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The following appendices, Appendix A and Appendix B, are taken from 

a Ph.D. dissertation titled, 11 Hydrologic Evaluation Methods for Hydro

power Studies .. , by L. F. Heitz dated May 1981. these appendices contain 

many programs for programmable calculators and computers that are very 

useful for making the hydrologic analysis phases of a hydropower study . 

The programs were developed in conjunction with this and other projects 

dealing with the evaluation of the hydrologic parameters required for 

hydropower planning studies. The appendices include programs to make 

calculations for and to plot flow duration curves, programs for determin

ing power and energy production from a hydro site and programs for deter-

·mining flows in a highly regulated stream system. Each program write up 

contains a complete listing of the program and samples of using the pro

gram on a real probl~m. 

The analyses techniques used in each of the programs are discussed 

in detail in the dissertation referenced above. Other sources of infor

mation on the analysis techniques used include 11 Low ·Head Hydro 11
, (Glad

well and Warnick, 1978), 11 A Resource Survey of Hydroelectric Potential · 

Paci'fic Northwest Region .. , (Gladwell et al, 1979), 11 Methodologies for the 

·Determination of Flow Duration Curves at Specific Sites on Ungaged 

Reaches of Streams .. . , (Emmert, 1979), 11 Idaho Hydroelectric Potential 

Theoretical Potential in Streams and Potential at Existing Dams and Pro

posed Sites, (Heitz et al, 1980), and User Guide for Idaho Hydrologic 

Maps 11 (Warnick et al, 1981) . 
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PROGRAM 1 
FLOW DURATION CURVE COMPUTATION AND PLOTTING PROGRAM 

FORTRAN VERSION 

This program is designed to compute duration curves using user sup-

plied flow data. In order to keep the program flexible, the user must 

supply certain statements in the main program to read the format of a 

particular flow data set. These statements need to be in Fortran lan-

guage to be compatible with the rest of the main program. The simplified 

flow schematic in Figure 1 shows how the program is structured and what 

variables are passed between subroutines. 

The main program is used to initialized plotter routines and to 

input flow data. The user must supply adequate read statements so that 

a flow data file is input to the program. The flow variable is Q and is 

dimensioned for 1200 values. These statements should be inserted between 

lines 80 and 90 in the main program. In addition a station number, 

(NSTA) number of flow values to be processed (NUM) and starting and 

ending year of data (NYRST, NYREN) must also be provided. These vari-

ables can be read in as input data or generated within the main program 

prior to the call to the duration subroutine. 

Subroutine Dura is used to compute the exceedance percents for the 

various classes. Subroutine Pltdur generates the data for the flow dura-

tion curve plots. Listings of the main program and the two subroutines 

are shown in Figure 2. Flow classes from 0 to 200,000 cfs are contained 

in data statements lines 140 to 180 of Subroutine. Dura. These can be 

changed if they are not acceptable. Line 100 contains the assignment of 

1 



FIGURE 1 
SIMPLIFIED FLOW DIAGRAM 

FOR DURATION CURVE PROGRAM 

Main Program 

1. Initialize Plotter as Required 
2. Read Flow Data (User Supplied 

Statements) 

CALL 
DURA 

DURA 

Pass: 
FLOWS-Q(N), Number 
of Flow Values, Station 
Number of gage 

1. Computes Exceedance % for each 
Class 

2. Computes Os for Exceedance Percent 
of 95, 80, 50, 30 and 10 percent 
using semi log interpolation 

CALL 
Pass: 
Station number, number 
of classes Os & %exceed
ances, Os for Standard 
exceedance values. 

1. Compute Scales and Draw Axes 
2 . Put on L abe 1 s & He ad i ng 
3. Plot Curves 
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FIGURE 2 
FLOW DURATION CURVE 

COMPUTATION AND PLOTTING PROGRAM 

MAIN PROGRAM 

C MAIN PR OGRAM TO READ FLOW DATA 
DIMENSION Q(1200) 
CALL PLOTS (0,0,13) 
CALL PLOT (2.0,-15.0,-3) 
cAL 1 pLOT ( 0. 0 '2. 0 I- 3) 
CALL SYMBOL (0.0~-.5,.07,'1 4 1 0.0 1 1) 
CALL SYMBOL (0.0,10.15, .07, 1 1',0.0 1 1) 

C INSEBT FLOW DATA READ STATEMENTS BETWEEN 1HIS AND NEXT CO~"ENT CARD 
C INSERT FLOW DATA READ STATEMENTS BETWEEN THIS AND PREVIOUS CO~MENT 
C VALtrES FOR NSTA=STATION NUMBEB (3 DIG1T MAX) 1 NUM=NUMBER OF FLOW 
C VALUES 1 Q(N)=~LOW ARRAY 1NYRST=STABTING YEAR OF BECORO,NYBEN= 
C ENDING YEAR OF RECORD ~UST BE PROVIDED. THESE VALUES !UST BE 
C GENERATED BY THE INSERTED DATA READ STATE~ENTS. 

CALL DURA (NSTA,NUM,Q,NYBS'l,NYREN) 
CALL PLOT(6.010,0 19q9) 
STOP . 
FND 

SUBROUTINE DURA 

DUR00010 
DUR00020 
DUR00030 
DUR00040 
DUROOOSO 
DUR00060 
DtJR00070 
DUR00080 
DUR00090 
DUR00100 
DUR00110 
DUR00120 
DUR00130 
DUR00140 
DUR00150 
DUR00160 
DUR00170 

£UBRUUTINE DURA (NSTA,NUM,Q,NYRST,NYREN) SUB00010 
DIMENSION CLASS(46),NCOUNT(47),NTCTGT(47),PERCEN(47),B(47j SUB00020 

C THIS SUDHOUTINE COMPUTES DURATICN VALUES FOR FLOW RECORD •o• SUBOOOJO 
.C SUBROUTINE USES FLOW CLASS SCHf~E OF CO~POTATION 50800040 

DIMENSION Q(1200),"0NTHS(12) SUBOOOSO 
Dl~ENSION QPER(7),CPER(7) SUB00060 
DATA CPER/95.,80.,50.,30.,10./ SUB00070 
DATA NCLASS/46/ SUBOOOBO 

C THE YOLLOWING STATEMENT CONTAINS THE CLASS INTERVAL BOUNDARIES SUBOOQqQ 
C THESE VALUES C~N BE CHANGED BY CHANGING THE NUMBERS IN iHE . SUB00100 
C DAiA STATEMENT Sl1800110 

DATA CLASS ;O.,S.,10.,30.,50.,70.,100.,150.,200.,J00.,400.,500., SUU00120 
1600.,700.,800.,900.,1000.,1200.,1500.,1800.,2000.,2500.,3000., SUB001J6 
13~00.,4000.,4500.,5000.,5500.,6000.,6500.,7000.,7500.,8000.,~500.,SU000140 
19000.,q5Q0.,10000.,15000.,20000.125000.,JOOOO.I35000.140000., ~UB00150 
145000.,50000!,200000./ SUB00160 

QSUM=O SUB00170 
C COMPUTE CLASS FOR EACH FLOW AND TOTAL COUNTS IN EACH CLASS SUil00180 

DO 30 N=1~NCLASS SUBOQlgQ 
30 NCGUNT (N) =0 SUB00200 

N = NCLASS/2 S UD00210 
DO 40 I= 11 NOM SUB00220 
IF(~(I) .GE.CLASS(NCLASS)) GO TO 40 S00002JO 
IF (Q(I).LT.CLASS(1)) GO 'IO 40 SHB00240 

26 CONTINUE SUB00250 
IF (Q(I).GE.CLASS(N).AND.Q(I).LT.CLASS(N+1)) GO TO 32 SU800260 
IF(Q(I).LT.CLASS(N)) GO TO 27 SUB00270 
N = N+ 1 SUB002~0 
GO TO 26 SUB00290 

27 N = N- 1 SUB00300 
GO TO 26 SUB00310 

32 NCOUNT (t4+1) =NCOONT (N+l) +1 SlJjj00320 
40 CONTINUE SUBOOJJO 

C COMPUTE TOTAL COUNTS ANDCHECK AGAINST l01AL t OF FLOWS ~UB00340 
NTO! =O SUE00350 
DO 45 I=1 1 NCLASS SUBOOJbO 

3 



c 

c 

45 NTOT=NTOT+NCOUN1(I) 
IF (NTOT. EQ. NOM) GO TO 48 
WRITE (6,46) NTCT,NU~ 

FIGURE 2 CONTINUED 

SUoOOJ70 
SUHOOJtiO 
:..>UU00 .HO 

46 FORMAT (//, 1 TOTAL COUNTS =1 ,16,' T01Al FLOWS =',16, 
1' CHECK INTERVALS',/) 

suo00400 
SUU00410 
SUB00420 
SUD004Ju 
SUB00440 
SUB004~u 

SUB004o0 
SUB00470 
SIJB00480 
SUI3004'10 
SUI$00500 
SUB00510 

COMPUTE PERCENTAGES 
48 NTOTGi(NCLASS +1)=0 

NCOUNT(NCLlSS+1)=0 
DO 52 l'I=1,NCLASS 
N= NCLA SS+ 1-M 
NTOTGT (N) = (NTOTGT (N+1) -NCOUN'f (N+1) 
8 { N) =- NTOTGT ( N) 
C=NTOT 

52 PERCEN(N)=B(N)/C * tOO. 
OUTPUT DURATION TABLE 
WRITE (6,47) NSTA,NYHST,NYBEN 

47 fORMAT('1',22X, 1 STATION',I3,/,2lX,'WAT~R YEAR 1 ,j,22X, 
113, 1 THRU',I3,/) 

SUBOOS20 
SUB005JO 
SOB00~40 

WRITE {6,60) 
oO FORMAT(' CLASS 4 ,5X, 1 LOWER',5X,'UPPER INTERVAL 

1',/,10X, 1 LIMIT Lll'II! COUNT GREATER 
210X, 1 CFS CFS') 

DO 62 N= 2,NCLASS 
l"J=N-1 
fli:Ul'E {6,65) M,CLASS (N-1) ,CLASS {N), NCOUNT (N) I 

65 FORMAT(I5,2F10.2,I10,F10.0,F10.0) 
62 CONTINUE 
70 CONTINUE 

N= 2 

:..>U B00550 
NOMEER PERCENTSUB00~60 
GREATER',/, SOb00570 

SUB005ti0 
S lJ H005 'J0 
SUB00600 

E (N) ,PERCEN (N) SUB00610 
SUB00o20 
SUB006JO 
SUB00640 
Sll800650 

C COMPUTE SEMI-LOG INTERPOLATED 95,80,50,3C,AND 10 PERCENT SUJ300b60 
SUB00670 
SU!30061l0 
:..> tJU006 ' lO 
SUB00700 
SUB00710 

c 

c 

c 

EXCEEDANCE FLOWS 
DO 560 I = 1,5 
DO 550 K = N,NCLASS 
IF (PERCEN(K).LT.CPER(l))GO TO ~00 
If (PERCEN(K+1).GT.CPER(l)) GC TO 550 
UPER(I}=10**(((ALOG10(CLASS(K+1)}-ALOG10(CLASS(K))) 

1/ (PERCEN (K) -PEHCEN (K+l)) *(PERC EN (K) -CPEH (I))) +ALOG 10 (CLASS (K))) 
GO TO 560 

550 CONTINUE 
500 QPER (I) = CLASS (K- 1) 

'WHITE (6, 502) CPBR (I) 
502 FORMAT (/,' ALL EXCEEDANCE ~LESS THAN'.F6.0,' P~RCEN1' ,/) 
560 CONTINUE 

WRITE OUT INTERPOLATED FLOWS 
WRITE (6,504) NSTA 

504 FORMAT(;,• STATION 1 ,13 ,;, ' EXCEEDANCE FLOW') 
WHITE (6,506) (CPER (1) ,QPE~ (I) ,1=1, 5) 

506 POHMAT(F8.0,3X,f12.2) 
CALL PLOTTING SUBROUTINE 

CALL PLTDUH(NSTA ,NCLASS,CLASS,PERCEN,CPEB,QPER,NYBST,NYRF.N) 
RETURN 
END 

4 

SllH0l)720 
SUi3007JO 
SUI30J740 
SUA007~0 

Sf11300760 
SUl300770 
S!JB007th) 
SUB00790 
SUDOOdOO 
SUB00810 
SUI300820 
SUBOOAJO 
s u ti008~ \) 

SUu008SO 
SU£3008b0 
SUo00870 
SllBOllAHO 
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FIGURE 2 CONTINUED 

• SUBROUTINE PL TOUR 

SUBROUTINE PLTDUR {NSTA,NCLASS,CLASS,PERCEN,CPEB,QPER,NYRST,NYREN)SOB00010 
C SUBROUTINE PL1bUB USED TO ~AKE PLOTS OF DURATION DA~A SUB00020 

DIMENSION CLASS (46),PERCEN(47),X(50),Y(50),CPER(7),QPER(7) SUB00030 • STA = fLOAT (NS'lA) SOB00040 
C ROUTINE TO ELIMINATE ALL BUT ONE ZERO VALUE AND ALL SUB00050 
C BUT ONE 100 PERCENT VALUE SUB00060 

N = 0 SUB00070 
DO 20 I = 2,NCLASS SUB00080 

. IF (PERCEN (I) .GT.99.999) GO TO 20 SUB00090 

• · IF (PERCEN (I) .LT •• 0001) GO ~0 15 SOB00100· 
. N = N + 1 . S U BO 0 11 0 
H ' . (I.EQ.2) GO . TO 17 SUB00120 
IF (N.GT.l) GOTO 17 SUB00130 
X (N) = PERCEN (I-1) SOB00140 
Y(N) = CLASS (I-1) SOB00150 

· N = N ~ 1 SUB001o0 
GO 10 17 SUB00170 

15 N = N+ 1 SUB00180 
X (N) = PERCEN (l) SUB00190 • Y (N) = CLASS (I) SUB00200 

GO TO 21 · SUB00210 
17 X(N) = 'PEHCI:.N(I) SUB00220 

Y(N) =CLASS(!) SUB002JO 
20 CONT HH(E SUB00240 
21 NMPT S = N 50800250 

CALL PLOT (1.5,0.0,-3) SUB00260 
C THE FOLLOWING STATEMENT CONTROLS WHETHER A LCG OR ARITH~ETIC SUB00270 • C l:'LO'f l,S MADE. 'LOG =1 1 =LOG PLOT, 'LOG=O' = ARITHl'IETIC .PLO~ 50800260 

CALl PLOT (1.5,0.0,-3) 50800290 
LOG = 1 5U800300 
IF (L OG. EQ.1) GO TO 65 50800310 
~ALL SCALE(Y,9.0,NMPTS,1) 50800320 
CALL AXIS (O.O,O.O,'FLOW IN CFS',11,9.0,90., 50800330 

1Y (NM PT S+ 1) . , Y ( N MPTS+ 2)) 5.0800340 
GO TO .6 7 SUB00350 • 95 CALL SCALG (Y,9.0,NMP1'S,1) SUB00360 
CALL LBAX:S {0.0,0.0, 1 FLOW IN CFS', 11,9.0,90.,Y(NMPTS+1) ,Y(NMPTS SUB00370 

··1+ 2)) SUB00380 
67 .. CQNTINUE SOB00390 

.X(NMPTSq) ~ 0.0 SUB00400 
X (N!'1PTS+2) = 20.0 SU.B00410 
CPER(6) X(NMPTS + 1) SOB00420 
CPER (7) ~ X (NMPTS + 2) SUB00430 • 
UP.ER (6) = Y. (Nl'IPTS+ 1) SUB00440 
QPER (7) = Y (NMP'IS + 2) SUB00450 
C~LL AXIS (0.0,0.0, 1 EXCEEDANCE PERCENTAGE 1 ,-21,5.0,0.0,X(NMPTS+1),SUB00460 

1X (NMPTS+2)) 50800470 
IF(LOG.EQ.1) GO TO 69 SUB00460 

.CALL LINE (X,Y,NMPTS,l,-1,4) SUB00490 
CALL GRID (0.0,0.0,1.0,1.0,5,9) 5UB00500 
GO TO 72 SOB00510 • 69 CAL~ LGLIN (X,Y,NMPTS,1,-1,4,+1) SU800520 

72 CONTINUE SOB00530 
CALL SYMBOL(.75,9.75,.14, 'DURATION CURVE FOB 5T~TION 1 ,0.0,S0800540 

12o) suaoosso 

• 
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FIGURE 2 CONTINUED 

YRST = I•'LOA1 (NYRST) 
YHEN = FLOA'f (NYREN) 
CALL NUMBER (:l.3,9.~5,.14,ST.A,0.0,-1) 

CALL SYMBOL (1.8,9.35,.14,'WATEH YEAl< 1 ,0.0,10) 
I 1' ( (NY RS T + 1) • N E. N Yft EN) G 0 T C b 1 
CALL NUMBER (2.4,9.15,.14,YRST,0.0,4) 
GO TO 63 

61 CONTINUE 
CALL NUMO~R (1.82,9.15,.14,YRST,0.0,-1) 
CALL SYMBOL (2.~,9.15,.14, 'THEW' ,0.0,4) 
CALL NUMBER {2.9,9.15,.14,Yl1EN,0.0,-1) 

63 CONTINUE 
IF (LOG. NE. 1) GO TO 25 

C PLOT LOG GRIDS 
NMGRD = ~.l * Y{NMPTS + 2) 
DO 25 I = l,NMGRD 
X1 = 0.0 
Y1 = 1/Y (NMPTS + 2) 
CALL PLOT (X1,Y1,3) 
.X 2 = 5 
CALL FLOT (X~,Y1,2) 

25 CON'l'INUE 
C PLOT 10,30,50,80,95 LINES AND LAEEL 

DC 40 I = 1,6 
Yl =0.02 
IF (I. GT. J) GO TO 28 
Xl = .5 + (I-1) -.14 
PER= 10.+ (I-1) * 20. 
GO TO 35 

2A CONTINUE 
If ( I.GT.4) GO TO 30 
X 1 = 3. 86 
PER = 80 
GO TO 35 

30 CONTINUE 
,l F ( I. G T. ')) G 0 TO J .2 
Xl-= 4.61 
PER = 95. 
GO TO 35 

32 X 1 = 5. 0 
Y1 = 0.0 

35 CONTI~UE 
IF (Y1.LT.0.0001) GO TO 37 
CALL NUMBER (X1,Y1,.14,PER,0.0,-1) 
Y1 = .21 
X1 = X1 + .14 

37 CONTINUE 
CALL PLOT (Xl,Y1,J) 
Y2 = 9.0 
CALL FLOT (X1,Y2,2) 

40 CONTINUE 
CALL SYMBOL(5.3,8.6,.14, 1 % Q',0.0,7) 
DO 50 1=1,5 
YPOS 8.4-1*.2 
CPES -= CPER (I) 

6 

SUB00560 
SUB00570 
SUB00580 
SUB00590 
SUB00600 
SUB00610 
SUB00620 
SUB00630 
SUB00640 
SUB00650 
SUD00660 
SUB00670 
50800680 
SUB00690 
SUB00700 
SUB00710 
SUB00720 
SUB007JO 
SUB00740 
SUB00750 
SUB00760 
SUB00770 
SUB00780 
SUB00790 
SUB00800 
SUB00810 
SUB00820 
SUB00830 
SUB00840 
SUB00850 
SUB00860 
SUB00870 
SUB00880 
SUB00890 
50800900 
SUB00910 
SUB00920 
SUB009JO 
SUB00940 
SUB00950 
SUB00960 
SUB00970 
SUB00980 
SUB00990 
SUB01000 
SUB01010 
SUB01020 
50801030 
SUB01040 
SUB01050 
SUB01060 
SUB01070 
SUB01080 
SUB01090 
SUB01100 
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FIGURE 2 CONTINUED 

Q PES = QPER (I) 
CALL NUMBER(6.2,YPOS,.10;QPES ,0,2) 
CALL NU8BEB(5.3,YPOS,.10,CPES ,0,0) 

50 CONTINUE . 

80 

CALL PLOT (7.0,0.0,-J) 
CALL S Y ff BO L ( 0. 0,-. 5 •. 0 7 , ' I ' , 0. 0, 1) 
CALL SYMBOL (0.0,10.15,0.07,'I',0.0,1) 
RETU HN 
END 

INPUT DATA 

FLOW DATA FOB STATION 8 GAGE 2070 FOLLOWS 
29 45 .. 39. 36. 35. 33. 3 7. 66. 
30 42. 37. 57. 47. 43. 49. 381. 
31 44. 31. ' 22. 21. 24. 39. ·164. 
32 J 2. 39. 37. 36. 4 0. 48. 131. 
Jj 41. 43. 28. 29. 27. 28. 49. 
34 37. 34. 32. 31. 3 7. 76. 316. 
35. 40. 51. 40. 35. 35. 4,. 121. 
Jb 32. 34. 30. 32. 35. 38. 252. 
J7 t8. 26. 26. 24. 27. 30. 60. 
]8 32. ' 38. 95. so. 45. 57. 210. 
3<J 53. 50. 40. 35. 30. 47. 204. 
40 33. 30. 40. 40 • . 4 1. 7 3. 252. 
41 5 7. 57. 46. 42. 40. 63. 154. 
42 50. 88. 147. 70. 54. 55. 246. 
43 J8. 63. 48. 45. 51. 60. ~36. 
44 50. 52. 44. 36. 36. 36. 84. 
45 33. 46. 34. 37. 32. 38. 77. 
46 40. 46. 46. 60 .• 50. 56. 294. 
47 5 8. 65. . 75. 51. 51. 85. 211. 
48 67. 50. 46. 65. 48. 45. 126. 
49 45. 48. 38. 35. 35. 4 5. 229. 
50 44. 49. 45. 4~. 47. 6 1. 150. 
51 79. 87. 72. 56. 73. 69. 311. 
52 8 7. 60. 57. 51. 48. 47. 272. 
5.3 J5. 34. 38. 53. 48. 51. 174. 
54 41. 47. 43. 39. 44. 60. 248. 
55 41. 41. 34. 33. 33. 37. 58. 
56 44. 59. 112. 84. 61. 74. 338. 
57 4 7. 48. 44. J9. 48. 54. 140. 
58 52. 42. 39. 33. 45. 38. 1, 7. 
59 40. 60. 63. 51. 46. 44. 175. 
60 88. 61. 43. 40. 43. 68. 182. 

7 

293. 387. 
500. 316. 
476. 127. 
516. 577. 
155. 628. 
365. 131. 
457. 418. 
698. 348. 
383. ' 280. 
650. 772. 
4'29. 147. 
582. 310. 
524. 378. 
393. 516. 
564. 751. 
2·87. 284. 
427. 492. 
713. 504. 
825. 505. 
624. 691. 
805. 408. 
445. 795. 
667. 513. 
825 .. 604. 
372. 759. 
703. 507. 
298. 5Y9. 
899. 710. 
804. 716. 
844. 589. 
399. 551. 
398. 498. 

98. 
81. 
35. 

16 2. 
129. 
54. 
86. 
77. 
81. 

185. 
63. 
71. 
99. 

143. 
363. 
83. 

131. 
127. 
126. 
128. 
90. 

2B2. 
168_. 
14 8. 
276. 
, 9 2. 
148. 
14 2. 
136. 
128. 
116. 

96. 

SUD01110 
SIJB01120 
SUB01130 
SUB01140 
!:>UB01150 
SUB01160 
SUB01170 
SUB011t;O 
SU B01190 

38. 35. 
4 3. 37. 
19. 27. 
59. 3 8 • 
56. J<). 
3 1. 28. 
39. 31. 
40. )b. 
J8. 31. 
65. 47. 
33. 30. 
3 7. 45 • 
58. 49. 
55. 39. 
87. 51. 
44. 37. 
52. 41. 
53. 48 • 
53. 46. 
56. I+ 3 • 
46. 37. 
7 3. 52. 
66. 47. 
59. 4 2. 
72. 44. 
69. 47. 
4 9. 4 1. 
~9. 42 • 
5 2 . 42. 
59. 42. 
So. 69. 
55. 37 • 



• 
FIGURE 2 CONTINUED 

DURATION TABLE 

• 
STATluN 0 
WATER YEAR • 29 THRU 60 

Cli\SS LCW ER UPPER INTERVAL NUMbER PERCCNT 
LIMlT LIMIT CUUf\T GREAT tR GREATER 

CFS CFS 
1 o.o s.co 0 3H4. 100. 
2 5.0C 10. co 0 384. 100. 
1 lO.OC 30.00 15 369. 96. • 4 30.00 50.00 158 211. 55. 
5 50.00 10. co 70 141. 3 7. 
6 70.00 100.00 30 111. 29. 
1 1 00.0 0 150.00 22 89. 23. 
8 150.00 2 00.00 11 76. 20. 
9 2 00.00 3CO.OO 17 61. 16. 

10 300.00 400.00 16 45. 12. 
11 400.00 soo.co 10 35. 9. 
12 500.00 600.00 14 21. :.,. • 13 6CO.OO 7CO. 00 7 14. 4. 
14 700.00 800.00 8 6. 2. 
15 8CO.OO 900 .oo 6 u. o. 
16 9CO.OO 1000.00 0 o. o. 
17 lOCO.OC 1200.00 G o. o. 
18 12 oo. oc 1500.00 0 o. o. 
19 lSOO.OC 1800.00 0 o. o. 
20 1AOO.OC 2000.00 0 u. o. • 2 1 20(0.00 2500. co 0 o. o. 
22 2500.00 3000.00 0 u. o. 
23 30CO.OC 3500.(0 0 o. o. 
24 3500.00 40CO.OO 0 o. o. 
25 4CCO.OC 4500.00 0 o. o. 
26 4500.00 5COO.OO 0 o. o. 
21 5000.00 5500.CO 0 o. o. 
2A 5500.00 6000.00 0 o. o. • 29 6CCO.OO 65CO. CO 0 o. ;). 

30 65CO.OC 7000.00 c o. J. 
31 7CCO.OO 7500.CO 0 o. o. 
32 7500.00 soco.oo 0 o. o. 
33 ~oco.oc P.500.00 0 o. o. 
34 ESCO.OC 9000.00 0 u. o. 
35 90CO.OC 9500.CO 0 o. o. • 36 C:500.00 10000.00 0 (J. o. 
37 lOOCO.OO 15COO.OO 0 o. o. 
38 15000.00 20000.00 0 o. o. 
39 ?.OCCO.OC 25000.00 (J u. o. 
40 250CO.OO 30000.00 0 o. o. 
41 3CCOO.OC 35000.00 0 o. o. 
42 3 50 CO. 0 c 400CO.OO 0 o. o. 
43 '•COOO.OO 45000.00 0 {j. o. • 44 45000.00 50000.00 0 o. o. 
45 500CO.OC 2COOCO.OO 0 o. o. 

STAiiCN f3 
EXCfECANCE FLOh 

<;5. 30.4 l 
a c. 36.63 
sc. 54.78 
~a. 95.13 • IC. 4t3.47 
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FIGURE 2 CONTINUED 

DURATI~N CURVE F~R STATI~N 
8 

WATER YEAR 
29 THRU 60 

X 

X 

X 

X 

. ·-

X 

30 50 80 
I I I I 

20.00 40.00 60.00 80.00 
EXCEEDANCE PERCENTAGE 

9 

I. Q 

95. 30.ij1 
80. 36.63 
so. 54.78 
30. 95.13 
10. ij63.ij7 

)( 

95 
100.00 



number of classes to be used. The maximum value that can be used is 

46, with existing dimensions. New class values must be input in ascen

ding order. The first class in the listing is 0-5 cfs, the next class is 

5-10. Notice how only the lower limit of the first class is input as the 

first value. The rest of the values are upper limits of each class. The 

upper limit to the previous class serves as lower limit of the existing 

class. 

After computing the exceedance values using the categorizing 

method, an exceedance table is output. Dura subroutine also computes Q 

values for the 95, 80, 50, 30 and 10 percent exceedance values. This is 

done using a semi log interpolation between values computed for the 

classes. This program also checks to be sure all flows were classified. 

If any flows could not be classified a message stating the number of 

flows classified (Total counts= Nand Total Number of Flows= M). Total 

Count minus total flows is the number of unclassified flows. If this 

problem occurs check lowest and highest class values and be sure the 

input flows are within these values. Presently lowest flow is 0, highest 

flow is 200,000 cfs. This error will also occur if negative values of 

flow are input. Input data, a sample flow duration table and a plotted 

flow duration curve are shown in Figure 2 following the program listing. 

This program has been primarily used for monthly analyses of up to 

40 years of records. If long term daily analyses are to be made some 

test runs should be made to be sure the program will not take to much 

central processing time. If times seem to be to long the options are to 

go to a longer analyses period possibly monthly flows, use less classes 

or find a computer program that can perform the required computation in a 

more efficient manner. 
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PROGRAM 2 
PROGRAM TO COMPUTE FLOW DURATION CURVES 

FROM A SERIES OF FLOWS USING A HP-41C CALCULATOR 

this program will GOmpute flow duration curves using the categori

zing technique described in Chapter 4 of the main body of this report. A 

schematic_ diagram of the program is contained in Figure 3. The number of 

clas~es to be used and upper limit of flow for each class are entered 

first. Next the flows are entered. After the flows are entered the 

~ exceedance% are calculated and output. The mirii~um flow, maximum flow, 

mean flow and standard deviation of flow are also calculated and output. 

The program is- written for the HP-41C c~l~ulator. With only this program 

in storage, 6 class intervals can be used without requiring additional 

calculator memory modules. Figure 4 and 5 contain a complete listing of 

the program, and data storage allocations respectively. An example 

problem using the program is shown in . Figure 6 . 

11 



FIGURE 3 
FLOW DIAGRAM FOR 1

, "HP-41C 
FLOW DURATION CURVE COMPUTATION PROGRAM 

Zero Arrays 
Initialize Variable 

Set up Summation Regs 
Compute % 
Exceed a nee 

in 
Each Class & Output 

This Step 
Done by t----t~ 

0 erator 

Input 
# of 

Classes 

Initializ;e 
I Counter 

ISG 

Input 
Flows for 

Classes One 
at Time 

Input 
Sequence of 

Flows One 
at Time 

Compute 
L: statist i cs 

Increment 
To Next 

Class 

Check For 
Max ·&· ~1i n 

Yes 
Press A 

No 

12 

Add 1 
To Number 
of Flows 
in Class 

Compute 
r·1ean 

Std. Dev. 

Output 
r~1i n Flow 
Max Flow 

r--1ean 
Std. Dev. 
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STEP I Kt y ENTRY 

~33 9 '~'399999 

64 STO ~33 
f5 :REG e;:: 
l36 r. HUM CLHSS? " 

09 13 
1~3" Et~ T E~: ~r 

11 Et~T.~R ·l 

if + 
17 ~;p 0t: 

1 ::,~ RCL 05 

23 RCL e~ 

26 / 
27 + 

33 GTO 01 
34 GTCY 03 
35tLBL i31 . 

3H 13 

41 f:!RCL :=< 

42 PROMPT 

44 GTO 02 
45•LBL 03 
46 RCL •% 
4? srn a~) 

48•LBL 04 

FIGURE 4 
HP-41C PROGRAM 11DUR" FOR 

COMPUTING FLOW DURATION CURVES 

C0t1f~Ei~T 

INITIALIZATION 
OF 

VARIABLES 

INPUT NUMBER 
OF 

_____ CLBS~~s ___ _ 

COMPUTE INDEX 
FOR FLOW VALUES 

IN EACH CLASS 

COMPUTE INDEX 
FOR TOTAL 
NUMBER OF 

FLOW VALUES 
IN EACH 
CLASS 

INPUT UPPER 
FLOW VALUE 

FOR EACH 

INPUT 
FLOWS 

13 

STEP l KEY ENTRY 

49 1 
50 ST + 04 
51 ·FLOW " 
52 ARCL 04 
53 PROMPT 
54 HO 01 
55 ~+ 

56 RCL ~31 

57 RC:L 02 
58 X>'r'? 
59 GTO 13 
E~0 ~: < >Y 
6i STO 62 
62+LBL 13 
63 RCL 0l 
64 RCL 03 
65 X<=Y? 
66 GTO 14 
67 :~ { ) 'r' 

68 STO 03 
69+LBL i4 
78+LBL 05 

72 GTO 13 
73 1 
74 ST- 90 
75 GTO Ot. 
76+LBL 13 
77 RCL 01 

79 X>Y? 
3& GTO 0E. 
8i GTO e5 
82+LBL 06 
33 RCL 0~3 

84 RCL 05 
85 + 
Sf, 1 
:37 ST+ IHD Y 
88 GTO 03 
39 STOP 
90+LBL H 
'3 1 RCL 07 
92 1 
93 + 
94 STO 00 
95+LBL 07 
% ISG 013 

COMMENT 

INPUT 
FLOWS 

COMPUTE 
MAXIMUM 

FLOW 

COMPUTE 
MINIMUM 

FLOW 

DETERtHNE 
WHICH CLASS 

FLOW BELONGS 
AND INCREMENT 

COUNTER FOR 
THAT CLASS 

SEE NEXT PAGE 



• 
FIGURE 4 CONTINUED 

• 
STEP 1 KEY ENTRY cm.1t~EHT STEP I KEY ENTRY COMMENT 

97 GTO 08 145 SitEV COMPUTE 
% GTO ~9 146 "STII = n 

99+LBL ec· 147 ARCL ,:t:, 
AND OUTPUT 

._, STANDARD 
100 RCL 00 148 PROHPT DEVIATION 
181 ! 149 .EHD. 

.i. -----------------
• 

182 -
193 RC:L HHI " (, 

104 RCL HH! ee 
105 + 
106 STO HHI 00 •• 
197 GTO 07 COMPUTE 
1•38+LBL 09 EXCEEDANCE 
109 RCL ~~ 

-I PERCENTS 
110 STO ee FOR EACH 
111+LBL Hi CLASS 
ii2 ISG 0~3 • 
i;""" 
.t.j GTO 11 
114 GTO 12 
1i5+LBL ii 

1 1 

116 RCL IND ee 
117 RCL 17 

1·-' 

118 X<>Y • 
119 -
120 P.CL 13 
t·i; 

c:.l ----------------122 RCL e@ 
p~ ._._. RCL e~ 
124 - OUTPUT 
125 RCL nm >< EXCEEDANCE 
126 CLH PERCENTS 
i27 f:iRCL \ ! 

l: FOR EACH 
128 "t- .. 

129 ARCL z CLASS 

• 

130 HVItW • 131 STOP 
p-:: 

._J la, CLH ----------------1"""""" f,·Tio 10 ,, 
~ -J-...: !J ! I) 

134+LBL j ·:' u:. 

135 n ~II rl b OUTPUT 
136 ~F.fL 03 MINIMUM 
1"""""' PROMPT AND MAXIMUM .:., { • 
138 ·~1AX " FLOWS 
139 ARCL 02 
148 PROMPT ----------------14i ~E~H - COMPUTE 
142 "MEHrl .. AND OUTPUT • 143 HRC:L 1~ MEAN 
144 PRO"PT 
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NUMBER 

00 . . . . . 
01 .. 

FIGURE 5 
STORAGE ALLOCATION 

HP ~41C PROGRAM 
OUR 

DATA REGISTERS 

02 • . • • • • • • 
03 . 
04 . . . . . 
05 
06 . . 

07 

08 • • . • . • • • 
thru 

13 . 
14 . . . . . . . . 

.thru 
end* . 

CONTENTS 

Counter 
Flow 
Maximum Flow 
Minimum Flow 
Total number of flows 
Total number of classes 
Starting Index for flow 
values for each class 
Starting Index for 
number of flows in 
each class 
Statistical variables 
. used by 
~+ key-
Flow values for each 
class and number of 
in each class 

* Storage= 14 '+ (2 x number of classes) 

15 



SAMPLE PROBLEM 

FIGURE 6 
EXAMPLE PROBLEM 

HP-41C PROGRAM OUR 

Determine a duration curve for the following flow values 
50' 75' 100, 150' 225' 275 

Class intervals are to be: 
0 - 100 

100 - 200 
200 - 300 

RESULTS: 

Class 

1 
2 
3 

SOLUTION 

INPUT 

Lower 
Flow 
Cfs 
0 

100 
200 

FUNCTION 

Upper 
Flow 
Cfs 
100 
200 
300 

INPUT PROGRAM 

XEQ Size n 

Exceedanc~ 
% 

67 
33 

0 

DISPLAY 

Minimum flow = 50.0 cfs 
Maximum flow = 275.0 cfs 
Mean flow = 145.8 cfs 
Standard . dev-
iation.of flow = 88.6 cfs 

COMMENTS 

Use card reader or input 
through the keyboard 

Set Storages i ze: N = 14+ 
FIX 02 2 x #of classes = 14+3x2=20 
XEQ OUR NUM CLASS ? Enter number of classes to 

be used 
3 R/S CLASS 1. 00 Enter upper flow for class 1 

100 R/S CLASS 2.00 Enter upper flow for class 2 
200 R/S CLASS 3.00 Enter upper flow· for class 3 
300 R/S FLOW 1.00 Enter flow 1 
50 R/S FLOW 2.00 Enter flow 2 

Continue this s eque nee unt i 1 all flow values are entered 
Last Flow R/S FLOW (N+l) Press LOCAL LABEL A 

USER (A) 100.00 . 67 Flow=100 Exceedance = . 67 
Push R/S to continue 

R/S 200.00 .33 Fl ow=200 Exceedance = .33 
Push R/S to continue 

R/S 300.00 .00 Flow=300 Exceedance .oo 
Push R/S to cant i nue 

R/S · Min = 50.00 Minimum flow = 50.0 
Push R/S to continue 

R/S Max =275.00 Maximum flow =275.00 
Push R/S to continue 

R/S Mean =145. 83 Mean flow = 145.83 
Push R/S to continue 
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• 
FIGURE 6 CONTINUED 

• SOLUTION (CONTINUED) 

INPUT FUNCTION DISPLAY COMMENTS 

R/S Std = 88.62 Standard deviation of flows 
= 88.62 • Push R/S to continue 

END 0 F PROGRAM 

• 

• 
• ' 

• 
.. 

• 
. . 

• .. 

. . 

• 

• 

• 17 



PROGRAM 3 
PROGRAM FOR COMPUTING POWER AND AVERAGE ANNUAL ENERGY 

VALUES FROM A FLOW DURATION CURVE ASSUMING CONSTANT HEAD 
AND EFFICIENCY 

(WRITTEN IN BASIC) 

The following program, 11 DURA1 11
, is designed to compute power output 

and average annual energy production given flow duration curve flows and 

percent exceedance values and values for head and efficiency. A complete 

description of the technique used is contained in Chapter 8 of the main 

body of .this report. This program is written in interactive format, 

therefore all input data is supplied by the operator during running of 

the program. By changing the input statements, to appropriate read 

statements the program could be modified to be used in a batch processing 

mode. Figure 7 contains a complete listing of program DURAl. Figure 8 

shows a sample session using the program. 
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FIGURE 7 
PROGRAM LISTING FOR PROGRAM DURAl 

1 h .1 · D H 1 P (7) , .; .: ( 7) 
110 FO I<. · r=1 '1(: 7 
120 PRINT 1 l ~ PU1 PERLENT AND FLOW:';! 
130 lNt' llT l'(T), Q (T") 
140 ~RL N 'f 
1 ~ 0 NEX'I' 1 
Hi 0 p d I N T ' 1 t" <'ll 'l ~A '1. .A I 

170 PR1N1 'l ~~CE NT fLO W' 
1 i3 0 fo'O El I=- 1 'i ~ ) 7 
190 PHI NT U!) 1:\G 20 0, P(l) , \d (1) 
200 RIJ ~ l#,tl#.# 

1!10 NEX T 1 
UO PHlNT 'l S DATA OK, O=Y ES, 1= N0 1 

LW INP U'i' J 
240 If' ,J=1 ·'l. .Ht; N 110 
,_:, u PRINl 1 lN PUT HEA D IN . FE t: T, AND EFfiCI ENCY' 
2 fl 0 I N t' rJ·1 H , r; 
262 PH I NT 
2£; 4 PH 1 NT 
2t) ~ P R I N'l' 
270 PRI ~T ' 1 POWER UU'l' i' U'J' i~' O R HEAD =';H; 1 l:'T. AND EFFICI.ENCY ·== 1 ;E 
i BO PRINT 
2YO PRINT · ' f XCEEDANCE DISCH~HGE POWER ENERGY LOAD' 
300 PR IN1 . '~ E ~ CENTAG E CFS KW MWU fA CTOR' 
310 FOR 1 -= 1 TO 7 
320 A= G 
330 .FO E K.o.. T 1'0 7 
)40 IF T=l ~ H ~ N 370 
3'10 J F t',>I 'li ~ L N 370 
)t) O A=P(K)* \..; ( K) 
370 IF K ~7 TH EN 3 90 
.180 A= A+ (P ( h + 1) -P {K)) * { (Q (I<t 1) +0 (K)) /2) 
3<30 NEX 'l' l.\ 
40 0 H=Q(l)* ll / .ll.U2*E 
~10 S=A~H/11~20*E*365*24*. 0 1 
~20 . L=S*1000/{H*365*24) 
4JO PRINT U~ING 440,P{T) , (!(I) ,R,~;,L 
~40 #j# #•#tl#t.t ###~·#~.i# ·~··-## f.fJ 
~ ~:>0 NEX T I 
:t~2 PH I NT 
'•S4 PRINT 
-+55 i?RINT 
•bO PRINT • iNPUT' 
.t70 PRiNT 1 1. TO hERON THi ~ N TIH~ PROGRAM' 
~~0 PRiNT '2. TO H ~RU N ·DUH~TION CURVR W11ll OJP ff HENT HEAD OR EFFICIENCY' 
4 l) {) P[iiNT I]. '1'0 END PHOGI<AM I 
SOO INPUT ·o 
51 0 1 F 0= 1 'l' li !·! N 110 
S20 IF O= L 1ll EN 250 
S lO. IF O=.l 'l'fiEN 540 
tJ40 EN D 
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FIGURE 8 
EXAMPLE PROBLEM . USING 

COMPUTER PROGRAM 
DURAl 

It is desired to determine the plant capacity for various exceedance 

percent flows and to compute the average annual generation for these 

various sized plants for a site where the duration curve of outflow will 

be as shown in the table below. The head and efficiency values are 

assumed to be constant at 75 ft. and 0.8 respectively. 

Exceedance% Flow 
0 100 

10 80 
30 70 
50 60 
80 50 
95 40 

100 30 

The computer solution to the above problem is shown on the next 

page. 
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lt.t!UT PEctc u , r :tND FLCi-1: 1 
? 
J , 100 

:NPU'l" PEP CU,J 1\N D FLOW: 2 

lNPU'l f E~CE N T AND FLOW; 3 
? 
J0,70 

IN PUT PE!<CENT AND FLOw: 4 

:'n) ,6 0 

lN!>U'r 1:· ERC F ~: ~· AND FLtnl : ') 

? 
% ,50 

IN PUT PEl:< C E. ;·; :' AN D F L 0 vJ : 6 

9S ,40 

I NPUT FEliCE~r AND FLOW : 7 
? 

I NPUT DATA 
PERCEN 'L' 

0 
10 
JO 
50 
80 
95 

100 

FL OW 
100 . 0 

(h ). () 

7 •J . 0 
1-iO . O 
') 0 . () 
40 . 0 
lO. 0 

I ~ i DATA OK, 0 - Y. l':S , 1 =~l0 

? 
0 

FIGURE 8 

TNPUT HEAD lN fE El, AND EFFICIENCY 
? 
7 5 ,. 8 

CONTINUED 

Pu'r. E l:\ 011'1 Pt : .. • f' Ol1 HEAD 75 P1. AND EPFlClRNCY = .9 

EXC n.DAI\CE 
P i~ f\ \.:EN 'l A G I~ 

0 
1 () 
30 
50 
80 
~5 

100 

INPUT 

dlSCIIAt<G.E 
CFS 

10 0 . 0 
80. 0 
70. 0 
60. 0 
50. 0 
40. 0 
JO. O 

POWER 
i:OI 
50 7. b 1 
406.09 

. J5 5.33 
30 4. 57 
253 .81 
20.3 .05 
152.28 

1. TO fH'HUN '.i.' HE ENTIR E PH OGRA M 

E N EflG Y 
I":WII 

2 7St:,.q~ 

27 12.4 <1 
262 3.55 
244S.b8 
2156.65 
1767.56 
1334.01 

LOAD 
.FACTOR 

.62 

.76 

.84 

.92 
• 97 
.99 

1. 00 

2. TO R~ RUN UUB ATI ON CURVE WlTH OIF¥ERENT dEAD OR EFFICIENCY 
3. TO END PBOGRA~ 
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PROGRAM 4 
PROGRAMS FOR COMPUTING POWER AND ENERGY FROM FLOW 

DURATION CURVES ASSUMING CONSTANT HEAD AND EFFICIENCY USING AN HP-41C 
CALCULATOR 

The following program is desiqned to compute power output and 

average annual energy production given flow duration curve flow and 

percent exceedance values and values for head and efficiency. A complete 

description of the technique _used is contained in Chapter 8 of the main 

body of this report. Two versions of the program have been written. One 

is to be used with a printer (Program "Powen") the other version will 

work without the printer accessory (Program "Powenl"). Figure 9 contains 

a listing of the non printer version of the program and Figure 10 con-

tains a listing of the printer version. Figure 11 contains a listing of 

the storage allocation requirement and identifies what data is stored in 

which location. The storage allocations are the same for both the 

printer and non printer versions of the program. 

Figure 12 contains an example problem and the required steps to 

solve the problem using the non printer program. Figure 13 contains an 

example problem for the printer version of the program. The only differ-

ence between the printer and non printer version is that the Flow, Power, 

and Energy vs. Exceedance Percent Table are output to the printer in the 

printer version. Using the printer gives a permanent record of the input 

data and the results of the computations. 
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STEP I Kt. y ENTRY 

0i +LBL ~poWEH1" 

B2 2.00901 
6:3 STC 0€i 
e4+LBL 01 

e::. GTO B2 
97 GTO B4 
e8+LBL e2 
09 RCL e~3 

10 2 
11 - . 
12 IW 

14 n;-:: e 

16 FIX ~ 

18 PROMPT 
1J3 X<>Y 
20 STO HHI 0B 
21 :~< >Y 
22 RCL 8~3 

23 7 
24 + 
25 X< >Y 

27 GTO 01 
28+LBL 04 

30 PROMPT 
31 STO 01 
32 ~:< )Y 

33 STC• 02 
34 ·Q VALUES " 
35 P~~ONPT 

36 ~:EO 0:3 
37 • G! VALS OK ·)" 
38 P~~OMPT 
39 GTO 12 
48+LBL 88 
4i 2. (H3901 
42 STO 8~3 

43+LBL 05 
44 ISG 00 
45 GTO et. 
46 GTO 07 
47+LBL 06 

FIGURE 9 
HP-41C PROGRAM LISTING 

PROGRAM POWENl 
(NONPRINTER VERSION) 

INPUT 
EXCEEDANCE 

PERCENTS 
AND FLOWS 

INPUT HEAD 
AND EFFICIENCY 

CALL OUTPUT 
SUBROUTINE TO 
DIS PLAY FLO~JS 

OUTPUT 
SUBROUTINE 

DISPLAYS 
EXCEEDANCE 

PERCENTS AND 
EITHER, FLOW, 

POWER OR 
ENERGY 

23 

STEP I KEY ENTRY 

49 n:~ e 
59 HRCL IHD 0e 
51 ·t- % tl 
s2 n :~ 3 
53 RCL 00 
54 7 
55 + 
56 ARCL I HI! ;::; 
57 PRO"PT 
58 GTO 9.5 
59+LBL 07 
6~ RHl 
61+LBL 12 
62 2.0090 
63 STO 80 
64+LBL 89 
65 ISG 80 
66 GTO H1 

67 GTO il 
6S+LBL lt1 
69 RCL 80 
7e 7 
?i + 
72 RCL 'IHD X 
73 RCL 82 
74 * 
75 RCL 81 
76 * 
77 1 i. 82 
78 / 
79 RCL 00 
se 7 
81 t 

83 STO IND Y 
· 34 GTO 0'3 

85+LBL 11 
86 ·POWER KW" 
37 PROttPT 
88 XEQ 08 
89 9 
90 STO 1~: 

91 RCL 16 
92 RCL 09 
93 * 
94 .0876 
95 * 
96 STO 17 

C0~1MENT 

OUTPUT 
SUBROUTINE 

CONTINUED 

COMPUTE POWER 
·vALUES 

CALL OUTPUT 
SUBROUTINE TO 
DISPLAY POWtR 

VALUES 

COMPUTE ENERGY 
VALUES 



STEp I KE. y E.NTRY 

97 16.00901 
9B STO 0~3 

'39+LBL 13 
100 I!SE 30 
181 GTO 14 
102 GTO 1.5 
!B3+LBL 14 
104 RCL 8~3 

1e5 1 
186 + 

1~9 + 
1 i(i 2 
111 / 
112 STO 1 '3 
113 ~·CL 80 

115 -
116 RCL INn>~ 

i 18 7 

121 ~~ CL I~~D \' 
122 -
!23 RCL 19 
124 * 
125 ST + 1:3 
i26 ~'CL ee 
127 7 
i2e -

131 * 
132 ~fL 18 
!33 + 
134 • 0876 
135 * 
i 36 RCL e~3 

137 i 
i3f; + 
139 RCL 17 
140 STO HUt V 
141 ~~ LiN 

142 F.'IIH 
143 STO i 
144 GTO i 

FIGURE 9 CONTINUED 

ENERGY 
COMPUTATION 
SUBROUTINE 

24 

STEP l KEY ENTRY 

145+LBl_ i5 
146 RCL 17 
147 STCi 1g 
148 "EHERGY t'1WH " 
14 9 PRCII~PT 
15fi XEO 88 
151 "END POWHH" 

C0~1ME NT 

----------------CALL OUTPUT 
SUBROUTINE TO 
QISPLAY ENERGY 

VALUES 
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STEP I KE. y ENTRY 

03 STG 00 
~34tLBL e1 
05 ISG 0~3 

07 GTO 04 
B8+L8!.. 02 
es PCL ee 

1 ~- -
12 If·ff 
1:; n '·, ! b~ " 

lf "~ ·~: u 

18 PROMPT 
1 '3 X< >Y 
20 STO HiD 00 

:22 RCL 00 
23 7 
24 + 

27 GTO 01 

3~ STO B2 
34 UHD , EFF " 
35 PRP 
~ .... . -., .-. 
. jt: L-L~ 

37 HRCL 02 
3t: "i- ! .. 

3'3 HRCL 01 
40 PRH 
.i ; ,-.f ,-, 
'tl '-·LH 

42 PRP 
43 "f! VALUES" 
44 PF.:H 

. 45 XEO 08 
4E. nO VHLS OK -~ ... 
47 PPOMPT 
4t: GT O 12 

FIGURE 10 
HP -41C PROGRAM LISTING 

PRO GRAM POWEN 
(PRINTER VERSION) 

INPUT 
EXCEEDANCE 

PERCENTS 
AND 

FLOWS 

INPUT 
HEAD AND 

EFFICIENCY 

PRINT 
HEAD AND 

EFFICIENCY 

-----------------CALL OUTPUT 
SUBROUTINE TO 

PRINT FLOW 
VALUES 

25 

STEP -1 KEY ENTRY 
49+LBL 08 
se 2.ae901 
51 STO 80 
52+LBL 65 
53 ISG ee 
54 GTO 96 
55 GTO 97 
56+LBL 06 
c:- .. ., 
.Jj 

58 FI:~ 0 
59 ARCL INII 00 
60 •j- ~~ .. 

61 FIX 3 
62 RCL 00 
63 7 
64 + 
65 HRCL IHD X 
66 PRP. 
67 GTO 05 
68+LBL 07 
69 CU:i 
70 PRA 
71 RTH . . 
72+LBL 12 
73 2.9090 
74 STO 00 
?S+LBL 0'3 
76 ISG 90 
77 GTO 10 
78 GTO 11 
79+LBL 10 
30 RCL 80 
81 7 
82 + 
83 RCL IHD X 
S4 RCL 82 
85 * 
86 RCL 01 
87 * 
88 ·11. 82 
89 / 

91 7 
'32 + 
93 :~< >Y 
'34 STO It·m Y 
95 GTO 09 
96+LBL 11 

COMME NT 

OUTPUT 
SUBROUTINE 

PRINTS 
EXCEEDANCE 

PERCENTS 
AND EITHER 
FLOW, POWER 

OR ENERGY 

COMPUTE 
POWER 

VALUES 



STEP I KE. y ENTRY 

99 XEG~ 88 
180 B 
161 STO 18 
102 RCL it. 
1e3 F:CL 09 
184 * 
105 .0:376 

187 STO 1? 
tes 1t..ee9e1 
169 STO 00 
i 1e+LBL 13 
111 nsE ee 
112 GTO 14 
ii3 GTO 15 
114+LBL 14 
115 RCL 0ti 
116 i 
1 i7 + 

118 RCL IND i< 
119 RCL HHI 00 
i20 + 
i21 2 
t22 ..... 
123 STO 19 
124 F.fl 00 
125 t~ 
1"26 -
! 27 RCL H-iD ;-:: 
128 RCL 8~3 

129 7 
130 -
131 x< >r= 
132 RCL HU! Y 
133 -
134 RCL 19 
135 * 
136 ST + 18 
137 RCL 00 
138 7 
139 -
140 RCL Itm X 
141 ~~cL um f1e 
142 * 
143 RCL 18 
144 t 

FIGURE 10 CONTINUED 

CALL SUBROUTINE 
TO PRINT POWER 

VALUES 

COMPUTE 
ENERGY 
VALUES 

26 

STEP I KEY ENTRY 
145 .0876 
i46 * 
147 RCL 0~3 

148 1 
149 + 
150 RCL 17 
151 STO INn Y 
152 RIIN 
153 RDt~ 

154 STO 17 
155 GTO i3 
156+LBL 15 
15? RCL i7 
158 STD 1ti 
159 ·ENERGY MWH" 
168 PRP. 
161 :x:H~ 08 
162 ·HID POWEN" 
163 AYIBl 
164 .nm. 

C0~1MENT 

ENERGY 
CO MPUT AT IONS 

CONTINUED 

CALL SUBROUTINE 
TO PRINT ENERGY 

VALUES 
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• 
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• NUMBER 

00 
01 . . . . . . 
02 . . . . 
03 
04 • 05 
06 

. . . . . . 
07 
08 
09 
10 • 11 
12 
13 . . . . . . 
14 
15 
16 • 17 
18 . . 
19 

• 

• 

• 

• 

• 

FIGURE 11 
STORAGE ALLOCATION 

HP 41-C PROGRAMS 
POWEN, POWEN1 

DATA REGISTERS 

. . . 
. . . . 

. 

. . . . . . . . . 

. . . . . . . . . 

. . . . . . . . 

27 

CONTENTS 

. Counter 
Efficiency . Head . 

Exceedance Percent 
Array 

Flow, Power, and 
Energy ··Array 

Temporary Computation 
Registers 



SOLUTION 

INPUT 

0 
100 

10 
80 

75 
.80 

FIGURE 12 
EXAMPLE PROBLEM 

HP-41C PROGRAM POWENl (NONPRINTER VERSION) 

FUNCTION DISPLAY 

INPUT PROGRAM 

C0~1MENTS 

Use card reader or input 
through keyboard 

XEQ SIZE 020 Set storage size 
XEQ POWEN 1 %, Q 1. ? Enter % 1 * 

ENTER 0.0 Enter flow (cfs) for % 1 
R/S %, Q 2. ? Enter% 2 

ENTER 10.0 Enter flow ( cfs) for %. 2 
R /S % , Q 3 • ? E nte r % 3 

Continue this sequence until all seven % and 
flow values have been entered 

ENTER 
R/S 
R/S 

R/S 

HD, EFF ? 
75.0 

Q VALUES 
0% 100.000 

10% 80.000 

Enter head 
Enter efficiency 
Push R/S to continue 
Plant discharge at % 1 
Push R/S to continue 
Plant discharge at % 2 
Push R/S to continue 

Continue until .all Q values are displayed 

R/S 
R/S 

R/S 

Q VALUES OK? If Qs are ok push R/S 

POWER KW 
0% 507.614 

10% 406.091 

If not rerun pro gram 
Push R/S to continue 
Power (KW) at % 1 
Push R/S to continue 
Power (KW) at % 2 
Push R/S to continue 

Continue until all power values are displayed 
I I 

* Exceedance percents are entered from lowest to highest percent value 

28 

• 

• 

• 

• 

• 

• 

• 

• 



• 
FIGURE 12 CONTINUED 

• SOLUTION (CONTINUED) 

INPUT FUNCTION DISPLAY COMMENTS 

R/S ENERGY MWH Push RiS to continue 
R/S 0% 2756.954 Energy (MWh) at % 1 

• Push R/S to continue 
R/S 10% 2712.487 Energy (MWh) at % 2 

Continue until all energy values 
Push R/S to continue 
are displayed 

R/S END POWEN1 End of Program 

• 

• 

• 

• 

• . . 

• 

• 

• 29 



FIGURE 13 
EXAMPLE PROBLEM 

HP-41C PROGRAM POWEN 
(PRINTER VERSION) 

SAMPLE PROBLEM 
Determine power plant size and average annual energy for power plants 

sized at the exceedance flow values shown below. 
Assume head = 75 ft. Efficiency = 0.80 

INPUT DATA RESULT 
# % Flow % Flow Power Energy 

( cfs) . cfs KW MWH 
I · 0 100 0 100 507.614 2756.954 
2 10 80 10 80 406.091 2712.487 
3 30 70 30 70 355.330 2623.553 
4 50 60 50 50 304.569 2445.685 
5 80 50 80 50 253.807 2156.650 
6 95 40 95 40 203.046 1767.563 
7 . 100 30 100 30 152.284 1334.010 

SOLUTION 

INPUT FUNCTION DISPLAY COMMENTS 

INPUT PROGRAM Use card reader or input 
through keyboard 

XEQ SIZE 020 ~et storage size 
XEQ POW EN %, Q 1. ? Enter % 1 * 

0 ENTER 0.0 Enter flow (cfs) for% 1 
100 R/S %, Q 2. ? Enter% 2 · 

10 ENTER 10.0 Enter flow (cfs) for% 2 
80 R/S %, Q 3. ? ~nter % 3 · 

Continue this sequence until all seven % and 
flow values hqve been entered 

HD, EFF ? ~nter head 
75 ENTER 75.0 Enter efficiency 

. 80 R/S 
HEAD EFFICIENCY AND Q VALUES WILL NOW BE PRINTED 

0 YHUJE::. 
e. ~~ iee. eeo 
i0 . ~; 80. 130€1 
30. ~~ ?0. ~30ft 
se. % 60 r ee~j 

95. % 43.00~t 
100. ~-; 30.0(10 

* Exceedance % are entered from lowest to highest value 
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FIGURE 13 CONTINUED 

SOLUT ION (CONTINUED) . 

INPUT FUNCTION 

R/S 

DISPLAY COMMENTS 

Q VALUES OK? ~f not rerun program 
Push R/S to continue 

POWER AND ENERGY VALUES WILL NOW BE PRINTED 

1f . ~~ 40f.. 091 
3£i. % 355 .33fi 

1f10. ~~ 152. 284 

ENERGY NWH 

H3. % 2 .. 712: 4:37 
30 . ~~ 2.- 623 s 553 
50. % 21445: 68:; 
86. ~-~ 2} 156.659 
95. ~~ 1..767.563 
1 ee. ~~ L 33 4. e 10 

EHD ·· pm~EH 

31 



PROGRAM 5 
PROGRAM FOR COMPUTING POWER 

AND ENERGY FROM FLOW DURATION CURVE 
VALUES ASSUMING CHANGING HEAD AND 

EFFICIENCY (WRITTEN IN BASIC) 

Computer program TURB is an interactive program designed to compute 

both plant power output and average annual energy production given 

exceedance percents and corresponding river flows heads, and efficiencies 

for a particular power plant configuration. This program gives much more 

realistic results than both programs DURAl and POWEN since varying 

efficiencies and heads can be input and the turbines ability to handle 

flows greater than the full gate discharge are adequately accounted for. 

A flow diagram for the program is contained in Figure 14. Although the 

author developed the computer program, the basic procedure for this 

technique was developed by Mr. Jim Carson, of International Engineering 

Company and has been presented in several small hydro short courses 

sponsored by the University of Idaho, Department of Continuing Education. 

A complete listing of the program and sample program session are 

contained in Figures 15 and 16 respectively. 

32 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

--~--- ---- --- - - --- - - - ---

FIGURE 14 
SCHEMATIC DIAGRAM OF PROGRAM 

TURB 

Input # 
of 'River Flows 
to be Ana 1 yzed 

N<20 

Input exceed.% 
R i v~ r · Fl ow , 

.Output 
%, Qs, Hs 

Input 
Title 

Inp~t turbine 
full gate 

discharge and head 

Plant Dis charge 
= River Flow 

Data 
Correct ion 

Yes Plant Discharge. 
= F u 11 Gate x K* 

33 

Outr?ut 
River Discharge 
Head and Plant 

ischarge for each % 

Input Eff
iciency for Each% 

Compute Plant 
Power Output 
for Each %. 

Compute Avg. 
Annual Energy 

Output 

Output 
River Q e 

Head Power 
Plant Q 

Output 
vg. Generation 

Head at this Flow 
Turbine Design Head 



FIGURE 15 
PROGRAM LISTING 

FOR COMPUTER PROGRAM 
TURB 

100 OIM P{20),R(20),H(20),D(20),E(20),W(20),PIJ(20) 
110 PRINT 'INPUT NUMBER Of POINTS TO BE ANALYZED' 
120 PRINT 'NUMBER MUST BE LESS THAN 20' 
130 INPUT N 
140 · FOR I=1 TO N 
150 PRINT'INPUT PERCENT,RIVERFLOi,AND HEAD' 
160 PRINT'FOR POINT';! 
170 INPUT P(I),R(I),H(I} 
171 NEXT I 
172 PRINT 
17J PRINT 
174 PRINT ' EXCEEDANCE DISCHARGE HEAD' 
175 PRINT 'POINT PERCENT CFS FT' 
176 FOR I= 1 TO N 
177 PRINT USING 178,I,P(I),R(I),H{I) 
178 #t ••• • ••••• #11 •••••• 
17<) NEXT I 
180 PRINT 
181 PRIN~ 'ARE ALL %,Q, AND H VALUES CORMECT' 
182 INPUT B$ 
183 IF B$='YES' THEN 190 
184 PRINT 1 INPUT POINT NUMBER OF DATA IN ERBOB' ' 
185 INPUT MJ 
186 PRINT 'INPUT PEBCENT,RIVER ELOW, AND HEAD 1 

187 PRINT 'FOR POINT';M3 
188 INPUT P{M3),R(1'13),H(M3) 
189 GOTO 172 
190 PRINT 'INPUT TITLE FOR RUN' 
200 PRINT 'MUST BE LESS THAN 18 CHARACTERS' 
205 PRINT I $' 
l10 INPUT l$ 
220 PRINT 'INPUT TURBINE FULL GAlE DISCHARGE AND' 
2JO PRINT 'NORMAL HEAD' 
240 INPUT D1,H1 
~50 FOR 1=1 TO N 
260 IF B(I)>D1 GOTO 290 
270 D (I) = R(I) 
280 GOTO JOO 
290 D(.It = Dl *(SQR(H(I)/H1)) 
300 NEXT I 
]10 PRINT 'TURBINE FUlL GATE DISCHARGE =';D1;'CFS' 
320 PRINT 'HEAD =•;Hl;'FT' 
330 PRINT 
340 PRINT' RIVER PLANT' 
350 PHINT 'EXCEEDANCE DISCHABGE HEAD DISCHARGE' 
360 PHINT 1 PE~CENT CFS FT CFS' 
370 FOR I=1 TO N 
380 PHINT USING 390,P (I) ,R (I) ,H (I) ,D (I) 
390 : ttl i#tlttfl#t iitt.t #J#Ittt#i 11##1## 
~00 NEXT I 
~ 10 PRINT 
~20 PRINT 
'DO P'OR 1=1 TO N 
~40 PHINT 'INPUT EFFICIENCY (DECIMAl. FRACTION) FOR FLOW =• ;D(I) ;'CFS' 
~50 lNPUT E{I) 
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460 
470 
480 
490 
500 
510 
520 
540 
550 
560 
570 
580 
5~0 

600 
610 
620 
6JO 
640 
650 
660 
665 
670 
6HO 
690 
700 
710 
7'20 
7 30 
740 
750 
760 
770 

FIGURE 15 CONTINUED 

W(l) = D{l) * H(I)*E(I)/11.820 
NEXT I 
M 1 = 0 
FOH 1=2 TO N 
K=l.-1 
M(I) = (.P(l}-P(K)}/100*(w(I}+W(K))/2*8.76 
M1=M1+M(I) 
NEXT I 
PRINT 
Phi~T 

PRINT 
PRINT' ';A$ 
PRINT 
PHINT 'FULL GATE TURBINE DISCHARGE =1 ;D1; 1 CFS NORMAL HEAD =';H1; 1 FT 1 

PI:! INT 
PEI N'I 1 KIVER PLANT P.LANT' 
PRIN l 'EACEgDANCE DISCHARGE HEAD DISCHARGE POWER' 
PuiNT ' PERCENT CPS FT CFS EFFICIENCY KW' 
FOR I=1 TON 
PRIN T USING 665,P(I) ,R(.I) ,H(l) ,D(I) ,E(I) ,W(I) 

tt• •#tl#*#.# llii.# #~ft###.# #.#I# #.#J##fl 
NEXT I 
Pt{IN1' 
PRINT 'TOTAL ENERGY =1 ;M1;'MWH' 
PRINl •INPUT' 
PRINT ' 1. TO RERUN ENTIRE PROGRAM' 
PHINT 1 2. TO RERUN CHANGING ONLY TURBINE SIZ~ AND HEAD' 
PRINT 1 J. TO END PROGRAM' 
INPUT 0 
IF 0=1 THEN 110 
If 0='2 THEN 190 
END 

35 



FIGURE 16 
EXAMPLE PROBLEM 

USING COMPUTER PROGRAM TURB 

It is desired to determine the power outut and average annual 
energy production for a power site known as Grimes site. The flow dura
tion and available head values for each particular flow for the site ·are 
shown below. The trial turbine that is to be evaluated has a full gate 
capacity of 2700 cfs and normal operating head of 82.3ft. operating effi
ciencies for the required head and flows have been determined from tur
bine performance curves and are also shown below: 

AVAILABLE FLOWS TURBINE PERFORMANCE 
AND HEAD DATA 

EXCEEDANCE RIVER HEAD HEAD PLANT EFFICIENCY 
PERCENT DISCHARGE FT FT DISCHARGE 

0 8000.0 80.0 80.0 2662.0 .880 
5 4200.0 80.9 80.9 2676.9 .890 

10 3400.0 81.6 81.6 2688.5 .900 
15 2700.0 82.3 82.3 2700.0 .900 
20 2150.0 83.0 83.0 2150.0 .900 
25 1800.0 83.5 83.5 1800.0 .890 
30 1550.0 83.5 83.5 1550.0 .880 
40 1150.0 83.5 83.5 1150.0 .870 
50 850.0 83.5 83.5 850.0 .870 
60 650.0 83.5 84.6 650.0 .830 
70 500.0 83.5 83.5 500.0 .750 
80 420.0 83.5 83.5 420.0 .700 
90 400.0 83.5 83.5 400.0 .600 

100 100.0 83.5 83.5 100.0 .500 

The complete computer solution is contained on the following three pages. 
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FIGURE 16 CONTINUED 

INPUT NUMBER OF POINTS TO BE ANALYZED 
NUMBER MUST BE LESS THAN 20 

14 
INPUT PERCENT,RIVERFLOW,AND HEAD 
FOR POINT 1 
? 
0,8000,80 
INPUT PERCENT,RIVERFLOW,AND HEAD 
FOR POINT 2 
? 
5,4200,80.9 
INPUT PERCENT,RIVERPLOW,AND HEAD 
FOR POINT 3 
? 
10,3400,81.6 
INPUT PERCENT,RIVERFLOW,AND HEAD 
FOR POINT 4 
? 
15,2700,82.3 
INPUT PERCENT,RIVERFLOW,AND HEAD 
FOR POINT 5 
? 
20,2150,83 
INPUT PERCENT,RIVEHFLOW,AND HEAD 

. FOR POINT 6 
? 
25,1800,83.5 
INPUT PERCENT,RIVERfLOW,AND HEAD 
FOR POINT 7 
? 
30,1550,83.5 
INPUT PERCENT,RIVERFLCW,AND HEAD 
FOR POINT 8 
? 
40,1150,83.S 
INPUT PERCENT,RIVERFLOW,AND HEAD 
fOR POINT 9 

50,.850,83.5 
INPUT PERCENT,RIVERFLOW,AND HEAD 
FOR POINT' 10 
? 
60,650,83 .5 
INPUT PERCENT,RIVERFLOW,AND BEAD 
fOR POINT 11 
? 
70,500,83.5 
[~PUT PERCENT,RIVERFLOW,AND HEAD 
FOR POINT 12 

30,420,83.5 
[NPUT PERCENT,RIVERFLOW,AND HEAD 
fOR POINT 13 
? 
90,400,83.5 
INPUT PEHCENT,RIVERFLOW ,AND HEAD 
FOR PO~NT 14 

37 
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FIGURE 16 CONTINUED 

• 

? 
100 , 100,93.5 • 

EXCEEDANCE DISCHARGE HEAD 
POINT PERCENT Cf'S FT 

1 0 8000 80.0 
2 5 4200 80.9 
3 10 3400 81.6 
4 15 2700 82.3 • 5 20 2150 83.0 
6 25 1800 83.5 
7 30 1550 83.5 
8 40 1150 83.5 
9 50 850 83.5 

10 60 650 83.5 
11 70 500 83.5 
12 80 420 83.5 • 13 90 400 83.5 
14 100 100 93.5 

ARE ALL %,Q. AND H VALUES CORRECT 
? 
no 

INPUT POINT NUf!BER OF DATA IN ERROR 
? • 14 
INPUT PEBCENT,RIVER FLOW, AND HEAD 
J!OB POINT 14 
? 
100,100,83.5 

EXCEEDANCE DISCHARGE HEAD • POINT PERCENT CFS FT 
1 0 8000 80.0 
2 5 4200 80.9 
3 10 3400 81.6 
4 15 2700 82.3 
5 20 2150 83.0 
6 25 1800 83.5 • 7 30 1550 83.5 
8 40 1150 83.5 
9 so 850 83.5 

10 60 650 83.5 
11 70 500 83.5 
12 80 420 83.5 
13 90 400 83.5 
14 100 100 83.5 • ARE ALL I,Q, AND H VALUES CORRECT 

? 
yes 
INPUT TITLE POR BUN 
MUST BE LESS THAN 18 CHARACTERS 

$ 
? • grimes site run 1 
INP.UT TURBINE FULL GATE DISCHARGE AND 
NORMAL HEAD 
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FIGURE 16 CONTINUED 

• 

• 
? 
2700,82.3 
IURBlNE FULL GATE DISCHARGE 2700 Cf'S 
HEAD ·= 82.3 PT 

Bl VER PLANT • EXCEEDANCE DISCHARGE HEAD DISCHA BGE 
PE.HCENT CPS F1' CFS 

0 8000 80.0 2662 
5 4200 80.9 2677 

10 3400 81.6 2688 
15 2700 8 2. 3 2700 
20 2150 83.0 2150 
25 1800 83.5 1800 • 30 1550 83.5 1550 
40 1150 83.5 1150 
50 850 83.5 850 
60 650 83.5 650 
70 500 83.5 500 
80 420 83.5 420 
90 400 83.5 400 

100 100 83.S 100 • 
INPUT EFFICIENCY (DECIIUL FRACTION) FOB FLOW 2662.004 CPS 
? 
.88 
lNPUT EFFICIENCY (DECIMAL FRAC'I ION) FOR FLOW 2676.936 CFS 
? 
.89 

• INPUT EFFICIENCY (DECIMAL FRACTION) FOR FLOW 2688.493 CPS 
? 
.90 
INPUT EFFICIENCY (DECIMAL FRACTION) FOR FLOW 2700 CFS 
"! 
• 90 
INPUT EfFICIENCY (DECIMAL Fl<ACT"ION) FOB FLOW 2150 CPS 
? • .90 
INPllT EFFICIENCY (DECIMAL FRACTION) FOR FLOW 1800 CFS 
? 
• 89 
INPUT EF'FICI ENCY {DECIMAL FRACTION) FOB FLOW 1550 CFS 
? 
.88 
INPUT EFFICIENCY (DECIMAL FRACTION) FOR FLOW 1150 CFS • ? 
• 87 
INPUT EFFICIENCY {DECIMAL FRACT1CN) FOR FLOW 850 CFS 
? 
.87 
INPU'I EFFICIENCY (DECIMAL FRAC'IION) FOR .FLOW 650 CPS 
? 

• • 83 
INPUT EFFICIENCY (DECIMAL FRACTION) FOR FLOii 500 CFS 
? 
.75 
[NPUT EFFICIENCY (DECIMAL FRACTION) FOR PLOW 420 CFS 
? 
• 70 ; 

• 39 



• 
FIGURE 16 CONTINUED 

• 

[NPUT EFFICIENCY (DECIMAL FRACTION) FOB FLOW 400 CFS 
? • • 60 
INPUT EFFICIENCY (DECIMAL FRACTION) FOB PLOW 100 CFS 
? 
.50 

GRIMES SITE RUN 1 • 
FULL GATE TURBINE DISCHARGE = 2700 CPS NORMAL HEAD = 82.3 FT 

RIVER PLANT PLANT 
EXCEEDANCE DISCHARGE HEAD DISCHARGE POWER 

PERCENT CPS FT CPS EFFICIENCY KW 
0 8000.0 80.0 2662.0 .880 15855 
5 4200.0 80.9 2676.9 .890 16306 • 10 3400.0 81.6 2688.5 .900 16704 

15 2700.0 82.3 2700.0 .900 16920 
20 2150.0 8 3.0 2150.0 .900 13588 
25 1800.0 83.5 1800.0 .890 11317 
30 1550.0 83.5 1550.0 .880 9636 
40 1150.0 83.5 1150. 0 .870 7068 
50 850.0 83.5 850.0 .870 5224 
60 650.0 83.5 650.0 .830 3811 • 10 500.0 83.5 500.0 .750 2649 
80 420.0 83.5 420.0 .700 2077 
90 400.0 83.5 400.0 .600 1695 

100 100.0 83.5 100.0 .500 353 

TOTAL ENERGY 62466.58 l'!WH 
INPUT 

1. TO RERUN ENTIRE PROGRAI! • 2. TO RERUN CHANGING ONLY TURBINE SIZE AND HEAD 
3. TO END PROGRAM 

? 

• 

• 

• 
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PROGRAM 6 
PROGRAMS FOR COMPUTING POWER AND AVERAGE 

ANNUAL ENERGY FROM FLOW DURATION CURVE VALUES 
ASSUMING CHANGING HEAD AND EFFICIENCY 

USING AN HP-41C CALCULATOR 

·. This program is simply a programmable calculator adaptation of the 

Basic program TURB described earlier. The flow diagram and other details 

of the program can be found in the write up for program TURB. This 

program is designed to compute both plant power output and average annual 

energy production given exceedance percents and the corresponding river 

flows head and efficiencies for a particular power plant configuration. 

The program is written in two forms. One for use with a printer 

(TABEN) and one using only the normal display capabilities of the calcu

lator (TABEN1). Listings for both programs are shown in Figures 17 and 

18. Storage allocations are shown in Fioure 19 and sample problems using 

both programs are presented in Figure 20 and 21 . 
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STEP I KE. y ENTRY 

10 ~· 

i 1 "7 

2~ 7 

25 PCi.. Z 

32 GTO 01 

36 PROMPT 

40 9. 0i 6ei 
41 STO 0}3 
42+LBL 05 

4f +L8L 07 

FIGURE 17 
HP-41C PROGRAM LISTING 

PROGRAM TABENl (NON PRINTER VERSION) 

co~~r~Ei~T 

INPUT 
EXCEEDANCE 

PERCENT 
AVAILABLE 

FLOW 
HEAD 

INPUT 
TURBINE FULL 
GATE CAPACITY 

AND NORMAL 
HEAD 

COMPUTE 
PLANT 

DISCHARGE 

42 

STEP 1 KEY ENTRY 

50 GTO 0~. 

51 RC~ 0f; 

53 + 

5t· ..... 

62 + 

t. :- :•:< >Y 
68 RCL f10 

70 + 
7i ' .. : .: \ V 
! 1 r· \ : , 

74+LBL 6S 
75 "F'Lqt.l) 0" 
7t. PROMP~ 

7f STO 0H 

80 GT~) 22 

8:1 -

93 -
94 CLP 

COMMENT 

PLANT 
DISCHARGE 

COMPUTATION 
CONTINUED 

DISPLAY 
COMPUTED 

PLANT 
DISCHARGES 

SUBROUTINE 
TO DISPLAY 

PLANT DISCHARGES, 
EFFICIENCIES 

AND 
POWER VALUES 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

STEP I KEy ENTRY 
97 r. ;- ~ ~~; r. 

9B Fil·~ 3 

i0f PRO~PT 
10~ GTO 10 
te2•LBL 12 

1B4•LBL 22 
105 23.€13001 
1 ~3c, STO Bfl 
10~~LBL 13 
1 BE: ISG 0(1 

. 1 f,~ GTO 14 
110 GTO 15 
-11 i •LBL 14 

114 ARC.L IND fj0 

116 Fii-:· 1 
i i? ~~C:L 00 
1iS 7 
1!S -
i 20 A~~C:L I ~D X . 

12~ RCL ee 
124 ;: 
125 + 

127 STO IHii V 
128 GTD l3 
129+ ~ 8L 15 
130 :j0.~3?~31 

131 s:-o ee 
132 nEFIC!ENCY'· 

134 XEP 09 
1~5 23~030~1 

1 ~t~ S TO i30 

138 ISG ~~3 

14€! GTO 1:3 
141+LBL i7 • 
142' FfL IrHI 03 
143 PCL 00 

. ! 44 7 

FIGURE 17 CONTINUED 

cm~t~EHT 

OUTPUT 
SUBROUTINE 

CONTINUED · · 

INPUT 
PLANT EFFICIEN

CIES FOR THE 
COMPUTED 

PLANT DISCHARGE 
AND KNOWN 

HEAD VALUES 

DISPLAY 
INPUT 

EFFICIENCY 
VALUES 

-------~---------

COMPUTE 
POWER 

VALUES 

43 

STEP -1 KEY ENTRY 
145 -
146 f.:<>Y 
147 ~:cL nm Y 
148 * 
149 X<>Y 
150 1"4 
151 + 
152 X< >Y 

. 153 RCL IND Y 
154 * 
155 11.82 
156 / 
157 8 
158 ST+ Z 
159 RIIN 
168 STO Hm Y 
161 GTO 16 
162tlBL 18 
163 ·POWER KW" 
164 PROMPT 
165 3S.e45Sl 
166 STO 96 
167 XEQ 89 
168 0 
169 STO 46 
t?e 3'3. e45e 
171 STO ec 
172+LBL 19 
173 ISG 90 
174 GTO 20 
175 GTO 21 
176+LBL 20 
177 RCL I~H! €10 
178 RCL ee 
179 1 
18~ -
181 X< >Y 
182 RCL HHl Y 
1:33 + 
184 2 

186 35 
137 ST- Z 
188 RDN 
189 RCL HHI Y 
190 1 
fn' i~T T 

COMMENT 

POWER 
VALUE 

CO MPUT AT IONS 
CONTINUED 

-----------------
DISPLAY 

COMPUTED 
POWER 

VALUES 

COMPUTE 
. AVERAGE 

ANNUAL 
ENERGY 

. OUTPUT 



STEP I KEY ENTRY 

193 RCi.. INii :: 
194 -
195 i00 
i% / 
1'F * 
i98 8.76 
l'~(j * 
2'9f ST.,. 4E 
2Ul GTO !9 
2~2+LBi.. 21 
2~33 nEHERG'r' rlWH" 
2e4 PROMPT 
205 CLH 

207 P.RCL 4E. 
238 PROMPT 
2e9 ·nm T~BEN" 
21€: .HJfi. 

FIGURE 17 CONTINUED 

cm~r~Er~T 

ENERGY 
COMPUTATIONS 

CONTINUED 

DISPLAY 
AVERAGE 
ANNUAL 
ENERGY 
OUTPUT 

-----------------
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STEP I KE. y ENTRY 
(1 1 ~ L BL u THBE t·~ I I 

. ~5 I ·:;G 00 
06 GTO g2 
e7 GTi) ~ 4 . 
(1:3•LBL 02 
0t3 RCL efi 
1~ 2·. 

12 IHT 

· 20 RCL T 
2 j STO INI~ Y 

£... ·- · ~ 

24 + 

· 31 STC IND Y 
32 GTO ~ 1 

33+LBL 04 

?5 =rJRB-Q , H ?' 
3t. PROr1PT 

41 S!O 130 
42•LBL 0_5 
43 ISG 00 

45 GTO 0t: 
46+LBL 07 

FIGURE 18 
HP 41-C PROGRAM LISTING 

PROGRAM TABEN (PRINTER VERSION) 

cm~r~Er~T 

INPUT EXCEEDANCE 
PERCENT, 
AVAILABLE 

FLOW, AND HEAD 

INPUT TURBINE 
FULL GATE 
CAPACITY 

AND NORMAL HEAD 

COMPUTE 
PLANT 

DISCHARGE 

45 

STEP I KEY ENTRY 
49 ~:>Y? . 
50 GTO 06 
51 RCL 90 
s: ; 

55 RCL 82 
56 / 
57 SQRT 
58 RCL 0i 
59 :;: 
60 RCL 0€1 
61 14 
L.-, ' v.::.. T 

64 STO INH Y 
65 GTO 65 
66+LBL 06 
6? X<>Y 
68 RCL :30 
69 14 
70 + 
71 X< >Y 
72 STO HHI Y 
73 GTO 05 
74+LBL 0:3 
75 "PLHHT Q" 
76 P~~A 
{{ 23 r 030(11 
78 STO 00 
79 XEO e9 
:38 GTO 22 
8i+LBL 09 
82 RCL 8£1 
83 2 
84 -

86•LBL. 1l3 
87 !SG eft 
88 GTO 11 
39 GTO 12 
90+LBL 11 
'31 RCL 00 

93 -
94 CLA 
95 FIX 0 

C0~1ME NT 

PLANT 
DISCHARGE 

CO MPUT AT I ON 
CONTINUED 

PRINT 
COMPUTED 

PLANT 
DISCHARGES 

SUBROUTINE USED 
TO PRINT 

PLANT DISCHARGES 
EFFICIENCIES AND 

POWER ·VALUES 

; 



STEP I Kt. y ENTRY 

99 HRCL I ~I! ~10 

1 ~30 PP.~ 

1e? cu~ 
1~4 PRP. 
135 RF! 
1~6+LBL 22 

111 GTO 14 
112 GTO 15 

; ; .. ; ,r: .: 
i i 'T lj 

1i5 FD~ 0 
116 R~'CL IHII 00 

1 i 9 F.'CL 0(1 

120 7 
12! -

125 P.CL ~fi 

i26 7 
i27 + 

130 GTO 13 

132 3&.03701 
133 STO 00 
134 ·EFFIC!EHCY" 
135 PR~~ 

136 :X:EO £i'3 
137 (·3 . 03001 
138 STO Ofi 
139+LBL i6 
140 ISG 0!3 
141 GTO ~7 
142 GTO 1:~ 

143+LBL 17 
144 RCL IND €H3 

FIGURE 18 CONTINUED 

OUTPUT 
SUBROUTINE 

CONTINUED 

INPUT PLANT 
EFFI C: IENaiES FOR 

THE COMPUTED 
PLANT DISCHARGES 

AND KNOW 
HEAD VALUES 

PRINT 
INPUT 

EFFICIENCIES 

COMPUTE 
POWER 

VALUES 

46 

STEP 1 KEY ENTRY 

145 RCL Bfi 
146 7 
147 -
148 X< >"i 
149 PCL HH: v 
1se :t 

152 14 
153 + 
154 :~C· Y 

155 ~:CL Hin '·c' 

156 * 
157 i 1. 82 
l5B l 

159 8 
it~ ST+ Z 
16i RIHi 
162 STO IfW V 
163 GTO 16 
164+LBL 1;3 
165 "POWEP KW 
166 PRP, 
i67 3B.045at 
168 STO 00 

7i STO 4t. 
72 39.04513 
73 STO Bt1 
74+LBL 1'3 
75 ISG 00 
76 GTO 2€1 
77 GTO 21 
78•LBL 2€1 
79 RCL I HD 0ft 
8~1 PCL 0~3 

81 1 
G2 -

85 + 
86 2 

. 87 / 

:39 ST- Z 

C0~1ME N T 

POWER 
VALUE 

COMPUTATIONS 
CONTINUED 

PRINT 
COMPUTED 

POWER 
VALUES 

CO~lPUTE 
AVERAGE 
ANNUAL 
ENERGY 
OUTPUT 
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STEP I KE. y ENTRY 

1·~5 F.~CL IHD Z 
1% -

!% / 
i9? :t: 

2~2 ST + 4£, 
203 .GTO 19 
2~4tLBL 21 

2e6 P~~A 

2B7 fLA 
208 FI:~:: 3 
209 .HRCL 4E. 

212 PRA 
213 PROMPT 
214 END 

FIGURE 18 CONTINUED 

cm~r~Ei~T 

ENERGY 
COMPUTATIONS 

CONTINUED · 

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

PRINT 
AVERAGE 
ANNUAL 
ENERGY 
OUTPUT 

PRINT 
"END TABEN" 
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NUMBER 
00 . . . . 
01 . 
02 
03 . . . . 
04 
05 
06 . . . . . 
07 
08 
09 
10 
11 
12 
13 . . . . 
14 
15 
16 
17 
18 
19 
20 . . . . 
21 
22 
23 
24 
25 
26 
27 . . . . 
28 
29 
3 
3I 
32 
33 
34 . . . 
35 
36 
3Z 
38 . . . 
39 
40 
41 
42 . . . . . 
43 
44 
45 
46 . . . . 

FIGURE 19 
STORAGE ALLOCATION 

HP-41C PROGRA~~S 
TABEN, TABEN1 

DATA REGISTERS 
CONTENTS . . Counter . . . . . Turbine Full Gate Discharge 

. . . . Turbine Normal Head 

Exceedance . . . . . Percent 
Array 

Available . . . . . . . Flows 
Array 

Available . . . . . . . Head 
Array 

Computed . . . . . . Plant Discharge 
Array 

. . . . . . . Efficiency 
Array 

. . . . . Counter Variable 

Computed . . . . . . . Power 
Array 

. . . . Annual Energy 
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FIGURE 20 
EXAMPLE PROBLEM 

HP -41C PROGRAM T ABEN 1 (NON PRINTER VERSION) 

SAMPLE PROBLEM 
Determine power output and average annual energy production for a powe 

plant operating with the following available flow and head condi
tions. Turbine full gate capacity is 4700 cfs and normal head is 
21 ft. 
FLOW AND HEAD DATA EFFICIENCIES USED 

% Flow Head % Plant Head Effi c-
cfs ft Flow cfs ft i ency 

0 10,000 15.5 0 4038 15.5 .86 
10 6,350 18.8 10 4447 18.8 .87 
20 4,700 21.0 20 4700 21.0 .89 
30 3,900 23.0 30 3900 23.0 .85 
50 3,100 .26.1 50 3100 26.1 .75 
80 2,550 29.5 80 2550 29.5 .70 

100 1,000 31.2 100 1000 31.2 . 60 

SOLUTION 

INPUT FUNCTION DISPLAY COMMENTS 

· Input Program Use card reader or input 
through the :. keyboard 

XEQ SIZE 047 Set storage size 
XEQ TABENl 

%, Q, H - 1 Enter % 1 * 
0 · ENTER 0.0 Enter Flow ( cfs) 1 

10,000 ENTER 10,000.0 Enter Head ( ft) 1 
15.5 ': R/S %, .Q,H-2 Enter % 2 

10 ENTER 10.0 Enter Flow ( cfs) 2 
6350 ENTER 6350.0 . Enter Head (ft) 2 
18.8 R/S %, Q, H - 3 

Continue this sequence until all seven%, FLOW, and 
head values have been entered. 

TURB-Q, H? Enter turbine full gate 
capacity ( cfs) 

4700 ENTER 4700.0 Enter normal head 
21 R/S PLANT Q Push R/S to continue 

0% 4037. 886 Plant discharge 1, Push R/S 
to display next value 

R/S 10% 4447.000 Plant discharge 2, Push R/S 
to display ·next value 

Continue this sequence until all Plant Qs are displayed 
Push R/S after last Plant Q is displayed 

Q4038 H15 .5 E? Enter efficiency of selected 
turbine for this flow and 
head 

* Enter exceedance percents from lowest to highest values 

49 



FIGURE 20 CONTINUED 

SOLUTION (CONTINUED) 

INPUT 

.86 

.87 

FUNCTION DISPLAY COMMENTS 

R/S Q4447 H 18.8 E? Enter efficiency of selected 
turbine for this flow and 
head 

R/S Q4700 H 21.0 E 

Continue this sequence unti 1 
EFFICIENCY 

0% 0.860 

R/S 0% 0.870 

Continue this sequence until 
Push R/S afte\" last value is 

POWER KW 
0% 4553.724 

10% 615 3. 5 65 

Enter efficiency of selected 
turbi ne for this flow and 
head 

a•l efficiencies are entered 
Push R/S to continue 
Efficiency 1, Push R/S to 

display next value 
Efficiency 2, Push R/S to 

display next value 
all efficiencies are displayed 
displayed 

Push R/S to continue 
Power output at 0%. Push · 

R/S to display next value 
Power output at 10%. Push 

R/S to display next value 
Continue this sequence until all power output values are 
displayed. Push R/S after last value is displayed. 

ENERGY MWH Push R/S to continue 
R/S 42,758.126 Average Annual Energy 

Production 
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FIGURE 21 
EXAMPLE PROBLEM 

HP-41C PROGRAM TABEN (PRINTER VERSION) 

SAMPLE PROBLEM 
Determine power output and average annual energy production for a power 

plant operating with the following avaiable flow and head conditions. 
Turbine full gate capacity is 4700 cfs and normal head is 21 ft . 

AVAILABLE HEAD & FLOW ·TURBINE PERFORMANCE DATA 
% 

0 
10 
20 
30 
50 
80 

100 

SOLUTION 

INPUT 

4700 
21 

Flow Head ·% Plant 
cfs ft Flow 

10,000 15.5 0 4038 
6.350 18.8 10 4447 
4,700 21.0 20 4700 
3,900 23.0 30 3900 
3,100 26.1 50 3100 
2,550 29.5 80 2550 
1,000 31.2 100 1000 

FUNCTION DISPLAY 

J'l_• 
Input Program 

XEQ SIZE 047 
XEQ TABEN1 

ENTER 
·%,Q,H-1 

0.0 . 
ENTER 10,000.0 
R/S %, · Q, H - 2 

ENTER 10.0 
ENTER 6350.0 

R/S %, Q, H - 3 

Head Effi c-
iency 

18.5 .86 
18.8 .87 
21.0 .89 
23.0 .85 
26.1 . 75 
29.5 .70 
31.2 .60 

COMMENTS 

Use card reader or input 
through the keyboard 

~et Storage Size 

Enter % 1 * cfs 
~nter Flow (cfs) 1 
Enter Head (ft) 1 
Enter % 2 
Enter Flow (cfs) 2 
Enter Head (ft) 2 

Continue thisl· sequence unti 1 all seven %, flow, and 
head values have been entered. 

TURB-Q ,H? ~nter turbine full gate 
capacity (cfs) 

ENTER 4700.0 nter normal head 
R/S 

Plant discharge values are now printed 

iO . ~~ 4_. 447. f1 B~3 
2e. % 4 .. 73e . €1~10 
30 . ~~ 3_. 9ee . J30B 
59. % 31190.090 

* Enter exceedance percents from lowest to highest .percent value 
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FIGURE 21 CONTINUED 
SOLUTION (CONTINUED) 

INPUT 

.86 

.87 

FUNCTION DISPLAY COMMENTS 

Q 4038. H 15.5 E?Enter efficiency of selected 
turbine for this flow and 
he. ad 

R/S Q 4447. H 18.8 E'Enter efficiency of selected 
turbine for this flow and 
head 

R/S ~ 4700. H 21.0 Enter efficiency of selected 
turbine for th·is flow and 
head 

Continue this sequence until all efficiency values 
are input. Push R/S after last efficiency value is entered 

I I 
Efficiency values are now printed 

: 29. % 0.390 
39. ~~ 0. 850 
56. ~·: 0.75(1 
se. ~: 0. 708 
190. I, 0.600 

Power values are now printed 

Hl % E., 153.565 
2H % 7 .. 43i. 726 
3e. ~: 6 .. 458. so:; 
se. ~~ 5,133. 883 
se. % 4 .. 454.949 
180. i~ 1 .. 5:33. 756 

Avera9§ Annua! Energy Production is now printed 

L..ilL... ! •...., t ~ lr1 • 

44 .. 758.12€. 
END TABEH 

END TABEN 
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INTRODUCTION TO IDAHO REGULATED FLOW MODEL 

The purpose of this appendix is to describe the regulated flow com

puter program developed at the Idaho Water and Energy Resources Research 

Institute at the University of Idaho. The objectives will be to: 1) 

introduce the Idaho Regulated Flow Techniques; 2) describe each of the 

subroutine building blocks in the program; 3) explain how, through call _ 

statements in the main programs, the subroutines are made to model a 

particular basin; 4) show examples of application of the model from data 

set up to final ·output. 

The model was developed out of a need to be able to quickly ana

lyze the hydropower potential of streams that are affected by a high 

degree of regulation. In order to make these analyses a method was 

needed to predict the flows downstream from the regulation points. This 

method had to account for both the upstream regulation and tributary 

inflows below the point of regulation. The method developed was called 

the Idaho Regulated Flow Technique. The computer program which will be 

described in this appendix is a computerized adaptation of this tech

nique. Input to the com~uter program include gaged, assumed, or synthe

sized reservoir outflows, average annual runoff from tributary drainage 

areas and gaged outflows from so called 11 representative 11 gages. Output 

from the model include monthly flows, duration tables, and plotted dura

tion curves for selected points in the stream system . 

A complete description of the regulated flow technique is contained 

in Chapter 7 of this dissertation. The technique itself and the computer 

program were both developed by the author and Rickey L. Emmert (M.S.C.E, 

1 



University of Idaho, 1979) in connection with a hydropower inventory of 

the Pacific Northwest Region made for the U.S. Department of Energy. 

The program consists of a very simple main program and several com

putational subroutines. The main program consists of set up statements 

for the plotter and a series of call statements for the computational 

subroutines. A complete listing of an example main program and all sub

routines used in the model is shown in Figure 13 at the end of this 

appendix. The configuration of the basin model is determined by the 

sequence of the call statements in the main program. Unlike most basin 

models this program acquires its flexibility by complete changes in the 

main program rather than a complex data entry system to describe the 

configuration of the basin being modeled. 

If a very simple basin is being modeled, then a very simple main 

program is constructed. If a complex basin is bein~ modeled, then the 

main program is tailored to the difficulty of the job. Changes in the 

model are very simple. All that is required is to rearrange, add or sub

tract the required subroutine call statements. Of course data require

ments change as the model change. Again for simple jobs very little data 

is required, for more complex jobs more data must be input. Each sub

routine requires certain data items. Data decks are assembled simply by 

providing the required data in the same order as the order of the sub

routines requiring the data in the main program. 

DISCUSSION OF COMPUTATIONAL SUBROUTINES 

The individual subroutines will be described in detail, before 

attempting to describe the entire model as a whole. The first subroutine 

to be discussed will be Subroutine READ. All flow data required in the 
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model are input using this subroutine. This should always be the first 

subroutine to be used. Both the flows to be used a~ · starting points 

(e.g., outflows from a reservoir) and flows to be used as representative 

gage data are input at this time. The data required for this subroutine 

include, number of stations to be read, station number, a special code 

for identifying the type of flow data to be read for each station to be 

read and lastly the flow data for each station. The station number, code 

and flow data sequence are separated for each station input. Input flows 

can be an average monthly cfs or monthly acre feet. A complete listing 

of format requirements for this subroutine is shown in Figure 1. Note 
. . 

that the last card for each station must be a blank card following the 

last year's data. 

The format of the input flow data can be easily changed by changing 

the read and format statements following the comment card •c READ STATION 

FLOWS'. By changing these, any flow data format can be read. This 

allows the use of previously formatted data to be used. The program has 

-been set up for card use, but with minor changes in the read and format 

statements, tape or disk files could be used. 

The next subroutine that will be described will be Subroutine 

COMM. The tributary inflows are computed and added to the upstream 

flows in this subroutine. This subroutine simply automates the proce-

dures described in Chapter 8 of the main report. Flow fractions are com-

puted for the input comparison gage. These fractions are multiplied by 

the input tributary average annual runoff to obtain tributary inflows. 

These inflows are then summed with the upstream flows to get the flows at 

the desired point. Six downstream points can be evaluated at one time 

with one COMM call statement. COMM statements can be put in sequence if 

more than six downstream points are desired. The outflows computed in 

3 
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the first COMM can be used as inflow to the second COMM statement. The 

limitation as to the number of stations analyzed comes in that the sum of 

the number of stations input with the read statement plus the number of 

points generated with the COMM, AVER and SU~~ Subroutines cannot exceed 

23. This limitation can be chan9ed by changing the dimension of array 

11 STA 11 in the common statements of the main program and the READ, AVER, 

SUMM and COMM Subroutines. Adjustment of this value may also be required 

based on Core memory size of the computer on which the program is being 

used. If the program will not fit in a particular machine simply reduce 

the 23 dimension in the common statements. Of course this will reduce 

the number of stations that can be used from 23 to the new number in the 

dimension statement. 

One must also input the analyses period to be used by the COMM Sub

routine. It is essential that the analyses period be chosen so there are 

values of flow at the representative gage for all months during this 

period. A complete listing of data requirement and format for this sub

routine ·is shown in Figure 2. 

Output fro~ this subroutine includes a complete listing of monthly 

average flows for all computed downstream points along with a duration 

table plus a plot of the duration curve. If punched cards for the com

puted stations are desired the appropriate write and format statements 

can be inserted between the comment cards identified for this purpose in 

the program listing. 

The flow duration curve computation and plotting subroutines have 

been set up to require no input data. The flow duration curve program 

uses the class interval technique (See Chapter 4 of the main report for 

an explanation of this technique). The number of intervals and upper and 

• 5 
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lower values have been set by data statements in the program. There are 

45 classes with values from 0 to 200,000 cfs. If other values for class 

intervals are desired the data statements can be easily changed. Comment 

cards identify the area where the changes should be made. 

The duration program checks to see if all flows have been classi

fied. If not the following error statement is written. 11 Total counts= n 

Total Flows = M, Check Intervals .. the difference between total flows and 

total counts is how many flow values were not classified. The minimum 

flow value must be greater than the minimum .value of class interval. 

This is 0.0 in .the program as it stands. The maximum flow value must be 

less than the .largest value of class interval. This is 200,000 in the 

program as it stands. If the flow values are out of these ranges the 

class values must be changed in the data ·statements as described above. 

The flow duration program outputs both percent exceedance for all 

class values and the values for the 95, 80, 50, 30 and 10 percent exceed

ance flow values. These specific exceedance values are interpolated 

using a semi log interpolation scheme with flows as log values and 

exceedance percents as linear values. 

The plotting subroutine is called PLTDUR. This subroutine is 

designed to be used with the Cal Comp {916) plotter and Cal Comp plotter 

software. If other plotters or software are to be used aopropriate 

changes will have to be made in the plotter call statements. If no plot

ting is desired the subroutine can be removed. Also the .. Call Pltdur 11 

statement in subroutine 11 DURA 11 and the 11 Call Plot 11 and 11 Call PlotS 11 

statements in the main program must be removed. 

Subroutine PLTDUR is set up to do either semi log (log of flow vs . 

exceedance percent) or straight arithmetic plots. The program defaults 

7 



to the semi log plots. If linear plots are desired, the statement "log= 

1" must be changed to "loq = 011
• The statement is identified by appro

priate comment statements. 

Subroutine 11 AVER 11 is used as a special purpose subroutine to create 

a ·representative gage record that is a weighted composite of up to five 

gages. In this way the runoff from the tributary can be typified by a 

weighted composite of more than one gage. 

An example of its use would be if there were two gages that were 

considered to be equally representative of the runoff from the tributary 

area. Subroutine AVER could be used to compute a weighted average of 

these gages to be used as a respresentative gage for tributary inflow 

computations. The weighting assigned to the gages are variable but must 

add up to 1.0.-

The weighted average flows are not just the weighted average of the 

actual flows at the gages. These weighted average flows are obtained by 

computing first the weighted average of what has been described earlier 

(Chapter 1) as the monthly gage flow fraction. The final weighted 

average flows are obtained by multiplying this flow fraction by a total 

weighted average runoff. A flow diagram of the method is shown in Figure 

3. 

Input to this subroutine includes starting and ending years to be 

averaged, number of gages used in the weighting, station number of gages 

to be used in the weighting, station number where weiqhted average array 

.is to be stored, and weighting factors for each gage. A complete listinq 

of input data and format required for this subroutine is shown in Figure 

4. 

The last subroutine is subroutine SUMM. This subroutine simply 

adds or subtracts two station records. This subroutine is useful for 
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FIGURE 3 
PROCEDURE FOR COMPUTING 

WEIGHTED AVERAGE FLOW 
TO BE USED AS A REPRESENTATIVE GAGE 

Find Flow Fraction 
For Each Month 

For Each Gages to 
Be Averaged 

(Flow Fract (k)) 

Find Weighted Average 
Fl ow F r act i on o f A 11 
Gages . for ~1onth (I) 
n~eighted Fract (I) ) 

Find Weighted Averaqe 
Fl ow Vo 1 ume for 

All Gages Analyzed 
(Weighted Total Volume) 

Compute Weighted 
Average Flow for....,__ ..... 

Each ~1onth 

FLOW VOLUME ~10NTH (I) 
n 

~ Flow Volume Month (k) 
k=l 

n = number of rronth analyzed 

m 
~ W: ( k ) x FLOW FRACT ( k ) 

k=l 

W(k) = input gage weighting 
for gage k 

m = number of gages analyzed 

m n 
·E E Flow Volume Gage· (k) (For Month (I) ) 

k = 1 I = 1 x ·W { K ) 

n = number of months analyzed 
m = number of gages analyzed 

Weighted Fract (I) x Weighted Total Volume 
Number of Days in Month 
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modeling flows downstream of a confluence of two regulated flow streams . 

It is also useful in cases such as irrigation diversion where w.i-thdrawals 

from a stream must be modeled. In this case one prepares a station 

record of the proposed diversion or withdrawals. By adding a minus sign 

to the diversion station number, which would be the second station number 

on the SUMM data card, these flows are subtracted from the first station 

listed on the card. A listing of the data required and format of the 

data for subroutine SUMM is shown in Figure 5. 

A complete listing of each of the subroutines is presented in 

Figure 13 at the end of this appendix. A card deck or magnetic tape 

listing of the subroutines can be obtained by contacting the Idaho Water 

Resources Research Institute, University of Idaho, Moscow, Idaho. 

SIMPLE APPLICATION OF THE MODEL 

Now that each of the subroutines has been discussed the next 

discussion will center on how the subroutines are integrated into the 

basin model. Figure 6 has been provided as a quick synopsis of each of 

the four main computational subroutines. The order of the call 

statements to these subroutines in the main program will determine the 

make up of the model . 

The easiest way to explain the application of the model is to go 

through some examples of its use. To begin with an example of a very 

simple basin will be presented and then an application of the program to 

.a more complex basin will be examined. 

The first example will be the same as that used in Chapter 7 of the 

dissertation. This example involves the determination of a flow duration 

curve at a proposed run-of-river site downstream from a reservoir. 

Figure 7 is a map of the basin of interest . 
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SUBROUTINE 
READ 

SUBROUTINE 
COMM 

SUBROUTINE 
AVER 

SUBROUTINE 
SUMM 

FIGURE 6 
MAIN COMPUTATIONAL 

SUBROUTINES 
FOR THE IDAHO REGULATED 

FLOW ~10DEL 

USED TO INPUT FLOW DATA 

COMPUTES SEQUENCE OF FLOWS 
AT POINT OF INTEREST ALSO 
CALLS FOR DURATION CURVE 

COMPUTATION AND PLOT ROUTINES 

13 

COMPUTES WEIGHTED AVERAGE 
FLOWS TO BE USED 

BY SUBROUTIN[ 11 COMM 11 

AS A REPRESENTATIVE GAGE 

ADDS OR SUBTRACTS ONE 
STATION RECORD FROM 

ANOTHER 
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(2)~(/ \ ) 
TRIBUTARY ( 

\ 

INFLOW Gage \ 
Gage AREA 1000 ~ ~~~ l 1050 ~ 

\ .~· 
• .. \ ,...,./.~ ( 1) 
~-~ _ _sl.,. 
~ TRIBUTARY 

Point of (3)t INFLOW 
Interest AREA 

,) 
./ 

STATION 1 Gage 1000- Regulated Reservoir 
Outflows 

STATION 3 

STATION 2 

Gage 1050 
Natural 

Unregulated 
Flows . 

(used as a representat1ve gage) 

Point of interest 

FIGURE 7 EXAt-1PLE BASIN FOR APPLICATION OF THE REGULATED FLOW TECHNIQUES 
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The basic technique used in applying the computer program is the 

same no matter how complex the basin. A flow diagram of this technique 

is shown in Figure 8. Step 1 in the procedure is to identify all points 

where regulated flows or duration curves of flow are desired. For the 

first example, there is only one point where it is desired to obtain the 

regulated flows. This is labeled as 11 Point of Interest .. in Figure 7. 

The next step is to identify the gaged flow stations that can be 

used in the analyses. For our first example Gage 1 and Gage 2 are the 

known flow ·gaging sites. Gage 1 is the starting point flows and Gage 2 

is the representative gage which is used to compute the tributary inflbw 

values. 

Step 4 and 5 are combined and shown in the stream schematic diagram 

of Figure 7. One note of caution should be observed when assigning 

station numbers for the computed points of interest. If more than one 

point is computed in a single Call COMM statement the station numbers 

must be in consecutive order or errors will result. Also no duplicate 

numbering of stations is allowed. 

Step six is to formulate the call statements which are used in the 

main program to form the basin model. The first call stat~ment should 

always be a Call READ. The flow data for Station 1 and 2 are read in 

first. The next step is to compute the flows and duration curves at the 

point of interest. This is done using one Call COMM statement . 

So far the simple example only two subroutine calls are required: 

11 Call READ 11 

11 Call COMM 11 

15 
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The next step is to organize the computer input data. This is best done 

by referring to Figure 1 through 5 which describe all the data required 

for the subroutines. At this time the computational period to be used 

for the subroutines must also be decided. It is best to first identify 

all periods of record available for the regulated outflow stations and 

representative stations. In general, its best to use the longest 

analyses period possible, but due to the nature of the modeling technique 

flow data for some stations may not be useable. In subroutines COMM, 

AVER, and SUMM, the period of record for the stations which are used in 

the subroutines must overlap. The period of record used in the analyses 

must be such that there is a complete record of flows for both the 

upstream inflow station and the representative station for the period 

being analyzed. Subroutine AVER requires a complete record of flows for 

the analyses period for all stations used in the weighted averaging . 

Subroutine SUMM requires a complete record of flows for the analyses 

period for both stations to be summed. Figure 9 shows a complete listing 

of the main program and data for Example 1 . 

In steps 7 and 9 the required computer runs are made and the 

results are checked for reasonableness. If the resulting runs are satis

factory then the job is complete. If the results are unreasonable, more 

computer runs may be required. 

APPLICATION OF MODEL TO A COMPLEX .FLOW SITUATION 

A second example problem is presented in order to demonstrate the 

use of the remaining subroutines. The basin to be modeled is shown in 

Figure 10. The basic approach to the problem is the same as used in 

Example 1 and shown in Figure 8. The points of interest are run-of-

• 17 
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river sites labeled points of interest 2 and 3 on the basin diagram and 

flow schematic diagram. The known flow data consists of controlled 

outflows at gages 2050 and 2060 which are used as starting points and 

gages 2080 and 2070 which are used as representative gages. 

In setting up the flow diagram, the user must be sure to assign a 

station number at each point where flows must be computed. In this 

example tributary inflows must be computed between both qage 2050 and 

2060 and the confluence of the two streams. Therefore, Stations 2 and 4 

are necessary. The user must also be sure to assign a station number for 

the sum of stations 3 and 4. The flow values at the two points of 

interest are computed with the same "Call COMM" statement so these points 

must be assigned station numbers in ascending order in a downstream 

direction. 

Before setting up the call statements, the representative gages to 

the tributary inflow areas must be assigned. Table 1 shows how the 

representative gages are assigned for this example. 

The call statements can now be formulated as follows: 

"Call READ" - Read Gage Flows for gages 2060, 2050, 2070 and 
2080 and assign to stations 1, 3, 9 and 8 
respectively. 

"Call COMM" - Compute inflows between Station 1 and Mouth. 
Assign cummulative flows to Station 2. 

"Call COMM" - Compute inflows between Station 3 and Mouth. 
Assign cummulative flows to Station 4. 

"Call SUMM" - Sum Stations 2 and 4 and store res.ults in 
Station 5. 

"Call AVER"- Compute a new average weighted gage using .50, 
.50 weighting for Stations 8 and 9 respectively. 
Store results in Station 10. 

"Call COMM" -Compute inflows between Stations 5 and 6, store 
resulting flows in 6, compute inflows between 
Stations 6 and 7, store results in Station 7. 
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TABLE 1 
REPRESENTATIVE GAGE ASSIGNMENTS 

EXAMPLE 2 

Tributary Inflow Area Description 

1) Area Between Gage 2050 and Confluence 
of the Two Streams 

2) .Area Between Gage 2060 and Confluence 
of the Two Streams 

3) Area Between Confluence and Last 
Downstream Point of Interest 

21 

Representative Gage 

Gage 2080 (Station 9) 

Gage 2070 (Station 8) 

Weighted Average of 
Gage 2080 and Gage 
2070 - use 50%- 50% 
weighting respectively 
Assign "Aver" Results 
to Station 10 



A listing of the main program for Example 2 is contained in Figure 

11. The next step is to organize the computer input data. Again the 

best way to do this is to refer to Fiqure 1 through Figure 5 which give a 

column by column listing of the data required for each subroutine. Data 

for each subroutine should be input in the same order as the respective 

call statements in the main program. Fiqure 12 shows the data set up for 

Example 2. A complete listing of the main program, subroutines and input 

data for Example 2 is shown in Figure 13. 

The computer output and plotted duration curves from the runs for 

Example 2 are shown in Figure 14. Annotations have been made to the 

output to aid in explaining the output data. 

This program offers a quick method to analyze a number of different 

sites in an area. Once the inflow and representative gage flows have 

been coded, the remainder of the modeling is relatively easy. The model 

was used with good success on several streams in Idaho durinq the course 

of the U.S. Department of Energy Hydro Resource Survey Studies. Chapter 

7 shows some comparisons of model predicted duration curves with flow 

duration curves for the same point in the stream computed from gaged flow 

values. 
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FIGURE 13 
MAIN PROGRAM, SUBROUTINES AND COMPLETE INPUT DATA FOR EXAMPLE 2 

MAIN PROGRAM 

C MAIN LINE PROGRAM 
COMMON STA (23, 100, 13) 
CALL PLOTS (0, 0, 13) 
CALL PLOT {2.0,-15.0,-3) 
CALL PLOT (0.0,2.0,-3) 
CALL SYMBOL (0.0,-.5,.07, 1 1 1 ,0.0,1) 
CALL SYMBOL {0.0,10.15,0.07,'1 1 ,0.0,1) 

C INSERT SUBROUTINE CARDS BETWEEN THIS AND FOLLOWING COMMENT CARD 
CALL READ 
CALL COMM 
CALL COMM 
CALL SUMM 
CALL AVER 
CALL COMM 

C INSERT SUBROUTINE CABDS BETWEEN THIS AND THE PREVIOUS COMMENT CARD 
CALL PLOT (6.0,0~0,999) 
STOP 
END 

SUBROUTINE READ 

SUBROUTINE BEAD 
C SUBROUTINE BEAD: BEADS MONTHLY FLOW DATA 
C STA (I,~,K) = FLOW DATA IzSTAt J=YEAR K= MONTH 
C DNA(I,J) = TEMPORARY VARIABLE FOB PLOW DATA READ FROM CARD 
C NOM = STA lUMBER 
C NUMSTA = TOXAL NUMBER OF STA~IOHS TO BE READ 
C NZ(I) = YBAB OP DATA 

COMMON STA (23,100,13) 
DIMENSION DAI (12) 
DIMENSION DNl(100,13),NZ(100) 
DATA DAY /31.0,30.0,31.0,31.0,28.0 1 31.0,30.0,31.0,30.0,31.0, 

' 131.0,30.0/ . 
C ZERO OUT STATION AiBlYS 

DO 9 I = 1,23 

c 

c 

DO 8 J = 1,100 
DO 7 K = 1,13 
STA (l,J,I) = 0 

7 CONT.INUE 
8 CONTINUE 
9 CONTINUE 

READ I OF STATIONS TO BE INPUT WITH READ SUBROUTINE 
READ ( 5,5) NUMSTA 

5 FORM AT (14) 
WRITE (6,31) NU!STA 

31 FORMAT ( 1 1SUBROUTINE BEAD',/,' 1 ,13, 1 STATIONS WILL BE READ') 
DO 20 N= 1,NUftSTA 

READ STA I 
BEAD (5,11) RUM 1 NCODE 

11 FORMAT (I4,I1) 
READ STATION FLOWS 

DO 15 I-=1,100 
READ ( 5, 12) N z (I) • ( D H A (I# J) I J= 1 I 12) 
IF (NZ(l).EQ.O) GO TO 30 

12 FORMAT (6I 1 I2,12P6. 0) 
15 CONTINUE 
30 CONTINUE 

NYRST = NZ (1) 
NYREN = NZ{I-1) 
IP (NCODE.EQ.l) GO TO 41 
GO TO 42 

25 

EXA00010 
EXA00020 
EXl\00030 
EXA00040 
EXA00050 
EXA00060 
EXA00070 
EXA00080 
EXA00090 
EXA00100 
EXA00110 
EXA00120 
EXA00130 
EXA00140 
EXA00150 
EXA00160 
EXA00170 
EXA00180 

MODU0010 
110000020 
MOD00030 
MOD00040 
MOOOOOSO 
M0000060 
MOD00070 
M0000080 
IWD00090 
MOD00100 
MOD00110 
MOD00120 
MOD001JO 
£10000140 
MOD00150 
r.OD00160 
MOOOO 170 
C10000180 
MOD001~0 

MOD00200 
MOD00.2 fO 
MOD00220 
MOD00230 
M0000240 
!'l·oD00250 
MOD00260 
MOD00.27'0 
MOD00280 
MOD00290 
MODOOJOO 
MOD00310 
MODOOJ20 
110D00330 
MOD00340 
MOD00350 
M0000360 
/10000370 
MODOOJ80 
MOD00390 
MOD00400 



FIGURE 13 CONTINUED 

~1 DO 43 I=NYRST,NYREN "'1 000 0410 
DO 44 J=1,1£ MODU0420 
DNA{I,J)=DNA(I,J)*50.42/DAY(J) MOD00430 

44 CONTINUE MOD00440 
43 CONTINUE MOD00450 
42 CONTINUE MOD00460 

: POT FLOW DATA INTO 3 DIMENSIONAL ABRAY MOD00470 
DO 17 J = NYBST,NYREN MOD00480 
DO 16 K =2,13 MOD00490 
L =J-RYRST+ 1 MODOOSOO 
STA(NUft,J,K) DBl{L,K-1} MOD00510 

16 CONTINUE MOD00520 
STA(BU!,J,1) = BZ(L) + 1900 MOD00530 

17 CONTINUE MOD00540 
C PRINT OUT STATION ARRAY MOD00550 

WRITE (6,21) NU!! MOD00560 
21 FORMAT('1',40X,'MONTHLY FLOi DATA FOR STATION 1 ,I4,/) MOD00~70 

IF (NCODE.EQ.O) GO TO 23 MOD00580 
WRITE (6,25) MOD00590 

25 FORftlT(' 1 ,4~I, 1 fLOi IN 100 AF/MONTH',/) MOD00600 
GO TO 27 MOD00610 

23 WRITE(6,26) M0000620 
26 FOB8AT(' 1 ,49X, 1 FLOW IN CPS',/) MOD00630 
27 WRITE (6,22) MOD00640 
22 FOR~AT(' ',T6,'YBlR',T16,'0CT 1 ,T25,'NOV',TJ4, 1 DEC',T43,'JAN 1 ,T52, 1 MOD00650 

1PEB',T61, 1 ftAR 1 ,T70,'lPB',T79,'MAY',T88, 1 JON 1 ,T97 ,'JUL 1 ,T106, 1 AUG 1 M0000660 
2,T115, 1 SBP') MOD00670 

DO 18 BN= NYRST,NYREN MOD00680 
18 WRITE {6,19) {STA(NUl.,NN,K),K=1,13) M00006YO 
19 FORMAT ( 1 1 ,13F9.0 ) M0000700 
20 CONTINO E MODO 0710 

BETUBN MOD00720 
END M0000730 

SUBROUTINE AVER 

SUBROUTINE AVER 
C THIS SOBROUTIMH FIIDS WEIGHTED AVERAGE OF UP TO 5 GAbES THE 
C WEIGHTED GAGE WILL BE USED AS A REPRESENTATIVE GAGE LATER 
C NA=STABTING YEAR, NB = ENDING YEAR 
C N= NUMBER OF GAGES TO BE AVERAGED 
C NC(I) = NUMBERS OF GAGES TO BE AVERAGED 
C NJ = WHERE TO PUT AVERAGED GAGE WITHIN COMMON ARRAY 
C W(I) = WEIGHTINGS ASSIGNED TO EACH GAGE 
C COSTA ARRAY = ftOHTHLY FLOW * DAYS IN MONTH 
C ROSTA ABRAI = MONTHLY VOLUME FRACTION 
C SU!(I) = TOTAL CFS DAYS FOR GAGE I 
C TSOM ==WEIGHTED SUM= SUM OF SUM(I) *WEIGHT(!} 
C SUBROUTINE WILL NOT HANDLE ZEROS FOR FLOWS BETWEEN YEARS NA AND NB 

COMMON STA (23,100,13) 
D I ft ENS I 0 N W ( 5) , N C ( 5) , R AS T A ( 1 , 1 0 0 , 1 3) , COST A ( 5 , 1 0 0, 1 3) , S U t1 ( 5) 
DIMENSION DAY(12) 
DATA DAY /31.0,30.0,31.0,31.0,28.0,31.0,30.0,31.0,30.0,31.0,31.0, 

130.0/ 
C READ INPUT DATA 

BEAD (5, 1) Nl, IB, Ill, (NC (I) ,I= 1, 5), NN 
1 FORlUT (9I2) 

BEAD (5,2) (W(I),I=l,N) 
2 FOBI'!AT (SF~ 0.3) 

C PRINT SUBROUTINE HEADINGS 
WRITE (6,40) (NC(I),W(I),I=1,N) 

40 FORMAT ('1SUBROOTINE AVER',/,' THE FOLLOWING STATIONS',/, 
1 ' ARE AVERAGED',//,' STATION WEIGHT',/,5(15, F10.3,/)) 

C ZERO ARRAYS AND SUMMING VARIABLES 
DO 15 1=1, N 

15 SUM(I)=O.O 

26 

MOu00740 
MOD00750 
!"10000760 
MOD00770 
1'10000780 
MOD00790 
110000800 
MOD00810 
r10D00820 
MOD00830 
MOD00840 
MOD00850 
M0000860 
M0000870 
MOD00880 
MOD00890 
!10000900 
MOD00910 
M0000920 
MOD009.30 
1'10000940 
M0000950 
MOD00960 
MOD00970 
M0000980 
MOD00990 
MOD01000 
11\0001010 
MOU01020 
MOD0 1030 
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FIGURE 13 CONTINUED 

DO 17 J=1,100 
DO 18 K=1,13 

18 BASTA(l,J,K)=O.O 
17 COHTIIIOE 

C PUT YEAH VlLO!S lN VARIABLE ARRAYS RASTA AND COSTA 
DO 3 I=1,M 
DO ~ J=ll,IB 
II=NC (I) 
BASTA(1,J,1) =STA(II,J,1) 
COSTA(I,J,l)=STA(II,J,1) 

C COMPUTE PLOi YOLUftES FOR COSTA ARRAY 
DO 5 K=2,13 
COSTA (I,J,K)=S!A(II,J,K)*DAI(K-1) 
SUft(I)=SUft(I)+STl(II,J,K)*DAY(K-1) 

5 CONTINUE 
4 COITINUE 

C CO~PUTE FLOW FRACTION VALUES POB BASTA ARRAY 
DO 6 J=Nl,IIIB 
DO 7 K=2,13 

7 RASTA(1,J,K)=COSTA(I,J,K)/SU~(I)*W(I)+RASTA(1,J,K) 
6 CONTINUE 
3 c·()!iTINUE 

C CONPUTE WEIGHTED SO~ OF PLOWS 
TSUft = 0.0 
DO 42 I= 1,N 

42 TSUft = tSUft + ~(I) * SUft(I) 
C COftPUTE NEW WBlGHtBO STATION FLOWS 

DO 8 J=NA,NB 
STA (NN,J,1)=STA(I.I,J,1) 
DO 9 K=2,13 

9 STA(NN,J,K)=RlSTA(l,J,K)*TSUft/DAY(K-1) 
8 CONTINUE 

C PRINT WEIGHT.ED~LOWS 
WRITE (6, ItS') IN 

45 FORMAT(' 1 ,50X, 1 WEIGHTED PLOWS 1 ,/,48X, 1 STATION NOftBEB', 
1i3,/~511,'FLOV IN CFS',/) 

DO 11 J=Nl,JB 
WRITE (6,10) (STA(MN,.J,ft),K=1,13) 

10 FORMAT (11, 13P9. 2 ) 
11 .CONTINUE 

RETURN 
END 

SUBROUTINE SUMM 

SUBRODTIHE SOI'!I'! 
C SUBROUTINE SUftATION ADDS TWO STATION FLOW VALUES STORES AND 
C VBITES SU!ATION IN A STATION PILE 
C A NEGATIVE STATIOR VALUE POB Nil CAUSES SU~ftlTIOH TO BE N - NN 

COMMON STA (23,100,13) 
C READ JS OF TWO STATIOIS TO BE ADDED,t OP StATIOI WHERE SOft IS STORED 

READ (5,5) l.lllf.PIIIN,NA,ltB 
5 FORMAT (514) 

C SUM STATION I liD NM FLOW VALUES AND STORE II PROPER STATION 
C IF NEGATIVE F'LOVS RESULTS THEY ARE ASSIGIIED Q=.2 CPS 

!!M=NN 
IP(NN.GT.O) GO TO 2 
NN = -NN 

2 CORTIHUE 
DO 9 J = Nl,NB 
DO 8 K = 2,13 
IF (STA(M.J,K).EQ.O) GO TO 8 
IF (STA(NN,J,K) .EQ.O) GO TO 8 
IF(MM.LT.O) GO TO 6 

C SUM STA1 AND STA2 

27 

I"WDO 1040 
110001050 
1'!0001060 
M0001070 
MOD01080 
MOD01090 
!'20001100 
l10001110 
MODO 1120 
1'!0001130 
!'20001140 
~!OD01150 
MOT>01160 
l'IOD01170 
l't0D01180 
MOD01190 
MOD01200 
!!OD01210 
!'20001220 
!110001230 
PWDO 1240 
1!0001250 
MOD012b0 
MOD01270 
l't0001280 
PIOD01290 
!'20001300 
l10D01310 
MOD01J20 
1110001330 
PIOD01340 
110001350 
MOD01360 
M.ODO 1370 
MOD01380 
110001390 
MOD01400 
l'tOD01410 
!'20001420 
MOD01430 
l10001440 
MOl'O 1450 

['10001460 
MOD01470 
~0001480 

!'20001490 
PIOD01500 
1!0001510 
1!0001520 
!'20001530 
MOD01540 
!WD01550 
1!00015&0 
MOD01570 
MOD01580 
!1!0001590 
PIIOD01600 
1'!0001610 
fi!OD01620 
rwoo 16JO 
MOD01640 
MOD01650 
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STA(NNN,J,K) == STA(N,J,K) + STA (NN,J,K) MOD01660 
IP(STA(NNN,J,K).GE.O.O) GO TO 8 ~0001670 
STA (NNN,J,K) = 0.2 "10001680 
GO TO 8 MODO 1690 

C TAKE DIFFERENCE OP STll AND STA2 MOD01700 
6 S'i'l(HNN,J,K) = STA(N,J,K) - STA (NN,J,K) M0001710 

IP(STA(IRI,J,K).GE.O.O) GO TO 8 MOD01720 
STA (NNN,J,IC) = O. 2 MOD01730 

8 CONTINUE ~0001740 

STl(NNN,J,l) = STl(N,J,1) MOD01750 
9 CONTINUE MODO 176 0 

C WRITE OUT SU~ftATIONS MOD01770 
WRITE (6,3) MOD01780 

3 PORHAT( 1 1 SUBROUTINE SUMM') MOD01790 
WRITE (6,12) N,!lli,NNN MOD01800 

12 FORMAT(' THE FOLLOWING IS THE SUM OF',/,' STATION' HOD01810 
1,I3, 1 AID 1 ,I3,jj,50X, 1 SUMMATION PLOWS',j,49X, MOD01820 
2'STATION MUftBBB 1 ,I3,/,52X,'PLOi IN CFS',/) MOD01830 

iRITE(6,22) MOD01840 
22 FORMAT(' 1 ,T6, 1 YEAR 1 ,T16,'0CT',T25, 1 NOV',Tl4, 1 DEC 1 ,T43, 1 JAN',T52,'MOD01850 

1PEB 1 ,T61, 1 ftlR 1 ,T70, 1 APR',T79,'MAY',T88,'JON 1 ,T97 ,'JUL',T106,'AUG'MOD01860 
2,T115, 1 SEP') MOD01870 

DO 18 ft= NA,NB HOD01880 
18 WRITE ( 6,19) (STA(NNN,M,K),K=1,13) MOD018q0 
19 FORMAT (' 1 ,13P9.0 ) MOD01900 

RETURN MOD01910 
END MOD01920 

SUBROUTINE COMM 

SUBROUTINE COHM MOD019JO 
C THIS SUBROUTINE COMPUTES A RECORD OF MONTHLY FLOWS AT MOD01940 
C UNGAGED PO~NTS MOD019SO 

COftMON STA (23,100,13) MOD019b0 
DIMENSION RATI0(12) MOD01970 
DIMENSION DlY(12) ,VOL(lO) ,PL(100,13) ,DNA(100,13) ,lVEft0(13) MOD01980 
DiftENSIOH Q(1200) ,NCHECK(100) MOD01990 
DiftENSIOH P(100,13) ~OD02000 
DiftENSIOR PLL(100,13),DNAA(100,13),P(100,13) ~0002010 

C DAYS IM EACH !OMTH MOD02020 
DATA Dlt/31.0,30.0,31.0,31.0,28.0,31.0,30.0,31.0,30.0,31.0,31.0, ~0002030 

130.0/ MOD02040 
72 FORMAT(' ',T6, 1 YEAR',T16,'0CT',T25, 1 NOV',T34,'DEC',T43, 1 JAN',T52,'M0Dv2050 

1FEB 1 ,T61, 1 MAB 1 ,T70,•APR 1 ,T79,'~AY',T88,'JUN',T97 , 1 JUL',T106,'AUG 1 MOD02060 
2,T115, 1 SEP') MOD02070 

C READ DATA CARD MOD020AO 
RElD(5,10) NUSB,NU!tR,NCG,NO,IiNA,NNB, (VOL(I),I=1,NUMR) MOD02090 

10 POBMAT(6I2,6F10.0) r10D02100 
C PRINT HEADINGS FOB SUBROUTINE MOD02110 

WRITE (6, 25) JIUftB, NCG, NO MOD02120 
25 FOBMAT( 1 11 , 1 SUBROUTINE COMM 1 ,/,' FLOWS FOR',I2, MOD02130 

1 1 STATIONS WILL BE COftPUTED',/, 1 REPRESENTATIVE STATION=', MOD02140 
2I3,/,' UPSTREAft STATION = 1 ,13,/) MOD02150 

Hft = NUftB + NUSB - 1 MOD02160 
WRITE (6,26) (J,VOL(J-NUSR+l),J=NUSR,lii!M) lii!OD02170 

26 FORMAT(' COMPUTED AVERAGE RUNOFF',/,' STATION CFS DAYS', MOD02180 
lj,5(16,P17.0,/)) MOD02190 

C ZERO OUT ARRAYS MOD02200 
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FIGURE 13 CONTINUED 

DO 121 1=1,100 
DO 122 J=1,13 
P(I,J)-zO 
PL(I,J)=O 
DNA (I,J) =0 

122 CONTINUE 
121 CONTIBUE 

DO 23 J=1,13 
23 AVHMO(J)=O 

C POT DATA INTO TVO-DIMEBSIONAL ARRAYS 
DO 15 I=BMl,IIIIB 
PL(I,1t=STA(HCG,I,l) 
DNA(I,l)=STA(IO,I,1) 
DO 16 J=2,13 
PL(I,J)=STA(MCG,I,J)*DAY(J-1) 
DNA(I,J)=STA(MO,I,J)*DAY(J-1) 

16 CONTINUE 
15 CONTINUE 

C CHECK FOB ZEROS 
NZ=O 
DO 17 l=NJA,NIB 

17 NCHECK (I) =1 
DO 18 I=NNA,NMB 
DO 19 J=2,13 
IF (PL (I,J) .LT.0.1) GO TO 1000 
IF (DNl(l,J).G"''.O.l) GO TO 19 

1000 liCHECK(I)=O 
NZ=NZ+ 1 
GO TO 18 

19 CONTINO! 
18 CONTINUE 

C COPY ARRAYS liTO NONZERO ARRAYS 
MB=NNA-1 
DO 21 I=NNl,NliB 
IF (NCHECK(I).BQ.O) GO TO 21 
NB=NlH 1 
PLL(NB,1)=PL(I,1) 
DNAA(NB,1)=DMA(I,1) 
DO 22 J=2,13 
PLL(NB,J)=PL(I,J)/DAY(J-1) 
DNAA(NB,J)=DHl(I,J)/DAY{J-1} 

22 CONTINUE 
21 CONTINUE 

C WRITE OUT ARRAYS IN CFS 
SUfii=O 
NMB=NNB-NZ 
DO 116 I=l,IIORB 

116 JOL(I):VOL(I)*(NMB-HNA•l) 
VBITE(6,902) NCG 

902 POB~AT(' 1 ,501, 1 REPBESENTATIVE STATION FLOW',j,SSX, 
1 1 S!lTtOM MUBBEB 1 ,I4,/,59X, 1 FLOW IN CPS',/) 
IIITE (6, 72) 
DO 901 I=llll,IIB 

901 18111(6,202) fPLL(I,J) ,J=1,13} 
WRITE (6,904) 10 
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FIGURE 13 CONTINUED 

904 FOR~AT( 1 1 1 ,54X, 1 UPSTREA~ INPLOW',/,53X, 
1 1 STATION NU~BER 1 ,I4,/,57X, 1 FLCW IN CFS',/) 

WRITE (6, 72) 
DO 905 I= Ill, liB 

905 WRITE(6,202) (DIAA(I,J) ,J=1, 13) 
DO 117 I=NNA,INB 
DO 118 J=2, 13 
PLL(I,J)=PLL(I,J)*DAY(J-1) 

118 DNAA(I,J)=DNAA(I,J)*DAY(J-1) 
117 CONTINUE 

DO 98 I=NNA,NNB 
DO q7 J=2,1J 

97 SU~=SUM+PLL(I,J) 
98 CONTINUE 

C DETERMINE FRACTIONAL ARRAY 
DO 105 I=INA,NIB 
DO 106 J=2, 13 

106 P(I,J)=PLL(I,J)/SU~ 
105 CONTIRUE 

C CO~PUTB SYITHBTIC GAGE RECORDS FOR REACHES 
NY=l 

110 NOr!=O 
NYBA8 =0 
DO 108 I=INA,MMB 
NIEAB=HYEAH+l 
DO 109 J-=2, 13 
P (I, 1) =PLL (I,l) 
P(I,J)=DNAA(I,J)+P(I,J)*VOL(NY) 
IP(P(I,J).GB.O.O) GO TO 2 
P(I,J) =0.2 

2 NUl! = lOft + 1 
Q(NUM)=P(I,J)/DAY(J-1) 
AVBMO(J)=AVEf!O(J)+P(I,J) 

109 COliTINUE 
106 COIJTIIIIO! 

C COMPUTE AVERAGE ANNUAL RUNOFF AND AVERAGE MONTHLY FLOWS 
AAH=O 
DO 250 J=2, 13 
AlB = AlR + AYEftO(J) 
AVE~O(J)=AVBMO(J)/NYEAR/DAY(J-1) 

250 CONTINUE 
AAR=AAB/NYEAB/165 
DO 6 0 1 J = 2, 1 J 

601 RATIO(J-1) = AVEftO(J)/AAR 
DO 113 I=NNA,NIB 
DNAA(I,1)-= .P(l,l) 
DO 111 J=2,1l 

111 DNAA(I,J)=P(I,J) 
113 CONTINUE 

DO 503 I-=1,100 
IF (P (1,1) .GT.O.l) GO TO 500 
GO TO 503 

500 KKK=P(I,l)-1900 
501 DO 504 J=2,13 

~TA(NUSR,KKK,1)-=P(I,1) 

30 
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FIGURE 13 CONTINUED 

504 STA(NUSR,KKK,J)=P(I,J)/DAY(J-1) MOD03310 
503 CONTINUE MOD03320 

C WRITE OUT ARRAYS MOD03330 
WRITE (6,S.5) BOSH 110003340 

545 FORMAT ('1 1 ,501, 1 COMPUTBD FLOW 1 ,j,49X,'STATION NUMBER', MOD03350 
1I3,j,52X, 1 lLOV IN CFS 1 ,/) MOD03360 
WRITE (6, 72) MOD0.1370 
DO 201 I=lll,HNB MODOJ380 

201 WRITE(6,202) (STA(NUSR,I,J) ,J=-1• 13) MOD03390 
202 FORMAT (11,13F9.0 ) MOD03400 

WRITE . (6,29) MOD03410 
29 FORMAT (/// 1 501, 1 PJONTHLY AVEBAGES IN . CFS 1 ,/"} 1'!0003420 

WBITE (6,73) MOD034JO 
73 FORMAT(' 1 , T16,'0CT',T25,'NOV 1 ,T34,'DEC 1 ,T43,'JAN'~T52,'MOD03440 

1FEB 1 ,T61,'PllB',T70, 1 lPB',T79,'MAY',T88,'JUN',±97 ,'JUL',T106,'AUG'MOD03450 
2,T115,'SEP 1 ) MOD03460 

WRITE (6 1 30) (lVEltO(J),J-=2,13) MOD03470 
30 FORlUT ( 101 ,12F9. 0 ) MODO 3480 

WHITE (6,31) AlB MOD03490 
31 FORMAT (/,1X,' AVERAGE ANNUAL FLOW=',FlO.O,• CFS') MOD03500 

WHITE (6,605) .MOD03510 
605 FORMAT (' 1 ,401,'RATIO OF AVG MONTHLY FLOW TO AVG ANNUAL FLOW',/) MOD03520 

WRITE(6,73) . MODOJ530 
WRITE (6,607) (RATIO (J), J=1, 12) 110003540 

607 FOBMAT (101, 12.P9. 3 ) MOD03550 
CALL DUBA(NUSB,fiUPJ,Q,NNA,NNB) MOD03560 
IF(NY.tQ.JUftR) GO TO 700 MOD~3570 
HY=NY+ 1 M,OD03580 
NUSB=NUSR+-1 MOD03590 
GO TO 110 MOD03600 

700 BET DRS MODO 3610 
END MODOJ620 

SUBROUTINE DURA 

SUBROUTINE DURl (NSTA,NOPJ,Q,NYRST,NYBEN) MOD03630 
DHI ENSIOH CLASS (46) , NCOU NT (4 7) , NTOTGT ( 47) , PERC EN ( 4 7),, B (lH) MOD03640 

C THIS SUBROUTINE COMPUXES DURATION VALUES FOR FLOW RECORD 'Q' MOD03650 
C SUBROUTINE USES FLOW CLASS SCHE~E OF COMPUTATION : . MOD03660 

DIMENSION Q(1200),MONTHS(12) MOD03670 
DIMENSIOI QPEB(7) ,CPER(7) MOD03680 
DATA CPEB/95.,80.,50.,10.,10./ MOD03690 
DATA NCLlSS/46/ MOD03700 

C THE FOLLOVIMG STATEMENT CONTAINS TH~ CLASS INTERVAL BOUNDARIES MOD03710 
C THESE VALUES CAN BE CHANGED BY CHANGING THE NU~BERS JN THE MOD03720 
C DATA STltBMEIT MODQ3730 

DATA CLASS /0.,5.,10.,30.,50.,70.,100.,150.,200.,300.,400~,500., ~0003740 
1600.,700.,800.,900.,1000.,1200.,1500.,1800.,2000.,2500.,3000., MOD03750 
13500.,4000.,4500.,5000.,5500.,6000.,6500.·,7000.,7500.,8000.,8500.,MOD03760 
19000.,9500.,10000.,15000.,20000.,25000.,30000.,35000.,40000., "OD03770 
145000.,50000.,200000./ PJOD03780 

QSUM=O MOD03790 
C COMPOTE CLASS FOB EACH FLOW AND ~OTAL COUNTS IN EA~H CLASS MOD03800 

DO 30 N=1,NCLASS MOD03810 
30 NCOUNT (N) -=0 NOD03820 

~ = NCLASS/2 ·MOD03830 
DO 40 I=1,SUM MOD03840 
IF (Q (I) .GE. CLlSS (NCLASS)) GO TO 40 M0003850 



c 

c 
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IF {Q(I).LT.CLASS(1)) GO TO 40 
26 CONTINUE 

IF (Q(l).GE.CLASS{N).AND.Q(I).LT.CLASS(N+l)) GO TO 32 
IF(Q(I).LT.CLASS(N)) GO TO 27 
N -= N+ 1 
GO TO 26 

27 N = N- 1 
GO TO 26 

32 NCOUNT(N+1)=NCOUNT(N+1) +1 
40 CONTINUE 

COMPUTE TOTAL COUNTS ANDCHECK AGAINST TOTAL t OF FLOWS 
NTOT=O 
DO 45 I=1,NCLASS 

45 NTOT=NTOT+NCODNT(I} 
IF(NTOT.EQ.NUft) GO TO 48 
WRITE (6,46) NTOT,NUM 

46 FORMAT (//,' TOTAL COUNTS =1 ,I6,' TOTAL FLOWS =1 ,I6, 
1' CHECK INTERVALS',/) 

COMPUTE PERCENTAGES 
48 NTOTGT(NCLASS +1)=0 

NCOUNT(NCLASS+1)=0 
DO 52 M=l,NCLASS 
N=NCLASS+1-H 
NTOTGT (N) = (NTOTGT (N+1) -NCOUNT (N+l) 
B(N)=-NTOTGT(N) 
C=NTOT 

52 PERCEN(N)=B(N)/C * 100. 
OUTPUT DUBATION TABLE 
WRITE (6,47) NSTA, MYHST, NY BEN 

47 FORMAT('1',221, 1 STATION 1 ,!3,/,2JX,'WATER YEAR',/,22X, 
1I3,' THRU',I3,/) 

MOD03860 
MOD03870 
MOD038fl0 
MOD03890 
f'!OD03900 
MOD03910 
MOD03920 
MODOJ9JO 
MOD03940 
MOD03950 
MOD0l960 
MODOJ970 
JIIODOJ980 
MOD03990 
~0004000 

MOD04010 
MOD04020 
MOD04030 
MOD04040 
MOD04050 
MOD04060 
MOD04070 
MOD040AO 
MOD04090 
MOD04100 
MOD04110 
MOD04120 
MOD04130 
MOD04140 
MOD04150 
110004160 

iRITE(6,60) 
60 POR~AT(' CLASS 1 ,Sl, 1 LOWER',5X,'UPPER INTERVAL 

1',/,lOX, ' LI!IT LIMIT COUNT GREATER 
2101,' CPS CPS') 

MOD04170 
NUMBER PE~Cf.NTMOD041~0 

GREATEll',/, M0004190 
1'10004200 

DO 62 N= 2,NCLlSS 
I.'!=N-1 
WRITE(6,65) ft,CLASS(N-1),CLASS(N) ,NCOUNT(N), 

65 PORI.'!AT(I5,2F10.2,I10,F10.0,F10.0) 
62 CONTINUE 
10 CONTINUE 

N-= 2 

B(N),PEHCEN (N) 

C COftPUTE SEftl-LOG INTERPOLATED 95,80,50,JO,AND 10 PERCENT 
C EICEEDANCE FLOWS 

MOD04210 
MOD04220 
MOD04230 
MOD04240 
~0004250 

MOD04260 
M0004~70 

MOD04280 
MOD04290 
MOD04300 
MOD04310 
MOD04J20 
i'lOD04330 
M000ijJ40 
MOD04350 
MOD04360 
MOD04J70 
MOD04380 
MOu04390 
1'10004400 

DO 560 I = 1, 5 
DO 550 K = N,~ClASS 
IF (PERC!H(K).L!.C~EH(I))GO TO 500 
IF (PERCEI(K+l).GT.CPER(I)) GO TO 550 
QPER(I)=10**(((1LOG10(CLASS(K+1))-ALOG10(CLASS(K))) 

1/ (PERCEll (K) -PERCEN (K+1)) * (PERCEN (K) -CPER (I))) +ALOG10 (CLASS (K))) 
GO TO 560 

550 CONTINUE 
500 QPBR (I) = CLASS{K-1) 

WRITE (6,.502) CPER (I) 
502 POBftAT (/,' ALL EXCBEDANCE ~LESS THAN',F6.0,' PERCENT',/) 
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FIGURE 13 CONTINUED 

560 CONTINUE 
C WRITE OUT IRTERPOLATBD FLOWS 

WRITE (6,504) NS'l'A 
504 FORMAT(!,' · sTATION ',13 ,;,• EXCEEDANCB PLOW') 

WHITE (6,506) (CPER(I) ,QPER (I) ,1=1,5) 
506 FOR~AT(F8.0,3I,F12.2) 

C CALL PLOTTING SUBROUTINE 
CALL FLTDUB(NSTA ,NCLASS,CLASS,PERCEN,CPEB,QPER,NYBST,NYBEN) 
RETURN 
END 

SUBROUTINE PL TOUR 

M0004410 
('!0004420 
M0004430 
MOD04440 
110004450 
M0004460 
!110004470 
I'IOD04480 
MOD04490 
MOD04500 

SUBROUTINE PLTDOB (NSTA,NCLASS,CLASS,PERCEN,CPER,QPEB,NYRST,NY~EN)MOD04510 
C SUBROUTINE PLTDUB USED TO MAKE PLOTS OP DURATION DATA MOD04520 

Difi!ENSIOii CLASS {46), PERC EN (47), X (50), Y (50) ,CPER (1) ,QPER (7) MOD04530 
STA = FLOAT (HSTA) MOD04540 

C ROUTINE TO ELIP!INATE ALL BUT ONE ZERO VALUE AND ALL MOD04550 
C BUT ONE 100 PERCENT VALUE MOD04560 

N = 0 MOD04570 
DO 20 I = 2,NCLASS MOD04580 
IP {PERCEN(I).GT.99.999) GO TO 20 MOD04590 
IF (PERCEN(I).LT •• 0001) GO TO 15 MOD04600 
N = N + 1 MOD04610 
IF {I.EQ.2) GO TO 17 MOD04620 
IP (N. GT. 1) GO '1'0 17 MOD04630 
X (N) = PERCEll (I-1} MOD04640 
Y (N) = CLASS (I-1) MOD04650 
N = N + 1 MOD04660 

GO TO 17 MOD04670 
15 a! = N+ 1 1'10004680 

X (N) = PERCE" (I) MOD04690 
T (N) = CLASS (I) !'!0004 700 
GO 'fO 21 1'10004710 

17 X(N) = PEQCEN(I) M0004720 
Y (N) = CLASS (I) MOD04730 

20 CONTINUE !'!OD04 740 
21 NMPTS = N MOD04 750 

CALL PLOT (1.5,0.0,-3) MOD04760 
C THE FOLLOWING STATEMENT CONTROLS WHETHER A LOG OR ARITHMET'IC MOD04770 
C PLOT IS ftADE. •LOG =1' = LOG PLOT, 'LOG=O' = ARITH~~TIC PLOT 

CALL PLOT (1.5,0.0,-3) 
LOG -= 1 
IP(LOG.EQ.1) GO TO 65 
CALL SCALB(Y,9.0,NMPTS,1) 
CALL AXIS (O.O,O.O,'FLOW IN CPS',11,9.0,90., 

1Y (NftPTS+1) ,I (I!IPTS+2)) 
GO TO 67 

65 CALL SCALG (Y,9.0,NftPTS,1) 
CALL LBAXS (O.O,O.O,'FLOlil IN CFS', 11,9.0,90.,I{NMPTS+1) ,Y(NMPTS 

1 + 2)) 
67 CONTINUE 

X ( N P'l PT S + 1) = 0. 0 
X (NMPTS+2) = 20.0 
CPER(6) X(H!IPTS + 1) 
CPER(7) X(NftPTS + 2) 
QPER(6) Y(NftPTS• 1) 
QPEB(7) Y(RMPTS + 2) 

33 
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CALL AXIS (O.O,O.O,•EXCEEDANCE 
1X(M~PTS+2)) 

IF(LOG.BQ.1) GO TO 69 
CALL LIIB (I,I,IftPTS,l,-1,4) 
CALL GRID (0.0,0.0,1.0,1.0,5,9) 
GO TO 72 

PERCENTAGE 1 ,-21,5.0,0.0,X(NMPTS+1),~0004960 
MOD04970 
M0004980 
MOD04q9Q 
MODOSOOO 
MOD05010 

69 CALL LGLIM (X,Y,MMPTS,l,-1,4,+1) 
72 CONTINUE 

KOD05020 
!100050JO 

CALL SIMBOL(.75,9.75,.14, 
126) 

YBST = PLOAT (HtBST ) 
YREH = FLOAT (JtBEM) 

'DURATION CURVE POR STATION 1 ,0.0,110005040 
M0005050 
1'!0005060 
110005070 

CALL NUMBER (2.3,9.55,.14,STA,0.0,-1) 
CALL SYftBOL (1.8,9.35,.14,'WATER YEAR',0.0,10) 
IF ( (NYBST+ 1). NE. NlBEI) GO TO 61 
CALL NUMBER (2.4,9.15,.14,YBST,0.0,4) 

. GO TO 63 
61 CONTINUE 

CALL NOMBBB (1.82,9.15,.14,YRST,0.0,-1) 
CALL SYMBOL (2.2,9.15,.14,'THBU 1 ,0.0,4) 
CALL NUMBEB (2.9,9.15,.14,YREN,0.0,-1) 

63 CONTINUE 
IF (LOG. NE. 1) GO TO 25 

C PLOT LOG GRIDS 
N~GBD = 9.1 * Y(NMPTS + 2) 
DO 25 I = 1,HftGBD 
X 1 = 0. 0 
Y1 = 1/Y(MftPTS + 2) 
CALL PLOT (11,Y1,3) 
X2 = 5 
CALL PLOT (X2,Y1,2) 

25 CONTINUE 
C PLOT 10,30,50,80,95 LINES AND LABEL 

DO 40 I = 1,6 
Y1 =0.02 
IP (I.GT.J} GO TO 28 
11 = .5 • (I-1) -.14 
PER = 10.+ (I-1) • 20. 
GO TO 35 

28 COMTilfOE 
IF ( I.GT.-) GO TO 30 
11 = 3. 86 
PER = 80 
GO TO 35 

30 COMTIMOE 
IF ( I.GT.5) GO TO 32 
X1 = 4.61 
PEB = 95. 
GO TO 35 

32 X 1 = 5. 0 
y 1 = o. 0 

35 CONTINUE 
IF (Y1.LT.0.0001) GO TO 37 
CALL NUMBER (11,Y1,.14,PER,0.0,-1) 
y 1 = • 21 

34 
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• 

X1 = X1 + • 14 l"'0005510 

• 37 CONTINUE !'110005520 
CALL PLOT (11,11,3) M0005530 
Y2 = 9.0 1"10005540 
CALL PLOT (11,12,2) 11!0005550 

40 COliTIIIUI !'10005560 
CALL SYftBOL(5.3,8.6,.14,•1 Q1 ,0. o, 7) 110005570 
DO 50 .I: 1, 5 l"'0005580 
YPOS = 8. 4-I*. 2 1'10005590 

• CPES = CPEB (I) 1"10005600 
QPES = QPIR (I) PIOD0561 0 
CALL NUftBBR(6.2,YPOS,.10,QPES • 0, 2) MOD05620 
CALL NUMBBB(5.l,TPOS,.10,CPES , 0,0) MOD05630 

50 COliTIHUE !'10005640 
CALL PLOT (7.0,0.0,-3) I"W005n50 
CALL SYftBOL (O.o,-.s,.o7,•r•,o.o,1) MOD05660 
CALL SY~BOL (0.0,10.15,0.07,•r•,o.o,1) MOD05670 

• BETURN MOD05680 
END 1'10005690 
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INPUT DATA FOR EXAMPLE 2 • 

4 
10 PLOW DATl FOB STATION 1 GAGE 2050 FOLLOWS • 28 49 2 2 2 2 2 16 418 585 773 911 350 

29 285 2 2 2 2 2 2 2 5 ]24 1049 100 
30 337 2 2 2 2 2 2 2 155 708 620 159 
31 231 2 2 2 2 2 2 107 2 219 836 100 
32 4 2 2 2 2 l. 2 2 438 652 A67 350 
33 381 2 2 2 2 2 2 2 144 625 864 343 
34 4 .15 2 2 2 2 2 2 .262 208 .250 992 160 
35 229 2 2 2 2 2 2 2 5 795 906 168 • 36 218 2 2 2 2 2 2 2 255 706 844 JJ<l 
37 J68 2 2 2 2 2 2 2 154 631 828 100 
38 14 2 2 2 2 2 2 2 803 750 8'i0 422 
39 245 2 2 2 2 2 2 2 40 603 979 100 
40 279 2 2 2 2 2 2 2 314 589 821 350 
41 175 2 2 2 2 2 2 2 242 621 90b 350 
42 318 2 2 2 2 2 2 2 250 680 881 339 
43 382 2 2 2 2 2 541 480 208 750 850 624 • 44 152 2 2 2 2 2 2 144 5 3q2 990 100 
45 261 2 2 2 2 2 2 2 43 678 862 341 
46 248 2 2 2 2 2 2 193 770 750 850 350 
47 4 2 2 2 2 2 52 354 660 750 850 350 
48 4 2 2 2 2 2 51 200 674 750 880 33Q 
49 233 2 2 2 2 2 2 2 461 694 862 339 
50 97 2 2 2 2 2 18 2 653 750 850 602 
51 158 2 2 2 2 2 155 128 788 750 850 350 • 52 4 2 2 2 2 2 754 252 593 750 850 ]50 
53 339 2 2 2 2 2 2 2 551 750 850 625 
54 J21f 2 2 2 2 2 2 97 798 750 850 357 
55 311 2 2 2 2 2 2 2 5 693 930 350 
56 89 2 2 2 2 2 873 522 529 750 850 J50 
57 4 2 2 2 2 2 544 2 779 750 951 350 
58 170 2 2 2 2 2 2 428 672 799 973 346 
59 397 2 2 2 2 2 2 2 250 805 833 350 • 60 4 2 2 2 }. 2 2 2 544 742 894 341 
61 395 2 2 2 2 2 2 2 5 491 855 350 
62 199 2 2 2 2 2 2 2 457 777 qJ5 350 
63 4 2 2 2 2 46 2 260 795 799 888 350 
64 197 2 2 2 2 2 2 2 289 750 850 350 
65 380 2 2 2 2 2 203 691 931 750 850 583 
66 4 2 2 2 2 2 2 2 338 597 829 350 
67 359 2 2 2 2 2 2 2 287 750 850 499 • 68 4 2 2 2 2 2 2 363 131 662 860 350 
69 149 2 2 2 2 2 600 350 289 799 81.5 350 
70 103 2 2 2 2 2 2 2 1020 750 850 506 
71 196 2 2 2 2 2 692 509 1146 786 850 750 
72 75 2 2 2 2 2 402 244 797 750 850 353 
13 79 2 2 2 2 2 2 2 189 595 880 350 
74 178 2 2 2 2 2 854 758 544 1034 850 750 
75 160 2 2 2 2 2 307 179 11 750 850 501 • 

30 PLOW DATA FOB STATION 3 GAGE 2060 FOLLOiS 
28 1000 200 300 546 1038 2477 1218 200 1949 1200 1870 2252 
29 1000 385 794 862 825 371 200 200 200 14)4 19.34 2485 
30 1000 590 467 620 367 165 165 200 243 1101 1906 1551 

• 
36 

• 



• 
FIGURE 13 CONTINUED 

• 
31 1018 376 305 200 200 329 165 165 776 800 79U 656 
32 350 200 200 200 200 165 165 200 200 1000 196 2 2283 

• 33 1000 ~51 971 880 891 347 200 200 200 1fi62 2026 2113 
34 1029 353 604 200 259 200 200 399 1618 2248 1733 2000 
35 1000 381 230 249 223 560 HiS 200 200 1149 1607 1697 
36 1138 200 200 200 200 272 200 200 200 1873 2179 .228<) 
31 1102 672 814 200 200 319 165 200 200 924 1317 1430 
38 1192 254 200 488 392 165 200 200 1907 1236 1676 2122 
39 1000 486 886 1020 717 200 200 200 1946 1684 17.16 24]0 
40 1186 571 486 481 200 200 200 200 200 2003 2237 1784 

• 41 1000 210 482 553 502 200 200 200 200 1558 1872 1983 
42 1000 200 238 666 242 200 200 200 2174 1431 2154 2387 
43 1000 200 200 400 567 2997 1751 363 867 1971 1633 1868 
44 1000 426 1001 1334 735 717 200 200 200 1674 2028 2290 
45 1000 383 896 500 200 165 165 200 200 1174 1941 2187 
46 1000 232 269 231 263 200 578 200 949 1343 19A3 2Q]q 
47 1000 200 300 908 302 2560 956 693 2165 1304 1980 2052 
48 1000 414 776 778 365 1362 1054 200 3296 1391 2011 2231 
49 1000 406 721 916 250 200 200 1743 1282 1720 2112 2219 
50 1000 309 896 527 200 200 1297 200 896 1717 1955 1q82 
51 1000 323 583 895 408 2983 1312 200 849 1000 1824 2138 
52 1000 379 300 1055 2369 2081 678 1311 2119 1096 1942 2113 
53 1000 580 817 400 200 1215 1297 289 1398 1381 1890 2017 
54 1000 528 795 881 200 1316 1614 219 1544 1098 1939 2152 
55 1000 464 919 857 889 646 200 200 200 1000 2013 2138 
56 1000 200 300 400 2588 2350 783 802 1805 1000 1991 2247 

• 57 1000 473 '669 1103 435 1810 571 595 2046 1190 1919 2271 
58 1000 454 589 521 200 122 1390 824 1560 1210 1860 2167 
59 1000 322 545 751& 494 342 200 200 1711 1314 1967 1500 
60 1000 565 995 1185 253 200 200 459 2267 1715 1932 2229 
61 1000 375 773 769 200 200 200 200 330 2303 2234 2017 
62 1000 442 673 727 200 200 200 200 200 1359 1924 219A 
63 1000 200 323 1061 1042 1341 200 881 2186 1121 1839 1977 
64 1000 374 636 1103 740 218 200 200 1861 1000 2084 2113 

• 65 1000 565 300 780 3041 2135 1245 829 2245 1000 1500 1500 
66 1166 591 895 982 928 210 200 419 900 2200 2265 2313 
67 1000 "37 682 298 392 200 241 200 395 1101 2220 2278 
68 1000 592 750 1076 200 200 896 200 200 1863 1500 1934 
69 1000 200 498 400 1292 2343 421 413 997 1234 2054 2284 
70 1000 561 901 400 200 1034 699 200 2974 1000 2120 1787 
71 1000 200 300 1351 3120 2616 996 12·86 2534 1439 1713 1659 
72 1000 624 684 400 2215 2611 200 367 2027 1000 1840 1938 

• 73 1000 626 458 586 785 200 368 200 544 2049 2177 2037 
74 1000 200 200 400 2164 3486 988 1695 1722 2091 1659 18q1 
75 1000 713 1019 1123 335 326 1206 200 691 1942 1695 2138 

80 FLOW DlTl FOB STATION 8 GAGE 2070 POLLOWS 
29 45. 39. 36. 35. 33. 37. 66. 293. 387. 98. 38. 35. 
30 4 2. 37. 57. 4 7. 43. 49. 381. 500. .316. 81. 4 3. 37. 
31 44. 31. 22. 21. 24. 39. 164. 476. 127. 35. 19. 27. 

• 32 32. 39. 31. 36. 40. 48. 131. 516. 577. 162. 59. 38. 
]] 41. 43. 28. 29. 27. 28. 49. 155. 628. 129. 56. 39. 
34 31. 311. 32. . H. 37 • 76. 316. 365. 131. 54. 31. 28. 
35 40. 51. 40. 35. 35. 41. 121. 457. 418. 86. 39. 31. 
36 32. 34. 30. 32. 35. 38. 252. 698. 348. 77. 40. 36. 

• 
37 

• 



• 
FIGURE 13 CONTINUED 

• 

37 28. 26. 26. 24. 21. 30. 60. 383. 280. 8 1. 38. 31. 
38 32. 38. 95. 50. 45. 57. 210. 650. 112. 185. 65. 47. • 39 53. so. 40. 35. 30. 47. 204. 429. 147. 63. 33. )0. 
40 33. JO. 40. 40. 41. 7 J. 252. 582. 310. 71. 37. 45. 
41 57. 57. 46. 42. 40. 63. 154. 524. 378. 99. 58. 49. 
42 50. 88. 1An. 70. 54. 55. 246. 393. 516. 143. 55. )q. 

43 38. 63. 48. 45. 51. 60. 436. 564. 751. 363. 87. 51. 
44 50. 52. 44. 36. 36. 36. 84. 281. 28tt. 83. 44. 37. 
45 33. 46. 34. 31. 32. 38. 77. 427. 492. 131. 52. 41. 
46 40. 46. 46. 60. so. 56. 294. 713. 504. 127. 53. 48. • 47 58. 65. 75. 51. 51. 85. 211. 825. 505. 126. 53. 46. 
48 67. 50. 46. 65. 48. 45. 126. 624. 6q1. 128. 56. 43. 
49 45. 48. 38. 35. 35. 45. 229. 805. 408. 90. 46. 37. 
50 44. 49. 45. 45. 47. 61. 150. 445. 795. 282. 73. 52. 
51 79. 87. 12. 56. 7 3. 69. 311. 667. 513. 168. 66. 47. 
52 87. 60. 57. 51. 48. 4 7. 212. 825. 604. 148. 59. 42. 
53 35. 34. 38. 53. 48. 51. 174. 372. 759. 276. 72. 44. 
54 41. 47. 43. 39. 44. 60. 248. 703. 507 .. 192. 69. 47. • 55 41. 41. 34. 33. 33. 37. 58. 298. 599. 148. 49. 41. 
56 44. 59. 112. 84. 61. 74. 338. 899. 710. 142. 59. 4 2. 
51 4 7. 48. 44. 39. 48. 54. 140. 804. 716. 136. 52. 42. 
58 52. 42. 39. 33. 45. 38. 117. 844. 589. 128. 59. 42. 
59 40. 60. 63. 51. 46. 44. 175. 399. 551. 116. 56. 69. 
60 88. 61. 43. 40. 43. 68. 182. 398. 498. 96. 55. 37. 

90 FLOi DATA ·Poll STATION 9 GAGE 2080 POLLOiS • 41 o. o. 0. o. o. o. 0. o. 1824. 729. 487. 375. 
42 353. 515. 684. 381. 340. 357. 1152. 1450. 2070. 1079. 450. 337. 
43 306. 378. 355. 399. 3A1. 501. 2209. 2655. 3447. 2601. A45. 485. 
44 448. 423. 325. 304. 284. 280. 568. 1429. 1562. 816. 386. 30 3. 
45 258. 300. 253. 263. 292. 326. 602. 1854. 2306. 1073. 454. J37. 
46 310. 321. 348. 337. 299. 491. 1541. 2692. 2434. 10 31. 483. 392. 
47 431. 425. 4 81. 341. 360. 583. 1054. 3037. 2308. 1094. 492. 393. 
48 438. 366. ·j 16. 352. 316. 304. 778. 2344. 3247. 1039. 479. 350. • 49 332. 336. 298. 251. 252. 349. 1170. 2826. 2271. 797. 418. 332. 
50 JJfi. 355. 329. 321. 344. 397. 1014. 1996. 3293. 2006. 646. 459. 
51 483. 507. 420. 337. 422. 390. 1536. 2119. 2743. 1570. 691. 426. 
52 511. 398. 394. 330. 333. 321. 1462. 3085. 3079. 1243. 55B. 380. 
53 320. 283. 287. 336. 320. 377. 964. 1551. 3288. 1963. 629. 391. 
54 328. 331. 312. 304. 368. 472. 1248. 2957. 2574. 1626. 589. 396 .. 
55 325. 299. 265. 271. 253. 25.4. 384. 1611. 2737. 1175. 474. ]JQ. 

56 324. 384 .. 678. 466. 378. 517. 1670. 3673. 3953. 1458. 640. 425. • 57 394. 389. 356. 298. 339. 424. 870. 2902. 3138. 1109. 498. ]77. 
58 369. 316. 314. 297. 347. 333. 729. 3701. 2898. 961. 487. 365. 
59 324. 404. 412. 358. 339. 361. 971. 1483. 2652. 926. 450. 439. 
bO 546. 412. 325. 300. 287. 468. 987. 1542. 2358. 702. 398. 326. 
61 300. 303. 256. 224. 290. 346. 649. 1759. 2023. 54q. 343. 311. 
62 315. 303. 297. 288. 317. 311. 1217. 1606. 2508. 1006. 503. 3 51. 
63 598. 473. 454. 316. 644. 426. 695. 2266. 2648. 1098. 518. 403. 
64 359. 395. 309. 286. 262. 285. 725. 1857. 2782. 1225. 503. 380. • 65 321. . 301. 735. 503. 424. 477. 14&6. 2707. 4203. 2319. 871. 539. 
66 423. 369. 332. 3 21. 266. 361. 838. 17 33. 1418. 568. 327. 278. 
&1 275. 280. 269. 275. 271. 326. 447. 1935. 3285. 1382. 511. 371. 
68 420. 311. 320. 282. 408. 4 76. 628. 1425. 2094. 753. 525. 413. 
69 .. 30. 469 • 356. 441. 370. 445. 1645. 3207. 2636. 993. 475. 363. 
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70 338. JOO. 292. 383 .. 360. 405. 537. 2177. 3700. 1571. 563. 444. 

• 71 371. l.l97. 416 • 464 .. 462. 448 .. 1150. 3410 .. 4610. 2218. 773. 472. 
72 394. 349. 323. 331. 345. 813. 907. 2895. 4958. 1644. 619. 455. 
73 404. 342. 335. 335. 297. 340. 559. 1664. 1602. 661. 37 2. 333. 
74 313. 648. 442. 694. 474. 679. 1465. 2661. 5751. 2463 .. 813. 481. 

2 1 9 14260 10000. 
4 1 tJ 34260 150000. 

2 4 5 42 60 

• 4260 2 8 9 10 
.5 .5 

6 210 54260 100000. 40000. 

• 

• 

• 

• 

•• 
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SUBRCUTINE RE~C 
4 STATICNS WILL BE READ 

YEAR CCT NOV CEC 
1928. 49. 2. 2. 
1929. 285. 2. 2. 
1930. 337. 2. 2. 
1931. 231. 2. 2. 
1932. 4. 2. 2. 
1 <13 3. 381. 2. 2. 
1934. 415. 2. 2. 
1 <735. 229. 2. 2. 
1<73l:. 218. 2. 2. 
19 3 7. 368. 2. 2. 
1 <J3 8. 14. 2. 2. 
1<139. 245. 2. 2. 
1<140. 279. 2. 2. 
l<J41. 175. 2. 2. 

-+» 1942. 318. 2. 2. 0 

1S43. 382. 2. 2. 
1944. 152. 2. 2. 
P~45. 261. 2. 2. 
1<;46. 248. 2.. 2. 
1947. 4. 2. 2. 
l S48. 4. 2. 2. 
1949. 233. 2. 2. 
1950. 97. 2. 2. 
1951. 15A. 2. 2. 
1<;52. 4. 2. 2. 
1S53. 339. 2. 2. 
1 c; 54. 324. 2.. 2. 
1955. 311. 2.. 2. 
1956. 89. 2. 2. 
1 ~57. 4. 2. 2. 
1958. 170. 2. 2. 
1S59. 397. 2. 2. 
1G60. 4. 2. 2. 
1961. 395. 2. 2. 
1S62. l<J9. 2. 2. 

• • • • 

FIGURE 14 
COMPUTER OUTPUT AND PLOTTED 

DURATION CURVES FOR EXAMPLE 2 

MGNTHLY FLOW DATA FCR STATlC~ 

FLOW IN CFS 

JAN FED MAR APR 
2. 2. 2. 16. 
2. 2. 2. 2. 
2. 2. 2. 2. 
2. 2. 2. 2. 
2.. 2. 2 . 2. 
2. 2. 2. 2. 
2. 2. 2. 2. 
2. 2. 2.. 2. 
2. 2. 2. 2. 
2. 2. 2 . 2. 
2. 2. 2. 2. 
2. 2. 2. 2. 
2. 2. 2. 2. . 2. 2. 2. 2. 
2. 2. 2. 2. 
2 . 2. 2. 541. 
2. ..., 2. 2. £.• 

2. 2. 2. 2. 
2 . 2. 2. 2. 
2.. 2. 2. 52. 
2. ..., 2. 51. L.• 

2. 2. 2. 2. 
2. 2. 2. 18. 
2. 2. 2. 15 5. 
2. 2. 2 .. 754. 
2. 2. 2. 2. 
2. 2. 2. 2. 
2.. 2. 2. 2. 
2. 2. 2. 873. 
2. 2. 2. 544. 
2. 2. 2. 2. 
2. 2. 2. 2. 
2. 2. 2. 2. 
2. 2. 2. z. 
2. 2. 2. 2. 

• • • 

MAY JUN JUL AlJG S EP 
418. 585. 773. <111. 350. 

2. 5. 324. 1 C4CJ. 100. 
2. 155. 108. 620. 159. 

107. 2. 219. 836. 100. 
2. 438. 652. 867. 3 50. 
2. 144. 62 5. 864. 343. 

262. 208. 250. 992. 160. 
2. 5. 795. <JC6. 168. 
2. 255. 70 6. 844. 339. 
2. 154. 631. 82 8 . 100. 
2. 803. 750. 8 50 . 422. 
2. 40. 60 3. <179. 101). 
2. 314. 589. 821. 3 50. 
2. 242. 621. 906. 350. 
2. 250. 680. 8R1. 339. 

480. 208. 750. 850. 624. 
144. 5. 39 2. 990. 100. 

2. 43. 678. A62. 341. 
193. 770. 7 50. 850. 3 50. 
354. 660. 750. 850. 350. 
200. 674. 750. 880. 339. 

2. 461. 694. 862. 339. 
2. 653. 750. 850. 602. 

12 a. 788. 750. 850. 3 50. 
252. 593. 750. 850. 350. 

2. 551. 750. 850. 625. 
97. . 798. 750. A 50. 357. 

2. 5. 69 3. S30. 350. 
522. 529. 750. 850. 3 50. 

2. 779. 750. <;51. 35 J . 
42 A. 672. 799. 973. 346. 

2. 250. 80 5. e33. 3 50. 
2. 544. 74 2. 894. 341. 
2. 5. 491. 855. 3 50. 
2. 457. 7 7 7. 93 5. 3 50 . 

• • • • 
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1963. 4. 2. 2~ 2. 2. 46. 2. 260. 795. 799. 8AB. 3 50. 
1<;64. 1CH • 2· 2. 2.. 2. 2. 2. 2. 289. 750. 850. 350. 
196 5. 380. 2. 2. 2. 2. 2. 203. 6<1 l. 931. 750. esc. 583. 
1966. 4. 2. 2. 2. 2. 2. 2. 2~ 338. '597. 829. 350. 
1 <;67. 359. 2. 2. 2. 2. 2. 2. 2. 287. 750. 850. 494. 
1S68. 4. 2. 2. 2. 2. 2. "l 

"-• 363. 1.31 • 662. 860. 350. 
1969. 149. 2. 2. 2. 2 • . 2. 600. 350. 289. 799. 825. 350. 
1970. 103. 2. 2. 2. 2. 2. 2. 2. 1020. 750. 850. 506. 
1971. 196. 2. 2. 2. 2. 2. 6CJ2. 50CJ. 1146. 786. 350. 750. 
1972. 75. 2. 2. 2. 2.· 2. 402. 244. 797. 750. 850. 353. 
1Cj73. 79. 2. 2. 2. 2. 2. 2. · .2. 189. 59 5. 880. 350. 
1Cj74. 178. 2. 2. 2. 2. 2. 854. 75 8. 544. 1034. 850. 750. 
1 c; 7 '5. 160. 2. 2. z. 2. z. 3C 7. 179. 77. 7 50. c5o. 501 .. 

MONTHLY F~OW DATA FOR STATICN 3 

FLOW IN CFS 
~ 
....... 

YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
192 a. 1000. 200. 300. 546. 1038. 2477. 1218. 200. 1949. 1200. 1870. 2252. 
1929. 1000. 385. 794. 862. 825. 371. zoo. 200. 200. 1434. 19 34. 2485. 
1930. 1000. 590. 467. 620. 367. 165. 16 s. 200. 243. 1101. 1906. 15 51. 
1931. 1018. 376. 305. 200. 200. 329. 165. 16 5. 776. 800. 1<J8. 656. 
193 2. 350. zoo. 200. 200. zoo. 165. 165. 200. 200. 1000. 1962. 2283. 
1933. 1000. 351. <i7l. 880. 891. 347. 200. 200. 200. 1462. 2026. 2113. 
1934. 1029. 353. 604. 200. 259. 200. 200. 399. 1618. 2248. 1733. 2000. 
1935. 1000. 381. 230. 249. 223. 560. 165. 200. 200. 1149. 1607. 1697. 
1936. 1138. 200. 200. 200. 200. 272 .. zoo. zoo. 200. 1873. 2179. Z289. 
1937. 1102. 672. E14. 200. 200. 319. 165. 200. 200. 9Z4. 1317. 1430. 
1938. 1192. 254. 200. 488. 392. 165. 200. zoe. 1907. 1236. 1676. 2122. 
1939. 1000. 486. 886. l 020. 717. 200. 200. 200. 1946. 1684. 1716. 2430. 
1940. 1186. 571. 486. 481. 200. 200. 200. 200. 200. 2003. 2237. 1784. 
1941. 1000. 210. 482. 553. 502. 200. 200. 200. 200. 1558. 1 e 12. 1983. 
1942. 1000. 200. 2 38. 666. 242. 200. 200. zoo. 2174. 1431. 2154. 2387. 
1943. 1000. zoo. 200. 400. 567. 29Y 7. 1751. 363. 867. 1971. 1633. 1868. 
1944. 1000. 426. 1001. 1334. 735. 117. 200. 200. 200. 1674. 2C28. 2290. 
1945. 1000. 383. 896. 500. 200. 16 5. 165. zoo. 200. 1174. 1941. 2187. 
1946. 1000. 232. 269. .231. 263. 200. 578. 200. 949. 134 3. 1983. 2039. 
1947. 1000. 2QO. 300. 908. 302. 2560. 956. 693. 2165. 1304. 1980. 2052. 
194 8. 1000. 414. 776. 778. 365. 1362. 1054. zoo. 3296. 1391. 2011. 2231. 
1Cj49. 1000. 406. 721. 916. 250. 20 o. 200. 1743. 1282. 1720·. 2112. 2219. 
1950. 1000. 309. 8<J6. 52 7. 200. 200. 1297. 200 • . 896. 1717. 1955. 1982. 
l 951. 1000. 323. 583. 895. 408. 2983. 1312. 200. 849. 1000. 1B24. 2138. 



FIGURE 14 CONTINUED 

1952. 1000. 3 79. 300. 1055. 2369. 2081. 678. 1311. 2119. 1096. 1942. 2113. 
1953. 1000. 580. 817. 400. 200. 1215. 129 7. 289. 1398. 1381. 1890. 2017. 
1S54. 1000. 528. 795. 881. 200. 1316. 1614. 219. 1544. 109 8. 1939. 2152. 
1955. 1000. 464. 919. 857. 889. 646. 200. 200. 200. 1000. 2013. 2138. 
lG56. 1000. 200. 300. 400. 2588. 2350. 783. 802. 1805. 1000. 1991. 2247. 
1'957. 1000. 473. 469. 1103. 435. 1810. 571. 595. 2046. 1190. 1919. 2271. 
1958. 1000. 454. ~89. 521. 200. 722. 1390. 824. 1560. 1210. 1A60. 2167. 
195 G. 1000. 322. 545. 754. 494. 342. 200 .• 200. 1711. 1314. 1 S6 7. 1500. 
1960. 1000. 565. <;95. 1185. 253. 200. 200. 459. 2267. 1715. 1932. 2229. 
1961. 1000. 3 75. 173. 769. 200. 200. 200. 200. 330. 2303. 2234. 2017. 
1962. 1000. 442. 673. 72 7. 200. 200. 200. 200. 200. 1359. 1924. 2198. 
1963. 1000. 200. 323. 1061. 1042. 1341. 200. 881. 2186. 112 1. 1839. 19 77. 
1964. 1000. 374. 636. 1103. 740. 218. 200. 200. 1861. 1000. 2084. 2173. 
1965. 1000. 565. 300. 780. 3041. 213 5. 1245. 829. 2245. 1000. 1500. 1500. 
1Cj66. 1166. 591. €95. 982. 92 a. 210. 200. 419. 900. 2200. 2265. 2313. 
1Cj6 7. 1000. 437. 6 82. 298. 392. 200. 241. 200. 395. 1101. 2220. 2278. 
1 q6 a. 1000. 592. 750. 1076. 200. 200. 896. 200. 200. 1863. 1500. 1934. 
1969. 1000. 200. 498. 400. 12q2. 2343. 4 21. 413. S97. 1234. 2 054. 2284. 
l c; 70. 1000. 561. CJ01. 400. 200. 1034. 699. 200. 2974. 1000. 2120. 1787. 
1971. 1000. 200. 300. 1 351. 3120. 2616. <;96. 12a6. 2534. 1439. 1713. 1659. 
1972. 1000. 624. 684. 400. 2215. 2611. 200. 36 7. 2027. 1000. 1840. 1938. 

~ 1973. 1000. 626. 458. 586. 785. 200. 368. 200. 544. 2049. 2177. 2037. 
N 1<;74. 1000. 200. 200. 400. 2164. 3486. <;88. 169 s. 1722. 2091. 1659. 1891. 

19 7 5. 1000. 713. 1Cl9. 1123. 335. 326. 1206. 200. 691. 1942. 16CJ5. 2138. 
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MCNTHLY FLOW DATA FCR STATIC~ a · 

FLOW IN CFS 

YEAR OCT NOV CEC · JAN FEU MAR APR MAY JUN JUL AUG SEP 
1929. 45. 39. 36. 35. 33. 37. 66. 293. 387. q 8. 3R. 35. 
1930. 42. 37. 57. 47. 43. 49. 381. 500. 316. 81. 43. 37. 
1S31. 44. 31. 22. 21. 24. 39. 164. 476. 127. 3 5. 19. 21. 
1932. 32. 39. 37. 36. 40. 48. 131. 516. 577. 162. 59. 38. 
193 3. 41. 43. 28. ..2.9. 27. 28. 49. 15 5. 628. 129. 56. 39. 
1934. 37. 34. 32. 31. 37. -76. 316. 365. 131. 54. 31. 28. 
1S35. 40. 51. 40. 35. 35. 41. 12 1. 457. 418. 86. 39. 31. 
1936. 32. 34. 30. 32. 35. 3 a. 252. 698. 348. 77. 40. 36. 
1937. 28. 26. 26. 24. 27. 30. 60. 383. 280. 8 1. 38. 31. 
193 e. 32 .. 38. 95. so. 45. '.>7. 210. 650. 772. 18 5. 65. 47. 
1939. 53~ 50. 40. 35. 30. 4 7. 204. 429. 147. 6 3. 33. 30. 
1940. 33. 30. 40. 40. 41. 73. 252. 582. 310. 71. 37. 45. 
1 <;41. 57. 57. 46. 42. 40. 63. 154. 524. 3 78. 99. 58. 49. 
1942. 50. 88. 14 7. 70. 54. 55. 246. 393. 516. 143. 55. 39. 
1943. 38. 63. 48. 45. 51. ·. 60. 436. 564. 751. 36 3. 87. 51. 
1944. 50. 52. 44. 36. 36. 36. 84. 28 7. 2 84. 83. 44. 37. 
1945. 33. 46. 34. 37. 32. 3 8 • . 77. 427. 492. 131. 52. 41. 
1946. 40. 46. 46. 60. 50. 56. 2<;4. 713. 504. 12 7. 53. 48. 

~ 194 7. 58. 65. 75. 51. 51. 85. 211. 825. 505. 126. 53. 46. w 
1948. 67. 50. 46. 65. 48. 45. 126. 624. 691. 128. 56. 43. 
1949. 45. 48. 38. 35. 35. 45. 229. 80 5. 408. 90. 46. 37. 
1<150. 44. 49. 45. 45. 4 7. 61. 150. 445. 795. ·2s2. 73. 52. 
19 51. 79. 87. 72. 56. 73. 69. 311. 667. 513. 168. 66. 47. 
1952. 87. 60. 57. 51. 48. 47. 272. 82 5. 604. 148. 59. 42. 
1953. 35. 34. 38. 53. 48. 51. 174. 372. 759. 276. 72. 44. 
1 <;54. 41. 47. 43. 39 • . 44. 60. 248. 703. 507. 192. 69 • 47. 
1955. 41. 41. 34. 33. 33. 37. 58. ·298. 599. 148. . 49. 41. 
1<;56. 44. 59. 112. 84. 61. 74. 33 8. 899. 710. 142. 59. 42. 
19 57. 47. 48. 44. ·-39. 48. 54. 140. 804. 716. 136. 52. 42. 
1958. 52. 42. 39. 33. 45. 3 a. 117. 844. 589. 128. 59. 42. 

•t «;59. 40. 60. 63. 51. 46. 44. 175. 39<;. 551. 116. 56. 69. 
1960. 88. 61. 43. 40. 43. 68. 18 2. 398. 498. 96. 55. 37. 



FIGURE 14 CONTINUED 

MONTHLY FLOW DATA FCR STATIC~ 9 

FLOW IN CFS 

YE~R CCT ~GV CEC JAN FEB MAR APR I-1AY JUN JUL AUG SEP 
l<i41. o. o. o. o. o. o. o. o. 1824. 72 9. 4 8 7. 375. 
1942. 353. 515. (; 84. 381. 340. 35 7. 115 2. 1450. 2010. 1079. 450. 337. 
1943. 3 06. 378. 355. 399. 381. 501. 2209. 2 65~. 3447. 2601. 845. 485. 
1944. 448. 423. 325. 304. 284. 280. 568. 1429. 1562. 816. 386. 303. 
1945. 258. 300. 253. 263. 292. 326. 602. 1 854. 2306. 1073. 4 54. 337. 
1 <;46. 310. 321. 348. 337. 299. 491. 1541. 2 692. 2434. 1 03 1. 483. 392. 
1<147. 431. 425. 481. 341. 360. 58 3. 1054. 3 03 7. 2308. 1094. 492. 393. 
t<i4e. 438. 366. 316. 352. 316. 304. 778. 2 344. 3247. 1039. 479. 350. 
194<;. 332. 336. 298. 251. 2 52. 349. 1170. 2 826. 2271. 797. 418. 332. 
1950. 334. 355. 329. 327. 344. 39 7. 1Ct4. 199 6. 3293. 2006. c46. 459. 
1<;51. 483. 507. 420. Jj 7. 422. 390. 1536. 2779. 2. 743. 1570. 691. 426. 
1<;52. 511. 398. 394. 330. 333. 32 1. 1462. 3085. 3079. 1243. 558. 380. 
1 9'5 3. 320. 28J. 287. 336. 320. 377. <164. 1 551. 3288. lq63. 629. 391. 
1<;54. 328. 337. 312. 304. 368. 472. 1248. 2957. 2.574. 162 6. :89. 396. 
1955. 325. 299. 265. 2 71. 253. 254. 384. 1611. 2737. 1175. 474. 3 39. 
1956. 3 24. 3R4. 678. 466. 378. 517. 1o70. 3 67 3. 3953. 145 a. 64 o. 425. 

.;::. 195 7. 394. 389 • 356. 298. 339. 424. 870. 2902. 3138. 1109. 4GA. 377. 
.;::. 

1gs8. 369. 3 16. 314. 297. 34 7. 33 3. 72g. 3 70 t. zags. 961. 487. 365. 
lgS<;. 324. 404 .. 412. 358. 339. 361. S71. 1483. 2652. gz6. 4 so. 439. 
1960. 546. 412. 325. 300. 287. 468. 987. 1542. 2358. 702. 3SS. 326. 
1961. 300. 303. 256. 224. 290. 346. 649. 1 75g. 2023. 549. 343. 317. 
1962. 315. 303. 297. 288. 317. 311. 1217. 1606. 2508. 1006. 503. 351. 
1963. sge. 473. 454. 316. 644. 426. 695. 2266. 2648. 1098. 51P.. 403. 
1964. 359. 395. )09. 286. 262. 28 5. 725. l 85 7. 2182. 122 5. 503. 380. 
1 <j6 5. 321. 307. 735. 503. 424. 477. 1466. 210 7. 4203. 2 319. e11. 53<j. 
1<166. 423. 369. 332. 321. 266. 361. 83 B. 1733. 1418. 568. 327. 278. 
1 <i6 7. 275. 280. 269. 2 75. 271. 326. 44 7. 193 5. 3285. 1382. 511. 371. 
l <j68. 420. 377. 320. 282. 408. 476. 628. 142 5. 2094. 753. 525. 413. 
1969. 430. 469. 356. 441. 370. 445. 1645. 3207. 2636. <j93. 475. 363. 
1970. 338. 300. 292. 383. 3oo. 40 5. 537. 217 7. 3700. 157 1. 5t:3. 444. 
1971. 371. 497. 416. 464. 462. 44 8. 1150. 3410. 4610. 2218. 773. 472. 
1 <j7 2. 394. 349. 323. 331. 345. 813. gc 1. 2 sg s. 4958. 1644. 619. 455. 
1Cj7J. 404. 342. 335. 33 5. 297. 340. 559. 1664. 1602. 661. 372. 333. 
1<j74. 313. 648. 442. 694. 474. 679. 146 5. 2 661. 5751. 246 3. 813. 481. 

• • • • • • • • • • • 



• • • • • • • • • • • 

FIGURE 14 CONTINUED 

SLBRCUTINE COt>'M 
FLOWS FCR 1 STATIONS WILL BE COMPUTED 
REPRESENT~TIVE STATION= 9 
UPSTREAM STATICN = 1 

CCMPl.:TEC AVERAGE RUNOFF 
STATION CFS CAYS 

2 10000. 

REPRESENTATIVE STATION FLOW 
STATICN NUMBER 9 

FLOW IN C F S 

YEAR OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1942. 353. 515. 684. 381. 340. 351. 1152. 1450. 2070. 1079. 450. 337. 
1943. 306. 3 78. 355. 399. 381. 501,. 2209. 2 65 5. 3447. 2601. 845. 485. 
1944. 448. 423. 325. 304 • . 284. 280. 568. 1429 • 1562. 816. 306. 303. 
1945. 258. 300. ·253. 263. 292. 326. .602. . 1854. 2306. 1073. 454. 337. 
1946. 310. 32L. 348. 337. 299. 491. 1541. 2692. 2434. 1031. 483. 392. 

+:> 1~4 7. 431. 425. 481. 341. 360. 583. 1054. 303 7. 2308. 1094. 492. 393. 
U1 

1 S48. 438. 366. 316. 352. 316. 304. 178. 2344. 3247. 1039. 479. 350. 
1949. 332. 336. 298. 251. 252. 349. 1170. 2826. 2271. 797. 418. 332. 
1950. 334. 355. 329. 327. 344. 397. 1014. 1996. 3293. 2006. 646. 459. 
1S51. 483. 507. 420. 337. 422. 390. 1536. 2779. 2743. 1570. 691. 426. 
1952. 511. 398. 394. 330. 333. 321. 1462. 3085. 3079. 1243. 558. 380. 
1953. . 320. 283. 287 • 336. 320. 311. S64. 1551. 3288. 1963. 629. 391. 
lc:J54. 328. 33 7. 312. 304. 368. 47 2". 1248. 2957. 2574. 1626. 589. 396. 
1955. 325. 299. .. .265. 271. 253. 254. 384. 1611. 2731. 1175. 474. 339 • 
1S56. 324. 384. . . 678. 4o6. 378. 517. 16'70. 3673. 3953. 1458. l:40. 425. 
1957. 394. 389. 3 56. 298. 339. 424. 870. 2902. 3138. 1109. 4S8. 377. 
1958. 36<1. 316. 314. 297. 347. 333. 729. 3701. 28c:i8. 961. 487. 365. 
1S59. 324. 404. 412. 358. 339. 361. 971. 1483. 2652. 926. 45C. 439. 
1960. 546. 412. 325. 300. 287. 468. 987. 1542. 2358. 702. 398. 326. 



FIGURE 14 CONTINUED 

UPSTREAM INFLOw 
STATION NUMBER 1 

FLOW lr-. CfS 

YEAR O(T NGV DEC JAN FEB MAR APR HAY JUN JUL AUG. SEfl 
P:)42. 318. 2. 2. 2. 2. 2. 2. 2. 250. 680. 881. 33Q. 
194 3. 382. 2. 2. 2. 2. 2. 541. 48C. 208. 750. 850. 624. 
1944. 152. 2. 2. 2. 2. 2. 2. 144. 5. 392. 990. 100. 
l<;l45. 261. 2. 2. 2. 2. 2. 2. 2. 43. 678. 862. 341. 
lS46. 248. 2. 2. 2. 2. 2. 2. 193. 770. 750. 850. 350. 
1947. 4. 2. 2. 2. 2. 2. 52. 354. 660. 750. 850. 350. 
l S48. 4. l... 2. 2. 2. 2. 51. 200. 674. 750. 880. 339. 
1949. 233. 2. 2. 2. 2. 2. 2. 2. 461. . 694. 862. 339. 
1950. 97. 2. 2. 2. 2. 2. 18. 2. 653. 750. 850. 602. 
1 c; 51. 158. 2.. 2. 2. 2. 2. 155. 128. 788. 750. eso. 350. 
1952. 4. 2. 2. 2. ' 2. 2. 754. 252. 593. 750. 850. 350. 
1953. 339. 2. 2. 2. 2. 2. 2. 2. 551. 750. 850. 625. 
1954. 324. 2. 2. 2. 2. 2. 2. 97. 798. 750. 850. 357. 
1955. 311. 2. 2. 2. 2. 2. 2. 2. 5. 693. <130. 350. 
1956. 89. 2. 2. 2. 2. 2. 873. 522. 529. 750. eso. 350. 

~ 19 57. 4. 2. 2. 2. 2. 2. 544. 2. 779. 750. 951. 350. 0"1 

t<tse. 170. 2. 2. 2. 2. 2. 2. 428. 6 72. 799. «7?3. 346. 
195 9. 397. 2. 2. 2. 2. 2. 2. 2. 2 50. 805. 833. 350. 
1960. 4. 2. 2. 2. 2. 2. 2. 2. 544. 742. 8<;l4 • . 341. 

• • • • • • • • • • • 
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FIGURE 14 CONTINUED 

CGHPUTED FLOW 
S TA TI CN I\IUM EE R 2 

FLOW IN Cf S 

YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 1942. 329. 18. 23. 14. 13. 13. 38. 47. 314. 713. 8Q5. 349. 1 <;4 3. 391. 14. 13. 14. 14. 17. 609. 562. 314. 830. 876. 639. 1944. 166. 15. 12. 11. 11. 11. 20. 188. 53. 417. 1002. 109. l <;45. 269. 11. 10. 10. 11. 12. 21. 59. 114. 711. 876. 351. 1946. 258. 12. 13. 12. 11. 17. 50. 276. 845. 782 • . 865. 362. 1947. 17. 15. 17. 13. 13. 20. 85. 448. 731. 784. 865. 362. 1 <;4 e. 18. 13. 12. 13. 12. 11. 75. 272. 774. 782. 895. 350. 1949. 243. 12. 11. 10. 10. 13. 38. 89. 531. 719. 875. 349. 1<;50. 107. 13. 12. 12. 13. 14. 49. 64. 755. 812. 870. 616. 1951. 173. 18. 15. 12. 15. 14. 202. 214. 873. 798. 871. 363. 1952. 20. 14. 14. 12. 12. 12. 799. 347. 688. 788. 867. 362. 1953. 349. ll. 11. 12. 12. 14. 3 2. 50. 653. 811. 869. 637. 1954. 334. 12. 12. 11. 13. l 7. 4 1. 188. 878. 800. 868. 369. 1955. 321. u. 10. 10. 10. 10. 14. 52. 90. 729. 945. 360. 1Ci56. 99. 14. 23. 16. 14. 18. 925. 63 5. 651. 79 5. 870. 363. ~ 1957. 16. 14. 13. 11. 12. 15. 571. 92. 876. 784. 966. 362. ""-..~ 

1958. 181. 12. 12. 11. 13. 12. 25. 542. 762. 829. 988. 357. 1<.159. 407. 14. 15. 13. 12. 13. 32. 48. 332. 834. 847. 364. 1960. 21. 15. 12. 11. 11. 16. 32. 50. 617. 764. 906. 351. 

MONTHlY AVERAGES IN CFS 

OCT NOV DEC JAN FEB MAR #\PR MAY JUN JUL AUG SEP 196. 14. 14. 12 • . 12. 14. 1<.12. 222. 571. 762. 896. 388. 
AVERAGE ANNUAL FLOw= 276. CFS 

RATIO OF AVG MONTHLY FlOW TO AVG ANNUAL FLOW 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 0.708 0.049 0.049 0.044 0.044 0.051 0.696 0.804 2.066 2.758 3.240 1 .405 



• 
FIGURE 14 CONTINUED 

• 

STATIL.JN 2 
WAT£:R YEA~ • 42 THKU 60 

CLASS LOWER UPPER INH:f<VAL NUMBl:.R PERCENT 
LIM IT LIM IT COUNT GRI:: ATER GREATER 

CFS CFS 
1 a. a 5. a a . 0 228. 1aa. 
7 s.aa 1a.oo 5 223. 98. 
3 1a.oa 30.ao 99 124. 54. • 4 3a.oa 50.00 12 112. 49. 
5 ~a.ac 7o.oa 4 1a8. 47. 
6 ?O.OC 100.00 6 102. 45. 
7 100.00 150.00 3 99. 43. 
8 150.00 2 co. 00 5 94. 41. 
9 2Ca.oc 3 0{). 00 7 87. 38. 

10 30a.ao 40a.oo 24 6:,. 28. 
11 4Ca.oa 500. co 3 60. 26. • 12 500.00 600.00 4 56. 25. 
13 6CO.OO 100.00 9 47. 21. 
14 1CO.OO 800.00 17 30. 13. 
15 800.00 900.00 24 6. 3. 
16 900.00 1000.00 5 1. o. 
17 1000.00 1200.00 1 o. o. 
18 1200.00 1500.00 0 o. o. 
19 1500.00 1800. ao 0 c. o. • 2a 1800.00 ?Oao.ao a o. o. 
21 2aoa.oa 25aa. 00 0 a. o. 
22 25aa.oo 3000.aa 0 o. o. 
23 30CO.OO 3500.Ga a o. o. 
24 35Ca.OC 4000.ao 0 o. o. 
25 4000.0C 4500.CO 0 o. o. 
26 450o.ao 5000.00 0 o. o. 
21 5000.ao 5500.aa a o. a. • 28 5500.00 600a.oo 0 o. o. 
2<1 60ao.oo 6500.00 0 o. o. 
lO 65CO.OG 7aao.oo 0 a. o. 
31 70ao.oa 750a.co a o. o. 
32 15Ca.oo 800a.oo 0 o. o. 
33 eoco.oo 850a.co 0 o. a. 
34 e5co.oo 9aoo. 00 0 o. o. 
35 9000.ao 950a.oo 0 o. o. • 36 c;soo.ao 10000.00 0 o. a. 
37 lOOCa.OO 15000.00 0 o. o. 
38 15000.00 2aooo.oo 0 o. o. 
39 20000.00 25000.00 0 o. o. 
40 250CO.aC 30000.00 0 o. o. 
41 300CO.OC 35000.00 0 o. o. 
42 350CO.OC 40000.00 0 o. o. 
43 400CO.OO 45000.00 0 o. o. • 44 45000.00 sooca.aa 0 o. a. 
45 500ca.ao 2000aa.ao 0 o. o. 

STATION 2 
EXCEEOANf.E FLCW 

<; 5. 10.74 
80. 15.69 
5C. 45.92 • 30. 374.93 
10. 828.77 

48 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

-0)-
OJ-
I"'--
(0-

l/)-

:::2'-

)-

1-

; -0)-
oo-
I"'--
(0-

l/)-

:::2'-

(T')-
en 
Cl 

(f)UJ 
N-LL..a: 

u~ 
::::> 

z:c 
........ -

en 
:z. 
lLJ 
~ 

0)-
00-
I"'--
(0-

l/)-

:::2'-

(T')-

N-

-m-
00-
I"'--
(0-

l/)-

:::2'-

(T')-

N-

-

X 

o.oo 

X 

10 

FIGURE 14 CONTINUED 

DURATI~N CURVE F~R STATI~N 
2 

WATER lEAR 
l!2 THRU 60 

X 
X 
x 
X 

X 

X 

' 
·- . X 

X 

) 

X 

& 

30 50 An 
I I I I 

20.00 ijQ.OO 60.00 80.00 
EXCEEDANCE PERCENTAGE 

49 

/. Q 

95. 10.7ij 
80. 15.69 
so. 115.92 
30. 3711.93 
10. 828.77 

.... 

~ 

95 
100.00 



FIGURE 14 CONTINUED 

SUBRCUTINE COI-'M 
FLOWS FOR l STATIONS WILL BE COMPUTED 
REPRESENTATIVE STATION= 8 
UPSTREAM STATION= 3 

CCMPIJTEO AVERAGE RUNOfF 
STATION CFS OAYS 

4 150000. 

REPRESENTATIVE STATlON FLOW 
STATION ~UMBER 8 

FLCW IN CFS 

YEAR OCT f',ov CEC JAN FEB MAR APR MAY JUN JUL ~UG SEP 
194 2. 50. 88. 14 7. 70. 54. 55. 246. 393. 516. 14 3. 55. 39. 
1 ~4 3. 38. 63. 48. 45. 51. 60. 436. 564. 751. 363. 87. 51. 
1<;44. so. 52. 44. 36. )6. 36. 84. 28 7. 2 84. 8 3. 44. 37. 
1945. 33. 46. 34. 37. 32. 3 8. 77. 427. 492. 13 1. 52. 41. 
1946. 40. 46. 46. 60. so. 56. 294. 713. 504. 12 7. 53. 48. 
194 7. 58. 65. 75. 51. 51. 85. 211. 825. 505. 12 6. 53. 46. 
l94R. 67. 50. 46. 65. 48. 45. 126. 624. 691. 128. 56. 43. 

<..n 1949. 45. 48. 38. 35. 35. 4 5. 229. 80 5. 408. 90. 46. 37. 
0 

1950. 44. 49. 45. 45. 4 7. 61. 150. 445. 795. 282. 73. 52. 
1 q 51. 79. 87. 72. 56. 73. 69. 311. 66 7. 513. 168. 66. 47. 
1952. 87. oo. 57. 51. 48. 4 7. 272. 82 5. 604. 148. 59. 42. 
1953. 35. 34. 38. 53. 48. 51. 174. 372. 759. 276. 72. 44. 
1954. 41. 47. 43. 39. 44. 60. 248. 703. 5C7. 192. 69. 47. 
1 <;55. 41. 41. 34. 33. 33. 3 7. 58. 29 A. 599. 148. 49. 41. 
1956. 44. 59. 112. 84. 61. 74. 338. 899. 710. 14 2. 59. 42. 
1957. 47. 48. 44. 39. 48. 54. 140. 804. 716. 136. 52. 42. 
1958. 52. 42. 39. 33. 45. 38. 117. 844. 589. 128. 59. 42. 
1959. 40. 60. 63. 51. 46. 44. 175. 399. 5 51 • 116. 56. 69. 
1 S60. 88. 61. 43. 40. 43. o a. 182. 3'1 8. 498. 96. 55. 37. 

• • • • • • • • • • • 
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FIGURE 14 CONTINUED 

UPSTREAt-1 INFLOW 
STATION i\UMBE::R 3 

FlOW IN ·CFS 

YEAR OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
l S42. 1000. 200. 238. 666. 242. 200. 200. 200. 2174. "1431. 2154. 2387. 
1943. 1000. 200. 200. 400. 56 7. 2997. 1751. 363. 867. 1 <:171. 1t33. 1868. 
1944. 1000. 426. 1001. 1334. 735. 717. 200. zoo. 200. 1674. 2028. 2290. 
1S45. 1000. 383. 8<:16. 500. 200. 165. 165. 200. 200. 1174. 1<:141. 2187. 
1946. 1000. 232. 269. 231. 263. 200. 578. 200. <:149. 1343 •. 1983. 2039. 
1 S47. 1000. 200. 300. 908. 302. 2560. S56. 693. 2165. 1304. 1980. 2052. 
1948. 1000. 414. 776. 778. 365. 1362. 1054. 200. 3296. 139 1. 2011. 2231. 
1949. 1000. 406. 121. 916. 250. 200. 200. 1743. 12 82. 1720. 2112. 2219. 
1 s5o. 1000. 309. 896. 527. 200. 200. 129 7. 200. 8<:16. 1717. 1 <:155. 1982. 
1<:1'51. 1000. 323. 583 • . 895. 408. 2983. 1312. 200. 849. 100 o. 1824. 2138. 
1«;52. 1000. 379. 300. 1055. 2369. 2081. 678. 1311. 2119. 1096. 1942. 2113. 
195 3. 1000. sao. 817. 400. 200. 1215. 1297. 289. 1398. 1381. 1890. 2017. 
1954. 1000. 528. 7<:15. 881. 200. 1316. 1614. 21<:1. 1544. 1098. 1939. 2152. 
1955. 1000. 464. <:119. 857. 889. 646. 200. 200. 200. 1000. 2013. 2138. 
1956. 1000. 200. 300. 400. 2588. 2350. 78 3. 802. 1805. 1000. 1991. 2247. 
195 7. 1000. 473. 469. 1103. 435. 1810. 571. 595. 2046. 1190. 1919. 2271. 

(J1 195 8. 1000. 454. 589. 521. 200. 122. 1390. 824. 1560. 1210. 1860. 2167. ~ 

1959. 1000. 322. 545. 754. 494. 342. 200. 200. 1711. 1314. 1967. 1500. 
1<~6 o. 1000. 565. <:195. 1185. 253. 200. 200. 459. 2267. 1715. 1932. 2229. 



FIGURE 14 CONTINUED 

COMPUTED FLOW 
STATIGt'i NUMBER 4 

fLCW IN CFS 

YEAR CCT NOV DEC JAN FEB MAR APR / 
MAY JUN JUL AUG SEP 

1942. 1126. 422. 609. 843. 378. 339. 821. 119 1. 34 76. 1792. 2293. 2485. 
1943. 1096. 359. .321. 514. 696. 3148. 2851 • 1786. 2.7 62. 288 7. 1852. 1997. 
1944. 1126. 557. 1112. 1425. 826. 808. 412. 924. 916. 1883. 2139. 2383. 
1 S45. 1083. 499. <;82. 593. 281. 261. 359. 1277. 1441. 1504. 2072. 2290. 
l<J46. llO 1. 348. 385. 382. 389. 341. 1320. 1999. 2220. 1663. 2117. 2160. 
194 7. 1146. 364. 489. 1037. 431. 2774. 1488. 2774. J439. 1622. 2114. 2168. 
1948. 1169. 540. S92. 942. 486. 1476. 137 2. 1774. 5G39. 1714. 2152. 2339. 
1949. 1114. 527. 81 7. 1 ()04. 338. 314. 778. 3 774. 2311. 194 7. 222~. 2312. 
1«750. 1111. 433. 1010. 641. 319. 354. 1675. 1323. 2902. 242 8. 2139. 2 113. 
1951. 1199. 542. 765. 1036. 592. 3157. 209 7. 188 ). 2143. 1424. 1991. 2257. 
1<J52. 1219. 5 30. 444. 1184. 2490. 2200. 1364. 3392. 3643. 146 9. 2 091. 2219. 
195 3. 1088. 666. 913. 534. 321. 1344. 1736. 122 7. 3313. 2077. 2072. 2128. 
1<154. 1103. 647. 903. 979. 311. 1467. 2240. 1993. 2823. 1582. 2113. 2271. 
1 <;55. 1103. 567. 1005. 940. 972. 739. 346. 952. 1711. 1373. 213 7. 2241. 
1<156. 1111. 349. 583. 612. 2742. 2 53 7. 1636. 3070. 3596. 1358. 2140. 2353. 
1957. 1119. 594. 580. .120 1. 5~c:.. 1946. S? It. 2 623. 3852. 153 3. 2C50. 2377. 
1 <158. 1131. 560. 68 7. 604. 314. 818. 1685. 2953. 3046. 1533. 2GC9. 2273. 

U1 1<159. 1101. 473. 7C4. 883. 610. 453. 641. 1207. 3101. 160 7. 2108. 1674. N 

1960. 1222. 719. 1103. 1286. 361. 372.. 659. 1463. 3523. 1S57. 2071. 2322. 

MONTHLY A V ER A G E S IN C FS 

CCT NOV CEC JAN FEB tJAR APR MAY JUN JUL AUG SEP 
1130. 510. 753. 876. 706. 130 8. 1284. 197 a. 2908. l 756. 2 C99. 22 30. 

tVER~GE ANNUAl FLCw= 1465. CFS 
kATIO OF AVG MONTHLY FLL~ TO AVG ANNUAL FLOW 

OCT f\!OV CEC JAN FEI:3 tJAR APR MAY JUN JUL AUG SEP 
a. 111 0 .. 348 0.514 0.598 0.482 0.893 O.E77 1. 3 51 1.986 1.199 1.433 1.522 

• • • • • • • • • • • 



• 
FIGURE 14 CONTINUED 

• 

STATION 4 

• WATER YEAR 
42 THRU 60 

CLASS LOWFR UPPER INTERVAL NUMBER PERCENT 
lIM IT -LIM IT COUNT GRE:ATER GREATER 

CFS CFS 
1 o.o 5.00 0 228. 100. 
2 5 .oo 10.00 0 22ti. 100. 

• 3 10.00 '30. 00 0 228. 100. 
4 30.00 ·. 50.00 0 228. 100. 
5 50.00 70.00 0 228 • 100. 
6 .70.00 100.00 0 228. 100. 
7 100.00 150.00 0 228. 100. 
8 1 50.0 0 2 00. 00 0 228. 100. 
9 200.00 300.00 2 226. qq. 

10 300.00 400.00 22 204. 89. 

• u ··- 4CO.O_O 500.00 10 194 • 85. 
12 500.00 600.00 15 179. 79. 
13 600.00 700.00 11 . 168. 74. 
14 7CO.OC 800.00 5 163. 71. 
15 800.00 900.00 8 155. 68. 
16 900.00 1000.00 11 144. 63. 
17 1000.00 1200.00 26 118. 52. 
18 1200.00 1500.00 22 96. 42. 

• 19 1500.00 1800.00 17 79. 35. 
?0 1800.00 2000.00 10 6q. 30;. 
21 2000.00 2500. co 43 26. 11. 
22 2500.00 3000.00 11 15. 7. 
23 30CO.OO 3500.00 9 6. 3. -
24 3500.00 4000.00 5 1. o. 
25 4000.00 4500.00 0 1. o. 
26 4500.00 5000.00 0 1. o. 

• 27 5000.00 ssoo.co 1 o. o. 
28 5500.00 6000 .oo 0 o. o. 
29 6CCO.OO 6500.00 0 o. o. 
30 6500.0C 7000.00 0 . o. o • 
31 7COO.OC 7500.00 0 o. o. 
32 1sco.oo . 8000.00 0 o. o. 
33 eooo .oo 8500.00 0 o. o. 
34 E5CO.OO 9000.00 0 o. o. 

• 35 9000.00 9500.00 0 o. o. 
36 r;5oo.oc 10000-.00 0 o. o. 
37 100CO.OO 15000.00 0 o. o. 
38 15000.00 20000.00 o· o. o. 
l9 20000.0C 25000.00 0 o. o. 
40 25CCO.OC 30000.00 0 o. o. 
41 Jooco.oc· 35000.00 0 o. o. 
42 35000.0C 40000.00 0 o. o. 

·- 43 40000.00 45000.00 0 o. o. 
44 45000.00 50000.00 0 o. o. 
45 50000.00 200000.00 0 o. o. 

STATIGN 4 
EXC EE CA-NC E FLCW 

95. 339.24 
eo. 575.71 

• 50. 1249.68 
30. 2006.23 
10. 2636.17 

53 
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FI GURE 14 CONTINUED 

DURATI~N CURVE F~R STATI~N 
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EXCEEDANCE PERCENTAGE 
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FIGURE 14 CONTINUED 

SUBROUTINE SUMM 
THE FOllOhi~G IS THE SUM Of 
STATION 2 AND 4 

SUMMATION Fl Ok S 
STAT I ON NUMBER 5 . 

FlOW IN CF S 

YEAR OCT NOV CEC JAN fEB MAR APR MAY JUN JUL AUG SEP 
1942. 1455. 440. 632. 856. 391. 352. 858. 123 a. 3790. 250 5. 3188. 2835. 
tc;43. 1487. 3 73. 334. 528. 709. 3166. 3460. 2348. 3076. 3717. 2729. 2636. 
1944. 1292. 572. 1124. 1436. 837. 818. 4 3 1. 1112. 970. 2 30 t. 3141. 2493. 
1q45. 1352. 510. 9<J2. 603. 292. 273. 380. 1336. 1555. 2216. 2<J48. 2642. 
1C:46. 1358. 360. 398. 395. 400. 358. 1369. 2275. 3066. 2445. 2<JA2. 2 522. 
l<J47. 1164. 379. 506. 1049. 444. 2794. 1573. 3222. 4170. 2406. 297<J. 2530. 

(.)1 1948. 1187. 553. 904. 955. 498. 1487. 1447. 2047. 5814. 2496. 304 7. 2689. (.)1 1<J49. 1357. 539. 828. 1014. 348. 326. 816. 3863. 2842. 2666. 3103. 2662. 
1950. 1218. 446. 1022. 653. 331. 368. 1725. 1386. 3656. 3240. 3009. 2729. 
1951. 1372. 560. 780. 1049. 607. 3171. 2299. 2097. 3016. 2222. 28l:2. 2620. 
1952. 1239. 545. 458. 1196. 2502. 2211. 2163. 3 740. 4331. 2258. 2<358. 2581. 
1953. 1437. 677. <324. 546. 333. 1357. 1768. 1277. 3965. 2888. 2941. 2765. 
1954. 1438. 659. <315. 991. 324. 1484. 2280. 2181. 3701. 2383. 2981. 2640. 
1955. 1424. 579. 1C15. 951. 982. 749. 360. 1004. 1801. 2103. 3081. 2602. 
1 <356. 1210. 363. 605. 628. 2756. 2555. 2560. 3705. 4247. 2153. 3010. 2716. 
if~ 57. 1135. 608. 593. 1213. 569. 1961. 1495. 2715. 4728. 2317. 3017. 2739. 
1 c;5a. 1313. 572. 699. 615. 326. 830. 1710. 3496. 3807. 2362. 2997. 2630. 
1959. 1508. 488. 719. 896. 623. 466. 673. 1254. 3433. 2440. 2955. 2038. 
1960. 1243. 734. 1116. 1297. 372. 388. 692. 1513. 4140. 2721. 2977. 2673. 



FIGURE 14 CONTINUED 

• •• • • • • • • • • • 



• • • • • • • • • • • 

FIGURE 14 CONTINUED 

SlJBROUTINE CO~~ 
FlOWS FOR 2 STATIONS Will BE COMPUTED 
REPRESENT~TIVE STATION= 10 
UPSTREAM STATION = 5 

CCMPUTED AVERAGE RUNOFF 
STATION CFS DAYS 

6 100000. 
7 40000. 

REPRESENTATIVE STATICN FLCW 
STAT ICN NUMBER 10 

FLOW IN CfS 

YEAR CCT NOV CEC JAN FEB MAR APR MAY JLN JUL AUG SEP 
1942. 185. 294. 439. 226. 188. 194. 737. 1062. 1444. 550. 222. 163. 
1943. 152. 213. 182. 191. 195. 245. 1356. 1694. 2230. 1355. 390. 226. 
1944. 213. 209. 167. 148. 142. 141. 303. 88 5. 920. 375. 185. 149. (J1 1945. 130. 163. 130. 13 7. 138. 158. 302. 1237. 14 75. 529. 218. 166. -....J 

1946. 156. 169. 111. 196. 169. 236. <;30. 1945. 1532. 5"to. 228. 193. 
1947. 221. 230. 263. 183. 189. 309. 652. 2228. 1497. 527. 231. 190. 
1948. 238. 189. 168. 209. 171. 162. 433. 1699. 2074. 514. 232. 173. 
1c;49. 171. 177. 149. 131. 131. 176. 715. 2133. 1329. 381. 198. 158. 
i'950. 170. 184. 170. 169. 178. 216. 542. 1308. 2255. 104 8. 309. 220. 
1951. 270. 290. 240. 190. 242. 227. s 56. 1897. 1638. 735. 311. 202. 
1«;52. 291. 214. 208. 180. 176. 171. 871. 2242. 1884. 606. 260. 180. 
1953. 151. 139. 146. 185. 172. 194.·. 566. 1058. 2196. 1026. 302. 187. 
Ic;54. 163. 175. 162. 153. 180. 236. 769. 2008. 1579. 791. 2es. 193. 
1 CJ 55. 162. 155. 133. 133. 128. 135. 201. 957. 1775. 586. 219. 166. 
1956. 167. 209. 381. 273. 210. 272. l039. 2535. 2314. 660. 284. 193. 
195 7. 192. 192. 176. 151. 178 • . 212. 483. 2154. 2082. 547. 231. 179. 
1958. 193. 161. 156. 141. 175. 160. 404. 2455. 1807. 491. 239. 176. 
1959. 160. 216~ 223. 188. l74. 178. 569. 1082. 1673. 461. 223. 241. 
1960. 303. 220. 165. 153. 154. 248. 585. 1098. 1500. 362. 206. 156. 



FIGURE 14 CONTINUED 

UPSTREAM INFLGw 
STATION NUMBER 5 

FLOW It-. CFS 

YEAR OCT NOV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1942. 1455. 440. 632. 856. 391. 352. 858. 1238. 3790. 250 s. 3188. 2835. 
1943. 1487. 373. 334. 528. 709. 3166. 3460. 2348. 3076. 3717. 2729. 2636. 
1Cj44. 1292. 572. 1124. 1436. 83 7. 818. 431. 1112. 970. 230 l. 3141. 2493. 
1945. 1352. 510. 992. 603. 292. 27 3. 380. 1336. 1555. 2216. 2S48. 2642. 
1«;46. 1358. 360. 398. 395. 400. 358. 1369. 2275. 3066. 2445. 2«;82. 2 522. 
1947. 1164. 379. 506. l 049. 444. 2794. 1573. 3222. 4170. 2406. 2979. 2530. 
1948. 1187. 553. c;o4. 955. 498. 1487. 1447. 2047. 5814. 2496. 3047. 2689. 
1949. 13 51. 539. 828. 1014. 348. 326. 816. 3863. 2842. 2666. 3103. 2662. 
1950. 1218. 446. 1022. 653. 331. 368. 172 5. 1386. 3656. 3240. 3009. 2729. 
1951. 1372. 560. 780. 1049. 607. 3171. 2299. 2097. 3016. 2222. 2862. 2620. 
1952. 1239. 545. 458. 1196. 2502. 2211. 2163. 3740. 4331. 225 a. 2958. 2581. 
1953. 1437. 677. q 24. 546. 333. 1357. 1768. 1277. 3965. 2888. 2°41. 2765. 
l«i54. 1438. 659. <;15. 991. 324. 1484. 2280. 2181. 3701. 2383. 2981. 2640. 
195S. 1424. 5 79. 1015. 951. 982. 749. 360. 1004. 1801. 2103. 3C81. 2602. 
1956. 1210. 363. 605. 628. 275o. 2 555. 2560. 3 705. 4247. 2153. 3010. 2716. 
1957. ll35. 608. 593. 1213. 569. 1961. 14 95. 2715. 4728. 2317. 3017. 2739. 
1 c;5 a. 1313. 572. 699. 615. 326. 830. 1710. 3496. 3807. 2362. 29<17. 2 630. 

U1 1959. 1508. 488. 719. 896. 623. 466. 673. 1254. 3433. 2440. 2955. 2038. co 1960. 1243. 734. 1116. 1297. 372. 388. 692. 1513. 4140. 2721. 2977. 2673. 
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FIGURE 14 CONTINUED 

COMPUTED FLCW 
STATION NUMBER 6 

FLOW IN CFS 

YEt\R CCT NUV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1942. 1552. 593. 861. 974. 489. 453. 1243. 1793. 4543. 2 792. 3303. 2920. 
1943. 1567. 484. 429. 627. 811. 3294. 4168. 3232. 4240. 4424. 2932. 2753. 
1944. 1403. 681. 1211. 1513. 911. 892. 590. 1574. 1450. 2496. 3238. 2571. 
P~45. 1420. 595. 1059. 675. 364. 355. 538. 1982. 2325. 2492. 3062. 2728. 
1'~46. 1440. 448. 490. 497to 489. 481. 1855. 3290. 3865. 2711. 3101. 2623. 
1947. 1279. 499. 643. 1145. 542. 2956. 1913. 4385. 4951. 2681. 3099. 2630. 
1948. 1311. 652. S91. 1064. 5.87. 1572. 1613. 2 93 3. 6896. 2 764. 3168. 2779. 
1949. 1446. 632. S06. 1082. 416. 418. 1189. 4977. 3536. 2864. 3206. 2744. 
19 50. 1307. 542. 1110. 741. 424. 481. 200 7. 2069. 4833. 3787. 3170. 2844. 
1951. 1513. 712. c;os. 1148. 734. 3289. 2798. 3087. 3871. 2606. 3024. 2725. 
1952. 1391. 657. 567. 1290. 2594. 2301. 2f18. 4910. 5314. 2574. 3094. 26 75. 
1953. 1516. 749. 1000. 643. 423. 1458. 2C63. 1830. 5111. 3423. 3099. 2862. 
1954. 1523. 751. S99. 1071. 418. 1607. 2681. 3229. 4524. 2795. 3130. 2740. 
1955. 1509. 659. 1C84. 1020. 1049. 820. 468. 1503. 2727. 2409. 3196. 2689. 
1956. 1297. 472. 804. 771. 2865. 2697. 3102. 5 02 c;. 5455. 2498. 3158. 2817. 
1957. 1235. 709. 685. 1291. 661. 2072. 174 7. 3839. 5815. 2603. 3137. 2832. 

(J1 1958. 1413. 656. 780. 689. 418. 914. 1921. 4777. 4750. 2618. 3122. 2722. ~ 

195c;. 1592. 601. 835. 994. 714. 559. <; 71. 1819. 4306. 2681. 3072. 2163. 
}q60. 1401. 849. 1202. 1377. 453. 517. 997. 2086. 4923. 2c;1o. 3085. 2755. 

MONTHLY AVERAGES IN CFS 

OCT NOV DEC JAN FEB MAR .APR MAY JUN JUL AUG SEP 
1427. 628. 872. 980. 808. 1428. 1818. 3071. 4391. 2849. 3126. 2714. 

~VERAGE ANNUAL FLCk: 2015. CFS 
RATIO OF AVG MONTHLY FLOW TO AVG ANNUAL FLOW 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
0.708 o. 312 0.433 0.486 0.401 0.7C9 0.902 1.524 2.17<:) 1.414 1.551 1.347 



• 
FIGURE 14 CONTINUED 

• 

STATION 6 
WATER YEAR • 42 THRU 60 

CLASS LOWER UPPER INTERVAL NUMBER PERCENT 
LIMIT LIM IT COUI'.T GREATER GREATER 

CFS CFS 
1 o.o 5.00 0 2 28. 100. 
2 5.00 10.00 0 £28. 100. 
3 lO.OC 30.00 0 228. 100. • 4 30.00 50.00 0 2 28. 100. 
5 so .o c 70.00 0 £28. 100. 
6 70.0C 100.00 0 2 28. 100. 
7 100.00 150.00 0 2 28. 100. 
R 1 50.0 c 200.00 0 2 28. 100. 
9 2 oo.oo 300.00 0 2 28. 100. 

LO 300.0C 4CO.OO 2 226. 99. 
11 400. oc 500.00 20 206. 90. • 12 500.00 600.00 10 196. 86. 
13 600.00 700.00 14 182. 80. 
14 7CO.OO 800.00 9 l 73. 76. 
15 800.00 900.00 7 166. 7 j. 
16 900.00 1000.00 10 156. 68. 
17 1000.00 12CO. 00 12 144. 63. 
18 1200.00 1500.00 20 124. 54. 
1<) 15CO.OO 18CO.CO 15 109. 48. • 20 18CO.OO 2COO.OO 6 10). 45. 
21 2000.00 2500.00 12 91. 40. 
22 2500.00 3000.00 40 51. 22. 
23 30CO.OC 3500. 00 26 ~5. 11. 
24 35CO.OO 4000.00 5 20. 9. 
25 4000.0C 4500.00 5 15. 7. 
26 4500.0C 5000.00 g 6. 3. 
27 5000.00 5500.00 4 2. l • • 28 55CO.OO 60GO.OO 1 1. o. 
29 6000.00 6500.00 0 1. o. 
30 65CO.OC 1000.00 1 o. o. 
31 70CO.OC 7500.00 0 o. o. 
32 1500.00 8000.00 0 o. o. 
33 eo co .oo 85 00. co 0 o. o. 
34 85CO.OC 9000.00 c o. o. 
35 90GO.OO 9500.00 0 o. u. • 36 qsoo.oo 10CCO.OO 0 o. o. 
37 10000.00 15000.00 0 o. o. 
38 15000.0 c 20000.00 0 o. o. 
39 20000.00 25000.00 0 o. o. 
40 2 5000 .oc 30000.00 0 u. o. 
41 30000.00 35000.00 0 o. o. 
42 35000.00 40000.00 0 o. o. 
43 400CO.OC 45000.00 0 o. o. • 44 It 50 CO .o 0 sooco.oo 0 o. o. 
45 50000.00 200000.00 0 o. o. 

STATION 6 
EXCEECAt-.CE FLOW 

c;s. 444.23 
a c. 696.92 
50. 1693.86 • 30. 2771.25 
10. 3711.79 

60 

• 
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FIGURE 14 CONTINUED 

DURATI~N CURVE F~R STATI~N 
6 

WATER YEAR 
l!2 THRU 60 

X · 

X 

X 

X 

X 

X 

,. 

X 

X 

J 

X 

30 so 80 
I I I I_ 

20.00 ijO.OO 60.00 80.00 
EXCEEDANCE PERCENTAGE 

61 

I. Q 

95. ijijij.23 
80. .696. 92 
so. 1693.86 
30. 2771.25 
to •. 3711.79 

X 

) 

95 
100.00 



FIGURE 14 CONTINUED 

COM PUT ED FlOW 
STATION NUMEER 7 

FLOW IN CF S 

YEAR OCT NOV CEC JAN FEB ~AR APR MAY JUN JUL AUG SEP 

194 2. 1590. 655. C353. 1 02l. 528. 494. 139 7. 2 014. 4845. 290 7. 3350. 2954. 

1943. 1598. 529. 467. 667. 852. 3345. 4451. 3586. 4706. 4 707. 3014. 2801. 

1944. 1448. 725. 1246. 1 544. 940. 921. (;53. 1759. 1642. 2575. 3276. 2602. 

1945. 14-47. 629. 1086. 704. 393. 38 a. 601. 2 240. 2633. 2602. 31C8. 2763. 

1946. 1473. 484. 527. 538. 524. 531. 2C49. 3696. 4185. 2818. 3148. 2663. 

1947. 1325. 548. 698. 1183. 582. 3021. 2C49. 485 o. 5264. 279 1· 3148. 2669. 

1 (J4 a. 1360. 691. 1026. 1107. 623. 1606. 1763. 328 8. 7329. 2871. 3217. 2816. 

1949. 1482. 669. 937. 1110. 444. 455. 1338. 5422. 3814. 2944. 3247. 2777. 

1 c; 50. 1342. sao. 1146. 776. 461. 526. 2 1 £ 1. 2342. 5304. 4006. 3235. 2890. 

1951. 1570. 772. <;55. 1187. 784. 333 7. 2997. 348 3. 4213. 2760. 3C89. 2767. 

195 2. 1452. 701. 610. 132 7. 2631. 2336. 2800. 5378. 5709. 270 1. 3148. 2712. 

L 95 3. 1548. 778. 1031. 681. 4 ~9. 1499. 2181. 2051. 5570. 363 7. 31(:2. 2 9 01. 

1954. 1557. 787. 1C33. 1102. 456. 1657. 2842. 3648. 4854. 2960. 3190. 2781. 

1955. 1543. 692. 1112. 1048. 1076. f.l48. 511. 1703. 30<;8. 2 53 1. 3241. 2723. 

1S56. 1332. 515. 8S4. 828. 2909. 2 754. 3319. 5558. 5938. 263 6. 3217. 2857. 
0"1 1957. 1275. 749. 722. 1323. 698. 2117. 184 f3. 4289. 62~0. 2717. . J1e5. 2870 • 
N 

1 G58. 1454. 689. 813. 718. 454. 94 7. 200 5. 5 289. 5127. 2720. 3172. 2 759. 

195q. 1625. 646. 882. 1033. 750. 596. 1C89. 2045. 4655. 277 7. 3118. 2214. 

1q6o. 1465. 895. 1236. 1409. 485. 569. 1119. 2315. 5236. 2986. 3128. 2787. 

MONTHLY AVEKAGES 1 N C FS 

OCT NUV CEC JAN FEB P'AR APR MAY JUN JUL AUG SEP 

1470. 6 71. ens. 1018. 846. 1473. 1 c; 58. 3424. 4764. 2986. 3184. 2758. 

~VfRAGE ANNUAL FLO~= 2128. CFS 
RATlu OF AVG MONTHLY FLOW TO AVG ANNUAL FLOW 

OCT NuV CE:C JAN FEB MAR APR MAY JUN JUL AUG SEP 
0.691 0.315 0.430 0.478 0.398 0.6 <;2 0.920 l. 609 2.239 1.403 1.496 1.296 

• • • • • • • • • • • 



• 
FIGURE 14 CONTINUED 

• 

STATION 7 

• ~ATER YEAR 
42 THRU 60 

CLASS LOWEP UPPER INTER 'VAL NUMBER PERCENT 
LIMIT LIMIT COUf'\T GREATER GREATER 

CF S CFS 
1 o.o 5.00 0 228. 100. 
2 5.00 10.00 0 228. 100. 

• 3 10.00 30.00 0 2 28. 100. 
4 30.00 50.00 0 228. 100. 
5 50.00 10.00 0 228. 100. 
6 70.00 100.00 0 228. 100. 
7 1{)0.00 150.00 0 2 28 • . l -00. 
8 150.00 200.00 0 228. 100. 
9 200.00 300.00 0 228. 100. 

10 3oo.oo 400.00 2 226. ·99. 

• 11 400.00 500.00 10 216 • 95. 
12 500.0C 600.00 14 202. 89. 
13 6CO.OO 700.00 15 187. 82. 
14 7CO.OO 800.00 12 l 75. 77. 
15 . eoo.oo 900.00 7 168. 74. 
16 900.00 10CO.OO 6 1 .62. 71. 
17 . 1000.00 1200.00 17 145 • 64. 
18 1200.00 1500.00 20 125. 55. 

• 19 1500.00 1800.00 14 111. 49. 
20 1aoo. o ·o 2000.00 1 110. 48. 
21 2000.00 2500.00 14 96. 42. 
22 2500.00 30"00. 00 41 55. 24. 
:?3 3000.00 3500.00 26 29. 13. 
24 3500.00 4000.00 5 24. 11. 
25 4000.00 4500.00 5 19. a. 
26 4500.0C 5000.00 6 13. 6. 

• 27 50.00 .oo 55CO.GO ·. 1 6. 3. 
2B 5500.00 6000.00 4 2. 1. 
29 6CCO.OO 65CO. CO l l. o. 
10 65"00.00 7000.00 0 l. o. 
31 7000.00 7500.00 1 o. o. 
32 1500.00 8oco.oo 0 o. o. 
33 eoco.oo 8500.00 a o. o. 
34 esco.oo 9000.00 0 o. o. 

• 35 90CO.OO 9500.00 0 o. o. 
36 c;soo.oc 10000 .oo 0 o. o. 
37 100CO.OO 15000.00 0 o. o. 
38 150QO.OO 200CO.OO 0 o. o. 
39 20000.00 25000.00 0 o. o. 
40 2 5000.0 0 300CO. 00 0 o. o. 
41 . 30000.0C 35000.00 0 o • o. 
42 3 5000.00 40000 .oo 0 o. o. 

• 43 4COCO.OO 45000.00 0 o. o. 
44 45000.00 50000.00 0 o. o. 
45 50000.00 200000.00 0 o. o. 

ST~TlCN ·r 
EXCfECANCE FLO~ 

<;5. 493.35 
AO. 736.76 

• 50 • 1731.03 
30. 2826.45 
10. 4114.67 

63 

• 
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FIGURE 14 CONTINUED 

OURATI~N CURVE F~R STAT!~ 
7 

WATER YEAR 
l!2 THRU 60 

X 

X 

X 

X 

X 

X 

..... 

X 

X 

X 

30 so AO 
1 T 

X 

I I_ 

20.00 ijO.OO 60.00 80.00 
EXCEEDANCE PERCENTAGE 

64 

• 

• 

• 
/. Q 

95. ij93.35 
80. 736.76 
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