEK : 23

DATE START : 3/ 86

ZONE/ COM= IRRIG IRRIG EFFEC CIR CIR LOSSES IRRG. IRRIG.
SECTION/ MAND ATED ATION TIVE ALL ALL SUPPLY EFFICI=
CANAL AREA AREA DEPTH RAIN CROPS CROPS ENCY
- RAI RAI MM MM MM L/S L/S L/s %
1/ 2/RMC 13840 0 0 0 0 0 0 0 xxwx
2/ 2/RMC 108672 0 0 0 0 0 0 0 *xax
3/ 2/RMC 7706 0 0 0 0 0 0 0O Axxx
4/ 2/RMC 10732 0 0 0 0 0 0 0 *xas
5/ 2/RMC 6900 0 0 0 o 0 0 0 *xxx
1/ 3/RMC 11240 0 0 0 0 0 0 0 axwr
2/ 3/RMC 10710 0 0 0 0 0 0 0 Axww
3/ 3/RMC 6086 0 0 0 0 0 0 0 kwkx
4/ 3/RMC 9554 0 0 0 0 0 0 0 *xkx
5/ 3/RMC 8690 0 0 0 0 0 Y 0 Skkx
1/ 4/LMC 9270 1159 129 4] 128 397 596 993 40
2/ 4/LMC 6904 863 129 0 129 295 295 590 50
3/ 4/LMC 64386 810 129 b 129 271 646 923 30
4/ 4/LMC 12290 1536 129 0 129 524 524 1048 50

- ar an am me e e mm wm e e e man mr mm mw mr = em e me wme am = ma v ww e oae = wm = — ===

1/ 5/LMC 19228 0 0 ¢ 0 0 0 0 xxxx
2/ 5/LMC 11470 0 0 0 0 0 0 0 xxx*
3/ 5/LMC 7742 0 Q 0 0 0 0 0 *xxx
4/ 5/LMC 7580 0 0 0 0 0 0 0 xxkx

= ew e wm am mm e em e mm mm e e e e am e mm v e e e e e w= me ww — wm e wm e = e

- wm ae mm me mm wr w mm wm em e e e wmw wa re e ms mm ww  w mm ae o e mm e am W oW R = S ==

1/ 7/RMC 8750 0 0 0 0 0 0 0 *%xx%
2/ 7/RMC 11956 0 0 0 0 0 0 0 xkxx
3/ 7/RMC 6858 0 0 0 v 0 0 0 hxxx
4/ T/RMC 9460 0 0 0 0 0 0 0 xxxx
1/ 8/RMC 8334 0 0 0 0 0 0 0 hEwx
2/ 8/RMC 4061 0 0 0 0 0 0 0 *xxn
3/ 8/RMC 6030 0 ¢ ~0 0 0 v 0 0 xr*x
4/ 8/RMC 7530 0 0 0 0 0 0 0 xxrs
1/ 9/BRMC 7789 0 o 0 0 0 o 0 2xxx
2/ 9/RMC 1074C 4) 0 0 0 o o D hxkxx
3/ ©/RMC 6840 G ¢ 0 0 0 0 Q0 rxxx

0 0 0 0 0 0 0 xExt

"4/ 9/RMC 5740

J _
iM 1.12 Example output, weekly analiysis for all zones
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PROGRAM WUA (VERSION 1/APR 1988) : WATER USE ANALYSIS

LAM PAO IRRIGATION PROJECT
DATE OF DATA PROCESSING : 14/ 6/1988

WEEEKLY ANALYSIS FOR ALL Z 0NNES

LOSSES

IRRG.
SUPPLY

ENCY

WEEK : 24
DATE START : 10/ 6
ZONE/ COM= IRRIG IRRIG EFFEC CIR CIR
SECTION/ MAND  ATED ATION TIVE ALL  ALL
CANAL AREA  AREA DEPTH RAIN CROPS CROPS
- RAI RAI MM MM MM  L/S
1/ 2/RMC 13840 0 0 0 0 0
2/ 2/RMC 10672 0 0 0 0 0
3/ 2/RMC 7706 0 0 0 0 0
4/ 2/RMC 10732 0 0 0 0 0
5/ 2/RMC 6900 0 0 0 0 0
1/ 3/RMC 11240 0 0 0 0 0
2/ 3/RMC 10710 0 0 0 0 0
3/ 3/RMC 6086 0 0 0 0 0
4/ 3/RMC 9554 0 0 0 0 0
5/ 3/RMC 8690 0 0 0 0 0
1/ 4/LMC 9270 2317 120 10 110 677
2/ 4/LMC 6904 1726 120 10 110 504
3/ 4/LMC 6486 1622 120 20 100 430
4/ 4/LMC 12290 3072 120 10 110 896
1/ 5/LMC 19228 0 0 0 0 0
2/ 5/LMC 11470 0 0 0 0 0
3/ 5/LMC 7742 0 0 0 0 0
4/ 5/LMC 7580 0 0 0 0 0
1/ 6/RMC 11590 0 0 0 0 0
2/ 6/RMC 7918 0 0 0 0 0
3/ 6/RMC 10740 0 0 0 0 0
4/ 6/RMC 10154 0 0 0 0 0
1/ 7/RMC 9750 0 0 0 0 0
2/ 7/RMC 11956 0 0 0 0 0
3/ 7/RMC 6858 0 0 0 0 0
4/ 7/RMC 9460 0 0 0 0 0
1/ 8/RMC 8334 0 0 0 0 0
2/ 8/RMC 4061 0 0 0 0 0
3/ 8/RMC 6030 0 0 0 0 0
4/ 8/RMC 7530 0 ) 0 0 0
1/ 9/RMC 7789 C 0 { 0 0 0
2/ 9/RMC 10740 G 0 0 0 0
3/ 9/RMC 6840 0 0 0 0 0
4/ 9/RMC 5740 0 0 0 0 0

< :
WV 1,12 (99)
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PROGRAM WUA (VERSION 1/APR 1988) : WATER USE ANALYSIS

LAM PAO IRRIGATION PROJECT
DATE OF DATA PROCESSING : 14/ 6/1988

WEEBERELY ANALYSIS FOR ALL ZONES

WEEK : 25
DATE START : 17/ 6

e T — = it o e LAk o B Ao R S (S Y T A S Y o o e o ki o S T — ot S M T e b P M S S Y S S T o i St S ey i T LR e e e e S

ZONE/ COM= IRRIG IRRIG EFFEC CIR CIR
SECTION/ MAND ATED ATION TIVE ALL ALL
CANAL AREA AREA DEPTH RAIN CROPS CROPS

LOSSES

IRRG.
SUPPLY

ENCY

e ot LA M . s L o oim o T e S WP e TET S e A L A U e A T M T T e W T o o o o o e M o S W o e WY S e e bl (ol S T ok A B T St e o i =8 SR e

e o o e o M n T T i i b i Sl AL S R SR S A Y e s o e e AR S O S o Wt T S o T PR e b AN S S S e M S o T AL L L i T Ao S S s e e o

1/ 2/RMC 13840 0 6
2/ 2/RMC 10672 0 0
3/ 2/RMC T706 0 G
4/ 2/RMC 10732 0 0

¢ 0

e e o e e o em e wm em e mm e me e e mm omm mn e me e em e = mm e = = e e v Se e

, me em wm e em em mm me ma e wm mm em mm e mw e mR e wm e mm ome m = @ e e ea A = e = R ER

0
2/ 4/LMC 6904 2589 133 0 133 909
3/ 4/LMC 6486 2432 133 0 133 854
4/ 4/LMC 12290 4609 133 0 133 1618
1/ 5/LMC 19228 0 0 0 0 0
2/ 5/LMC 11470 0 0 0 0 0
3/ S/LMC 7742 0 0 0 0 0
4/ 5/LMC 7580 0 0 0 0 0
1/ 6/RMC 11590 0 0 0 0 0
2/ 6/RMC 7918 0 0 0 0 0
3/ 6/RMC 10740 0 o 0 0 0
4/ 6/RMC 10154 0 0 0 0 0
1/ 7/RMC 9750 0 0 0 0

2/ 7/RMC 11956 0 0 0 0

3/ 7/RMC 6858 0 0 0 0

4/ 7/RMC 9460 0 0 0 0

1/ 8/RMC 8334 0 0 0 0 0
2/ 8/RMC 40861 0 0 0 0 0
3/ 8/RMC 6030 0 0 0 0 0
¢/ 8/RMC 7530 0 0 0 0 0
L/ 9/RMC 778% 0 0 /0 0 0
2/ 9/RMC 10740 0 0 0 0 0
1/ 9/RMC 6840 ; 0 0 0 0
i/ 9/RMC 5740 0 0 o 0 0

< '
U 1012 (99)




PROGRAM WUA {VERSION 1/APR 1988) : WATER USE ANALYSIS

LAM PAC IRRIGATION PROJECT
DATE OF DATA PROCESSING : 14/ 6/1988

WEEKLY ANALY SIS FOR ALL Z ONES

WEEK : 26
DATE START 1 24/ 6

—————..._-—-.—-—————————-.-._..-.-_—.__-_-.-__-__.....-.-_.__.........--.-._-....._-.—-——--—_—.—..—_.————-_-..——-——_——_

ZONE/ COM= IRRIG , IRRIG EFFEC CIR CIR
SECTION/ MAND ATED ATION TIVE ALL ALL
CANAL AREA AREA DEPTH RAIN CROPS CROFS

LOSSES

IRRG.
SUPPLY

ENCY

o " e o et o T e e e ot AR . A S S T MR . S i S S THER v oy i e B e L Al e T i Sk S T i ke Sk e O T W e S e el A S S Sl LS B s s e L = S

1/ 2/RMC 138490 0 0
2/ 2/RMC 10672 0 0
3/ 2/RMC 7706 0 0
4/ 2/RMC 10732 ) 0

0 0

.--..-—-——_—_.-..—...-.___.—_—..-a_._-.-._—__..._————-—n

- e em mw e wm mm et o em e e wm wm o wm e e ma ww e e e e e me  v— mA mm e e Em e

-_— et em me mm mm mm o s e mw o We ms am o me wm ewe e e e wa e me

- am dm mm = mm em e mm e wm wm = ms am ww mm e wm mm wm w4 = wm e me me = W e ew s e ew

- wm am em e me mr rm v me wm mm wm mm wmm em we wm e e Am me e wm em ma e me e e e lm e = S

ar am e e e e v o e e wme wmm e owm e vm mm e am mm me e ot wm e e s e am A = A eR

- o wr em e me mm e ek o e mm em me e = e ma an mm wm e mw s ms mm em ww = = = =R = T

3/ 9/RMC 6840

0 0 Q
2/ 9/RMC 10740 Y Y i0
0 0 Q
1/ 9/RMC 5740 Y Q 0

o '
eyl 4 12 (99)
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PROGRAM WUA (VERSION 1/APR 1988} : WATER USE ANALYSIS

LAM PAC IRRIGATION PROJECT
DATE OF DATA PROCESSING : 14/ 6/1988

SEASON ANALYSIS BY WATER MASTER SECTIONS

PERIODE OF ANALYSIS : WEEK 23 ( 3/ 6) 1988 TO

; . WEEK 26 (24/ 6} 1988 : WET SEASON
WATER MASTER SECTION : 4
ZONES IN WATER MASTER SECTION : 1/2/73/4/
COMMAND AREA : 34850
HEEK DATE ' IRRIG IRRIG EFFEC CIR CIR LOSSES IRRG. IRRIG.

START ATED ATION TIVE ALL ALL SUPPLY EFFICI=
AREA DEPTH RAIN CROPS CROFS ENCY

- DAY/MON RAI MM MM MM L/s L/s L/S %
23 3/ 6 4368 129 0 129 1493 2061 3554 42
24 10/ & 8737 120 i2 lo8 2507 2974 5481 46
25 17/ 6 13106 133 0 133 4603 8680 13283 35
} 24/ 6 17475 111 69 42 1952 2322 4274 46

'OTAL [MCM] 8 2 6 10 16 40%

o
Eﬂ[1-13 Example output, season analysis by Water Master Sections
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ROGRAM WUA (VERSION 1/APR 1988) : WATER USE ANALYSIS

AM PAO IRRIGATION PROJECT
ATE OF DATA PROCESSING : 14/ 6/1988

EASON ANALYSIS FOR THE LEFT MAIN CANAL

sRIODE OF ANALYSIS : WEEK 23 ( 3/ 6) 1988 TO
' : WEEK 26 (24/ 6) 1988 : WET SEASON

ATER MASTER SECTIONS : 4/5/

JMMAND AREA ' ¢ 809790

SEK DATE IRRIG. IRRIG EFFEC CIR CIR LOSSES IRRG. IRRIG.
* START ATED ATION TIVE ALL ALL SUPPLY EFFICI=

AREA DEPTH RAIN CROPS CROPS ~ ENCY. °

DAY/MON RAI MM MM MM L/s L/S L/s %

3 3/ 6 4368 129 0 129 1493 2061 3554 42

1 10/ 6 8737 120 12 108 2507 2974 5481 46

3 17/ 6 13106 133 0 133 4603 8680 13283 35

) 24/ 6 17475 111 69 42 1952 2322 4274 46

YTAL [MCM] 8 2 6 i0 16 40%

4 '
M 1.13 (R8)

i
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AR N

o
A1 K1

input data description DGEN.DAT (actual data exhibited in
Table 1.12)

DGEN.DAT 4 crops; rice, long field crop, short field crop,
. fish pond ‘

Line 1 ETo (1..12) for 12 months in mm/d

Line 2 Percolation in mm/d
Line 3 Water established for crop 1, Land preparation
. period for rice in mm,weeks
Line 4 same a8 line 3 for crop 2
Line 5§ same as line 3 for crop 3
Line 6 same as line 3 for crop 4 (fish pond)
Line 7 Kc (1..20) for crop 1
Line 8 KEc (1..16) for crop 2
Line 9 Ke (1..14) for crop 3
Line 10 Kc (1..20) for crop 4 (fish pond)
-
AT R2

Input data description WGEN.DAT {(actual data exhibited
in Table 1.13)

o
A TMm B3

WGEN.DAT only rice crop

Line 1 ETo (1..12) for 12 months in mm/d

Line 2 Percolation, Water established, Land preparation
period in mm/d, mm, weeks

Line 3 Ke (1..20) for 290- weeks

Input data description 3ST.D! - ST.DY
{actual data exhibited in Table 1.14)

Line 1 Structure no., structure name, structure type and
Structure type related coefficients

Line 2 same a3 line 1 for th? next structure
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#1320 Ws  Input data description SYSTEM.FIX

{actual data exhibited in table 1.15)

Line Name of variable Format. Description
i Proj Y A BO nape of project
2 nZ I no. of Zones
n Struc I no. of structures
3 C_WMS__Z [I, 11 I code for canal, RMC = 1, IMC = 2
C_WMS_Z [T, 2] I WMS number
C_WMs_Z [I, 3 I Zone number
CA LIJ R Command area in above Zone
SI I no of structures involved in
irrigation water supply calculation
to above Zone.
StrucZon €I, 11 I no. of first structure involved
in supply calculation ; + means
discharge enters zone, - means
discharge leaves zone.
etc. until StruesZon {I, SI3
RI I no.of rainfall stations involved
in calculating rainfall to the
above Zone. |
Rains Zon [I, 1, 1] I no of the first contributing station
Rains Zon [I, 2, 13 I fraction of rainfall of that station

contributing to the rainfall of above

Zone.

etec. until Rains Zon [I, 1, RIJ and Rains Zon [I, 2, RIJ

|




]
<
AT NG Bh (ﬁa)

!
;
i

Lirg Name of variable Format Description
i |
4
e¢le. repeat line 3 analogons for all Zones
until
3+nZ
next n RainSta I no. of rainfall stations
next R$ Name [1] A 15 name of first rainfall station
eLe. until
REName [n Rain Stal neme of last rainfall station
next { RE__limit C1] R below that value the effec. rain

is eﬁual to actual rain ;
t stands for January

RE__a (1] R coefficient a in effec. rainfall
equation

RE__b [1] R coefficient b in effective rainfall
equat.ion

nexth repeat until
RE limit C12]

FE a Cizl R
RE b C12] R
¥ 1 = Integer value
R = Real value

An - Alpha numerical value, lensth m

use blanks as delimiter between values
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vt 1

n157 LATIBIUS smen w13 8 eee Tasen s TayTusun s woa

Nl Wat A A9 (Water Master Section) 2 maTAsINNg
Kv §andi 30,000 15 ysmmavkan & Tmu ﬁmﬂm‘luguﬁ: 1.14

WT LA sransnn1918P (Water Use Efficiency) Tuthegauia
d w.d. 2537 (1 Hnam 2537 - 30 LNBIEU 2538) g 4 Yy uneenes e
W2 (durwdund Tnenmwuntoyads  sm1Iaulings 'ﬁuﬁ'mwmgn taynan et

Wik dalus

Dry Season 1994 (1 December 1993-30 April 1994)

1. RAINFALL DATA

MONTH RAIN 1 (mm.) RAIN 2 (mm.)
December - -
January 15 20
February - -
March 20 25

April 50 60
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2. EFFECTIVE RAINFALL FORMULA

1If R £ R*; RE = R
R » R* ; RE = (R + a)/b
R, RE = Rainfall, Effective Rainfall in mm./week
MONTH R* {mm. /weak) a b
Nov. - May 50 200 5
Jun. - Jul. 65 373.75 6.75
Aug. &0 360 7
Sep. - Oct. 45 1,350 3

3. LAND USE DATA

Agsume 100 % Paddy growing in all zones. The land preparation
for paddy progresses uniformly at rate (1%2) % eaach week and complete

at the end of week 6. The ratio of transplanted to nursery area is 10:1

4. WATER LEVEL DATA

Structure U/S Depth D/S Depth Go
No. in. (MSL. ) m. (MSL.) (m.)

1 103.3 102.5 0.7

2 102.5 102.0 0.7

3 102.0 101.6 0.5

4 98.5 98.45 0.0

5 99,0 798.6 0.4

6 99.0 98.7 0.4
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STRUCTURE DATA

STRUCTURE (1) TO (6) ARE TYPE "S"

Structure
No. ) SL L c m.
1 100.0 5.0 1.0 0.8
2 - 99.5 4.0 1.0 - 0.75
3 99.0 3.6 1.0 - 0.75
4 98.0 3.0 1.0 - 0.75
5 97.0 2.0 1.0 - 0.75
6 97.01 1.5 1.0 0.75

- ar L b 1 ‘Jn
Wrnmbeysruswi seih sunnisdamn andoysin munld
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WUA PRACTICE

KU - IRRIGATION PRCOJECT

SECTION 2
‘ RMC ’
. RAIN 1

- - HR_? + 000

‘ -y ---1

1 1R H

22y o
§ L ¢ & zZone 1 ( 7,000 rai)
1 L8 TN =

¢ T :

t 2L E

. {—_{

H 2R N i

| 7 1

-------J

/7 CH 4 + 000

~
I
!
i
!
1
]

r---n-- Yy ¥ rF ¥r ¥ r E ¥ ¥y rey*yr-r;

i T 1

t P 3L =

' LY = zone 2 ( 8,000 rai)
! :

1 e ¥ ]

D= :

-

D NP W D WD GO G SR Al S S A SRS SRS TP A AN G S S
‘ . @ i l g CH 7 + 000
o ------“-------“----ﬁ (7,000 raij

{ i 3 s;( i"ﬁone 3

HR lL-lI:!db 0 + 000

. Loz

D—al M

?-%-

CH 1R-4L 2 +5')o

CH 10 + 000 = p P %
\
l § Zone ¢
] = (8,000 rai)
]
o —(}
' (|
- I
L-L;ﬂ-----‘d

. RAIN 2

h
%

1.1h kU Irrigation Project

l
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Historical - Daily actual
Meteo data Rainfall
- Data
Crop .
Coefficients Preject Eng. Daily actual ‘ Daily
Re§c§t: . hog Discherge : Monitoring
- Main canals Main Canals Main Canals
- Laterals
Crop pattern
Report
Computer Water Master E Daily actual COMPUTER : Weekly
_ Calculations Repcrt 00 pischarge Compaxison Monitoring
Canal System - Latereals | Laterals Laterals
Laycut
T T I Zoneman Daily actual 1Weekly
- . y el ' .
Actual Report: . hog s harge . Monitoring
Rainfall -Canal sections Canal sections Caral secticn
current week . -Ditches & Ditches ' -
Field Wetnesg
Hepcrt
1 ] I | |
i { | | 1
i 1 | i 1
| ! ! | |
Actual rainfall of curd t { Data collection from i i
rent week and Field ! TUESDAY | WEDNESDAY { THURSDAY through to | THURSDAY i FRIDAY
1 { {

wetness data on MONDAY:

! WEDNESDAY
Other data-Jeasonal .

# 2.1 Water Allocation Scheduling and Monitoring Program of Meklong Irrigation Projects
(Ilaco/Empire M&T. 1988 [ Ilaco/Empire M&T. 1988 (a))
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anaam 2.1 NI st luuesu Tus o 1n1T LRdssiag (%)
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Vi Suiee 30 | >50 | >75 590 | 100 |100

(]
A5 2.2 NATIMRWE RN (Field Wetness) WHINOS

(ABNWae  (I51qouBsidsE.  2538)

sedmh lunlag IS0 Fli* DS (FW)*

0- 4 au. udann ¥ + 30

4-6 . Y 2 + 15

6-10 . ne 3 0

10 - 12 %y, ilun 4 - 15
WY 12 BY, Alunwn 5 - 30

* FW = Field Wetness

(3
. o < [
** DS(FW) = Ao tupvando minluidsw
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WATER ALLOCATION SCHEDULING
SONG PHI NONG IRRIGATION PROJECT
Project Engineer report
Weekno., 12
date: & SEP 1994
Period: 24 MARCH - 30 MARCH
Average discharges in main canals and tatesrals f{n md/s.

Hain Canal Sections Laterals
L H] Rame Station Q Name Q Name )
H 2L 22.700 8.96 6L-2L 1.76 1L-2L 1.54
. 8L-2L 3.87
2 SL-2L 0.000 21.50 IR-5L-2L 4.12 1L-5L-2L 0.}7
2R-5L-2L 0.00 2L-5L-2L 0.86
k] 5L-2L 9.813 15.08 JL-SL-2L 0.26 4L-5L-2L 1.52
IL-2R-5L-2L 0.00
4 SL~2L 26.401 3.87 4R-5L-~-2L 0.90 5L-5L-2L 1.17
5 JR-5L-2L 0.000 7.20 1L-3R-5L-2L 0.25 2L-3IR-5L-2L .20
. JL-8R~SL-2L 2.3} 4L-3R-SL-2L 0.07
SL~-3R~-5L~-2L 1.02
Totsl Discharge into project 30,46 m)/a
Total Discharge for the Project Arsa 0. 46 nl/s
Tota! Discharge to the Downstream Areas 0.00 ml/8
Waler vses efficiency last week 18.00 x

(1) dwmuuredwimiitTasenasy

WATER ALLOCATION SCHEDULING
SONG PH! NONG I1RRIGATION PROJECT
Water Master Report Sector 1

Weekno. 12
date: 6 SEP 1994
Perlod: 24 MARCR - 30 MARCH

‘Tone Canal Station Disch. Norm.Reg. E.R. F.W.R. Act. Req. Supply
1 ‘ 22.700 .96 0.77 3 Normal 0.77 0.77
2 6L-2L . 0.000 1.76 0.80 3 Normal 0.80 0.80
A 6L-2L 6.915 0.91 6.86 3 Normal 0.86 0.86
4 7L-2L 0.000 1.54 1.46 3 Normatl - 1.46 1.46
5 8L-2L 0.000 3.87 1.09 3 Noerms ) 1.09 1.097
6 8L-2L 9,782 2.59 Q.05 7 Normal 0.05 0.05

IR-8L~2L 0.000 0.13 6.1 7 Norma | 0.13 0.13
1L-8BL-2L 0.000 0.56 Q.54 7 Normal 0.54 0.54
2L~8L-2L 0.000 0.64 0.60 7 Normal 0.60 0.60
7 8L-2L 12.544 1.16 0.43, ? Normal 0.4 0.43
« ZR-8L~2L, 0.000 0.31 0.30 7 Normal 0.30 0.30
8 B8L-2L 19.265 0.36 0.34 5 Normal G.34 0.)4

Tota! Discharge into project 8.96 ml/s

Total Bischarge for This Sector 8.96 mi/sy
Total Discharge to the Downstream Areas .00 ml/s

Water uses efficiency last week 14.00 %

(2)  dmiuimiinvudedihusheinnm

2.2 et wImuem¥essrth (Year. 2537)
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2.4 ihggglﬂﬁqnqswﬂ1u1in1ﬁ WwASAM _1281un13daas iy

-t

WASAM furintdladuiasenisieNanvasnena Uil A
(1) 1ﬁ11n1iﬂaU1:wwuﬁﬁqdﬁiﬂuﬁﬁn11nqut5&u1u1=ﬁhgﬁﬁ

(Rotation in Farm Ditch)

(2) uﬁasﬁdqﬂaaﬂ' (Canal Sections ) q:\ﬁ%ﬁdﬁq1n3nns=qauﬁﬁ
miAvmIowadie 2 97 syyueassdvlidumwy "TREE STRUCTURE®

(3)  n1sdassAninisvinisvudmniidnluazuirieing sstduloetm
EUuuuéh o WATIFU U 2 (natng ﬁaL51Hﬁ1éﬂaﬂisn1uguaw:uuﬁaﬂs=n1un§h

(Main System) UANRUINUATAIRUATIULYALTENIWIMMIALUT (On-Farm Irrigation

.
-

L ]
System) Tasiniidauusmiinaruivintouns raranisuivduigeanieil

VT v 8 el M W W N D B N G e S A P BN e e e e S S T M S M U R SR M S G M Bet e S0 W e e TE G W W S e e W

Wont. JuRRYRY w.n. (1)
AgNLOMATINS pmiauan 300
Tauunu ' Tau (narami) 5,000-10,000
Wamiiaudal wdanlt (matulu) 50,000
LY F
i tasanis nslaTenas 300,000

thatueuani)

S R O Tt e e A e 0 P M e e S Y A e R A P WS T A A A A A Y P A G AR T e S

2.8 inuawugqua1n§h1ﬂ1uniu WASAM

o e e et o -

2.5.1 ﬂﬁﬂﬂﬂ ‘m'mﬂm'lmmmﬂmmiuwmh"mu

fmaaivdeyat RentiauimadiudesninMgadsrniuveslnivnistsszn

winaovingifun

(1) Potential Evapotranspiration ¢ 1ddauaniiawninsas

4 it tWaAUIL ETo  1ap7T  PENMAN

- -~ - & - -
ERAUERUENTINEINY 4 80U AD

-

- anqiinyauy3 Ndayaty W4 1951-19756

~ #naiignes NFOuRTIAIIY 1967-1983

-

- anifinvuwsudu Ddeusizniie 1973-1083




~  anyiinoin Ndoyasenite  1954-1975

tlisvendnaiiny 4 sgiiefunanweanals nisuitatan ETo WA

s TN 19 1Mvecie Tregai CU = Ke.ETo  whTaeniswisiuiiesn

tdu 4 daumaRdn - THEISSEN POLYGON  AvjURl 2.3 A1 ETo 1aRBs181Aauuny

uAREANUIROIURITINA 2.3

(2) cCrop_Coefficients (Kc)

A1 Ke 983917 uazdpousnebgluntiieil 2.4 uas 2.5
anafy daufeBu o Bellegisenin (feihouivdrauazdas
WY K = 0.8

(3) Land Preparation  smiudaa__(LP)_

i -

dmiunasugndns amuaid

DSS (8caking Req.) 150 uu.
Dst (Standing Water Req.)= 100 .
1ui1qn11ta?nuuﬂaQTﬂuuuua:ﬁﬂqaan1UNHidaﬁuﬁtw?uuuunq1uuﬁaziﬂa1ﬁ
udr1eemi WASAM ni1u1ﬁaﬂi1qﬂauiwn111ﬂ?ﬂuuuaq1ﬂu1uﬂ1utﬂ1nu1ungoiﬁ
1ﬁﬂga1nlnmﬂ1unﬁ11q# 2.1 daPufAssunUaalasndt nadRn mialua13 19103890
gl whe v @197 AT Bnnraannnd L dt R e s man i e i dear Tusunsy
WASAM 9:uhman13118v usntliiena 12t fuusumiaeiees 1dna 128 4 1us ey i Gun

1untenas

(4) Percolation (P}

Wet Season : P = (0.5 WL/

Dry Season : P = 1.0 uy./W

(5) Pre~irrigation for Sugarcane

arwdaen i don19i eTonwlasdos 50 uu. 1eBRS1IMIIA
- [ 8 ’ » v + 13 - -
goalntyg 5 1  Awutunaazldaslandosinnindde nuniud - wounaen  dysum

20 % wosRuMUandauNInNe
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R11190 2.3 Average monthly potential evapotranspiration data
{mm./menth)
JA;—-;;B MAR APR MAY JUN JUL AUG s OCT NOV DEC
KANCHANABURI 137 }61 198 193 153 124 125 122 “;:;—_::;_ 119 131
U-THONG 148 170 223 232 209 177 177 165 142 143 143 143.
KAMPHAENG SAEN 137 161 207 208 183 151 156 143 134 141 134 136
HUA HIN 156 169 202 208 181 156 153 150 140 142 147 156

AT 2.4

Monthly crcp coefficients for HYV-rice

Months after transplanting 1 2 3 4
Dry Season 1.1 1.1 1.25] 1.0
Wet Season 1.1 1.1 1.05] 0.95

A5 2.5

ek e ST e e e e

Monthly crop coefficients for sugarcane

Month Plent cane Ratoon cane
1 0.4 0.6
2 g.6 0.8
3 1.0 1.0
4 1.1 1.1
5 1.2 1.2
6 1.2 1.2
7 1.2 1.2
8 1.2 1.2
9 1.2 1.2

10 1.2 1.2
11 0.8 .
12 0.6 .

L J
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(6) ujiuniivanig

LR Ty
1asen13gausznuntinae Ingidn muauf Tun1svanketd
’ .: . w * & v - -
udugu tHotdupsaiagmluntsdadnlivlugghuuasgaeds djTuntsvgndrauazdaee

uAnvogIugUA 2.4 uaz 2.5 MuaiL

(7)  #edgrenriauaaaiufaan 1 iiva gy

ndsyannatifeiudinds (1) - (6)  SwrsaaummMA
Uinmn13idtheeedin dov uazhvdu 4 wognieiddnInavavsnailgalisningingauyd

1AARILARTIUAITINA 2.6, 2.7 UGS 2.8 AINATAY

2.5.2 fggadu?unﬁﬁ

- ———— -

PITATIMAIINAB NI TEITAUTININUBIEINAGDY  (Canal Sections)
A14 1 sxiiarugnda wind tRuvarmidusTaindan e 1aBuagiun1a1ans 1wy Sy

a79l1  (Expected Rainfall)




00
()

Forcanlage of oreg
covered

It

30

cp: o O
‘rap Coefficients

[ ;i.hi-)

] 2 3 4 24 2!
A
i
7
{
ViR
K|
:9 l
> |
7 z
& L
I
&/ :
P 3
;7 |
}
! .
/ |
/ | v
i v
| (9]

.

Wet seaaon

Dry awasen
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Dry 1eason
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———— i ft ke e e

03
i3

0.13

1.0
.o

E1]

Q36
Qs

Q.36

57

057
st

[+3-74

Cwx ————TF—~—" S‘

0.7T6
0.78

Q.75

58
30

o9
[s%:]]

0.88

48
30

.03
o3

0.98)

g8

.07
LOT

10
90

1.09
1.09

Lo
110

Kwa

LIO
Lo

1.10
Lo

1.cg
LIt

70

1.68
Li4

Lg%
125

50
50

1.o7

L7

70

.06
L20

104 -

.24

.02
ur

LOQ

g5

0390
1.o2

Q90

&8

0.69
077

oro

048
0.532

0.50

30

Q.28
0.30

0.30

0.09
G.10

0.10

JuA

2.4 Crop calendar of rice
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RITIAR 7,

Calcuiatron f the monthly water requirement of sugarcane
Mon th NV DEC  JAN  FER  MAR  APR  MAY JUN  JuL  AUG
E[D {mm/month) for 119 131 137 161 198 193 153 12k 125 122
Kanchanaburi
Weighted crop coef. (Kc) 1.18 1.02 0.66 0.47 0.4% 0.7 0.9 1.06 1.15 1.19
(reference figure 5)
Consumptive use THo 13k Q0 76 87 135 139 131 14h 15
(Elo Kc) in mm/month
Water requirement for - - 3 3 3 3 - - - -
Land preparation in mm,
(reference figure 5)
Total 140 134 93 79 9 138 139 131 E S
LAXRLL 2.8 : Calculation of the water requirement of ‘other crop'
Month JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
ET, (n/month) 137 161 198 193 153 1zk 125 122 1M1 13 NI 131
in Kanchansburi
Crop coefficient (Kc) 0. 8 Qe e > 0,8
Consumptive use (EIu Kc) 10 129 158 154 122 99 100 98 89 W P 105

in mm/mon th
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T L] - & -l N -
TaTasanr e sniuniinas e Inginraanssnitambdusium 16 anu

’ » L

N3¥91EATBURINAIARATATINIT ASRAANIUGUR 2.6 uRasAniifiatRduseTus1iu

n21 30 1

1AuN1731AT19%81  Expected Rainfall 1nun1131n11zﬁn11uédu
(Rainfall Probability Analysia) kdmIN19398097AulriuutawIRiunanyo
n13daastiu  WASAM tﬁatﬁunﬁsﬁhn1wuén?n Probability s'miuniitdanmn
Expected Rainfall 1uifoumiv 9 wevudAasantl

1515003 sRunIddutuTound o Aoul A1 nodiRe no Wil

1. adasuaecifueielliifiu 5

2, Ini9idiuidiAnusslenigegauas MMsad 1evmlosnga

HEN1ISM80 L IRTEAUAITNDUUAYUAERYIUAT TR 2.9

#1314 2.9 Selected Rainfall Probability Levels (1)

A S T D D D D M G I O A A R S W G R A S e e e A A Y N S A A S e A 4 e e e A S O

Station Apr. May. Junm. ng. Aug. Sep. Oct. Nov.

D P G0 P T DA P Y O T O e A 7 D A VO R Y T U B T e g ol e i A T

Janna 70 30 30 40 40 40 50 70
S RITY 60 30 50 60 70 30 40 60
gnes. 50 30 20 40 70 30 30 80

fuAnIidu 9 Bn 13 AodilssiRenidizdumiiufidumin 3 doqiinninaT

agudmna  1dud Jwaw teados  anitidedinTieyd endiwasaon douuw
raonsen  Ues. LsAdyin

B 1dud daumes WINEn nhoneuAn uleiau

agugnes  1Aui wmuamon unt. sovilag

KU IINITEN 1T AT s dauasu nayn 5 1
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2.5.3 BNEMEIsUULdaUIINT

----- - on e e -

(Irrigation System Specifications)
unrir e Tumet (Q) ﬁ.ﬁnwﬁw'lﬁ UAT. A9 1 AINADINADY
N1TTHY0VETEARBIATY 9 WASAM ﬁmﬁnyaizuueamzmmF';n'lﬂuﬁ‘h'i'u Q 7
n‘aumlﬁﬂmmﬂ'v‘luﬁwﬁuf;tmwgn?;ﬁu 0111 armanwn1evanianiveeTruunaasaul
ulatens inyué’nmﬁzuuvmhzmué WASAM #fasn1ildun
| Location WdAMN nu.Fuuniniueheeees

Number and Father Tﬂﬂﬂﬁﬂﬂﬂ‘}"i

URRLEIN FBD L FDNIMNIELEE (Number ) e et Wl
haatan i seev vt 9 I Father 1wadasls
ﬁquﬁm‘lugﬁ; 2.7 1y themeasit 2 Bttt medd 1 s
daraneit 3 Stinendiensed 2 (Jubn  Father No. 3l
(AiBevng + wip -

+ wemwa#enasth o fideenasdeiiu Father fif:
at WY MY Minimum Supply Level Lo 3(2)

- msmalivuithd o ey Father ¥ovifn
st WliapivaL Minimum Supply Level (89U 2(-1) Wip 4(-2)

Maximum and Minimum Capacity {(QOmax, Qnin)

dmIvTasen 198auT wuwnssd g nwunli

M Wgggnomax intinaumseenn  (pst) uam wunliimng
LS “w *

fign (Lst) Pl % 19 omax  Hu

O % Qmax.

LSL 28 AReN 8 g

LSL 8 ficedvan

[}

60 %  Omax.

Conveyance Losses (Eff)

- ] w H
frilhl % 199 Omax AN 1A LNASARENNUSARDIAIL .-
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als

11

GFF1TAKES , which can only be served
if L.SL. is mainirgined.

FULL SUPPLY (Qmox) FSL

- e F S .
LOwW SUPPLY‘ {Qmin} LSLen  c=a )-:‘(%
RETENTION RL.EY AN 2PN
- T ]
I i
L ?4. i
i
b d
2 CHECK

e T TN,
= .

e levey
%s T 00
e QGO

%

CFFTAKES , which can olsc be
secved f L.SL.. is nol maintroinad.”

¥
UM 2.7 PASHAMUR Canal Section No. UAY Father No.
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Lined Main Canal = 0.1 % %8¢ Qmax/km.
Unlined Main Canal = 0.2 % %N Cmax/km.
Lined Lateral = 0.25 % B4 Qmax/km.

- Evapotranspiration Area (Ev)

+ s H g ' - - ol g 4'
IM1mm eTo paniiiu 4 WM awenligmisnIven 4 SR 2.9
Trenwuniusissthe ress agn e a0 slanivie 1t Rt @0 fig

~ Rainfall Station Area (Er)

v 4 / 5 ! o o 4'
s wiawiidunen LIy 16 mi o iRl Hy 16 donlifegn 2.6
Tnen musd usns th seaeagns oty aliw ies so1iis e i inidy et

~ Organization Code {(ZoWP)

a1 lun s s R sieds sty Taenmummaneiee & 1 duy
. .
1852 favueman1iou 18 meu 5 TATNTT 2 m?a‘Iﬂ‘anmumn

=~ Camand Area {(CA)

ﬁ ! 'v . » B
wunRgsys s Sutihean g eaaau 9

#nat 9 TRy SuntByRENELE TUUARUT S uuAReEY g 2.8 -

2.5.4 foususaeSnunyssuuliun

(Tertiary Unit Specifications)
Tasanaswinass ngdaifmu it ussiualh - Tnelinnaenasdeliu
WL T UUIUENAIET (Fixed Rotation Schedule) luntssunna3uadizde Wt

]
A . avhae$teyeraes iulsun winteyreaegiinessuninsdhensee  Aoudnalugi 2.9

2.6 touaswsunm

(variable Data)

2.6.1 thada i mitn 135 BNR (Time Frame)

wAsaM NEnURT A EURMeaIn1saetingeuT st TatuneiiuR unthadun

fwin 35 nteyaus srdunviies e iduiiens e 2.to
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FOR IRRIGATION SYSTEM @ MENLONG LOWSR LEFT BANK

DATE: 08~00-}508

DRY SEASON: 1988 -

Name
Begin
nd

Nr
Fat

omin
Eff
20WP
Ev
Er
cA

H

]

]

W

WA 2.5 Fesay

30va9u14eA0Y (Canal Section)

NN LS NAUREITARDY

LT ERE SRR

Wi RRSRAERITsanae (1 W usunsn

WA LANTRE NS 1 9ANDY R IR e ARaat

T R appeneppyL X, T S
Wﬁﬁquﬁﬁ.ﬁuﬁﬁvzaéﬁ LSL.)

UiHadaan

uﬁnﬂmuﬁnﬁﬁn (hilarwnTasat Sanasou 1)
AT IR SARBIANN (ﬂﬂlﬁulﬂailﬁuﬂﬂﬂﬂ.)
WB I WM BDU uRy \aeenTs 1 Suedany
WY L RYTRY T TeRn 870 ARTaUARTS H79AND L

] &
nuWUtazﬁﬁﬁ TtuﬁmﬁnﬂuTQuhuu nﬂﬁauanununuaqﬂ14ﬂaaeu
nunﬁquﬁnquuauaa§1oﬂﬂaau

Cannal System Data

Name Begin End Nr Fat Max oMin BIf. ZoWP BV Br CA
w 0.000 15.160 1 0 120.000 0.000 .0010 111 3 2 1478
TSBP 0.000 €5.000 2 -1 50.000 0.000 .0000 111 3 1 0
aL- 0.040 6.800 4 1 0,670 0.000 .Q025 111 3 1 2080
4L 0.040 3.100 €6 -1 3.570 0.000 .0020 211 8 1 1240
1L-4L 0.010 4.400 7 -6 2.080 0.000 .0026 2I1 8 1 2271
4L 2.100 131.500 8 -8 1.180 0.000 .0020 311 3 1 2292
‘1L-4L 4.400 11.530 9 -7 1.8500 0.000 .00256 4l1 3 1 3940
1R- 0.010 . 3,600 10 -9 _0.330 0,000 .0025 411 3 1 ggg
1L-BL ~ 1.700 14.000 il -16 £.010 0.000 .0025 Ol 8 7
2R—-1L-BL 0.02C 2.200 12 11 ©.440 0.000 .0026 811 3 7 927
1L-1R-1L-BL 2.020 3.000 14 13 0.310 0.000 .0028 611 3 T 1120
2L-1R~1L-51 ¢.02¢ 2.620 15 13 0.320 0.000 .0026 611 3 7 1487
11~6L @.200 1.700 1i8~104 22.600 0.000 .0010 711 8 7 115’
JR-1L~5L 2.240 5.240 .17 16 20.210 (©.000 .0010 711 38 7 468
1IR-1R-1L-8L 0.020 6,920 18 17 1.620 0.000 .00283 Bll1 3 7 847
1R=11-0L §.240 11,710 13 -17 18.630 0.000 .00l0 6l1 3 7 3178
1L~1R=-1R-11-8] 0.010 6.500 1§ 18 ©.530 0.000 .0028 8l1 3 7 1121
aL~1R-1R-1L-5} 0.100 4.500 20 18 0,330 0.000 .0025 Bll 3 7 882
1R-1L-8L 11.710 18.&30 21 -13 17.920 ©0.000 .0010 921 3 7 3066
SL-1R-1L~-51L 0.000 5.560 22 21 0.530 0.000 .0025 921 3 7 3689
" 4L~1R-11L-8L 0.000 4.820 23 21 0.650 0.000 .0025 €21 3 7 3520
L 0.000 11.710 104 -1 73.000- 0.000 .0010 312 3 2 11475
M 15.930 21.660 100 -1 43.900 0.000 .0010 112 3 1 4410
1R-5L 0.000 15.400 101 104 2.200 0.000 .0025 212 3 1} 12200
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)

MIAEI9: DITCH CHARACTERISTICS  DATE: 03-06-1989

FOR IRRIGATION SYSTEM: MEXKLONG RIGHT BANK DRY SEASON: 1988_

PROJECT * THA MAEKA . - CROPCODES:

WATER MASTER SECTOR : 3 . 1zPaddy dry 2=Paddy wet
3=Sugarc 4=0ther c
5= fallow '

ZONE nr: 1 :CANAL SECTION: 1L-1R KM 0.000 - 7.000

pit.no. CAP AREA Dl B2 D3 D4 D5 D6 D7
1 60 200 3 3 4 3 4 3 3
3 60 1ve 11 11 1 g 1
5 60 12 r 1 rp r 1L 1 1
7 60 225 1 1 i 1 1 1 1
o 60 192 1 1 1 1 1 3 1
11 B0 210 1 1 1 1 1
13 60 21 11 1 1 1 1 1
15 60 183 1 1 1 1 1 1
17 60 209 i 1 1 1 1 1 1
19 60 2268 1 1 Tl 101 1
21 60 247 1 1 1 1 1 1 1~
23 90 33F +» 1 1 1 1 1 1
24 120 483 1 1 1 1 1 1 1
as 120 481 1 1 1 1 1 1 1
26 120 417 1 1 1 1 1 1 1

TOTAL AREA DITCHES: 3969 CANAL GOMMAND ‘AREA: 4685

LR R Y

flufiuas "TOTAL AREA DITCPES" {fSHN17 "CANAL COMMAND AREA"
REALTIINT ozugn Rt

¥

- [ .
IEE 2.9 MWBN  Ditch Charactaristics
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'

Th Th Th
current irrigation week next irrigation week
Tu Tu .Tu
current rainfall week Mo Tu | We | Next rainfall week
Mo = Monday : field wetness data collection and transmission
Tu = Tuesday : - rainfall data collection and transmission

- water allocation calculation process
We = Wednesday : report distribution to ¢ & M staffs

Th = Thursday : start irrvigation week.

Figure 2.10: Time frame of the weekly water allocation process
% y

in the Meklong Irrigation Projects.

2.6.2  gunena3e Tuitunav

Wi mssuiien 3¢ Wik n axgniiau Lt wasam  Leunluinisy

dumummasd w1 lunsubual s S naam atiaanasiihgeys smunennth

2.6.3 N199mE W TUWBIUA (Field Wetness)

i FRn Sl aIun %zgnﬂaut'ﬁw wasam  Lna T hnasuiuidiam
Uiinmmadoama e o i fiuteyaruaie e 2.6.2  nis s uEIMEY
TWeNN e weeen e 5 suufe  @wn @ e e weslenann

FIMINA 2.2
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A a g (Y I
2.7  funauniseaunassads I uTYIunsn  WASAM

. : oy a4 ¥ 4
nsetmantulusunsy  WASAM uuveenith 2 tumoufe BURSIM 1

A A2 NAE 9N STIEAL TE TREIRRENRIY 9 Famdla RN SUKLLNATUGNWY

- 6::4 ' L)
dn-mpNanmNnananas LD dad vy uagtszansnmiunasiihesmison . way

4 <4 o 20 ‘;v H
fumewn 2 fia nasewamSuRT Y Ra sl VW segstupAe @ Te
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HAINDNEN TN N EReER fre vTsuuaResd et uaznasgLdniizars 3 usy (dun

unenmdMiSssnaneiusunsauny Iniddayareslusunsn  wasaM uRe  wasaM 2

= < “; <i < s v Y
usnaty T vEsluan 2,11 1ABNSIRE LBEANIIAL LAY

2.7.1

NI AUIMI M AN 1A U

mabaansiiheays tmmeetisreay N luda i v e Rangas

2.1

NC
¥ [EV(ES}* CF{wt,1) 4+ LP(wl,I) + COR - RE{(RS)}]* A(I,N)
T=1
378,000 * SUE{wl,I)
v Yo .aq' 3,8, .49
R(N) = ke dihsetdeees N luMai w e a (u.7/2uM)
=4
EV (ES) = Weekly Potential Evapotranspiration §INA0TU ES (UN.)
CF(wl,I) = rop Factor IRy 1 ﬂqﬁawy wi dind
o - 4 W A o - a4
NC = Puuzssduang T wasav  dwnan18TRTunene ¢ tiane
1= Y, 2 = ¥ud, 3 = Bes, b = '
a o o Y 4 g
WASAM 2 #Nn9niWaNEan 2 oun fa 5 = Lius
' ¥ .
6 = UaLanian
-
LP(wl,I} = Weekly Land Preparation + Percolation ¥8IWH I
$adpy w1 Bewi ()
COR = ﬁwﬁ%uuﬁ { Correction
RE(RS) = HUAWN1IN (Expected Rainfall) tA®01U RS (NM.)
. EI o ; '
A(I,N) < wmwwlgnkg 1 luthemsas N (o
SUE(w1,T) = uszimsnmns 18 lus sivwiasuimeng 1 Selian wi

dd'd [ q' o 1 ' - 1
ﬂimﬂuﬂ1i51841u31ﬂuﬂﬁﬂQiquﬂﬂﬂﬁWﬂéﬂﬁﬂHHUWNUﬂﬁﬂﬂﬁi&’ Hiﬂﬁﬂ?iiWHi?ﬂ?W

gt huesnmniatiaetiuly M cor ludun sl 1 A8UAWANNTY 0 NIATWIAT CoRr

SOTIE.
wylheay
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(1) nimrawSuianbausdulutinniin o

1 RACW (RS) # = RE (RS)

W DR = RE(RS) = RACWI(RS)  cuvevrennnens (z.é)

Lf;ﬂ RACW (RS)  fi® ,';Ju?i.ma%?;ﬂmﬁ RS ‘luHUn'm'x"n" w |
iy . /8w

o ¢
DR = @1 Correction  LUBdMAu (. /HUAW)

(2) nrmamuTuld e ndn M TNWMUY (Field Wetness)

g lunaeumnete s sl luwsn  uisvtha reseaziisnnsain

a . v owe 1 o 1
cmdnmativluwsnn BrssfiPedsew e 6-10 on.  weiesnming Katiaem

~—

6 tu. wwmawde Bwnnaa 1o YN, wasmanTdn e den Taunsn inud

Tumsny 2.2

trn i luwdasuudma 1idenndaih tawsuiud osEw)

[ ]
Wammswn 2.2

COR = MAX IDR, DS(FW)] i ivrniririrentvnaanaanns (z.3)

2.7.2 nafumainatia () wavhidieeaniae 9

nase o wieMehanassh N ssatuenySadihgaus e s
$9me89 N (PNMINNIn e MU AN EINREEY N)  LINHATINGEY o ved s
1 1 L] o ! we H d.
thameas 1 T M Vaghetiiseadienees 8 vannagy Aelihan msiitedhensaeh N

H 4
g 2.12 Wi

]

M
Q(N) SN} + I Q(I) + LOSS(N}  tuivuivnvvnnnneennson (2.4)

I=1

nh Q(N) Yinndinhae el uns. tavdhansey N

)




Q max.{N}

CANAL SECTION (N)
definad by{
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Q min. {N)
EF (N)

M
Q(N) = S(N) + I Q(I}) + LOSS(N)

I=1
Discharges [m3/sec)
QIN) . incoming to in seclion (N} o(i}..... D{M) : special counter lor shorloge or
Gmox (N) - | maximum copacily excess distribution in the
Q min (M) . minimum capacily branches of (N)
Q{1)...0(M} © ouigoing lo bronches of {N) MiHL ... M (M) . chorocteristic related 10 the
SN} - . irrigotion supply required supply levels in Ihe
RN} . irrigation requirement branches of (N)

LOSS (N) - conveyance loss (N}
: ™
it 2.12 nrsemn o e uns. vaethemeay N

(Ilaco/Empire M&T.

1988(a))
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uSwaditibes T ki ree daerese N

S(N) =

Q1) = Uiy adiibaedeandansee n Weeae 1 09 M
Futnsaamdienans N

ross(v) = nisgytAutihmisdelihaonmastintadiemeas N

wRememn o) Rk U sn wasaM  A¥AIISEHBUAT Q(N) U

v . Y -
ySumenuinamisdelit MY (vudhivanich. 1988)

(1) N3 Q(N) < 0.4 Qmin(N)

o W Sudimdeiimtizeun  Sntmunlh
Q) = 0

wasium I Wmanbenastitmes pov) > o ualiThee W

(2) nin 0.4 omin(N) < Q(N) < Omin{(N)

W om) = omin(n)

MmN RO = 0 unzreaanSuiABaNTIemees N TENA g
Winsmumseitinlu v Wuwni grin wiaisaomnsiaws  M(D)
31 T LRV Jintaomnny + shoe oy Wi omin(y) Fousnar
inasdndsslinimaimataents  Vinadivdwidu v szenamthandna g

V = Omin(N) - Q(N)

naimin 9 ¥ass st Aumudean g (v>0) av¥aainimszsastivdinu
Wthanens 1-4 Hautfaminuiesaifium wsh i suniors aeloy

- themasi p(n > 0

Winsssthiin = p(o
- Bteithduiunde  WiesestnUidhemas 1-M (Ruuiy omin
- Batefthdiuiiuidain  Wess st Rumuindhummetti TKSndss

Tug

(3) NI omin(N) < Q(N) < Qmax(N)

War oy emnnlhise Whsendy
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() DR QN > omax(N)

W o) = omax(n)
nattRe Mt (»)
P = Q(N) - Qmax(N)
e avoninearlithansas f-m Hantimadinday
R IneNItT oty Hghammmnn 4 (KT KasaM 2 axieken 1R oW
aamnlia‘lﬁt%wﬁﬁﬁnﬂiiﬂ’mﬁﬂmTﬂnnmmﬂitﬂ'iuhﬁ#ﬂuvmﬁuqrﬁad'lmunﬁmm
M OIN) !’mmﬂuﬁmui’u‘l%am‘ie‘lﬁ wnsam 2 Sniaisnts mtely

2.8 NI IEREA I (Water Use Efficiency)

vasaM 2 ThiT s R Wenansnnaam s sivnan s TR s wiund
ORI TAIIN 1 IR IBINAREI WAt uazI 8 ¥ aniuT e uRen 13 Sne T i a s i
N uﬁm'lu;ui'; 2,2 tm:tdﬂﬁuqu@ athi wasam 2 #1903 IR ME TS AMBN N
198U s wRUA TR uezs wekt  unzaqu3inEn M 191 HimeReggn e

Fausndupd 2,13 raswmacussRrdnmn1 AN Wle o s

J

r R'(N)

1 .
WUE(L) & oo et eereeeaenaenns Cerenaan (2.5)

Qsupphy
e wue) = dnidmBpwmanBimmecudelim L o(w)

R*(N) mnbpaniatiausmmgioethemeasit v (3.2 Au)

KC

L [EV(ES)* CF(wl,1)+LP{w!,1)-ER(RS)]* A(I,N)
I=1

-3 -

378,000

[
J = ywumeeeey sl L

#ullins (Expected Reinfall) OISO RS (6l.)

ER(RS)

- o 3qd
supphy zQin - beut LT TTRT TR Ve v T 7
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WEEKLY EFFICIENCY (%) IN WMS
DATE: 09-07-1994

PROJECT NAME: SONG PHI NONG IRRIGATION PROJECT
For DRY season in 1994
Week WMS 1 WMS 2 WMS 3 wMS 4 wMS 5 Everage
2 o 0 o 10 19 16
2 0 0 0 28 40 36
4 0 0 o 54 56 55
5 0 0 0 69 63 65
6 0 0 0 71 66 67
7 22 30 46 76 53 46
- B 41 36 35 66 43 44
9 47 42 32 56 53 48
10 53 42 41 46 52 48
i 14 5 0 21 30 18
12 3 0 0 0 0 1
13 74 63 63 62 55 63
4 66 41 79 64 62 59
15 0 0 36 45 7 11
16 - 63 44 85 55 65 59
17 68 50 85 53 61 61
18 0 0 13 28 9 8
19 84 91 95 43 48 65
20 51 54 26 28 © 22 35
21 44 43 37 32 5 3t
22 . 57 56 50 1t 17 35
23 56 63 78 1i 8 38

DATE: 09-07-1994

PROJECT NAME: SONG PHI NONG IRRIGATION PROJECT
For DRY season in 1994

j—m— Mm/gmmm e } %

T T . T =

EFFICIENCY OF PROJECT = 39.82 %

o - :
WM 2.13 Y3 @b Eas Tasan 1sdlihuatun 9 s Miaa gl

Y.#H., 2537
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2.9  N1IWVIIINAUNT T Ind 390

wasaM 3e¥I o unisindssty 3 sy fe

(1) mudmivedeininlasenis (Project Engineer Report)
Hithataelugti 2,16 |

(2) ?ﬂﬂ§WuﬁﬁﬂgUﬁdHﬁ?Q?Uédﬁ%KWater Master Repcrt) #a #pt
'lu;u'fi' 2.15

(3) TR wEMIUNnguael™ (Zoneman Report) E}’qﬁ'zadw’mgmi: 2.16

s mn s luaw (gih)  Hhatwlupi 2.7

2,100 nngzamithlus viviedun

(Water Distribution Over Tertiary Units)
1 =
tninsteuteyasiwazidens s Th wasaM  wasam audwIn

1 ]
- | (] 1 [T ¢ w oo
Aamt  wheads Thua sefi Tuuda sTu i fnede g 2.17

2211 mImamas sl iuRmnsaei™

(Moni torirg Process)
nipnA T s iuran 13 TR nn 1 s A T TS InedPmda T uns sy
X [y ) ‘; - w e w
whaissarin  wsnstasiinonimesanadeTauminoudatiasifulianinmeswaw
AR SRR ME 289 518 s Sed s st Sumih o wdatn  wasam asvinasndan
Wit s son WauRTuw shuamn sl e e g on g Snadimde a3t Sunndite
i [Q(N))  wmRn g shea s oL iunausneay Ui 2.18

FLi < =
Nﬁﬂ'ﬁﬂﬂﬂﬂtU‘iHULMHUQ::I.LﬁN.IUEUHEN Main System Monitoring Report

' ]
[ o =]
faudnelugUi 2.19 UAY  Zone Monitoring Report AaudANluzi 2.20
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WATER ALLOCATION SCHEDULING
THA MAKA
Prcject Engineer report
Date : 29 July 1985
Pericd : 1 Aug. - 7 Aug.

Average discharges in main canals and laterals in m3/s

Water Main canal sections Laterals
Maste , . .
stex Name Km. Discharge Name Discharge Name Discharge
Sectors Station Q Q Q
1 1L-1R 0. 000 0.39
2R 0.069 14.42 - 1R-ZR 1.18 2R-~2R 0.43
3R-2R 0.50 ,
iR 0. 200 63.57 1L~1R 0.25 2L,-1R 0. 00
3L-1R 2.10 4L.-1R 1.20
5L-1R 0.72 6L~1R 0. 40
2 2R 27.356 10,61 4R~2R 1.0 5R-2ZR 06.75
6R-2ZR 1.02 7R-2R 0. 33
8R-2R G.64 SR-2R 0.35
iR 26.000 56. 39 TL-1R 2.81 8L-1R 0. 70
9. -1R 2. 61 10L-1R 2.18
3 1R 36,100 46, 16 T1L-1R 1.05 12L~1R 0.73

13L=-1R 0.30 14L-1R 0.62
15L~1R 0.76 '

‘total discharge into the proiject area 78. 38 m3/s
total discharge for the project area 38.03 m3/s
total discharge to the downstream areas 40, 35 m3/s

Remark

-
3ﬂn 2.1h [rxample of Weekly Project Engineering report
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WATER ALLOCATION SCHEDULING
THA MAKA

Water master report : Sector 1

Date : 29 July 13985

Period : 1 Aug. - 7 Aug.
K Dise Normal Effec- Field Actual
Zone Canal m. - require- tive wethess require- Sup-
Station charge ment rainfall report ment ply
1 1L-1R ) 0.000 .39 0.74 23 very wet 0.32 0.37
2 2R 0. 000 14,42 0.57 23 Normal 0.57 0.57
26(2R) 6.000 0.20 G.14 23 Normal 0.14 0.19
3 2R 7.821 13.51 0.24 28 Very wet ¢.00 6.00
TR-2R 0.000 1.18 0.4 28 Wet 0.25 0.25
4 1R-2R 2.55Q (.90 0.60 28 Dry 0.87 0.87
5 2R 12. 346 12.19 g.13 28 Normal 0.13 0.13
2R-2R G.000 0.43 0.28 28 Normal 0.28 0. 41
6 2R i5.338 11,51 0. 04 28 Normal 0.00 0.00
2R-2R~A 0.000 0. 00 0.06 28 Normal 0. 06 0.00°
2R 2G.570 11.39 0.03 28 Normal 0.00 0.00
8 2R 25.180 11.20 0.03 28 Dry G6.06 0. 06
3R-2R 0. 000 0. 50 0.30 35 Dry 0.46 (.48
21 1R 0. 200 63.57 .17 23 Very Wet 0. 06 0.06
1L-1R 7. 060 .25 0.58 23 Very Wet 0.24 0.24
22 2L-1R ¢, 000 0.00 0.56 28 Very Wet Q.17 0. 00
1R 12.100 60.52 0.21 28 Very Wet 0.07 Q.07
23 3L-1R 0. 000 2.10 g.28 28 Dry 0.38 .38
iR 17,400 59,63 0.24 28 Dry .34 0.34
33(iR) 0.000 0. 20 0.12 28 Normal 0.12 0.19
24 3L-~1R 3. 4006 .65 0. 64 28 Normal 0.6e4 .64
25 tR-3L-1R 0.000 1.04 1.03 28 Normal 1.03 1.03
26 4L-1R 0. 000 1.20 0.26 28 Very Wet 0.08 0.10
1R-4L-1R 0.000 0.15 0.25 28 Very Wet 0.08 0.14
1L-4L-1R 0. 000 0.29 G.45 28 Very Wet 0.15 0.29
2L-4L-1R 0.000 0.29 0.50 28 Very Wet 0.16 0.29
4L -1R 8.132 + 0,36 0. 61 28 Very Wet 0.20 0.36
29 SL~1R 0.000 0.72 G.69 28 Normal ¢.69 0.69
GL-1R 0.000 0.40 0.49 28 Normal 0.49 0.38
Discharge into this Sector : 78. 38 m3/s. .
Total discharge for this sector : 11.38 m/s.
Discharge to downstream sector : 67. 00 m/s.
Remark :

H
7”% 2.15 Exampie of Weekly Water Master report
W
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WATER ALLOCATION SCHEDULING

Zoneman report

THA MAKA
Zone number 1

date 29 July 1985

Period : 1 Aug. - 7 Aug.

Expected rainfall 23

Canal Km. Discharge Normal Field Actual
Station Require- Wetness  Require-
ment Report ment
1L-1R 0.000 0.39 0.74 Very Wet 0.32
Total water supply to this zone : 0.37 m3/s.
ZONE MONITORING REPORT
Thu. 1 Fri.2 Sat.3 Sun. 4 Mon. 5 Tue. 6
Rainfall
iL-1R  0.000
)
Remark :

2 2.16

Example of Weekly Zoneman report
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ADVICED AND ACTUAL SUPPLY IN ZCONE : 2 IN LATERAL, --- 2R
Ditch Thur, 1 Fr.2 Sat. 3 Sun. 4 Mon.5 Tue.6 Wed. 7
2 30 30 30 30 30 30 30
4 30 30 30 25 25 25 25
6 b33 40 40 35 35 35 35
8 50 40 50 50 - 50 50 . 50
10 25 30 30 3¢ 30 3¢ 30
12 40 40 40 35 35 35 35
14 35 35 35 3¢ 30 ao 30
16 45 45 50 45 45 45 45
18 25 25 25 20 20 20 20
20 30 30 33 30 30 30 30
22 50 45 30 45 45 45 45
Zﬂ 15 15 15 15 15 15 15
Total
ADVICED AND ACTUAL SUPPLY IN ZONE : 2 IN LATERAL, 26(2R)
. e
Ditch Thur. 1 Fr.2 Sat. 3 Sun.4 Mon.b5 Tue. 6 Wed. 7
!' 2 15. 15 15 15 15 15 15
4 35 - 35 . 35 35 35 35 35
6 40 40 40 40 40 40 40
8 50 50 50 50 50 50 50
10 50 590 50 50 50 50 50
Total '
4 .
zgy 2.17 : Example of report presenting the distribution over

the tertiary units along & canal section.
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HIST
DL
|wzRain PLZMON ~ ZMPLOT
INMON o oL
_PLDMON OMPLOT

WHERE
INMON = INput MONitoring programme, storing the data in
the files: ‘HISTorical (HIST)
Weekly Zone RAIN (WZRAIN)
DAily DIScharges (DADIS).
PLZMON = PLotting Zone MONitoring reports resulting in the
Zone Monitoring PLOT (ZMPLOT)
PLDMON = PLotting Daily MONitoring reports resulting in
the Daily Monitoping PLOT (DMPLOT)

-
M 2.18 Relation Diagram of the Monitoring Process
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WALTER DISTRIBUTION MONITORING

THA MaxX2

Magin Sysiesn Repor?

dote | 9 JULY 1983

RAIN
mmd w
{00

42 43 44 45 45 47 48 49 50 51
WEEK

RAIN

mm/w

100

==

+] ‘ "R
e

35 36 37 30 39 40 41 42 43 44 45 246 4T 48 49 50 5i

WEEK

3 [ s ]

ADVICED DISTHARGE (m3/4}

i
¥

~ 2 — ACTUAL DISCHARGE (m3/s}
- 3 -~ EXPECTED RAINFALL {mm/w)
— 4 -~ ACTUAL RANINFALL {mm/w)

ROYAL IRRIGATION DEPARTHENT

zim 2.19 Example of

ILACO/EMPIRE N&T

a main system monitoring report
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NSNS NS RIWYT WATER DISTRIBUTION MONITORING
Waunn ) . THA MAKA
[F-37):) m.?m-méu.rr'! iU\J'ﬁ' 1] Zone mon reporl Zone 8
Fufi 13 Bouiuv 2520 dale 1 13 JUNE 1985

Q RAIN
0.8+ mm/w
100
o
& 7 8 9 10 1 12 13 14 5 15 17T 18 19 20 21 22 23 24 25
2R KM 25180 — 27.356 WEEK
.64 2 2 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3
f .
Q RAIN
- mm/iw
M3/; t - f Jueeht S e 100
I | srasmeseraed 0 tegeremereny v enenn
[ b [
l BNSFECHTIS AN Al o
5 7 9 1 U 12 13 14 15 5 17 @ 19 20 21 22 23 24 25
3R-2R KM Q000 - 5412 WEEK
R b 3 e 4 B 5 D
Comment | Non gvailebilily of woter in week & ond 15 due 1o too hegh
efftokes of higher Iying rones.
ERRIVINAIURBINIS YA [RU. 4.7 5%10) — t  — CALCULATED REQUIREMENT (m3/s)
USUIUVATILUIYY dav. u s 3uF) — 2 - ADVICED SUPPLY (m3/s)
Viuiwvnitdeds (au. 8 /3wy — 3 = ACTUAL DISCHARGE (m3 /s)
HUAANAS 1u. 7 JUATI) — 4 = EXPECTED RAINFALL {mm/w}
UuRNaZy (uu. s AuUMmMY — 5~ ACTUAL RAINFALL & mm/w)
ROYAL IRRIGATION DEPARTMENT ILACO/EMPIRE MA&T

-
9iM 2.20 Example of a Zone monitoring report
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2.13 #708190171ATundousiRon1_ Run_ TUsuniu_ WASAM

............ JaLnania_ Run JLIARIW _ReofT
#861¢017 Run  1UTunTn  WASAM fulAIenisawni e DEMON

PROJECT U KU Irrigation System Feuiznoudan 2 sus ezt eine

ﬁanqﬁnidqihinyagﬁaﬁn1ﬂtﬁan15ﬂ3u1mé1 ETo 2 an1@i fapaiiimbian 2 sonil

ﬁ\uanw%ugué 2.21 q1n§hum=1n7«n11§hnnnq1u3d# 2.21  d11Inigen

Schematic Diagram udavn13nszatpriddvasadnl1dIy o 1ﬁﬁwuﬂﬂv1u3uﬁ 2.22

ingaéﬁiuaﬁuihn11 Run TUSURTN  WASAM uazﬁuyaﬁuﬁdqﬂﬁuaaqaéiuguﬁ 2.23

fagrentafeudeyedalu dayadaenansdaln FayaamiunisdaiuisiasmIzduni o

uansoyIUGUA 2.24

2.14 L8N81397989

1. n9In fee uazdIys pEnatd. TUTUNSN  WASAM Version 1.1

- v 4 < -
WIngsNETT WN. auuv 20 ﬂﬂ T fanan - woAINIEY 2536,

2. 1975 wnied uwsridsr. a9vaMITUIUNIN  WASAM Version 2.

-~ « Y ‘!'
Ingsus1s wn. wAM 25 1h 9. LmaEg - nNINIAN 2538.

w ey
3. WHIWUNTYRUITVUUARY  NEWMASIP QuanﬁsqﬂTUshnsn WASAM

(Windows Version). NINgaUsevni, {mIAN  2537.

4. Ilaco/Empire M&T. Water Allocation Scheduling and Moni toring.
General ﬁrogram bescription. Royal Irrigation Department.
April 1988(a).

5. 1Ilaco/Empire M&T. Water Allocation Scheduling and Monitoring.
WASAM Computer Marual. Royal Irrigation Depertment. April 1988(b)

6. Vudhivanich, V., Water Allocation Scheduling & Mcnitoring, CEC/
AIT-Training Document, Depertment of Irrigation Engineering,
Faculty of Engineering, Kasetsart University. Kamphaeng-

saen Campus, Nakorn Pathom, September 1988.
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”ﬂ}_ﬁ"_a.m
WASAM Deimonstration
KU lrrigation System \
DEMON Project (Project 1)

— T e e g -
o1 R 2 3
@ rd % 1L {2)
',: 1 "y a-n-ooo ' 1" 1+ 700
Ramt 1S eoooro /
MASTER 1 oereeem ] ™y /S
o \ 5,0004ai v
;3 VU e\ T
’ (3) S \
:[1+§J[00 1R 0 /r' ,/u.'::‘:'-'-—-
4
\\‘ 7000 rai /.'& ?;'-:009‘ @ ”\
\ e 2L r
'____:\.‘a—..._.—--f 5 -%)-moo 500 rai /
o/ * . "” ! 5 ) \‘-..__ /
p———— . T e o
//‘ Ty 6,500 rai \
s 6 \‘ }
(14000 o 0+ / WATER MASTER 2
‘| - f | ‘_../,
\ 7,500 rai Y o
AN 7/ 4+000
N L @ ETO2
""" RAIN 2

-—t——,

\ (2)-/ one No.

e
- o gt
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31_1»:";_ 2.23
Data for Demon Project
1. First Thursday 1995 - 5 January 1995
2. Dry Season 1995 - start week 6 (9 Febuary 1995)
- only paddy in dry season
3. Monitoring Points. 1,5
4. Report - project engineer = 1, 5

~water master 1=1,2,3

- water master 2=4,5,6

Command Area + Cultivated Area

Ditch Characterstics

T T 1T
- — o e S o L

]

WM ZONE ZONE Ditch Ditch Ditch Total
COMMAND No. Capacity Area Ditch
AREA {rai} Vs (rai/ditch) Area
1 1 5,000 14 60 260 4,550
>9 0 390
1012 120 520
2 6.000 1-4 60 260 5,980
510 90 390
1115 120 520
3 7,000 15 120 520 6.500
611 150 650
2 4 5,500 1-3 &0 260 5,330
48 20 380
913 120 520
5 6,500 1-5 120 520 6,500
611 150 650
& 50 -6 120 520 7.020
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GENERAL _DATA b
FOR IRRIGATION SYSTEM: AILT
NUMBER OF PROJECTS: i ’ .
PROJECT NAMES: DEMON
NUMBER OF EVAPOTRANSPIRATION STATIONS: 2
NUMBER OF RAINFALL STATIONS: 2
MAXIMUM NUMBER OF CANAL SECTIONS: 300
MAXIMUM NUMBER OF ZONES PER PROJECT: 50
MAXIMUM NUMBER OF DITCHES FPER SECTION: 25
FIRST DAY OF THE FTIRST POSSIBLE IRR.WEEK: 5/ 1/199% Thursday
TYPE OF CROPS: i Padd BS Padd WS Sugar C Other C
DAILY MONITORING POINTS: 1 5
TOTAL NG, OF DATLY MONITORING POINTS: 2
MOMTITORING GRAPHS START WEEK: 6
Ny, OF WERKS ON GRAPHS(MAX=23): 21

CANAL SYSLUEM DaAal'A
Fol TREIGATION SySipM - Al

CHame Begin Fist Mr Fat QMaxX QMin Eff. 7oWF Ev Fr COMAR
P Lo, EHiFLY ERRETERS i & H.625 3.450 .04G1¢ 111 i 1 5000
11, ITTTINS IR ! H 1.380 .000 0020 211 i 1 604G0
iR RO THT p.oHsD g i H R B 0.000 .9020 311 1 1 7000
LM A LT 1,000 5 H 4.485 1.800 .0010 52t 2 2 6500
2. i, 000 1.500 4 5 1.265 0.000 .0020 421 2 2 6500
2R 0.000 1.900 65 -5 1.725 0.000 .0020 B82F 2 2 7500
PROGRAM PRREPMS. BAS
,‘-:E:::::"-‘.===:‘::======"_"."..T—“_':===;.‘—'=============253;3522225:2552:::35::

' input data line
s s CZOCrTICIIECCNSRCESFCEECETINC SO NN ENr eSS CN SN SSEONSEDSREDR
100 DATA DEMON : 'project area
toxzz WM, {CS{main),CS..CS{branches)},0},0 ==> for section 1,2,..
DATA 1,1,2,3,0,0 : 'wm section 1
DATA 2,5,4,6,0,0 t 'wm section 2
DATA ©
'====(CS§,..,C8,0,058,..,C8,0
DATA 1,0,0: 'z==z= Total discharge in and out of the project area
‘zz== Water master reports
'zz== WM,FZ{first zonel},LZ{last zone)},...,FZ,LZ,0,0
DATA 1,1,3,0,0
'===2=C§,.,,C$,0,C8,,.C5,0
DATA 1,0,5,0: ’s==== Total discharge in and out w.m. sector 1
DATA 2,4,6,0,0
DATA 5,0,0 : 'z==ss  Total discharge in and out w.m. sector 2
DATA O
DADIQA !.ENE)H
P S e Rl gl e g O e e J i R Tl e B BT S I I NI SR L X ¥ E 3
PROGEAR DRRFI - BAR
Tomm s azmmamoy oo . = LR 2 ® RN MR e d EE RN ERE FETRALTTRN
" oanput data bine
'sess-sr=s=s=zmzczzzzzxooz L CT S EIERTSTIRTEISERTS
DATA NFMOK e et oape
YFALLE L FR T e e
PATA 1,66, 8
DATA "ENDT

i
1l
W

L
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i J
gusntin 2.1 .

SPN irrigation project has general characteristics as shown in map 2.1
The project has a total command area of 336,484 rai (1 rai= 1,600 m) divided
into 5 water master sections. Each water master section has 7 - 11 zones.
There are all together 43 zones. The canals including =ain and laterals are
divided into 57 canal sections. Each canal section has general data as shown
in table 2.10
There are 5 rain gages and 2 ETo stations as shown in map 2.1.
Your assignmenks are:
(1> Draw a schematic diagram of SPN project %o show canal sections
and theirs connechivity.
(2) Use Theissen polygon technique to determine ETo polygon area.
Adjust the boundaray of the polygon such that each canal section must fall

into one of the ETo ploygon area only.

Let Kamphaengsaen Stabion = Station NO.1
U-~Thong Station = Station No.2

{3) Do Lhe same thing for Rainfall

Let SPN Station = Station No.t
WM5 Station = Station No.?
wH4 Station = Station No.3
Headworks Station. = Station No.4¢
2803 Station = Station Ne.5

{4) Fill in Nr, Fai, ZoWP, Ev, Er for'each canal section in Table 2.10
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Ny, Water Master4 *‘
h, <
el  —— Canal
—— Drainage Canal
oo ZONE Boundary
Zone No.
Canal Section No.
@ Rain Gages |
@ ETo Stations
%%, Water Master &’
el N

. .nuinfﬂ A3 h
ater Master 3.f=

" HEADWORK
A

= SPN Irrigation Project
(WASAM Practice)

f @ Kémphaengsaen

*
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Name
HEADWORK
2L

6L-21:
6L-2L
TL-2L
8L-2L
8L-2L
IR~81~2L
1L-BL-2L
2L-8L-2L
8L-2L
ZR-8L-2L
8L-2L
5L-2L
I1R-5L-2L
1L-1R~-5L~-2L

1L-1L-1R-5L-2L

i1L-5L-2L
2R-5L-2L
iR-2R-5L-2L
ZR’SIJ“ZL
2R-2R-5L-2L
2ZR-5L-2L
2L-5L-2L
1L-24-5L-2L
5L-2L
1L-2R-51.-2L
P L=-20-5L-2L
3L-5L-2Ls

4 = 5’4‘ 2L
1L-4L-5L~2L
AL-6L-21,
5],:‘2];

5h" 2!4
"R"‘Sl.:'z],-
4R-5L-2L
IR-AR-51L~2L
5I.|" 5‘4"2!1
1L-5L-5L-2L
5L=-5L~-2L
5L-2L
3R-5L-2L
1L-3R-5L-2L
2L-3R-5L-2L
Z2L-3R-5L-2L

i1R-2L-3R-5L~2L

JR-5L~2L
3L-3R-5L-2L
4L-3R-5L-2L

1L-3L-3R-6L-2L
1L-3L-3R-5L-2L

3L-3R-5L-2L
3R-51-2L .
5L-3R-5L-2L
5L-3R-5L-2L

IR-5L~-3IR-5L-2L

3R-5L-2L-

Begin

22

22.
(10
6.
000
)
.782
000
000
060
.H44
L0660
. 2656
LO00
L0U0

(

i

[ N ] —
CWT N WAL ST OO WO Do O T WO EC oS TSSO NO0Q OO NN T DO

W

[

—
o

700

700

915

ooy

. 000

000

. 000
000
291

Q0

174
00
LQou
813
000
173
L 000
L0
Q00
054
L 301

401

. 000
B2
. 0uo
L0040
. 000
.BYR

G664

000
000
000

230

000

. 450

"

000

. 000
000
337

-

550

.422
L B00
162
000
.392

!

22.
35,
6.

i r

15

9.
12.

3

7.

10

18.

6

25.
9.

14

7.

11

5.

7
7

9

18.
2.

3

2.

9

26,
33,

— L -
W B M N = WS W 0N X I =)D

—

et —

&<

27

(O 3

L=y

Table 2.10

IEnd
700
Qo
215
784
.BGY
T8Z
G4
{383
581
. 864
265
105
370
183
972
870
. 091
G6H
.291

-156
10.
5.
tg.
7.
3.
20,

174
291
4167
Jo0
262
joo
173
320
THT
L0684
9495
LB00
401
664
.52
450
L8740
AR
.64Q

LG40

. 188
ARO
. 081)

. 230

L300
000
422

. 550

. 659

. 337

- 80U
480
. 392
162
L3849
AL
530

Y SLIEM 1A A

CANAL S S ALY
FOR IRRIGATION SYSTEH :5HV'RQﬁQt

Nr Fat
1l 0

GMax

99.634
! 82.980

3.162
Z.004
.106
. 962

-3
RN WM - EOMAD WO NN @O C oSV =N LD N e D @ e N G e (DRI e 8D B D2

716

649
. 204
470
. 897
.932
- 315
. 100
911
+ 330

453

642
.86
. 598
.B76
452
.661
.4568

779

.599
314
. 104
. 040
287
.649
.528
L3657
320
SATT
<4904
. 530
.254
.359
. 359
. 273
. 249
.695
LB41

-

370
G675

. 364
602
.A02
. 286
. 914
. 404
.765
402
155
.068
.914

OCC OO OO LOoRnoOoD oo ool ocCoDoD

QMin
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0,000
0.Q00
0.000
0.000
0.000
0.000
0.000
0.000
0.000

. 6.000

6.000
0.000
G.000
0.0090
G.000
0.000
0.000
L0G
L0000
000
000
L 000
000
L0G
00
00
.000
000
L0090
.000
. 000
000
L0040
.00
. 000
.000
. 000
000
. 000
. 000
. 000
. Q00
. 000
.000
. 000
. 000
. 000
. 000
000

,

Eff. ZoWP Ev Er COMAR

L0000 SOH
0010
L0025
L0025
. 0025
0025
0025
L0025
0025
.0025°
L0025
0025
.0025
0010
0025
L0025
. 0025
Q0256
.0028%
.0020
.0025
0025
0025
.0025
L0025
L0010
L0025
L0025
Q025k
L0020
.002%
L0025
L0025
L0010
L0025
0030
L0030
Louagn
L0025
L0025
Q020
L0025
L0025
, 0025
L0030
L0030
L0025
L0025
.N025
.0U30
.0030
, 0025
. 0025
L0025 -
L0030
L0025
L0030

0
9966
9238
7052

12966

12633

300
1156
7582
8361
7560
5231
5200
G962

280341

15187
8340
39zh
9294
8181
gz
7166
8267
6850

1874
8979
4536
G650
2904
391
2908
8100
6370
1962
3251
2859
1576
6165
7864
5454
B117
2815
2368
5163
4343
1226
1127
2389
1145
88495
4276
5165
4481
1284
3734
4247
7477
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From Laboratory assignment # 2.1 (WASAM application to SPM irrigation
Project), the additional information and data are given below:

(1> The average biweely rainfall data and the ETo data aré given in
Table 2.11 and 2.12 respectively.

(2) The weighted Kc, land preparation requirement and percolation of
the 4 wain crops ivet season rice, dry season rice, sugarcane and other crops)
are given in Table 2.13-2.15

You are asked to use WASAM compubter program to help the project
engineer of SPN projeét to allocate water to different canal sections on
weeltly basis for Lhe coming dry season 1995 which will start on-Feb. 2, 1995,
{The frist Thursday of 1395 is January 5.)

Your speciflic assignments are:

(1> Produce projecl engineer, water master and zoneman reports for
the first two weeks of Febuary 1395. You may assume and neccessary data you
want such as tLype of crops, crop area, planting week, and field wetness in
each canal section.

() Produce monitoring reports of the actnal discharfge VS.
calcutated allocation bto each water master section. Also you may assume any

dats youn want.
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Average Bi-Weekly Rainfall <mm) during 1930-1994 for 5 Stations in SPN Proiect

Month | Day Stations
SPN WHS WM 4 {Headworks! 2803
Apr. ' 1-15 31.20 33.60 27.30 22.30 23.60
16-30 13.90 1.50 0.80 5.10 3.30
May. 1-15 8.00 19.20 18,30 27.30 26.60
16-31 18.60 45,50 59.70 42.80 32.40
Jun. 1-15 60.10 43.70 §8.30 61.80 48,50
16-30 18.30 12.60 11.60 31.40 , 5.90
Jul. 1-15 30.10 47.40 38.10 23.40 8.70
18-31 34.40 58.40 32.80 62.30 23.30
Aug. 1-15 B8.20 73.80 37.70 65.10 23.70
16-31 83.30 29.890 116.30 48.70 26.20
Sep. i-15 50.60 40,00 50.30 61.90 39.20
16-30 193.80 1137.20 82.60 94.40 111.70
Oct. 1-15 86.00 135.50 141.00 157.70 132.70
16-31 124.50 {113.70 164,70 124.70 96,90
Nov. 1-15 0.9%0 3.80 4.90 7.60 0.40
16-30 .00 0.00 0.00 0.00 6.00
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Average Nonthly ETo (ma/month) for

Kanphaengsaen and Uthong Stations

Month XKsaphaengsaen Uthong.
Jdan. 117 118
Feb. 123 126
Mar. 188 172
Apr. 168 178
May. 153 187
Jun. 128 139
Jul. 134 1438
Aug., 126 136
Sep. 118 120
Oct. 118 118
Nov. 112 118
Dec. 111 118
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Table 3 Laad Preparation Requirenest, Vcighted Kc zad Percolation for Rice

(al Py sen

vk amber 3 e (s lesdsfrialsinlululululslw/oviajs|nln|a
taad preparatin in (03|55 | v %! o
{wfueek
Tighted Crop Cood. o slntlo.vioul . catt . onf. o o ol e . vl el s 1.uho.n7l.m.mo.uk
)
Irercolation facter(m 1200, 3e]e.s7(o.7elo.0l0.001.0 110 e [0 (oo [oce 1o Jio e o fuee fouo Ior Jos [0.2 0.1
Irercolation tlefafstelr e lrir e v e r e e lr e lalsis |2t
(7 miwek)
() et sonsm.

Sk amber (1 (2 i fals(sfvieis [winuleinjuisinlolinin|nin]s
sl peprtian [0 Glaln]n|n
mivek
(ighed crop Coul.  [0.1{0.3610.57]0.76ls.51/ 1,08 17|00 1. 10]1.10{1. 10 1.00]1. 00 1.0r|1.o8]5.06]1.62l0.56 .s0ls. salo. 20,00}
)

okion factor(m) [s. 130, 36(0.57]0.76l0.000.00]1.0 110 J.o 1.0 J10 1.0 [0 ] 1.0] 1.0f s.0dn.0 Jos o fo.5 o3 o
Percolaticn e fatalalalafedatlalatlalaleladelatajzielnio
(3.5 m/weed)




2-54

. @151 2.14 Weighted Ec and Land Preparatiom Requirment for Sugarcane

Month NO¥ DEC JAN FEB HMAR APR MAY JUN JUL AUG

Weighted crop coef. 1.18 1.02 0.66 0.47 0.44 0.70 0.91 1.06 1.15 1.19
(K ) ' '

Water requirement - - 3 : 3 3 - - - -
for Land preparation

in mm.

| grsm 2.15 Ke for Other Crops

Honth JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Crop coefficient 0.8 0.8 0.8 0.6 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
(K )
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n13asn buusruunasaiifaeTutunTs  BRARCH uaS LOOP
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101unsuaanuUUi:uuﬁnéeﬁﬁéqsné11§q1uun§§a 1dsunTu  BRANCH
Version 3.0 umtTUiunsy LOOP Versionm 4.0 éqﬁhu1€uu11ﬂn Asian Water
Supply and Sanitati'on Sector Development oy UNDP/World Bank
n?1uq§iuivTUiunsuqﬁﬁﬁhﬁﬁn 1 TUTunsufo  SEWER Version 3.0 unlildpnie

-
Fuunit

Tusunan  BRANCH 88t LooP  tJulusunswdiuy:lawilunt1d1euem
sazaonuuussuusR ulFEI 1A SEndn anmEn Cptimization nMM&u1IT08BNUVY
zuwiedwhifed1eiant 3o ATuTunsugnesnuuuineuuuy  Interactive 914
4B udgiiﬁawﬁnkujﬁug1uzﬁuzﬁbnninanauuituuﬁnﬁwﬁﬁﬁqq=a1u11n1i

Tuvungutd

3.2 PBRARCH Version 3.0

1UunTx  BRANCH 3.0 Hesmiimmisiiauasiasifassdl

~ #w1Inlfn Optimal design sEeTzuvMasuMYUIRAEUd e ING
ficdouse1dn  Branch ﬁﬁs:uuiuﬁn?afawassuuéﬁaﬁtﬁn

- swrsnoonuuuTsuuvedaiEsiienowenie 128 Ho

- 8wsonmuatdgas  Razen William's wisgmyves
Darcy Weisbach 14 |

- s Rantdmienezunieaioriarsuudengs wiomiovasn Ly
nwuan g dus sudet dudisudnatvierdu we, (dudu

- fidannionmusn fustgan  Node 14

3.2.1 ihgaﬁ1ﬂ1ln1u BRANCH sig4n13

(1) dsysmieiIninn  (Geowetric Data)

- n17i%ouABeae  Node-Pipe




- AIIHETIEE A URAS TN
- EsﬁhﬁUé Node @14
(2} dagamievamiand (Hydraulic Data)
- ea1uﬁa4911ﬁﬁza§ﬂé Node a71mil™
- ‘§1'hU$=§ﬁ% Hazen-William's £ n3s Darcy
Weisbach's K
(3) deyaunaals (Source Data)
- HGL sesgrudullimiadul  (Reference Reservoir)
ua:ﬁh71n11€1udﬁﬁoquuééﬂﬁsﬁuﬁ@ﬂﬁﬁ?alﬁénqgudﬁ
(4} dogawmIuntin'mmsmy (Coot Estimation Parameters)
- ﬁuﬁﬂaﬁué1guéna1qﬁnﬁﬁu1aiuﬁﬁqaawa d.0.8. nuile
URET IR IMBADNUIEATI L 17
(5) daygamisiineinwquamivnissenavy
{Design Cotrol Parameters)
- ﬁ??ﬂﬁhéﬁqﬂﬁ Node (minimum residual pressure)

- n1igmRuniveugedauazaign

8.2.2 9T1aasLBaslusuniy  BRANCH 3.0

TusunnssneuInEn1e 9 Fenn il

BRANCH 3. BAT

BRANCH. EXE

BRANCH, HLP

DEMO.BRA  (1Wddoyasitabie)

i

PRTBRA NG D 1BN 1T RUNLRANT )

TuTysungy BRANCH 3. BAT TitwasiBamifiuafu  Configuration
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LA

ol

S mIun1Y Run  Tusunsuasil
CLS
BRANCH /1 /fl /r66 /t3 /B3 /ju [pLPTL feBht /hY

* M & *
dimn o g o ud e lndi e niBeumasalit safarundosn1118 Al

parameter ripes nodes max. pipe dia.
{1 ' large model 125 126 20
/m medium 75 76 30
/s small 50 51 15
/ fn = no. of hard disk, i.e. /f2
/ rn = page langth in lines, i.e /r6é

[ tn

no. of lines on top margin, i.e. /3
{ bun = no. of lines on bottom margin, i.e. /b3

{ uwor /a = auto numbering of pipes or disable auto=numbering

/ pLPTl = printer on LPT]
/- cBht = Currency in Bht
/! hY or /hn = sound during on line help

] o 34 L a v
aH1e19nM L Configuration LUAIAUEIMIY Run  USUNIN

awranudieldiasiTon  Configure Screen wrufledeguil 3.1




QBANCH Version_ q.g |

) 20 June 1991

Main Menu

User Manual I

~—— Version 3.0 BRANCH ——————— << Configure Screen >> ———— BRANCH Version 3.0—

Program Directory <C: \BRANCH\> ;
Data Directory <C: \BRANCH\DATA\S :
Output Directory <C: \BRANCH\DATA\> :
Printer Port <LPT1> :

Help Sound Required? <¥Y> :

Currency Symbol <Rg> :

Organization Name <World Bank UNDP> :

Save Changeé {Y-Yes OR N-No) <N> :
Press <ESC> to End

Use

Change present Setup

World Bank UNDP (C) WB/UNDP C:\BRANCH\DATA\ |

]Il_i. 3.1 CONFIGURATION SCREEN

7=£



3.2.3 A1In'muR  Node-Pipes

BAT9ININ13319183991¢ (layout) TruuMsduliudassdanwtnn

LU  Node-Pipes Deagram é@gﬂ

% Node
H
]
i
]
]
L]
i
1
"
Pipe Pipe 3 Pipe
. PP, ' GRU S, G,
Node Node Node Node

Node WuiEReyaREnITivREuLIaSRINITInanTaTsduiu wToviin/du/

MWIRYDINE aNYMEIBY  Node laswia 2 Widun

- Water Extraction or demand point

= Junction
= Beginning and tail nodes of branched network

« Reserveir or isput node

- - 7 ' o E o, 2
Pipe nmsnwmunagssmw 2 Nodes wAWIHSIUM pipe w:ﬁnun'n

’ 1]
WU Node ngwileians

3.2.4 Sun1idnmom

{7) ®#uR1Y Hazen Williasm's

v o= 06.85 a9 0% L BUD
léa V = velocity of flow in m/S

R = hydraulic radius ( = %- ) in m.

D = Pipe diameter in m.

8 = hydraulic gradient in m/m.

C = Hazen William's constant Fv¥uagiutiiame




i

v
1

{2) dun1y Darcy-Weisbach

502 (2 g py2->

V = : conevesnenneesal(3.2)
tie VvV = velocity of flow in m/s
£f = Dercy's friction factor
o3 - - .
I/fo = 1.14 = Z log (kfD + 21.25{Re0 93
k = roughess height
Re = Reynold's number

3.2.5 NIBEINITRONUVUNGRIE  BRANCE 3.0

8uNR Node~Pipe diagram 3uBvizuuvisdal HanvmusAeusnsiu
gﬁﬁ 3.2 WAadl1Enaudis 14 nodes U8% 13 pipes Node 1 UBT
Node 14 ®0 sources Nodes 2-13 @8 demand points pipes 2 KAt 4
iaﬁnﬁﬁaétﬁu uﬁhﬂ1n#lﬂ?uuiayaﬁ1uﬁnd1qﬁq1uﬁhia 3.2.1 UBEIY Run  TUTUATH

F993UTING  Main Menu HUR 3.3 ud301T88  FPile Menu untadrelvidoya

(Create/Edit Data)

-

niidaudoyassutivaanidu 5 Screen nunlTziansovdayadil
Screen I - General Information

Screen Il - Pipe Data

Screen III - Node Data

Screen IV ~ Reference Node

Screen V ~ Commercial Diameter Data

71wasiBen  Screen I-v  usavngiuguit 3.4 wivemadielvidoys
4 H - ¥ - ¥ & -
fividulvd  DEMO.BRA W82 Juidrgtussunisesnuuunia Design Network

M Main Menu
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ELEV WATER LEVEL = 25

WATER LEVEL = ?

o
)@D 500 500 S—
ELEV = 0

p<
49

500

11 12

o5
500 }/ 500

LEGEND

@’ RESERVOIR
@ NODE NUMBER

®

2| pipE NUMPRR
FIGURM 3.2 —— TSNS !

I P TR L
'..‘;1.\.;..‘(! '.! L

DEMO BRANCIHED NITTWORK




| BRANCH Version 3.0 - 20 June 1991

——— Main Menu ———

File Menu
Load/Dir Data

lIser Manual

Merge Data

Frint Files
Copy Files

Contrgqure
Rename/Move Files

QUHTT

Frase Files

»
el

. JuR 3.3 FILE MENU
Save Data File A

Check Data
(Esa} Main Menw or Use o chivoss

Create/Edit Data File

~ (C) WB/UNDP - C:\BRANCH\DATA\

. World Bank UNDP

8-t
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General Information (Scr-I)
Title of the Project BranchNetwork
Name of the User Juzer
Number of Pipes i3
Number of Commercial Dia. g
Peak Factor 1
Min Headloss m in km .05
Max Headloss m in km 20
Min Residual Pressure m 10
Type of Formula {1,/2): 1 Hazen's
Unit of Pipe Length (L72): 1 metres
Unit of Pipe Diameter (1/2}: 1 millimetres
Unit of Flow (1/2): 1 litres/sec
Unit of Head {(1/2y: 1 metres
Unit of Elevation (1/72Y: 1 metres
Unit of Pressure (1/2}: 1 metres
- Pipe Data (Scr-II)
Pipe From To Length Diameter Hazen's  Exs/
Number Node Node m mm Constant Parl
1 1 2 500
2 2 3 500 100 110 E
3 2 4 500
4 2 & 500 100 110 P
5 6 5 500
& 6 7 500
7 & 9 500
8 g9 8 500
9 10 9 500.
10 g 12 500
11 1z il 500
12 12 i3 500
13 14 10 5¢C0
Node Data (Scr-III)
Node Peak Fiow Regs Pregs Meet Res.
No. Factor 1ps ™ Pres (Y/N)
1 20
2 -3
3 -3
4 -3
5 -3
6 -2
7 -3
8 -3
9 -3
10 -3
11 -3
12 -3
13 -3
14 1 10

']!i-3.4 Screen iﬁniﬁn11ﬂnuihui




3-10

Ncde HGL

Reference Node (Scr-IV) ;
lio. il *]

1 25

Commercial Diameter Data ({Scr-V) —
Pipe pPia. Hazen's Cost
[— Int.mm Constant RS/m
75 100 75
100 110 120
150 11¢ 200
200 110 300
250 120 430

125.3.4 (f8) Screen aﬁn!%n11dbuingt
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asimeaentsufledeyaiag  Create/Edit Data 1M File Menu

Td7unTuy BRANCH 3.0 3 Function Keys 4¥81379# 3.1 twedaaidgwmrinadle

afoynifiint oo
M37148 3.1 Function Keys
Keys LY TRY

{F1} Provides a pop up screen having context specific help. If sound is chosen in
the configuration option, then the help text is flashed on the window with an
emuation of the sound of a typewriter.

[SHIFT] | Dispiavs a text showing a summary of features of both

+ [F1} ordinary kevs as well as function keys reserved for editing
facilities

[F2] Inserts a line at the cursor position.

IF3) Deletes a line at cursor position.

[F4} Appends {(or adds) a line at the bottom of the data entry screen.

[F5] Copies a value down the cursor position in the same columh. User is asked
to specify the desired number of times copying is to be done.

[Fo6] Does mathematical manipulations to the value at the cursor such as,

* (Multiptv)
/ (Divide}
+ {Add) or
- (Subtract)

[F7} Displays the total of all values down the cursor position {including the value
at the cursor position). This facility is useful to obtain instant total of fields
such as flows, lengths etc.

[F8) This is a special key designated to mark the existing pipes in the Pipe Data
screen.

[SHIFT} | This is a special key designated to mark the parallel pipes in the Pipe Data

+ [F8] (Scr-11) screen.

[F9] Searches the specified value in the column where the cursor is positioned and
tf the search is successful then shifts the location of the cursor to the matching
value.

[F10] This is a special key available only in the General Information (Scr-1) screen
which when pressed allows the user to over tvpe the number of pipés.

L «




[T

L
¥
p—

L)

01514 F6 Key idou cuser W# Field adeents udaneyu

. % . v ;‘
F6 #47 Prompt arnwjusunts  (Equation) tdufifiosn19iUaguninl gl

*
-

sss it durin WiRsdsun 198

+ 3,28 < Enter >

wansnddNd  Other Reys 3slussiswiseatsidrtuudiedoysfvusay

1MA19180 3.2

*

A3374R 3.2 Other Keys

Key to be Fressed Facility Offered

<UP> Move up one line !
<DOWN> Move down one line

<RIGHT> Move right one character

<LEFT> Move left one character or to the previous field
<ENTER> Accept entry and move to the next field
<HOME> Mave to first entry in column

<END> Move to last entry in column

<PGUP> Go to previous page of the same screen
<PGDN> Go to the next page of the same screen

<INS> insert a space in between two characters
<DEL> Delete a character at cursor position
<BKSPACE> Delete a character before cursor position
<TAB> Move to next screen

<SHIFT>+<TADB> Move to pre;&'ic)xss scTeen




uan1s FRun Tusunsu BRANCH 3.0 Tauidinddoys DEMO.BRA

selfuaanEBa L iutfluing  DEMO.OUT ANusadluguil 3.5

3.3 LOOP VERSION 4.0

TuTansy  LOOP 4.0 itfulusunnmidiunisosnuuudsuuiadniiiae

il LoOP ANJUR 3.8

Reservoir '
Node Node - Node Node
. . - \( rd
Pipe Pipe d Pipe
P P P P
1 i i i
P P P P
e e e e
Pipe Pipe Pipe
: 3 + " ¢
Node “Node ‘Node Node

IR 3.6 Node-Pipe Diagram fisetiuIsuy LOOP

« - o d
TUTungy LOOP 1dw1 Head Loss n721NiT2? Pressure nifindulu
] r & ] - [ -1
ROAREASUTIANLATAITNE MDY MEATLLAR YA dasTiAamanynuatulaTen1tiae
: 9, .: & - ¥ '
ToTunTuey  Trial sundidsamisiigs TumsamrInianda T udiaissnaig

HGL, GL %o<&Aasna Houd U3 aT15ilun1993visdunn 14de

3.3.1 maﬁfii;s:iad-i‘lu'iuﬂmﬁi'tiﬁa '

-! (5 3 - 3
L. Number of Pipes ¥usgiiudnumzveaszuy uay’ minga iy 1000
pipes
J L. t o
Z. Number of Node VUBYNUDNNBUSYHIIEUY LIDS mnqa’lmnu 750 aodes
- ] d
3, Type of Pipe Materials Used: viinvaaaqriofiozld auil lduings 3
-3 - 3 d c'.- [ 2 ] - | .
YURA %zhmmmn 0T AUURIsYURITU CI/PVC/PB RHILAT
4. Number of Commercial dia per Material : dhuhunivesvuim neunas
3 L) \'r A L3 o -~ »
A laes sy d nuvinave asiasyiinfwaiadnue 7 TaoliinsdadWumiisuny

Type of Pipe Malerial Used
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Output Data File : DEMO.OUT 11 August 1991

Echoing Input Design Variables

Title of the Project - Branch Network

Name of the User : Sumito
Number of Pipes 13
Number of Nodes 114
Number of Commercial Diamelers ' 5

Peak Design Factor . 1
Minimum Headloss in m/km : .05
Maximum Headloss in m/Jkm : 20

Minimum Residual Pressure m : 10
Type of Formula : Hazen's

Branched Water Distribution Network Design QutPut

.

Pipe Details
Pipe From Te PeakFlow  Diam Hazen’'s HL HL/1000 Length Status
No. Node Node (Ips) {mm) Const  ~ {m) {m) (m) (E/P)
1 1. 2 26.000 2000 110.00000 264 528 500.00
2 2 3 3.000 1000 110.00000 142 284 500.00 E
3 2 4 3.000 75.0 100.00000 687 1374 50000 -
4 2 6 17.000 100.0 110.00000 286 572 500,00
1500 11000000 286 572 500.00 P
5 6 5 300 730 100.00000 687 1374 500.00
& 6 7 3.0080 3.0 -100.00000 687 1374 500.00
7 6 9 8.000 1500 1 110.00000 121 142 500.00
8 9 8 3.000 L7380 100.00000 687 13.74 500.00
9 HY) 9 7.000 100.0 110.00000 681 13.62 500.00
- 10 9 12 9.000 130.0 110.00000  1.50 3.00 500.00
11 12 11 3.000 750 100.00000 676 1374 491.82
100.0 110.00000  0.02 2.44 8.18
iz 12 13 - 3000 PRy 100.00000 676 13.74 491.82
NG 110.00000  0.02 2.4 818
13 14 10 10.000 130.0 110.00000  1.83 3.66 500.00

BRANCH: Branched Water Insnibubon Design Program - {C) The World Bank/UNDP

i

JU¥ 3.5 Output Data File (DEMO.OUT)
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Output Data File : DEMO.OUT 11 August 1991

Node Details

+« Node Peak Flow  Elevation HGL Cal Pres Spe Pros aeet Res
No. (Ips) im} $5:% {m) {my Pres. (Y}
. 1 5 26.000 2000 2300 Cosap 10.00
2 -3.00 . AL 236 22.36 10.00
2T 3000 0.0 2094 20.95 J{EXV]
4 T -3.000 9.00 1349 1549 .00
> T -3 .00 12.62 12.62 HL
f -3.000 (.00 19.50 198.50% 10.00
7 T . =3.000 0.00 12.62 12.62 10.00
BT S3.000 0.00 1141 11.41 10.00
9 <3000 0.00 18.29 18.29 10.00
10 =3.000 (.00 25.10 2510 10.00
n T =3.000 2.00 1000 -0.00 10.00
12 -3 0.0 16.78 16.78 10.00
127 -3.000 0.00 10.00 10.00 10.00
14 S5 102000 0.00 2692 2692 10.00
——————————————————————————————————————————— === =m===== ey

Drameter Length Cost Cum. Cost
(mm) (m) (1000 Rs} (003 Rs ¥
750 1985 64 22377 22377
100.0 316.36 61.96 285.74
150.0 2000.00 400.00 685.74
200.0 300.00 150.06 83374

Pipe-wise Cost Summary '

e T T T

Pipe Diameter Length Cost Curn. Cost
No - (mm {m} {1000 Rs) (1000 Rs)
1 ., 2000 500.00 150.00 150.00
3 750 500.00 37.50 187.50
4 1530.4 S00.06 100.06 287.30
5 750 500.00 37.50 32500
é 750 500.00 37.50 362.50
7 150.0 52,00 100.00 462.50
8 75.0 50:2.00 37,50 son T
LRAN T Branched Water 75 0t 0 e T 00 - e o Ui 0 T gk CUNDP

3.5 (®8)

2
S
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Output Data File : DEMO.OUT 11 August 1991

Pipe-wise Cost Swmmary cont’d

Pipe Diameter  Length Cost Tum. Cost

) Neo {mm) (m? (1000 Rs) (10K} Re}
9 100.0 500.00 #0.00 Snl1.00
10 150.0 . 500.00 10000 6n0.00
n 73.0 491.82 3689 o8R8
; 100.0 8.18 .98 6497 87
! 12 750 191.82 36.89 TALTE
; 100.0 8.18 098 . 73574

13 1500 300.00 100.00 835.74

BRANCH: Branched Water Distribution Design Program - () The World Bank/UNDP

R 3.5 {wa)
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S. Peak Design factor: (Uusdutlsziing nesah lgulfinuisnnims tna
Und e W8S inadns s tnagaga Feesgmi I ihsenuuuvnans

6. Newtoii-Raphson Stopping Criterion {ps: l‘ﬁﬂﬂ"ltjit{ﬂﬁ‘&ﬂ uitidaa
mugadunasas s Tnordwazeenlu Node d1lumssunceimg Trial sunhnidn
T3 vl mazeoniln 1?}'1-:ﬁ'u'hiumn'iafiﬁ‘:%‘w:mm Trial !

7. Migimumn Pressure : WUA1 Pressure ﬂﬂﬁ‘ﬁi{ﬁﬁﬂi}ﬂ}ﬁlﬁﬁ‘ﬁuﬁ Node Un#
i 717 ey

8 Maximum Pressure : iLlufi1 Pressure mnﬁqﬁ?;cmuhﬁﬁﬂ%‘u Node Un#iil
fi1 40-80 14AS

9 Design Hydrautic Gradient m in km: iummsggilondsiuganane
wuwawerme 1 lawms 791U Loop vmmdnesld 5 wasmy. Losp vuim
g 2wy Teohlsunsusswsrvaeunil t’fuﬁun'iwhifﬁzlﬁamiammﬁ#u
i8R Heastoss MARTLINN TR BN AR '

10 Type of formula ¥iinveagasfidenFumadmnunsmdenld 2
A3 1D AIVON Hazens UATYATVEY Darcy TRUIoneIn Option TuTusunty

a Ao

11 No of Res. Nodes with Fixed HGL: 831474Y03 Node 81184n1IA1983

A ¢ E H o ]
NGL ﬂ‘!ﬂn’uﬂ”l;ﬁﬂ”. Tank Elhi?siu

12 No of Res. Nodes with Variable HGL: AD$14M¥84 Node SnGafin
HGL luuiusuay Pump
i3. No. of Booster Pump 091471984 Pump # 19 lumaifiuussdulussun
14, No. of Pressure Reducing Vaives dlutiuuveandeausedulussuy
IS. No. of Check Valve A8914MU84 Check Valve TV
6. minoA ¥ luTsunty mwnsidan gk nidinguiazssun
g na
17 Seyafnrfumsinie
Tzl - Pipe No fonvvosrisssduiiudauidiusznin 1 &
16,000
- from node 19 1AVYBS node NIBABIFONIN node i

T d $
- to node N8 1a¥UBL node ANoasi¥ou 1 node 1 Trunis
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Ant¥ounn node W node iy TS uifudoens wimnuiniveuveimalua win
ni Tuaftudodail Armisine s musTusunsuesndud iy node 104 lassn TudA
- lengls f1D ANUYTIVOING "
- dia fis yunvean dndhoiefdeguialussuy Alduwai
iog S0 linludela Tusunsuerdnanesninliies
" Pipe Material 7n vinvesTagininld
- saws &7 Hidpimansiioginldld & Sulluvniiieg
wusnsdsany W osmdonis Wbl p
18. Yayaiiie2un 1313 Node !
Tup 13133l Node No 185329984 node vsabutiumS IIANIEHIN 1 B3
36.000
- Pesk factor, Min Fresswe, Max Pressure Swasionamiingyauda

A .
Tuidinadu
- o ¥ . :.‘ '
- Flow HUTNIEATINT INAN Node 18 9
! i y rr o t ¥ *
- & Node swihidlda) Demand adldlnoawlafiusiey
»
HINOD N8B0 Node
- $udhu pump W Tunvan wwdasind) Node
- gty Tank M58 Reservoir 110 0 Tusunsussdumaenyt

Thing
- Elevation {huil 5efUB 1 Node 1 q dutfu Tank W30 Reservoir

Whivi e

19 13N Fixed Head Reservoir 221 16i¢81av09 Node §145471A1 Head
BUNOYU UBY GRADE LINE %81 Node !fuq

20. #1119 Varisble Head Reservoir 95119030109 Node 8198477 Head
Tatiuou 194 Punp swazsiomiivadum Q, H ¥89 pump inLIERLAN pump

21 mn1nieITUME 10U IRY (Pressure Reducing Vatve]

22 MUY Chieck Valve

diiudeye 20,21,22 ﬁ"t'lﬁ\"s:u’lu'lufsﬁ-w‘fuifhiﬁ"’lulnwmmsnmnif
v luunaslulsunu ‘

23 Commercial Diameter Dala z?'mgnﬁa:”hﬂum'mi‘;'nzihumﬁn , Unit
Cost, Pressure ueulfifinliie, unziaqueais Tavdrssyluffesdunivie 3 oiia
hhunsvesiimsimasmmiessan 3 mandmiviognonsasyiiamudiiy

i ikssy 13
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3.3.2 T18as188aTUTUNIN  Loop Version 4.0

»
-l

YaTusunTy  LOOP 4.0 uvsnpufaesivdnie o il

LOOP 4. BAT

- LOOGP. EXE

- LOOP : HLP

- DEMO. LOP (1nddaya)

- PRTLOP (IMddraRuAgant Tatmom)
5eq=lﬁulﬁi11n1qsf1q7ﬁaa=tﬁsnvnq LOOP 4.0 ssiniipuiy

BRANCH 3.0 anmnaiiuiuds

3.3.3 Mesisn1IesnuuueReTusunTe LOOP 4

#un%  Node-Pipe Diagram seassuuvedutiARofuidn  Loop
i\uaa11u;u§ 5.7 #isareTzuuvadalill 2o nodes uar 24 pipes  Node 100
uay Node 200 inxnéa%guﬂﬁ Node 300 tdufsifutdtainn (Intermediate
Storage) Node 1-17 #e demand points wddeintwTaudeyaudiesaiurin
Uoufoya 1dlunuesiAsafuniadoudeyawny  BRANCH 3.0 #ed1vinddoya

DEMO.LOP  usasggiujuii 3.8

wan13 Run TUsunsu LOOP 4.0 1aeidiWddous DEMO.LOP azgn

1AUTTUING  DEMO.OUT #eudmelugufi 3.9

3.3.4 avyantfuH§draulic Cradeline (HEL)

#a491n  Run  Tusunsye LOOP 4.0 uwazlAwadwfudramrsndeil
tSumidu HGL IAlasiden DISPLAY MENU #vjUR 3.10 uazfeliwdan HGL

hAdudnetugui s.11
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LEGEND
RESERVOIR

PUMP

NODE NUMBER

PIPE NUMBER

DEMAND
LENGTH

2
1200

FIGURE 3.7

DEMO WATER DISTRIBUTION NETWORK
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LOOP Version 4.0 Input Data File : DEMO.LOP

Title of the Project

" Name of the User

: Loop Design Sample
: Sumito

Number of Fipes 24
Number of Nodes 12
Type of Pipe Materials Used - Cl/
Number of Commerciai Dia per Material  : 6/
Peak Design Factor 12
Newton-Raphson Stopping Criterion Ips * : .001
Minimum Pressure m 17
Maximum Pressure m : 30
Design Hydraulic Gradient m in km 05
‘Simulate or Design? (5/D) :S
No. of Res. Nodes with Fixed HGL : 1
No. of Res. Nodes with Variable HGL : 0
No. of Booster Pumps :0
No. of Pressure Reducing Valves :0
No. of Check Valves ' :0
Type of Formula : Hazen's
Pipe Data
Pipe From To  Length Diameter Hazen's  Pipe Status
No. Node Neode m mm Const  Material . (E/P)
1 300 T -~ 800.00 2000 110.00000 Cl
2 1 3 350.00 100.0  110.00000 C1
3 1 s £00.00 1500  110.00000 cl
4 2 7 600.00 750 11000000 Cl
5 3 4 72000 750  110.00000 Cl
6 1 3 +00.00 100.0  110.00000 Cl
7 2 6 750.00 300 110.00000 Cl
8 7 g 700.00 500  110.00000 Cci
9 3 4 350.00 1000 110.00060 Cl
10 6 5 500.00 100.0  110.00000 Cl
1! -6 8 £00.00 150.0  110.00000 Cl
12 + 1 800.00 750  110.00000 Cl
13 11 13 200.00 1500 110.00000 C1
4 12 13 £50.00 500  130.00000 C1
13 8 12 B00.00 100.0  110.00000 Cl
113 8 9 500.00 1500  110.00000 Cl
17 < 10 650.00 100.0 110.00000 Ct
1% qQ 17 £00.00 TR0 110.00060 Cl

LOOP Looped Water Distnibution Network Design TProgram

Bank UNDP

1\I_i3.s #egr1enr1wfoudayesmiu  LOOP 4.0

{(0) The World
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LOQP Version 4.0 Input Data File : DEMO.LOP

Pipe Data
mmmsTmmET b3 b F 1+ Pt ey e s L E e e ]
Pipe From To Length Diameter Hazen's  Pipe Status
No. Node Node m mm Const  Material (E/P)
19 12 17 300.00 730 130.00000 <l
20 13 ¥ 35000 1306 110.00000 Cl
2 14 15 900.00 100.0 110.00000 Cl
22 14 16 1200.00 1000 110.00000 Cl
30 100 11 500.00 1300 110.00000 Cl
0 200 6 350.00 2000 ~ 110.00000 <1
Node Data
- = ted 3 3 3 mntd- o3 4 - Lo
Node Peak Flow  Elevanien Min Press Max Press
No. lps m m m
1 200 2600 13.00 7.00 30.00
2 200 3400 13.00 7.00 30.00
3 200 1300 15.00 7.00 30.00
4 200 1300 15.00 7.00 30.00
5 200  -1.200 13.00 7.00 30.00
& 200 -1.500 15.00 7.00 3000
7 200 -1.200 15.00 7.00 30.00
8 200 1300 15.00 7.00 30.00
o 200 -1.200 10.00 7.00 30.00
10 200 2600 10.00 7.00 30.06
11 200 -1.300 10.00 7.00 30.00
12 200 -1.400 10.00 700 3000
13 200 -1.500 10.00 7.00 30.00
14 2.00 -1.800 10.00 7.00 20.00
15 200 -1.600 10.00 700 .30.00
T 16 200 2300 10.0Q 7.00 30.00
17 200 1300 10.00 700 3000
300 2.00 0.000 10.00 7.00 3000
100 . 200 15000 10.00 7.00 30.00
200 200 20000 10.00 7.00 3000

Fixed Head Reservoirr Data

Source Head Ref Res?
Node m (R}

300 40.00 R

LOOP: Looped Water Distribution Deugn Program - () The World Bank, UNDDP

3.8 (#8) sedvnrnfeudayad iy  LOOP 4.0
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LOOP Version 4.0 Input Data File: DEMO.LOP

Commercial Diameter Data

A S e P e - S S e+ 1]
Pipe Dia.  Hazen's Unit Cost Allow Press Pipe
Int. tmm) Const Rs /m length m Material
50.0 110.00000 10.00 100.00 Cl
730 110.00000 20.00 100.00 Cl
100.0 110.00000 -30.00 100.00 CI
130.0 110.00000 10,00 100.00 Cl
200.0 110.00000 30.00 100.00 Ct
2500 110.00000 6000 - 10000 Ci
R N T N N L T N S L S T S T T T N S T N N N N T N N T T T T s T T

LOQOP Looped Water Distribution Network Design Program-(C) The World Bank/UNDP

[
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Output Data Fle : DEMO.OUT 10 August 1991

Echoing input Design Variables

Title of the Project : Loop Design Sample
Name of the User : Sumito

Number of Pipes 124

Number of Nodes 20

Tvpe of Pipe Materials Used : Cl/

Number of Commercial Dia per Maternal :6/
Peak Design Factor o2
Newton-Raphson Stopping Criterion Ips  : .001
Minimum Pressure m’ : 7
Maximum Pressure m : 30
Design Hydraulic Gradient m in km
Simulate or Design? (5/D)

I No. of Res. Nodes with Fixed HGL
No. of Res. Nodes with Variable HGL
No. of Booster Pumps
No. of Pressure Reducing Valves
No. of Check Valves
Type of Formula

TOOCOO—Wwumy

azen's

Looped Water Distribution Network Design OutPut

i BandWidth

= 3

; Number of Loops = 5

I Newton Raphson iterations = 6

. -

! Pipe Details

! = = mEm=m

! Pipe From  To Flow Dia HL  HL/1000m Length Velocity

No, Node Node (1ps) ({mm)  (m) (m) (m) (m/s)

b

‘ ¥ 300 1 22.600 2000 322 4.02 B00.00 072
2 1 3 4245 1000 186 532 350.00 054
3 1 2 9.621 1500 168 3.36 500.00 054
4 2 7 2.586 750 517 s.62 600.00 059

‘ 5 3 4 1.245 730 160 223 72000 028.

“ 6 1 5 3534 1000 265 1379 70000 045
7 2 6 0234 500 05 0.73 75000 012
8 7 g 0.186 0 033 0.48 700.00 009
9 3 4 2715 1000 o8 232 35000 035

10 6 5 1.580 100.0 0.43 0.83 500.00 020

LOO! Looped Water [nsmbution Desgn Progiam - O The Worid Bank, UNDFP

JUW 3.9 Output Data File (DEMO. OUT)



Output Data File : DEMO.OUT
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10 August 1991

Pipe Details contd
= =L = =T oSSR STERERS == o
Pipe From To Flow Dia HL HL/1000m Length Veloaty
No. Node Node tps) tmm)  (m) (m) (m}  im/s)
11 6 8 15.654 150.0 496 827 60000 089
12 4 11 - 1.3 75.0 210 262 800.00 (.31
13 11 13 13.760 120.0 .86 6.51 o00.00 078
14 12 i3 0240 30.0 042 0.76 55000 032
15 8 12 $.004 100.0 382 4.77 800.00 0.51
16 8 9 G236 1500 156 an 30000 052
17 9 10 5.200 100.0 503 7.74 65000 066
18 9 17 1.636 75.0 295 369 800.00 0.37
19 12 17 (0.964 750 0.69 136 500.00 022
20 13 14 11.000 1300 1.51 4.30 350.00 062
21 14 <15 3.200 100.0 284 115 90000 041
2 14 16 4.200 100.0 6.26 5 1200.00 0.33
30 100 11 15.000 130.0 382 7.64 30000 083
el 200 [ 20.000 200.0 1.12 an 353000 064
Pipe Pressure Details
= EEEESE== "-=======2===='—'2::ﬁ:=.‘====ﬁ==::::2:3::::::::5:::::========:======
Pipe  From To Dia Hazen's Pipe Max Press Allow Press  Status
No. Node Node (mm) Const Material {tn} {m) (E/D)
1 300 1 200.0 110.00000 Cl 30.00 100.00
2 1 3 180.0 110.00000 Cl 21.78 100.00
3 1 2 150.0 110.00000 CI 21.78 100.00
T4 2 7 73.0 110.00000 Cl 20,10 100.00
5 3 4 73.0 110.00000 Cl 19.92 100.00
6 1 57 1000 110.00000 Cl .78 100.00
7 2 6 50.0 11000000 ° CI 20.10 100.00
8 7 8 50.0 11000000 <l 14.93 100.00
9 5 4 100.0 130.00004 CI 19.13 100.00
10 k3 5 100.0 110.00000 Cl 1956 100.00
11 6 8 1500 110.0000¢ Cl 19.56 100.00
12 4 11 75.0 110.00000 Cl 2122 100.00
13 11 13 150.0 110.00000 Cl 21.22 100.00
14 12 13 0.0 110.00000 Cl 15.78 100.00
13 8 12 100.0 110.00000 Cl 1578 100.00
16 8 9 150.0 110.00000 - ClI 18.04 100.00
17 9 10 100.0 110.00000 ()] B804 - 100.00
18 9 17 750 110.00000 Cl 18.04 100.00
19 12 i7 750 110.00000 Cl 1578 100.00
20 13 14 1700 110.00000 Cl 15.36 100.00
n i 13 100.0 110.00000 Cl 13.85 100.00

LOOP: Looped Water Distnbution Design Program - (C) The World Bank/UNDP

mi_i'_ 3.0 (Ma)
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Qutput Data Hle : DEMO.OUT 10 August 1991 Page # 6
Pipe Pressure Details cont'd
Pipe  From To Dia Hazen's Pipe Max Press  Allow Press  Status
No. Node Node (mm) Const Material Am) (m) (E/P)
2 4 16 100.0 110.00000 Cl 13.85 100.00
30 100 11 150.0 110.00000 Cl 25.04 100.00
60 200 & - 2000 110.00000 Cl 25.68 100.00
I T T T S S e s S ot et o Tt e i T I S R T A T S T S e s O A T R N K Sz==zx
Node Details
Node Flow Eev. HGL  Pressure
Ne. (lps) {m} {m} {m)
1 -5200 1500 3678 21.78
2 -6800 1500 25310 20.10
3 -3.000 1500 3492 19.92
4 -2600 1500 3332 18.32
5 -2400 1500 3413 19.13
6 -3.000 1500 3456 19.56
7 -2400 1500 2993 14.93
8. 2600 1500 2960 14.60
9 -240¢ 1000 28.04 18.04

10 5200 1000 2301 1301
1 2600 1000 312 2R
12 280 1000 2578 1578
13 .3000 1000 2536 1536
14 3600 1000 2385 1385
15 3200 1000 2102 1102
16 4200 1000 1760  7.60
17 2600 1000 2509  15.09
3005 22600 1000 4000  30.00
100 15000 1000 3504  25.04 N
200 20000 1000 3368 ° 25.68

Pipe Cost Summary

Diameter Pipe Length Cost Cum. Cost
(mm) Material (m) (1000 Rs} {1000 Rs)
0.0 Cl 2000.00 20.00 20.00
750 Cl 3420.00 68.40 88.40
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LOOP: Looped Water Distribution Design Program - (C) The World Eank/UNDP
Output Data File : DEMO. OUT 10 August 1991

Pipe Cost Summary cont'd

Diameter Pipe Length Cost Cum. Cost
(mm} Material T (m) {1000 R§) {1004 Rs)
100.0 Cl - 5430.00 163.30 251.90
130.0 Cl 335000 134.00 385,90
200.0 Cl 1130.00 57.50 443.40

T T N N TR TSNS SRR em T

Pipe-wise Cost Summary

Pipe Diameter Pipe Length Cost Cum, Cost
Ne  (mum) Material (m) (1000 Rs} (1000 Rs)
3 200.0 Cl 800.00 40.00 40.00
2 100.0 Cl 350.00 10.50 50.50
3 150.0 ClI 500.00 400 7050
4 75.0 Cl 600.00 12.00 B2.50
3 75.0 Ci 72000 14.40 96.90
6 100.0 Cl 700.00 21.00 - 11780
7 50.0 Cl 750.00 7.50 12540
8 50.0 Cl 700.00 7.00 132.40
9 100.0 Cl 350.00 10.50 . 1290
10 100.0 Cl 500.00 15.00 157.90
11 150.0 1 600.00 24.00 18190
12 75.0 Cl 800.00 16.00 197.90
13 150.0 Cl 900.00 3600 233.90
14 50.0 Cl 33000 5.30 23940
15 100.0 -Cl 800.00 24.00 263.40
16 150.0 <l 500.00 20,00 283.40
17 100.0 Cl 630.00 19.30 302.90
18 75.0 <l 800.00, 16.00 318.90
19 75.0 Cl -500.00 10.00 328.90
20 150.0 Ct 350.00 14.00 34290
21 100.0 - 900.00 27.00 360.90
2 100.0 Cl 1200.00 36.00 405.90
50 150.0 Cl 500.00 2000 425.90
60 200.0 Cl 330.00 17.50 443.40

g g e v e g e o

LOOP: Looped Water Distribution Design Program - (C)-The World Bank/UNDP

Ui 3.0 ()
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Main Menu -

User Manual —Display Menu—
Y o T Main Menu

FPipe Details

File Operations

Display HGL

Mode Details

salve Nepwork
- Save OQutput

Pipe Cost

. Print Files

VH Regervoir

BZ-€

Configure

QUIT Booster Pump

PRV/CU

!gi.3.10 Diasplay Menu

[EcchiMWs Mlzem or Usen fo el

Display Pipe-wise Flow, Diameter, Head L.oss, Velocity etc.

C:\LOOP\DATA\DEMO.LOP

f World Bank UNDP (C) WBIUNDP
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3.4 1OABITAINAT

(1) UNDP/WORLD BANK, & Computer Program in Quick Basic¢ for
the Least-Cost Design of PBranched Water Distribution Networks, User

Instructions, December 1991 (al.

(2) UNDP/WOKLD BANK, A Computer Program in Quick Basic for
the Heuristic Design of Looped Water Distribution Networks, User

Ingtruction, December 1991 (b).
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umiuwnasH 3

n1isansuvuTzvunsdulafialisunds  BRANCE ues LOOP

Use BRANCH2 to design Water Suppl!y System of KU Village I to meet the

Reguirements of tLhe foolowing Casess
Case T Domestic Reguirements
Case 11 Domestic and fire fighting Requirements
Water Use Characleristics
.Annual Average water consumption rate 800 lscapita.d
.Average no. of person per unit = 5
.Water use fluctuaties characteristics
4+ of annual average
Flow
Range Typic
baity average in max.month 110-140 120
Daity average ip max.week 120-170 140
Max. day. 160-220 180
Max. hour 225-320 270

.min. residual pressure 10 m.

Fire Fighting Requirements

reguire one fire fighting hydrant in each Seoi

Q@ = 125-500 Ips per hvdrants

fire fighting hydrant pressure = 80-75 psi

Assume goourd elevation = + 10 = (MSL.)
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n1331n3188_ Flood Hydrograph #78  HEC-1

(HEC-1 - Flood Hydrograph Package)
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4.2,7 Pump Component
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Table 4.1

HEC-1 Input Data tdentification Scheme

Data
Cateqory

Job |nitialization

Variable Qutput Surmmary

Optimization

Job Type

Job Step Control

Hydrograph Transformation

Hydrograph Data

Basin Data

Precipitation Data

Loss Rate Data Function

" Unit Hydrograph Data

Record

Identification

i)
IT

iM
10
iN

Vs
W
ou
OR

08
oC

JP
JR
JO

KK
KM
KO
KF
KP

HE
HQ/HE
HL
HS
HB

Qo
Ci

Qs
or

BA
BF
BR
Bi

PB
Pl
PG
PG
PI/PC
PR
PY
P
PH
PM
PS

LE
.M
L
LS
LH
La

U

uc
us
uG
UA
UK
RK
RD

Description of Data

Job {Dentification

Job Time Conirol

Metric Units

General Qutput Controls

Time Control for Input Data Arrays

Stations 10 be summarized
Variables to be summarized

Unit Graph and Loss Rate Controls
Bouting Controls

Flood Control System Optimization
System Optimization Objective Funclion

Multi-Plan Data
Multi-Ratio Data
Bepth-Area Data

Stream Station Identitication
Alphanumaeric Message Becord
Cutput Control for This Station
Format for Punched Output
Plan Number

Combine Hydrographs

Stage(Eievation) /Discharge Rating Curve
Local tlow computation option

Initia} Storage for Given Reservoir Releases
Hydrograph Balznce Option

Cbserved Hydrograph
Dirgct input Hydregraph
Stage Hydrograph
Patern Hydrograph

Basin Area

Base Flow Characteristics

Betrieve Runcif Data from ATODTA File
input Hydragraph from Prior Job

Basin-Average Total Precipitation
Incremental Precipitation Time Series
Curnulative Precipitation Time Series
Gage Storm Total Precipitation
Incrementat/Cumulative Precipitation Tirne Series for Recording Gage
Recerding Gages (¢ be Weighted
Storm Tota!l (Gages to be Weighted
Weightings for Precipitation Gages
Hypothetical Storm’s Return Period
Probable Maxinium Precipitation Option
Standard Project Precipitation Option

HEC's Exponential Rainfall Loss Rate Function
HEC's Exponential SnowMelt Function

initial and Unitorm Rates

SCH Curve Numnber

Hoitan's Function

Greeri and Amnpt Loss Rate

irect input Unit Hydrograph

Clar Uit Hydrograph

Snyder Unit Hydrograph

SC8 Dimensionless Unit Hydrograph

Time-Area Dala

Overiand

b atic Wave Channel (collector, main)
Muskingum-Cunge “Diifusion” channel {collector, main)
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Tabiz 4.1
HEC-1 Input Data identification Scheme {continued)

Data Record
Cateqgory Identification Description of Data
Malt Data MA Zone Area and Snow Content Data
MC Melt Coetficient
MD Dawpoint Data
M35 Salar Radiation Data
MT Temperature Data
Mw Wind Data
Bouling Data RN Mo Routing tor Curtent Plan
RL Channel Loss Rates
RD Muskingum-Cunge "Ditfusion” channel
RK Kinernatic Wave Channsi
RM Muskingum Parameters
RT Straddle/Stagger Parameters
RS Starage Routing Option, follow with SV and SC records if Moditied
Puls is used
RC Channel Characteristics for Normal Depth Storags Routing
RX Cross-Section X Coordinates
RY Cross-Section Y Cootdinates
Storage Routing Data SL Low-Lavel Quilet Characteristics
ST Top of Dam Characteristics :
swW Width/Elevation for Non-Level Top of Dam
SE Geometry
S8 Spillway Characteristics
8GO Gee or Trapezoidal Spillway Option
sQ Discharge/Elevation Tailwater Rating
SE Curve for 5G record
SV Reservair Yolume
sQ Dischargs,
SA Surface Arga, and
SE Water Surface Elevation Data
SB Dam Breach Characteristics
SO Optir. zation Parameters
S0 Cost § Function Corresponding to SV Data
Diversion Data DR Retrieve Diverted Flow
DT Flow Diversion Characteristics
Di Variable Diversion § as Function of
oQ Inflow
0o Civersion Size Oplimization Data
Do Cost § Function for Diversion
Pumping Withdrawal Data wpP Pumgp Characteristics
WR Pump flow Retrieval
w0 Pump Size Qptimization Data
WC Capacity Function for Pump
WD Cast § Function for Pump
Fliood Damage Data EC identifies Floed Damage Option
CH Damage Category Names
PN Plari Nemes
WN Watershed Name
™ Township Nams
WT Watershed and Township Location
FR Frequency Daia
Q Discharges for FR data
For Each S Stages for Rating Curve with QS
Damage Reach Q35 Discharges tor SQ data
SO Slages for Darnage Data, DG
(8:0 Discharges for Damage Data, DG
CG Damage Data
EP End cof Plan identifier

End of Job zZ Required 1o end job
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Tshle 4-2
Subdivisions of Stmulation Data

Hydrology Economics
Job Control & Hydraulics & End of Job

Job ster ~ontrof E , etc., Economics, data
Hydrograph transformation  ZZ, End of Job
Hydrograph data

Basin daia

Precipitation data

Loss (infiltration) data

Unit Graph data

Melt data

Routing dats

Storage data

Diversion data

Puinp Withdrawal data

1 , Job Initialization

V", Varisble Qutput Summary
O _, Optimization

d _, Job Type

AR REEN

UhimE g oo s

- a

W,

Subbaain
Runad £

Combining

Aouting

Card ID Desoription
b Title
1T Tirme interval and beginning time
10 Output Control option for whole job
KK Suhbasin A
Runol¥ BA A:ca
from BF Basellow
Subbasin P Select precipitation method, use IN il necessary
A L Sclect one loss rate method
' v Select one rainfall excesa trunsformation method
KK
Subbasin BA Similar to above for Subbasin A
runoll B BF
P_L_ U
KK Station Name
Caombine KM Combine runoff from A and B {message o
A+B HC Indicate 2 hydrographs are to be combinerhn)
Route KK Station name
(A+B) RL Channel loss optional
wC L Select one routing method
KK
Bubbasin BA Similar to shove for Subbasin A
C runof! BF
) P_L_ U
Combine Routed KK Station name .
(A+B) with C HC Indicate 2 hydrographs are to be combined
KK
IN Compare computed and cbeerved flows
Q0
7

Figure 4.6 Example Input Data Organization for a River Basin
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Example 4.1 (Adapted from Ford, 1986.) A rainfali-runoff model using the
HEC-1 computer program is to be developed for the Castro Valley Creek catchment,
shown in Fig. 4.6 in order to analyze the effects of urbanization. The catchment

Components

SUB4

Subarea

surface
runoff SUBZ

RES4

Reservoir

Channel SuUB3 SUBI

rauting

Analysis point
and hydrograph
combination

O 1

ouT

FIGURE 4.6
Schematic diagram of Castro Valley watershed showing components of HEC-1 analysis.
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is divided into four subcatchments; a schematic diagram of the watershed is shown
in Fig. 4.6 Subcatchment 4 is undergoing urbanization through development of
a new residential area, and a detention reservoir in subcatchment 4 and downstream
channel modifications are being investigated, the purpose of which is to reduce the
effects of the additional flow resulting from the development. The objective of the
problem is to czlculate the runoff hydrograph at the catchment outlet for three dif-
ferent conditons: (1) the existing condition throughout the catchment, (2) the existing
condition in subcatchments 1 o 3 with subcatchment 4 urbanized, and (3) the same
as (2) but with a modified channel and a reservoir in subcatchment 4. Subarea runoff
computations are performed using Snyder’s synthetic unit hydrograph with rainfall
loss rates determined using the SCS curve number method, channel routing is carried
out by the Muskingum method, and routing through the reservoir by the level-pool
method. -

The following Table presents the existing characteristics of the subcatch-
ments. The total watershed area is 5.51 mi?

Subcatchment Ares Watershed Length to SCS curve

length centroid number
L Lea CN
(mi’)  (mi) {mi)
1 1.52 2.65 1.40 70
2 217 1.85 0.68 84
3 0.96 1.13 0.60 80
4 0.86 1.49 0.79 70

The parameters for Snyder’s synthetic unit hydrograph for the existing condition are
C, = 0.25 and C, = 0.38. The flood wave travel time (Muskingum coefficient K)
for the stream reach passing through subarea 3 is estimated as 0.3 h, and the travel
time for subarea 1 is estimated as 0.6 h. The Muskingum X has been approximated
as 0.2 for each of the two stream reaches.

The design rainfall is a2 bypothetical 100-year-retumn-period storm defined by -
the following depth-duration data,

Duration 5 min 15 min 1h 2h 3h 6h i2h 24h
Rainfall {in) 0.38 0.74 1.30 1.70 2.10 3.00 5.00 '7.00

A residential development in subcatchment 4 will increase the impervious area so
that the developed SCS curve number will be 85. The unit hydrograph parameters
are expected to change to C, = 0.19 and C, = 0.5, Modification of the channel
through subcatchment 1 will change its Muskingum routing parameters to K=0.4 h
and X = (.3, The detention reservair to be constructed at the outlet of subcatchment
4 has the following charactenstics:

I
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Low-level outlet Reservoir capacity Elevation
Diameter 5 ft {acre-ft) (ft above MSL)
Cross-sectional area 19,63 [t 0 388.5
Orifice coefficient 0.71 6 ) 294.2
Centerline elevation 391 ft 12 ) 398.2

(above MSL) 18 400.8

Overflow spillway {ogee type) i 23 401.8
Length 30 fi 30 - 405.8
Weir coefficient 2.86
Crest elevation 401.8 ft

{above MSL)

Solution. The parameters used for Snyder’s unit hydrograph in HEC-1 are 7, and
C,; 1, is calculated for the existing condition using with C,= 1.0. and
C,. L, and Lca as given above. For example, for subcatchment 1,

t, = CALLe)™ = 0.38(2.65 X 1.40)% = 0.56 h

The results of this calculation for the four subcatchments are:

Subcatchment
i p: 3 4 4
urbanized
C, 0.38 0.38 0.38 0.38 0.19
6 0.56 0.41 0.34 0.40 0.20

_ The HEC-1 input for the Castro Valley Creek catchment is shown in

Table 4.3 The data file has been annotated in the figure so that it can be under-
stood better, Use of HEC-1's multiplan option enables the runoff hydrographs for
all three conditions to be calculated in one computer run. Plan 1 is for existing
conditions, plan 2 has subcatchment 4 urbanized, and plan 3 introduces the reser-
voir and channel modifications.

Each component operation begins with a KK card. The input has been set
up so that the runoff from subcatchment 4 1< determuned first. ther routing through
the proposed detention resersear o ;:h:!‘?:"mr:i Toihowed By the Mushingum rout-
ing through subcatchment 1 Nest the raonfab-runcf! computation s pertormed for

subcatchment 1 and the resulting runoff hvdrograph added to the runoff hydrograph

from subcatchiment 4. Next, ranfali-runoff computations are performed for sub-

catchment 2, and this runoff is routed through subcatchment 3 and added 10 the

outlet hydrograph. The fina! step is to perform the rainfall-runoff computations for
subcatchment 3 and te add this result to the outlet hydrograph.
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The resulting runoff hydrographs at the outlet of subcatchment 4 and at the
outlet of the entire catchment for each of the three plans are shown in Fig. 4.7
The peak discharge from subcatchment 4 under existing conditions is 271 cfs, and
under urbanized conditions, 509 cfs. The detention reservoir reduces the peak dis-
charge 10 482 cfs. The peak water surface elevation in the reservoir is 402.88 ft
above mean sea level (MSL) at time 12.67 h. The peak discharges at the outlet are
1906 cfs for existing conditions, 2258 ¢fs for urbanized conditions, and 2105 cfs
for urbanized conditions with the reservoir and channel modifications.

<

Hydrograph at RES4

1000
|

800
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400 -

200 -

4 T T T T
0 2 4 & 3 10 12 14 16
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18 20 22 24
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FIGURE 4.7
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- 4,3
%l input for the Castro Valley walershed {(Example 15.2.1).

! Coluptn: 1 8 16 24 a2 40 48 56 &4 kr
i Row: ‘
: 1 1D CASTRO VALLEY CREEK CATCHMENT {identification cards]
2 iD CONSIDER EXISTING CONDITIONS, DEVELOFPED CONDITIONS AND
3 1D DEYELOPED CONDITIONS WiTH IMPROVEMENTS
4 IT s o n %9 {Timg siep {min) and duration of computation}
L] 4 3 {Multiplan option with 3 plans]
* PLANE =EXISTING CONDITIONS
* PLANZ = URBANIZED CONDITIONS
* PLLAN3 = URBANIZED CONDITIONS WITH IMPROVEMENTS
6 KK SUB4 . [Component ideatification card]
T KM RUNOFF COMPUTATIONS FOR SURCATCHMENT 4 iConmument card)
8 PH i 5.51 0.38 .74 1.30 1.70 i 3.00 5.00 7.00 [Precip}
¢ BA Q.36 - {Basin ares in square miles}
10 LS 0 Hi {SCS loss rate parameters CN = 70]
H uUs .40 0.25 [Snygders unit hydrogeaph parameters, £, snd C,)
12 KP 2 [Second pian, urbanized conditions]
13 LS [+ 85
14 US g.20 Q.5
15 KP 3 jThird plar. also urbenized]
i6 LS Q 35
17 US 0.20 0.5
18 KK RES4 [Reservoir in subarea 4}
i9 KM ROUTE SUB4 THROUGH RESERVQIR
26 Kp ] [Runoff not rouied through reserveir
i RN in plans { and 2]
22 KP 2 .
71 RN
24 KP 3 {Routing throught reservoir in plan 3]
25 RS i STOR Y [Reservoir routing]
26 SV [+ [ 12 g 23 3 [Volume in acre-fi)
27 SE 388.5 42 3982 4.8 a}].8 405.8 [Elevation in feet above M5L]
25 SL ki 19.63 G 7i a.5 |Pipe cutiet characlesistics]
29 3§ 401.8 ) 2.86 [ {Spillway characteristics]
30 KK ouT [Channel rowting component]
31 KM ROUTE SUBCATCHMENT 4 RUNGFF TQ QUTLET
32 KP £ [Plzns I and 2 are the same.}
33 RM i 2.6 9.2 [Muskingum parameters K = 0.6 b, X = 0.2]
M KP 3
35 RM 1 0.4 .3 {New Muskingum parareters for plan 3j
; 36 KK SUBH {Rune{f from subarea J]
; 37 KM RUNOFF COMPUTATIONS FOR SUBCATCHMENT !
35 BA I.52
%18 0 70
0 US 0.56 0.25
41 KK ouT [Additicn of 1wo hydrographs}
; 42 KM COMBINE SUBCATCHMENT | RUNOFF WITH SUBCATCHMENT RUNOFF ROQUTED TO QUTLET
' 43 HC 2
4 KK SuUB2 [Runoff from subarea 2}
45 KM RUNOFF COMPUTATIONS FOR SUBCATCHMENT 2
46 DA N
47 1.8 i PR .
48 US {+41 L1
4 KK GLET {Channel routing io outlel by the Muskingum method]
4 KM ROUTE SUBCAFTCHMENT 7 RUNGFF TO OUTLET
57 RM 1 3 6.2
52 KK OUT [Addition of two hydrographs]
ST RM  COMBINEG YDROGRAPHS AT QUTLET
(ATt N
KR N
L SN Y T R S T R N I RS FIS T AT
STOHA
hL I P W
9 US (LR
LCEN N i TAG e oF tao ivdrsgraphs,
ApORST O CUMHING lipiEI A AHS AL fe i
¢] HU u
6} ZZ | Terminatien card]

The comunents in brackets | } are {or imerpietation of the figure only and are not part of the actual inpul data.
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NBRUIN

HEC-1 Input Description
input Data Structure

Finally the job is terminated by & ZZ record. Data for a new job begimming
with an ID record may follow immediately after the ZZ record.

The record sequence for a typical job is shown. 4 dash, -, is used to
indicate the second character of a record identification which will be
selected at the option of the user.

1D Job identification

iT Time specification

I-% Additional initialization data

J-* Job type

0-% Optimization

YV VS* Variable output summary tables

KX Hydrograph computation identification

)
)
KK-record groups describing RUNCFF, )
ROUTING, COMBINING, etc., components )
are repeated as necessary to simulate )
the processes and connectivity of a2 )
river basin. See following pages. )

W B N I W Y

EC* Economic data identification
{See section on economic data)

ZZ End-of-job record

*#0ptional records
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HEC-1 Input Description
input Data Structure

Data input for RUNDFT czlculations will be retained and used for subsequent
runcff calculations until new data are read. Thus the data used in
caleculating runoff need only be read once, unless they are to be changed for a
new basin. A typical record sequence for computing subbasin rainfall-runoff
is:

{ KK Hydrograph computation identification )
¢ )
( BA Basin area }
( )
( BEF*x Base flow dats h]
{ }
{ P- Precipitation data )
( )
{ L- lLoss data }
( )
( u- Unit graph or kinematic wave data )
( KK Hydrograph computation identification )
( )
( Ba )
( )
( BF#¥ If B¥, P-, L-, U-records )
( )
( P-* do not appear, data from )
( )
( L-# previous calculation will )
( )
( U-=% be used. )
( KK Etc. )
( )
For hydrograph ROUTING the record sequence is:
( KK . Hydrograph computation identification )
( )
( R- Routing option )
( )
{ S-* Reservoir data or dam-break analysis )

*Optional recerds
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For DIVERSIONS the record seguence is;

{ KK Hydrograph ccmputation idemtification 3
( )
( DT Diversion identification 3y
( ' )
{ DI Inflow to diversion peint )
{ )
( DQ Diverted flow )
{ KK Etc., for other parts of stream
{ network )
{ KK Hydrograph computation identification )
( }
( DR Retrieve diversion hydrograph )
KK Etc., for routing/combining cf return )
{

fiow )

Each Input record is described in detail on the fellowing pages.
Variable locations on each record are shown by field numbers which indicate
the relative position of the data on the record,.

When data are entered in FIXED FORMAT the record is divided into ten
fields of eight columns each, except field one. Variables occurring in field
one may only occupy columns 3-8 because columns 1 and 2 are reserved for the
record identification characters. Integer and alphanumeric values must be
right justified in their fields.

Data may also be entered in FREE FORMAT where fields are separated by
a comma oY one oY more spaces. Successive commas are used to indicate blank
fields. When entering time series data (flow, precipitation, etc.), more (or
1less) than 10 values can be placed on a record.
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1.3 Input Control Records

The fcllowing records may be used to control the format and printing of
the input data. An input comment recerd is also described which may be
inserted anywhere in the input data stream.

RECORD "IDENTIFICATICHN DESCRIPTION OF IRPUT CONTROL

*LIST Causes echo print of input data following
this record until s *NOLIST receord is
encountered. *LIST is the default
assumption.

*NOLIST Stops eche print listing of input data
until a #LIST record is encountered,

*FREE indicates a free format will be used for
the input following this record and before
a *FIX record is encountered. Fields may
te separated by a comma or by one or more
spaces. Successive commas would indicate
blank fields. When entering time-series
data (flow, precipitation, etc.), more (or
less) than 10 values may be placed on a
record.  Default is fixed format.

*FIX Indicates a standard HEC fixed format (10
B-column fields) will be used for the data
following this record and before a *FREE
recnrd is encountered. Default is fixed
format.

* This is a COMMENT record that is printed
only with the input echo listing. The
coment occuples columns 3 through 80. Any
number of comment records may be inserted
at any peint in the input data stream.

*DIAGRAM Causes s diagram of the stream network to
be printed. In multiple job runs this
option is reset so a dlagram is generated
only for those jobs which contain this
record,

NOTE - The asterisk (*) must be in column 1 and follewed by the remainder of
the Identification. If eolumn 2 is blank, it is assumed to be a COMMENT
record.
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2 Job Initialization (I Records)

The ID and IT records are required te begin the job. The other records
{IM AND 10) 'are only used if those options are desired.

2.1 ID Record - Job Titlie Informations

At least one 1D recerd is required but any number may be used as desired
to title the output from this job. The title information is contained in
columns 3-80 inclusive and any characters or symbols may be used.

FIELD VARTABLE VALUE DESCRIPTIOﬂ
Col 1+2 iD ID Record identification,
1-10 ITLS AN Job title information.

**Required
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-----

2.2 IT Record - Time Specificationi=

The IT record is used to define time interval, starting date and time, and
length of hydrographs caleulated by the program.

FIELD VARIAEBLE VALUE DESCRIFTION
Col 142 1D T Record identificacion.
1 NMIN + Integer number of minutes in tabulation

interval. Minimum value is one minute.

2 IDATE! + Day, month, and vear of the begimning of
the first time interval (e.g,, 17MAR78 is
input for March 17, 1978). Required to
specify pathname part DB when using DSS.

3 ITIME + Integer mumber for hour and minute of the
beginning of the first time interval
{e.g., 1643 is input for 4:45 pm).

& RQ + Integer number of hydrograph ordinates to
be computed {300 maximum). If end date
and time are specified in Fields 5 and 6,
NG will be computed from the beglmming
and end dates and times.

5 HDDATE + Pay, month, and vear of last ordinate
’ {used to compute HQ).

6 NDTIME + Integer number for time of last ordinate
{used to compute KRQ).

7 ICENT + Integer numbex for century of IDATE
{e.g., 1800, default 1900)

'CAUTION - IDATE and ITIME are the time of initial flow cenditions. Ko runoff
calculations are made from precipitation preceding this time. The first
runoff computation is for the end of the first periocd (ITIME+NMIN); thus, the
first precipitation value spescified should be for the precipitation that fell
between ITIME and ITIME+NMIN. ‘

-Use 3-chaxacter code feor month: JAN, FEB, MAR, AFR, MAY, JUN, JUL, AUG, SEP,

OCT, NOV, DEC. Use of any cother code for month means thig is not a date, and
days will be numbered consecutively from the given day. Default is day = 1.

**Required
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2.3 IN Record - Time Interval for Input Data

The IN record is used tec define time interval and starting time for time
series data which are read inte the pregram on PC, PI, QC, QI, QS, MD, MS, MT
and MW records.

FIELD VARIABLE VALUE DESCRIPTION
1 JEAMIN + Integer number of minutes in tabulation
interval.
Z JXDATE + Day, month, year at beginning of the

first time interval (e.g., March 17, 1978
is input as 17MAR7S8;. ’

3 JETIME + Hour and minute at the beginning of the
first time intexval (e.g., 6:45 pm is
input as 1645).

If an IN record is not used the time interval and starting time for all time
series will be the values specified on the IT record.

IN records may sppear anywhere (exception: net after JD and before PI) in
the input stream. The same time interval and starting time will be used for
all time series data until these values are reset by reading new values on an
IN recoxd.

When time series data are read from PC, PI, QO, QS, QP, MD, MS, MT, or MW
records, values to be used by the program are computed using linear
interpolation to match the tabulation interval specified on the IT record.

For times preceding or following the given ordinates, the first or last
value is repeated as necessary to define NQ {iT-4) eordinates,

Data on PC, QI, G2, QP and QS records are instantaneocus values. The first
value will occur at JEDATE and JXTIME. :

Data on PI, MD, M5, HMT and MW records are cumulative or average values
over a time interval, The first value on these records is for the time
interval beginning at JXDATE, JXTIME and ending at JXTIME + JXMIN.
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2.4 I0 Record - Output Control

The I0 record is used to control output for the entire job. The KO record
may be used to change output control for each hydrograph calculatienm.

FIELD VARIABLE VALUE DESCRIPTION
Col 142 ID 10 Record identification.
1 IPRT 0,1,2 Print all output,
3 Print input data and intermediate and

master summaries.
4 Print input data and master summary.

5 Print job specification and master
summatry only.

2 IPLT 0,1 No printer plots for entire job unless
overridden temporarily by a KO record for
any station operation,

2 Plot every computed hydrograph for entire
job unless overridden by a KO record for
any station.

3 QSCAL- 0 or, Program will choose scale for streamflow
Blank plots.
+ Desired scale for streamflow plots in

units per ten printer characters (e.g.,
one hundred for one hundred cfs per ten
characters).

2.5 IM Record - Metric Units

This record is required if input is in metric units. Include one record
with IM beginning in column 1. No other fields on the record are presently
used,
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3 Job Type Option (J Records)

J records are required only if one of the following special jobs is-
desired.
3.1 JP Record - Multiplan

Required only if more than one plan is being analyzed or if performing
single event damage.

FIELD VARIABLE. VALUE DESCRIPTION
Col 142 ID JP Record identification.
1 NPLAN' + Number of plans desired (NPLAN = 1 for

single event damage calculation}.

ROTE: The product NPLAN*HRATIO (NRATIO is the number of ratios as defined on
JR record) cannot exceed forty-five. The product NPLAN*NRATIO*NQ (NQ defined
on IT record) cannot exceed 4,800. These limits may be changed if the
dimensions are changed as noted in the HEC-1 Programmers Manual.

Must be greater than or equal two for economic analysis.




626

AN 4

= « L 7
NIIIILNTINEN Flood Hydrograph HAIH HEC-~-1 .

Use the U. S. Army Corps of Engineers program HEC-1 to determine the runoff
hydrograph for the watershed shown in Fig. 4.8  The watershed is divided
into two subcatchments, A and B, with the following characteristics:

Subcatchment  Area Watershed Length to SCS curve
length centroid number
L Lca CN
(mi?) (mi) (mi)
A : 2.17 1.85 0.68 70
B 0.96 1.13 0.60 15

. Use Snyder’s synthetic unit hydrograph with C, = 0.25 and C, = 0.38 for both

. subcatchments. Muskingum routing is to be used for flows through subcatchment

B with X = 0.3h and X = 0.25. Consider a 15-minute unit hydrograph, and use
the 12-hour storm defined by the following depth-duration data.

Duration 15 min 1h 2h 3h 6h 12 h
Rainfall (in) 0.74 1.30 1.70 2,10 3.00 5.00

FIGURE 4.8
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Solve Prob. 4.1 for wbanized conditions, with the area d_evelopea so that
the curve numbe:s are 85 for subcatchment A and 90 for subcatchment B. The

Muskingum K for the channel through subcatchment B is now 0.2 h. The Snyder

parameters C, and C; change to 0.35 and 0.30, respectively. Use the U. S.
Army Corps of Engineers HEC-! program to compute the runoff hydrograph
for urbanized conditions using the hypothetical storm given in Prob. 4.1

Using the urbanized conditions in Prob, 4.2  for the watershed in Prob. 4.1
determine the runoff hydrograph if the following detention reservoir is placed
at the outlet of subcatchment B. Use the U. S. Army Corps of Engineers HEC-
1 computer program to perform the computations.

Low-level outlet .

Diameter ' 51t
. Orifice coefficient 0.71

Centerline elevation 3561 ft above MSL
Overflow spillway (ogee type) '

Length 30 ft
Weir coefficient 2.86
Crest elevation 400 ft above MSL
Reservoir capacity Elevation
(acre-it) (ft above MSL)
0 388.5
6 3942
12 ' -398.2
18 400.8
23 401.8
30 " 405.8

Determine the 100-year discharge from Waller Creek at its confluence with the
Colorado River in Austin, Texas (see Fig. 4.9 ), using the U. S§. Army Corps
of Engineers HEC-1 computer program. Use the 100-year 3-hour design rainfall
pattern for Austin given in Table 4.5 The subcatchment data are presented in
Table 15.P.3. The SCS infiltration model is to be used to describe losses with
the appropriate curve numbers listed in Table 4,4 Use Muskingum routing
through the subareas with a weighting factor X of 0.250 and the X values in
the table. Use Snyder synthetic 10-minute unit hydrographs for each subarea.
Perform computations over a 20-hour time frame. What are the total loss and

‘the total excess volume for each subarea?
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Waller Creek subarea delineation and node locations,
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TABLE 4.4
Subarea physiographic characteristics for Waller Creek Watershed
Subarea Area Length Slope Curve Lag Muskingum®  Peak
designation number time K Factor
, [ C,
mi¢ - (ft) ({uft) (h) (h)
WCl 0.19 4800 0.015 87 0.28 - 0.54
wC2 0.32 4250 0.013 86 0.29 0.20 0.54
w(C3 0.41 3600 0.015 87 0.26 0.15 0.53
WC4 0.47 5600 0.011 86 032 0.24 0.54
WCS5 0.32 5700 0.014 85 0.31 0.22 0.54
WwCo6 0.70 7400 0012 89 032 0.25 0.53
WC7-A 0.53 5400 0.013 89 0.29 0.24 0.54
WwC7-B 0.17 2900 0.017 89 0.22 0.07 . 053
WC8-A 0.19 25060 0.025 91 0.18  0.07 0.31
WC8-B 0.16 2750 0.026 91 0.i18 0.07 0.50
WwC8-C 0.15 3300 6.0t4 91 024 006 0.54
wC8-D 0.10 2900 0013 %1 0.23 0.1 0.54
HB1 0.20 6300 0.012 86 033 - 0.56
HB2 0.50 7600 0011 87 034 034 0.54
TB1 0.49 7700 0.013 86 0.34 -~ 0.54
TB2 0.11 3760 0.012 90 027 - 0.56 -
TB3 0.45 8000 0.010 86 037 - 0.55

*For routing through subarea. Use X = 0.06 for routing between nodes N8 and N6 in subarea WC6.

Table 4.5

100-Year ~ 3 hour

Design Rainfall

Design storm rainfall depths (in)

Minutes

10 20

30

40

50

70

80

10-year
25-year
100-year

0.070 0.083
0.105 0.122

0.138 0.155

0.104
0.140
0.168

0.126
0.167
0.203

0.146
0.173
0.250

0.170
0.225
0.332

0.250
0.306
0.429

0.450
0.510
0.665

1.250
1.417
1.700

0.650
0.783
0.935

Minutes

110 120

130

140

- 150

160

170

180

Totals

10-year
25-year
100-year

0.317 0.203
0.417 0.297
0.513 0.373

0.164
0.192
0.293

0,142
0.170
0.243

0.112
0.143
0.182

0.093
0.126
0.159

0.073
0.119
0.147

0.067
0.099
0.135

4.470
5.511
7.620
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a1l aTIsRLdussautinthige  HEC-2

(Water Surface Profiles Analysis by HEC-2)

5.1 umtl

HEC - 2 1ﬁgnﬁhu1§un1lﬁa1iﬂﬁu1m Water Surface Profiles
f'miunitinavanluuy  Steady Gradually Varied Flow Yuniafisssugnania
wweﬂﬁﬁugvéafae%u a1u11nﬁﬁu1m1ﬁﬁq1un1ﬁﬁn111uavnqdﬁtﬂuuuu Subcritical
WA Supercritical HaTEIWITOIATITAHATONBIAITLIU AIWL WOAOA 418 uB3
a1n11éu 9 lun1aMABn17IM3UaLAB  Water Surface Profiles 1  nisawmid
3% Standard Step Method éqﬁa11m1i1n171nauaqﬂﬁtﬁunuu One Dimensional
Flow 41;ﬁﬁn11gmtﬁaw§¢ﬂ1utdaqa1n Friction uazawwrsoatumingldauns
Manning's 1Usunsu HEC - 2 1{1ﬁﬁﬁﬂ1ﬂﬂﬁéﬂﬁﬂ11u&1ﬂlHﬁﬂﬂﬂ51 11 10

HEC - 2 gnnanuuuu11ﬁa1i1u¢ﬁu Floodplain Management WaInN1Yy
ﬁnu1uéu1ﬁh Flood Insurance t#nﬂ1=iﬂuuaiﬂqévﬁﬂ111qandﬁ (Floodway
Encroachments) n179aaeamaal™  (Channel Improvements) uszténuﬂnqﬁhdﬁﬁ1u
Ap  Water Surface Profiles.

HEC - 2 #7u11013ta11ed1dns12uu 1 un3n wazdNnne NlUssnIudI

3 Tusunyupe

EDIT 2 - 14m3nsdpumiqugnAavese  Imput Data File
SUMPO ~ interactive summary printout program.
PLOT 2 - graphics program @¢8130 plot water surface

profiles #78 plotter HP 7475 A pen plotter

n19191§ EDIT 2, SUMPO W#a% pLOT 2 W1 1A1AENIY Ryn HEC 2

W7 Move cursor WA v 3. Run HEC 2" 0# < SPACE BAR >

L g Toggle YN8 HEC 2, EDIT 2, SUMPO URs PLOT 2 squaeident ety

EDIT 2, SUMPO 4ag PLOT 2 <:31fuimanaitfiviuunme a 4
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HEC 2 uasTuTdningaenis ¢ aanvogluguil s,

Standard Step Method

Rin11

where: WS,, WS,
V), V,
ay, a,

g

Standard Step Method

' 2
- o) = WS, + avi o, b (5.1)
2g 2g * .
2 2
. =L S + asvz a;;V, (5.2)
g9 g

water surface elevations at ends of reach (see Figures.2)

mean velocities (lotal discharge + total fiow areas) at ends of reach
velocity coefficients for flow at ends of reach

acceleration of gravity ‘ oo

energy head loss

discharge-weighted reach length ) ;
representative friction slope for reach

expansion or contraction foss coeflicient

e discharge-weighted reach length, L, is calculated as:

L

where: Llob; Lc]-p Lrob

Lion@ion * Lon@en * Lronrob

Qloh + Qch * Qrob

{(5.3)

reach lengths specified for flow in the left overbank, main
channel and right averbank, respectively

arithmetic average of flows at the ends of the reach for the

Qloh' Qchr Qrob = ) : A
ieft overbank, main channel, and right overbank, respectively
NITAMUIMISTL NN Cross Section #¥A1 sdaausmluniedquinila
Whamiun19IMauY  Subcritical wisaumltnasaniimtra i funisinaunuy

Supercritical Tns7id

Trial & Error
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W 5.1

HEC-2 Computational Process [HEC 1990 (b)]
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DATUM

WA 5.2
Representation of Terms in Energy Equation

5.3 uUssliamives HEC-2

- Multiple Profile Analysis a1u1ina uIuléiiy 14 profiles  uazuin

800 cross sections

= Critical Depth Computation YOYUARS Cross - Section

- Simulate sediment deposition WaIN133L@T92%  floodplain
encroachment  1a83¥Ylu  Card X3

- ‘himiazd Bridge Losses n?onﬁﬁgmtEaﬂiqq1utdnqq1n91ﬂ11ﬁﬁend
Tuntai

- MA71¢d  Channel Improvement

~ Interpolate Grose Sections

- Tributary stream profiles

- Solve for Manning's n.

- Storage - Outflow Data & miun1t Routing #1877 Modified Puls
fu HEC 1

- Split flow tﬁn¢a1nn1n11ﬁhﬂﬁ

= Ice covered stream
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5.5

5.6

5.7

Basic Data Requirements

Flow regime

( 1 = supercritical flow ; 0 %38  Blank = ssbcritical)
Starting elevation

-~ Discharge

-~ Energy loss coefficient

(Manning's n, roughness height k, contraction/expansion coef.,
bridge/culvert loss coef.)
- Cross section geometry

- Reach lengths

Program Input

Format = A2, F6.,0, 9F8.0 (right justified)

Minimum data Set = T3, T, NG, Xl, GR, EJ and ER

Typical HEC - 2 data Organization “ﬁﬂﬂﬂé1“"111ﬂﬁ 5.1

#0819 Cross Section Ha4dgiugu# 5.3 uasAlad1vees Basic

Input Data WUARNOEIUATIINA 6.2 T1wasiBda record #7¢ 1 syium1IIeH 5.3

Wa Functional Use Index 8gTUAIIINA 5.4 F1aasiduaniidoudoysussiied iy

Job Control Record uanvagiuniauuIniigun

Program Output

]
Output control option  UAANDEIUAIIINT 5.5

HEC-2, EDIT 2, SUMPO, PLOT 2

5.7.1 HEC-2Z Menu
1. Define input/output files 2. Createfedit input file
3. Run HEGC 2 4. Display output to condole

5. Exit to Dos

14 <Spacebar> toggle option " 3. Run HEC 2 % fuluTuniudqadu

Tuntusvifeaiud1u1901d  <Spacebar> toggle option "

" 4, Display output to console " fiu " 4, Display output to printer "
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COED Help screen M&miagiuju®i 5.4 n17 Run HEC 2 1u Dos Prompt

HEC 2 INPUT = "filename" OUTPUT = "filenam " TAPE 95 = ""filemane"

5.7.2. EDIT 2

lﬂuTU1un1ﬁiiﬂi1ﬂaﬂun71ugnﬁaqqnq HEC 2 input data file
-] .:i .-- - P :
wipumeudnvienatdoyanlugndes usneinil EDIT 2 gesturinudae  FREE FORMAT

DATA (Uu FIXED FORMAT DATA Taun17i%uuavivtu, file (TAPE 10)

ED Card éwﬁ1ﬁa:ﬁnqtﬁuu11ﬁnu1n1u Data flle u1u11n1i|uésu
Control Variable 3 #1 thun
1, éi?ﬁif List input data
2. &W Output HarwwdareliiAu 80 Column  Tpuliil
Carriage Control {Default 132) .

3. MaeikaTsdunivieidasiasgauadtugnieevevizdu (Default 150)

N7 Run EDIT 2 W DOS prompt

EDIT 2 INPUT " filename " QUTPUT = " filenam "

It

it

OUTPUT CON for screen

PRN for printer

5.7.3 SsumMPo
t¥af19  SUMMARY PRINTOUT Tmulddpyssin . Binary HEC - 2
Qutput file TAPE 95 Uissuwivns suMpo fio
(1) nmuatluy SUMMARY TABLE ﬂ1uiniu1u1u' J3 Record

(2) afremrireaeasAin L aen

FofunouRss Run HEC 2 aisRelumi  Save woedoyslu
TAPE 95 fou
- 5.7.6 PLOT 2

14 Plot profile cross section umg rating curves s1n

TAPE 95 &1y HP 7475 A pen plotter
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5.8 LONAYSAIvEQ

(1) Hydrologic Engineering Center, HEC-2 (Water Surface Profiles),
User's Manual, U.S. Army Corps of Engineers, USA, September 1990 (a) l

(2) Hydrologic Engineering Center, Computing Water Surface
Profiles with HEC-2 on a Personal Computer, Training Document No. 26,

U.S. Army Corps of Engineers, USA, September 1990 (b).
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Typical HEC-2 Data Organization
(Multiple Profile Run)

[ HEC. 1990 (a) ]

Record Type - Record ldentlification Application

Spilt Flow SF*, JC, JP, TW, WS, WC, TN, NS, Alf Profiles
NG, TC, CS,CT.EE* '

Documentation AC,C All Profiles
Documentation T1-T9 First Profile
Job Control J1*, J2
Job Control J3 - J6
Change NC*, NH, NV, KH, QT, ET, iC All Profiles
Cross Section X1i*, Ci, X2, X3, X4, X5, GR* .
Culvert (Special Cuiven) sC*
Bridge (Special Bridge) sB* All Profiles
Cross Section X1*, X2*, X3, X4, X5, BT, GR
Change NC, NH, NV, KH, QT, ET, IC All Profiles
Cross Section X1*, CI, X2, X3, X4, X5, GR
Cross Section X1* CI, X2, X3, X4, X5, GR All Profiles
Job Control EJ*
Documentation T1-T9 : Second Profile
Job Control J1*, J2*
Documentation T1-T9 Last Profile
Job Control J1* Jos
Job Control ER® Termmate Run

RBC IO MPQUEES) 1B ris
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NIFTIM 5.2
T T U S

' Basic¢ Input Example

3 & SANPLE PROBLEM SROWING BASIC TNPUT :
12 First Profile, @ = 200 cfs MSEL = 13 ft.
- 13 Sample Creek .
T4 Use as many Title records {T1-79) as .wcessary to define the job. .

"*  profile 1 resding field 2 of T, starting st 13 ft. elevation.

e Zero values indicate subcritical profile starting with known elevation..
SR 2 by} 0 . LTS -
e Mamning's 'n! = .08 overbanks & .04 chennel '
* Contraction coef. 0.1 and Expansion coef. 0.3
NC .03 .08 N .1 .3 )
* Discharge table with 2 fiows: 200 ¢fs and 500 cfs . ’ -
ar 2 200 500
* _ Cross section 1 with 7 GR statfons, and bank stations at 150 and 170.
* Reach {engths to downstream section are not required for first section.
X1 1 7 150 170 _
GR 20 0 15 50 12 150 5 160 12 170
GR 15 200 20 250

hd Repeet cross section, 500 ft. reach lengths, expand 10X, reise 0.4 ft.
2 : 500 500 500 1.1 o

L Revise Nanning's 'n' velues based om stations at Section 3
NH 4 0 150 L8 220 N 260 .08 300

. * Revise the discharges, storting with the next section (SECNG 3)
T, 2 1B 450

e Reach tengths: 500 teft, 400° right, & 450¢ channel
X1 3 8 220 260 500 400 £50

Effective. area option to exciude low overbank area until flow exceeds
the bank eleva_fion.

10 .
20 Q 16 50 12 15¢ 16 220 8 250
12 260 16 27 20 360

EJ ends input of reach model. Following data define added profiles.
Second profile, only one title required

Read field 3 of Q7 records and start at elevation 15 fr.
z 15 .

42 record required subsequent profiles to definme profile number.
é

ER record ends the run,
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3

4

6

7

10

ED Record {HEC-2 Dala Edit Program (EDIT-2)

Split Flow Records
SF Hecord - Spiit Flow Tille

4.4
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4,10
4,11
4,12
413

JC Record - Titie Job

JP

'ml
wSs
WG

Records

Record - Job Farameter

Record -

Tillz for Weir Location
Record - Weir Parameler Data
Record - Weir Coordinale Data

5-12

AN 9 99

HEC 2

Record - Title for Normat Depih Location
Record - Neimal Dapth Paramseter Data

Record - Ground Coordinate Data
Title for Rating Curve Location
Record - Fating Curve Parameter Data
Record - Raiing Curve Data .. .,
Record - End of Split Flow Data

Record -

Documentation Records

5.1
52

Job Control Records

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9

AC

Record

- Archival Option

.............

........................

............................

C_ fecord - Commenls for Describing Data
53 T1-T9 Records - Title Records

5.3.1

J1

JR
45
J2
J3
J4

JS
J6
EJ

Record - Starting Conditions
Record - Starting Rating Curve
Record - Starting Split Flow Assumplion
Record - Optional Features
Record - Selection of Variables for Summary Tables
Record - Storage-Outflow Records for HEC-1

T1, T2, T4 - T9 Records
532 T3 Record

Record - Printout Condrol

Record - Optional Friction Loss Equations
Record -
610 ER Record - End of Bun

Change Aecords

71
7.2
7.3
7.4
75
7.6
7.7

1C

NC
NH
NV
KH
Qr
ET

Record -

Recard -

End of Job

lce Dala

Cross Saction Records

8.1
8.2
8.3
8.4
8.5

8.6
8.7
6.8

X1
RC
Ci
x2
X3

X4
X5

Record - General ltems for Each Cross Section .
Record - Rating Curve for Inputting Water Surface Etevatlons e
Record - Channel improvement

............................ e

.................................

.............

...................................

----------------------------------------

Record - Starting Manning's 'n* Values & Shock Losses ..
Horizontal Variations ot Manning's ‘'
Record - Vertical varialions in Manning's 'n’
Record - Horizontal Description of Equivalent Roughness 'k’
Record - Table of Discharges for Multiple Profiles |
Record - Encroachmant Table

--------

P I A I S I B

. Vil42

Record - Optional items for Each Cross Section (Bndge et} .......
Record - Optional tems for Each Cross Section

(Effective Area, etc.)
Record - Additional Points for Cross Section
Record - Use of Input Water Surfaca Elevalions
GR Record - Ground Profile Elevations & Stations

Bridge and Culvert Records

91
8.2
8.3

FR Froo Froog ot o0

SB Record - Special Eud(v

SC Record -
BT Reoyrd

bm Ol
R MY

st T b v iy

R

L R

-----

Vil-11

vil-14

vil-16
vil-22
Vil-29
VIi-3Q

. Vil-32

Vii-24
Vii-34

vilas
Vii-a7

.. Vil-38
. Vil3g

VH-4Q
Vi-41

. Vii45
. Vil-47

Vil-48
Vil-50

Vil-52
Vil-54

. Vi-55

Vil-56

ViR
P

E S
PRI

. VL83
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Functional Use index

Task

Records Used

Basic Applicaticns

Archival Option

Data Comment Records

Multiple Profiles, Summary Printout
Printout Control

Traces & Input Data Printout
Storage-Discharge Output

Printer Plots of Cross Sections and Profiles
Optional Friction Loss Equations

Flow Distribution

Critical Depth Option

Direct Solution for Manning's 'n’

Optional Records for Specitying Manning's ‘n’

Equivatent Roughness 'k’
Options for Specitying Discharge

Specifications of Insffective Flow Areas &
Encroachments

Additional Ground Points

Channel Modification Due to Excavation
Bridge and Cuivert Losses

Use of HEC-2 Data Edit Program

Use of Free Format input

Use of the Flow Under ice Option
Water Surface Based on a Rating Curve
Basic Applications of Split Flow Option

T1, T2, 13, J1.4 - J1.9, NC,
X1.1-X1.9, GR, EJ, ER

AC
C_
J2.1, 43
J5
J1.1, J2.10, X2.10
Ja
J2.2 - J2.5, X1.10
J6.1
J2.10, X2.10
J2.7
J1.3,%2.2
J2.6, NH, NV
KH
J1.2, J1.8, J1.10, X2.1, QT
X3, ET

X4
J2.8, J2.9, CI
X2.3 - X2.6, BT, SB; SC, X5
ED
FR, FIX, FREE
Ic
J1.5, JR, RC
SE, TW, WS \WC, EE
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x*

AT 5.5

Control of Program Output

Output Control Records
Commentary C
Input Data Listing* Ji.1
Detailed Output by Cross Section* J5
Flow Distribution J2.10, X2.10
Traces J2.10, X2.10
Summary Tables* J3, Js
Prodile Plots* J2.3
Cross Section Plots J2.2, X1.10
Archival Tape (TAPESG) AC
Storage-Qutflow (TAPE7) J4
Fixed Format Input (TAPE10) FR
Modified Data File (TAPE16) J2.8

*These data are normal program output, but may be suppfessed.

-
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FRY i

!_\_ff_(__..g‘j{ put | I)m TEhon ED
£ Ci‘!?

3. ED Record (HEC-2 Data Edit Program {(EDiT-2) - Optional

Controls certain run options for data edit program. Does not need to be removed for HEC-2
runs.

FIELD VARIABLE VALUE DESCRIPTION
0 1A ED Record identification characters.
1 usT YES Produce listing of input data before editing
(Blank) it (defautt).
NO Suppress listing.
2 cC YES Produce 81 column output with
{Blank) carriage control in Column 1 suitable tor line
printer output or other wide carriage devices
(detault).

NO timit output width te 80 columns without carriage
control (i.e., for eighty column interactive
terminais).

3 GRANGE 0 Use default vaiue (150) for GR record
(Blank) elevation difference test.
+ Vatus to use for GR record elevation difference
test,

The HEC-2 data edit program (EDIT-2) Is designed to accept as input any HEC-2 data file exactly
as set-up for input to HEC-2. It will handle stacked jobs and all other teatures which are available in
the September 1988 release of HEC-2, .

The edit program will function with default run parameters for any HEC-2 data file. There are
three parameters. which may be entered on an optional ED record. If used, the ED record must be the
first record in the data file and there may be only one. The format of the ED record is similar to HEC-2
data records; i.e., the letters ED in Columns 1 and 2 and the !hree values in the first three fields right
}ustlﬁedtoColumnsa 16, and 24,

Suggestion for Using the EDIT2 Program. When RECORD OUT OF ORDER errors occur, many

subsequent fallacious orror messages may be triggered. It is suggested that the user correct the
RECORD OUT OF ORDER errors first and revun the edit program.

Vii-3
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HEC-2 Input Description J1
Job Control Records .

6 Job Control Records

6.1 J1 Record - Starting Conditions (required)

Job record specifying starting conditions and program options. This record is required for each
job {profite).

FIELD VARIABLE VALUE DESCRIPTION
0 A Ji Record identificationt characters.
1 ICHECK -10 Do not print data records NC - EJ.
0 Print data records NC - EJ before execution of first
profile.
2 INQ 0 QT, ET or X5 records are not used.
2-20 Field number on QT, ET and X5 records 10 be

used for this profite (job).

3 NINV 0 Option to compute Manning's ‘n’ from known
high water marks will not be used.

1 Manning's 'n’ will be computed from known high
water marks. Enter known water suiface elevation
as variable WSELK on second field of X2 record
(X2.2) for each cross sectlon.

4 IDIR 0 Subcritical flow. Cross sectional data (GR records)
are input starting at the downstream end of the
stream.

1 Supercritical flow. Cross sectional data are input

starting at the upstream end.
5 STRT -1 Start compuations at critical-depth.

0 Start with known water surface elevation. Enter
WSEL in field nine.

+ <1 Start by slope-area method. Enter estimated
energy slope here. This starting option cannot be
used in conjunction with encroachment Methods 3,
4,5, and 6 at lirst cross section.
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Jt HEC-2 Input Description
Job Control Records

J1 Record {(continued)

FIELD VARIABLE . VALUE DESCRIPTION
+>1 Number of rating curve (discharge elevation) pairs
to be read on the following JR records to start the
backwater.
6 METRIC 0 Input and output in English units.
1 Input and output in Metric units.
7 HVINS 0 No interpolated cross sections to be generated by
- computer.
+ Enter maximum aliowable change in velocity head

between cross sections. If this value is exceeded,
interpolated cross sections will be inserted by the

program.
8 Q 0 Discharge specified by QT record, INQ(J1.2) is two
or greater.
+ Starting river flow (cfs or cms),
9 WSEL + it STRT{J1.5) is zero enter known starting water

surface elovation.

10 FQ 0 4 factor of 1.0 will be used to multiply all
discharges (QT, X2.1 and J1.8).

+ Factor to muitiply all flows by (QT, X2.1 and J1.8).
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HEC-2 Input Description NC
Change Records

7.2 NC Record - Starting Manning’s ‘n’ Values and Shock Losses

Manning's 'n’ and the expansion and contraction coefficients for transition (shock) losses are
entered for starting each job, or for changing values previously specified. The NC record is required
for the first cross section.

" FIELD VARIABLE VALUE DESCRIPTION
0 IA NC Record identification characters.
1 XNL 0 No change in Manning's 'n* value for the left
overbank. :
+ Manning's *n' value for the left overbank.
2 XNR 0 . No change in Manning's ‘' value for the right
overbank,
+ Manning's 'n' value for the right overbank,
3 XNCH t] No change in Manning's 'n' value for the
channel.
+ Manning's 'n’ value tor the channst.
4 CCHV b No change in contraction coefficient.
+ Contraction coefficient used in computing

transition losses.

5 CEHV 0 No change in expansion coefficient.
+ Expansion coefficient used in computing transition
losses.

6-10 Not used.
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HEC-2 Input Description QT
Change Records

QT Record - Table of Discharges for Multiple Profiles

Specifies a table of flows for use in computing a series of water surface profiles. The field of the

fiow being used for this job is specified by variable INQ{(J1.2).

FIELD VARIABLE VALUE D_ESCRIPTION
0 1A ' QT Record identification characters.
1 NUMQ 1-19 Total number of flows {(maximum 19) entered on

the QT records. If NUMQ is greater than nine, two
QT records are required, and the first field of the
second QT record should comntain a Q(N) value,

220 Q(N) + Flow values to be used for multiple profiles.

Variable INQ{J1.2) Indicates which field is used for
this job. INQ may range from 2 to 20.

GR HEC-2 Input Description
Cross Section Records

8.8 - GR Record - Ground Profiles Elevations and Statlons

This record specifies the elevation and station of each point in a cross section used to describe
the ground profile, and is required for each X1 record uniess NUMST (X1.2) is zero. The points
outside of the channel determine the subdivision of the cross section which influences calculation of a
discharge-weighted velocity head for the cross section.

FIELD VARIABLE VALUE DESCRIPTION
0 1A GR Record identification characters..
1 EL{1) + or- Elevation of cross section point one at station
STA(1). May be positive or negative.

‘2 STA(1) + Station of cross section point one.
3 EL(2) + or- Elevation of cross section point two at STA(2).
4 STA(2) + Station of cross section point two.

5-10 otc.

Continue with addiional GR records usuig up o 100 pomts 1o descobe the cross section.  Stabons
must be 1 mcreasing order progresseyg from el 10 nght Across (e Cross sechion




8
8.1

5-20

HEC-2 Input Description ¢
Cross Section Records

Cross Section Records

X1 Record - General ltems for Each Cross Section (required)

This record is required for-each cross section (800 cross sections can be used for each profile) and

i8 used lo specify the cross section geometry and program options applicable 10 that cross section.

FIELD

0

1

VARIABLE

1A

SECNO

NUMST

STCHL

STCHR

XLOBL

Xi.0BR

XLCH

VALUE

X1

+

DESCRIPTION
Record identification characters.
Cross section identification number,
Start new tributary backwater at this cross section.

Prevlous cross section is repeated for current section.
GR records are not entered for this cross section.

Total number of stations on the following GR records.
NUMST(X1.2) is 0.

The station of the left bank of the channel. Must be
equal 10 one of the STA(N) on next GR records.

NUMST(X1.2) is 0.

The station of the right bank of the channel. Must be
equat to one of the STA{N) on GR records and equal
to or greater than STCHL.

Length of left overbank reach between current cross
section and next downstream cross section. Zero for
first cross section if IDIR = 0, (J1.4).

Length of right overbank reach between currertt Cross
section and next downstream cross section. Zero for
first cross section if IDIR = 0.

Length of channel reach between current cross
section and rext downstream cross section. Zero for
first cross section if IDIR = 0.




X3

8.5

FIELD

AY

5-21

HEC-2 Input Description

Cross Section Records

X3 Record - Optional items for Each Cross Section (Effective Area, efc.)

VARIABLE
1A

IEARA

ELSED

ENCFP

STENCL

VALUE
X3

o0

10

+ or -

DESCRIPTION
Record identification characters.

Total area of cross section described on GR
records below the water surfaca elevation is used
in the computations.

Only the channel area (as defined by STCHL, X1.3
and STCHR, X1.4) is used in the computations,
unfess the water surface elgvation exceeds the
elevations of the bank stations. This option can be
utilized to contain flow between levees until
overtopping occurs, if the bank stations are coded
at the top of the levees. Ovenopping can occur on
either side since the ‘elevations of STCHL and
STCHR are tested independently. The elevations
can also be extended with ELLEA (X3.8) and
ELREA (X3.9) to define artificial levees for bridge
applications.

A sediment elevation is not specified.

Elevation of sediment deposition. All elevations
below ELSED are set equal to ELSED. This
elevation is not modified by PXSECE (X1.9}).

Width between encroachments is not changed or
is not specified.

Width between encroachments is centered in the
channel, midway between the left and right
overbanks. Flow areas outside this width are not
included in the computations. This width will be
used for all cross sections unless changed by a
positive ENCFP on the X3 record of another cross
section or on an ET record or unless overridden by
the use of STENCL (X3.4). -

Encroachments by specifying station and/for
elevation will not be used on the left overbank.

Station of the ieft encroachment. Flow areas 1o the
teft of (fess than} this station and below ELENCL
are not included in the computations, This option
will override the option using ENCFP when both
are used.

Vil-52
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NH HEC-2 Input Description
Change Records

7.3 NH Record - Horizontal Variations of Manning’s 'n’ (optional)

Used to permanently change the roughness coefficients (Manning's 'n’) to values which vary
with horizontal distances from the left side of the cross section. Roughness coefficients should be
redefined for each cross section with new geometry. The NH record should not be used to cross
sections employing the NV record or when utilizing the channel improvement (Ci) option. i '’
values change within the channel, the criterion described in Section 2.3 (page 4) is used 1o determine
whether *n* values should be converted o a composite value using Equation 5.

FIELD VARIABLE VALUE DESCRIPTION

0 A NH Record identification characters.
1 NUMNH 1-20 Total number of Manning's 'n’ values (maximum

20) entered on NH records. Iif NUMNH is greater
than four, multipte NH records are required and,
the first field of the second and subsequent NH
record, should contain a STN(N) value.

2,46, VALN{N) + Manning's 'n’ coefficient between stations

8,10...etc STN(N-1) and STN(N). The first 'n’ value applies
from the starting left station up to STN(N} {(Field 3).
3,57, STN(N) + Station corresponding to VALN(N). Each
9,11..efc stations shouid equal one of the stations on the

next GR records, Stations must be in increasing
order. Station values will not be adjusted by X1.8
PXSECR.

Vi-38
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J2 Record - Optional Features
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HEC-2 Input Description J2

Job Control Records

Optional record for first profile, required record for all subsequent profiles.

FIELD
0

1

t

VARIABLE
1A
NPROF

IPLOT

PRFVS

XSECV

VALUE
J2

Oort

2-14

10

DESCRIPTION
Record identification characters.
Data records will be read NC - EJ,
Calls for summary printout for a single profile run.

Profile number using cross section data from first
profile. Up to 14 profiles can be computed using
the initial cross section data records

NC - EJ.

No cross sections wilt be plotted for this job unless
individual plots are specified by using IPLOT on X1
record (X1.10).

Line printer plots for all cross sections in this job.

Same as above except, dala points will be plotted
only up {o the water surface elevation.

Computer selects vertical scale of profite piot for
current profile based on an elevation spread not
exceeding 12 inches.

/
Users selects ventical scale to be used for current
profile. Enter number of elevation units per inch.

No profile will be plotted.

Computer selects vertical scale of cross section
piot for each cross section individually.

User selects vertical scale to be used for aH cross
sections. Enter number of elevation units per inch.

vii-19



A

524

untifitimnon s

MINM MR Water Surface Profile #ie HEC-2

Purpose
il Wi

The purpose of this workshop problem is to provide an under-
standing of how an input file for a basic water surface profile model is

constructed and executed with HEC-2.

Problem Statement

Three water surface profilescomputation is needed for a reach
of the Red Fox River between cross sections 1 and 4 (Fig.5.5), Cross-
sectional plots are shown inFig-5-7 4 discharge rating curve is shown
: in Fig.5.6. Area-clavatiom curves and hydraulic radius-elevation curves

are shown inFig.5.8. The distances between cross sections are as follows:

Crosg sections distance, ft.
1 to Z 500
2 ta 3 430
3 to 4 400

An incomplete data input file is shown in Fig. 5.9 for a multiple profile

run with discharges of 1,000, 6,500 and 10,000 ft3/s.

Tasks

Add the data necessary to complete this input file. Assume

- that the contraction and expansion ceoefficients are 0.3 and 0.1, respec-
tively, for all reaches. Assume that the overbank reach lengths are
egqual to the channel reach length. No interpclated cross sections are
to be used, and cross section-plots are not reguired. Standard output
should be specified, including and input listing and a summary output
table, Use the program COED or some cother suitable editor to make the
; entries in the input file.
: After the input file is wompleted, use the program EDITZ or a

similar error-checking program to check it for errors, and correct any

errcrs that are identified. Run HEC-2 using the completed input file,
and compare the results for the 6,500 ft3/s profile with the results from

: hand calculation in Fig. 5.0
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Figure 5.5 Map of the Red Fox River indicating cross sections for
water

surface profile analysis.
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Figure 5, 7 Cross sections of the Red Fox River.
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[} RED FOX RIVER
12 WATER SURFACE PROFILE COMPUTATIONS WITH HEC-2

WATER SURFACE PROFILE COMPUTATIONS WITH HEC-2

13 Q = 1000 CFS
J1 0 2

QT 3 1000 6
HC 0 0

hH 5 .1

Wi 1635 0

X1 1 11

GR 25 ~» 20

GR 0 690

GR 25 1635

NH 4 .100

b3 2 10

GR 25 30

GR 4 580

Tl RED FOX RIVER
72

13 Q = 10000 CFS
J 0 4

2 15.0

tR

0
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0
415
0
650
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Figure 5.9 Incomplete HEC-2 input file for Red Fox River water surface
profile computation.



Water Surfoce Profile Colculations av? Y hy +hg

Project: Red Fox River 29 '; “““““ FF vl

Q= 6500 cfs —— 23
Co = 0.3 c. = 0.1 i

L
Water Surface Hydroulic 5,

Sacrmn Elevation Arec Ry:ﬁi:sr St s "5/9"2 av? a(‘ll’_z %Sﬁ%t:;
No.  [assumed|Computed] A R R2/3 t K K (o) L hy (107} a v 29 9 h, [Elevation
(1 () (3} (4} (5) (6) (7 (8} {9) (10) (11) (12) (13) (14} (18) (16} {17 (18) {19)

1 i 5710.5 413 7.0 3.66 0.030 75236 - 1.00 15.66 373
|
2 1 5714.7 47Q 7.6 3.87 0.Q30 90096 3.31067
i 280 | 2.5 1.84 | 0.050 | 1367 0.0409
57151 720 103;’67 89502 5,27 500 2.64 3.3518 1.56 9.03 1.88 +1.75 g8 4.57
57151
S00 7.8 3.93 0.c30 97333 3.6884
280 2.7 1.94 0.050 16144 0.0537
5715.1 780 113477 94}357 474 S00G 2.37 1.7421 1.56 833 1.68B +2.05 Q.21 463
i .
3 5718.0 | 57171 1135 5.9 3.27 0.030 [183840 | 148659 1.91 400 0.76 - 1.00 573 0.51 +1.17 0.12 2.05
57171 | 5717.2 880 5.6 3.15 0.030 15%909 133193 2.38 400 0.85 - 1.00 6.63 0.68 +1,00 0,10 2.05
4 $5719.5 | 5717.7 610 3.7 3.19 0.036 8Q322 | 116616( 3.11 400 1.24 — 1.00 10.66 1.76 -1.08 0.32 Q.48
5717.7 | 5716.8 425 4.8 2.85 0.036 49998 | 101454 4.10 400 1.64 - 1.00 15.29 3.63 —-2.95 0.89 —0.42
5716.8 | 5715.8 355 4.5 2.73 0.036 40004 | 96457 4.54 400 1.82 - 1.00 18.31 5.21 —4.53 1.36 —1.385
5715.8 [ 5714.0 285 41 2.56 0.036 30116 91513 5.08 400 2.02 - 1.00 22.81 B.08 —7.40 2,22 -3.16
2/3 2
(8) K = LA AR AN E (K3/A2 an  a{%% ) ( ) ( )
n (14) a= (A, (K7 /AD) downstr-am upstream
- Kupstream * Kdownstream Ky
(9) K = 3 t (184} ho-CIA  for
N Where: | = Incremental valus vz
= Q t = total volue a av
(1) §, = (]?) (18b) h, = c,la(—z—i—) | for n(z—g) >0
2
(12) n, = L§, (15) v = a/a, (19) 4 (Woter Surfoce Elevotion) = A(%%—)+h; +hg

T_'f'{;'ute 5.10 Tabulation of water surface profile computations for the Red Fox River.

0g=¢
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n1TteTeRssuupNifiu #78  HEC-3

Reservoir System Analysis for Conservation

6.1 A

HEC- 3 T%ﬁmuwﬁuuwLﬁﬂlﬁaﬁaaqnﬁﬁuﬁﬁﬁqwuﬁaqszuuﬁwqtﬁuﬁﬁ (Operation
of Reservoir System) éqﬂ%wq%uLﬁafﬂqﬁszﬁqéﬂunqaLﬁxﬁhﬁﬁﬂﬁlﬁiun15qUTnﬂ—u?Tnﬂ
nasgals L nasdgasneih  musuen s (Low flow augmentation) URINITHDR
IREIGIV LR ﬁﬂuwinﬂﬁ?tﬂsﬂzﬁlﬁﬂiﬁum15ﬂ1U@uﬁ5ﬁ1u1ﬁﬁwq WAL HEC- 5
{Reservoir system Operation for Fleuod Centrol) éQﬁNUW%uNWLdﬂﬂﬂjﬂﬁﬁﬁﬁl#ﬂ?ﬁﬂ
nismumdiinlaen® 19 Run  HEC-3 qgaﬁuﬁsnﬂauﬁﬂgﬂtﬁﬂaﬁud1qLﬁuﬁﬁ N3

mdin naswden studlviiondeln  uwsenmuanlusilihn (stream control Print) 1wn

} .
UL S SN T0U S ¥ LAUNEMS L AT genan D msea i maneiin muam e al

=4
6.2 9JMBRTLOHA HEC.3

HEC-3 W15 1ssmm il 5 aefismauds
(1) Hydrology
(2) Reservoirs
(3) Control Points
(4) Powerplants I(RY

(5) Civersions

6.2.1 Hydrologic Characteristics 3%1%&1

(1) inflow Trwathpassy
- wwvastays
- WU period luusaul
- Punuluuees period

y s I'd <
Unmaxutﬂiﬂzntﬁuiwstﬂau
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5 ]
(2) local flow WNIEOY flow FYMI™N control point 2 n
regulated flow aatﬁwﬁu reservoir release + cumulative local flow

(3) evaporation %ﬂﬂ: input 191 HEC-3 Tﬂﬂﬂﬂﬁﬁ:@ net evapora-

tion rate (HﬂﬁﬁQ$xﬁf10 eveporation L&Y rainfall)

6.2.2 Reservoir:Characteristics

(1) elevation, storage, surface area, outlet capacity

' [ - = e
(2) operating criteria lUN1I Operate B8WiNUINAtHAIIN 1IN MUA

w ‘ ' ¢ < o ~
55ﬂUuﬂ3Tﬁuﬂ151§Q1uﬂ1ﬂ M| ﬂﬂﬁﬂqﬁanﬁq N3 W 6.1
o

— Top Flood Control

Flood Control |
Storage = — Top Conservation
-Conservgtion — Top-huffer
Storaye : .
] — Top Inactive

L]
P
Eﬁﬂ 6.1 Reservoir Storage Levels

uAs e W NN aNN 1Y operate (MWl wmm kaan1tih (stream-
d' ' P LY <} e . .\ o C)
flow Target) Warnd 9 ustiudald  uazhesin i priority Tunasuiiatis
T e a4 : .
WU Dmepiinedlugw feartinamdaluswasdunlwhe 6.3
4 - ‘ w @ v A

Operating Criteria »u 9 Wp1essyigy sefufiuinesabu  uweens
3 u o Lo <1 t a Vo & o
nwmum 5o Flood Control Level avasttiiWumieszunuii®u  wiainu

a

15 lu Surcharge Storage




6.2.3

(3)

il

i

6-3

Hydrologic Balance

dun 1 seunazeviflue W

s, = 85, - Q. — E. ciieieanes e
ql i-1 + Il Q1 El

reservoir storage volume at end of period i

reservolir storage volume at end of pervious period i-1

infow volume during period 1
release volume during period i

net evaporation volume during pericd i

Control Point Characteristics

control point moanlugaiPideackasiin1smumaiunatin e iduluay

-

d o -
W MUEA BRI A 883 S¥ U Control point W 3 MiAARR

o
[§113]

6.2.4

K

GE.
i

(1)

(2)

(3)

maximum permissible flow

minimum desired flow

minimum required flow

«} b LI | s ] <y ] ] o
Fep1atinmeniowls iy luune s L AsuusaLth 4 181 1K

] I =} L ¢
UFRY Control point NELFANNIUDTUALHE

Powgfylant Characteristics

(1)

HN TR MIUAUIN Power

GE, = K.Q, h, €. t  iiuireureeennnns
1 1 1 1

0.08464 & MIUTILLAINGW

9.817 FMIUTTLULAAIN

energy Eﬁu Kilowatt-hours ﬁﬂ§ﬂ1ﬁquﬁﬁﬁt1ﬁ1
average flow Fivei L pdasn ity iy ofs
average effective head on the turbine Lﬂuﬂﬂ
efficiency of generating units 1Uﬁ34liﬁ1 i

St T lumans i

i
Tuthe 1181

Tuma I8

i

i
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]
: <
(2) Powerplant characteristics W1HTUN19 simulate Power Opera-
tions 1N
- installed powerplant nameplate capacity
- maximum plant factor for generation
- powerplant efficiency
- tallwater elevation plus hydraulic loss
- overlcad ratio for power installation
- power lead requirements for each plant for each time
period
v
<o, v f t - 1 L '
UAN QNUEN AR WU 38m 1A 1 SHEN s uR TR e s usnlin B a9
THun
-~ power releases vs. power tailwater elevetion

- maximum peaking capability vs. reserveir storage or

reservolr release

- powerplant efficiency vs. reservoir storage

6.2.5 Diversions
. A 4:" ' a gd' o < +
Diversion ¥ Control peint 213pglugleenusuaiimonsdu  wisaylugy
189w At PaaU5 300 19 I e e s T5E R SNl WIRBEINE N (Regulated flow)
4 = a 1 < 5 < 4 + 4 o
wintsudiTue N pDiversion requirements BI1WAMNINUAREHII1I8T  WIDKUIRU

Tuusnzeh e 13812091

6.2.6 Ecohnomic Evaluation

(1) 0797 1AI10NeR ML A s EEATINAIRE Control point WATHIRENAS

g

seyia Atunana e RIS 33 wuT s ugnniven e drenismaneedih  UTanedly
1} - s (% + ‘3.
Tuaw  yinanswdmssudteiio Augear g idssgaadnd 08D muswSnameiu
amInen Bdulueuliwansh 1 luha evin ety 1oy hufiausn 9 uesEnan
AN EAETENARARIN N LI W LASTIEH
V = '3 ' IR L L] =
(2) N7 LATIVRGABYL UMY LA R AERA SO IR LN 1S LU THU L MBURAABY

wiunsoaue sl Nlasenas  Taul¥A1 Unregulated UAY regulated flows
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6. 2.7 System Operation

¥
° R ! a . =<l
(1) nﬂiawaaqnﬁiﬁgUﬂqwuaﬁqﬁaﬁim1a1nﬂ11uﬁa¢nﬁiﬁ1uﬂ:wGQQ1uw
Control point TasWarsnamnhnwisthlufieamnefinuliamiy
ek ey v = v
(2) system power NIWVIVRIY powerplants [EANINITTIYNMIIN
w 8 ‘ .
%ﬂﬂﬂ?iﬂﬂﬂﬁ?ﬁﬂdﬁtﬁuuﬂt minimum requilrement PAIUARY plant URY maximum
generation 1ugUﬂ@q plant factor

6.3 NIINMUN Reservoir Operating Rule SN Reservoir Levels

. <« “' o ‘ & o
Relwase priorities nﬁtﬁuﬁqﬁwﬂ@1u01$ Operate J¥LLBNW MU

w ¥ ddldl & o + ] L Y duq'ul vg
snMayNn savEa N ety & an UAR YD NREIHIMIINUNNYVTZAUAT 9 MU

Reserveir Storage levels

Reservoir Stcrage, Cumulative (ACeFT.)
No. Top Inactive Top Buffer Top Cons. Top FC.
1 1,000 5,000 50,000 100,000
2 5,000 10,000 100,000 200,000
3 10,000 20,000 150,000 500,000
4 50,000 100,000 200,000 700,000

$¥a9N19 operate BWLIMAIMY 4 LN ARl

{1) vapsliHan L 9m Floed control storage L%ﬂﬂﬂﬂﬁ?ﬁiéﬂ%ﬂ?ﬂﬁﬁﬁ?ﬂ

(2) uappliMam oM Conservation storage TEBN 1 ﬁaéxwﬂa;ﬂﬂ Top
of buffer fudufitusn

{(z) Yaaeih3 N L ¥R Conservation storage #ﬂélﬂaﬂlfﬂ top of buffer
BESEN 2 wr 3 iudusuaely

(4) #2Wfan 19Us DL N L 2R Conservation storage IMUBLEA top of
buffer ®OIA b

(5) UﬁBHﬁHQWﬂ Conservation storage ﬁﬂéﬁﬁﬂf? tcp of buffer

1 9 fu
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N1MMUR Operating criteria U HEC-3 Wt HEC-5 WhlRlapnasTien
MIaY 1-8 EMIVUARY Storage level MANUARED N  Winatwuaeifan 1-6 TaulH

v 4 ¥
inuweraliy .-

Level 1 = top of inactive pocl ﬂﬁéﬁﬁ 4 BN

Level 6 = top of floed control pool ﬂﬂﬂﬁ% 4 AN

dhu g s

Level Res. I Res. 1I Res. III Res. 1V

6 100,000 200,000 500,000 700,000
5 50,000 100,000 150,000 200,000
4 5,000 100,000 150,000 206,000
3 5,000 10,000 20,000 200,000
2 5,000 10,000 20,000 100,000
1 1,000 5,000 106,000 50,000

13
' o 1 o . - 4
HEC-3  awtsatihamandeinuinsifitnatTuie Release priority

v

H ]
iizfuge (mIeLaY 6) WWHAfuusn e Ea M SON LA Release priority PANBN.

X e S 2o N 1% w -
TeanegiuTundhluewlh fpm 6.2

Level Res. I Res. II Res. 111 Res. IV

Top of & 53 [ 6
Floed Control i

TOp of 5 4,5 4,5 3,4,5
Conservation

Top of 2,3,4 2,3 2,3 2
Buf fer

Top cf 1 1 1 1
Inactive

- . .
UV 6.2 Reservoir System Priority of Operation (HEC. 1974)

il
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6. Input Data Cards

A.

Title cards : T1, T2, T3
Job cards : J1, ..... J9
System Specification Cards (3 Subsets)

Subset 1 : required for all control points

{cards CP - QM)

Subget 2 : required only when there is a reservoir located at
control point.
(Cards R1 - RE)
Subset 3 : required only when there is a power installation at
contreol peint. (Cards P1-PE)
End of Control Point Data Card {(Card ED)

Annual Data (Cards IN - YL)
Benefit Evaluation Data (Cards BN - BV)

End of Run {Card ER)

Summary of Input Cards

** Tl

*% T2 Title Cards

*%k T3

*%  J1 First job card
J2 Constants and input and output units
J3 Output options
J4 Output rearrangement
J5 Routing time interval
Je Period names
J7 Length of periods
J8 System evaporation

J9 System power




-

f——— %% CP

1D
LF

EC
sv

DV
DS
DF
DP
QD
QR
QM
—-# Rl
2 # RL

# RL
—#

#

T3— ##

##

RS

RQ
RE
Pl
PR
PQ
PT
PP
PS
PE

ED

Control point specification

Control point Identification

Local flow spec.

(Control point subset)

Hydrologic paremeters used in econ. evaluation

Locations not served by reservoir

Varying diversion requirements

Diversion spec.
Diversion rate

Parameter status

Varying desired flows

Varying required flows

Max. permissible flows

First reservoir card

Resersoir target level

Reservoir target level

Reservoir storages

Reservoir area

Reservoir outlet capacities

Reservoir elevations

First power card

{Cont'd)

(Reservolr subset)

(Power subset)

Energy requirements

Power releases

Power tailwater

Power peaking capacity

Power Storages

(or releases)

Power efficiencies vS. storage

End of contreol point data




*% IN
4 YE
EV
YD
YP
YS
YQ
YL

BN

BP

b~ BV

ER

Note

6-9

Yearly inflows (Annual Data)

Yearly index evaporation

New evaporation for control point (reservoir) for each year
New diversion requirement for each year

New power requirement for each powerplant sach year

New system power requirement for each year

Desired low«flow requirement for each year

New storage levels for each year

Benefit name (Benfit Evaluation Data)
Benefit « parameters
Benefit values

End of Run

**%  Required cards

Blank Optional

# Required for all reservoir

## Required for all reservoir with powerplants

1. Control point cards (CP-PE} are repeated, as required, for each

control peint in turn in downstream order

2. Reservoir cards (RL-PE) are used, as required,for all reservoirs.

3. Power cards {(Pl-PE} are used, as required, for all powerplants.

4, Annual cards (IN-YL) are repeated, as required, for each year.

5. Cards BP and BV must be supplied in pairs for each successive

sequence month for all control points having positive indicator

on EC card for each economic function in turn.
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. . = = "
6.5. output Data Description IIMASIAUAPEN Standard Output MW

[Y] =t
6.5.1 Printout of Input Data ﬁaeuﬁax Control point QSQﬂQﬂEiH@?Tﬂ

vualinlutainedin

6.5.2 Monthly Reservoir Operation Data Arranged by Year lm81uuﬂﬂ3ﬂ

WUNMNINS simulate BB UADLLADUUBEUARE control point ﬁsngj
(1) Annual Input Data
~ Inflows
{2) Control point identification
{3) Flow data
- AVG {annual/monthly averages)
- LOC FLOW
- UNREG
~ INFLOW
- RE@. DIV,
~ DIVERSN (actual diversion)
~ SHORTGE (Diff. between REQ. DIV, and DIVERSN)
(4) Reservoir data
- EOP STR {end of period storage)
- EOP EL {end of period elevation)
- EVAPO
- REQ PWR
- 58YS 1 (energy requirement for power system 1)
- SHORTGE (Shortage of energy req.)
~ 8YS SRT (diff. between sysl and power)

- CASE (first two digit indicates control point and last
digit indicates controlling conditions,
i = min. Q requirement, 2 = power regquirement

3 flood control release

o
i.e, 2101 (control min.Q Y control pt.21)

- LEVEL (end of period storage level)
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{(5) flow release data

- €SV REL (release to meet conservation requirements

downstrean)
~ RIV FLOW (magnitude of regulated river flow)
- DES FLOW {(min. desired flow)
MIN I;'LOW
SHORTGE (Dif f. between PES Flow and RIV FLOW

MIN, FLOW and RIV FLOW)

6.5.3 System Power summary

~ REQUIRD (system energy requirement)
- USABLE (total energy generzted based upon plant factor)
- TOTAL (total enerqgy generated at powerplants)

- SHOPTGE (diff between REQUIRD and USABLE)

6.5.4 Average Values of Cata for Simulation Period

e IR 9 A5 N 1uAL ofeeeenth 1181289015 Operate

6.5.5 Shortage and Frequency Data

nTsTiTIF NERUARUE e nRan s APImEN HEC-3  TRUn

DIVERSION SHORTAGE INDEX

- FPCWER SHORTAGE INDEX
- POWER SYSTEM 1 SHCRTAGE INDEX
— DES FLOW SHORTAGE INDEX

- MIN FLOW SHORTAGE INDEX

- . o ¥
NISATIENM WIALASUE W ToRN TR

N
' 2
SHORTAGE INDEX = 100 T ¢ ANNURL. SHCRTAGE )
1

N ANNUAL REQ.
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N BN
1926 1927
Annual diversion shortage 64 0
Annuval diversicn req. 1,000 1,000
Annuel shortage as a ratio .D.064 0

Number of years of operation 2

Diversion shortage index = 1%2 ((0.064)2 + 0}
= 0,205
v [} (]
1 index = o usmLiiRITAUARY
= .y
index = 1 svihnstiimastnueey 10 % milussy 100 1 vk
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é 6.6 HEC-3 Example

¥

TEST DATA 1 - DESCRIPTION

. General

iThese test data 1)lustrate-the use of this program in simulaiing
¢ the operation of a two-reservoir system to meet downstream flow and
: diversion requirements. '

Diversion Return Flow . :
- - c.P. 2

\- ' -~
.\“‘.“‘ o .

Div, C.P. 3
~“( 3} Ashokan Reservoir

: Return -
£ Flow -~ ol

CDP' 1
Schoharie
Reservoir

P C.P. 4

Kensico Rusorvoir

C.P. §
©

Hydrotogic Data

i 15

I

. Average monthly evaporation was obtained for the basin and input on the
- J6 card, The monthly value was applied to each reservolr by specifying
Etho ratio CEVAP (R} card, field 1§ equal to 1.0, :

: Streamflow information was available at only one gaging statipn (6) in
: the basin; therefore, it was necessary to use drainage area ratios to
: compute the Yocal (flow below upstream reservoir and control point)

. monthly flows at each control point by use of the LF card.

[ .

Ratio to Flow

- Control Point Station 6 " Remarks

; 1 ' 1.330 Inflow to Schoharie Reservoir

? 2 0. Receives diversion from CP No. 1}

; no lTocal flow,

: K 1.09 Local flow between Schoharie and
Ashokan Reservolirs,

4 0. Receives diverston from CP No. 3;

no local flow.

g 5 0. No Jocal flow.

1, S5 R - A
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| Flow Requirements and Constraints

The following table shows the flow requirements and constraints by cone
. trol point:

Control Point

] 2 3 4 5
Diversion Requirement 63 » 52 -« 0
(Q0Vi 10 card, field 1) -
Hinfmum desired flow 0 ] n 0 wh
(UMN; 1D card, field 2) .
Minimum required flow 0 0 0 0 0
(QM2; ID caFa. field 3) '

Maximum Permissible Flow 928 99g9ggwxs 958 99999 953
{QMXX; 1D card, field 4) |

*The diversion {s actually a return flow and {s indicated on the DV
card. In both these cases, the return flow is 100 percent of the

diversion, .

**Tha minimum desired flow at CP No. 5 varied by month; therefore, a
QD card was used for input.

*#*There {5 no actual maximum flow constraint, so a large number was
used.

Reservoir Data

The reservoir storage has been specified by four levels (NL; J1 card,
field 3}). The first level §s the minimum pool, the second is the top
of the buffer zone, the third the top of the conservation storage, and
fourth the top of the flood contrel pool. (See Exiiibit 1 for a further
description of levels.} There is no buffer storage or flood control
storage in this test, but a minimum of four levels must be specified.

Reservoir Storage

Schoharie : Ashokan

Inftial Capacity . 64,166 339,016
{STORI; Rl card, field 2)

Top Flood Control Pool ‘ 66,000 393,000
(RL card, Level 4) :

Top Conservation Pool 66,000 393,000
(RL card, Level 3)

Top Buffer Storage | 6,140 . 6,140
(RL card, Level 2) .

Minimum Pool 6,140 6,140

{RL card, Level 1)




TEST DATA 1

RESERVOIR SYSTEM ANALYSIS

BEC3PC ,by Dr.

5 1928

12 10

1. i.

2. 2.

1 3

63 O

1 6

1. 64166

1 |

3 1

4 123

g 20

928 928

980 10060

2 3

0 0

1 6

i -1

3 5

52 0

1 6

1 339016

1 3

3 3

0 1230

g 150

960 960

404 470

4 5

0 0

i 6

K] -1

5 -1

o 0

i &

592 575

625 615
628 1080 1527
629 63 58
630 626 557
631 20 71
632 2b 37

Varawoot Vudhivanich,

4

0

1000
3530
190
928

1040

99999

958

1060
153060
1343
960
510

949989

958

551

272
343
s19

19
637

6-15

September 1994

0 0 1
0 i 2.
SCHOHARIE RES.
614
66
6140 9660 21200
300 440 630
928 328 328
1050 1060 1080
DOWNSTREAM
ASHOKAN RES.
6140
393
55200 138000 254000
3312 4983 8671
960 960 960
530 550 570
DOWNSTREAM

RENSICO INFLOW

551

545
148
371

39
171

530 534
578 1031 10390
1281 1787 887
906 575 296
365 18405 917
389 1391 404

36800
850
928

1100

393000
8425
960
590

530

924
251
502
642
264

0
3. 3.
55200 66000
1000 1145
928 928
1120 1130
580 643
708 343 224
84 18 47
63 29 29
454 91 55
95 28 14
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6.7 Card Description

"we 3 Card - First Job Card
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Job Cards

Job card which specifies program options and operation priorities.

Fieid Variable Value
] NYRS +
2 IYR +
3 HL +
4 1CONS 0
+
5 IDVSP 0
+
6 1PHPR 0
-1

*ﬁRequired cards

Description

Humber of years in routing.

Humber of first year in routing (1935,

for examp]e):

Hlumber of target storage levels at

each reservoir.
are required,

(limited by dimension} is eight.

At least four levels
Haximum number of levels

Levels

are qescribed on the PL carq.

If ICONS is zero or blank, downstream
conservation releases will be restricted
to channel capacity to sinulate flood
control considerations in conservation

studies,

This is the normal option for
conservation studies.

>

If 1ICONS is positive, conservation
releases are not restricted by down-
stream channel capacities.

If TOVSP is zero or blank, uncontrolled
spill will be released to the river

belqw a reservoir.
option.

This is the normal

If 10VSP is positive, uncontrolled
spills will he added to diversion if one

exists at the reservoir.

1.

If IPHPR is zero or blank, power shortages

See Appendix

will not be declared within the buffer
zone (between levels 1 and 2), This
perimnits power production to share the
highest priority throughout the full

~conservation pool,

If IPHPR is -1, power shortages are
declared when the reservoir storage is

within the buffer zone.
povier a lawer priority than other purposes

This gives

served by water from the buffer storage.




J1 Card {continuer)

Field Variab}e
7 IDVPR
b IFLOW
9 . JUPQI

Value ,

0

6=-17 ]]

Description

If IDVPR is zero or blank, diversion
shortages for diversions from a

reservoir will not be declared within
the buffer zone. This permits diversions
to share the highest priority througihout
the full conservation pool.

[f 1TUV¥PR is -1, diversion shortages

are declared when the reservoir storage
is within the huffer zone., This gives
diversions a louer priority than other
nurposas served hy uater from the
nuffer storagqe,

Haximum yield will not be computed
for any control point. This is the
normal option for most studies.

Control point number for location
where maxinum yield is to be con-
puted by iteration process. ‘laximun
yield can Le computed for only one
conbrol poinl locatioh poer run,

See Appendix 1.

Local inflows, read from IN cards and
computed by ratios on the LF card, are
cunulative flows and are for areas
upstream of the control point and down-
stream of the nearest upstream reservoirs;

Calls for specifying local flows (IH
and LF cards) as incremental inflows
between adjacent control points.
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* J5% Card - Routing Time Interval

Job card which specifies the time intervals to bz used in the rodting.
If omitted, default values in parentheses will be assigned.

Field Variable Value Description
1 NPER . + "umber of routing periods per year.
(12) ' tlormal number is 12 for conservation

studies, Periods do not have to he

of equal length in conservation studies
and do not necessarily coincide with
calendar months. Dutput format is
desiqned for 14 or less periods per

YRar.
2 IPERA + The identification number of the
: {1) first routing period in each year (i.e.,

IPERA is 1 if routing is done and Jata
supplied on a calendar-year basis;
IPERA is 10 if routinn is done and
data supplied on a water-year basis}.

* J3 Card - System Cvaporation

This card specifies index evaporation rate for the entire system

for each period. If HPER (J5 card, field 1) is greater than 10, two
- cards must be used to describe the evaporation, [f omitted, card YE or
EV must Le given.

Field Variable Value Description
1-12 EVAPO + et index evaporation rate in inches

(or mm if BETRC is positive). Specify
HPER (J5 card, field 1) values in
successive order, one value per field,
The first value must be the value for
period number IPERA (J5 card, field 2),
Usually computed as the difference
between evaporation and rainfall, 'ust
ne supplied as positive when cvapora-
tion exceeds rainfall and negative when
rainfall exceeds cevaporation.

*Qptional card '
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cp

C. Control Point Subset (Cards CP-M0Q)

** CP Card - Control Point Specification

The CP card specifies the control point number, the relationship of
the control point to the next downstream contrel point, and the physical
components that exist at the control point. [t is required for each

control point.

Field VYariable VYalue
1 ‘M +
P4 MONST +

-1
3 IPRN 0
-1

4-10

**Required card

Description

Contro) point number. Hust be an integer
between 1 and 40 (limited hy dimension) or
between 1 & 30 if a reservoir,  Control point
nubers do not have to be in numerical order,

Control point numher of the next dovwnstream
control point,

Use -1 when Il is the most downstream
control point.

Zero or blank indicates that standaid
output printout is.desired for this
control point.

Value of -1 indicates that standard ocutput
printout for this control point should be
suppressed, If -1 is specified, only
summary data wil) be printed for this
control point.

Hot used.




v
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** ID Card - Control Point ldentification

) The 10 card is required for each control point. It specifies
diversion and minimum flow requircments, maximua flow capability,
and the control point. name,

Field

1

5+8

9-10

Variable Value
qov! +
' +
QM2 ! +
gmxx! +

CPT Alpha

Description

Diversion requirements at this control
point, This value will he used for all
routing periods. Requirements that

vary from period to period are specificd
on the WV card,

Ainimum desired flow at this control
point. This is the flow requirement
which will be met at all times when

the storage level in upstream reservoirs
exceeds the top of the buffer zone

{see RL card}. The purpose of this
constraint is to permit a flow require-
ment somewhat higher than the absolute
minimun to be used when reservoir stor-
age levels are not critically low, If
Qi1 is specified as a positive value

in this field, that positive value will
be used for all routing periods. ‘linimuu
desired flovs that vary frow period to
period within a year are specified on
the U0 card.

Hinimum required flow at this controi
point. Reservoir relcases will be

made to maintain this flow requirement
as long as there is any uscable storage
(betvieen levels 1 and ?) in upstream
reservoirs., linimum required flows at
this control point that vary frow period
to period uithin a year are snecified on
the OR cardd,

Maximum permissible flow at this control
point. Usually the nondumaging channel
capacily is specificd.  Reservoir releases
that would cause streamflow at this point
to exceed this value will not be permitted
until reservoir storage exceeds the top

of the flood control pool (the highest
level from field 3 of J1 card). If

maxtwum permissible flows ot tins con-

trol point vary frow period to period,
they are specified on the OM card,

Control point identification or name,
Both alphabetic and numeric characters
can be used. It is not necessary to
include the control point number in
the station identification. Limit 1s
32 characters including blanks.

Not used,
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-#* LF Card - Local Flow Specification

This card specifies the identification number of the flow data (Il
cards) used to compute either cumulative (JUPQI = 0, on J1 card} or
incremental (JUPQL = 1) local flows for this control panint and the
ratios used in the computation, 1f NFLH is greater than 4, two or
more cards will be required. Omit if there is no computation required to
obtain local flow, This can occur if: (1) IN cards -are provided for
this control point that represent flows bLetween this control point
and control points immediately upstream (JUPQI = 1); or {2) IN cards are
provided for this control point that represent flows between this control
point and al} reservoirs inmediately upstream (JUPQI = 0}, Omission of
this card requires the flow data (I card) to have the same identification
as this control point (CP card, field 1)

Field Yariable Value Description
1 Q NFLW + Humber of flow locations involved in

computing Ytocal flow, either cumulative
ar incremental (based on JUPOL)}, for

this control point, This will be positive
ify (1) wo flows are provided as input
on IN cards for this control poinl and
cumulative or incromental local flow is
to he calculated by a ratid (such as
drainage area ratio) times some single
input flow data location ('HFLY = 1} or
some combination of multiple input fYow
data locations ("IFLY > 1): or (2) if
flous provided as input on Il cards for
this control point, are total flows at
this control point rather than incremental
or cumulative local flows. The sumnation
of all NFLY for all control points rust
not exceed 90 (dimension limit). :

2 - NG + Identification number of first flow

station involved in camputing local flous,
for this control point (nust equal an ¥

on I cards). Identification nusthers for
flouw stations do not have to carrespond

to control point numbers, but they must

Le integers and less than 40. See descrip-
tion for variable Mt (Il card, field 1).

3 RTIO + Ratio by witich flow data for station H)]
‘ in preceding field is to be multiplied
to obtain local flow at this control
point, Wegative value indicates flow
at station 1 should be multiplied hy
RTIO and then subtracted frow other
Flows fnvelved in the camputation.

4-9 Repeat values of MG and RTIN until HFLU

. pairs have been specified. For example,
to calculate cumelative or incremental
local flows between a control point and
two inmediately upstream reservoirs where
the input flow for the contrel point is
the total flou and where the flow identi-
fication number for the control point is
7, and the flgw identification numbers
for the two upstream reservoirs are 2
and 5, the input values would be 7, 1.0;
2, =1.0; 5, =1 in fields 2-7, respectively.

10 MQ(5) + Fvery fifth pair of N0 and RTIN will be
split between the tenth field of onc
card and first Field of the next card,
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u. Reservoir Subset {cards R1-DE)

# Rl Carg - Virst itesarvoir Card

This card upecifies some physical characteristics of a reservoir at
this conteral ovinn,  Oadt cards R1-PR AT there i no reserveir at this
contro! poist: then the next card witT Ge CP card for next control point,
or LU card of thrs is the wost downstream control point in the systen.

Freld Variabia vyalue Description
1 TEVADR + Ratio of net reservoir cvaporation at

this reservoir to index evaporation
{(J8, YE or EV cards).

7 STORY + Initial storage in standard volume
units {acre-feet or thousand cubic
meters).

~1 I[f this is a setond set of data follow-

ing a complete data set in which IUPDT
(J3 card, field 4) was positive and if
routing is to continue using cnding
storage from last period of prior
routing, specify -1,
3 BLKG + Leakage through or under dam or powcr-

house in standard flow units (cfs or m3/sec).

flormally only used to specify water vhich

continuously passes the dam but cannot

be used for power generation,

4 1SERCH f If 7zaro or blank, no spilluay surcharge
allowed, and excess flood flows will be
spilled when storage exceeds top of
flood control pool {J1, field 3).

o+ Positive value allows spillway surcharge.
The fload releases above top of flond con-
trol pool will he limited to the specified
outflow capacity (RS and RQ cards}).

5-10 ot used,

#required for all reservoirs.




# RL Card - Reservoir Target Levels

This set of cards specifies L {(J1 card, field 3) target storage
levels for this reservoir. At least four lovels are required. The
lowest level is always the bLottom of the conservation pool, and the
second level is always the top of the Luffer storage zone., If there
is no buffer storage, target storages for levels 1 and 2 will Le
identical each period. The highest level {level HL) is always the
full pool level {top of flood control), In conservation routings, the
second highest level fs always the top of the conservation pool, In a
reservoir with no flood control storage the two highest ltevels will be
identical for each period. Tor reservoirs with no active storane (such
as run-of-river power projects) all levels will be identical for all
periods. In the case of a run-of-river pover project the storage value
specified for all levels should be the storage corresponding to the
pool elevation at which the average head can he developed, If nore
than one card is required to specify the storanges at any one level, the
values on the second card should start in field 5. The cards for cach
level can be read in any order. ‘then cards are omitted for a given
lavel, storages are assuried equal to the next lower level.

Field varialle Value Jescrintion
1 L + Lavel number,
2 it t Control point number, iust correspond

to it on CP card, field 1.

3 IRPT 0 Storages will be read for all periods.
Two RL cards are required if NPER (J5

card, field 1) is greater than 6.
-1 The STORL value specified in field 5

{multiplied by FACTR) will be repeated
for the entire NPER periods. Only one

card per level is required.

4 FACTR 0 Default value of 1.0 is assigned.
+ Factor by which STORL will be multipiied.
5-10 STORL + Storage in acre-feet (or thousand cubic

meters) for target level. Used to
balance storage among reservoirs in

supplying system water and power demaqu,
Beginning with the lowest level, specify
a storage value for cach period untid

NPER (J5 card, field 1) values have been

specified for that level. The first

value, which will appear in field 5, must
be the storage level for period number
IPERA (J5 card, field 2). 1f more than
six values are used, the remaining values
. : start in field 5 of the following card.
Fields 1 through 4 of the second RL cards

of the same Jevel are left blank.

#Required for all reservoirs,

RL
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RA

¥ RS Card - Reservoir Storages

This card specifies the reservoir storage capacity table. As many
as ten (limited by dimension) values may be used.

Field Variable Value Description
1-10 STOR + Reservoir storage capacity in acre-

feet (or thousand cubic meters).

Specify up to ten values, beginning

with the smallest value in field 1.

Cach value must he equal to or larger
than the preceding one. The smallest
value should be smaller than the storage
for the lowest level, and the largest
value should be as large or larger than
the storage for the largest level. If
ten valtues are not needed, e unneeded
fields should be left blank. Since the
program interpolates linearly in this
table and in the tables on the RE, RA
and R{) cards, and since the valuas on
the RE, PA and RQ cards must correspond
to the storage values on this card, the
storage values should be selected so as
to make linear interpolation relatively
accurate between any two points on any _
of the four tables. Storage values should
be selected to correspond with major dis-
continuities in any of the other three
tables.

# RA Card - Reservoir Areas

This card specifies the reservoir surface areas corresponding to the
storage capacities specified on the RS card.

Field Variablo Yalue fescription
_ ¥-10 AREA + Reservoir surface area in acres (or

thousand square meters) corresponding
to storage capacity in same field on
the RS card,

#Required for all reservoirs.

]Cards NS-RE are entered as a set for each rescrvoir. AlY four cards aro
required for every reservoir. Each card in tie set for a given reservoir

- must contain the same number of data items. However, it is not necessary
to use the same number of data items for all reservoirs.
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# RQ Card - Reservoir Outlet Capacities

This card specifies reservoir outlet capacities corresponding to
the storage capacities specified on the RS card.

Field Variables Value Description
1-10 QCAP + Total reservoir outlet capacity (including

condujts, turbines and spillways) in cfs

(or m?/sec) corresponding to storage capacity
in same field on the RS card, Special

care is needed to define this table properly
to describe abrupt changes resulting at con-
duit inverts, changes in flow control and
spillway crests.,

# RE Card - Ruscrvuir Llevalions

This card specifies the reservoir clevations corresponding to the
storage capacities specified on the RS card.

Field Variable Value Description
1-10 EL + Reservoir elevation in feet (or meter,

corresponding to Storage capacity in
same field on the RS card.

|
I* DV Card - Varying Diversion Requirements

!

This card specifies diversion requirements at this control point

that vary from period to period and normally requires two cards. Return
flows can be specified by entering the control point number of the upstream
diversion in field 1 and a negative value for the return flow ratio in
field 2. For example, a value of 26 in .field 1 and a value of -.35 in

.. field 2 would indicate a return -flow at this control point which is 35

» percent of the flow diverted at contro] point 26. Return flows can only
be calculatéd as a function of diversions at one upstream control point.
Supply a DV card{s) even if YD cards supplied. :

Field Variable Value Description
1 QD1V + ~ Diversion requirement§ for first period

in standard flow units (cfs or m3/sec)
unless nonstandard flow units have been -
specified by CHSTO (J2 card, field 6),

If field 2 is negative, this is the
control point number as described above.

2 - QDIV + - If positive, diversfon requirements for
second period; NPER {J5 card, field 1)
values must be provided,

- If negative, ratio to compute return
flow as described above.

*GQptional card
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* QD _Card - Varying Desired Flows

This card specifies periodically varying minimum desired flows at
this control point. [f HPER is greater than 10, two cards are required.

Field Variable Value Uescription
1-10 QMIN + Ainimum desired_flow in standard flow

units (cfs or m3/sec) unless nonstandard
units have been specified by CHSTO

(J2 card, field 6). Specify HPER (J5
card, field 1) values in successive
order, one value per field, The first
value nwust be the value for period
number IPERA (J5 card, field 2).

G. Annual Data {Note Change in Fonuat)]

** IN Card ~ Yearly Inflows

Inflow cards for each station specified on LF cards.

Fleld Yariable Valuu CBescrdplion
1 M + [dentification number of input inflows
fealaens 3-u). Must be Yess than 40,
¢ PUT + Last 2 digits of year (columns / & H),
3-14 QI + Inflows in units corresponding to CRSTI,

NPER items per station (12 fields of 6
colunns each, with first field in columns
9-14 on all cards).

F. End of Control Ppint Data

ED Card

Card with characters [D punched in columns 1 and 2 to end reading
control point sequence cards P-PL for last control point

6. 8 Lan®13d1489
(1) Hydrologic Engineering Center, HEC-3 {Reservoir System
Analysis for Conservation),User's Manual, US. Army Corps of

Engineers, USA, July 1974,
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NIRARUIN

HEC 3 (PC Version)

Reservoir System Analysis for Conservation

1.

2.

Installation

#3519 Subdirectory <:\HEC3PC

Copy files taUsznaufii

- HEC3F( .EXE

- HEC3READ.ME

- HEC3SUM.EXE

- HEC3SUM.DCC

— H3PERAK.DAT UNe TEST1.DAT (input data file)

RN TNRY

ec:\HEC3PC

Program Execution

2.1

2.2

aQa § o
run program TAENURANIT HEC3IPC

units

unitéb

i}

[

input data file (i.e. H3PERAK.DAT)

=
output data file (i.e. H3PERAK.OUT) W38 PRN Wi8 LPTI

run HEC3SUM.EXE

uniti

unitb

uint té

]

H3PERAK.OUT

H3SUMP.DAT (fi format U HEC3SUM.DOC)

H3PERAK. SUM
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Tank model
Stanford Watershed mode! (1986)
USDA-HL mode] (1970)
SCS model (Soil Conscrvative Service,1957)
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SACRAMENTO Waltcrshed model (1985)
SSARR model (Stream Flow Synthesis and regulation, 1972)
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HEC~1 Flood hydrograph Package
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HEC-6 Scour and Deposition in rivers and reservoirs
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nanluguansuf (8) tnmnmﬁmﬁﬂ%}wagﬂwu (streamflow gencration)

& g v W ol W - - | S -
7. Turusauiisuimdasiumsndsumdndsunfinespunsuldifudfinonnmnedou
» » 3 - T J
snmsldaumidis q dedalyil

L =g, /6XK o —g, /6)+ 1] - 82/ g,) R & £ )

xi'mzx'*‘!»i'msj P % <
Qi,m= Antllﬂg Xi,m—ql 2essstesassssntseunREsR e RAdRDaS (7n14)
Qi,ma 0 RS SES AN RES LSS FR TR SRS RO TR AT IA A GRS ES LRSS SR (7015)

- | . ol e ¢ v . w .
dwivdfinanmhnedisy  Qi,m  fisnnuldiazanifidunand wiamhivgud dmnh
Hevduavszimualvivhiugud

8. Tupsgiedayslmi (sueamfiow generation) Wiunsushmasnnmaymstanaynn

. o . - : r T . . ¥
comelation matrix W88 Crout _dmivudaramiiuasudasdiay nninhmimnuiinounioes

' . . - - 1w 'Y - ] - . o
udssamiilasrnnnudandaufiodaduld dwmildaumsn (18) lasssGunpimanemnanil
. & . 4 | S A & ¥
Tuidauusn wazAannmi@eude 4 W ninussdasnBnannmme@suhainiuininailudin 2 ¥

usninly



K‘llj‘-'-ﬂlx‘i'z'lb_*Bj_lx'i'j_t4BJK‘}_l‘i+Bj+|K'-l_Ilj’!+__,+B K, +JI-R i‘izllj

ni-1Ln t4rsssssasstraressseay (7'15)

k = A" monthly flow logarithm i}mam'lufiwmﬁ'm\}-sﬂnﬁmmsw
p = FudssAniudAmomann corclation matrix

n = SwovamifianuaniuRudty

R = duUss@ndandnuiud@sdou (multiple regression coclficient)
Z = VUaYgx (random number)

i = month nuniber

j = slation number

- Lrd A‘ - -l =] - Ld - > 3
fmivnuazBsaiandminiimidneitdluuuhas BEC-4 midnaglovasun
a9

1.4 INPUT DATA

wuusiaas HEC-4 ansmhnulévarumadan (options) Beagfldaedf (HEC. )

~ Standard anlysis and generaticn ’ '

~ Mulli-pass reconstitution and generation

~ Flow projections

- Compuic and usc gencralized slatistics

- Statistics fumished

~ Generalized slatistics furnished

Falfut input data SeilinnuwnmneduanstuniasiasasuRuneTusunsududoatugn
FORTRAN IV ust input data f3numeiilu (data cards) sauamalunIeRINSEm ¥unRtwaen i
winmenRuaatuuy pC BY@ input data At thaus 5¥e Cline) dmdunssmfitinusausasin
(card) szavauliFmiuld card identifications Butiudadnws A B R athelsfiam ioput data Liish
Hludpeiinnunning msltiasude card identification yaladuagiumadeniias run
Tsunsu

' - - - . . 4
mnﬂizawmmfwmunm:nmaann 1 A8 standard Analysis and Generation ﬁmmm'lu{m
' 1 -» L] -l L L4 - w - L] ': 4
Tumsdssinmiladiuetiwg et input data dmiumadandandniiuaadtilummm 1 sty
il card identificationeg} 7 8nwsmEiuAa A. B, C, D, E, H uaz I

. . . . wo o - Py
MIMgAMIIUUTaeY HEC-4 nsmislalifdasfinadulitaniidnys A uasarudg (Blank)
4 - 4.‘ b - 1 x Ld
cards Bn 4 1u vlavasfiiimmizanes A Tunsdniusnonuuduiu s lu
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7.5 OUTPUT DATA

wuuhasyhmaiu oUTPUT DATA Wy FILE fimidasms Sadsenauduiosuimanes

] - L4 e v e »
key input 6 1 U8 Sadwdnaafidnnulddmiu input data Aldusstilummed 7.1 9314 output
data dauamtilumaii 7.2

7.6 WAVRNAT LATITALT It MY

- | A & o ¥ aw Vo, .
Tumsiiwnsiinonnmdwivgeiammaundnni ldllamiiiaurniu snfudosdinn
r [} - ¥ J z L% -l - t J z
faysllinaunhainamiidy q Ineguineiiis ussbrainiansiBnaumh o ikems
T v e g
unsnn mutiuapundndsdelui

y o TR
1. Anngusumstuninenmvsnliinaudurelnge sssafiguhAdnnussuinuhs
- v w aw ¥ ' - 4 #u ¥ o
ifisd Tasodudayannamiliauruan 1 wisdnnninuwuiinamtullinaduneTiage

| ) od o ] ' « ¥ - 14
2. AmmAmnaninhmetiedsdewhsfuimsuuituardnhmnnnsdfdayaBnaninh
weamiisn Aogladidm

- - L ] -l N r ¥ - 1] - t [} '
8. Yhmdanguamiiiounh vishmudennguamilimnh TesRmrendnBinnnmhned
d . d J .
wazdamiefui wasFinadunstindsdiundn

L3 -» L] i & ' 1} J L - 7 r 1) L]
4. dmiunguamiFimnmmiinmden mndevnuiinuih nad@sveswdazamil T
- . T r. -l-v )
sdfrmmusain: sawnsliwvuihasy HEC-4 fmnhihiffanillaffidefarineiin flacannin
ol &
fivsomisystiinudunsidsusssaminmegiuuinulodidnis

by - ¥ =y -y 4 ¥ » v, T »

5. Wmsdenamiliminhiiiuemieei Sadnesdeveneoysliud) ondudivam

| - - & . . T W t .
Yhinoumhnifoy o esissgeedEuwinniteims nfaystBinonnmhredausasani

L P - g de T - - ]

mniidsmsmuqudmsuiniasy donmaindanduiuniuuy wiennanuinRugswin

| S 4 " S ST '
Vinonninelindeuariunigun
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7.7 18A#1161489

1. 79swa udaumin. ndsriiwMuagasuuustase HEC-4.
Mg I TTImIRgIn . eugidanstudtand  amaMmuiasi neaIAtERT.

TUTTIAN 1993,

2. Hydrologic Engineering Center, HEC-4 (Monthly Streamflow

Simulation}, US. Army Corps of Engineers,
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AVTWN T 1

A

4

A

B 1904
¢ I

b

B 3
B10T1305 4.64
HI0T1906 312
B1OTIN0T 867
BLieIse4 2,72
BHIDISRS 23.5
§1101806 2.9
BI10180T 6.40
§1101908 17.47
SHI1E904 124
BI11905 118,
Fi111506 11.2
B111198Y 31.4
I

A
A
B 1904

¢

E1971905 4.64
BIOT1906 .17
B1071801 861
BI101904 2.7
H1101805 33.%
R1I01906 2.59
RIIOIET 6.40
B110§908 1.07
I

i

EHILIS0E 124
Ri1l1908 Hi§.
Biitises 11.2
#1107 31 A
I

B 19

c

Hlio1s04 2.12
B1101%05 33.5
B110130¢ 2.59
BII0198T 6.40
Hioisg 1.0
BILIESG4 124
H115180§ 114,
ALE1806 11.2

BEE1I90T 314
1

3 107

7-8

¥BHN Input Data ¥BY HEC-4

TRST DATA - 123-T6-L2340
NONTHELY STREANFLOW SINULATION - NOV 1370
STANDARD ANALYSIS AND GENERATION
1 1 5 10 5 i

119 in

1 1. 1.

.73 M 512 30.2 M5 18 M LM L8
1,35 2,25 33.2 6.7 &4.2 3.1 183 107 LW
1.98 314 72,8 32.% 121, 2.4 10.E 648 L8O
4,00 3.38 3.6 13.2 4.7 62.5 141, T0.2 .1
6.49 5.50 6.8% 1.0 M.¢ 47.5 835 82,7 18
$.31 5.04 48,9 23.1 152, 110, 200, 288, 214,

§.07 1.1 25.6 33.4 4.0 118, 122, 1. 648
§.37 123 12,8 18.8 L1 48.0 585 6.2 M1
13.9 13,1 12.3 3%.4 134, 213, 59, 431, 123,
31.1 22.6 8.1 5.8 116, 165, Je6. 2386. 116,
12.1 16.3 146,  60.3 330. 287. €82, 1410, 1000,
3.4 4.0 87.9 101, 248, 403. 363, 625, B4,

TEST DATA - 123-X6-L2340
HONTALY STREANPLOV SINULATION - NOV 1810
HULTI-PASS AECONSTITUTION AND GENERATION
10 ! 5 10 § t

LALLM 0.2 385 1L M 4 148
1,38 2,25 35,2 16.7 842 331 183 10.v LM
1,98 314 12,6 32,8 18, 3.4 131 649 .80
08 3.38 3.65 1.2 467 €25 11, M2 WL
§ 550 6.80 M0 M4 41,5 285 021 184
§.04 48.9 23.1 I8, 116, 200. 1288, 218,

J 256 3.4 6400 118, 122, 124, 646

i
§
i
6.0% i

6.37 12,3 12.8 18.8 3.1 4B.0 55.F 6.2 114

{
|
0t 1
Nt
{ i
13.4 13,1 1285 3.4 13,
LT 2.6 2.1 §0.8 116,

12.1 16.3 146, 68,3 330,
3.4 43,0 81.% 101, 8.

.
16%.
.
103.

596, 431, 1,
386, 380, 116,
§82. 1010, 1000,
568, €25, 484,

TEST DATE - T2-I6-L2340
NONTHLY STREANFLO¥ SINDLATION - WOV {970

FLO¥ PROJECYIONS
10 1 5 1
1908 ¢ B
£.00 .30 365 13.2 467 62.5 M), 1.2 W
§.43 5.50 608 1.0 M4 41T 885 827 184
3.31 5,04 48.9 23.1 152, 119, 200, 88, 216,
§.07 14,1 25,6 33.4 64.0 118, 132 1. W4
6.37 12,3 12,8 18.8 311 48.0 555 6.2 114
13.9 B0 1.8 304 13, 2. B, 431, 183,
M1 OR%.6 W1 50.8 LE6. 165, J66. 386, 114,
12,1 16,3 M6, £8.3 330, 281, &e1. 1014, 1680.
2.4 4.0 1.9 101, 8. 03, 6. 6. 4N,

11

583 .086
1.9 400
1.1§ L1b

6.16 7.4

£,52 .61
2.6 12.3
16.1 5.80

h.4¢ 5.01

65.2 4.7

2.3 1.6
. 6T
121, 3.8

1

48085
108 .400
L1§ LI6

6.7 .14

4.5 .61
2.5 113
6.1 5.40

B.4¢ 5.01

5.2 4.1
3 JR I N
e, 6.2
121, N8

it

LY
{8t 2.6
.6 123

16.1 .60
5.4 5.H
65.2 2.7
8.3 124
F1L O 1 8]
12, -1
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< '
AV 7.1 (¥D)

A TEST DATA - 72)-X6-L2340

i WONTHLY STRRANFLOW SINULATION - NIV 1970
A COXPUTE AND USE GENERALIZRD STAYISTICS

BoI1s04 10 { § 10 it 1

B1101904
B1191905
B1101%06
Ei101907
101908
R1111964
B1111905
H1i 11808
Aii1s0T 314
I

6.7 425 141,

t. 16,
4.0 118,

200,
122,

rp Y gup b

. 22 90,

68.3 330,
3 101 8,

-
<>
—~c

B it P et P Oy AP Oy e
- - -

403, 383,

TEST DATA - 723-X6-L2340
NORTALY STREANFLOW SINULATION - MOV 1970
STATISTICS FURNESHRD
10 10 19

T OB W= Oee Do

107 101
167 119
107 111
110 101
116 107
110 119
e 1
1t 11
I
11 W7
111 110
11111

107

48
190
39
998
R 1
% 1
381
992
994
861
.389
388
el

34
51
Al ss‘
A1
928
% K
936
979
987
ST
471
A1
277

R 1|
N3]
S
88
518
B3
501
.968
363
538

401 08¢ 000
A0T 000 L399
S92 6. 61
193 000 THO
I L899 L000
S .18 T
0% (788 TR
LT8¢ 000 388
395 967 91
315 968 000
S50 3 (76T 826
826,367 763 198
ST 1378 1449 1,851
101 509 100 681 339 151 196
167,015 -. 087 187 -.211 -.750 -.888
n a0 I B
1e .87 712
110 443 1M
18 .320 -.036
131 S
i1 1,528 1.332
11 4% 207 242 .41¢ (160 i8¢ 143 .18
11,289 (50F 35§ 118 073 LT44 -.089 253
m o83 3 8 8 LE 32 6.6

St 000
86T 000
346 9,
91 .000
A2 .80
860,826
11 { ]
S1T.080
S U
498,906
J85 808
867 .81
1.393 1,156
154,076

. e 3 .2
848 1,732 1.281 1.%6¢
263 437 (164 (259 (189 208

- 848 (150 418 986 262 -.006

1 i 2 2 8 % 15

TEST DATA - T23-I6-L2340

GEDERALIZED STATISTICE FPURNISNED
19 i0 11
H

A o e e e

107 101
Ho 18
110 110
il 101
11114 888
11 11t .18
107 1,484 -.189 .20 &,
110 1,965 .786 .289 &,
ML 2.610 1427 289 6.

531
41
18
U

10.
1.
12,

NONTELY STREANFLOV SINULATION - BOV 1970

0.2 M
4.4 (1.5 885 821 134
2i6.
4.6
4.6 558 3.2 114
431,
165, 386, 388,
287, 682, 1010, 1o00.
2.

28.
12.

000
S8
926
988
00
596
14
S92
S8
000
990
A1
118
A%

1

327
236
Il‘

19§
J28
1.4

.
ité,

LELR

6.1%
£.52
2.8
16.1
5.4
5.2
.3
2.
12l.

l,"
8]
§58
985
48
RH
A7
80
8 [}
968
86 M0
S 985
37 -0
J8 1N

48
850
483
22
1
388
R 1]
858
480
974

- 658 - 184 -. 098 -.543 -.19)

4.0

1,889 2.062 1.983 1.538 1,001

528
580
% B

388
A8

1,400 1,637 1.798 2,281 2,407 2.707 3.71% 2,345 1.878 1.5%

A8 31
n," ‘.ﬁt‘
§1 b

1

T
2.61
13.3
5.89
$.01
4.9
1.6
67.2
it

11

H

497
J8
169
536
128
A3
450
581
A9
J28
432
248
-5
Al
‘.253
.0
168
i L]}
%))
Jd

A8
it
4

1
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A3 NA 7.2 MW output of HEC-4

7-10

o <
#M51NsN standard Analysis and Generation

TEST DATA - T23-X6-L2M40
NONTELY SYRRAWPLOW SINULATION - MOV 1970

STANDARD ANALYSIS AND GENERATION

UNIPORM RANDOM NUMBER GENERATOR REPEATABLE INITIAL STAYE -

1

ITRA THUNTH IANAL WIRCS NYRG NYNXG WPASS IPCEQ IPCHS NSYA NCOMB NYNDN NCSTY IGNRL NPROJ ITRPJ WTAPJ LYRPS

194 10 1 § 10 5
CoNB 1 STA 3 10t 110
MYI0 1.000 1.000
NALINO VOLONES OF RECORDED PLOWS
i1} 10 i 12 I 2
107 § : i n i
e A § 14 {8 n
11 i L} I T |
L 1) 46 By 228 i87
NIRIN VOLUNES
in 10 i 12 i 1
103 0 1 ] 10 17
e 3 ! ! { i
11 i1 12 13 | ]
0 u 1" ] 11 85
FREQUENCY SYATISTICS
BT ITHH 1 Il 12
10T WE 8RO G.283  0.820
TV 0513 0100 oW
W 100 -1.308 14M
mcmr .10 016 612
TRARS 3 ki 3
110 WBAN 0.815 0.Y16  0.84¢
STD DBV 0.44¢ 0.130 0.282
SKEY  1.311 -9.83%  6.220
KT 9,10 0.16  0.10
TEaRs $ § §
Ul WEAR 1,438 1298 1335
SYD DBV 0.469 0.223 0.3%3
SIV 1117 0,620 1.084
Incmer 0.3 022 0.4
TRARS ¢ { ¢

1

H
000

3
121
182
30
S66

3
L]
118
187

1

1.468
.43}
-0. 627
9.38

i

1130
6.439
0.011
.30
§

1.613
0.473
.24

otss
{

0

{
n
1
403
"W

14
L1
16§
P

1.410
8,187
-1.85%

0.2
i

1.29¢
0.184
0.62%
0.2¢
$

B8
6.182
0.254
0.84
{

6

§
18
20¢
i
o

1.862
1.8
-1.67

0.81
H

1758
0.259
1.454
0.67
§

.28
pan
g.210
.0
§

1

§

11
w
1010
13609

{

1.38§
0.2
'It’!g
0.26

$

1,858
8.150
.31
0.17

]

!

3
1]
1000
1819

1
11
118
136

§

0

LI

0.08
6.4
.15

2.6

l
:

1
1

0.208

-06‘5
1.2

5

l.40
0.168
1218
¢.61
{

LN

!
§
{

g.11%

-1.43
5.50

5

{

0

N
e
HT

AP P
Al O N s OB

0.8
0,192
0.348
8.10

1.982
0.0
.48%
1.6

2.760
0.187
0.8%1
i1

Y 180 N0 S-N0

121 -85

12 1w 1 Uk

LI {1 ]
8 1309

Y S R O AR

!

0.39%
0.113
-1.48%

010
3

1,534
0.530
1.041
8.85
5

2.462
0.449
g.412
4.2
§

3579-9995999¢
1738-59999099

140 %0 MW
9 C100000000
) I 3
1 156100000008
1§ 230100000004

§ ]

0.000 -0,312
G106 h418
1.6 -0.112
LU B
! )

1028 .10
0.400  0.200
1,085 -8.131
0.15  0.10
5 §

1,953 1.8%
0408 0.302
-0.018 -0.938
1.2t 0.3
{ {

Avw
"

4
i
"

WK




- .
AU T2 (wB)

FREQUBNCY STATISTICS AFTER &DJOSTNENTS

8t ITEM

107 NRaM
§7D DEV

SKE¥
[NCRNT
(1 ¥EAN
§TD DRY

1By
[RCHNT
i uRas
STD DEV

SIRV
IKCRNT

i 1

0.012
0.40§
1.041
4.1

0.283

6,088
-1.308

b.10

0.815
0.444
1211
0.10

0.716

0,130
-0.835

0.10

1448
0.407
1417
0.4

134
0.208
8.820
.32

it

0.789
0,637
1,491
§.12

0.849
0.26¢
0.220
.1¢

1,38
0.224
1.004
0.U

i

1,403

b.363
-0.627

.38

1,130
8,438
0.071
0.20

1.669

0.409
-0.243

0.§9

- RAW CORRBLATION COBRFICIENTS FOR HONTR 10

3 S ]
107 L0
110 9.5
111 6,987

187 -4.000
110 0.96%
11 -4.080

ie i

VITD CURRENT NONTH

6.998 0,987
1800 9.497
0,397 1.000

7-11

.40

0.187
-1.68

b.2

1.29¢
184
0.825
¢.20

1.782
. 158
0. 258
0.6

1.826

0.227
-1.013

.81

1,758
0,258
1484
0.87

2.260
§.198
.
1.01

VIYR PRECEDING NONTE 4T AGOVE STATION

6.534 9.5
0.588 4,578
8,663 0.658

1AV CORRRLATION COEFPICIENTS FOR WONTS 1}

3 S ]
H 1
He
1

1.080
0.4%0
1.000

197
118
111

0.96¢
0.870
0.964

1He 1t

VITE CURRENT MONTH

8.970 1,000
1000 0.9%
0.9 1.000

VITH PRECEDING NONTE AT ABOYR STATION

§.980 0.994
0.881 0.944
8.98% 0.99¢

RAY CORRBLATIOR CORFFICLENTS FOR NONTY 12

o0
i
110
111

1.00
.30
.97

101
110
H Y

0.40)
0.236
0.544

i 11

6984 0.807
1.000 0.967
0.947 1.000

VIS PRECEDING NONTE AT ADOVE STATION

0.613 0.403
0.86% 0.442
0.748 0.851

{

1.321

0.187
-1.128

0.2

1.858
8.190
8.4n
0.7

Lin
6.16%
0.218
L.61

§

L1
6,081
0.142
0.1%

2,081

0.200
-0.453

I.21

.41

0.182
-1.4%

5.50

8.710
0.22¢8
0.348
6.10

1.982
0.328
0.485
1.20

2.608
0220
0.891
.1

1

0.318

0.146
-1.48%

0.1¢

1,538
853
1.041
0.6

1.3
0.441
8412
4.2

§

-0.033
6,13

-1.841
8.10

1,000
6.0
1.085
01§

L.85%

380
'0.0“

L3

-0.312
0.418

-0.122
0.10

0.118

0.3
-0.11

.10

168

0.6
-0.43%

0.3
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MR 7.2 (n8)

RAV CORRRLATION COBFPICIENTS POR NORTH |

311
101
118
i

107

H
1,089
0.89%
0.687

.81

110 -0.060
111 -0,089

1 1
VITE CURRRNT XONTH
0.685 0.6897
1.008 0.9%8
0.998 1.000
VITE PRRCEDING NONTH AT ABOVE STATION
0. 754 0.548
0.449 0.410
0,558 0.444

LAV CORRSLATION CORFFICIENTS FOR NONTE 3

ST

197
i1e
111

191
e
111

i0f

1.000
0.018
6.223

119 1
VITH CUBRENT WONTE
¢.019 0.0
1.000 0.9%4
0.964 1.000
VITH PRECEDING NONTE 4T ADOVE STATION

.17 -0.833 -0.801

0.995
0.9%4

0.857 0388
0.829 0.842

KAN CORRELATIOR COEFFICIENTS FOR NOWTR 3

T
107
18
38!

191

H |
1,000
b.630
0,180

110 -0.134
11 -0.50

I
VETE CURRENY wONTR
0.630 6.180
1,066 0.953
0.953 1.000
VITE PRECEDING NONYR AT AROVE SYATION
0.999 0.987
0.58% 0,483
0048 0.132

RAV CORRELATION COEFFICIENYS FOR ¥ONYR

84

197
H
13}

101
1
111

i

1.00¢
0.9%0
4.90

0.8%
0.83%
6998

1 I
VITE CURRBNT NONTH
0.9%0 0.304
1.000 0.958
.95 L1.000
VITE PRECEEING NONTY AT ADOVE STATION
0.921 0.0
0.880 0.949
0.699 0.828
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- .
FITNU_ 7.2 (RA)

RAV COMRBLATION COBFPICIRNTS POR NONTR §

STA

107
110
i

187
110
331

107

1,000
8642
8.4

e 11l
¥ITE CORRRWT NONTH
D642 0.484
1.000 0.9%
0.8% 1.000
¥ITH PRECEDING NONYH AT ABOVE SYATION

¢#.0%6 -0.048 -0.239

0.828
¢.95

B.785 0.482
b.762 0.605

RA¥ CORRBLATION COEFFICTENTS FOR MONTR §

T4

167
116
il

i
118
i1

101

1.00¢
0.502
6.9

0.548
0.452
.45

e 1
VITE CURRENT KONTH
b.992 0.99¢
1,000 9,960
h.96¢ 1.000
VITE PRECEDING NONTE AT ABOVE STATION
0.993 0.994
.38t 0,590
0.838 0.8

RAY CORRBLATION CORFFICIENTS FOR MONTR 1

im

{4
1
13}

101
1e
111

187

1.004
0.998
0.958

0.986
0.992
0.9

¢ 1
VITE CORRENY ¥OITR
0.5 .48
1.000 .98
0,989 1,000
V1T PRECEDING NORYD £T ADOYE STATION
0.557 0.998
0.948 0.987
0.85¢ 0.8

AW CORRELATIOR COEFPICIRNTS FOR NONTE 8

T

U
1m0
H

101
110
Hi

107

1.068
¢.819
0.808

6. 101
0.9%8
0.9%9

e 1t
VITE CURRENT NONTH
0.81% 0.808
1.000 6.991
0.5t 1.000
YITH PRECEDING MOMTS AY ABOVE STATION
0.76¢ 9.828
0.938 0.977
0.888 0,941




1

AN 7.2 (#a)

RA¥ CORRELATION COEFPICIRETS ROK HONTR ¢

8t 107

161 1,600
110 0.48%
HE ¢.462

167 0.970
110 0.6
111 0.664

110

¥ItH CUREBAT HOWTH

it

0.485 0.452
1000 1.060
1.600 1.000

¥ITH PUECEDING HONTR AT ABOVE STATION
0.655 0.640
0.832 0.%08
0843 9,904

RECORBED AND RECONSTITUTED FLOWS

ST TEAR
[0 1904
107 1904
107 1908
101 1807
107 1908

STA TEAR
110 13%
1o 1905
110 1906
1o 1907
10 1908

T4 T2
1 19M
t1 1905
111906
1l 1881
1 190

10
0E
5
]
1
18

18
3
"
3
§
1

10
12
11§
11
|
k71 4

i
1
2
1
:
i

e T Bar TP B e

11
14
i
i
i
an

ADJUSTRD FREQUENCY STATISTICS

IR

167 MEAN
STD DEV
SKey
INCRNY

116 RN
8Th DEV

. SIW

- [NGRNY

111 ¥R
8T8 BBY
SIgY
INCENT

19

0.014
0.40%
1310
9.10

0.816
0.444
1.2
.10

1,482
0.407
g.964
6.4

13

.21

0.084
-0.483

b.10

0.5

8.13¢
-4.83%

.10

1.306
8,184
g.387
0.82

]
1B
{
H

i

118

i2
§

§
I
12

i
13
i3
16
L}
£} 14

i1

0.72%
0.551
0.544
8.12

0.848
b.262
§.320
e.1¢

1,371
b.208
8,149
0.24

iwl4

1 !
188 348
I{] 39
i 17
n 3
118 198

t !

{ 13

t i
LE 3]

% 38
1} 19

! :
i2 i
" 51

146 it
i 141
{1 134

1 2
L3 1,408
8,320 0.8
.7122 -0.528
639 0.2
1130 1.3%0
0438 0.164
0.671  0.625
.20 0.2
1,815 1.116
0.468  0.158
-8.25  0.489
0.68 0§

H
TiE
3
L

121
€3

3
i
U

182
64
1

3
in
116
330
U8
1378

£.850

¢.182
-0.484

8,81

1,768
0.25¢
1484
0.67

.25
0.19%
0.1
.01

{
314
H
1
i
198

4
63
18

110

118
4

m
186
1)
L H
151€

4

1,358

8.159
-0.1711

0.2

1,858
0.(8
6.311
¢en

1,346
0.17%
0.612
8.8

§
138
it
18
i
I2E

g
141
4]
)
12
]

§
L1
36
11
563
018

114§
0.011
1,281
015

2.08

0.208
-0.483

1.21

1.685

0.14%
-4.58¢

5.5

§
B
4
I
§
Ik

&
T
83

88
1M
3

8
431
3

1010
§2%
50

0.730
0.223
¢. 007
6.10

1,982
8.420
0.485
1.20

.68
8.2
0.438
.13

I
18
216
6%
1

!
123
116

1604
54
14

0.2%5
0.1%%
0.04%
0.18

1.538
8.530
1.041
¢.65

LA E
0.498
828
.8

-0.036
0.12%

'0. !‘7
.10

1,088
0.400
1.04§
.15

1.8%6
0.383
0.5
1.21

"o“’
0.
6.500
.1

¢.770

0.240
9.1t

4.10

1.513

6,283
-0.462

0.3

T0T4L
159
i
303
e
s

TotiL
36
Hé

1M

155

wrL
111
1449
1L
£
11€t
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'1. )
AITHN 7.2 (9A)

CORSISTENT CORRELATION NATRIX POR NORY® 19

37 S UL § 1 I § §
¥ITH CURRENT MONTH
107 1.000 0.9%7 0.98¢8
110 0,387 1.000 0.597
HI 0.98% 0.997 1.008
VITH PEECEDING MOJTH AT ABOVE STATION
T 6,438 0.53% 0.5%4 ’
110 ¢.486 0.528 0.518
111 0.529 0.657 0.648

CONSISTENT CORRELATION MATRIX ROR MONTH 11

o 1 et
¥IT3 CURRENT NoWTH
107 1,000 0.936 1.000
110 0.936 1.900 0.932
t1 L6000 0,932 1.0¢0
¥ITE PRECEDING NONYD AT ABOVE STATION
101 0,968 0,980 0.9%2
110 9.848 0.881 0.312
1y 0976 6.982 0.3

CONSISYRNT CORRBLATION MATKLX FOR MONTH 12

7 W 1 B 1 1 I 3 §
VITE CURRBNY WONTR
107 1.000 06.977 0.994
116 0.971 1000 o.94%
L 0.9% 0.987 1.000
VITH PRECEDIRG NONTE AT ABOVE STATION
107 0,564 0.720 0,566
10 0.436 0.685 6.444
11 0.634 0.752 0.643

CONSISTENY CORRELATION NATRIX FOR WONTR !

8t 1 i
VITE CURRBET ¥ONTH
107 1.000 0.658 0.841
10 0,658 1.000 0.9%8
1T 0.841 0.998 1.000
VITE PRECEBDING MONYD AT ABOVE STATION
167 0.49¢ 0,498 0.408
16 0.457 0.445 0.367
I1F §.488 0.472 0.402
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AVINR 7.2 (AB)

CONSISTENT CORRELATION MATRIX FOR NONTR ¢

1 S L T 1 N 49
VITE CURRENY WORTR
10T 1,600 -0,280 -0.212
110 -0.280 1,000 0.959
11 -0.212 0.95% 1.0de
VITH PRECEDING-NONTR AT ABOVE STATION
107 ©0.682 -0.627 -0.631
110 0.405 0.857 0,885
111 0.83¢ 0.826 0.83%

| CONSISTENT CORRELATION KATRIY POR NONTE 3

M 107 e 11
VITE CURRENT NONTH
107 1.000 0.647 0749
110 8.647 1.000 0.%%3
111 0.74% 0.953 1.000
VITE PRECEDING NONTR AT ABOVE SYAYION
107 0.110 0,833 0.700
116 -0.301 0.595 0.485
111 -0.356 0.804 O.722

CONSISTENY CORBSLATION MATAIX FOR ONTE 4

3/ S 1 D V1 I ¢
VITE CURRENT NONTR
107 1.800 0.973 0.5%00
110 0,973 1,000 0,969
11 0,980 0.968 1.090
¥iTE PRZCRDING MOBYR AT ABOVE STATION
10T ¢.846 0.331 0.986
110 0.872 0.3 0.93%
[ 6,913 0,760 0.828

CONSISTIENT CORRELATIORK NATRIX POR NOWTE §

)¢ S TS I 3 81
VITH CURRENT MONTH
101 1.680 0.661 0.536
116 0.661 1.000 6.98¢
111 0.536 0.980 1.000
VITH PRECEDING NONTH AT ABOVE STATIOR
187 6.360 0.31¢ 0.131
116 0.696 0.758 0.563
111 0.18 0.827 0.144
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A1IHA 7.2 (RB)

CONSISTENT CORRBLATION WATRIZ FOR WONTE ¢

st 10 HE i1
V178 CURRENT WOXTH
107 1.080 0.978 0,998
110 0.8 1.00C 0.982
111 .99 0.982 1,000
VITH PRECRDING, BONTH AT ABOVE SPATION
107 0.898 0.9%% 4.830
116 0777 0.891 G.842
11 0,870 0.933 6912

 CONSISTENY CORRBLATION WATRIZ FOR WOXT 1

TR T I S LR U
VITH CURMENT NONTH
161 1,000 0.589 0.989
116 0.989 1,600 0,978
111 0,48 0.978 1.600
VITH PRBCEDING ONTH AY ABOVE STATION
107 053¢ 0.%49 0.956
10 0.990 0.346 0.929
111 0,961 0.371 ©.582

- CONSISYENY CORRELAYION NATRII POR MONTE 8

3/ S LT 3 L SV
VITE CURAREY NONTR
107 1.000 0.855 0.851
1 0.85% 1.000 0.9%1
111 .851 0.991 1.000
' WITY PRECEDING NONTE AT ABOVE STATION
10 682 07T 0.3
SN B9 0938 0,928
P11 0.987 0,908 0,923

/CONSISTENY CORRBLATION NATRIX FOR MONTH §

moo1r e 1
¥ITH CUMER? WONTE

191 1.900 0.481 0,416

10 0,431 1.000 1.000
11 0416 1,000 1,080

: VITH PRECEDING NONTH AT ABOVE STATION
107 0.95 0.678 0,690

10 0.616 0,832 0,873

CIH .66 0,333 0,815
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NATIWON VOLUNES FOR PERIOD 1 OF & YEARS OF RECORDED AND RECONSTITUTER RLOVS
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MINR 7.2 (n8)

I
GENERATED FLOWS POX PERIOD %
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8.

- VARIABLE
1. IYRA
2, IMNTH .

. 3. IANAL
M 1
b.s MKRCS
5. HNYRG
6. NOOG
7. NPASS
8. IPCHQ
9. IPCHS
10, NSTA
1. ncoms
2. NTNDM
3. NCSTY
4. IGNRL

S, NPFOJ
6. IYRPJ
7. MTHPJ

LYRPJ

720
DIANUIN 7.1
EXHIBIT 7

INFUT DAT.*_& 123-X6-1L2340

COMMEN'TS

Three title cards, first must have A in column 1.

‘Firet apecification card.

EBarliest year of rucord at any station.-

‘Calendar month number of first month of water year.
Indicator, positive value calls for statistical
aralyals routines.

Rumber of years in each period of recorded and re-

" constituted flows for which meximum gnd minimum values

are to be cbtained, dimensionad for 100,

- . Total number of years.of hypothetical flows to be

generated.

Number of years in each periol of generated flovs
which maxinum and minimum values are to be obtained,
dimensioned for 100, .

Number of consecutive passes, each pass consisting of
8 new group of stations which can be correlested with
specified stations in previous passes, dimensaioned
for 20.

' Indicator, positive value cdlls for writing recorded

and -reconstituted flows and generated flows on Tape 7.
Indicator, positive value calls for writing stat-
istics on Tape 7.

.Nomber of stations st which flows sre to be generated,
‘not required if flow date are nupplied, dimenaioned

for 10,

Serond specification card.

Number of combinations of statlons, the totals of.

which ars wsed to obtain maxipum and minimum flcws,
dimmrioned for 2, 5o

Nusber »f tendem ﬂituations ’ campa.res sum of monthly
values of upstream stations with downstream station @ ¢
and aljusts {f value is less than sum and that station's
value har been sstirated or geaersted, dimension for 10.
Number of cong'lstency testa, Adjuats standard devla&ton
of & dependent station in tand=m with an indep2ndent
station to prevent frequency curves from crossing,
dimensicned for 10. '

Indficator, + 1 cslls for resding generalized stat-
iatics and using for generation, + 2 calls for com-
puting generaiized statistics from flov data cnd uvaing
for generation.

Nuaber of projections of future flows from preuent
conditions, usually O. . : .
Year of start of each projection. :
Calendar mon~h of start of each projection..

Iast year of rach projection, number of recorded and
reconstituted yeers plus number of proJectcd yoars
dimensioned for 100, . &




CARD VARIABLE
D A
1. HSTAC -
2. ISTAC
E
l. NSTAC
2., CSTAC
P
1. ISTH
2. NSMX
. 3. 1ISTT.
G
l, 1ISTX
2. ISTY
H
1. CO].S 2"4’
2. COlﬂ 5“8’
3,

7-21

COMNENTS

Identificatian of combination, NCOMB (C-l} sets of D
and B cards. .

- HNumber of stations in this combination, dimensioned.
for 10.
~ Station number (NSTAC values).

Combining cuepficlenta, NCOMB (C-1) sets of D and

-

% cards.

-  Same as D-1,

- Coefficient of flcw weed for adding, corresponds to
respective items in D-2.
Identification of tandem situation, NTNDM (C-2) cards.

- Ststion number of downstream station.

- Number of upstream sgtationsa, dimensioned for 10.

- Station number of upsfream station (NSMX values).
Identification of consistency test, NCSTY {C-3) cards.

- Independent station number. ;

.= Dependent station number.

Flow date, caerds in any order, owit if IANAL (B-3) is
not positive, follow all flow date cards by 1 blank
card (I card) ]
Stotion number

Year numbey.

Cols 5-14, 15-20, etc., Flow in desired units. Units should be

selected so genersted flows will not exceed 999,999, Use -1 Tor
missing record. If record for entire ysar is mlssing, omit cend
for that yesar. ’

1. NSTX
2. ISTA
HNote:

Card blank after Col l to 1ndicate end of flow date,
omit 1f IANAL (B-3) is not positive...

identification of stetions in previous passes to be
used in current pass, supply only ir N¥ASS'(B-7) is
greater than 1, - .

- Number of stetions from previous passes which are to

~ be used with the additional date in current pass as &
means of meintaining consistent flows between groups of
“stationa, number of stations from previous passes
plus number of new stations dimensioned for 10.

" - Staticn number of station in a previous pass which is

. -
il

to be used in current pass {NSTX vnlues) Must be
in same order as stantions first appear. .

Flow data for current pnas supplied as desacribed for H card and

follow data with a blauk card (I curd), supply NPASS-1 sets
of J, H, and I cards when NPASS greater than 1.




CARD ' VARIABLE

K

L

1, ISTA(K) -
2. ISTA(L) -

722

COMMENTS

Preceding-month correlation coeff;cxehts for first
station, omit if IANAL {(B-3) ia positive {NSTA cards)

Cols 2-4, Number of flrst station.

Cols 5-&, Number of stetion from 1 to NSTA (B-1C) on
successive cards. If IGNRL {C-4) = 1, only first
card is used. . ;

3. " RAM{I,K,IX) - Cols 9-1h, 15.20, etc., Correlation coelficients for

1. ISTA(K) -

2. IstA(L) -

3. RA{I,K,L) -

1. Ista{k) -

2, isra(L) -~

3. Ra(I,K,LX}-

1.‘ ISTA(K) - -
2. AVMX{K} -
3. AvMN{K) -
4. Spav(K) -

Sets of L and M cards are

succeses ive months between flows nt first station and
preceding—moat flows at stetions from 1 to NSTA (B-10)
on separnte cards.  IT IGNRL {(C-L) = 1, only general-
ized coeflicient {in cols 9-kh))is given.

Current-month correlation coetficients, omit i{ IANAL
{B-3) is pozitive, {(NSTA-1) pairs of L and M cards.

Cols 2-4, Number of station, progressing; from K = 2
through RSTA (B-10) stations on different sets of L

and M cards.

Cels 5-8, Nusher of station, progresqing on different
cards through a1l stations from L = 1 to K-1.

Cols 9-14, 15-20, ete., Correlstion coefficient for
euch successive calendar month between flows at station
K and concurrent flows at station L {12 {tems). 1If
IGNRL (C-4) = 1, only generalized coefficient in cols

" 9-14 is given.

Praceding-month correlation coefficients for remaining
stetions, omit if IANAL (B-3) is ‘positive. Paired with
L card. - g

Ccls £-4, Same station number &8s on corresponding L
card {L- ‘)

fols 5-8;, Number of station, prOEreqsing in same order
on difzﬁren+ cords through sll stations from L = 1 to
uSTA {B-10). 1If IGNRL (0-4) = 1, omly card with L = K
is \4‘5&*\4. ’ -

Uels ¢-14, 185-20, ete., Correlation coefficient for each
suCCﬂssive calendar month between flows st station K
and flows in rregeaing month at station L (12 items).

If IGNRL {C-4} = 1, only generalized coefficient in
Cols 9-~.4 18 given.

General ‘zed frequency statistics, omit if IANAL (B-3) is
positive or IGHNRL (C-4) dces not equel 1.

Cols 2~3, Station number for NSTA (B-10) stations on
succesgive cards in same order as supplied by L cards
(L-1;.

Cols 9-i4, Avernge mean 1ogarithm for wet season (3
months )

Cols 15-20, Aversge mean logarithm\\\r dry season (3

months ).
Cols 21-26, Averuge standard gfﬁigcigg for the 12 months.

required for each station from X = 2 to NSTA.
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CARD VARIABLE - - COMMENTS .
N {Cont'd)

5. MOMX(K) - Calendar number of lest month of wet season.
6. MOMN(K) - Calendar number of last month of dry season.

o) o ’ Mesn lcgaritnms, omit if IANAL (B-3) is poattive or IGN
' {C~4) equals 1, : _

1. 1ISTA(K) ~ Same as (M~1). L
2, Av(I,K) - Cols 9-14, 15-20, etc., Mean logarithms for successlive
ealendar months. ‘

P ' ' Standard deviations, omit 1f IANAL (B-3) 1a posttiva or
: IGNRL {C~4) equals 1. .

1, ISTA(K) - Same as {M-1). _ :
. So({1,K) - Cols 9-14, 15-29, etc., Stendard deviations for suec-
cessive calendar monthq.

Q Skew coefficlients, omit L1f IANAL (B-3) is positive or
IGNRL (C-4) cquals 1. A

1. ISTA(K)} - Same as (M-1).
2. SKBW(I,K) - Cols 9-14, 15-20, etc., Skew ccefficients for suc-
,cessive calendar months.
R : Flow increments, omit if TANAL {B-3) is positive or
IGNRL (C-4) equals 1.
1. ISTA(K) - Same as {(M-1). ‘
- {ols G-14, 15-20, ete., Flow inc-ements for successive

2. pe(1,x}
; calender nonths.

Five blank eards. with A in Col 1 of fira® should follow last Jjob.

hWote: Cards X through R are not required if cards H and [ are supplied. Cards
"K through R are as punched by computer when IPCHS is positive.
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HEC4 (PC Version)

Monthly Streamflow Simulation

1. Installation

1.1

7.2

& Subdirectory c¢:\HEC4
. 3au Py
Copy files NU SN BUATH
- HEC4PC.EXE
- HEC4READ.ME
- HEC4TEST.DAT (f3BHI input data file)
Il ¢ -\HEC4
- «f -1
#579 config.Sys TMNIIHAYLALARKY
DEVICE = ANSI.SYS
BREAK = ON
BUFFERS = 24
FILES = 20
I8 ans1.svs 19iu o\
T ﬁ_ f?‘!
- run program (FHHUWATIT HEC4PC
b ar ELCH . )

- \RIENTBURLTIM  Input Data File YU

H4TEST.DAT %eaéiu Suldirectory c: HEC4
- ﬁhﬂ run program ERRET System Files

{H4TP7.DAT, H4TFE.DAT UREY H4TPY.DAT)

URY Output Data File (HEC4.0UT)
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