APPENDIX A - Composition of the program

An overview of the rdationship between the programs and filesin ALEID2000 is
givenin Figure 1. The program conssts of the caculation part (the DOS-program,
ALCALC) and the ALEID2000-input and presentation shell, in Windows. The
names around the blocks indicate files or file groups involved.
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" STF . Calculation P
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1 ~PRO ~.ouT
i
= SOLVALPIF '
Y 1 *.CON
g *, ALEID96.INI
! ALEID96 ‘-.
' Shell for in- /output e
i
_ =~ EDITOR.PIF
. Y
DAT r Y ; o)
“MCO “RPT . EDITOR |
*MCI Y

Figure 1 Relation between the programs and files in Aleid96/ALEID2000
The following relationships can be seen in the figure:

- Running the cdculation program from the shell needs the ingdlation file
ALCALC.INI together with a project file (*.PRO). The names of the model
input files (*.BAT, *.PAT, etc.) areindicated in this project file. All thesefiles
have also to be present. The ALCALC.INI fileis generated by the program
whereas the input files have to be created by user (viaan editor or the
ALEID2000 menu in the shell).

- After asuccessful caculation has been done, a (binary) output file (*.OUT) is
created, together with the error-/status report file, $. The .OUT-file containsal
caculated information about the network. Thisinformation can be used for
presentation of the resultsin the shell or in an ASCII-report file (*.RPT).
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- Themodd input files (*.BAS, *.PAT, etc.) can aso be modified from the shdll.

- The shel makes use of anumber of support files (ALEID2000.INI and the
.MCI- and .MCO macro files) and additiond input data (*.DAT: unitsfile and
* .CON: geographical contours).

- Anindependent editor can be run from the shell (see sections 3.3.2 and 5.5.1)

- Anadditiona binary output file, *.HBI, containing hydraulic resultsis aso
created after acdculation. This can be used later for running water qudity
caculations.

- Communication between the ALEID2000-shell and the DOS-programs
(ALCALC and the editor) takes place via PIF-files
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APPENDIX B - Error messages

Error messagesin the calculation program, ALCALC

*** ERROR 10: cannot open hydraulics scratch file
A temporary hydraulic fileis crested for use in water qudity caculations when a
gpecific .HBI-fileis not requested. The message appears if the temporary file
cannot be created. Possible causes: insufficient space on the hard-disk or
memory problems.

*** FRROR 11: cannot open hydraulicsfile
The same as error 10, but here for the specified .HBI-file name.

*** FRROR 12: hydraulics file does not match network data
The specified .HBI-file refers to another network corfiguration than the one
currently used for andyss.

*** FRROR 13: cannot reed hydraulicsfile
The specified .HBI-file isincomplete or damaged.

*** FRROR 14: cannot save resultsto file
A generd message when afile with results has to be cregted, and thisis not
possible. Possible causes: insufficient space on the hard-disk or memory
problems.

*** ERROR 101: not enough memory to store network data

*** FRROR 102: not enough memory for hydraulic analyss

*** FRROR 103: not enough memory for weter quaity andysis

*** ERROR 104: not enough memory to write output report
The network model istoo large for available memory of the calculation program,
ALCALC.

*** ERROR 200: one or more errorsin the input file
One or more errors are detected during the data reading procedure.

*** ERROR 201: syntax error

*** ERROR 202: duplicate node
The node namesin the sections [CONSUMPTION] and [TANKYS] should
adways differ.

*** ERROR 203: duplicate link
The link namesin the sections [PIPES], [PUMPS], [HYDRANTS] and
[VALVES] should aways differ.

*** ERROR 204: undefined node

*** ERROR 205: undefined link

*** ERROR 206: illegd pump/hydrant/reservoir curve
*** FRROR 207: illegd time pattern index

*** FRROR 208: illegd parameter value
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*** ERROR 209: illegd pipe deta
The link data are incomplete, or impossible values are specified for some
parameters (e.g. negative diameter)

*** ERROR 210: tank levels mis-specified
Specified surface levels are not in agreement (e.g. minimum is grester than
maximum)

*** ERROR 211: no tanks or reservoirs in network
A network hasto consst of minimum one fixed head node being boundary
condition for the pressure.

*** ERROR 212: control valve connected to atank
Thisis not dlowed.

*** ERROR 215: not enough nodes in network
The network model should consist of minimum one reservoir/fixed head node,
one ordinary node and a pipe connecting these two.

*** ERROR 216: illega datus setting for link

*** FRROR 217: report dart time greater than smulation duration
The report will obvioudy not be created.

*** ERROR 218: line exceeds 200 characters

*** ERROR 300: cannot solve network hydraulic equations
The maximum (specified) number of iterations has been reached without
satisfying the requested cal culation accuracy. Possible causes: incongstent
control settings initiating ungtable operation, e.g. conflicting pump curves, vave
operation, etc.

*** ERROR 301: Thefollowing nodesisolated from the network at time...
A group of nodes create "an isolated idand”. Possible causes: the connecting link
is accidentaly omitted during the mode building procedure, or becomes closed
at certain moment (vave) without providing afeed from another sde.

*** FRROR 500: for one or more nodes the devation is missing
The nodd eevation has to be specified in the co-ordinatesfile

*** FRROR 600: caculation duration less then zero

*** ERROR 901: attempt to change to project drive failed
*** ERROR 902: attempt to change to project directory failed
*** ERROR 903: Path of project directory too complicated
*** ERROR 904: atempt to remove older verson of file falled
*** FRROR 905: atempt to renamefilefaled
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Different messages that appear if the ALCALC program cannot detect the input
files
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APPENDIX C

Filesin the program and working directories

Program directory
AL2000.EXE
ALCALC.EXE
COLEBR.EXE
COLE{UK}.TXT
EQUIVA.EXE
SOLVAL.BAT

Working directory

*PRO - proectfiles

*BAS - badcfiles

* XY - coordinate/ground eevation file
*STF - control settingsfiles

*PHF - pump/hydrant/reservoir curve library
*.CON - contour file

*WQI - water qudity files

* MCO - macrofilesin output mode

*MCl - maorofilesininput mode

*,OUT - binary output files

*HBI - binay hydraulicfiles

*RPT -  ASCII-report files

* DAT - daafiles(for graph presentation setting)

ALCALC.INI - initidization filefor the ALCALC program
$. - ASCII report on computing process
*INI - INIfilefor rlevant project

* BAK - backup files
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D.1

D.11

D.1.2

D.1.3

Overview of the ALEID2000 files

ALEID2000 creates a number of files: to support its own execution, or to obtain
(keep) information required by the user. A distinction can be made between modified
input files, support files and output files. Some of these files are readable (in ASCII-
format), others can be accessed only through the ALEID2000 shell (binary format).

Modified input files

All rdevant input information can be modified viathe option "Edit - Modify input”.
Donein thisway, the modifications remain temporary (in the program memory)
unlessthe "File- Save input" option is used. The origina input is overwritten after
that, if not saved under another file name. Moreover, parts of the input file that
cannot be changed through the * Edit - Modify input” option, such as empty rows
or/and separate comments (created by editor) will be removed from thefile,

Support files

Support files keep the current settings needed for the program execution. These are
files with variable content modified through the main ALEID2000 menu:

* MCI/*. MCO - aemacro fileswhich contain arbitrary screen settings for
input/output presentations. These (binary) files are entirely manipulated (saved,
loaded, renamed or removed) by the user.

*INI - aeproect fileswhich contain initiaisation settings.

ALCALC.INI - contains cdculation run parameters such as sart, end, time
step, accuracy, etc. The file becomes re-crested (i.e. the origind content
overwritten) every time the menu option "Run - Standard” is used.

Output files

Other files created by ALEID2000 result from modd smulation runs, and serve
genera purpose of helping andyse caculation results. These are the following binary

files

- filewith hydraulic solution (*.HBI);
- filewith full output informetion (*.OUT);

and readable (ASCII-format) files

- output report files (*.RPT);
- eror-/gtausreport file $.

The indicated files are automaticaly overwritten with every new caculation, the user
decides either the old version should be removed, or renamed beforehand.
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D.2

D.21

D.2.2

D.2.3

D.3

Binary output files

ALEID2000 creates three types of binary files used for model presentationsin the
shdll: macrofiles file with hydraulic solution and file with full output information.

Macro files

Macro files, * . MCI/* MCO, serve exclusvely for saving the preferred combination
of screen settings for graph presentations. The files are created

viathe"Create Macro" man menu option and can be loaded by the "Cal Macro"
option. For more details see sections 5.7.6 and 5.7.7.

File with hydraulic solution

Thisfile (*.HBI) is crested and later used by the ALCALC caculation program. It
contains the output of hydraulic caculaions relevant as an input for various water
quaity cdculations. The file name should be specified within the diadog box accessed
viathe "Run - Standard" menu option, in the"Hydraulic solution™ input cell. It can
a'so be done by editing the ALCALC.INI file, under section [SOLUTION] - HY-
DRAULICS SAVE or USE depending on the purpose.

File with full output information

The binary output (*.OUT) is created by the ALCALC caculation program for
generd presentation of the results. It contains full information (hydraulic and water
qudity) for dl sdected times. The file name should be specified within the didog box
accesd viathe "Run - Standard” menu option, in the "Binary report” input cdl. It
can aso be done by editing the ALCALC.INI file, under section [REPORT] -
BFILE.

NOTE: Part of the same output information is presented in both above files, for
practical reasons. Having a different format than the .OUT-file, the .HBI-file
is meant only as an interim step towards the water quality caculation.
Thereforeisits content not readable by the shell.

Calculation summary: error-/statusreport file, $

The gatusfile, $, offers information about the cal culation run. Before the calculation
will be executed, the user may choose the levd of detall presented inthefile Thisis
doneviathe"Run - Standard” option, in the "Status infa" menu, or directly in the
ALCALC.INI file under section [REPORT] - STATUS(NO, YES, FULL). The
file content is overwritten with every new caculation, unless renamed beforehand.
The file content appears automaticaly on the screen each timethe cdculation is
successfully completed. 1t can aso be ingpected a any moment via the "Report -
Output summary” menu option. Three different file formats are possble:

Satus. none (NO)
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This option offersalig with main caculation parameters only. A sample layout looks
asfallows

ALEI D2000 network cal cul ati ons

with punp instead of fixed head node

Cal culation run on............. Wednesday 21 August 1996
Project file....... ... ... ... ..... SI MPLE1. PRO

Basic configuration file........... si npl e. bas

Demand pattern library............. si npl e. pat

Control settings file.............. sinple.stf

Water quality file................. si npl e. wq
Coordinates file................... si npl e. xy

Punp/ hydrant/reservoir library..... si mpl e. phf

File with hydraulic solution....... SI MPLE1. HB

File with full output information.. SIMPLELl. OUT

Total nodes........................ 10
Total pipes........ ... .. 8
Total reservoirs................... 1
Total punps......... ... ... 2
Total hydrants..................... 0
Total valves........... ... ... .. ... 0
Units of measure................... S
Head-loss formula.................. Dar cy- Wei sbach (iter.)
Maxi mum nunber of iterations....... 40
Calculation year................... 1996
Start time.......... ... .. .. .. .. .. 0.00 hours
Total duration..................... 24.00 hours
Hydraulic time step................ 1.00 hour
Specific Gravity .................. 1.00
Kinematic viscosity................ 1. 02e-006 nm2/sec
Absol ute accuracy for pressures.... 0.001000 m
Rel ative accuracy for flows........ 0.001000
Diffusion.......... ... ... .. .. ..... 1.21e-009 nm2/sec
Total nodal (average) demand....... 263.75 m3/h
Pressure rel ated demand cal cul ati on Yes
Water quality calculation.......... Travel tine
M ni mum residence time............. 6.00 mn
Maxi mum No. of segments per pipe... 100
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Satus: limited (YES)

Besdes the indicated information above, this option includes a short status report on

each consecutive steady- Sate cdculaion, namely:

- Baancelimbaance and the total number of iterations. Balance means that the
flow continuity isreached in generd for the whole system. If imbdanceis
indicated, it reflects problems with continuity equations in some nodes (not
necessary large). This can be checked in the output report for each node (table
column "Baance error”). The number of iterations shows if the requested calcu-
lation accuracy has been reached within the maximum number of iterations.

- Totd demand (indl. leskage)

- Mode of operation for main components: inflow/outflow for reservoirs, settings
for pumps and valves.

For example:

Hydraulic status at time 0:00:

Bal ance OK 6 iterations

Fl ow accuracy 0. 000061

Pressure accuracy 0. 000024

Total dermand 421.00 nmB/h

Reservoir gp Qutflow (Fixed head)
Punp 11 Open (1.00 setting)
Pump 22 Open (1.00 setting)

Furthermore, if awater quaity caculation was carried out, a short water quality
gatus report will be given for each time, indicating the water quality step and the
number of pipes where more segments (than specified) are required to obtain an ac-
curate calculation. Example:

Water quality status:

Ti me Time step # pi pes above

hour nmn segnent Limt
0: 00 6. 00 0
1: 00 6. 00 0
2: 00 6. 00 0
3: 00 6. 08 0

Satus: complete (FULL)

Besdes the information given by the YES-gatus, the accuracy of the hydraulic
caculation will be illugtrated by ligting the accuracy for each iteration, under this
option. In addition, alist is given of links, which dueto criticd reservoir levels have to
be closed/opened.
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D.4 Report files
D.41 General

The output report files (*.RPT) are created via the "Report - ASCII output” menu
option, from the information stored in the binary output file (*.OUT). Depending on
the choices from the didog box, the data will be sorted in tables for different
timesftime series. The following parameters can be selected:

Node data:

- Node name (compulsory);

- Ground devation;

- Pressure threshold;

- Node pressure;

- Piezometric head;

- Uptofive demand categories,

- Totd demand (nomind);

- Totd demand (actud, caculated in pressure related mode);
- Percentage actua/nomina demand;
- Waer qudlity.

Link data:

- Link name (compulsory);

- Node name - begin link;

- Node name - end link;

- Diameter (not for pumps);

- Length (not for pumps);

- Wil roughness (not for pumps);

- Howrate,

- Pressuredrop (not for closed pipes);
- Pressure gradient (not for closed pipes);
- Vdocity (not for closed pipes)

- Pump power;

- Link gtatus;

- Link type

- Specified wall reaction coefficient;

- Specified volume reaction coefficient.
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D.4.2 Snapshot report files

Cdculation results for dl specified times are given in thisfile. The file condsts of:

- Header with generd information;

- The node and/or link table(s) for each specified time and combination of the
above mentioned parameters.

The header has the following format:

EIE R IR IR I R R R I I I I R R R I I R R I I
*

*

* ALEI D2000 *
* Qut put based on : XXXXXXXX. PRO en XXXXXXXX. OUT
* Dat e: 00- 00- 0000

* Ti me: 00: 00: 00

*
*

L

R R R I S I S O O

The following indications related to the node- or pipe type can be givenin the last

table column:

- Resavoir :  Resavoir
- Pump . Pump

- Hydrant : Hydrant

- Check vave . CV

- Pressurereducing vave . PRV

- Pressure sudaning vave . PSV

- How controlled valve . FCV

- Pressure bresking vave . PBV

- Throttle valve (generd) . TCV

This column remains empty for ordinary nodes and pipes
D.4.3 Timeseriesreport files
Building tables for the time series report files is done in the same way asfor the

snapshot reports. The table title consists of the node- or link name. The combination
of the parametersis given for the times indicated in the first column.
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E.1l General

ALEID2000 performs caculations for a distribution network model. In such a
model, the network will be schematized to a system of nodes and links where a node
represents a supply, sorage or demand, while the link between two nodes definesa
pipe, pump or valve.

Different components of the network mode are described in this chapter, aswell as
the background of the ca culation features of ALEID2000. Thisis more atheoretical
description of the posshilitiesin the program. Practica information about the layout
of the input files and the program commands are to be found in Chapter 4 and 5,
respectively. Where necessary, the reference to the related sections in these chapters

will be given here.
E.2 Components of the network model
E.3 Nodes

E3.1 General
A node marks a change in a pipe property. This situation arises from achangein:

- pipediameter;
- pipe materid (change of k-vaue);
- pipeflow asareault of:
*  pipeintersection;
*  pipe branching;
¥ pipemerging;
*  magor consumer connected;
*  jointly moddled demand,

supply (feeding) point.

In thisway, extra nodes can be introduced providing additiond information about the
network, e.g. so caled "configuration”-nodes used to fit the network lay-out in
graphical presentations to the real one.

Various posshilitiesare givenin Figure 2.
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E.3.2

Continuos pipe with  Continuos pipe with

Crossing with connection Branching change of diameter change of material
@)
2800 mm AC k=0.1 mm
@600 mm PE k=0.01 mm
Crossing with connection .
. ) Major Consumer
which can be isolated Sudden elevation changes

o o

o S

T
o~

Two parallel pipes

Figure 2 Possible node types in network models

The following information is required for each node:

- nodename;

- nodetype;

- ground devation,

- co-ordinates,

- for demand nodes: demand in categories,

- for resarvoirs: initid or fixed heed vaue;

- pressure threshold;

- for concentration caculation: initial concentration;

- for the source of concentration calculation: incoming concentration + reference
to related pattern.

Node data

Specific agpects about the node information are discussed in the summary below.
Details about the input in ALEID2000 are to be found in 4.

Node names

Each node mugt have a unique name. The name conssts of maximum 7 aphanumeric
characters. ALEID2000 makes no difference between upper- and lower-case
letters. Thus, “NODEL” isthe same as “Nodel”.

To preserve clarity within amode, the nodes can get a name that incorporates the
topography. The advantage of topographic indication is that the user can easily
detect the exact location of the node based on its name.
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For example, anode name can be formed as“XX000AA” where:

"XX"  givesaglobd indication of the area (e.g. municipa code);

"000" representsthe serid number within the chosen areg;

"AA"  can beusad if additional nodes have to be created in the neighbourhood of
an dready existing node whose code should stay unchanged.

With consstent notation between different moddls, it isrelatively easy to combine
them into a new bigger modd.

Node type

Unlikein ALEID 7.1(L) where anode type had to be specified for each node,
ALEID2000 distinguishes only between ordinary demand nodes and supply
(reservoir) nodes. The first have to be defined in the badic file (* .BAS) under the
section [CONSUMPTION], the second under the section [TANKS] (see section
4.7, Bascfile).

Node elevation and co-ordinates

The nodd devation has to be specified so that the program can make a difference
between piezometric head (i.e. pressure againgt reference level) and actual pressure
(againgt ground leve). The other two plain co-ordinates (X and Y) are used
exclusively for graph presentation purposes. These three data are needed for each
node collected in the co-ordinates file (see section 4.11).

Node demand

The demand at nodesis formulated from an average demand, which can be
corrected by gppropriate factors and percentages for smulation of demand (and
leakage) patterns throughout a certain period. For explanations about related factors
and percentages see Appendix E section F.3.3.

Pressure threshold
Thisisthe pressure below which the demand starts to be dependent on the pressure
(see Appendix e section E.3.4).

Reservoir water level

The head estimation has to be given only for reservoirs. depending on the type of
reservoir ether as afixed head (water surface devation), or asan initia vaue for the
iteration. No head estimation is required for ordinary nodes.

Initial concentration
Thisisthe concentration in the node at the beginning of the smulation. This
parameter isonly required if aconcentration caculation is performed.

Source concentration

The source concentration is an incoming concentration specified through a pattern,
for anode. The principleis the same as to the consumption pattern: the correspon
ding factor multiplies the basic concentration after each time step.
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E.3.3

Demand modelling

The demand is modelled & the nodes. In each node, the total demand is built from a
maximum of five demand categories, DC;, which — with their own peak factors—
influence five average (basic) demands, Qavg,i. The peak factors are grouped per
category in ALEID 7.1(L), whereasin ALEID2000 each node recognises its own
categories with accompanying peak factor vaues.

The basic demand can be multiplied by the following factors and percentages.

- hourly factor, pfi
Average demand multiplied by the hourly factor represents ademand at a
particular moment. In this way the demand can be followed over one or more
days if the corresponding pattern is given. The pattern time step is arbitrary,
severd factors can be specified per hour (e.g. each 15 minutes).

- day factor, pfq,
The day factor represents the ratio between a peak demand per day, and the
average daily demand within aweek. A maximum of seven day factors (one
week) can be specified.

- leakage percentage, L,
The leskage percentage is related to the incoming volume of water. The basic
demand will be multiplied by:

100
100- L, &)

The leakage percentage effectively represents a percentage divided between a
known physica leskage and other unknown factors causing a difference
between inflow and outflow (e.g. adminigtrative errors).

- correction factor, G,

The basic demand is multiplied by this factor, in order to close the water
balance.

- growth percentage, G j, where index "j" represents a certain prognosis period.
A linear growth model is followed here. For each period, a separate growth
factor can be given. There can be at most five periods specified. Thus, the
concept of seasonal length from ALEID 7.1(L) has disappeared here.

The outcome of n(n=1,...,5) basic demands and m(m=1,...,5) prognoss periodswith
ki ; caculated yearsfor period "j" yields for the total nodal demand, Q, the following
formula

g g 100
Q=an=aprphf(
i=1 i=1 100-L;

o Gi,j
)" c*(1+a ki,j*ﬁo)*%i @

Example

Suppose the demand of node A0O3 has to be calculated for hour 10 of theday 3in
year 1996. The following will be specified in the basic file (* .BAS):
[ CONSUMPTI ON]

A003 3
28 01 02 02 02 01
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20 03 03 01 03 01
10 05 03 00 00

and in the demand pattern library (*.PAT):

[ PATTERNS]

01 1.00 1.10 1.41 1.576 ......
02 0.67 0.56 0.89 1.301 .....
03 0.50 0.56 0.89 1.301 .....
05 1.00 1.00 1.00 1.00 .....

[ DAYFACTORS]
01 1.0 1.2 1.4
02 1.0. 1.

1.

1.4
03 1.2 1.0

1
0
[ LEAKAGE]

01 9.11
02 6.46

[ CORRECTI ON]
01 1.1
02 1.04
03 1.0

[ RELATI VE GROWTH|
01 1990 1995 2000
01 3.0 2.0 0

The cdculaion goes asfollows:
Node: A0O3

The first demand category:

Basic demand Qavg1 =28 m3/h
hour factor pattern 01 pf,1 = 1.576

day factor pattern 02 pfa1=1.4
leakage percentage 02 L1 =6.46 %
correction factor 02 Ci=1.04

Growth percentage 03:

- period '90-'95 G11=3%

- period '95-2000 G12=2%

Y ear 1996 kii=5and k12 =2

The totd demand of category 1 will be:

00

Qtot1=1.4* 1.567 * (100/(100-6.46)) * 1.04* (1+5* 0.03+ 2* 0.02) * 28

Qtor1 = 81.26 m’/h

The second demand category:

Basic demand Qavg2=20m3/h
hour factor pattern 03 pfi,2 = 1.301

day factor pattern 03 pfa,2 = 1.0 (not given)
leakage percentage01  L>=9.11%
correction factor 03 C2=1.0(not given)
Growth percentage 03:

- period '90-'95 G21=3%
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- period '95-2000 Go2=2%
Y ear 1996 Kz =5and ka2 = 2

The total demand of category 2 will be:
Qtot,2 = 1.0*1.301*(100/(100-9.11))* 1.0* (1+ 5*0.03 + 2* 0.02)* 20
Quot2= 34.07 m’h

The third demand category:

Basc demand Qavgz =10 m3/h

hour factor pattern 05pfr3 =1

day factor pattern 03 pfa,3 = 1.0 (pattern not given)
leakage percentage 00 Lz = 0 % (default setting)
correction factor 00 Cs = 1.0 (default setting)

Growth percentage 00

- period '90-'95 Gs,1 = 0 % (default setting)
- period '95-2000 Gz,2 = 0 % (default setting)
Y ear 1996 ksi=5and ks>=2

The total demand of category 3 will be:
Qut2=1*1* (100/(100 - 0))* 1.0* (1+5* 0.0+ 2* 0.0) * 10
Qtot2= 10 m'/h

Findly, the total demand for node AO03 will be in this moment:
Qtor = Qtor1 + Qror2 + Quorz= 81.26 + 34.07 + 10 = 125.33 m’/h

E.34 Pressurereated demand

In some stuations, the calculated (actud) demand becomes smdler than the nomina
(moddled) demand, due to hydraulic conditions that occur in the network. Thisis
particularly a case in extreme Stuations, e.g. when a pipe bursts or if the demand
grows so high that it cannot be ddivered by the network. In such cases, the demand
can be more redistically described by being made dependent on the caculated pres-
sure. The outcomeis that under a certain, user-specified pressure threshold, Py, the
demand drops proportionaly with the pressure (see Figure 3).

fo

100% ...................... mamimman e ———
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E.35

Figure 3 Pressure related demand

Hence, the pressure threshold is defined as a critical pressurei.e. a (piezometric)
head againg ground devation. Different thresholds can be specified for different
nodes.

Pressure related demand caculation is commonly used in calculaions of system
religbility. More information about thisis given in Appendix F, section F.7.

Reservoirs

Three types of specid nodes can represent a storage or supplying point in
ALEID2000:

1. Fixed head node
The head in the node will keep the specified vaue during the iteration process.
In theory, a suction node for a pump can be moddled in thisway, or alarge
storage with more or less stable surface water level. It is possible to change the
fixed head vaue during the caculaion by changing the control settings of the
modd.

2. Vaiadlereservair (cylindricd)
Thefollowing modd is given in ALEID2000, for acylindrica reservoir of
variable levd (e.g. water tower):

DH = —Dt (3)

where:

?H - changeinthewater leve (m)

Q - the flow in (+) or out (-) the reservoir (m’/sec)
A - cross section area (n)

?t - time step (se0)

Moreover, the minimum and maximum levels have to be specified.

3. Vaiablereservoir (generd)
The above rdation is not valid for non-cylindrica reservoirs. Therdation
between the volume in the reservoir and the eevation of the water surface can
be specified explicitly by the help of aso cdled V,H-relation. The user defines
pars of points for volume and water elevation. The vdues in-between are
linearly interpolated (see Figure 4). The lowest and highest given values will be
considered respectively as the min/max. volume of the reservair.
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E.4

E4.1l

E.4.2

Hoypag  |roree e o

Head

HMIN

Vuin — Volume Vuax

Figure 4 Volume-Height relation of a reservoir

Links
General

Links between the nodes are formed by pipes, vaves, pumps or hydrants. Each of
these dements has its own characterigtics, which are described, in the sections
below. The required data differ from one to another type of eement, however alink
name, begin and end node names have to be given in each case. Different types of
links are distinguished in different sections of the input (basic) file:

- section [PIPES] contains information about ordinary pipes and check valves,
- stion[VALVES] contains information about dl other valves;

- section [PUMPS] contains information about pumps,

- section [HYDRANTS] contains information about hydrants/fire taps.

Pipes

Links between nodes are in most cases ordinary pipes. Flow direction in apipe
emerges from the node with the higher head to the node with the lower heed. If the
higher head node coincides with the first (left) specified node in the input informetion

for the pipe, the pipe flow takes pogtive vaue. If the second (right) specified node
has the higher head, the pipe flow will be negetive.

The pressure drop in a pipe , associated with aflow can be written in generd as:

DH = & Q™’|Q (@)

where 7H is the pressure drop in metres head, Q the flow in m*/sec, "a" a coefficient
describing the pipe resstance and "b* aflow exponent.

ALEID2000 uses three forms of equeation 4:
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Table 1 Head-loss formulas in ALEID2000

Formula Resistance coeft. (a) Exponent (b)
| 8.L
Darcy-Weisbach 'p®.0.D° 2
2,79.10°.L
Hazen-Williams CL85 D487 1.85
7,97.10".n° L
Chézy-Manning D53 2

The pipe diameter, D, in above equations is expressed as m.
The friction factor, ?, in the Darcy-Weisbach formula can be caculated from the

Colebrook equation:
| = 0,25
) Ingé = + k_u ©
&0,4Re41  3,71DY

Thisformula needs iterative cdculation. An dternative expression can be used
instead for direct caculation of 2
| = 0,25
T g B4, kU 6)
8Re™  3,71DH

The parameter symbolsin the equationsin Table 1, 5 and 6 mean:

D - pipediameter (m)

g - gravity (nf/sec)

Re - Reynolds number

L - pipelength (m)

k - pipek-vadue(m)

? - friction factor of Colebrook
C - Hazen-Williamsfriction factor
n - Manning friction factor
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Formulas 5 and 6 are vdid for turbulent flow conditions only (Reynolds number >
2300). For laminar flow (Re < 2300) the friction factor will be calculated as.

e
T Re (7)

In ALEID2000, the following information is requested for pipes.

- pipename;

- begin node;

- end node

- internd diameter;

- length;

- wall roughness coefficient (depending on head loss formula used);
- locd loss coefficient;

- for concentration cdculation: wal reaction coefficient;

- for concentration cdculation: volume reaction coefficient;

Specific points for attention are described in the following paragraphs.

Pipe name
The sameisvalid for the pipe names as for the node names. The pipe names have to
be unique and should not cregte a problem when merging different models.

Begin- and end node names

These nodes should be given dready in the list of nodes (i.e. have to be present
there). The order of the node namesisimportant only if check valves are modelled
(input section [PIPES)).

Diameter

The pipe diameter is known from the maps or a pipe information system. Depending
on the pipe materid, the actud internd diameter will deviate from the nomind
diameter. Furthermore, the interna diameter may change due to corrosion processes,
eg. by CI pipes. The modd is very senstive to changes in diameter, because of a
high exponent in the head-loss formulas (Table 1). In problem cases, a combination
of diameter and wall roughness can be determined by tests.

Length

The same source of information as for diameters can be used for determination of the
pipe length. In the ALEID2000 modd, the length related to a pipe does not
necessarily correspond to the length ca culated from accompanying node co-
ordinates. The co-ordinates in the modd are primarily intended for visua presenta-
tion of the network and describe its schematized layout in most cases.
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Wall roughness coefficient

The type of wall roughness coefficient is dependent on the chosen head-loss formula
The most accurate caculations are provided by applying the Darcy-Weishach
formulai.e. the roughness factor, k. The values from table 2 can be used as afirst
approximation.

Table?2 Kk-valuesfor various materials

Materia k-vaug(mm) source
Cl <=200 mm 5 E/L
Cl >200 mm 2 E/L
ClI cement lined on site 0.5 E
Cl cement lined in factory 0.2 M
Asbestos-cement 0.2 M
Concrete 0.5 E/L
PE 0.05 M
PvC 0.05 M
Stedl bitumen coated 15 L
Steel cemert lined 0.2 M

Sources of information in the table are:
M - vaue of the manufacturer;

L - vaue from the literature;

E - empirica figure.

Local loss coefficient
Besdes the friction losses, where the loss factor depends on the flow rate, an

additiond, local loss can be modelled for e.g. bends, opened vaves, diameter
changes, etc. Hence, the tota pressure drop aong one pipe will be;

D H = DHfriction+ D |_Ilocal (8)

where ?Hricion IS described by formula 4. The additional 10ss, )Hioca is defined by:
DH = X——— 9
local D 9)

where ?isalossfactor specific for agiven locdity (e.g. bend). The vaue of ? usudly
ranges between 0 and 2. Information about exact values of ?for particular structures
can be found in hydraulic textbooks, or in manufacturer catalogues (e.g. for vaves).
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E.4.3

E4.4

E.45

Wall- and volume reaction coefficients
These are reaction coefficients used in the reaction modd for non-conservative
materials. For further information see Appendix E, section E.8.2.

Gatevalves

Gate valves are trested in the model as ordinary pipes that can be temporarily or
permanently closed, by the control setting (see Appendix E, section E.6.5). A cross
will be put on the closed pipe in the graphic presentation, during the corresponding
timeintervd.

Check valves (CV)

A check vave (non-return vave) functions in the mode as an ordinary pipe with a
given boundary condition. The posditive flow direction in the pipe is defined as the
direction from the firstly specified (begin) node (1) to the second (end) node (2). The
head, Ha, is greater than Hp, in this case.

A check vave will close when Hi becomes smadler than He, and thus, the return flow
takes place. This means (see Figure 5):

Q>0
_—>
H1 H2

N If Hy> H, : normd flow

1 5 If Hi £ H2:vaveclosed

QE£0

Fioure 5 Check valve

In the basic input file, a check vave is specified under the section [PIPES] on an
ordinary pipe with acode, CV.

The opening and closing of a check vave is dependent only on flow direction.
Contral of thistype of vaveisnot possble. It is however possble to smulate a
failure by setting the pipe diameter to 1 mm.

Pressurereducing valve (PRV)

A pressure reducing vave limits the head at the downstream node, (2), to the given
value, Hee, if the head attempits to rise above that vaue. When the head at the dow-
nstream node drops below Hred, the flow through the vave will not be obstructed. If
the head at the downstream side becomes greater than at the upstream side, the
vave will be closed to prevent return flow. This means (see Figure 6):

If Hi > H2 and Hz < Hred : normd flow
If Hy > Hz2 and Hz2 = Hred - Hz becomes Hred, adjusted flow
If Hi £ H : vave closed
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E.4.6

Q>0
H1 > H2

N Hrep
1 ; é 2

QE£0

Figure 6 Pressure reducer

A pressure reducing vaveis defined in the basic input file under section [VALVES],
with pipe name, begin- and end-node, diameter, vave code (PRV), the reduction
head, Hred, and optionaly with the local |oss factor when the valve is fully opened.
The length of the pipe is neglected in the cdculation and no friction losses are
considered.

Pressure reducing vaves can be open or closed through the control settings. In
addition, the value of the reduction head can be adjusted, too.

Pressure sustaining valve (PSV)

Q>0
H1 SE— H2

Huvin N
1 ; é 2

Q£0

Figure 7 Pressure sustaining valve

A pressure sustaining vave keegps aminimum heed, Hin, @ the upstream node, (1),
if the head attempts to drop below that value. When the head at the upstream node
rises above Hmin, the flow through the valve will not be obstructed. If the head at the
downstream node becomes higher than the head at the upstream node, the vave will
be shut off to prevent return flow. This means (see Figure 7):

If Hi> H.and Hi = Hnmin : normd flow
If Hi> H2and Hi < Hmin : Hz becomes adjusted to Hmin
If Hh=H: :vavecdosd

A pressure sustaining valve is defined in the basic input file under section [VALVES],
with pipe name, begin- and end-node, diameter, vave code

(PSV), the minimum heed, Hmin and optionaly with the locd loss factor when the
vaveisfully opened. The length of the pipe is neglected in the caculaion and no
friction losses are considered.

Pressure sustaining valves can be opened or closed through the control settings. In
addition, the value of the reduction head can be adjusted, too.
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E4.7 Pressure breaking valve (PBV)
Pressure breaking vave forces specified fixed pressure drop, ?H, = Hz - Hs at the
vave (see Figure 8). The flow is dlowed in both directions.
Q>0, DH,
H1 > H2
1 2
4—
QEO
Figure 8 Pressure breaking valve
Pressure breaking vave is defined in the basic input file under section [VALVES],
with pipe name, begin- and end-node, diameter, valve code (PBV), the specified
pressure drop, ?H, and, optionaly, with the local oss factor when the vave is fully
opened. The length of the pipe is neglected in the caculation and no friction losses
are considered.
Pressure breaking vaves can be opened or closed through the control settings. In
addition, the value of the reduction head can be adjusted, too.
E.4.8 Flow control valve (FCV)

Fow control vave limits the flow to the specified rate, Qrcv. The program givesa
warning if thisflow rate cannot be reached without imposing additiona pressure
drop. This means (see Figure 9):

0<QE£ QFCV

H1 > H2
1 2
<—
QE£O
Figure 9 Flow control valve
- if Q= Qrcv than Q = Qrcv
- if Q < Qrcv than Q = Qincl. warning
A flow control valve is defined in the basic input file under section [VALVES], with
pipe name, begin- and end-node, diameter, vave code (FCV), the specified flow,
Qrcv, and, optiondly, with the local |oss factor when the vave isfully opened. The
length of the pipe is neglected in the cdculation and no friction losses are considered.
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E.4.9

E.4.10

Flow control valves can be open or closed through the control settings. In addition,
the value of the reduction head can be adjusted, too.

Throttle control valves (TCV)

Throttled valves smulate a partly closed vave by adjusting the locd |oss coefficent

of the valve causing a pressure drop dependent aso on the flow rate and direction
(seeformula9 and Figure 10). Thistype of vave dlows for change in flow direction.

Q>0, DH(Q,k‘
H1 H2

Figure 10 Throttle control valve

The relation between the opening leve of the valve and resulting pressure drop is
usudly available from the manufacturer (valve characteritics).

Throttle control valve is defined in the input section meant for vaves[VALVES] with
pipe name, begin and end node, diameter, vave code (TCV), the loss factor, ?, and
optiondly with the loca loss factor when the vave is fully opened. The length of the
pipe is neglected in the caculation and no friction losses are considered.

Throttle control valves can be opened or closed through a control regime. The loss
coefficient, ?, can aso be adjusted in operation contral.

Pumps

Pumps are modelled as links where the head increases. This increase can be
described in the model through a quadratic relation between pumping head and flow,
or by aseries of points with linear interpolation. The pump characteristics can be
further varied by making them dependent of the pump speed. The following relations
arevdid:

Quadratic curves

The method of description in ALEID 7.1(L) is extended here with a variable speed
feature. The characteristics of each pump can be compiled from different quadratic
parts vdid for acertain flow range. A generd formulafor each part of the curve can
be written:

Hp = @ Q+b*h*Q+c*h’ (10)

where:
Hp - head increase due to pumping (pumping heed)
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Q : pumped flow
a, b, c :factorsof the quadratic relation
? : rotationa pump speed (default vaue ?=1)

If a= 0, the formula describes agtraight line.

In pump characterigtics generaly the pump head drops with increasing flow (the
curve drops).

or example:
?H

50

40

30

20

10

120 240 360 480 600 720 840
Q

Figure 11 Quadratic curve

The pump curve of the pump, P, is supplied by the manufacturer. The working point
lays around (Q,Hy) = (200,40). The quadratic formula can be determined by reading
three points from the graph: the working point and one point left and right. Three
equations with three unknowns (a, b, €) can be formed and caculated in this way.

For apump efficiency ?= 1, the pump curve can be written as a quadratic formula
Hp = -0.0006944* Q° + 0.11104* Q + 45.468

This curve has amaximum for Q = 80 m’h. This means that the part of the curve for
Q < 80 m’/h cannot be used. According to the equation, H, = 0 for Q = 348,28
m/h.

The part of the curve for 0 = Q < 80 can be amplified by astraight line specified
between the points (Q,Hy) = (80,50) and (Q,Hy) = (0,52), whereby 52 mwc is the
maximum heed.

Thus, (see dso Figure 11):

0=0Q<80 ?Hp =-0,025*Q + 52,00
80=0Q<34828  ?H,=-0,0006944*Q° + 0,11104* Q + 45,468
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Linear interpolation of points

Because some caculation work is necessary in order to derive the above mentioned
quadratic equations, an option to define pump curves with a number of Q,H-points
has been added to ALEID2000. The program then assumes a straight line between
the specified points. These describe the curve for astandard pump speed with ?=1.
The expresson for each straight line of the curve then becomes:

H, = b*h*Q+c*h’ (12)
where:
Hp :  pumping head
Q : pumped flow
b,c : by theprogram caculated coefficents of the Sraight line
? ©  pump Speed

Where the pump curveis defined by a set of Q,H-points, the valuesfor Q, sorted in
ascending order, should be coupled with the values for H, sorted in descending order

(the curve drops).
For example:
[~ Q H-ralation
3 Suppose the pump from the previous
h H
Q) p (TWO) example has to be modelled by Q,H-
0 52.00 points. A number of points have to be
read from the graph in this case. These
80 50.00 are given in table 6 representing the
100 4973 above quadratic relation (see dso Figure
: 2):
125 48.60 ?H
50
150 46.60 N
40
175 43.73 30
200 40.00 0
225 35.40 .
120 240 360 480 600 720 84|0
250 29.93 Q
275 23.59 Figure 12 Interpolated curve
16.
300 638 Switching the pumps on and off (for both

types) is specified by control settings.

They can be operated according to a
certain plan (time), pressure and flow rate. Also the pump speed can be st to
different operation modes.
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The program declares error messages if the calculated Q,H-vauesfal beyond the
specified curve range, e.g. return flow appears, or if Q becomes larger than the
maximum specified vaue.

E.4.11  Hydrants

Hydrants (fire taps, reservair filling) are modelled in the same way as pumps. The
given relations (hydrant curves) however describe the remaining pressure over the

hydrant againgt the delivered flow.

2H Obvioudy, the hydrant curveisrisng:
the more pressureis available, the
larger the flow will be (see Figure 13).
Thistrend should be grictly followed
where the pump curve is defined by a
set of Q,H-points.

:igare 13 Hydrant curve o
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E.5

ES5.1

E.5.2

E.6

The operation of hydrants is regulated in control mode, depending on time, pressure
and flow. The program declares error messages if caculated Q,H-vaues fdl beyond
the specified curve range, e.g. return flow appears, or if Q becomes larger than the
maximum specified vaue.

Operation

Operation of shutters, valves, pumps and hydrants

In each moment, it has to be clear which pipes/shutters and vaves are open or
(partly) closed, which pump is"on" and at what gpeed, and which hydrant stays
open. Thisisregulated in the program through control and operation settings. A link
(shutter, valve, pump or hydrant) can be operated with respect to a certain plan
(time), pressure in areservoir, arbitrary point in the system or aflow in apipe.

NOTE: The operations are neither checked nor optimised by the proaram. If they
conflict, problems mav occur in the caculaion. The proaram Smply
performs the indicated operation.

Operation of fixed head nodes (reservoirs)
It may be reasonable for model smulation over a period, to adjust the fixed head
during the caculation. This operation is specified with respect to a certain plan (time).

Hydraulic calculation

When dl required hydraulic modd e ements are defined in the input, acaculation can
be performed. The basic results of the calculation are noda heads and link flowsin
the network. The program will aso determine the vaues derived from these, such as
pressures, pressure gradients and velocities.

The program makes caculations for given times. Boundary conditions have to be
known for each time. These are:

- resavoir levels,

- pump operation (on/off, pump speed);

- vave operation (open/closed, specific setting);

- given demand;

- relation between the demand and pressure.

The boundary conditions are defined by means of initid settings (e.g. for reservoirs),
operation modes (pumps), and patterns of demand modelling.

The caculaion gtarts from the defined gart time, when only the reservoir levels have
to be specified by the user. For two consecutive steady state calculations, the
program uses, as much as possible, the vaues of the previous caculation as
boundary conditions for the next one. Here aso, the values at reservoirs are
predominantly important. If these however, are to be specified by the user, the
cdculations at different times would become independent of each other. When the
course of the reservoir levels becomes determined by the program, itisaresult of a
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number of steady state calculations for consecutive times, i.e. o called "quas-
dynamic" smulation (see Appendix E, section E.3.5).

E.7 Reliability assessment
E7.1 Background

Assessment of network reliability can be done through a series of hydraulic
cdculations. Thisis done when the effects of subsequent component failures are
andysed by closng themin the model, one a atime. If the pressure related demand
cdculaion is carried out, thiswill result in more or less severe reduction of the water
ddivery, as can be shown by ALEID2000.

The objective here is to perform meaningful caculationsi.e. to recognise which
system elements have disastrous effects on the distribution when out of operation.
Obvioudy, atransmisson pipe of larger diameter will creste bigger pressure lossesiif
it burdts, than asmadl peripherd digtribution pipe. In The Netherlands, the following
recommendation given by the Dutch water works association, VEWIN, istaken asa
guiddine:

With the failure of one main element of a distribution network, a daily demand
of at least 75 % of the demand on the maximum demand day should still be
satisfied in the calamity area (approx. for each 2000 connections).

More discussion of this regulation is offered in the VEWIN-report: "System
Reliability", committee”).

E.7.2 Calculation method

To dlow the above recommendation to be trandated into practice, the method for
cdculaing system rdiability is developed in the following steps (see Figure 14).

1. Production units within the system have to be identified first (e.g. aclear water
reservoir where all pumps are connected can be considered an integra
production unit). Each production unit should further be divided into possble
segments. A segment is consdered as afeeding e ement of the network mode.
Failure of one segment is consdered a caamity. Cdamitiesin the rest of the
supply system (extraction, raw water transport and treatment) are trandated as
failures of production units or pipes.
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Figure 14 Flow chart of reliability assessment procedure

The following steps have to be repeated by each component in the network modd:

2. Take the chosen component out of the model. This can be done by control and

3.

operation settings, where this component can be closed.

Perform the network cdculation for the maximum hour of maximum consumption
day, and possibly in hours of maximum demands for mgjor demand categories.
These calculations should be executed in pressure related demand mode. The
nature of the pressure related demand is assumed to be as presented in Figure
15 (see d'so Appendix E, section E.3.4). Above a certain pressure, which for
norma domestic demand is set to 20 mwec, the demand becomes independent of
the pressure.

When the pressure drops below 20 mwec, the required demand cannot be
entirely delivered. This means that higher elevated tapswill not get water. Asitis
assumed that the relation between pressure and demand is linear in the range O
mwc - threshold of 20 mwc, for pressure of 15 mwc only 75 % of the origind
demand can be delivered or a shortage of 25 % is encountered. That shortage is
aleve with which the religbility should be compared. In the program, pressure
thresholds have to be specified by the user. Different nodes can have different
values.
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Consumption delivered
A . . .
’ Effect of a calamity on the consumption delivered
100% | e o,
demand ’
Actual
dellvered // .................
conumption :
Critical Delivered pressure
Pressure
Figure 15 Pressure related demand

4. Andyse, inthe cdculation results, whether less than 75% of the demand at
maximum hour/maximum day is ddlivered in some nodes. If there are no such
nodes, it can be concluded that at any other moment of the maximum day, a
minimum 75% of the demand will be ddivered. If however, the ddivery in
number of nodes drops below 75 % of the demand, the next steps should follow.

5. For dements/unitsidentified under step 3 as causing the delivery below 75%, run
24-hour smulations (pressure related), assuming that the component is out of
operation during the entire period. Possible implications on operation of
production units and clear water storage can be analysed in thisway. Adjustment
of their operation can be investigated.

6. Check whether with modified system operation, nodes with delivery below 75%
gill exigt. If not, anew mode of operation may be recommended.

Execution of steps 1-6 ddivers calculations under regular supply conditions, so
cdled “zero caculaion”. Furthermore, a“zero+ caculaion” can be done for
developing of the supply strategy inirregular Situations.

7. For these nodes which do not satisfy the conditions, invertorize possible
modification of operation under caamity. Possible measures could be: vave
manipulation, dtered pumping regime or inclusion of pipe connections, etc. The
effect of these measures can be tested by the above-described procedure.

8. |If after “zerot cdculaions’ the sysem Hill remains unreliable, improvements
should be introduced (i.e. new investments are necessary). The effect of the
improvements should be analysed again.

Steps 3 and 4 form a“filter” which serve asasmple control in order to prevent
unnecessary calculations. In case of quick 24-hour smulations (quick computers,
amdl-scale models) these steps can be omitted from the procedure.
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E.7.3

Thereis no specid reiability assessment feature in ALEID2000. 24-hour smulations
in pressure related demand mode and results presentation through the menu option
Graph, Demand are meant for such analyses.

Remarks about the network mode

The following aspects require particular attention, during modelling for purposes of
network religbility assessment:

Pumps

Pumping stations have to be presented in the model as clusters of pump units. Each
pump unit plays an independent role in reliability assessment and its potentid failure
has to be separately included in the andysis.

Reservoirs

A difference should be made between periods of a day when reservoirs deliver
water and periods when their volume is recovered. To do this, areservoir can be
ubdtituted by an “hydraulicaly equivdent” combination of anode and pumping
gation. Refilling pattern of the reservoir will be described by the nodal demand
pattern, while the pumping station Smulates periods of reservoir discharge. For both,
the node and the pump, the demand/operation will be set to zero/off during the
reservoir operation in the oppodte flow direction.

NOTE: Moddling of supply points as nodes with “negative demand”, is not
recommended during reliability assessment calculations and for pressure
related demand cadculaions, in generd. As negative demands are not
corrected in the calculation based on pressure dependence, the results of
the smulation may not reflect the redlity (“forced inflow”). Fixed head nodes
or pumps should be used instead.

Demand patterns

As a 24-hour caculation hasto be performed, it is crucid that the demand patterns
for all categories are defined for the maximum consumption day, and in the entire
amulation period.
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E.8

E8.1

Water quality calculation
Water quality algorithm

The water quality agorithm is developed for the purpose of monitoring a dissolved
substance in the network. The agorithm uses the flows from the (ordinary) hydraulic
caculation to solve a system of equations that describe the mass balance. For each
pipe between the nodes "i" and "j", it can be written:

To _ QT

o A Tx +q(cy) (12)

where:

Cj : concentration of the substance in pipe "i,j" as function of the
distance and the time (i.e. Gj = G;j( i, )), in Mass units per n;

Xij . thedigancein pipe"ij", inm;

Qi . theflow in pipe"ij" a time"t", inm/h;

Aij :  cross-section areaof pipe"ij", innf;

2(cj) : reaction speed of the substancein pipe"i,j" , in mass units per m’
per day.

Equation 12 has to be solved with known initid boundary conditions: for begin time, t
=0, and at the pipe node where x;; = 0:

é Qi Ci (Lii, t) + M;

ci(0,t) = = 2 0.+0. (13)

The sums are made for al pipes"k,i" connected to pipe"i,j" and with the flow
direction towards node "i". Here Ly isthe length of pipe "k,i", M; the additional mass
which can be introduced by an external source at node"i", and Qs the flow rate of
that source.

ALEID2000 solves these equations according to a numerical scheme caled "The
Discrete Volume Element Method" (DVEM). Thisis amethod developed by the US
EPA (for details, see Rossmarr). Its implementation in ALEID2000 is based on the
EPA-computer program, EPANET.

Where the flows are congtant, DVEM ca culates within each hydraulic time step, a
shorter water quaity time step and splits the pipe into a number of volume unitsin
which complete mixing is assumed. The following steps are performed within each
water qudity time step, afterwards (see dso

Fgure 16):

- themateria becomes transported from each pipe segment in the direction of the
downstream boundary segment. If anode is located at the up-stream border of
the segment, the concentration and flow from other incoming pipes will be added
to it (transport step).
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- Themixing concentration in each node will be caculated and transported to the
initid segment of the next pipe while the nodal flow will be deducted.
- Possbly given reaction in the pipe is executed.

The above steps are repested until a new hydraulic condition appears. The network
will be segmented again and the caculations carried out again. The longest possible
water qudity time steps will be chosen by this method. The pipe flow however, may
not be greater than the actua pipe volume, otherwise the time step mass becomes
transported without being mixed in the passing node. Thus, the water qudity time
step, dtwk, cannot be longer than the shortest residence time in any pipein the
network, i.e.:

Original mass

O

O

After reaction

Q)
O

Transport to a node

sport through a pipe

o ¢
l
0

Transport from a node

¢
5
l

Figure 16 Steps of the water quality algorithm

dtwk = Min %for al pipesi, | (14)

ij

where Vijj isthe volume of pipe"i,j" and Qij, the flow in that pipe. Pumps, hydrants
and vaves will not be taken into consderation. These eements have no specified
length in the model, and therefore trangport through such an eement is assumed to be
ingant.
With aknown water quaity time step, the number of volume segments, n;, in eech
pipeisgiven by:

Vij

n = E[m] (15)

where E[X] isthe largest rounded vdue smdler or equd to "x".
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To prevent cdculation times becoming too long and the number of segments too
large, ALEID2000 limits the water quality time step, dtwk, to avalue that is not
amdler than one of the specified values. Thisvdueis caculated by the program as
being 1/10 of the length of the hydraulic time step, but it can aso be specified by the
user. The user can aso define a maximum number of volume segmentsinto which a
pipeisdivided. The default setting here is 100.

E.8.2 Reaction mode

Equation 12 of the water quality mode offers amechanism for consdering the
reactive reduction (or growth) of a substance which spreads throughout the network.
The reection can take place in the water flow (volume- or bulk reaction) aswell as
with the pipewall (wall reaction). ALEID2000 can modd both types of reactions.
Thefirst order reaction modd is described further. In that model, a substance
concentration decreasesin the water according to the following formula:

K
q(c) = -kyc- E(C— Cw) (16)
where:
ko : thefirst order bulk reaction coefficient, per sec.
c : substance concentration in the water, mass units per n’
ki :  masstrandfer coefficient between water and pipe wall, m/sec.
Ru :  hydraulic radius of the pipe (D/4), m
cw :  substance concentration at the pipe wall, mass units per m’

The firg term in the equation models the reaction in the water (bulk reaction), while
the second term, with the unknown concentration, cw, indicates where the substance
mass will be trangported, to the pipe wdl or in the water flow.

If we assume that the wall reaction can dso be moddled as afirg order reaction with
regard to cw, and at the same reaction speed asin water, the following mass baance
can be written:

kf (C' CW) = kw Cw (17)

where kw id thewal reaction coefficient in mysec. Solving this equation for ¢, and
subdtituting it in equation 16, the following expresson can be written:

q(c) = -Kc (18)

where K isaglobal first order reaction constant, described as.
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kw kf

K = kb+—RH(kW+kf)

(19)

The above formulas describe the substance reduction with mass trangport from the
water to the pipe wal. When the negative sgn for K isremoved from equation 18,
the equation will indicate the substance growth, with mass transport from the pipe
wall to the water (increase in concentration, see aso Figure 17).

1)
C K>0
1-
0
0 = time

Figure 17 Growth/reduction by first order reaction model

Thus, there are three coefficients that describe the reactions in apipe. The bulk
reaction coefficient, kn, and the wall reaction coefficient, kw, have to be determined
from the field being required as the modd input information. The mass transfer
coefficient, ks, will be calculated by the program whereby the dimensionless Sher-
wood number is used (see Edwards e.a®):

Sh = 0,0023Re*®Sc* yoor Re 3 2300 (21)
= ShOF
£ = D (20)
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E.8.3

0,0668(D/ L) ReSc
1+ 0,04[(D/ L) ReSc]*®

Sh = 3,65+ = voor Re< 2300 (22)

where:
ki : masstransfer coefficient, m/sec.
Sh :  Shewood number
Re : Reynolds number (Q*D/A/?)

Sc @ Schmidt number (?/DF)

D : pipediameter, m.

L pipe length, m.

Q flow rate, m’/ sec

A : pipecross-section ares, nt

DF :  substance molecular diffusion in liquid, mf/sec.
o .

kinematic viscogity of the liquid, mf/sec.

Formula 21 is gpplicable for turbulent flows, where the mass transfer coefficient is
independent of the position aong the pipe. For laminar flow, formula 22 givesan
average vaue for the mass transfer coefficient along the pipe.

Limiting potential

A limited growth of e.g. trihalomethanes can be modelled in the program. Here, a
maximum concentration, so caled limiting potentid, Cim Will be specified. The
concentration isin this case defined as.

dC

ot = K(Cim- ©) (23)

or:
C(t) = -e""+GCinm (24)

Thisis asomewhat different growth function than C(t) = € with K > 0. In the
function with Ciim, the growth becomes proportiond to the difference between Ciim
and current concentration. With a negative reaction coefficient, Ciim can be used asa
minimum concentration value. Thisis possible in the current program version only
when al nodes have an initid concentration higher than Ciim. Smaller concentrations
(0 ds0) will bedirectly et to the Ciim value. See dso Figure 18.
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E84

Averagetravel timeand water propagation

Average travel time can aso be caculated in ALEID2000, with the moded described

in Appendix F, section F.8.1. To be adleto do this, the program makes the following

adjustments.

- thevaiddle, c, informula12 isinterpreted as the average travel time of the
water.

- thereaction term, ), in formula 12 takes a constant value of 1.0.

- new water coming from reservoirs or supply nodes, enters the network at travel
time=0.

Average travd timeisasmpletool for determination of the globd water qudity.

The water propageation from anode can also be monitored in asmilar way. The

following assumptions should be made in formula 12:

- thevaiddle c, informula 12 will be interpreted as the percentage of the flow
coming out of the specified node.

- thereaction term, ? (c), in formula 12 takes a constant value of 0.

- thec-vdue of the source node will be kept to 100% during the smulation.

1
C K>0
C = e Kt + Cjim
Ciim
C=-eKt+ Gjm
0
. 0 => time

Figure 18 Growth/reduction by use of limiting potential

Any node in the network can be the source node, including reservoir nodes,
Monitoring the water propagation from a certain node can be useful for system
operation where water mixing takes place. This can give an impression of the
contribution of various sources to the nodal demands, and how the geographica
Sporead of mixing varieswith time.
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E.85 Possibilities and limitations of water quality calculations

Cdculation of the water qudity parametersis an average cdculation. This means that
if water of one particular source reaches a node through different routes (i.e. with
different travel times and consequently qudity), the calculation proceeds from that
node with the average qudity of dl sreamsjoined in it. In the examplein Figure 19,
there are three routes between nodes A and B: AB, ACDB and ACEDB. The water
(qudlity) ddivered by the pumping station, P, passes dl these routes and the flows,
having different travel times, fractions and water qudity, become ultimately mixed in
node B. For cdculations further downstream, the water quality in pipes AB and DB
Is averaged for node B, weighted in proportion to the flows in these pipes.

P A B F
o0 ) o0 ) >
s O -O
E
Figure 19 Various routes for water quality calculations

It ispossible in theory to keep the streams separated even after node B, but this
principle is not supported by ALEID2000.

Initial concentrations in each node can be specified in the water quaity input file
(*.WQl), section [QUALITY], together with the incoming concertrations and their
patterns under sections [SOURCES] and [QPATTERNS]. Other details about the
format of input are explained in section 4.10. The incoming concentrations can be
specified for dl nodes, regardless of their function as ared (water) supply source or
an ordinary node somewhere in the middle of the route. In caculations of
percentages (option TRACE) a source (of concentration) node has to be specified
from which the water flow will be followed. This node hasto be ared water source
(e.g. reservair). One source only can be followed per calculation.

In caculations of average trave times, there is no distinction made between water
from different sources.
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APPENDIX F
Troubleshooting

1. On some occasions the original Windows diadlog boxes are used in the
program, e.g. for printer settings or choice of (project) directories. The
language in these boxes will be as used in the Windows program, thus not
necessarily English. Thismay confuse rather than creete ared problem.

2. ALEID2000 makes use of English notation for numbers, i.e. with a decima
point (e.g. 1,234.56). The setting can be adjusted via Windows commands.
It is recommended to adjust the country settingsin such away that a country
Is selected that uses the decimal point notation by default. Decimd point
notation is required for calculating!
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APPENDIX G
Overview of unitsin ALEID2000

Parameter Sl-units

Ground elevation meter

Demand nt/hour

Reservoir bottom level meter above reference
Reservoir water level meter above reservoir bottom
Reservoir diameter meter

Reservoir volume n

Water quality at nodes/ reservoirs
- Concentration

- Travel time mg/| (or determined by user)
- Sourcetracing hour
percent
Pipe length meter
Pipe diameter millimetre
Pipe roughness
- Darcy-Weisbach millimetre
- Hazen-Williams none
- Chézy-Manning none
Local loss none
Pumping head meter
Pumping flow '’ / hour
Pump speed none
Valve diameter millimetre
Valve pressure setting meter above reference
Valve flow setting nt / hour
Bulk reaction coefficient day™
Wall reaction coefficient meters/day
Specific gravity none
Viscosity nf/sec
Diffusity nt/sec
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APPENDIX H
Overview of datain ALEID2000

Node

Name

Ground elevation

X-coordinate

Y -coordinate

number of average demands

average demands (0 - 5)

5 identification numbers of demand patterns (O - 5)
pressure threshold

initid concentration

initia age

initid fraction

added basic concentration

identification number of concentration pattern
nomind tota demand (origind)

actud total demand (calculated)

% demand reduction compared to the nominal demand
calculated demand per category (0 - 5)
pressure

(piezometric) head

calculated added concentration

caculated concentration

caculated fraction

cdculated age

comment

Resarvoir

Name

Ground devation

X-coordinate

Y -coordinate

initid concentration

initid age

initid fraction

added basic concentration

identification number of concentration pattern

pressure threshold

bulk reaction coefficient

initid weter leve (+ reference datum)

choice from:
min or identification of V,H-relation or --
max
diameter

head

pressure
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outflow / inflow

calculated added concentration
calculated concentration
comment

Pipe
Name
Name begin node
Name end node
Diameter
Length
C-/k-vdue
locd loss coefficient (optiond)
type (- or CV)
bulk reaction coefficient
wall reection coefficient
opening status (open / closed)
(dependent from
- initid controls
- Operation controls)
pressure drop
flow
velocity
pressure gradient
comment

Pump

Name
Name suction node
Name pressure node
I dentification number of the pump curve
Speed
(dependent on

- initid controls

- Ooperation controls)
opening status (open / closed)
(dependent on

- initid controls

- Ooperation controls)
bulk reaction coefficient
wall reaction coefficient
pressure drop
flow
velocity
pressure gradient
power
comment

Hydrant
Name
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Name downstream node
Name upstream node
| dentification number of the hydrant curve
Opening status (open / closed)
(dependent on

- initid controls

- Operation controls)
bulk reaction coefficient
wall reaction coefficient
pressure drop
flow
velocity
pressure gradient
comment

Vdve
Name
Name downstream node
Name upstream node
Type (PRV,PBV, PSV, FCV, TCV)
Diameter
Setting (on pressure, flow or 10ss)
(dependent on
- initid contrals
- Operation controls)
local loss coefficient (optiond)
bulk reaction coefficient
wall reaction coefficient
opening status (dependent on
- initid controls
- Ooperation controls)
pressure drop
flow
veocity
pressure gradient
comment

Initid control pipe/ hydrant
- pipe- / hydrant name
- datus(open/ closed)

Initid control pump
- pump name

- datus(on/ off)
or

- Speed

Initid control vave
- vdvename
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- datus(open/ closed)
or
- vavestting

Operatl on control pipe/ hydrant
pipe- / hydrant name

- datus (open/ closed)

- Operaing criterion:
AT TIME ...
IF NODE .. BELOW ... (head)
IF NODE .. ABOVE ... (head)

Operation control pump

- pump name

- daus(on/ off)

or

- Speaj

- operdion criterion:
AT TIME ...
IF NODE .. BELOW ... (head)
IF NODE .. ABOVE ... (head)

Operation control vave

- vavename

- datus(open/ closed)

or

- vavestting

- Operdion criterion:
AT TIME ...
IF NODE .. BELOW ... (head)
IF NODE .. ABOVE ... (head)

Operation control reservoir

- resavoir name

- reservoir water leve

- operdtion criterion: AT TIME

Demand factors

- paterntime step

- hourly factors

- day factors

- leakage percentage

- correction factor

- identification numbers per row

Growth model
- begin and end year per period
- growth percentage per period
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Concentration pattern

pardld to hourly factors

Pump/hydrant curve

I dentification number
Type curve
number of curve segments
For each segment:
Qmin (lower boundary)
Qmax (higher boundary)
a,b,c-coefficients of quadratic equation
or:
Q,H-points

Reservoir levd curve

number of curve segments
V,H-points

Modd title

maximum 9 rows of maximum 80 characters

Generd options

Units
Head-lossformula
Viscosty

Mass density

Options water quaity

Globa pressure threshold
Globa bulk reaction coefficient
Globa wall reaction coefficient
Limiting potentia

Diffuson coefficient

Hydraulic caculation run parameters (ALCALC.INI)

Sattime

End time

Calculated year

Number of iterations

Cdlculation accuracy

File name with hydraulic solution
Name binary report file

Name ASCII-output file

Report start time ASCl|/output-file
Report time step ASClI/output-file
Page length

Cdculation run parameters for water quaity (ALCALC.INI)
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qudlity time step
minimum travd time
segments

Contour

- X-coordinate

- Y-coordinate

or

- adterisk character, "*"
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APPENDIX |
Supporting programs COLEBROOK and

EQUIVALENT
L1 GENEEL......ooeeece et e 2
[.2 Program COLEBROOK .........ccooiriiiiieiieeeseese e 2
[.3 Cdculation of equivaent pipes EQUIVALENT .......cccceveeivieevecee e 3
© KiwaN.V. i-1 Aleid96 UK v. 2.0

February 2000



General

The DOS-programs. COLEBROOK and EQUIVALENT, are separate programs
supporting ALEID2000. The programs are trangported in the origina version from
ALEID 7.1(L) where they were located under the main menu options "K" and "L",
respectively. In theingalation procedure of ALEID2000, COLEBROOK and
EQUIVALENT will be located in the ALEID2000-group, together with the main
program. They can be started by double clicking on the relevant icon or from DOS
by typing COLEBROOK or EQUIVALENT followed by <Enter>.

Program COLEBROOK

This program enables atic caculation of a single pipe by using the Colebrook
formulafor determining the friction factor. The main menu options can be sdected
with the function keys, <F1> to <F4>, or the mouse.

The three caculation options make use of the same formulas exigting in the main
ALEID2000 program, namely the Darcy-Weissbach head-1oss equation:

8L @

DH=| *——

p’g D°
with the Colebrook formula used in the following form:

. 0.25
) log? 1 + K
g [0.4Re«/l— 3.71D

]

where:
D : pipediameter
?H : head loss along the pipe
Q :pipeflow
g :gavity
Re : Reynolds number
: pipe length
: friction coefficient of Colebrook
: absolute roughness

x 0

Sl-units must be gpplied in both formulas.

Through menu options <F1> to <F3>, a number of input data must be specified.
Thisis donein the sub-menu by typing the deta into the input cells. Moving through
the cdllsis done with the help of the cursor pad. The following data must be

specified:

<F1> - thewater temperature, absolute roughness (k-vaue), pipe length, diameter
and flow rate. The program will determine the pressure drop.
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<F2> - thewater temperature, absolute roughness (k-vaue), pipe length, diameter
and pressure drop. The program will determine the flow rete (pipe
capacity).

<F3> - thewater temperature, absolute roughness (k-vaue), pipe length, flow and
pressure drop. The program will determine the diameter.

The cdculation starts by pressing <F10>. After it has been completed, the results
will be presented in the next menu which dlows for printing or repetition of the
caculation. If no other caculation is requested, the program ends.

Exiting from the main menu is done by pressng <F4>.
Calculation of equivalent pipe: EQUIVALENT

This program ca culates equivaent pipe diameter for pipesin pardld or in series.
These can be considered with the same or with different k-vaues.

The cdculation makes use of the Darcy-Weissbach head |oss equation and the
Coléebrook formulafor determination of the friction coefficient.

After the choice 1,2,3 or 4, has been made, the total number of pipes under
congderation must be indicated. Length and diameter must be specified for each
pipe. The k-value must aso be specified per pipe unless assumed constant.

Furthermore, a choice must be made to caculate an equivdent diameter for agiven
pipe length, or an equivalent length for a given pipe diameter.

The results of the calculation appear on the screen and will be sored in thefile
EQUIVALENT.LIS. The program dlows for printing or repetition of the caculation.
If no other calculation is requested, the program ends.
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