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PREFACE 

The 'Reuse of Drainage Water Project' is a joint activity of the 
technical agencies: 

Drainage Research Institute (DRI), Giza, Cairo in Egypt and 

Institute for Land and Water Management Research (ICW), Wageningen in 
the Netherlands. 

The project is financed by the Ministry of Irrigation of Egypt and by 
the Ministry of Foreign Affairs of the Netherlands in the framework of the 
joint programme of Technical Cooperation between Egypt and the 
Netherlands. 

The Advisory Panel for Land Drainage in Egypt acts as steering 
committee. 

The results of studies, carried out in the 'Reuse of Drainage Water 
Project', will be presented in preliminary reports and in a final report. 
As such, the contents of preliminary reports can vary strongly, from a 
simple presentation of data to a discussion of research results with 
tentative conclusions. 

All opinions, conclusions and recommendations in the reports are 
those of the cooperating Institutes, and not of the Ministry of Irrigation 
of Egypt or the Ministry of Foreign Affairs of the Netherlands. 
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FOREWORD 

The effectuation of the measurement programme data base sytem can be 
compared to growing a tree. Starting from a small plant with a single leaf 
it grew to a stem with several branches. Of course it is hoped for that the 
tree will continue growing and that new leaves and branches will sprout 
from it. 

The one in search for data should be enabled to enjoy the shade and 
shelter offered by the tree. 

Growing this tree is not something the authors did by themselves 
alone. Advice and assistance were offered by the following persons, for 
which they want to express their gratitude: 
- Dr. Mohamed Ahmed Abdel Khalek for his appreciated advice 
- Ir. D. Boels for his involvement and advice 
- Ir. C.W.J. Roest, the nestor of automated data processing at DRI 
- Eng. Sumeya Mahmoud Abbas for the transcription of basic programs 
- Ir. M.F.R. Smit for this assistance in hardware operation 
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1. INTRODUCTION 

The Reuse of Drainage Water Project implemented a comprehensive 
network for discharge and salinity measurements in the main drain system 
of the Nile Delta. Data coming from the measurements carried out in this 
network are stored and elaborated by the project. 

Already at the very beginning of the project during the so-called 
crash programme electronic--calculators with a print facility (HP-97) were 
used to perform otherwise time consuming calculations. At that time also a 
start was made with data storage and processing on the Texas Instruments 
main frame computer available within the Water Research Centre. A set of 
programs was developed in Fortran to store and process the data generated 
by the fortnightly routine measurements. The input consisted of data on 
the chemical composition of the water according to laboratory analyses of 
water samples and data on discharge. The output consisted of monthly 
averages for the chemical composition and discharges and yearly totals. 
These so-called Yearbook programs were finalized in 1985 and the yearbooks 
of 1980 through 1984 were presented using these programs. 

In 1984 programs for the elaboration of discharge measurements 
(calibration measurements) have been developed in Basic on the HP-85 desk 
computer of the Drainage Research Institute, leading to a quicker and more 
reliable elaboration. In January 1985 this small computer has been used 
for the presentation of provisory discharge and salinity data of 1980-1983 
using a spread sheet program. Later in the same year Basic programs have 
been written to calculate rating curves for pumping stations and open 
locations. 

With the instrumentation of the measurement network which started in 
1984, the constant monitoring of drainage water quality and quantity data 
became a fact. This of course generated a considerable increase in data to 
be stored and elaborated. Also the yearbook programs were no longer 
appropriate since these were based on fortnightly input data. 

In the second half of 1985 the Reuse of Drainage Water Project 
introduced the HP-150 personal computer at the Drainage Research 
Institute, mainly for model development purposes. At present the project 
has five of these computers, two being used primarily by the measurement 
team. Since mid 1985 the development of a complete data base system for 
the storage, elaboration and retrieval of data collected in the 
measurement programme has been one of the activities of the measurement 
team. 

The objectives of this data base system can be summarized as follows: 
- store the collected data and the calculated results in such a way that 

retrieval according to choice is possible 
- tranfer data to and from the incorporated calculation programs 
- present data according to choice in a suitable way in tables or plots on 

screen or on printer 

It has been decided to use the available dBase-II software package 
for the HP-150 computer as a data storage medium. For the data processing 
programs in Basic and Fortran have been developed. By mid 1986 important 
parts of the system were ready to a certain extend and could be used for 
data processing. The final data base system comprises three main programs: 
- HYDRO - for the processing of discharge and EC data 



- CHEM - for the processing of chemical composition data 
- YEAR - for the presentation of hydrological and chemical year books 
Reproduction and file creating programs are also available. 

These programs are described in chapters 4, 5 and 6 respectively. 
Chapter 2 deals with the clustering of data and the data flow, while 
chapter 3 gives an general impression of the data base system, the 
software and the hardware used. 

The program listings are given in a separate annex and only a 
restricted number of copies has been issued. 

2. DATA FLOW 

2.1. C l u s t e r i n g o f d a t a 

Three categories of data that are interrelated to a certain extend 
and that can be handled by the data base system can be distinguished: 
- chemical composition of the drainage water 
- flow quantities and salt loads of the drainage water, further referred 

to as hydrological data 
- calibration of discharge relations or rating curves 

There are two types of measurement locations for which data are 
collected: 
- pumping stations 
- open drain locations 

The main difference between the two types of measurement locations is 
the way of determining the flow quantities or discharge. For pumping 
stations this is done using the operation hours and lifting heads, for 
open drain locations using water levels and, in some cases, using 
velocities. The same distinction exists of course in data related to the 
calibration of rating curves. 

Combination of the location types with the three data categories 
leads to five different clusters of data to be handled (table 1). 

Table 1. Data clustering 

CHEMICAL | HYDROLOGICAL | CALIBRATION 

I 
PUMPING STATIONS 

OPEN LOCATIONS 

I 

With respect to time it should be noticed that the data of chemical 
composition and the hydrological data are continuous time series. The data 
concerning the calibration of discharge relations have a quasi-permanent 



validity : only after a certain period of time an update of these 
relations will be made. 

2.2. D a t a f l o w 

The data flow in a computerized and a non-computerized data handling 
system is principally the same. Raw data from field measurements and 
laboratory analyses are prepared in such a way that they are well arranged 
and suitable for further elaboration. These basic data are stored in a 
data file. In an automated data processing system this file is the 
so-called input file. The next step is elaboration of the basic data to 
results of the desired format. This elaboration consists of calculations 
and checks. The calculations and checks can be done by computer or "by 
hand". If warranted by the checks the measurements file can be corrected 
and the calculations and checks repeated. The final and approved results 
are stored in a results file. Data from the results file can be presented 
in tables and/or graphs and compiled to f.i. yearbooks. 

The process of data elaboration from raw field data to final results 
is dealt with in detail in report 1, chapter 4 (ROEST, 1983), for the 
chemical data and in report 17, chapter 3 (DIA AND BIJNSDORP, 1987), for 
the other data clusters. The data base system available on the computer 
now takes over the filing of data, the laborious calculations and some 
routine checks. It has no built-in intelligence so in certain phases of 
the data flow a check "by hand" is possible and even necessary to obtain 
reliable results. 

The contents of the basic data file (- input file) and results file 
as well as the nature of the calculations is given in table 2 for the five 
data groups. In this table also the time base of the files is included. 

2.3. Y e a r b o o k s 

The publishing of hydrological and chemical data in yearbooks can be 
considered as a final stage of the basic data elaboration. The yearbooks 
give monthly averages and year totals, per measurement location for 
measured as well as calculated parameters. 

The chemical yearbook presents the monthly averages for EC, pH, TDS 
(total dissolved salts content), SAR (sodium adsorption ratio), adjusted 
SAR, RSC (residual sodium carbonate), 4 anions and 4 cations. If measured, 
also the discharge at the sample location is given. As a source for the 
chemical yearbook the result files of the chemical data and of the 
hydrological data (if available) are used. The reason for linking the 
files of chemical and of hydrological data is that the EC given in the 
hydrological result file is based on continuous monitoring. Therefore it 
is a better estimation of the monthly EC values than the calculated 
weighted averages from 15 to 20 samples per year. If available in the 
hydrological file the average monthly EC values are listed in the chemical 
yearbook. The other chemical parameters, as observed on the water samples 
collected, are then tuned to the "hydrological" EC values to obtain 
representative monthly average values for these parameters. If the EC data 
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Table 2. Data flow 

INPUT FILE CONTENTS 
Basic data 

CALCULATIONS RESULTS FILE CONTENTS 
calculated results 

CHEMICAL DATA 

EC, pH 
4 anions, 4 cations 

Calculate derived 
parameters, 
some checks 

On sample date 

HYDROLOGICAL DATA PUMPING STATIONS 

Levels suction and Calculate lifting 
delivery side, head, discharge, 
operations hours, EC TDS and salt load 
Per 10 days 

EC, pH 
4 anions, 4 cations 
TDS, SAR, adj. SAR, RSC 
On sample date 

Levels, heads, operation 
hours, discharge, EC, 
TDS, salt load 
Per 10 days / month 

HYDROLOGICAL DATA OPEN LOCATIONS 

Water level, EC, 
in some cases 
velocity 
Per day 

Calculate 
discharge, TDS 
and salt load 

Water level, velocity, 
discharge, EC, TDS 
and salt load 
Per 10 days / month 

CALIBRATION DATA PUMPING STATIONS 

X-section coordinates 
and wing rotations, 
head-discharge data 
pairs 
On measurement date 

Elaborate discharge 
measurement, determine 
rating curve as best 
fitting curve 

Head-discharge pair, 
coefficients of rating 
curve 

Valid till next update 

CALIBRATION DATA OPEN LOCATIONS 

X-section coordinates 
and wing rotations, 
stage-discharge pairs, 
in some cases 
velocities 
On measurement date 

Elaborate discharge 
measurement, determine 
rating curve as best 
fitting curve 

Stage-discharge pair, 
coefficients of 
rating curve 

Valid till next update 

Table 3. Number of measurement locations 

pumping stations 
open locations 
irrigation locations 

total 

EAST 

18 
12 

6 

36 

MIDDLE 

22 
8 
9 

39 

WEST 

20 
4 
3 

27 

DELTA 

60 
24 
18 

102 



in the hydrological files are not based on frequent measurements all 
chemical parameters including EC are calculated monthly values, obtained 
by linear interpolation between the dates of sampling and weighing with 
the discharge if available. 

The hydrological yearbook gives per location the monthly averages for 
waterlevels or head, operation hours of pumping stations, discharge, EC 
and approximate values for TDS and salt load. The data are obtained 
directly from the hydrological result file, except for the year totals and 
averages, that are calculated values. 

2.4. A m o u n t o f d a t a t o b e p r o c e s s e d 

Field data are collected from more than one hundred measurement 
locations in the Nile Delta (table 3). Chemical data are collected by 
sampling from all locations, hydrological and calibration data only from 
pumping stations and open locations. 

The yearly quantity of data to be stored and processed by the data 
base system amounts to some 100,000 numbers per annum(table 4). 

3. DATA BASE SYSTEM 

The implementation of the automated data processing system, further 
referred to as data base system depends of course on the available 
software and hardware. The Reuse of Drainage Water Project works since 
1985 with Hewlett Packard personal computers, the HP-150. Two are 
permanently available for the measurement team and the laboratory staff. 
Generally information is stored on microdisks. Printers and plotters are 
available; one ink jet printer for the print-out of calculations and a 
daisy wheel printer for reporting are permanently available for the data 
base user. An uninterrupted power supply (UPS) device, installed by the 
Reuse of Drainage Water Project, eliminates the effects of public power 
supply cuts. 

3.1. A v a i l a b l e s o f t w a r e 

For the establishment of a data base system a choice had to be made 
from the available software for the HP-150 computers. 

The main system installed on the computers is the Microsoft disk 
operating system (MS-DOS). The languages and software packages available 
under MS-DOS that are relevant for data procesing are: 
- Fortran 
- Basic 
- dBase II 
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Table 4. Annual data quantity to be stored 

DATA LOCATIONS MEASUREMENTS 

CHEMICAL DATA (average 

EC 
PH 
8 ions 
TDS 
SAR, adj. SAR, RSC 

subtotal 

N x n 

of 17 sampl 

102 x 1 
102 x 1 
102 x 8 
102 x 
102 x 

HYDROLOGICAL DATA PUMPING STATIONS 

water levels 
head 
operation hours 1) 
EC 
discharge 
TDS 
salt load 

subtotal 
HYDROLOGICAL DATA OPEN 

water level 
EC 
velocity 
discharge 
TDS 
salt load 

subtotal 

60 x 2 
60 x 
60 x 1. 
60 x 2 
60 x 
60 x 
60 x 

LOCATIONS 

24 x 1 
24 x 1 
8 x 1 

24 x 
24 x 
24 x 

CALIBRATION DATA PUMPING STATIONS 

lifting head 
discharge 

60 x 10 
60 x 10 

rating curve coefficient 60 x 

subtotal 
CALIBRATION DATA OPEN 

level 
velocity 
discharge 

LOCATIONS 

24 x 1 
8 x 1 

24 x 1 
rating curve coefficient 24 x 

subtotal 

TOTAL 

x freq. 

es 

X 
X 

X 

X 

2x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

-

per : 

17 
17 
17 

36 

36 
36 

365 
365 
365 

0.5 
0.5 

3 
3 
3 

- quantity 
(xlOOO) 

/ear) 

_ 

-
-

-
-

-
-

-

-
= 

1.7 
1.7 

13.8 

17 

4.3 

2.6 
4.3 

11 

8.8 
8.8 
2.9 

20 

0.3 
0.3 

1 

0.1 
0.0 
0.1 

0 

49 

n 

1 
3 

1 
1. 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

3 

3 

RESULTS 
x freq. 

X 

X 

X 
2x 

X 
X 

X 
X 

X 
X 

X 

X 
X 

X 

X 

X 

17 
17 

48 
48 
48 
48 
48 
48 

48 
48 
48 
48 
48 
48 

1 

1 

-

mm 

— 

-
-
-
-
-
-

-
-
-
-
-

-

— 

quantity 
(xlOOO) 

1.7 
1.7 

13.8 
1.7 
5.2 

24 

2.9 
3.6 
2.9 
2.9 
2.9 
2.9 

18 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 

7 

0.2 

0 

0.1 

0 

49 

1) about 20 % of the pumping stations has two different capacities; hence 
the factor 1.2 for the operation hours data quantity has been used. 
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- VisiCalc 
- Lotus 
- Graphics 

For the overall file handling system the available dBase II package 
has been chosen rather than programming a new tailor-made system. The main 
advantage of the dBase II system is the great number of pre-programmed 
options for file handling. A serious disadvantage is the very limited 
calculation capability. The dBase II package only masters multiplication 
and addition. Also the reporting options are limited, there is no choice 
of lay-out possible except..for tables with heading and totals. 

The limited calculation and reporting (presentation) options made it 
necessary to use specific programs in BASIC and FORTRAN. The choice of 
language for these programs has been influenced by the fact that some of 
these programs were already available. 

3.2. O r g a n i s a t i o n o f t h e s y s t e m 

As has been stated in the introduction the system comprises three 
main programs : 
- HYDRO, for the processing of discharge and EC data provided by the 

monitoring network 
- CHEM, for the processing of data on the chemical composition of the 

drainage water 
- YEAR, for the presentation of the hydrological and chemical yearbooks 

Each of these program packages is stored on a separate disk, the so-
called program disk. This disk should always be inserted in drive A, the 
default drive. The data disks, containing the data files, should be 
inserted in drive B. Per Delta area (East, Middle or West) and per year 
data are stored on a separate disk to make handling easier and less risky. 
The data processed by the programs HYDRO and CHEM are on the same data 
disk, the so-called work disk. The program YEAR uses separate data disks 
that contain copies of the work disk, after the data have been approved of 
by the data manager. Therefore these disks are called final data disks. Of 
both the work disks and the final data disks back-up copies should be made 
after each important file contents modification. Back-up facilities are 
incorporated in the programs. The disk organisation system for running the 
programs is visualised in fig. 1. 

3.3. S t a r t i n g a n d s o m e c o n v e n t i o n s 

The programs have to be started under MS-DOS, by inserting them in 
drive A, and typing HYDRO, CHEM or YEAR. Next, choices can be made on 
several levels from the included menu. In some menus a 'help' facility 
displays more information about the possible actions to undertake. 

To work in the files it is important to realize that data records are 
indexed by the code of the location and a time indication. The code 
consists of two capital letters folowed by two numbers, and in some cases 
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HYDRO Mid CHEM 

Drive A: 
RUN PROGRAM 

+ 

Drive A: 

Switch during back-up 

Drive A : 

CREATE FINAL FILES 

+ 

Drive A : 
Switch during program 

RUN PROGRAM 

+ 

Switch during back-up 

Fig 1. Discogram of programs 

an extension of one letter. The time indication is given by the last two 
numbers of the year followed by the month in two numbers and extended with 
the day in two numbers (yymmdd) or extended with a decade indicator Dl, 
D2, D3 or M for the whole month (yymmDl etc). For any data not available 
'-9' is entered since this value is physically non-existent for any of the 
handled data. 

3.4. P r o g r a m r e p r o d u c t i o n 
c r e a t i o n f a c i l i t i e s 

a n d d a t a f i l 

For each of the three main program sets program copying and data file 
creation facilities are available on the master disk. These master disks 
contain all programs and data file structures of the program set. The 
master disk itself cannot and must not be used to run the programs. 

To make a program disk the appropriate master disk has to be inserted 
in drive B and a disk containing the MS-DOS system, dBase and Basic in 
drive A. If drive A is a winchester drive, the programs are copied to the 
Winchester drive of course. Switch to B in MS-DOS and type COPHYDRO, 
COPCHEM or COPYEAR depending on the program set to copy. Follow the 
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REPRODUCTION OF PROGRAM DISKS 
Drive 8: Drive A: 

I MASTER I 
V DISK J + 

N.B.: master in driva B: (for possible program installation on Winchester drive) 

CREATE DATA DISKS 

Drive A: Drive B: 

+ 

Fig. 2. Discogram reproduction and data file creation possibilities. 

instructions displayed on the screen. 
To create data files on a disk insert the appropriate master disk in 

drive A and a formatted empty disk in drive B. Type DATHYDRO, DATCHEM or 
DATYEAR depending on the type of data files that have to be created. 

The program reproduction and file creation procedures are visualised 
in fig 2. 

4. HYDRO PROGRAM SET HYDRO.PRG 

This program set is the most comprehensive set of the data base 
system. It processes the open location and pumping station data on 
water levels, discharges and EC values. HYDRO consists of three main 
programs : 
- DICOPS : discharge and salinity data of pumping stations per 10 days and 

per month 
- DISCO : discharge and salinity data of open locations per 10 days and 

per month 
- RATING : calibration measurements processing, rating curve calculation, 

filing of rating curve coefficients and the TDS/EC ratio's 

In the HYDRO program itself a choice is made for the Delta area 
(East, Middle or West) to work in and for continuation in one of the above 
mentioned main programs. Important features of the main programs are 
discussed in the next paragraphs. The name of the program under discussion 
is printed in this report at the right side of the paragraph title. 
Subroutines of a program are marked 'sub'. Not all subroutines are 
mentioned. The so-called batch files (extension .BAT) that are only an 
intermediary to call a Basic program are omitted from the discussion. 
Programs and subroutines of which the purpose is clear and the execution 
simple are not discussed in detail. 

In figs. 4, 5, and 6 the system flow charts of the three main 
programs is given. The flow charts show the relations between programs and 
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-11-

0 

s 
O.E 
Is 
= S 
ia 
S 

S 

11 
I'. 

i! 

en-

s<< S™1» 
o ° ° 
•sïiâ 

n 

5 
D 

I 
e 

s 
1 =11 
Êï S St 
.« — £ g O g 

_j u i u j u en ; 

r ^ 
o. 

03 

r 
DZ 
a. 

O 

O 

T 
O 
c 
o 

8 

o 

i 

a 
V 

.c 

I 

U- IL 

aa 
> o 
> z 
5 « 
eb° 

T 
CC " • 
O . 

O 

a 

M 

T 

CC 

s c/> 
O 

a. 

O 

O 

1 
T " T " ' 

£ 
o 
S 

1 

u 
C [ 

rpl "F ??f 
M r1-

.. 
" 

.2 '^ « 
8 a. « 'S 
- P « - ^ £ 
d i O o. ç £ w „ Q-

CC O Û. w • - x 

ru 
m oo 

l £ 
o o 
o o 
œ m 

g ^ 
• _ ^ 

a. 

O 
O 

O 

" " 1 

N 
œ 
o 
>-> 
O 
m 

> 

1 

t -

3 a 
L. c 
j . e 

ï e 
3 a 

, 

" 

, ! > , 

CL 

œ 

O 
o a 
œ cû 

^ 

'' 

H 

1 S 
3 " .9 | c i ? •£.* 
"°iS <S>Jön **" 8 "OO 3 = 

a o - ^ » ? 3 o .£ <5 1S S « S 
. E û 3 , - "O eg E Q . Q. » J5 "O 0 -C 

_ o cc > a ; l 

O 
(E 

10 

O u 

_L 

o 
er 
CL 

ö o 
t/i 

5 

T 1 
S 
o 
1 
? ï 
'S 
z 

oc 

o 
z r -< 
CC 

n 

1 -5 I 1 S'I 

a-o * o-ora E « 

o. O ne 

JL 
6 
o > 
i 

| naAaisoasw 

3 
O 

'' 

Fig. 4. System flowchart 'HYDRO-DISCO'. 
For the dBase filenames D****YY.DBF the D has to be replaced by E, 
M, or W and YY with the last two numerals of the year. 
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Fig. 5. System flowchart 'HYDRO-RATING'. 
For the dBase filenames D****YY.DBF the D has to be replaced by E, 
M, or W and YY with the last two numerals of the year. 
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subroutines and indicate which data base files are used. Intermediary and 
structure files are not shown in the flow charts. 

In table 5 all program files used by the HYDRO program are listed. 
For practical reasons the "back-up" programs are on data disk (B). In 
table 6 the dBase data files used for data storage are listed and their 
strucure is given. In the file name the 'd' should be replaced with E, M, 
or W for the Delta area and 'yy' with the last two numerals of the year. 
In table 7 the dBase report form files are presented, necessary for screen 
or printer presentation of data. Also the dBase data files of a specific 
structure and length used by the programs are mentioned (structure files). 

Table 5. HYDRO program set 

dBase II programs 

On program disk (A) 

HYDRO .PRG 
DICOPS .PRG 
DIC0PS1.PRG 
DIC0PS2.PRG 

DIC0PS3.PRG 
DIC0PS4.PRG 
DIC0PS5.PRG 
DISCO .PRG 
DISC01 .PRG 
DISC02 .PRG 

DISC03 .PRG 
DISC04 .PRG 
DISC05 .PRG 
RATING .PRG 
RATING1.PRG 
RATING2.PRG 
RATING3.PRG 
RATING4.PRG 

RATING5.PRG 
RATING6.PRG 
DRAFT .PRG 

On data disk (B) 

Batch files Basic program 

HYDRO .BAT 

DICOPS.BAT 
DIC0P2.BAT 

DISCO .BAT 
VELCO .BAT 
LEVCO .BAT 

PUMP .BAT 
CALBRI.BAT 
CALPS .BAT 
CALOP .BAT 
CALQV .BAT 

HOURS .BAT 

DICOPS.BAS 
DIC0P2.BAS 

DISCO .BAS 
VELCO .BAS 
LEVCO .BAS 

PUMP .BAS 
CALBRI.BAS 
CALPS .BAS 
CALOP .BAS 
CALQV .BAS 

HOURS .BAS 

B:BUDICOPS.BAT 
B:BUDISCO .BAT 
B:BURAT .BAT 
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Table 6. HYDRO data file structure 

NAME 

dIPSyy. 

CODE 
YEAR 
MONTH 
DEC 
HSUC 
HDEL 
HRS 
HRS2 
EC16 
EC8 

dIOPyy. 

CODE 
YEAR 
MONTH 
DAY 
H 
V 
EC 

dCALPS. 

CODE 
DATE 
UNIT 
HEAD 

Q 
V:AV 
AREA 
DMAX 
HSUC 
BOTTOM 

TYPE 

DBF (PS 

C 
C 
C 
C 
N 
N 
N 
N 
N 
N 

WIDTH 

input data) 

005 
002 
002 
002 
006 
006 
005 
005 
006 
006 

DEC 

002 
002 

002 
002 

DBF (open drain input data) 

C 
C 
C 
C 
N 
N 
N 

DBF (PS 

C 
C 
N 
N 
N 
N 
N 
N 
N 
N 

005 
002 
002 
003 
006 
006 
006 

calibrations 

005 
007 
003 
006 
007 
006 
007 
006 
006 
006 

dRATING.DBF (rating curves) 

CODE 
UPDATE 
A 
B 
D 
TDS:EC 
NAME 
R:C 

C 
C 
N 
N 
N 
N 
C 
C 

005 
005 
006 
005 
006 
004 
030 
002 

002 
002 
002 

) 

002 
002 
002 
002 
002 
002 
002 

002 
002 
002 

NAME 

dPSyy.DBF 

CODE 
PERIOD 
HSUC 
HDEL 
HEAD 
HRS 
HRS 2 

Q 
EC 
TDS 
S 
QMIN 
dOPyy.DBF 

CODE 
PERIOD 
H 
V 
Q 
EC 
TDS 
S 

TYPE WIDTH 

(PS result data) 

C 
C 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
(open 

C 
C 
N 
N 
N 
N 
N 
N 

dCALOP.DBF (oper 

CODE 
DATE 
H 
Q 
V:AV 
V:PT 
AREA 
DMAX 
BOTTOM 

C 
C 
N 
N 
N 
N 
N 
N 
N 

005 
007 
006 
006 
005 
005 
005 
007 
006 
005 
008 
007 

DEC 

002 
002 
002 

002 
002 

002 
002 

drain result data) 

005 
007 
006 
005 
007 
006 
005 
008 

002 
002 
002 
002 

002 
L drain calibrations) 

005 
007 
006 
007 
006 
006 
007 
006 
006 

dREDUCT.DBF (reductions 

CODE 
PILE:NR 
BEGIN:M 
WIDTH:M 
END: M 

C 
N 
N 
N 
N 

006 
004 
006 
006 
006 

for 

002 
002 
002 
002 
002 
002 
002 

bridges) 

002 
002 
002 

Note: for the data base filename replace 
the last two numerals of the year 

'd' with E, M, or W and 'yy' with 
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Table 7. HYDRO Form and structure files 

Form files Structure files 

On program disk (A) 

IDICOPS 
IDICOP2 
DICOPSl 
DIC0PS12 
IDISCO 
IDISCOV 
DISC02 
DISC03 
DISC04 
CALPS 
CALOP 
RATING 
DRAFTOP 
DRAFTPS 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

.FRM 

IDICOPS 
DICOPS 

IDISCO 
ODISCO 

.DBF (same dIPSyy, 36 rec.) 

.DBF (same dPSyy, 48 rec.) 

.DBF (same dIOPyy, 31 rec.) 

.DBF (same dOPyy, 48 rec.) 

4.1. P u m p i n g 
p r o g r a m 

s t a t i o n d a t a m a i n DICOPS.PRG 

This program processes the hydrological data for pumping stations. 
The following dBase files are used: 
- input data file for pumping stations 
- results or output data file for pumping stations 
- rating curves file 

There are two types of pumping stations taken into account: 
1. Pumping stations with only one capacity for all pump units. Only one 

discharge relation is required. 
Input data : 10 day water levels at suction and delivery side, pump 

hours and EC. 
Results data: 10 day and monthly water levels and heads, pump hours, 

discharges, EC, salt concentrations (TDS) and salt loads. 
2. Pumping station with two capacities for two groups of pump units, each 

group with its own discharge relation. 
Input data : 10 day water levels at suction and delivery side, pump 

hours for both groups of units and EC. 
Results data: 10 day and monthly water levels and heads, pump hours for 

both groups, discharges, EC, salt concentrations (TDS) 
and salt loads. 

MENU: 

I INPUT DATA PROCESSING 
Prepare the input file for the calculation 
water levels, pump hours and EC. 

programs 
DICOPSl.PRG 

(enter 10 day 
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C CALCULATIONS DISOPS2.PRG 
Execute the calculation programs. A print-out is made of the input 
data and the calculated results (discharges and salinities). The 
calculated results are stored to the results file. 

R RESULTS FILE PROCESSING DIC0PS3.PRG 
Display the results file on screen or make a print. Make corrections, 
additions or deletions to the results file. Sort the results file on 
pump station code and period. 

Y YEARBOOK DRAFT DRAFT.PRG 
Display or print a draft version of the yearbook, including year 
totals for discharge, pump hours and salt load. The results file needs 
to be completed for the whole year. 

B BACK-UP B:BUDICOPS.BAT 
Make a back-up copy of input and results files to another disk. First 
all non-deleted records are copied internally (pack). 

4.1.1. Input data processing of pumping stations DIC0PS1.PRG 

Preparing the input file for the calculation of 10-day and monthly 
discharges and salinities of pump stations. The following data are needed: 
General data: 

the code of the pump station eg EB01 
the month to begin with (2 numbers) eg 03 
the month to end with (2 numbers) eg 11 
a code indicating whether the discharge at the pumping station can be 
calculated using one discharge relation, or two different relations for 
different pump units have to be used 

Decade data: 
- water level at suction side meter above MSL Hsuc 
- water level at delivery side meter above MSL Hdel 
- pump hours for units of the same capacity HRS 
- pump hours for units with different capacity HRS2 
- EC at 16 hours in mmho/cm EC16 
- EC at 08 hours in mmho/cm EC8 

(if n. 
(if n. 
(if n. 

(if n. 
(if n. 

a, 
• a, 
a, 

a, 
a, 

enter 
enter 
enter 

enter 
enter 

-9) 
-9) 
-9) 

-9) 
-9) 

MENU: 

LIST 
Gives a list of available months for a selected location. 

ENTER NEW DATA 
Default values are -9. The entered data are displayed on screen for 
checking, they can be corrected immediately if necessary. The data 
entered are appended to the input file for the calculation programs. 
In case data for the same location and the same period have already 
been entered before, these old data are deleted before appending the 
new data to the input file. 

CORRECT DATA 
Correction of data that have been entered before is done in the same 
way as in entering new data (E). The corrected data are appended to 
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the input file after deletion of the old data. 

SORT FILE 
The file is sorted on location (alphabetical order of code). Per 
location the records are sorted in chronological order. Sorting is 
required before calculations can be done. 

4.1.2. Calculation programs for pumping stations DIC0PS2.PRG 
subroutines : DICOPS.BAS 

DIC0P2.BAS 

Calculation of 10 day and monthly discharges and salinitites of 
pumping stations. The program calls the Basic program DICOPS.BAS or 
DIC0P2.BAS for pumping stations with one, respectively two capacities. 
Data are read from the input data file and the rating curve coefficients 
and TDS/EC ratio are read from the rating curve file. Both files should be 
stored before starting the calculations. Per decade the following values 
are calculated: 
- the head, using the suction side and delivery side levels 
- the discharge, using the head and the total operation time 
- the average EC value 
- the TDS (total dissolved salts) concentration, using the EC and the 

fixed TDS/EC ratio 
- the salt load, using the discharge multiplied with the TDS value 

The monthly averages and totals are calculated using the decade 
values. The monthly average TDS and EC are weighted with the discharge 
except if the total discharge is not known. If any decade value for hours, 
discharge or salt load is not available, the monthly value is not 
available either. Monthly averages for levels and heads are the arithmetic 
mean of the available decade values. All input and output data are printed 
for checking and filing purposes. The results are written to the results 
file, deleting any earlier results. 

4.1.3. Processing results data of pumping stations DIC0PS3.PRG 
subroutines: DIC0PS4.PRG 

DIC0PS5.PRG 

Depending on the different pump capacities the results file contains 
the following data for 10 day periods and for the whole month: 
- water level suction side meter above MSL Hsuc 
- water level delivery side meter above MSL Hdel 
- suction head in meter HEAD 
- operation hours units 1 HRS 
- operation hours units 2 HRS2 
- discharge in million m3 Q 
- EC in mmho/cm EC 
- salt concentration in g/m3 TDS 
- salt load in million kg S 
- discharge Ministry of Irrigation Qmin 
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MENU: 

E ENTER DATA CALCULATED BEFORE DICOPS4.PRG 
The data to be entered are : 
- for pumping stations with one capacity: Hsuc, Hdel, HRS, Q and EC 
- for pumping stations with two capacities: Hsuc, Hdel, HRS, HRS2, Q 

and EC 
- in all cases the TDS/EC ratio 
The values of HEAD, TDS and Salt load are then calculated. In menu (Q) 
the Qmin can be added for each month. The data are displayed on screen 
for checking, they can be corrected immediately if necessary. 

Q ADD THE MONTHLY DISCHARGES FROM M.E.D. DIC0PS5.PRG 
For every month the discharges provided by the Mechanical and 
Electrical Department of the Ministry of Irrigation can be added 
(million m3/month). 

R RECORD EDITING 
First find on DISPLAY (menu D) the numbers of the records to be 
corrected. Correction takes place in the EDIT mode. 

D DISPLAY 
Display of the results data on screen is possible in 3 modes: 
- for one pumping station only: enter the code of the pumping station. 

All available data for this pumping station are displayed. 
- for a certain period: enter month to begin with and month to end 

with. Data for all pumping stations during in the specified period 
are displayed. 

- the complete file is displayed upon entering: ALL 

P PRINT 
Possible in the same modes as for DISPLAY 

S SORT FILE 
The file can be sorted. Clustering on pumping stations in alphabetical 
order of codes. Per pumping station the data are clustered in 
chronological order. 

* DELETE DATA 
Data can be deleted from the results file. Enter the code, month to 
begin with and month to end with. As a precaution deletion has to be 
reconfirmed. 

4.2. O p e n l o c a t i o n d a t a m a i n p r o g r a m DISCO.PRG 

This program processes the hydrological data for open locations. The 
following dBase files are used: 
- output data file for open locations 
- results data file for open locations 
- rating curve file with rating curve coefficients 
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There are three types of open locations considered: 
1. Locations with a STAGE DISCHARGE RELATION. The discharge can be 

calculated from the water level only. Salinities are calculated using 
the EC. 
Input data : daily water levels above MSL and daily EC values. 
Results data: 10 day and monthly water levels, discharges, EC, salt 

concentrations (TDS) and salt loads. 
2. Locations with a VELOCITY DISCHARGE RELATION. The discharge can be 

calculated using water level and velocity. Salinities are calculated 
using the EC. 
Input data : daily water levels above MSL, daily velocities and daily 

EC values. 
Results data: 10 day and monthly water levels, velocities, discharges, 
EC, salt concentrations (TDS) and salt loads. 

3. Locations WITHOUT A DISCHARGE RELATION. No discharge can be calculated. 
Input data : daily water levels above MSL and daily EC values. 
Results data: 10 day and monthly water levels, EC and salt 

concentrations. 

MENU: 

I INPUT DATA PROCESSING DISC01.PRG 
Prepare the input file for the calculation programs (enter daily water 
levels, EC (and velocities). 

C CALCULATIONS DISC02.PRG 
Execute the calculation programs. A print-out is made of the input 
data and the calculated results (discharges and salinities). The 
calculated results are stored on the results file. 

R RESULTS FILE PROCESSING DISC03.PRG 
Display the results file on screen or make a print. Make corrections, 
additions or deletions to the results file. Sort the results file on 
location code and period. 

Y YEARBOOK DRAFT DRAFT.PRG 
Display or print a draft version of the yearbook, including year 
totals for discharge and salt load. The results file needs to be 
completed for the whole year. 

B BACK-UP B:BUDISC0.BAT 
Make a back-up copy of input and results files to a separate disk. 
First all non-deleted records are copied internally (pack). 

The programs called by this menu will be discussed in the following 
paragraphs. 

4.2.1. Input data processing of open locations DISC01.PRG 

Preparing the input file for the calculation of 10-day and monthly 
discharges and salinities of open locations. The following data are 
needed: 
General data: 
- the code of the location eg EB01 
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- the month to begin with (2 numbers) eg 03 
- the month to end with (2 numbers) eg 11 
- a code indicating whether the discharge at the location can be 

calculated from water levels only (it has a stage-discharge relation) or 
the discharge must be calculated from water levels and velocities (it 
has a velocity-discharge relation). 

Daily data: 
- water level in meter above MSL H (if not available, enter -9) 
- electrical Conductivity in mmho/cm EC (if not available, enter -9) 
- velocity (if necessary) in m/s V (if not available, enter -9) 

MENU: 

L LIST 
Gives a list of available months for a specified location. 

E ENTER NEW DATA 
This is done in the so-called browse mode, the default value is -9. 
Before entering any data give a return (to jump from day 1). The data 
entered are displayed on screen for checking, they can be corrected 
immediately if necessary. The data entered are appended to the input 
file for the calculation programs. In case data for the same location 
and the same period have already been entered before, these old data 
are deleted before appending the new data to the input file. 

C CORRECT DATA 
Correction of data that have been entered before is done in browse 
mode. The corrected data are appended to the input file after deletion 
of the old data. 

S SORT FILE 
The file is sorted on alphabetical order of code. Per location the 
records are sorted in chronological order. Sorting is required before 
calculations can be done. 

4.2.2. Calculation programs for open locations DISC02.PRG 
subroutines: DISCO.BAS 

VELCO.BAS 
LEVCO.BAS 

This program calculates the 10 day and monthly discharges and 
salinities of open locations. 

The program calls the Basic program DISCO.BAS, VELCO.BAS and 
LEVCO.BAS for open locations with respectively a stage-discharge relation, 
a velocity-discharge relation and no discharge relation. 

Data are read from the input data file. The rating curve coefficients 
and TDS/EC ratio are read from the rating curves file. The input data file 
should be sorted before starting the calculations. 

Per day the discharge is calculated from the daily level and possibly 
velocity. Per decade the following values are calculated: 
- the average level, discharge, EC (and velocity) as the arithmetic mean 

of the available daily values 
- the total discharge using the decade average 
- the TDS (total dissolved salts) concentration using the EC and the fixed 
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TDS/EC ratio 
- the salt load, using to the discharge multiplied with the TDS value 

The monthly averages and totals are calculated using the decade 
values. The monthly TDS and EC are weighted with the discharge except when 
the total discharge is not known. If any decade value for discharge or 
salt load is not available, the monthly value is not available either. 
Monthly averages for levels and heads are the arithmetic mean of the 
available decade values. 

All input and output data are printed for checking and filing 
purposes. The results are written to the results file, deleting any former 
results. Of course no discharges or salt loads can be calculated if there 
is no discharge relation. In this case in program LEVCO.BAS only average 
levels and EC values are calculated. 

4.2.3. Processing results data of open locations DISC03.PRG 
subroutines: DISC04.PRG 

DISC05.PRG 

Depending on the type of discharge relation the results file contains 
the following data for 10 day periods and for the whole month: 
1. for a STAGE DISCHARGE RELATION: 

- water level in meter above MSL H 
- discharge in million m3 Q 
- EC in mmho/cm EC 
- salt concentration in g/m3 TDS 
- salt load in million kg. S 

2. for a VELOCITY-DISCHARGE RELATION: 
- identical to case 1, adding: 
- velocity in m/s V 

3. for NO DISCHARGE RELATION: 
- water level in meter above MSL H 
- EC in mmho/cm EC 
- salt concentration in g/m3 TDS 

MENU: 

E ENTER DATA CALCULATED BEFORE DISC04.PRG 
The data that have to be entered are : 

- for a stage-discharge relation: H, Q and EC 
- for a velocity-discharge relation: H, V, Q and EC 
- for no discharge relation: H and EC 
- in all cases: the TDS/EC ratio 

Next, the values of TDS and Salt load are calculated. The data are 
displayed on screen for checking, they can be corrected immediately if 
necessary. 

I ADD MONTHLY EC OF IRRIGATION SAMPLING LOCATIONS DISC05.PRG 
For every month the average EC of the irrigation sampling locations 
can be added. 

R RECORD EDITING 
First find on display (menu D) the numbers of the records to be 
corrected. Correction takes place in the EDIT mode. 
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DISPLAY 
Display of the results data on screen is possible in three modes: 
- for one location only: enter the code of the location. All available 

data for the location are displayed. 
- during a certain period: enter month to begin with and month to end 

with. Data for all locations during the specified period are 
displayed. 

- the whole file is displayed upon entering: ALL 

PRINT 
Possible in the same modes as for DISPLAY 

SORT FILE 
The file can be sorted. Clustering on location in alphabetical order 
of codes. Per location the data are clustered in chronological order. 

DELETE DATA 
Data can be deleted from the results file. Enter the code, month to 
begin with and month to end with. As a precaution deletion has to be 
reconfirmed. 

4.3. C a l i b r a t i o n a n d r a t i n g c u r v e RATING.PRG 
p r o g r a m s 

For both pumping stations and open locations the program performs the 
following possible activities: 
- calculation of discharges from calibration measurements 
- establish rating curves: capacity curves for pump units 

: stage-discharge relations for open locations 
: velocity-discharge relations for open locations 

- correct and update rating curves files, including the TDS/EC ratio's. 

The following dBase files are used: 
- calibrations file for pumping stations 
- calibrations file for open locations 
- rating curves file, also containing the TDS/EC ratio that has been added 

externally 
- reductions file for reduced cross sections at bridge locations. 

MENU: 

C CALIBRATION MEASUREMENTS PROCESSING RATING1.PRG 
RATING2.PRG 

Performs the calculation programs for calibration measurements. Direct 
input of measurement data from the keyboard, without storing. A print
out is made of the input data and the calculated results. The results 
data are stored on the calibrations file. 

R RATING CURVE CALCULATION RATING3.PRG 
RATING4.PRG 

Establishing a rating curve is done by using a set of curve fitting 
programs. Q-H data pairs are read from the calibrations file, allowing 
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a choice of the input data to foe processed. The results are printed, 
but not stored! 

PROCESSING RATING CURVE FILE RATING5.PRG 
Processes the rating curves file (including the TDS/EC ratio's). 
Updates the rating curves file for the next year. Make corrections, 
additions or deletions. Sort the rating curves file on location code 
and period. Display or print the rating curves file (for code, period 
or all). 

BACK-UP B:BURAT.BAT 
Makes a back-up copy of all related data files (calibrations files, 
reductions file, rating curves file) to a separate disk. First all 
non-deleted records are copied internally (pack). 

4.3.1. Calibration measurement processing for RATING1.PRG 
pumping stations subroutine: PUMP.BAS 

This program performs the calculation of calibration measurements in 
the approach channel to a pump unit. 

The program calls the basic program PUMP.BAS. Input takes place 
directly from the keyboard, the output is stored on the calibration file 
for pumping stations. The data to be entered are: 
General data: 
- the code and name of the pumping station 
- the date 
- the unit number, other units working 
- the lifting head and Hm at suction side in meter 
- the wing number and time step length 
- number of verticals measured 
Data per vertical: 
- horizontal distance from the beginning in cm (the first and last 

vertical should have the same distance to their respecitive side walls) 
- number of measuring points in this vertical 
- the subsequent measurement depths in cm and the number of wing 

revolutions made 

The calculations are executed according to the so-called mean section 
method. All input data, velocities and discharges per section and for the 
complete cross-section are printed. 

The results stored to the calibrations file are: 
- code, date and unit number 
- lifting head in meter 
- discharge in m3/s and average velocity in m/s 
- cross-sectional area in m2 
- maximum water depth, Hm at suction side and the bottom depth at suction 

side, in meter. 

4.3.2. Calibration measurement processing for RATING2.PRG 
open locations subroutine: CALBRI.BAS 

This program performs the calculations of calibration measurements at 
open drain locations, from a boat or from a bridge. 
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The reductions file contains data on reductions to apply for open 
locations in case of reduced cross-sections due to bridges on piers 
(piles). For new locations the data can be entered as follows: 
- code 
- number of the pile or pile group (1, 2, 3, etc.) 
- the horizontal distance in meter from the origin of beginning and end of 

the pile (group) 
- width of reduction caused by the pile (group), in meter. The reduction 

should be more than the sum of the pile widths to correct for velocity 
losses near and between piles. The estimation depends on the bridge and 
velocity configuration. 

The program calls the Basic program CALBRI.BAS. Input takes place 
directly from the keyboard. The data to be entered are: 
General data: 
- the code and name of the location 
- the date 
- the water level at the beginning and end of the measurements in meter 

above MSL 
- the wing number and time step length 
- the number of verticals measured 
Data per vertical: 
- horizontal distance from the origin in meter 
- total depth in cm 
- the subsequent measurement depths in cm and the number of wing 

revolutions observed. 

The calculations are executed according to the so-called mean section 
method. All input data, velocities and discharges per section and for the 
complete cross-section are printed. 

The results stored on the calibrations file are the following: 
- code and date 
- average water level in meter above MSL 
- discharge in m3/s and average velocity in m/s 
- cross-sectional area in m2 
- maximum water depth in the cross-section and the maximum bottom depth in 

meter above MSL 

4.3.3. Rating curve calculation for pumping stations RATING3.PRG 
subroutine: CALPS.BAS 

This program establishes a capacity curve for a pumping station or 
the units in a pumping station having the same capacity. The appropriate 
calibrations file is displayed and a selection of the data to be processed 
can be made. The program CALPS.BAS is called and the pre-selected head 
discharge pairs are read. 

The following data are entered from the keyboard: 
- name of the pumping station 
- number of pump units and their calculation capacity (MED capacity) 
- lifting head (average and range) 

By linear regression the program calculates a capacity curve for each 
unit separately and for the units together. The calibration data and the 
calculated capacity curves with their correlation coefficients are 
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printed. If the result is judged to be unsuitable, recalculation can take 
place with another selection of calibration data. The rating curve 
coefficients are not stored, but have to be entered by keyboard upon using 
the program RATING5.PRG. 

4.3.4. Rating curve calculation for open locations RATING4.PRG 
subroutine: CALOP.BAS 

CALQV.BAS 

This program establishes a stage-discharge relation or a velocity-
discharge relation for an open location. The appropriate calibrations file 
is displayed and a selection of the data to be processed can be made. To 
calculate a stage-discharge relation the program CALOP.BAS is called and 
the preselected stage-discharge pairs are read. 

Next, the program evaluates a datum level (i.e. the level for which 
the discharge is zero) based on a power function of the shape: 
Q - a * H * * 1 . 5 . This function is drafted through the stage-discharge 
pairs with the lowest and highest level and then shifted through the 
gravity point of the stage-discharge pairs cluster. The estimate found for 
the datum level can be changed by the user. 

A power curve is then sought by power curve fitting in an iteration 
process for varying datum levels, starting from the first estimate. The 
power curve and the pertaining datum level giving the highest correlation 
coefficient is selected. In case of an exponent of less than 1 or a 
squared correlation coefficient below 0.5 no solution is given. 

In this case the next step is the calculation of a linear stage-
discharge relation as a second choice when an extremely high power of the 
power curve is found or its correlation is bad. If the sqared correlation 
coefficient of the linear relation is less than 0.5, the relation is 
rejected. 

Depending on the results the choice can be made to try a velocity-
discharge relation. Keyboard input of velocities in the selected 
representative point (Vpt) is then necessary. Also a selection of the data 
to be processed can be made. The program CALQV.BAS reads the selected 
data. It first evaluates by linear regression a relation between the 
cross-sectional area and the water level. Using this relation it 
establishes next a relation of the shape: Q - factor * (Vpt * area). The 
discharge should be zero for Vpt equal to zero ; this is effectuated by 
adding the point 0.0 to the file. The resulting rest term is also 
evaluated. 

The rating curve coefficients are not stored, but have to be entered 
from the keyboard when running the program RATING5.PRG. 

4.3.5 Rating curves and TDS/EC ratio's file RATING5.PRG 
subroutine: RATING6.PRG 

There are three types of rating curves : 
1. For a pump station. 

General form: Q - ( A - B * Head ) * operation time 
For average head: Q - D 
units: Q and D in m3/s, Head in m 
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2. Stage-discharge relation for open location. 
General form: Q - A * ( Water level - D ) ** B 
units : Q in m3/s, water level and D in m 

3. Velocity-discharge relation for open location. 
General form: Q - B * V * ( A + D * Water level ) 
units: Q in m3/s, v in m/s, A in i2, D and Water level in m 

The above mentioned coefficients A, B, D are stored in the file. The 
type identification (1, 2, 3, given above) is also stored. Type 
identification 4 is used for "no discharge relation available" and 12 for 
a pump station with two groups of units of different capacity. 

The TDS/EC ratio is stored for each year separately. 
The first month after which a relation (update) is valid is stored as 

two numbers for the year and two numbers for the month (yymm). The 
relation remains valid until the next update. 

MENU: 

ENTER NEW DATA RATING6.PRG 
Data entry is possible for two cases: 
N: enter a complete new record or several new records containing 

a complete update, coefficients and TDS/EC ratio. 
R: enter TDS/EC ratio's for all locations for one year. 

RECORD EDITING 
First find on display (menu D) the numbers of the records to be 
corrected. Correction takes place in EDIT mode. 

DISPLAY 
Display of the records is possible in three ways: 
- for one location only: enter the code of the location 
- for a certain period: enter the year to begin with and year to end 

with 
- the whole file is displayed upon entering: ALL. 

PRINT 
Possible in the same ways as for display. 

SORT FILE 
The file can be sorted in chronological order of updates. 

DELETE RECORDS 
Records can be deleted from the file. Find the record number on 
display (menu D). Enter the number of the record(s) to be deleted. As 
a precaution deletion has to be reconfirmed. 

4.4. O p e r a t i o n h o u r s c a l c u l a t i o n HOURS.BAS 

This program calculates the pump operation hours per decade. It has 
been programmed in Basic. The input consists of time counter readings on 
the last day of the decade for all units. The result is total operation 
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hours per decade. The result is printed (default). The program can be 
started with the HYDRO program disk in drive A, no data disk is needed. In 
MS-DOS type: HOURS. 

5. CHEM PROGRAM SET CHEM.PRG 

This program set takes care of the processing of the laboratory 
analyses of water sample results. After input, the basic data provided by 
the laboratory are checked on their consistency and some parameters are 
calculated. Per year and per location the average ratio between the total 
dissolved salts (TDS) contents and the electrical conductivity (EC) are 
determined. 

In the CHEM program a choice has to be made for the Delta area (East, 
Middle or West) to work in and for continuation in one of the incorporated 
programs. 

Main Program Manu to choose 
i Program 

Chemical Data 

S : sample data 
processing 

C : calculations 
and data 
checking 

A : analyses results 
processing 

R : calculate ratio 
TDS-EC 

T : Transfer results 
in from 
laboratory disk 

: back-up 
data files 

: out 
H : help 

Data Base Filas 

BiDICHYY.DBF . 

B:DICHYY.DBF 7-
-L B:DCHYY DBF 7-

B:DCHYY.D8F 

« • ƒ B:DCHYY.DBF f— 

Menu for Data 
processing 

Sample Data 

: enter new data 
. record editing 
: display 
: calculations 
: delete record 
: out 

H : help 

£0 

CHECKING.HXE 

Analysas Results 

S : sort file 
R : record editing 
D : display 
P : print 
* : delete records 
' ' : out 
H : help 

P=S 

-L LABFILE'.DBF 7~ 
-L BDCHYY.DBF / » 7-

•Ù 
B: DICHYY.DBF 

B: DCHYY.DBF 7- B:BUCHEM.BAT 

Fig. 6. System flow chart CHEM programs. 
For the dBase filenames D****YY.DBF the D has to be replaced by E, 
M, or W and YY withe the last two numerals of the year. 
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Important features of the main program are discussed in the next 
paragraphs. The name of the program under discussion is printed at the 
right side of the paragraph title. Subroutines of a program are marked 
'sub'. Not all subroutines are mentioned. Programs and subroutines of 
which the purpose is clear and the execution simple are not discussed in 
detail. 

In fig. 6 the system flow chart for the CHEM programs is presented, 
showing the relations between the programs and the use of the data base 
files. Stucture files are not shown in the flow chart. 

In table 8 all program files used by the CHEM program are listed. For 
practical reasons the "back-up" programs are on data disk (B:). In table 9 
the dBase data files used for data storage are listed and their structure 
given. In the file name 'd' should be replaced with E, M, or W for the 
Delta area and 'yy' with the last two numerals of the year. In table 10 
the dBase report form files, necessary for screen or printer presentation 
of data are given. Also the dBase data files of a specific structure and 
length used by the programs are mentioned. 

MENU: 

S SAMPLE DATA PROCESSING CHEM1.PRG 
Prepararing the input file for the calculation of the non-measured 
chemical parameters and for checking of the measured parameters. 

C CHECK THE SAMPLE DATA, CALCULATIONS CHEM2.PRG 
The basic sample data are checked on their consistency. The total 
dissolved salts contents and the sodium hazard are determined. 

A PROCES THE COMPLETED ANALYSES RESULTS CHEM3.PRG 
Sorting on date and code, edit records, delete records, display and 
print. 

R CALCULATE TDS/EC RATIO CHEM4.PRG 
When the year is complete the average TDS/EC ratio for a location can 
be calculated. The date of sampling, the TDS and EC and their ratio 
can be printed. The maximum, minimum and average ratio are indicated. 

Table 8. CHEM program set 

dBase II programs Batch files Fortran program 

On program disk (A): 

CHEM .PRG CHEM .BAT 
CHEM1.PRG 
CHEM2.PRG CHECKING.EXE 
CHEM3.PRG 
CHEM4.PRG 
CHEM5.PRG 
On data disk (B): 

B:BUCHEM.BAT 
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NAME TYPE WIDTH DEC NAME TYPE WIDTH DEC 

dICHyy.DBF (sample data) dCHyy.DBF (analyses data) 

CODE 
DATE 
PH 
EC 
CA 
MG 
NA 
K 
C03 
HC03 
S04 
CL 

CHECKING, 

REC 
X 
CODE 
DATE 
EC 
ECC 
RATEC 
SUMCAT 
SUMAN 
RATION 

C 
C 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

.DBF 

N 
C 
C 
C 
N 
N 
N 
N 
N 
N 

006 
007 
006 
006 
006 
006 
007 
005 
005 
006 
006 
007 

(structure 

008 
003 
009 
007 
007 
007 
007 
007 
007 
007 

002 
002 
002 
002 
002 
002 
002 
002 
002 
002 

file used 

002 
002 
002 
002 
002 
002 

CODE 
DATE 
PH 
EC 
TDS 
CA 
MG 
NA 
K 
C03 
HC03 
S04 
CL 
SAR 
ADSAR 
RSC 

to check 

C 
C 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

data) 

006 
007 
006 
006 
007 
006 
006 
007 
005 
005 
006 
006 
007 
006 
006 
004 

002 
002 

002 
002 
002 
002 
002 
002 
002 
002 
002 
002 
002 

Note : for the data base filename replace 
the last two numerals of the year 

'd' with E, M, or W and 'yy' with 

Table 10. CHEM form and structure files 

Form files 

On program disk (A): 

SAMPLES .FRM 
CHECKING.FRM 
ANALYSE1.FRM 
ANALYSE2.FRM 
RATIO . FRM 

Structure files 

CHECKING.DBF 
CHOUT .DBF (same dCHyy) 
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L COPY COMPLETED ANALYSES RESULTS FROM THE LABORATORY FILE CHEM5.PRG 
The laboratory has a separate program to process the water sample 
analyses data. Their completed analyses results data file can be 
copied to the work disk of the data base system. 

B BACK-UP BUCHEM.BAT 
Make a back-up copy of input and results files to a separate disk. 
First all non-deleted records are copied internally (pack). 

5.1. S a m p l e d a t a p r o c e s s i n g CHEM1.PRG 

This program prepares the input file for the calculation of the non-
measured chemical parameters and for checking of the measured chemical 
parameters. The following data are needed: 
General data: 
- the code of the sample location eg EB03 
- the date of sampling (mmdd) eg 0318 
Chemical data: 
- pH 
- EC in mmho/cm 
- the cations : Ca, Mg, Na and K in meq/1 
- the anions: C03, HC03, S04 and CL in meq/1. 

MENU: 

E ENTER NEW DATA 
This is done in the so-called APPEND mode. After completing the entry 
of all sample results of one date (one field trip), the data entering 
session is completed by entering the date (yymmdd). If the input file 
already contains 90 records (samples) or more the check program is 
runned automatically. 

R RECORD EDITING 
Records can be corrected in the EDIT mode. First the record number(s) 
have to be found on display (menu D ) . 

C CHECK DATA CHEM2.PRG 
The calcutation and check program is executed. The total dissolved 
salts (TDS) contents, electrical conductivity (EC), sodium adsorption 
ratio (SAR), adjusted SAR and residual sodium carbonate (RSC) are 
calculated. The calculated EC is checked against the measured EC and a 
balance for the ions is made. 

D DISPLAY 
All sample data in the file are displayed on screen. 

* DELETE 
Data can be deleted from the sample data file upon entry of the record 
number (see display first, menu D ) . As a precaution deletion has to be 
reconfirmed. 


