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ABSTRACT 

Many hydrologic analyses are made using discharge data of a 

river at a site. Often these discharge values are obtained from stage 

measurements. In order to compute the discharge from the stages a 

rating curve is used. A rating curve is a steady-state relation between 

the complex inter-relations of stages and discharges. When rating 

curves are available one can go in for interpolation methods. Some 

time physically sound rating curves may have to be established before 

computation of discharge is taken up. Two computer programmes for 

this purpose are given in this documentation. 

In the case of use of available rating curves, a rating table 

is prepared. This table consists of stage and discharge values. After 

removal of data error in the table by finding first and second differ-

ences of the discharge values this table can be used as interpolating 

table. The Hermition method, which provides a smooth curve taking 

continuity of slope and curvature is used. A FORTRAN subroutine capable 

of interpolating discharge values for given stage values has been 

developed and documented. 

For the establishment of rating curve from the measured dis-

charge and the corresponding water level, after data processing, the 

available data is plotted on a simple graph and also on double loga-

rithmic paper. This helps in grouping the data and to find its suita-

bility for fitting simple curve. The grouped data is used to fit a 

relationship of the following form Q = a (S-e)b where, Q is the dis-

charge, S is the stage and 'a','b'e' are parameters defining the 

relation. The well known method fitting a curve is to minimise the 



sum of squares of differences between observed and computed Q using 

least squares criterion. Assuming a value of parameter 'e' and taking 

logarithms of Q and (S-e) the parameters 'a' and 'b' are found. For 

different values of 'e' the method is repeated and various sets of 

parameters 'a' and 'b' along with the sum of squares of departures 

are found. The set having minimum of above departure can be taken 

to define the relation. But a physical interpretation of the results 

may suggest different set of parameters. 

The stage and discharge data is given as input to the programme 

and it gives values of parameters'a' and 'b' using least squares method 

Necessary flow charts, input specifications and sample output are 

given in the documentation. Interpretation of the physical information 

regarding the cross section for arriving at appropriate values of 

parameters 'a' and 'b' of the rating curves are also provided. 



1.0 INTRODUCTION 

Many hydrologic analyses are made using discharge data of a 

river at a site of interest. These data can be obtained by direct 

measurements. In case of direct measurements the data can be acquired 

at the expense of lot of labour and money. Sometime the observations 

can not be made in the time interval in which they are required. Hence 

alternative ways are deviced to obtain the necessary information . 

One of the way is to go in for measurement of water level at the 

required time interval which is easier and to compute the discharges 

from them. The computations are achieved through the use of rating 

curve which depicts an approximate relationship between the discharge 

and the stage. 

While computing discharges at hourly interval from stage measure-

ments at that interval for Narmada flood studies three different cases 

were categorised as follows: 

Use of interpolation technique along with available(supplied 

by (the concerned field organisations) rating curves. 

Extension of rating curve using conveyance analysis. 

Establishment of rating curve using observed stage and corres-

ponding discharge values together with a physical analysis. 

Computer programs have been developed for dealing with the case 1 and 

case 3 and they are described in this documentation. 

1 



2.0 PURPOSE OP THE PROGRAM 

2.1 Case 1 Interpolation 

The discharge computation for a given stage is achieved by comput-

ing the particular intermediate value given by the rating table with 

little extrapolation if necessary. The rating table is a representation 

of the rating curve in a discrete form. The interpolation employed 

should provide smooth values(that is if plotted should form a continuous 

smooth curve). With this object an interpolation technique of Hermitian 

type(3) was used and a computer program was developed. 

2.2 Case 3 Establishment of Rating Curve 

The observed discharges and corresponding water stages provide 

the valuable information about the relationship between them. This 

relationship is represented in mathematical form for easy use in models. 

This functional representation can be developed using least squares 

techniques. The computer program developed for this purpose uses number 

of pairs of stage and discharge measurements of a particular site as 

input data and provide the mathematical form of the rating curve. 



3.0 METHOD USED 

3.1 Interpolation 

Preparation of rating table: 

Direct values of stage and corresponding discharge are read 

out from the rating curve at an equal interval of stage values. These 

values form the raw rating table. Smoothening of table is undertaken 

to remove off the possible error that would have entered in while reading 

the rating curve causing a deviation in the monotonic character of 

the relation. This is done by preparing a difference table of discharge 

values and adjustments are made by adding or subtracting certain small 

quantity to /from the discharge values so that the difference in disch-

arge increases steadily with increase in stage. (There may be cases 

when the second difference is constant for one or two continuous inter-

vals.This is acceptable). 

Hermition Interpolation 

In order to have a smooth continuous function the interpolaotion 

used here takes not only the rate of change of discharge with respect 

to stage(first difference)but also the rate of change of this change 

(second difference) into account. This type of interpolation is known 

as Hermitian (3) 

3.2 Establishment of Rating Curve 

The observed discharge and corresponding stage values are basic 

data used. Before using computer program a sample graphical analysis 
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is essential. 

3.2.1 Simple graphical analysis 

The stage and discharge data is plotted on a simple graph sheet. 

This is done with two objectives(1) to identify obviously erronous 

data pairs which plot much away from the general trend of the scattered 

points,(2) to diagnose whether a single curve would be alright or 

to go in for more number of curves. If it is diagnosed that two or 

more curves are needed, the data are approximately grouped so that 

each group will form a single curve. In the data seperated for a 

single curve the identified obvious errors are removed. Moreover the 

same set of observations should be repeated in the data used for 

computer analysis. 

3.2.2 Lease squares .-pechnique 

The following form of the equation is used 

, 
Q = a (G-e)

b 
 

where 

G is the gauge height in (m) with respect to a datum 

Q is the discharge in (m
3
/sec) 

a,b and e are parameters defining the relationship. 

An initial value of 'e' 'approximately equal to the zero of 

gauge of the site under consideration is assumed, thus reducing number 

of unknowns to two ('a','b') parameters. 

The currently approved analytical method of fitting curves 

td scattered points is to minimise(R)the sum of square of departures 

cpQii V2i-Qc),where Q.  refers to the scattered data and Qc refers to 

the calculated value by equation 1. This equation can be written 
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in the form 

log Q = log a + b log (G-e) ... (2) 

which is equivalent to 

Di a + b C. ... (3) 

Let there be N pairs of stage and discharge and the logarithmic 

values of (G-e) of each of them represented by ai  and Qi  by bi. In 
2 order that the curve given by 1 or 3 may have minimum of E(DQ)
i, all part-

ial derivaties of this sum with respect to the parameters 

R = 
i=1 (D Q.)

2 
...(4a) 

a R/a a =O 4b) 

a R /a b = 0 ...(4c) 
The equations 4a, b and c lead to the following 

Na = 1.1 i 
N - 

Qi 1=1 
...(5a) 

N , A,  
a .E a.+b.E (a.)4=.z G. 

1=1 1=1 1=1 1 1  

These two etwations 5a and 5b form the simultaneous equations to solve 

for and b, and I can be converted to a by antilogarithms. 

For different values of 'e' different sets of parameters a,b 

are obtained. The value of 'e are varied by desired increments. For 

each of the value 'e' different sets of parameters are computed along 

with their respective sum of squares of departures (i.e.,function 

R). After a number of trials the set of parameters which produce the 

minimum value of R can be chosen as the parameters providing best fit. 

The computer program (LSF) does these computations and tabulates 

all the sets of values of parameters obtained in trials along with 

corresponding value of function R. The program also calculates Error 

and Shifts as given by Error 45c- Qc x 100 

5 



Shift 4 Si  - (Stage calculated for the Q. from fitted relation) 

These are tabulated in the order of magnitude of discharge and 

in the sequence of observations. If these values are random, they indi-

cate no systematic error is present in grouping of the data. In case 

of any systematic error a different grouping of data is to be done 

and different rating curve equations are obtained for each. 

3.2.3 Physical reasoning 

From among the tabulated parameters and corresponding values 

of R the best curve may not be the one chosen by computer based on 

least value of R from the point of view of physically realistic values 

of parameters. One may have to go in for the second best or third best 

depending upon the parameter values being physically realistic as expl-

ained in section 5.2. 

This choice is done by judgement using computer results 

and range of parameter values obtained by physical analysis. 

6 



4.0 COMPUTER PROGRAMME 

4.1 Interpolation INTPOL 

The computer program INTPOL is capable of interpolating from 

a given equal interval table. It picks up the interval in which the 

specified node lines. However, it set:. the interval not to be lesser 

than the second and not to be greater than the last but one interval. 

In other words it finds the value of J which will never be less than 

2 or greater than N-1 where N is the length of the table, since the 

interpolation method uses second difference also. If X is the specified 

node and S(J) and Q(J) are the table values,then the ordinate to be 

computed Y, will be 

(X-S(j))  [Q(J+1)-Q(j-1) ] Y = Q(J) + 

2H 

+(X-S(J)) L 
2r  Q(j+1)-2Q(j)+Q(j-1)] 

2E2  

where H is the equal interval of the table. 

4.1 Least Squares Fit (LSE) 

The computer programme LSF is capable of giving a rating analysis. 

The program takes daily gauge sand discharge values together with dates. 

The program needs an initial value of 'e' as specified in the input. 

It accepts a maximum of 30 iterations. Applying least squares technique 

it finds the two parameters of equation 1 for each of the initerations 

and stores them. The program prints the parameters and the corresponding 

sum of squared errors and picks up those parameters for which the error 
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is minimum and prints them. The table of stage,discharge observed and 

also as calculated using the above  picked parameters are printed. The 

'Shifts' and the Error as explained are also calculated and printed. 

8 



5.0 INPUT SPECIFICATION 

5.1 INTPOL ( Program for interpolation) 

This is a subroutine requiring a table of stage and discharge 

(rating table). Also required is the value of stage which is to be 

converted to discharge. The call of this subroutine provides back the 

values of stage, discharge and also the original rating table to the 

calling program. 

5.2 LSP ( Program for least square fit) 

SNo. Name Description Format 

1 SNA(I) Station name 30A1 

2 IWRIT Index '1' cause 
to write all the 
tables as per text 
Other values cause 
to print only 
coefficients. 

Free format 

3 HD(1) 
DHD 
NIT 
N 

initial guess °fief 
increment of trial 
Number of trials 
Number of pairs in 
in the stage & 
discharge. 

Free format 

4 H,Q,DATE Stage,discharge and 
date respectively 
N sets of values. 

Free format 



5.3 Output Specification 

5.3.1 INTPOL (Program for interpolation) 

The output of this subroutine goes into the calling program. 

The computed discharge, the stage and the rating table are sent back 

to the calling program. 

5.3.2 LSF ( Program for least square fit) 

1. The name of the site is printed as read by the program. 

2.A table of trials and error. 

3. A table of coefficients found in each one of the trials. 

4.Best set of parameter as per Mathematical Criteria. 

If IWRIT is equal to 1 the following are also printed. 

5 A table of stage, observed and computed discharge. 

A table of stage, discharge, Error,shift in its time sequence 

(as given). 

A table of stage, discharge, Error and shift in the order 

of magnitude of discharge. 

10 



6.0 EXAMPLE CALCULATION 

6.1 INTPOL 

SITE : GADARWARA 

RIVER : SHAKKAR 

STAGE(m) 4 (m
3
/s) 4 

2
4 

1 2 3 4 

323.0 10 

40 

323.5 50 30 

70 

324.0 120 35 

105 

324.5 225 35 

140 

325.0 365 40 

180 

325.5 545 45 

225 

326.0 770 55 

280 

326.5 1050 55 

335 

327.0 1385 60 

395 

327.5 1780 85 

480 

328.0 2260 

DIFFERENCE TABLE 

11 



RATING TABLE 
SITE : GADARWARA 

RIVER : SHAKKAR 

YEAR : 1979 

S. No. Stage Discharge(Cumecs) 

 323.0 10 

 323.1 50 

 324.0 
• 120 

 324.5 225 

 325.0 365 

 325.5 545 

 326.0 770 

 326.5 1050 

9, 327.0 1385 

10 327.5 1780 

11. 328.0 2260 

12 



6.2 Example calculation (for Program LSE') 

Physical Analysis and Related Calculations 

The rating analysis should be verified by physical analysis. 

Each item of equation(1) can be explained as follows: 

Manning's equation as a basis: 

The physical analysis is based on Manning equation. 

A 2/3 1/2 
Q = n AR S ... (2) 

where, 

is discharge in cumecs 

n is Manning's coefficient 

A is wetted cross sectional area in sq.m. 

is hydraulic radius. 

S is engery slope. 

A rating that follows manning's equation will plot as a straight 

line on a logarithmic paper since the equation(2) is of the form 

.aH 

Taking logarithms on both the sides 

Log Q = Log a + b Log H 

where, 

H= G-e 

G is the gauge height 

e is the effective zero flow 

If R is approximately taken equal to H the equation 3 turns 

out to be 

H- 
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1 2/3 1/2 Log Q = Log AR S 

1 AH2/31/2 = Log—
; 

1 
= Log -- WHH2/3 S

1/2 

1 WS
1/2

+  Log Log H5/3 = -- 
n 

= Log a + b Log H 

The parameter 'a' 

The parameter a is approximated by 

1  
a = 1/2 

— WS 

The Manning's 'n' 

This is estimated from iihotographs/site visits, or by experience. 

Generally n will vary with depth for unsteady flow. But for rating 

analysis a single value is adopted. A wide range of values are expected. 

The value varies from 0.017 for alluvial stream with no vegetation 

to 0.05 for mountain stream with rocky beds with vegetation on the 

bank. 

The width 'W' 

The width varies with stage. However, this is determined at 

approximately mean annual flood. This is surface width. 

The slope 'S' 

This is computed from topographic map. The bottom slope is often 

irregular. The slope used here is effective slope sustaining the flow. 

One easy measure could be water surface slope at low flow or peak flow. 

The parameter'b' 

This is often approximated t05/3or slightly more. Actually this 

parameter depends on the side slope of the channel. The hydraulic 

radius'R' seldom equals the depth 'H'. For trapezoidal channel the 

increase in area as a result of increase in width as stage rises,causes 

14 



the discharge 'Q' to increase rapidly than for a rectangular section.In 

this case 'b' varies from 1.67 to 1.9. For parabolic channels 'b' is 

approximated to 2. For a triangular channel 'b' equals 2.5. Most of 

the natural channel sections vary between trapezoidal to parabolic 

in shape. 

The parameter 'e' 

This is a level by which the elevations(water level) are to 

be reduced. This represents an effective zero flow. Approximately this 

is equal to zero of gauge of the site. Estimation can be made by 

e = G A/ (W + 2A/W) 

for a mean annual flow. 

Log Plots: 

As the next analysis, plotting of daily stage discharge pairs 

are taken up. 

A smooth curve is drawn by visual estimation on rectangular 

coordinate system after plotting Q and H. Three values of discharges 

Q
1,Q2 and 03 are selected from the smooth curve drawn, such that Q= Q 

t 3 

If the corresponding values of the stages are H
1' H2 and H3 the equation 

(1) will yield 

H H - H2 1 3 2 
e — H

1+H3 - 2112 

Now plotting on Log-Log scale is taken up. The gauge height 

is shifted by a depth 'e'. Now the shifts in 'e' on Log Log scale are 

in easy control. Choose a series of measurements from a peak as high 

as possible downward on a recession. Plot measurements sequentially 

as long as they form a smooth curve. Stop when a group of measurements 

begins to depart consistently from the curve. Draw in the trend line 

with a curve. By trial and error determine the change in shift required 

15 



to obtain a straight line rating (A e). Lower discharge measurements 

may not fit the curve if a section control exists for lower stages, 

similarly higher discharge may not fit if over bank flow exists or 

if a back water condition is caused by a downstream constriction. A 

single rating can be adopted over that range of flow where similar 

section control do exist. The coefficients of the equation are determined 

as follows: 

1.The gauge height required to straighten the curve determines 

The discharge for the gauge height (G-e=1) is equal to 'a'. 

b = Log Q - Log Q
2 1 

Log(Gi-e) - Log(G2  -e) 

where Ql  is greater Q2  

6.3 Application of physical analysis 

Site: Mandeleshwar of the river Narmada 

Width(W) = 600 M - 650 M (Figure 1 & 2) 

Slope(S) = 0.00046 

S
1
/2 = 0.0215 

1/2 
apprqximately 

1/2 
WS  a - =400 

a is in the range of 400 to 450 

Effective zero flow - 138.7 to 139.0 

b - 1.7 to 1.8 

Rating analysis: 

A plot in rectangular coordinates is enclosed. The point marked 

0 are removed from the analysis and rest of the daily gauge & discharge 

were fed to LSF.FOR The results are enclosed. 
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ESTIMATION OF PARAMETERS FROM LOG LOG PLOT 

b =log Q
i
- log Q2  

log (G1  -e )-log(G2-e) 

(From Figure 3 ) 

G1= 148.0 G1 = 16,000 

G2= 141.2 G2 = 1300 

b= log 16000 - log 1900 

log(148-138.8)-log(141.2-138.8) 

4.20412- 3.11394 b - 
.961787 - 0.1 

=1.868 

a = 400 

e = 139 
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7.0 APPLICATION OF THE PROGRAMME 

7.1 Sample Input (LSF) 

XAWI.ESHUA 

138.S 0,1 10 le 

1.1229 2210. 29.0475 

142,24 2480. 11.077S 

112,16 2592. 17,0775 

143.41 4922. 19.0775 

1.42.52 2846. 20,077S 

142,28 2521. 22,877! 

143.59 4711. 31,0775 

142,34 2600. 1,087S 

147.08 2274: 7.0879, 

143,37 4150. 11,0875 

147.51 12559. 13.492!.. 

148.2316400, 14,m72: 

147.32 1312:. 16.0F75 

145.53 43990, 17,0e7! 

141.73 5558. 18.P75 

144.94 7146, ‘3,08:15 

147,5614943, 25.0r75 

147.4312232. 26,087T 
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7.2 Sample Output 

Hese of the $ite M ANDALESHWAR 

Tale of Deose 118 SWF a f ..rro t. c corr. 

! DAUM SUM 1F 1=AHE3 C2,77F;E4T !X Fr 
! 2F zuors C2RRELATT0N . 

- - • . ... .... 

! 138,800 %012 0,997  
! 118.600 0.e12 0.77 0.0; ! 
! 138.700 'Mil 0.°17  
! 132,800 0,011 n.7°7 042n ! 
! 138.s00 0.011 0,197  
! 139.000 0,11  
! 139,100 0411 0.99.7  
! 119.200 0.4:0 0.797 ;42.4 ! 
! 133.300 0.010 0.??7 0,024 ) 
! 139,400 ap,r510 0.°T7  

A Hr. 
117.622 118.300 1.934 
217.382  
231,033 13E,700 1,866 
242,746 ln,910 1,931 
250,710 In.no 1,797 
317.12Z 139.000 1.7iSI 
348.213 134.100 4 'PM% 

382.212 :39.200 1.41z. 
414.382 139,300  
460.004 139.4,4 

The &tu iS : 139,100 
THE VAMANCE.12. 
The retinl eouetion is 2 =.34H.213 t H - 13,74101 1,720 

Tho ,:rrtYsetictcl 

22 



8,0 RECOMMENDATIONS 

A combined analysis of the river cross-section and flow data 

provides useful physical basis for development of rating curves. 

Two programmes for specific cases of development/use of rating curves 

have been described above. The Hermitian interpolation is found to 

be the best suited for interpolation using available rating curves. 

The LSF progoramme along with physical analysis provides a useful 

method for the establishment of rating curves. 
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WRITE S AND Q 
IN SEQUENCE 

ARRANGE THE SERIES. 
/N ORDER OF MAGNITUDE 

AND WRITE 

I START i 
4  

( READ TITLE 

f READ DAILY GAUGE AND 
DISCHARGE TOGETHER 

WITH DATE 

APPLY LEAST SQUARE 
TECHNIQUES WITH 
PRESENT le I STORE 
PARAMETERS SUM OF 
SQUARED ERROR 

CORRELATION COEFFICIENTS 

I_ INCREMENT ' e ' 

CHOOSE PARAMETERS 
FOR WHICH ERROR 
/S MIN/MUM 

FIND SHIFT 
ERROR IN 
DISCHARGE 

1 

TABULATE PARAMETER 
TOGETHER WITH COEFF 

CORRELATION S,4 

APPENDIX I 

THE PROGRAMME LSE AND INTPOL 
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THE PROGRAMME ( LSF 

C FROWN FOR CURIE FITTINC 
C TITE OF CURVE FIITED: g = A * NO) VO 

DIMENSION W500)0*(500),X(500IsIlt40),M5001,DTS500),EFRM 
101(5.00),IICA(30s500),AM,*(10)8MA(30),HA(31W30) 
DIMENSION SHIM5C0)5PtIOLY400fERW5O0),ER1I3011500 
DIMENSION 05(50),DATU500) 
OFEWUNIT=.57Fir:"IUII,DAI"$STATUS=:OLD') 
OFENSUNIT=8,FILEr'CUMUT'sEIATUSr'NEW 
DC I I:153C 
SNAII)=" 
REAN515gENWII,I=2,30) 
READ(55E IWRITE 

5 FORM4T(30A1) 
READ45s*MID(DOHD,WIT5N 
RFAD(U4)(M(f);‘=;DATEI)fItIOD 
SUMIL.0 
SUMY801.0 
DO 10 1=134 
V.I)=ALO61OIM:0 

10 SUMY4UMY4T4I) 
YDAR=KmTiN 
DO S I,1JN 
VW:VW-TRAP 

S SUMYSO=SUKYSOOT(I)**2 
VAR=BUNISOIN 
DO IOC J=IgNIT 
BUMX=0 
SUMXT=0 
SUMXSO=0 
ERR:J1=0.0 
EROLn;-.C.(' 
DO 15 I=1,N 

15 50MX=SUMNiVI) 
XDAR:SUA:VM 
DO 111:144 
DX(1)=)=-ZDAR 
SUM/50=SUMWSPDX(1142 

11 SUMXY-1UhrliDX(I=M 
8(1)=ZUMWSUMX50 
Af.4)=10.0*VIDAR-AMMAR) 
RIJ)=SUMMSORT(StRIXEDtEUM150)) 
DO 85 1=1,N 
OCA(J,1)=4WWW1)-HDLI)41TUI 
ERR;JI4RRIJMAL0810!OCAti:1) -Y;I))/t2 
ER14.1,I)-TI9CAU3II-Q(1))**2 
EROIJI-ERIMJIEERVAII 

as CONTINUE 
ROS4.11=(ERRUIIN)**0,5 
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tt:..; • :RO{JDRo 

AS1NrIROW 
IF:NIT.EO&CO TO 10 
DO 120 I=O;RIt 

Ot TO 120 
ANI4=E1OI.L 
ISA=I 

120 CONTINUE 
DO 14: 1=1N 

HCA=:O4Ii/WISAtIttii,JVISA:) tRD!,15A:; 
SHIFIS:2=H(1:-ROA 
P611C1)=ftOW -OCAUSAII):4100012C4(ISAlI1 

145 CONTINUE 
130 WRITEfi,T0):SNAtI)31=132O:: 
90 FORR4T:/120r,11:4rie4 tins Nita : '30Alt 

URITI1F595“RDSMERR:1)4(IIAMS(1),I=1,NIT) 
4RITE:5. 5R.3j 

WRITE 

FORMAT:27X;WilfrAi140117WR:130:20X;F9,3510XiF5.3510Z,F9.3M 
FORMAT(III2OWTeSie sr !lotus VS Sum of Souares sr irrnrg sod 

sf scrr:V/20XfP::SIX' ' ,114TUR:10X'3OR OF 
OCUAgE5110X 1 COEFFIE1T Off6WRRS f'h20X,'1RXs'OF ERROR 

313VOORRELATION:11X3fl.67:'-'11 
:1:20X,TFS.3,7X5R15,3,10LER.3)SW6,32:Wy) 

R6 FORIAT::.!OXi67?'-ri17/, 
URITEfhltll'iMD:ISA:iVARiMISAtie:ISAY)O4ISAI,RfISA) 
IFUUFITE,-NEWSTOR 

101 RORRATtM .,'The t)4(iik. ; Tt.W20WTHE VARIANCE IS' 
IFT.14120X5iThe rating soustiss : g re  
I F7,43' t R - tftt,:w; r2:F7,3$112OWN 
2c3efficitnt of corralatias is 1 

102 FORRATS1nM:'-':/11: : • S.N. STASt. DISCS. -ALC• DI 
13CHtfl'Vr1X112R: 1 -1.:f,3:( !'41%), ( V/i31Xf'41552:11F7.332X1 
2F10,35F134,2X/TI) 
UR:It:7)121: 

121 fORRATfIX12511 -1 ): 
WRITE :?$1:12; 

122 ROPNAT2i10X0'NER DATE STASE DISCH ZERR SRIFT'=20?-1 
ZD=N/7 
LO 1ZS I=1,ND 
MI=1:MC 

15? URITUSI:21) 

RI4SATE:Mfle vrAiN1)4RSIDL:MUSHITTfRD 
IFf2tMO,NE ,N:WRITER,124:N3BATEtN=0(N:fRSIDUMSHIFTfN) 
IS=1 

123 EORMAT42f7X,15,1X,F7.431:43F7.2s2X1F7,0t, 370R7.21X,177.2.20Xn 
126 FORMATOMiLTAX,F7.451:317,4270E7.0,S:e47,241::.!flp2 

NRITEch125: 

1-3/6 



1,
5 

ra
l 

C
A
 

F
4
 

C
A
 

C
d
 

G
A
 

CJ
I 

=
 
.
.
4
 
C
,
 
'4
,
 
C
O
 
14
3
 
C
a
 
Ly

 -
n 

en
 e

l 
ca

 ,
..

 V
J
 
C
r
 
O
W
 
;
C
.
 
r
C
 
-I

I 
rn

 
AP

 
0

 C
3

 2
5

 .
..

 z
n

 -
 .

 -
,,

, 
..

..
 -

--
. 

li
 A

 ,
0

 C
I 

..
.•

 a
 a

 
,O

 
„
 
,
 

'2
* 

 
_ 

r 
m
.
 
1,
1
 
S

. 
r
,

3,
  r
n

 G
O

 V
O

 S
.-

.
I.
 -
47
r 

fl
o

 t
-,

 .
..
. 

n 
ei
n 
en
 n
 n
 

a,
 

...
 ..

..,
 ..

_. 
...

. ,
...

! .
.. 

. 
-t

-
r 

--
I 

In
 -

-.
 r

n
 :

I--
 

I
l
 

,0
 
V
A
 
C
r
 

C
I
 
C
A
 

0
 
,
1
 

C
.
-
 

..
 

-,,
I
 

-
4
.
 
l
a
 
4
.
,
 

 
'
 

'
4,
 

V
E
 
C
L
.
 

..
. 

'
C
C
)
 

Cr
, 

-J
 

.
 
.
 

- 

A
 

--
1

...
, 

.
 

 
- 

- 
0

 
in

 
.
  ..

_. 
co

 
r,
 

I
,
 

4
 

I
-
,
 

rn
 

'
 

a
 

I.
. 

(5
 

.
 

P
A
 

...
. 

P
I
 

:t
.c

. 
r.
.1
 

rn
 

-..
n 

s'
 

-
 

-n
 

CO
 

D..
, 

91
  

.
 

r-
 

tr.
) 
.
 

=
 

.
.
 

].
1:

. 
‘
u
 

 
1.
.1
 

CO
 

cr
, 

:1
  

a
 

IN
) 

k,5
 

-n
 

rn
 

--
I 

c.
,.

 .
. 

, 
ea

 
- 

zw
 -

 
t)
 .
..
. 

 
,.
 

 

A
 .
,-

, 
-.

..
 x

i 
 

:I
?

 !
...

 E
P

 
..-

.. 
.--

. 
45

 
II

—
 

"
4
 

  
H
 

0
 
4
+
 

.4
 L

4 
L,
 ...

..
 

.
.
.
 
'
0
 
,
 

‘
,
 

I 
A

 
c

n
 r

g
 

A
 

.n
 n

a 
to
 

...
, .

...
 

-
  S
4
 

C
"
 

-
 

1 
-.

- 
'
4
1
 

4..
,
 
'
'
 

.
•
4
 

--
.-
 

C
4
 

,
 

...
.- 

A
 

.
 

...
.. 

.
,
 

r
n

 0
 

 
..

..
..

 r
n

 0
 

,
o
 

e
l
 

Sc
 I
n 
Sc

.
.
 

..
..
 e
a 

:-...
. 

1.
-.

...
 

A
, 

..
..
i 
:
7
,
 

..
0
 ,
 

. 
.
 
,9

 
....

 
or 

- 
S

c
 
.
 0

 

,.
. 

..
-4
 

I
t
 

i
n
 

C
,
 

rn
 

.
 

..-
-. 

r:
: -. 

r .,. .
  .
W

.. 
.-.

.. 
-4

 
',L

 
C

l 
3
, 

..
 

..
- 

"
 

x
i 

tO
 

r
- 



FIND 

r 
Y = Q(J) + X-S(J) x L Q(J+1)-Q(J-1) ] 2h 

X-S(J)
2 

[ Q(J+1 ) -2Q(J)+Q(J-1) ] 
2h2 

PROGRAM INTPOL 

FLOW CHART 

PASS'S J),Q(J) 
X,N 

TO INTPOL 

SET THE J NOT 
LESS THAN 2 
and GREATER 
THAN N-1 

FIND THE INTERVAL} 
IN WHICH X LIES 
IN TABLE BY 

INCREMENTING J. 

RETURN 

CHECK ALL 
NECESSARY COMPUTATION NO  

ARE OVER 

YES 

( STOP ) 
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AlitttAtAttlItt 
4 WPM. t 
ttlttttttltAttt 

tt4134011.ttIttIttlItttatt*ttIt4444*tt4*441441114441ttt UtIttttttattttt 

SUDRIMTINE 1NTPOL (SlO,X5Y,N) 
1.C. THIS SOMME IS MEW FOR USE W[TH RAMO TABLE 1 
IC TO CALCLATE DAMWAROSS F1A00. 
tC THE COMPUTAITON USES HERNIA-OM INTERPOLATION. 
RC S  RATINOTABLE VARIABIE STAHF, * 
it 0 PAINOTABLE VARIARLE DISCHARRE. 
*C SO SHOULD DE PMENSIONFO TO A VANN* HRFATFR THAN OR EQUAL ilt 
tC THE VOW OF N DEFINED ROA, 
4C. X  SINE VALUE OF STAR FOR WHACH DYSCHAHOF IS NFUFD. 
te Y RINOLE VALUE OF DISCHARHE CUMPUTED FON THE STAOE. 
4C N THE AFNOTH OF NV RATINO 14M F (THF HUNKER OF PAIRS OF t 

1C STAGE AND tusamvo: 
IC FAIOIX,N ARE SUNNIER FROK THE CALLINO ROHM. 

DINFNSON 8(N) 0(N) 

Y=0(1) 
4. 

IF(X.E04(1)1 RETURN 

t. IF(X.tE,S(2)) 00 TO 2 1 

14 IF(S(J+1).LI.X) 0(1 TO 3 

4 60 TO 2 1 

43 i=itl 1 
4 

IF(J.E014-1) SO TO 2 

60 TO 4 

*2 H=S(J41)-S(J) 1 

P2=(X-S(J))/H 

Y=R(J14(P0/2.)4(0(Jil)-0(J-1))4(PPAPRO.Y4(0(A1)-2.40( J)+2( J-1))1  

1 RETAWN 
1 

END 

Itttlt*****tttt***********************411-*******ttt$141.11101t1tattt****tt 
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