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MIKE 11 Files used for Water quality Modelling

The MIKE 11 water quality modelling utilizes the files created during the MIKE
hydrodynamic model set-up. Few adjustments have been made for the most
upstream part of the rivers to ensure sound and stable water quality simulation.
The files used for the water quality modelling is therefore stores in a special
directories named:

C:¥MIK11WQ_Bulagria
C:¥MIK11_Bulgaria_ WQ-template

Simulation files
The primarily simulation files used for the model set-up, calibration and scenario
simulation is specified in the MIKE 11 sim-files (*.sim11)

There has been prepared sim- files for following the Struma River, Mesta-Dospat
River, Tundzha River, Maritza River and Arda-Biala River representing the
scenarios:

e Prensent

e Near Future

e Near Future with 10 % loss

e High Priority Future

e High and Medium Priority Future

The difference between the sim-files for different scenarios is the selection
Boundary file (se below). For description of these scenarios please see the
MAIN REPORT and SUPPORTING REPORT of this project.

The appearance of that part of the user-interface of the sim-file, where the
differences simulation files is selected, is shown in Figure 1.

The Network file, The Cross-section files and the HD-parameter file is not
described in any details here in this section. Please refer to the guideline for the
Hydrodynamic Model and the MIKE 11 Manual.
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Figure 1 Example of simulation file (*.sim11) where specific file is
selected the model simulation.

AD Parameters

When using the EcoLab water quality modelling facilities of MIKE 11 the only
parameter that is to be specified in the AD parameter file is the Dispersion factor.
Figure 2 shows an example of the user-interface where this value is specified.
For the rivers in general are used a dispersion factor of 25. For some of the
rivers local higher values have been used at a few most upstream calculation
points in the rivers and at some structures within the rivers, e.g. weirs.

Specification of Components, initial condition and decay is not utilised. The initial
(e.g. the start) concentrations as well as the components are specified in the

EcolLab modelling file.

The <Additional output> facilities can be utilised by the model user it more




information is desired together with the results. For utilisation of these facilities
explore the software and consult the MIKE 11 manual.

The other features of the user interface for the AD Parameter file is not relevant
in relation to MIKE 11.
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Figure 2 Example of AD Parameter file (*.AD11) where dispersion factor

is specified.

Boundary data

Specification of the pollution load for the different scenarios (present situation
and all future scenarios) is made in the boundary files name with the MIKE11
extension “.bnd11”

The user interface and editing menu for these files looks like the below in Figure
3 with an example from Struma river - present situation.

For each river is created 5 boundary files - one for each of the 5 scenarios.
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Figure 3 Example of user interface where open model boundaries as well

as lateral inflow boundaries can be specified.

In this menu is specified where (river branch name and chainage) the inflow to
the model/river occur.

For each inflow item the discharge and the concentration of pollutants is
specified in the two windows in the second half of this menu.

For the pollutants in the lower part of the menu is the concentration for different
component number specifies. These component numbers refer to the EcolLab
template that is used. For the model set-up for these Bulgarian rivers the
component number corresponds to the following substances:

Component 1 : Oxygen
Component 2: Temperature
Component 3: Ammonium-N




Component 4: Nitrate-N

Component 5: BOD

Component 6: Dissolved (ortho) phosphate-P
Component 7: Particulate-P

For additional description of the EcolLab template, the component and the
processes transforming these components, please refer to the MIKE 11 manual
and to the compendium with power point presentations given during the training
course.

To the most left in the upper part of the boundary file editor you find Boundary ID
— information.

This information has in the model set-up be organised and defined in a way that
should facilitate the overview and future editing for creation of new scenarios.

Each group of boundaries have in the Boundary ID been given different
recognisable code numbers together with a more common under stood
identification name.

Model boundaries (M0001, M002, M0O...)
The first boundary items concerns the inflow at the model boundary. All this type

of boundaries starts with an M followed by a number and name, (ex.:
MO004_UpstreamEnd_ST_M).

These are primarily important for the upstream boundary, but values have also to
be specified at down stream boundaries. However the inflows at the boundaries
are in these set-ups general low and will not influence the simulated condition
further down stream.

| addition there exist some internal boundaries defined in hydrodynamic model
(MIKE 11 HD). These will not be comment further here. Refer to the HD set-up
for additional information.

For most future scenarios no changes is to be made in these boundary items
starting with M.



Abstractions (A001, A002, A0O...)
The next group concerns the water abstraction. These are named with A
followed by a number and a name, (ex.. A001_Abst ST_ARK).

Most of these are outflows from the river as the nature of abstractions. The
discharges at such boundaries are negative. However some are positive or
periodically positive which mean inflow. Therefore concentration for these has as
well been specified in the boundary files.

For none of the scenarios that have been defined and simulated within the
project, these boundaries have been changed. It could however in future
scenarios be relevant to change both the abstraction amount and in case the
abstraction is positive (e.g. inflow to the river), it could also be relevant to change
the concentrations.

Distributed Domestic Sources (DD001, DD002, DDO...)

The group of boundary item with Boundary ID named DD (followed by a number
and a name (ex. DD006 Dis ST _ELE) describe the distributed domestic
pollution sources in the catchment (NAM-catchments).

Domestic population living outside the main villages and towns (e.g. individual
houses and villages with less than 2000 persons) are included in the model as
so called distributed domestic sources. The contribution from these is equally
spread along the main river sections. These are general inserted with the MIKE
11 Boundary Description: distributed source, (see Figur 4). For this type of
MIKE 11 boundaries there are required an upstream and downstream chainage
between which the inflow is equally distributed. These chainages are typical
up- and downstream chainage for inflow from each NAM-catchment.

However some of the boundaries with the Boundary ID “DDO... “ are give in the
model as MIKE11 Point sources. This is the case when the MAM catchment isn’t
distributed along a river stretch, but is inflowing in one point of the model. This
will be the case for rivers which is not included as MIKE 11 river branches in the
set-up but only represented by a NAM-catchment. Example is shown in Figure 2
for the items 55, 56 and 57 from the Struma River set-up.
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Figure 4 Example of user interface where lateral inflows from distributed

domestic sources are specified.

The discharges used from these sources have been calculated based on
statistical data and a unit amount of sewage water produced per person.

The concentrations have been estimated using unit pollution load per person for
the individual components (variables) together with an assumed average loss
percentage in the catchment its way form the pollution source to the river.

These pollution sources are one of the typical issues for editing when crating
scenarios. This concerns both the discharge and the concentration. These data
can furthermore to be updated when additional or improved information
becomes available.




Domestic Point Sources (DP001, DP002, DPO... )

Pollution from towns above 2000 person equivalents are given boundary IDs
starting with DP followed by a number and a name (ex. DP009_Breznik). All
theses sources are include with the MIKE 11 Boundary Description: Point
Source, discharging into a specific chainage of a river branch. Examples hereof
are given in Figure 5.

These pollution sources are typical subject for editing when crating scenarios.
This concerns both the discharge and the concentration. These data furthermore
to be updated when additional or improved information becomes available.

The pollution data from the town have been estimated primarily based
information delivered the Bulgarian Environmental Executive Agency are based
on resent monitoring data.
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Figure 5 Example of user interface where lateral inflows from domestic

point sources and industrial point sources are specified.
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Industrial Point Sources (IP001, IP002, IPO...)

Pollution from industries are given boundary IDs starting with IP followed by a
number and a name (ex. IP0O82_Dimankov SPLTD). All theses sources are
include with the MIKE 11 Boundary Description: Point Source, discharging into a
specific chainage of a river branch. Examples hereof are given in Figure 5.

These pollution sources are typical subject for editing when crating scenarios.
This concerns both the discharge and the concentration. These data furthermore
to be updated when additional or improved information becomes available.
The data inserted in the model are primarily based on data delivered by EABD
and WABD and based on a combination of monitoring data and licence
information.

Agricultural Point Sources = Livestock Point Sources (XLSP01, XLSP02,
XLSPO...)

The agricultural point sources such as livestock farms have been include
individually according to the information that have been received from EADB and
WADB.

The livestock farms are in the model included as MIKE 11 Point sources with the
Boundary ID starting with the start letter of the river names (e.g. for Struma: S),
followed by LSP (livestock point source), a number, a name and characterisation
of the animal type, (for example: SLSP05 "Kembarou MM 5" JSCo - Pigs) — see
Figure 6.
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Figure 6 Example of user interface where lateral inflows from livestock point
sources are specified.

Point sources - in general
Additional boundary items, with the MIKE 11 Boundary Description: Point source,
can be inserted manual in the editing menu shown in Figure 4 - 6.

Alternatively the point sources can be created and edited for example an Excel
spread sheet or a text file editor and copied into the MIKE 11 using the following
facility.

Step 1: Create one point source boundary item of the type that is wanted to be
copied in. Mark this with the curser.

Step 2: click on <Tools> in the command line menu of the MIKE11 window and

select <Copy/paste Boundary Condition> — see Figure 7. Click and a new
window will appear like Figure 8.
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Step 3: Copy from for example an excel sheet with the same format as outlined
in the “copy/paste Boundary Condition - window” and past into the window
shown in Figure 8. When you hereafter close the Figure 8 window, the new
boundary items will appear in the boundary editor/file.

Step 4: Check the unit. If the unit is not correct or as expected, then delete the
inserted boundary items. Check and modify to necessary extent the values in the
Excel file and repeat the procedure.
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Figure 7 Activation of facility for Copy/paste Boundary Condition
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Figure 8 Copy/paste Boundary Condition — window.

Non-point sources
Non-point sources are in general flowing into the river branches together with the

inflow from the Rainfall-Runoff / NAM catchments.

The water inflow has already been specified in the NAM-MIKE 11 HD interface.
These inflow chainages can be seen from opening the network file (*.nwk11),
click <View> and <Tabular View> from the MIKE 11 command line — (Please for
additional information refer to the HD-model specification and the MIKE 11
manual).

Because the amount of water already is given form the NAM-MIKE11HD
interface no water is to be specified for the non-point pollution — specification has
only to be made for the pollutants (the AD components). This is ensured by
activating (checking in) the AD-RR option in the second window of the menu. By
doing so, the appearance of the editor will look some what like Figure 8.
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Here you have to specify the name of the NAM-catchment, the area from which
the inflow occurs the specific river stretch (specified in the top part of the
boundary editor).

In addition the flow component from the Rainfall-Runoff/NAM model has to be
used together with the following specified concentration has to be selected.

Following option for flow components can be selected:

Total runoff, Overland = Surface Runoff,

Interflow = Rootzone Runoff,

Baseflow = Groundwater Runoff,

Rainfall (directly on the water surface).

For additional information on these runoff options, please refer to the description
of the Rainfall runoff / NAM Model and the MIKE 11 Manual.
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Figure 9 Example of specification of Non-point pollution together with

infow from NAN catchment. (The inflow of water is described by the
Rainfall-Runoff MIKE11DH interface- see the MIKE 11 Manual)
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In the model set-up for the Bulgarian rivers non-point sources with two groups of
Boundary ID have been used as shown in Figure 9 and 8:

[Load: Nonpoint, Baseflow]
[Load: Nonpoint, Overland]
[Load: Nonpoint, Interflow]

[Load: Nonpoint, Overland]-fertil
[Load: Nonpoint, Interflow]-fertil
[Load: Nonpoint, Baseflow]-fertil

The boundary items with the Boundary ID
[Load: Nonpoint, Baseflow]
[Load: Nonpoint, Overland]

includes the pollution from non-point contribution from livestock. This has been

based on statistical information on livestock density, unit load from the different
types of animal and a runoff coefficient of 5 %.
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Figure 10 Example of specification of Non-point pollution fro the use of

fertiliser together with inflow from NAN catchment. (The inflow of water is
described by the Rainfall-Runoff MIKE11DH interface- see the MIKE 11 Manual).

The boundary items with the Boundary ID
[Load: Nonpoint, Interflow]

Includes the inflow of different potential pollution components with the
groundwater.

The boundary items with the Boundary ID
[Load: Nonpoint, Overland]-fertil
[Load: Nonpoint, Interflow]-fertil

includes the potential pollution components from the use of fertilisers. The use of

fertiliser is from statistical data. The amounts and concentrations discharged into
the rivers have been estimated using a runoff coefficient of 10 %.
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The boundary items with the Boundary ID
[Load: Nonpoint, Baseflow]-fertil

Include oxygen concentration and temperature assumed in the groundwater.
The name “-fertile” is therefore misleading as it has noting to do with fertilisers.
The values have only been inserted here under this name due to practical and
pragmatic reasons.
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Figure 11 Example of specification of temperature and oxygen content of

groundwater inflow from NAN catchment. (The inflow of water is described by
the Rainfall-Runoff MIKE11DH interface- see the MIKE 11 Manual).
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Creation of Non Point Boundary conditions (items) using LOAD
CALCULATOR

The non point boundary conditions can be edited directly in the *.bdn11 file
described above. However MIKE BASIN (which is delivered to the EABD and
WABD together with the MIKE 11 software) includes a tool for assisting in
quantification of the non-point load to different river stretches in a MIKE 11
set-up. This facility has been used for distribution of the non-point livestock
pollution and the fertiliser runoff along the MIKE 11 branches. The result hereof
is illustrated above. It is not necessary to use this facility for changing the load
and create input to new scenarios. This can be done directly in the MIKE 11
Boundary Editor described above.

It is not the intention here to give a detailed introduction to the LOAD
CALCULATOR, which is a DHI produces ArcGIS-extension. Please refer to the

available manual etc. that follows with the software.

The following description only outlines how the software has been used for the
model set-up in these specific cases.
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Figure 12 MIKE BASIN - LOAD CALCULATOR. Example: Tundzha.
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The NAM-catchment is transfer into MIKE Basin catchment type (through a
standard ArcGIS procedure).

The NAM catchment layer is opened in ArcGIS /MIKE BASIN. An ArcGIS layer
with information of the Livestock density or Fertiliser use in different areas is
opened. These layers do not need to have the same resolution. An example
where the livestock layer and the NAM catchment for Tundzha have been
opened is shown in Figure 12.

By mouse click on MIKEBASIN will open the MIKEBASIN menu (Figure
12,lower), from where the Load Calculator can be activated (Figure 13).
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Figure 13 DHI Load Calculation menu. Example: Tundzha Livestock
set-up.
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The DHI LOAD CALCULATOR is now open for editing (Figure 13). In this
example the livestock layer (BGMun_LS) is specified. Fields and values in the
attribute table have to be selected for the different species of animals. For more
details, please consult the set-up of the LOAD CALCULATOR for the individual
rivers and the manual and information that follow with the software. (Information
can also be achieved from DHI homepage: www.dhigroup.com).

Mouse click on the <View table> (— in Figure 13) gives an overview of unit
pollution load data used for the estimation of the non-point load (Figure 14).

Click on <Import Result> (Figure 13) and browse for the relevant NAM-results.

Click on <Set component> (Figure 13) and set the component correct according
to the used ECOLab model.

Ensure that <MIKE11> in checked in the lower right corner of the DHI Load
Calculator window.

Browse for the correct MIKE 11 sim-file. Select the MIKE 11 sim-file with the
boundary file where the new boundary items have to be added.

Press <Calculate> and the boundary item is added to the selected MIKE 11
boundary file.

It is highly recommended carefully to consult the LOAD CALCULATOR manual
and explore the different opportunities before creation of scenarios by using the
described facility. You will find a lot of possibilities, which among other includes
option for time varying outflow for the non-point source over the year, changes in
runoff coefficients, option for specification of decay within the catchments and
concentration in groundwater inflow etc.

In addition to the inserting of the boundary items into the MIKE11 boundary file
the LOAD CALCULATOR also give the calculated yearly load from each NAM
catchment. Example is shown in Figure 15. The results can be exported to
dbf-files and Excel-files.
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Figure 14 Example of the unit load used for livestock in the Tundzha
catchments.
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Figure 15 Example on simulated yearly load from domestic livestock in
Tundzha River Basin.
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The LOAD CALCULATOR set-up for the Bulgarian catchments can be launched
from the directories named “MIKE_rivername LoadCal” by loading the
“MB_rivername_load.mxd” files into MIKE BASIN / ArcGIS. Using the
geodatabase “MB_rivername_load.mdb” will activate the set-up for calculation
of the non-point load from the Ilivestock. Using the geodatabase
“MB_rivername_load-fertile.mdb” will activate the set-up for calculation of the
non-point load from the use of fertiliser.

ECOLab parameter file (water quality model)

The water quality model used is specified through the *.ecolab11 files. Theses
are as the other modelling files specified in the *sim11 file (Figure 1).

From the MIKE 11 software different predefined types of water quality models
(model templates) can be selected as described in the MIKE 11 Manual.

For the Bulgarian Rivers the templates have been slightly modified for the
description of condition in the specific rivers. Please consult the delivered model
set-ups for specification of the template used for the individual rivers.

The  modified ECOLab templates are found the  directory:
“C:¥MIK11_Bulgaria_ WQ-template”

Figure 17 illustrates the variables that are described by the models. The
parameters (variables) shown in Figure 17 are stores in MIKE 11 result files
named *.res11, where as the parameters (variables) shown in Figure 18 are
stored in result files named *Add.res11. The Total BOD is calculated as the BOD
from pollution sources plus the BOD from background contribution (<1mg/l).

The result files are viewed using the MIKE 11 software MIKE VIEW. For
information of using this software please consult the MIKE 11 Manual.
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E MIKE Zero - [ECOLab_Arda_ final.ecolabl1]

# File Edit Wiew Window Help
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 Model selection
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Constants |54 Proceszes 1
|4

Farcings

1M

Derived output 3

Figure 16 User interface of the ECOLab Parameter file

M File Edit View ‘Window Help

EE=2- Y A= 4

hodel definition " State wariahles Constants | Farcings | Avpiliary variablesl Proceszes Derived output |
Description Transport Type Unit Yalue Local
1 Dissolved oxygen Transport Concentration_3 ma/l 8
2z Tenperature Transport Undefined Degrees 15
3 Ammonia Transport Concentration_3 mg/l 0.z
4 Mitrate Transport: Concentration_3 mag/l 1
5 BOD Transport: Concentration_3 mag/l 5
& OrthoPhosphate Transport Concentration_3 g/l 0.1
7 Particulate Phosphorus Transport Concentration_3 mg/l 0.01
Figure 17 Parameters (State variables) that are simulated by the models.

In the column values the start (initial) values are set. They are stored in result file
named *.res11

E MIKE Zero - [ECOLab_Arda__ final.ecolab11]

M File Edit View ‘Window Help

jpsas=e|ae

taodel definition | State wariables | Constants Farcings | Aviliary variablesl Processes “ Derived output
Description Select

1 Tatal-P v

2 Tatal-1 v

=) Tatal EOD v

Figure 18 Additional Parameters (derived output) that are simulated by the
models. They are stored in result file named *Add.res11 when they are checked
as shown here.
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Annex 7

Manual

for

Simple Model_ver_Permit

(A Simple Water Quantity Assessment Tool)

JICA Study Team






1. General

Simple Model_ver_Permit is prepared to examine the effect of permitted
water amount on water quantity condition in rivers. By imputing permission
data, the model can summarize the total permitted water quantity at observation
points.

There are two versions for Simple Model_ver_Permit.

e Version 1: Simple Model_ver_Permit
e Version 2: Simple Model_ver_Permit2

In Version1, the model gives the following two results, together with
existing flow condition during 2001-2005.

e Local (Permitted water abstraction from local water object) + Existing
water abstraction from significant reservoir

e Local (Permitted water abstraction from local water object) + Permitted
water abstraction from significant reservoir

In Version2, the following result can be compared with expected flow
conditions for several probabilistic precipitation conditions.

e Local (Permitted water abstraction from local water object) + Permitted
water abstraction from significant reservoir

The quasi-natural, potential with significant reservoir, disturbed flows for
the existing condition during 2001-2005 and the expected probabilistic condition
are estimated by other versions, Simple Model ver Exsiting and Simple
Model_ver_Potential, which have been also prepared by JICA Study Team.
The ver_Permit just utilizes those results. The comparison between the
permitted water quantity and the quasi-natural, potential with significant reservoir,
disturbed flows may give an idea on strategy for river management. However,
even if there are no data for quasi-natural, potential with significant reservaoir,
disturbed flows, calculation of total amount of permitted water at observation
points is possible and it may give also valuable information for river managers.



The main features are as follows:

e Entering permission data for HPP, IRR, DWS, IWS

e Selection of reference points for management

e Summary table for annual average and average during summer time (Jul.
to Sep.) for year 2001 -2005 for each catchment/segment and reference
point

e Longitudinal plot of the summarized results along main channel

e Time series plot for each reference point and/or catchment/segment

e Globally and locally changeable coefficient for permitted water amount

e Preparation of an input file related to local water abstraction for each
NAM catchment for MIKE11 water quantity model prepared by JICA
Study Team

This manual is written for “Simple Model_ver_Permit”. Operation of “Simple
Model_ver Permit2” is same as “Simple Model ver Permit”. Only
presentation of results is different.



2. Definition of terms

In this model, the following definition is used.

B Quasi-Natural Flow
O Flow without disturbance such as abstraction, discharge, transfer
O Likely natural, however, not exactly natural.
O In the model, regime change of local reservoir is not taken into

account.

B Potential Flow with Significant Reservoir
O Flow with influence of significant reservoir, including transfer from

and to a reservoir, but no abstraction of water

O Potentially usable water amount after regime change by significant

reservoir
B Disturbed Flow

O Existing condition
O Potential Flow — Total abstracted water + Total discharged water

Abbreviation

HPP:
IRR:

DWS:
IWS:

S Res:

NAM Catchment:

NF:
PF:
DF:

Hydro Power Plant

Irrigation

(Note: Irrigation water use includes only water for
Irrigation area managed by Irrigation Systems)

Drinking Water Supply

Industrial Water Supply

(Note: Industrial Water supply includes agricultural and
fish breeding water use)

Significant Reservoir

Catchment for NAM (Rainfall-Runoff) model

Quasi-Natural Flow
Potential Flow with Significant Reservoir
Disturbed Flow



3. Remarks for treating Excel sheet in the model

The model just utilizes excel spread sheets and macros. Some sheets
are hidden, because the hidden sheets are usually not necessary to be edited by
users. If you want to see the hidden sheets, please do the followings.

Format -> Sheet -> Unhide
Then, select the sheets you want to open.

In each spread sheet, you may see cells with different colors. The
meaning of the colors is as follows.

White: User can edit
Light blue: Value in cell is automatically calculated.
Yellow: Value in cell is calculated by macros.

DO NOT edit the cells with light blue and yellow. If you change it,
the model will give wrong results.



4. Model Outline

1) Struma River
File Name:
Struma_WaterBalance_Permit.xls
Struma_WaterBalance Permit2.xls
Number of catchment = 104
Number of NAM catchment = 25

2) Mesta & Dospat River
File Name:
Mesta&Dospat_WaterBalance Permit.xls
Mesta&Dospat_WaterBalance Permit2.xls
Number of catchment = 75
Number of NAM catchment = 14

3) Arda & Biala River
File Name:
Arda&Biala_WaterBalance Permit.xls
Arda&Biala_WaterBalance Permit2.xls
Number of catchment = 69
Number of NAM catchment = 12

4) Tundzha River
File Name:
Tundzha_WaterBalance Permit.xls
Tundzha_WaterBalance Permit2.xls
Number of catchment = 84
Number of NAM catchment = 19

5) Maritsa River
File Name:
Maritsa_WaterBalance_Permit.xls
Maritsa_WaterBalance _Permit2.xls
Number of catchment = 251
Number of NAM catchment = 34



5. Input of permission data

25

26

27

28

29 E—_

M4 M ASENEES . Fer mizzion £ FPermit HFP £Permit IRR /Permit DWS /Permit WS / Trangder NoRecord A5NAENEeN e e et
BRI R - L | A—b 2D = = A== aag

s
— = — o 11— T _ 3 = — |

You can see the following five tabs for input of permission data.
1) Permit_ HPP
2) Permit_IRR
3) Permit DWS
4) Permit_IWS
5) Transfer_NoRecord

(1) HPP
Input necessary data according to the items shown in Line10.

A | E | [=] 5] E F [ H 4
Title Permission for Hydroposer
Data Source WAED

1>

Data Origin | Original

Co A WINCRUNAER

Uszar Location of Imake
d; —
Permission No Expiry Date [Tytle Name Place Category ;fﬂi’::'“mms HName of WizterObject Name of \Alage >
— 3:Pipe 1
5 007000 | Laki “Lucky Energia” J5C Sandanshi MR 7 [ Firing]

2| 0226/28.03 2005 W . L ———— e e Pinizha Distritsa Firin

3] 099508.00 2005 26.02.2011_|Spanchevo “ifmekamidi-itex (10 Sofia MR 3| Pirinska Bistrtsa Firin
" 4| 1a01n7o 200 17.01.2009 | Petrowo eriel- TH" LTD. hiszdra R 2|Petrove Spring Petrovo b

5| 114216082002 26.08.2008 | Yanava “Hydroenergy” LTD. Blagoevgrad R 2| Petrovska Yanewo
15

6| 1536/16.05.2003 16.05.2000 |katuresi.2 Dapa  |"Hydroanergostroy” LTD. Blagoevgrad R 1 Katwrsi
15

You must al least input the following data.
Location of Intake : Intake-ID (column H)
Location of Intake : Catchment-ID (column N)
Location of Discharge : Catchment-ID  (column T)
WaterUse : Permitted Amount (m3/s) (column X)
WaterUse : Permitted Annual Volume (10° m3) (column Y)
WaterUse : Local Coefficient for Permission (column AC)



By changing Local Coefficient for Permission, you can examine the
effect of permitted amount for each one of permissions.

The calculated water used will be:
(Permitted amount) x (Global Coefficient) x (Local Coefficient)

(2) IRR
Input necessary data according to the items shown in Line10.

4 [BTG] o [ ] F G [ v T [ J [ 3 |
Title Permission for Irmigation =)
Data Source WABD

Data Origin_ Original

= m|q m‘m‘a|w|,q‘_|

Intake- 0
FReg Ref
e fintia Permission ho Expiry Date |Tutle Mame Branch Category |1:SignificartRes |Mame of YWimerObjzct Name ¢
i

m TN T S T T 2 A : = o — T
706,200 7 .06.2005 gation Sysiems el e Oslome “fardzhi
1708 200 7.06.2005 | lewor lzwar lzwor
708 200 7 06,2005 | Dona Di i3 Res Inmigation Sy stems Pemi Dona Dikania “riata
7 08 200 7 062005 | Goma Grashitsa Res Inmigation Systems Pemi Goma Grashitsa Goma [
/27 .06 2001 27.06.2005 | Drenov Dol Res Inigation $ystems PLC Pes 2| Drenow Dol Kyuster
anska Zhilirt =i
agrentzi Bagrent
ersin Bersin
Hovoselska
Howozelska

|2

| ||| fes

[

T

7 .08 200 2005 | Bagrentsi Res i
17,08 200 2005 | Bersin Res Irrri

'7.06 200 2006 |kl Bersin canal Inmigation Systems
8 08 200 2005 | Eremiew canal 1] i

J
3= aele oo mawn—c'

C
E]
E]
C
200 7 06,2005 |Lozno Res iTigation Systems PLC Pemik Branct
€]
C
C
]

TEEE
5|3 |3

You must al least input the following data.
User : Branch (column H)
Location of Intake : Intake-ID (column J)
Location of Intake : Catchment-ID (column P)
WaterUse : Permitted Amount (m3/s) (column R)
WaterUse : Permitted Annual Volume (10° m3) (column S)
WaterUse : Local Coefficient for Permission (column U)

By changing Local Coefficient for Permission, you can examine the
effect of permitted amount for each one of permissions.

The total calculated water abstraction per year will be:
(Permitted Annual Volume) x (Global Coefficient) x (Local Coefficient)

In case of irrigation, water abstraction pattern within a year will be given
based on actually used water for each one of Irrigation Branches in 2001-2005.
The data for actually used water was obtained from Irrigation Systems.

Spatial pattern of water use within an Irrigation branch is assumed to be
proportional to the permitted amount for each one of permissions.



(3) DWS
Input necessary data according to the item shown in Line10.

A [B]o] 5] E F [ H J K L —
1 |Title Fermission for Drinkingiater =
2 |Data Source |WAED
3
4 |Data Origin | Original
5
6
7
&
. e e o T —
Reg Intake- 10
—ly Ref Permission No | Expiry Diate |Name Plsce Category |1:SignificantRes  [Mame of WisterObject Name of llage  |Mhunici
2:Local
10 _— -_—
; hitnitsa .
1 i| LI ] [ ——— aiisop  |MESC Ltd. Pemik Permilk R ] i Femilc Pemik
- 2|00 | 3| pamarms 05,200 trogp |MEEC Lad. Pamik Pemik R 2 é'r‘;;ks'z’“ada Brezric Breznik
13 3 4| 0331/04.08.200 4.06 7011 [WSSC Private [d_Dupnitss Gupnitza " Dupnishka Bistritza Bistriza Dupnitza
4 ] [ E 200 06.2003_|UWEKS Private rd. Sandanski Sandanshi Bozhdowska Bozhdovo Sandanskd
15 5 7 410,02 200 02,2003 | W55 Private [td. Dupnitza Dupnitsa Samoranave Dupritsa
16 [] 7 5 200! 00, MISSC Private Wtd. Dupnitza Oupnitza Kraynitsi Dupnitza
17 7 7 0.0 200 023003 | WIS SE Private (1d_Dupnitza Gupnitsa Fremenik Dupnitsa
18 200 07.200% |W5EC Private [1d. Breznix Breznin Fmzava Frazava Breanic
14 = 200 11,2007 [WSSE Private [td. Kresna Kresna R “ahinska Fresna
20 1 77116 08 200 087008 | W5 5C Private (1d. Dupnitza Dupntza Fudina Duehansi Sapareva banya
21 1 T 200 2008 _[WESC Private Hd. Dupritsa Dupritza Gontsa Dwehartzi Sapareva banya| &
S 1 FZ10.08 200 062008 |MRDPA Sofia Fakochevitsa Tomo Usenows Blageevorad
" 13|00 (23| 1613200052003 | 30.05.2000 [WISSC Private Ltd. Petrich Petrich R 2| Luda bara Fetrich Fetrich
24 4 7 71607 200 07,2008 _| Bobowdal mines Bobovdal " Duprishka Bistritsa Dupritsa
a5 5 7 729,08 200 08,2008 _[W5 5 d.Fyustendl Foyustendl R Dupnishka Bistritza Dupritsa
26 O 0 /2811200 112000 [WrS5C Private (1d Dupnitza TDupritza sL Dyakova Tyakovo 7
a7 7 al 02.2004 | 02.02.2010 |Mayoralty of Goma Oikanya Goma Oanya MR Feliata Goma Oianya Fadomir

You must al least input the following data.
Location of Intake : Intake-ID (column )
Location of Intake : Catchment-ID (column Q)
WaterUse : Permitted Amount (m3/s) (column P)
WaterUse : Permitted Annual Volume (10° m3) (column Q)
WaterUse : Local Coefficient for Permission (column S)

By changing Local Coefficient for Permission, you can examine the
effect of permitted amount for each one of permissions.

The total calculated water abstraction per year will be:
(Permitted Annual Volume) x (Global Coefficient) x (Local Coefficient)

In case of drinking water supply, constant value based on total water
abstraction per year will be given.
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(4) IWS
Input necessary data according to the item shown in Line10.

A |e]c] [ E F G H d K L

1 [Title Permission for Industrial Water
2 |Data Source | WABD
3
4 | Data Origin | Original
5
[
7
3
9 ! User ation of Intak:

e

< Reg Intakee-1D

iz Ref. Permission No Expiry Date |Name Place Type Category |1:Significant Ries | Name of WiaterObject Name of
i@ — 2:Local
i} [ 7| 00351416 08 7004 T T N M R i NG Stuma Famik
e 2 1 635715 11,200 2007 | TP Aobowdol Private J5C Golemo selo Cooling R Dzherman Dupnitsa
13 3 3 64771611200 2007 | TPE Bobowdol Private J5C Golemo zelo Cooling B Tyakown Dyakovo
14 4 + 741 JET} 2007 J5C Dupritsa Industry 5 Dyakowo Dyakove
15 5 8 314111200 005 _| Bistritsa Ltd Blagoevarad Gravelfiash R Struma Fokrounik
16 i a 391514.01.200: &.01.200 Demo Bulgaria JSC Sofia Induztry F: Struma Pemik
17 7 2 £99/31 05200 2009 |Toplofikacia Private JSC Pernik Pernik. Industry S Studena Studena
8 40000503 .07 2003 2000 | Bistrit=a 11d Blagoevgrad Graveliiash R Struma Fachennous
g 26| 2046715072002 7.2000_| Pektin J5C Famik Industry B Studena Studena
20 1 27| 3056/16.07.2003 7.2003_| Bobovwdol mines Bobowdel Industry 5 Dyakowo Dyakovo

1fon |30 Stomana industry J5C Pemik Industry N 1| studena Studena

21 3157/01.12.2003 01.12.2009

You must al least input the following data.
Location of Intake : Intake-ID (column J)
Location of Intake : Catchment-ID (column P)
WaterUse : Permitted Amount (m3/s) (column Q)
WaterUse : Permitted Annual Volume (10° m3) (column R)
WaterUse : Local Coefficient for Permission (column T)

It is recommended to input the following data.
User : Type (column H)

By changing Local Coefficient for Permission, you can examine the
effect of permitted amount for each one of permissions.

The total calculated water abstraction per year will be:
(Permitted Annual Volume) x (Global Coefficient) x (Local Coefficient)

In case of industrial water supply, constant value based on total water
abstraction per year will be given.

11



(5) Transfer_NoRecord
If there is a water transfer between catchments by local HPP, but no
record exists, you can specify the transferred water amount here.
Input necessary data according to the item shown in Line9.

A E o] ] E F G H | o |
1 |Title Transfer of Water with No fvailable Record
2 |Data Source JICA Study Team
3
| 4 |
8
6
7
3 Fram Ta Tranzfer hiode
Mo, Description Méd Catchmert | Catchment |0 | M2 Catchment | Catchment 10 1+ Mdmum Limiz m3 %
g — 2 - Percent
] 1 e it S u
1 Z HPP No 27 ST_RIL 383 ST_hi 380 1 0.8
2 3
3 4
4 [
i} [
[ 7
T 8
2 a
a 10
| 20 |
| 21 |
| 22
3 —————1
24 | T
| 25 |
| 26 |
| 27 |

You have to at least specify the following data.
From : Catchment-ID (column D)
To : Catchment-ID (column F)
Transfet Mode (column G)
If TransferMode =1 MaximumLimit (column H)
If Transfer Mode =2 Percent (column |)

This water transfer is not taken into account for water abstraction. However, it
is taken into account when MIKE11 input file is prepared.
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6. Setting reference points for management

Default reference points have been set by JICA Study Team. However,
in the model, you can set reference points as you like in ”
Summary_RefPoints” tab.

A | B | & | D E F G H I d
i |Title Surnrnary Comparision Table for Reference Points for Local + Existing Water Shetraction by Sigr
2 | Data Source JICA Study Tearn
3
4 |D=ta Origin Calculated
5 | Data Type
6 |Unit
7 1 2 3 4 b} |13 T g a
s Na. V4 5T2 5T 5T4 5TH 5T 5T 5T8 5T
9 M Catchment ST M 5T _h ST hid ST Wi ST_hiki 5T _hits ST hid ST _hi2 ST _hit
10 Catchment JICA | 574 EF 573 EEL 374 421 459 4549 634
11 Down Stream or Up Strefim u] u) u] u) u] u) u) U u)
12 Upsteram feea (km2) 10zfz | 115160 | 130398 | 220180 | 434037 | 570760 | 6886 | V08080 | POOF T
UpStream Area excluding out oT=n; 13 | 115160 | 120308 | 220120 | 264014 | S106.36 | 610512 | e2s08e | Fooos
1% Temitony (kmi)
14
Al Year fve
15 |jz001-2005)
16 Quasi-Matural Flow (m3ss) 1.129 2167 1478 EEE 20434 33170 42 064 44 459 62 837
17 Potential Flow (m3ss) 1.129 2029 244 TETE 20 268 31 844 ENGER 43.037 a1.4145
18 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 PiM (%) 0.0 -6.4 =53 A 0.8 4.0 ) -3.2 -EF
20
21
) (Aerudiiserd) ey oooo | omz| omz| o237 | osm| 73|  tees|  1ses |  zame
22 for Imigation (m3/s)
FAocumulated Permitted Wiater
0.oo0 0403 0.403 0403 0539 1.112 1.546 1 626 1.626
23 for Drinking Wigter (m3/s)
FAocumulated Permitted Wiater
0.oo0 0861 0861 1.022 1.033 1.803 1.840 1.8580 1.840
24 for Industrial Wiater (m3/s)
Focumulated Total Permitted
0.oo0 1.3745 1.375 1 652 2.400 4 628 5 165 5374 5 643
25 igter im3/s)
hEximum Permitted Wiater for
26 | HPP within Catchmert (m3/s)
27 IRR/P (%) 0.0 [ 4.6 3.0 EX 5.4 4.4 4.4 4.2
28 DFSIP (%) 0.0 10.9 16.5 52 2.7 3.4 3.8 3.8 3.2
29 LG ] 0.0 42 4 353 13.3 a1 57 EX 4.3 3.6
30 TotalPermitdP (%) 0.0 67 .8 Afi. 214 123 144 12.7 12.5 11.0
2 HPPmas/P (%)
32
Iue in July-Septernber
M 4 » M[4CGontrol TimeSeries Plot TimeSeriesm

The value calculated for each one of catchments represents the value at
the downstream end of river segment in the catchment.

When you select a reference point around river confluence, you have
two choices. One is before confluence. Another is after the
confluence.

If you select the point before the confluence, you have to specify
Catchment ID for upstream segment and “D” for “Downstream or
Upstream”. Similarly, you have to select Catchment ID for downstream
segment and “U” when the point after the confluence is selected.

13



Example:
Before confluence: Catchment ID =1 and “D”
After confluence: Catchment ID =3 and “U”

You can choose “No.” as you like. However, this “No.” will be used
when you plot time series data.

“‘NAM catchment” is used for reference for default setting. If you do not
consider “NAM cacthment”, this can be left as blank.

14



7. Calculation

In “Control” tab, you can calculate to summarize the permission data.

In column “K”, maximum number of permission and/or reference points
can be set. The maximum number must be greater than the number
which has been inputted in each input page.

In column “ J”, Global coefficient for permission can be specified.

A E 5] D E Fo] G H [ | J
obal . Mum. of
hlacto Mo, Macro Mame Step | Total Step Status Progress La=t updsted Date&Time Col¥fficient for ermiszion
. A ermission ef. Points
IRFR_Permit 3 3 Completed! 100 % finizhed 200777122 11:2219 AM 1.00 200
2
P02 L= _Permit 3 3 Completed! 100 % finished 200777123 3:09:01 Pl 1.00 oo
PRIO0G IS _Permit 3 3 Completed! 100 o finizhed 20077122 11:22:54 AM 1.00 oo
PRMO04 MaxHPP_Permit 1 1 Completed 100 % finished 200757122 112257 AM 1.00 100
PRMO05 TransNoRecord 1 1 Completed 100 % finished 200707123 1:25:06 PM u 10
P01 l Ref_Points_Summary 2 2 Completed! 100 % finizhed 200757122 112317 &AM \20
T
e
PR102 Plot_Longitudingl__hain 1 1 Completed 200707123 4:31:27 PM
N
PR201 FortdIKET 1 1 1 Completed 100 % finished 200777122 11:24:00 A

When you click the button “PM001” to “PM00S”, the permission values
are calculated and summarized. You must calculate once after
permission data are updated. You can refer the “Last updated
Date&Time”.

After calculation completed, Summary table in “Summary” and
“‘Summary_2” are updated. Summary table shows annual average and
average during summer time (Jul. to Sep.) for year 2001 -2005.

There are two results groups: Result_1 and Result_2

Result_1is for:

Local (Permitted water abstraction from local water object) + Existing
water abstraction from significant reservoir.

Result_2 is for:

Local (Permitted water abstraction from local water object) + Permitted
water abstraction from significant reservoir.
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When you
calculated.

After

complete

the

calculation,
“Summary_RefPoints” and “Summary_RefPoints_2”.

= E) G ) E F G H 1 J 3 L W N G P ]
1 |Title Summary Comparision Table for Loeal + Existing Water Abstraction by SignifiesrtRes
2 | Data Sourez JICA Study Team
3
4 | Dsta Origin Calculsted
5 |Dsts Type
6 |unit [ 1
7
] WA Catehment ST ARE | 5T ARK | ST ARK | 5T BRA | ST BRA | 5T BRA | ST ORA | 5T ORA | 5T ORA [ 5T DZA1 [ 5T_DZH1 [ 57_DZH1 | 51 D22 | 57 D2z | 5T _DZhz ST DZRZ[ 5
9 Catehment JICA D 39 597 560 ] 17 am 1 TR ] B 556 BT ES B 62 e
o FlowTo ] i T EiE} = ik} 3 Ex] EEil e EH £ ) Bz T K
1 Fag [ 0 0 0 0 [ [ 0 0 0 0 [ 0 0 0 0
T2 Upsteram frea (km2) 3047 | 8341 | 30010 | 17247 | 23105 | .48 | #6833 | ORI | 4063 | 460 | I0.3s 03z | 1327 | 1mas| 10| mEm
UpStreamérea excluding out of | a0 47 | gagt | se0d0 | 17247 | 23005 |  stda | 17e00 [ 1538 | 4ses | sea0 | vT0as 057 | 1827 | tmas | t1ts0 | mss
13 Terrttory (km2)
14
Al Year e
15 |{2001-2005)
16 | Ouasi-Hatural Flow (13/z) [ AT A T T T N A A R T T Y T T Te5z 1078
17 Potential Flow_(m3/s) [ AT T N A N T R T T T U552 [ 140
ia ©.000 | 0.000 | 0080 | _D00G0 | G000 | G.000 | G.000 | 0.000 | 0000 0000 | 0000 0000 0000 7000 | 0000 |
13 FIN () 00 0.0 00 58 BT 00 00 0.0 302 24 _-f0o 53 0.0 EXI
20 0,000 D00 | 0000 | 0000 | 0000 | 0.000 | 0.000 000 0000 | 0000 000 | 0.000 D00 | 0000 |
21 0000 | 0000 | 0000 | 0000 | 0000 | 0.000 | 0.000 | 0.000 D000 | 0000 0.000 [ 0.000 D000 | 0000
Focumulated Permitted Water o000 | 0056 | 0o0s5| o000 | ooss|  oooo| oa3| 0O00| o000 | DooO | 0214|0000 | D000 o.aoe | 0000
22 far Imigation (m3/s)
Fecumulated Fermifted Wiater o000 | 0005 | 0005|0481 | 0487 | o000 | o000 | 000D | 0000 | 0237 [ 0485 | o000 | 0454 | 000E | 0071 [ D162
23 | for Orinking tiister (m3fs)
Focumulated Fermitted Wiatar ooo0 | 0000 | oooo| oo oo | oooo| 0001 oooo | oooo | opoo| o7 | oooo| oa40 | oooo | oooo| oo
24 | for Industrial Water (m/s)
e S oooo | o060 | 0080 | 0181 | 0282 | oooa| ot3s| oooo| oooo| 02| t41s| oooo| oa4es| ooos| oas0| osoz
25 ister (midis)
e e oooo | oooo| oooo| oooo| o250 | oooo| oooo| 0O00| DoOO| oDooO| oooD |  oooo| DODD| ooOD| D000 | D000
26 | HPP within Catehment (md/s)
27 IRR/P (%) [ ] TEE 00 K [ 37 0.0 [ 00 EE] [ [ 0.0 T 00
] TSP (%) [ X 7 56 50 [iL] [ 0.0 0.0 748 04 [ 60 7 ] [iF]
23 ] 00 00 00 00 i 00 [ 0.0 (] [ 35 [ A [0 ] 4
30 Total Permit/P () 00 570 3 5.6 53 00 33 0.0 0.0 348 ik 00 51 7 ikl 348
il HPPmax/P (%) [ [ 00 00 70 [ 00 0.0 0.0 0.0 00 00 0.0 0.0 0.0 00
32
w0e in Uy September
33 |20m-2005)
Natural Flow (w3 T3 1267 | 0072 | 1| 1417 0770
Summary AT Timeseries Plot / TimeSeries

click “PM101”, summary results for reference points are
please

see

A B H B E F & H [ 4 K L W N [ P o —
=
1 |Title [Eummary Lomparision Table for Referance Points for Lozl + Existing Water fbstraction by 5 gnificant Res =
2 |Data Source JIEH. Study Team
<
4| Data Origin Caloulated
5 |Dsts Tvpe
& |Unit
7 [ B 3 4] 5 5 7 B 0 [ [l B B 74 15 [
8 Na 5T 5Tz 5T T4 5Ts T8 5T T 5T sTio | 57Ot
9 AW Catohment STRAI0 | ST WA | ST e | SThe | ST W6 | STWE | ST | STHG | STME | ST I [ ST OZHT
] Tatchment JICAID Bra T BeT 36 FIg) 421 £ £ ) 0 550
11 | Down Stream or UpStream ] ] 0 ] ] i T T i 0 T
12 \psteram feea (amiZ) 102,12 | 115160 | 129388 | 220180 | 434037 | 579759 | 69864 | 708099 | 790767 | 1085510 | 770.25 0.00 000 000 0.00 0.00
UpsStreameea exeluding ot of | qpz 13 | 115160 | 139208 [ 220180 [ 3640.14 [ S106.35 | 610512 | 622066 | 7000.16 | 854000 | 7028 000 0.00 000 0.00 0.00
13 Temitory (km)
4
Al ear fve
16 | (2001-2005)
16 | Cuasi-Nawral Flow (=) Ti8 | 2067 | 24| TEH| W0AA| 10| 04| 4490 | Se@er| TIes | 4260 0000 0000 0000 G000 0000 T
17 Fotertial Flow (m3%) 1038 | 2023 | 2441 7673 20366 | 51544 40647 | 45037 | 51415 | 69664 4471 | 0000 0000 0000 0000 0000 €
1% 0000 | 0000 0000 D000 | 000D | 0000 | 0.000 | 0.000 | 0000 | 0000 | 0000 0000 0000 0000 0000 0000 €
13 FiN (1 [ EX) EF) Z1 o =0 =54 3 T E EES [ 0.0 0.0 0.0 [
20
21
fooumulated Permited Water | ppgg | g1z | oniz|  omer| sz |  1m3| tmee | tese | zaer | sase|  om4| oooo|  oooo | oooo| oooo | oooo | C
2z tar Imigation (m3/s)
Focumulated Pemitted Wiater e
B i we iy oooo | o403 | 0403 | D03 | 08| 1112 | 15 | 1636 | 1e26 | 1see | oses | oooo| oooo| oooo| oooo| oo | o«
Foeumulated Pamitied Wiatar
2 [ oooo | oeel| osel| ozz| 103e| 1e0s| tes | 1| 1eso| 1sm| o | oooo| oooo| ocooo| oooo| oo |
EE ] W] = oono | 1375 | 1375 | 1652 | 2s00| 4628 | 46165 | 6374 | G643 | 68s1| 1413 | oooo| oooo| oooo | oooo | oooo | o«
25 Witer (m3s)
Teximam Permittad Water far
26 | HPP within Catohment (md/s)
27 \RRP (%) [ 55 5 70 a5 5a £ £ E5] 40 75 [ 0.0 [ 00 00
28 TAWS/P (%) [ 00 65 ¥ 77 78 EE B 32 77 [ [ 0.0 0.0 [ 00
2] TSR () ) [} B3 B3 Al 57 %5 %3 36 77 [ [ 0.0 (] 50 70
30 Total Prmit/P (%) [ 678 B4 a1s 23 145 7 23 10 0.0 317 00 0.0 ) [ [}
3 HRPmax/P (%)
3z
fe in July-September
M4 4 v W[\Gontrol Summary RefPoints TimeSeries_Plot
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8. Longitudinal Plot along Main channel

When you click “PM102”, longitudinal plots along main channel for
annual average and average during summer time (Jul. to Sep.) for year
2001 -2005 are plotted. The results can be seen in “Figure” and
“Figure_2" tabs.

A B | 0 | D] E [ F 6] n T 1 [0 [ L [ m N[ o P [ @ =
ST_Mi sai 43 1 10192.40 787830 85 606 64,134 0.000 -2.168 0.000 0.000 2.095 1693 T Al
ST (] [ 1 1034581 E03251 o6 5di 65,126 0.000 2037 o.000 0.000 30654 1098 1850
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9. Time Series Plot

Time series can be plotted in “TimeSeries_Plot” tab.

E [} =] | E F (=] H J 3 L M M [n)

1: RefPoint | RefPoint Jica D
2: Segment ffor 1) {For 2) Re—plat TimeSeries

Ho. of Catchment

1

2 5T 345

| 2 |

| 4|

| 5 | 160.00

| & —=— Quasi-Natural Flow

% 140.00 —o— Patential Flow with Significant Resereir

| o | —a— Permitted Water for IRR

o 120,00 —o Parmitted Wiater for DIVE

BN - Permitted Wiater for /S

e ) —u— Total Permitted Water

| 12 | 10000

13 E

14 o

= & =000

16 2

———1 o

17 @ 6000

18 ]

| 19 | 40.00

20

21

o 20.00

22

s | o b o 5

| 25 | = S i A 2 3 i % e = N,

24 0.00 l=== 7 P PR ] T ¥

o5 | - = - = =] o o = = oo ] - - - o= o 0 o o
= = = = = = = = = = = = = = = = = = = =

25 (=1 = (=1 = (=1 = = = = = = (=1 = (=] = (=1 = (=1 = (=1
(=] o (=] o4 (=] o o4 =1 o4 o o4 =] o4 o o4 (=] o4 o o4 (=]

27 = 2 = b= = z = k=] e z = b= e z = b= ] = = h]

23 o L = s} o 3 = =] = 3 = =] = S = o Ld 3 = o

z9 Time

30

31

32

33 Time

34 — — — o o o b o @ o = = -+ = = =) ') =)

W4 v w[NControl AREE00 'S TimeSeries Plot {TimeSeries At a e Ll o 1EAE 2 Jﬂ |

You have to firstly specify the location for time series plot.

You have two choices. One is to select a point from the reference
points(1:RefPoint). Another is to specify Catchment ID (2:segment).
Please select “1” or “2” in the cell "A2”.

Then, please specify “No. of RefPoints” or “Catchment ID”.

After specifying the location, click button “Re-plot TimeSeries”.

You will see new plots.
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10. Preparation of MIKE11 Input file

A E = ) E Fo| G H | J ¥,
Global Mz Mum. of
Macro Mo, Macro Mame Step | Total Step Statuz Progress Last updated Dated Time Coefficient for Permizszion
g Permission {Ref. Poirtz
P01 IRR_Permit 3 3 Completed! 100 % finizhed 200777122 14:22:19 AW 1.00 200
2
PhO02 ChAS_Permit 3 3 Completed! 100 % finizhed 200717123 3:09:01 P 1.00 100
3
PRDOG MYS_Permit 3 3 Completed! 100 % finizhed 20077122 11:22:534 Ak 1.00 100
4
PMOD4 MaxHPP_Permit 1 1 Completed! 100 % finizhed 200717122 11:22:37 AM 1.00 100
5
P05 TransMoRecaord 1 1 Completed! 100 % finizhed 20077123 1:28:06 PM 10
[
P01 Ref_Points_Summary 2 2 Completed! 100 % finizhed 200777122 14:23:17 AWM 20
7
Pr102 Plat_Longitudinal __rdain 1 1 Completed! 200707123 43127 P
&
FartdIKE11 1 1 Completed! 100 % finizhed 20077122 11:24:00 Ak
a
1
11
In “Control” tab, click button “PM201”. Then, MIKE11 input file will be
, Cli u ) , input file wi
updated in “Sum_AbstW_NAMcatchment_MIKE11” tab
A B o | o | E [ F | & | H [ 1 [ 4 K L M ] 5] P Q RO 8 —
1 |Title Total Abstracted Water [excluding by Significant Reseruair]by MAM_Catchment for MIKET1_EC B
2 |Data Source JICA Study Tearn
2
4| Data Origin Calculated
5 |Data Type Instarteni ous
6 |Unit mads
o
I
a
10 ST_ARK | 57 BRA | 51 _ORA [ ST_DZH1 [ &7 _DZHZ| 5T ELE | &7 _GRA [ 5T KON STMID | ST W | ST RG | ST We | ST WG | &7 M6 | &7 hir
11 200014 0.000 0.000 0.0o0 0.000 0.000 0.000 0.000 0.0o0 0.000 0.000 0.000 0.000 0000 0.000 0.000
12 |_zo00f 0005 | D307 | D001 | D6e | D095 | 0005 | 04 | -D0A0 0000 | 0000 0079 | 0028 | 0009 | 0050 | 0000
13 20004211 -0.005 -0.207 -0.007 -0 626 0085 0005 0746 0030 [ 0000 0074 -0.028] -0.008 0 050 0000
14 2000, -0.005 -0.307 -0.001 -0 i -0.085 0005 -0.346 -0.030 0000 0.000 -0.079 -0.028 -0.008 0 050 0000
15 20007341 -0.005 -0.307 -0.001 0626 -0.08% 0.005 -0.346 -0.030 0.000 0.000 -0.074 -0.028 -0.008 0.050 0.000
16 2000, -0.005 -0.207 -0.001 0626 -0.086 0.005 -0.246 -0.020 0.000 0.000 -0.07a -0.028 -0.008 0.050 0.000
17 2000/ -0.004 -0.207 -0.001 0626 -0.086 0.005 -0.246 -0.020 0.000 0.000 -0.07a -0.028 -0.008 0050 0.000
18 |_zo00% 0005 | D307 | D001 | D6 | D095 | 0005 | 04 | -D0A0 0000 0000 | 0079 | 0028 | 0009 | 0050 | 0000
14 2000451 -0.005 -0.207 -0.007 -0 626 0085 0005 0746 0030 [ 0000 0074 -0.028] -0.008 0 050 0000
2n 2000, -0.005 -0.307 -0.001 -0 2 -0.085 0.005 0.3 -0.030 0.000 0.000 -0.079 -0.028 -0.008 0 050 0.000
21 2000751 -0.005 -0.307 -0.001 0626 -0.08% 0.005 -0.346 -0.030 0.000 0.000 -0.07a -0.028 -0.008 0.050 0.000
22 2000, -0.094 -0.361 -0.234 -0.730 017 0.005 -0.346 -0.131 0.000 0.662 -0.40% -0.028 -0.199 0839 0171
22 200074 -0.004 -0.261 -0.224 0720 0w 0.005 -0.246 -0.121 0.000 0.662 -0.402 -0.028 -0.199 0220 0171
24 2000, -0.184 0343 0448 -0.887 0.354 0.005 -0.246 -0.213 0.000 0.757 -0.446 -0.028 -0.488 1727 0.343
85 | 7000/ 0154 | -Da4 | D44 | DAGr | D54 | 0005 D46 | DalE 0000 | 0757 | 0.9% | 007 | 04 | 7i | 0
26 2000, 0317 -0.580 0771 -1.339 0819 0.005 0.3 -0.346 0.000 1.647 0878 -0.028 -1.331 3410 0580
27 2000401 -0.313 -0.580 -0.771 -1.320 -0.810 0.005 -0.346 -0.345 0.000 1.547 -0.818 -0.028 -1.331 3410 0.590
28 2000, -0.090 -0.305 -0.215 -0.813 -0.378 0.005 -0.346 -0. 117 0.000 0.249 -0.200 -0.028 -0.364 0955 0164
20 20001 -0.000 -0.305 0216 -0.213 0.2 0.005 -0.246 0117 0.000 0.240 -0.z2o0 -0.028 -0.264 0065 0.164
30 #0001 -0.00% -0.207 -0.001 -0 626 -0.085 0.005 -0.246 -0.030 0.000 0.000 -0.079 -0.028 -0.008 0 050 0.000
31 | _zo00a1s 0005 | D307 | D001 | D6z | D005 | 0005 | 0246 | D00 0000 | 0000 -0.079 | 0028 | 0008 | 0050 | D000
32 200001 -0.005 -0.307 -0.001 -0 2 -0.085 0.005 0.3 -0.030 0.000 0.000 -0.079 -0.028 -0.008 0 050 0.000
33 2000A12) -0.005 -0.307 -0.001 -0.636 -0.085 0.005 -0.346 -0.030 0.000 0.000 -0.07a -0.028 -0.008 0.050 0.000
24 2000, -0.005 -0.307 -0.001 0626 -0.08% 0.005 -0.346 -0.030 0.000 0.000 -0.074 -0.028 -0.008 0.050 0.000
25 2001114 -0.004 -0.207 -0.001 0626 -0.086 0.005 -0.246 -0.020 0.000 0.000 -0.07a -0.028 -0.008 0050 0.000
26 200141 -0.004 -0.207 -0.001 0626 -0.086 0.005 -0.246 -0.020 0.000 0.000 -0.07a -0.028 0448 0050 0.000
37 |_zooien 0005 | D307 | D001 | D6 | D095 | 0005 | 04 | -D0A0 0000 | 0000 | 0079 | 0028 | 0446 | 0050 | 0000
38 200 -0.005 -0.207 -0.007 R 0085 0005 -0 74 0030 [ 0000 0074 -0.028 0388 0050 0000
34 2001731 -0.005 -0.307 -0.001 -0 i -0.085 0005 -0.346 -0.030 0000 0.000 -0.079 -0.028 0388 0 050 0000
40 200 -0.005 -0.307 -0.001 0626 -0.08% 0.005 -0.346 -0.030 0.000 0.000 -0.074 -0.028 0183 0.050 0.000
41 2001 -0.005 -0.207 -0.001 0626 -0.086 0.005 -0.246 -0.020 0.000 0.000 -0.07a -0.028 0183 0.050 0.000
42 200144 -0.004 0215 -0.001 0641 0.101 0.005 -0.246 -0.020 0.000 0.000 -0.07a -0.028 [EIE] 0078 0.000
43 o010 0005 | D315 | D001 | Df4l | 0001 | 0005 | D24 | D030 0000 0000 | 0079 | 00278 | 0364 007 | 0000
44 00 F -0.005 -0 757 -0.007 0713 0175 -0.005 -0 74 -0 030 0000 0000 0078 -0.028 0431 S0.708 | 0000
M 4 » MZPermit HPP {Permit IRR £Permit DWS {Permit WS { Transfer NoRecord AINASRMESRETER Sum AbstW NAMcatchment MIKETT / ]

You can copy the updated value and paste it to “xxxx_AbstW.dfs0”.
Using the updated “xxxx_AbstW.dfs0” with MIKE11 model, you can
investigate the effect of several water use condition on water quantity
along river in detail.

Please remind that MIKE11 model automatically stops abstraction when
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amount of water is not enough. In this case, you will see “warning”.
However, it is OK for water quantity simulation, if you can recognize that
the actually abstracted water amount is smaller than that is given as
boundary condition.

It is highly possible that the above-mentioned case occurs if you assume
total permitted water amount is abstracted.
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Annex 8

Manual

for

Simple Model_ver_Demand

(A Simple Water Quantity Assessment Tool)

JICA Study Team






1. General

Simple Model ver Demand is prepared to examine the balance
between water demand and water resources potential. By imputing parameters
related to estimation of water demand, the model can summarize the total water
demand at observation points.

The quasi-natural flow, potential flow with significant reservoir for the
average year (2004) and the expected probabilistic flow are estimated by other
versions, Simple Model ver Exsiting and Simple Model ver_ Potential, which
have been also prepared by JICA Study Team. The ver_Demand just utilizes
those results. The comparison between the water demand and the
quasi-natural, potential with significant reservoir may give an idea on strategy for
river management.

The main features are as follows:

e Entering parameters for estimation of water demand for IRR, DWS, IWS

e Selection of reference points for management

e Summary table for annual average and average during summer time (Jul.
to Sep.) for each catchment/segment and reference point

e Longitudinal plot of the summarized results along main channel

e Time series plot for each reference point and/or catchment/segment

e Preparation of an input file related to local water abstraction for each
NAM catchment for MIKE11 water quantity model prepared by JICA
Study Team



2. Definition of terms

In this model, the following definition is used.

B Quasi-Natural Flow
O Flow without disturbance such as abstraction, discharge, transfer
O Likely natural, however, not exactly natural.
O In the model, regime change of local reservoir is not taken into

account.

B Potential Flow with Significant Reservoir
O Flow with influence of significant reservoir, including transfer from

and to a reservoir, but no abstraction of water

O Potentially usable water amount after regime change by significant

reservoir
B Disturbed Flow

O Existing condition
O Potential Flow — Total abstracted water + Total discharged water

Abbreviation

HPP:
IRR:

DWS:
IWS:

S Res:

NAM Catchment:

NF:
PF:
DF:

Hydro Power Plant

Irrigation

(Note: Irrigation water use includes only water for
Irrigation area managed by Irrigation Systems)

Drinking Water Supply

Industrial Water Supply

(Note: Industrial Water supply includes agricultural and
fish breeding water use)

Significant Reservoir

Catchment for NAM (Rainfall-Runoff) model

Quasi-Natural Flow
Potential Flow with Significant Reservoir
Disturbed Flow



3. Remarks for treating Excel sheet in the model

The model just utilizes excel spread sheets and macros. Some sheets
are hidden, because the hidden sheets are usually not necessary to be edited by
users. If you want to see the hidden sheets, please do the followings.

Format -> Sheet -> Unhide
Then, select the sheets you want to open.

In each spread sheet, you may see cells with different colors. The
meaning of the colors is as follows.

White: User can edit
Light blue: Value in cell is automatically calculated.
Yellow: Value in cell is calculated by macros.

DO NOT edit the cells with light blue and yellow. If you change it,
the model will give wrong results.



4. Model Outline

1) Struma River
File Name:
Struma_WaterBalance_Demand2.xls
Number of catchment = 104
Number of NAM catchment = 25

2) Mesta & Dospat River
File Name:
Mesta&Dospat_WaterBalance _Demand2.xls
Number of catchment = 75
Number of NAM catchment = 14

3) Arda & Biala River
File Name:
Arda&Biala_WaterBalance _Demand2.xls
Number of catchment = 69
Number of NAM catchment = 12

4) Tundzha River
File Name:
Tundzha_WaterBalance _Demand2.xls
Number of catchment = 84
Number of NAM catchment = 19

5) Maritsa River
File Name:
Maritsa_WaterBalance _Demand2.xls
Number of catchment = 251
Number of NAM catchment = 34



5. Input of parameters for estimating water demand

24 a5 05| 4 STAT 133 ] [iX] A0 0 DO7ETE5 0.00000
30 424 qzd|  MAME 140 220 0.0 50 00340472 0.00000
E]] 203 203 | M NE 147 270 0.0 50 0.0717072 0.00000
FH R F00] has m‘ ] X [ 0 0340007 0100000
23 [T 965  hA M 147 220 0.0 50 00774895 0.00000
34 41540 MA% 148 20 00 0 3350752 0.00000
35 I T X 1] 0 Md775E 0.00000
36 146 1966 |[_Ma WE ] 230 0.0 50 01177198 0.00000
37 B 373 MlA K ] [iX] A0 0 030033 0.00000
38 [ 343 5 T X 1] 0 0375450 0.00000
34 1552 Mo | 1 01246256 0.00000
W4k M| Contral Demand_IRR S Demand DWS QR AR, TimeSeries Plot ¢ TimeSer|
EROMEE - L | AT =T A" = - cadl

You can see the following two tabs for input of parameters related to
water demand.

1) Demand_IRR
2) Demand_DWS

(1) IRR
Irrigation water demand is calculated based on the followings for each
irrigation system.
1) Unit water demand (m3/year/dca)
2) Potential irrigation area (dca)
3) Percentage of actual irrigation area against potential irrigation area (%)
4) Loss rate (%)

Among those, 2) Potential irrigation area fro each irrigation system has
already set together with its location of main water sources. You do not
need to change these.

You have to input 1), 3) and 4).

A [ - 5
I I T T - N N — r S T — ] T R S T I -
l—ﬂ T Bt RTE ol
T T |Outs Soirce  JICN Hudy Pews
i
A ouls Drign | Deiganal
=g
L}
e A
= % Toad o il
@ [ ittt R o
gl | L T ——
1 i Wmer || Pemersage od Prsmep—— M
L o e ™) o (s | e s 13 beenl_potacti | 13 jaEn st iin i jpot el S - | [ —— Lo (3] o Daw | e
3 it W | an_d itea) ad ek kel o P rator Y e it
anm 0 T ™| T Faring Tegamara 70 TR B2k [ o o] = T& P
¥ 3 bl n:n.-u-. Tkt | L] LR ' TR
Bl il T 161 o] Faraia e 1 THT) Ll TR b = e 3
& 4 El T ] i [ Faraeiras Town Faiade 1T TR [LEE"] AT ) 3 B TR -
|1 ) L] L] T T Faihima 1% Il Tiw ] W ] 3] &30
@l = Ml Freiza e 11 (EE fida T o F 1 1T
¥ T ] T I!!:Ilcﬁi\- i | THEE] T [ £ IN (] (2]
(L - ] 1= P Fawdie Farpray 11 = bo e W L) ] (] FE
o 1 ) -1 T8 P e T T T 4 i W 1
I - L T Evpres £ T b - 5 o il
i i ] 138 P [ JIHF 1 A i ] L] (X7
i Tl VTR R 1T AR T ks T " a Croy




(2) DWS
Drinking water demand is calculated based on the followings for each
settlement.
1) Unit water use (litter/day/person)
2) Percentage of Surface water use (%)
3) Loss rate (%)

You have to input all of 1), 2) and 3).

|
===
Total
] —
Population (by | Expected Population e
Tvpio(u‘fr‘:‘)age' Settlement Municipality Widster Company settlement, for  |(by settlement, for Ealgﬂem (Bt U:Z'r‘l,:f;ip’ef:m P:;":SZQ;:)' Loss (%) >
o 005) 015) (¢
1 toun Biatak atak Batak WS&5 Co 378 7B | hh_STAT £ =
2 illage Fotinove atak Batak W38 Co Taq o4 WA VAT | d67 GIE
3 willage Hova mahala ak Batak U385 Co FIFE] 3153 | hiA STAZ ) 61
4 willage Adandzhievo elovo elovo WEES Co ) 453 WA
5 toun Belovo elovo elovo WEES Co 005 005 | WA
5 willage Dabravite elovo elovo WEES Co 7] 5 1A
7 illage Gabrovitsa elovo elovo W585 Co 1A,
] illage Golyamo Belowo elovo elovo W585 Co 1A,
] illage lknenkoyouo elovo elovo W5ES Co 1 1 1A
[i illage Wbmina klisura elovo elovo W5ES Co 1 1 A
1 village Sestrimo lovo elovo WEES Co 1 1 1A T
2 willage Avmamove akonuda Blagoevgrad WSES Co 2 al I
3 Toun Bratsigove Bratzigove Bratsigove WSS Co a5 4677 | hiA_STAZ 4 [}




6. Setting reference points for management

Default reference points have been set by JICA Study Team. However,
in the model, you can set reference points as you like in ”
Summary_RefPoints” tab.

A | B | & | D E F G H I d
i |Title Surnrnary Comparision Table for Reference Points for Local + Existing Water Shetraction by Sigr
2 | Data Source JICA Study Tearn
3
4 |D=ta Origin Calculated
5 | Data Type
6 |Unit
7 o~ z 3 4 5 3 7 B q
z Mo 5T \ T2 T3 T4 TS 5T 517 5T8 5T9
9 M Catchment ST D 5T _h ST hid ST Wi ST_hiki 5T _hits ST hid ST _hi2 ST _hit
10 Catchment JICA 1D 574 EF 573 EEL 374 421 459 4549 634
11 Down Stream or Up Stream u] u) u] u) u] u) u) U u)
12 Upsteram frea gem2) N 102, 15160 | 139398 | 220180 | 4340537 | 570750 | 68864 | 708080 | PO07 67
UpStreamArea excluding out of | ype 43 | q15160 | 130208 | 220180 | 364914 | 510636 | 619518 | 638066 | 700016
1% Temitony (kmi)
14
Al Year fve
15 |(z001-2005]
16 Quasi-Matural Flow (m3ss) 1.129 2167 1478 EEE 20434 33170 42 064 44 459 62 837
17 Potential Flow (m3ss) 1.129 2029 244 TETE 20 268 21244 ENGER 43.037 a1.4145
18 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 PiM (%) 0.0 -6.4 =53 A 0.8 4.0 ) -3.2 -EF
20
21
) (Aerudiiserd) ey oooo | omz| omz| o237 | osm| 73|  tees|  1ses |  zame
22 for Imigation (m3/s)
FAocumulated Permitted Wiater
0.oo0 0403 0.403 0403 0539 1.112 1.546 1 626 1.626
23 for Drinking Wigter (m3/s)
FAocumulated Permitted Wiater
0.oo0 0861 0861 1.022 1.033 1.803 1.840 1.8580 1.840
24 for Industrial Wiater (m3/s)
Focumulated Total Permitted
0.oo0 1.3745 1.375 1 652 2.400 4 628 5 165 5374 5 643
25 igter im3/s)
hEximum Permitted Wiater for
26 | HPP within Catchmert (m3/s)
27 IRR/P (%) 0.0 [ 4.6 ] 4 f 5.4 4.4 4.4 4.2
28 DFSIP (%) 0.0 10.9 16.5 52 2.7 3.4 3.8 3.8 3.2
29 LG ] 0.0 42 4 353 123 a1 57 EX 4.3 3.6
30 TotalPermitdP (%) 0.0 67 .8 Afi. 214 [FE] 144 12.7 12.5 11.0
2 HPPmas/P (%)
32
Iue in July-Septernber
M 4 » M[4CGontrol TimeSeries Plot TimeSeriesm

The value calculated for each one of catchments represents the value at
the downstream end of river segment in the catchment.

When you select a reference point around river confluence, you have
two choices. One is before confluence. Another is after the
confluence.

If you select the point before the confluence, you have to specify
Catchment ID for upstream segment and “D” for “Downstream or
Upstream”. Similarly, you have to select Catchment ID for downstream
segment and “U” when the point after the confluence is selected.



Example:
Before confluence: Catchment ID =1 and “D”
After confluence: Catchment ID =3 and “U”

You can choose “No.” as you like. However, this “No.” will be used
when you plot time series data.

“‘NAM catchment” is used for reference for default setting. If you do not
consider “NAM cacthment”, this can be left as blank.
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7. Calculation

In “Control” tab, you can calculate to summarize the water demand by
catchment.

In cell “J4”, maximum number of reference points can be set. The
maximum number must be greater than the number which has been set.

AT E:E B
A = =l =
E1h - e
A B E D E F o G H | | d
tdax. Mum. of
0. tdacro klame Step | Total Step Status Progress Last updsted Dates Time Demand Cal.
g fRef. Points
Pri001 \ IRF:_Demand 3 3 Completed! 100 % finished 200708/26  11:03:14 AM 70
2
LS _Demand 2 2 Campleted 100 % finished 2007 5526 10:41:54 &AM
Ref_Points_Summary 1 1 Completed! 100 % finished 200718726 11:03:13 AQ 30
Plat_Longitudinal_iain 1 1 Campleted 2007 5526 11:03:16 &AM
ForMIKET 1 1 1 Completed! 100 % finished 2007 i8/25 50210 PM
Coetficient far Coefficient for
4, P PEFHERTS Economic Growth L Recyoling Wter Lse L

In line”7”, you can set the following two coefficients for estimating
industrial water demand.
1. Coefficient for Economic Growth (CE)
2. Coefficient for Recycling Water Use (CR)
Industrial Water demand is calculated as follows.
(Industrial water demand) = (existing industrial water use) x CE x CR

When you click the button “PM001” to “PM002”, the water demand are
calculated and summarized. You must calculate once after parameters
for water demand are updated. You can refer the “Last updated
Date&Time”.

After calculation completed, Summary table in “Summary” are updated.
Summary table shows annual average and average during summer time
(Jul. to Sep.).

11




A | B | & | © | E F [E] H J ke L h N —
1 |Title Suramary Comparision Table 1=
2 |Data Source JICA Study Team
3
4 _|D=ta Origin Caloulated
5 |Dsta Tuype
6 |Unit
7
] A Catchment Tl BLA | WA CPIT | WA CPIT | WA CRIT | WA CRI | WA P | WA CPIZ | WA CFIZ | WA _CPIZ | WA CRIZ | WA CPIZ | WA CPIZ | WA _CFI
[ Catchment JICA D 360 413 Eil3 il £ ikl % g £zl 2] E2] 0
10 FlowTo G0 350 380 a0 i 473 E] ] ] 5 50 %58 %5
11 Rag ] [ [ [ [ [l ] ] [ [ [l [l [
T2 Upsteram frea (kma) GAI01 | Oerh0 | 61780 | 22031 3076 | d5644 | 11946 |  @e06 | 409 | 4020 | 3600 | 1607 | 744
13 Up Stream#vea excluding out of Temftory (k) B4701 | Ov7A6 | 5179 | 22041 3076 | 45544 | 11056 | 306 | 0% | 40309 B0 1B | 738
e
15 [Bnnoal Aver
16 [ jow (/) Fwerage(Z0D4) FEF] 7989 | 498 T794| D5 0816 | 7560 [iE]
17 [ jow (mi3s) 75% Probability of Exceedance 3937 |  B863 | 460 T477| 0180 0730 | 7306 070
18 [o atural Flow (midis) 90% Probability of Exceedence 1703 | 676 | 3604 128 | D014 0603 TEG5 (K
18 [G jow (mi3/z) B5% Probabillty of Exceedence 7440 | 4868 | 3181 TO00 |  D.7a2 0522 TER 040
20 [Fotential Flow (M=) Awerage (200 P AT I L L 0418 5% 034
21 |Potential Flow (M=) 75°% Probabilty of Exceedence 3760 | 107F3 | ZAI9 | 7.6 | 0080 0.251 TiE [NE]
22 [Potential Flow (m3fz) 0% Probabilty of Exceedence 262 | 87l 7062 | 6406 | 014 0207 | 034 0,15
23 [Potential Flow (m/s) 85°% Probabiity of T804 | 778 T80 EAKN AL 0780 | 078
24 iter Demand for Imigation (m3/z) 0.000 | 18881 0.000 | 19.881 0.000 0.000 | 0.000 0001
25 iter Demand for Drinking Water (ma/s) OO0E | 016 | o061 0012 | 0066 0.000 | 0006 o0
26 ster Demand for Industrial ‘iiater (m3/s) 0000 | 0271 0016 | 0155 | 0000 0.000 | 0.000 o0l
27 Total Water Demand (m3/s) 0007 | 20768 | 0207 | 2009 | D086 0000 | 0006 |_oo0i
23
29
30 [dwe in July-September
31 [ o (M3fs)_Awerage(Zo0d) T38| 480 | S0 [NiES] [(RE]] T80 | 067 | D406 7500 | 0280 05 | 048
32 [o atural Flow (midis) 76% Probability of Exceedence T@67 | 4110 | 3660 | 0852 | D104 | za9% | D560 | D451 T4 | 0250 0850 | 048
33 [ jow (m3/z) B0 Probabillty of Exceedence 154 340 | 2210 | D728 | 0099 | Z0s0| 0460|0371 T8 | D12 0508 | 035
34 [0 o (i3/s) 957 Probability of Excesdence 1388 | 3037 7834 0654 00/ 701 001 037 | 1008 | D.155 GE0 [ 031
35 |Potential Flow (maf=) Average (200 G071 14008 | 7305 | 0.882 | D.031 I060 | 0427 | 0301 TOEZ | 080 053 | 025
36 _[Potential Flow (m3f=) 75% Probabilty of Exceedence w081 | 1459 7600 |_TZ380 0004 | 1472 | 0560 D14 | D6a6 | D250 0262
7| Potential Flow (m/s) 80°% Probabiity of I06 | 12074 | 13 G [ 1163 | D40 | 0.2 | 03| D212 0215
38 |Potential Flow (m#f) 95% Probabilty of Excesdence 3468 | 10 530 7158 | a.a3 0.079 1016 | 0401 0111 0456 | 0.185 0,188
39 iter Demand for Imgation (ma/s) 0000 | 59006 | 0000 | %6006 | D000 | (0000 | ©0O00 | D000 | 0000 | 0.0 0.000
40 ister Demand for Drinking ‘iater (m3/s) 000z | 016 | ooet 0012 | 0066 | 0026 | D018 | 0000 | 0006 | D002 0.000 |
Ell ter Demand for Industrial ‘Water (ms) 0000 [ 0270 | 0116 | 0083 0000 0176 0000 | 0000 | 0000 |  0.000 I
42 Total Water Demand (m3/s) 0.00% | 55401 0207 | 58371 0066 | 040 | 0O010 | 0000 | 0006 | D002 0.000
43
4e

Demand IRR. ¢ De mand_DWS e Summar

TimeSeries Plot  TimeSeries 40 |4 ]|

When you click “PM101”, summary results for reference points are
calculated.
“Summary_RefPoints” .

After

complete

the

calculation,

please

see

A B [} [} E F G H J K L M ] a -
1 |Tie SUM M ary Com panalon Table Tor Refarencs Painti |
2 |Data Sourcs JIEh, Stud; Tsam
3
4 |Data origin Calauiatsd
5 Cats Typs
5 |unit
7 1 2| 3| [ B | T k| El 10| il 12| 13|
2 ho, mat naz nad nas nas MATH naT2 natTa MATH naut mat
a Ham Cacimet na_mt ma_ e Mma_M na_m3 ma_nz MA TOR | A TOPS [ A TOP2 | WA TORT | KA LUDT | W& uss
10 Cacimaitd A _ID E 3 113 131 132 El ES £ E=) 3 [E:]
11 DownStream or UpSirean u o o o o o u o o o o o
12 Uprerm ara gng mam| 1mio| sem| eme| wem| wmim| omex|  ais|  mwes|  swrs| umsm| wse| s e
1134 103184 S5 f=sdon 1z =R ;2% - s o) ETS Rlk=k-) 17518 L X} 16T
13 UpStreaminea excivdiig ortorTe ritony ¢m2
14
6 |annual Aramgs
& oW 3% Ao G0 85
7 W) N-RE) 5% PIOOGDIINY OF Encie g his: 1B5E
2 W) ) SO P IOOED NNy OF ENcie g8 his 154
a ) 95 A oDy OF ENoee 8 b 138z
0[P Va1 Flow (03) 408 20 (A0 BE
1 i3l Flow dne) T5% Probabl by of Bxceeds 1o 18,
2 i3l Flow dne) 0% Probeblifyof Brceede 1ce 1532
] 113l ) 35% Frobabl iy of Brosede ice 13
E) Demasd or TigaEbos qnae) 3Tt
i] Demand tor D rinkig ik 3 om
] Demand br [l
7 “Total ke 1 Demaid qnas 3
8
q
0 e ol T
1 o 3) Aeiage Ty 93¢
2 W 3y 5% Probablity o Exceede o ax
] W n3s) S0 Probeblity o Exceede o TIE
4 1) 35% A robeblifly of Bweede ice L
5[ Poke 1153l Flow (n) 4ue age (0D e
6 i3l Flow dn) 75% Probabibyof Biceeds boe 1¥
7| Fofe Vil Flow (i) O0T% Probebilyor Erceece vok EE:
0 [Fokitt S5 Probebiltyor Expeecs vk I
] Demand i liiahos qnay 10
] Demand o Dl VT [i3Ey [T i[5
Demand b ) 373 [
2 Tokal iz 1 Demaid qnaes ] i0
M 4 » MControl Demand IRR ¢ De mand DS FefPoints TimeSeries Plot {TimeSeries o]
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8. Longitudinal Plot along Main channel

When you click “PM102”,

longitudinal plots along main channel for
annual average and average during summer time (Jul. to Sep.) are

plotted. The results can be seen in “Figure” tabs.
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9. Time Series Plot

Time series can be plotted in “TimeSeries_Plot” tab.

| L] B o o | E F o H 1 o L3 L L M
| reint M- Cumhnunt
< laeine | ladmine =y
| | 2 Tugnmnt = (L FAx-dat TmaSarna
a . e E)
e
a
5 Awerage Conditon (2o04) 5% Probabllity of Etceedancs
[ B Do muat o o T h e e | B OuEuE o g L L]
- e Vizlm Do o F5 = Vialm Dol e Vizim Do o E32 5 Wialm Darveared 1o O3
3 m Do '3 K4S o Viaim Ceror ===t TR R —— - A S
| 2 | AL saLm
| & |
| 11
1 L L
12
12
14 = - dum
15 E| 3
15 H H
17 Ez A Ez oL
| 12 | f f
(] 1 5
a0 | aum aum
a1
= am o C
| 24 |
|25 | wm wwm
26
iyl
|28 | linm
22
21
a1l
| 22 | 90% Probabllity of Etcssdenas 95% Probabllify of Ercemdanas
28 —&— Duxtalua§ o S B ] —B— DTl ual F o —u—wu-iunmwdns
| 24| = iE B 8 o YT B S ELY e
a5
[ 26 | wm AL
a7
23 £ ™
| 24| o
dq oL
|41 _ wm -
42 2 A
[ A -
L E mwm £
44 - g A
CH g auwm g
| 45 | 3 3w
47 B
42 .
o am e
% G AL
% uim in wm
| 25 ¥ K £
= LI i EI A A A
mmary_RefPoints JFi
-~ —_ — A .

You have to firstly specify the location for time series plot.

You have two choices. One is to select a point from the reference
points(1:RefPoint). Another is to specify Catchment ID (2:segment).
Please select “1” or “2” in the cell "A2”.

Then, please specify “No. of RefPoints” or “Catchment ID”.

After specifying the location, click button “Re-plot TimeSeries”.

You will see new plots.
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10. Preparation of MIKE11 Input file

I )
- i
A B E D E F o G H | | d
tdax. Mum. of
tdacro ka. tdacro klame Step | Total Step Status Progress Last updsted Dates Time Demand Cal.
g fRef. Points
Pri001 IRF:_Demand 3 3 Completed! 100 % finished 200708/26  11:03:14 AM 70
2
P02 LS _Demand 2 2 Campleted 100 % finished 2007 5526 10:41:54 &AM goo
3
P01 Ref_Points_Summary 1 1 Complete! 100 % finished 200708526 11:03:13 &AM 30
4
Ph102 Plat_Longitudinal_iain 1 1 Campleted 2007 5526 11:03:16 AM
5
g P 201 \ ForhIKET1 1 1 Completed! 100 % finished 2007 i8/25 50210 PM
Coetficient far Coefficient for
IR DT (RERT =TS Economic Growth L Recyoling Wter Lse L
7

In “Control” tab, click button “PM201”.
updated in “Sum_AbstW_NAMcatchment_ MIKE11” tab.

Then, MIKE11 input file will be

A | B | & | b | E F R [l J 3 L [ M a F [F] R g -
1 |Title Total Abstrasted Vister [excluding by Significant Reservoir) by NAM_Catehment for MIKE11_EC —|
2 |Dats Source JICA Btudy Team
3
4 |Data Origin Caleulated
5 |Data Type Instartenious
6 |Unit mafs |
1 [Title Total Abstracted Vester (excluding by Significart Reservair] by NAM_Catchmertt for MIKETT_BC =
2 | Dats Source JICA Study Team =
3
4 |Dsta Origin Caleulated
5 |Data Type Instartenious
6 |Unit mafs
7
= —
10 WAE_BLA | hA CPIT | WA CPIZ | WA CPLT | WA CPLE WA HART | WA HARE |hid LD [Rid LUDZ | Pa bl | MANRG | WG | WA | WA NE | Wio b | fs b [hiA PrAT [hiA Y
11 - 0002 D111 | 04| 0O11| OO11| 0005 | DO | U00Z| 005 | O0sz| 0009 | D3e7 | D.09e | 0008 | 0060 | 0008 | D001 ] 000
1 %‘-n 002 | 0011 | 0425 | -0O11| -ODI1| D006 | 0000 | -0.00z | -00% | 003z | 0009 | D367 | -0.058 | 0003 | -DOG0| 0008 | 0001 | 0.0
G00%z/1 0:00 | WRO0Z | B111 | 04 | -OO11| 0011 | 0008 | 0090 | -000Z | 005 | 0032 | 0008 | 0387 | 0086 | 0004 | 0060 | 0006 | 0001 00
2004272 0:00 | MO0 | B111 | 0435 | OOI1| DOI1 | 009 | B0i0 | DO0E | 0% | O03: | D009 | B3e7 | D096 | 000G | 0060 | 0006 | 0001 000
%*'& D02 | 0011 | b5 | ODIT| -OO11| D008 | 0010 | -BO0F| 0055 | D3z | 0000 | 0387 | D08 | -0D0G | DOGO | DAOB | 0007 000
16 : 0002 | D111 | 04| 0011 | OO11| 0009 | DO | 000Z| 006 | D0sz| 0009 | D3e7 | 0098 | 0008 | D060 | 0008 | 0.001 000
17 [ 3004 0002 | D111 | 0425 | 011 | -OO11| 0008 | D000 | -0.002| -0D% | D092 | 0009 | D367 | 0098 | 0003 | D060 | 0008 | -0.001 | 0.0
18 | 3004 002 | 0011 | -04%5 | -OOT1 | D011 | 0006 | -00d0 | 0007 | 0055 | D03 | 0009 | 0387 | 0088 | 0009 | 0060 | -h008 | 6001 .00
19 | 300447 O00F | 0011 | 048 | 0011 | D011 | DO0B| D000 | 0002 | 0054 | DO%E| 0009 | 0.7 | D09s | 0009 | D060 | -BO0e | -B.A0f 000
20 | 2004 0002 D111 | 08| 07| 0011 | 0018 | D011 | 0002 | 0066 | D06r | 0410 | 3304 | 006z| 0009 | D060 | 0008 | 0.001 000
21 [ 3004/ 0o 0002 D111 | 04| 07| 0011 | 0018 | D011 | 000Z| 006 | D008 | D0A10 | 3304 006z | 0008 | D060 | 0008 | 0.001 00i
722 [ 004mE 0 OO0z | 0011 | 0435 | -0Bg7 | 0011 | O0a0 | 0012 | 0007 | 0085 | O3 | 043 | o f82 | Dgar | 0009 | 0060 | 5008 | 6001 00
23 | 2004711 0 O00F | 011 | 0d4%s | -DAgy | D011 | Oba0 | 0012 | 0007 | 0085 | Ois¢ | B3G3 | 508z | De3r | 000G | 0060 | -BO08 | 600t .00
24 | 2004 0003 | D111 | 0435 | 113 | D011 | 0073 D017 | 0002 | 0% | D326 | 0778 | 6301 | 1440 | 0009 | D@60 | 0008 | -0.001 000
25 | 30048/ D 0002 | 0011 | 0426 | 1138 | DO | D072 | 0017 | 00D2| 0086 | D228 | D07/ | &311] 1440 | 0009 D060 | 0006 | -0.001 000
26 [ 3004 0002 | D111 | 0425 | 1547 | D011 | 0223 | D03+ | 0002 | -00% | 100z | 1417 | 6258 | 1.9l | -0009 | D060 | 0008 | -0.001 001
27 [ 004n i 00z | 0011 | 045 | A7 | 0001 | 07| 0034 | 0007 | 0085 | 1007 | 1417 | 654 | 1831 | 0009 | 0060 | 5008 | 6001 00
28 | 3004 0003 | D11 | 0435 | 0561 | OO0 | 079 | D035 | 0002 | 0055 | DA70 | 4% | 1588 | 0506 | 0009 | D@e0 | 0009 | -0.001 .01
29 |00 O00F | 0011 | DA4z6 | D361 DO | D128 | Db | 0002 | 008 | DA7E| DA | 1560 | DADE | -DORD | -DOBO | BO06 | BO0t 000
30 | 200 F 0002 | 0011 | 0426 | 0042 | D01 D041 | O014| 0002 | 0086 | Died| D125| 048 | D136 | 0009 | D060 | 0006 | 0007 000
31 [ 7004011 0002 | 0011 | 0425 | D043 | OO | 0041 | -D014| 0002 | -00%5| -Died| 0125 | 045 | 0136 | -0O09| D060 | 0008 | 0001 | -0
732 | 00 F OO0z | 0011 | 045 | 0011 | 0011 | 0006 | 000 | 0007 | 0055 | 003F | 0009 | 0387 | 0088 | 0009 | 0060 | 5008 | 6001 00
33 | 20047121 D1 O00F | 011 | 0A4%8 | 00T | D011 | DO0G | D0M0 | 0002 | 0084 | DO%E| 0009 | 0.7 | D09E | 0009 | D060 | -BO0p | -B.00f 000
34 | 200 i D002 | 0011 | A6 | D01 | DO DOOB| DD | 0002 | 0086 | DOsr| 0009 | D367 | DO9E | OOMG | D060 | BO0e | o0t 000
36 | 5005411 0:00 0002 | 0011 | 0426 | 001 D01 D006 | OO0 | 0002 | 0056 | D032 | 0O09| 0387 | D098 | 0009 | D060 | 0006 | 0007 00—

fbsti NMeatchment MIKE11 JTTEW UsedW IRR Branch { Annual IR Branch

TRR_Area_Brancl| 4]

You can copy the updated value and paste it to “xxxx_AbstW.dfs0”.
Using the updated “xxxx_AbstW.dfs0” with MIKE11 model, you can
investigate the effect of several water use condition on water quantity
along river in detail.

15



Please remind that MIKE11 model automatically stops abstraction when
amount of water is not enough. In this case, you will see “warning”.
However, it is OK for water quantity simulation, if you can recognize that
the actually abstracted water amount is smaller than that is given as
boundary condition.

It is highly possible that the above-mentioned case occurs if you assume
total permitted water amount is abstracted.
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Structure of Modeling Environment

Extract DB or
Connection to DB

MIKE!1 & MIKE BASIN

r-r-—-——=—=—=—=—===7"=7"7"=7"=77=7= I
| Boundary | |
Ms-Exce Condition | MIKEI1 L |
| (MIKE Zero platform) I
|:: > | . .
R - Preparation of input : |
Simple Model | file for simulation Connection of
output file to GIS |
(Spread sheet) | .
environment |
<:| I MIKE BASIN |
Parameters I Temporal Analyst & I
(Quasi-Natural 1 Pollution load calculator "~
R £f et (ArcGIS extension: I
un-offete.) || part of MIKE11 GIS after ver2007) [
I I
Final - Extract base layer
Assembling - Connection to DB
4' GIS-DB I—

- Water Body

- Natural & Socio-economical information
- Monitoring Data for Water Quantity and Quality

- Permission Data

- Operation record for reservoir and irrigation

Time Series Data used in the Model

m Meteo-Hydrological data
O Daily Precipitation

O Monthly Potential Evapo-Transpiration

O Daily Air Temperature
O Daily Water Quantity at key HMS
m Water Abstraction/Discharge data
O Reservoir Operation Data
O Water Abstraction Data
» Irrigation Use
» Domestic & Industrial Water Use
O Water Discharge (Waste Water) Data

m Water Quality Monitoring data



Example of Source data:
Daily Water Quantity from NIMH

Table is good. But, difficult to utilize for analysis...

BAJIA PEKA - C. BOCTUHA N 61050

BOJIHM KOJIMUECTBA, Mm3/s

I 11 I11 v \Y% VI
1 1.030> .192 .552 2.075 1.140 .338
2 .828 .400 .552 2.075 1.255 .235
3 .732 .640 .732 1.926 1.780 .235
4 .640 .732 .640 1.637 1.140 .235
5 . 640 .552 .732 1.926 .927 .235
6 552 552 .640 1.780 .828 .235
7 .552 .732 .470<  1.374 .732 .235
8 .552 .927 .470 1.030 . 640 1.273>
9 .470: 1.140 . 640 .828 . 640 1.030
10 .400: 1.140 .927 .732 .552 .828
11 .338: 1.140 1.140 .732 . 640 .400
12 .338: 1.500 1.030 L7132 .470 .283
13 .338: 1.637 1.030 .640 .552 .155
14 .283 1.374 .927 .552 .927 .122
15 .283: 1.140 .927 .552 .732 .122

What useful time series data for analysis looks like

m Time
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX

Valuel (Value?2)

yyyy (zzzz)
yyyy  (zzzz)
yyyy (zzzz)
yyyy (zzzz)
yyyy  (zzzz)
yyyy (zzzz)
yyyy (zzzz)

2000

VII

L122>
.095
.073
.056
.056
.056
.056
.056
.056
.056

.056
.041
.041

.041

rox.

VIII

.029

.029
.029
.021
.015<
.010
.010
.010
.015<
.029

.021
.021
.021

.021

X

.041
.041
.029
.029
.029
.041
.029
.029

.029

.029

.029

.029

.029

.021

.021
.021
.021
.021
.021

.021
.021
.041>
.056

.029
.021
.021

.021

XI XIT

.021
.021
.021
.021
.021
.021
.021
.021

.021
.021

.021
.021
.021

.021

.029

.029
.029
.029
.029
.029
.029
.029
.029
.029

.029
.021
.021

.015

7]



Example of Useful Time series data for Analysis (1)

Water Watch -- Maps and graphs of current water resources conditions

Real-Time Streamflow Map of real-time streamflow compared to historical
streamflow for the day of the year (United States)
Bip anvienalion ‘Wednesday, March 13, 2002 16:20GMT

Blag - Al dins

T-Diay Average Streamillow
Map . Week of yem

Belmw Normal Streamilow
Mg . Wk of yem

Choose a data retrieval option and select a location on the map
© List of all stations in state, & State map, or  © Nearest stations

Extracted from PPT material for explanation of ArcHydro provided in http://www.crwr.utexas.edu/giswr/ “
Example of Useful Time series data for Analysis (2)

m NWIS Data
m Metadata
m Tabular Output
O Year.Month.Day
O Discharge (cfs) P T G T e
1976.03.23 10 i oy e catiamies. Ly erin vl s 1 Hhan Finia s Shes e
1376.03.24 9.9 e LT T .
1976.03.25 9.7
1976.03.26 8.7
1976.03.27 7.9
1976.03.28 7.8

U1 vt F

Extracted from PPT material for explanation of ArcHydro provzded in http J//www.crwr.utexas.edu/giswr/



Value Type of Time Series data
m How values are expressed with time?

O Example:
» Measured Velocity, water quality etc. at particular time
» Measured rainfall amount for some time duration

» Abstracted water amount in some tome period

Value Types of Time Series
in DHI Data Model used in DHI software

(1) Instantaneous

(2) Accumulated

(3) Step_Accumulated

(4) Mean_Step Accumulated

(5) Reverse Mean Step Accumulated



(1) Instantaneous
I ———————————————————————————

m  The values are measured at a precise instant.

m Example
O the wind velocity at a particular time is an instantaneous value.
O Water Quality monitoring data

1  Dalite Villes
Lig -4 o4 § o { N gt feeened
1 S S £y e
ik Rher [ ol el et My

Extracted from User manual for Temporal Analysts “

(2) Accumulated
I

m  The values are summed over successive intervals of time and always relative
to the same starting time.
m  Example:

O Total rainfall and/or total water amount abstracted accumulated over a certain
total period.

Arpumutatad Dol | -o—o

Accumulated ilem Value Type

Extracted from User manual for Temporal Analysts



(3) Step_ Accumulated

m  The values are accumulated over a time interval, relative to the beginning of the
interval.

m  Example
O A rain gauge measures

Wiy Adcunstind Daks | =0-—0-
Slep Accumsated Rem Yaiue Tvps

Extracted from User manual for Temporal Analysts “

(4) Mean_Step Accumulated

m  The values are summed over successive intervals of time and always relative
to the same starting time.
m  Example:

O Total rainfall and/or total water amount abstracted accumulated over a certain
total period.

Mean Step Accumulated Data [m] —o—o
Mean Step Accumulated lem Value Type

Extracted from User manual for Temporal Analysts

16



(5) Reverse Mean Step Accumulated
I

m In this case, the values are the same as the Mean Step Accumulated, but the
values represent the time interval from now to the start of the next time
interval.

Reverse Mean Shep Accumutabed Data [m] —o—o-
Reverse Mean Step Accumulated ltem Value Type

Extracted from User manual for Temporal Analysts “

ArcHydro

m ArcHydro is a Data Model for water resources modeling
developed in GIS Water Resources Consortium

7 R o T iy B P

s e oy e e S R ¥ g CE e T, AT
e s L L K

http://www.crwr.utexas.edu/giswr/

10



Value Type in ArcHydro (1)

AN

Instant 49 4 BT 402 41 AM 415 416
nstantaneous Tiwe (days)

Avirage descharge

LA 1, fmh
]

% U oam Al 493 4 4095

1 Reverase_Mean_Step_Accumulated
T

L
(i) Instantaneous time series data

(i) Average time series data

av = [ owar

AV

Crarmed st vol wrd

l.rn-:;r r.,--"""-_

V= [owd

Incremensl volume

4% 490 4011 402 492 404 a0E

Accumulated | 4% £ 401 412 493 LU 495 416
Tum ity

Time {dayi)

| Step_Accumulated |

L
(iii) Cumulative time series data

(iv) Incremental time series data

Extracted from PPT material for explanation of ArcHydro provided in http://www.crwr.utexas.edu/giswr/ “

Value Type in ArcHydro (2)

Dixharge

T

r T T T T

Time {days)

4% 410 411 412 413 414 4115 4186

t
J
1

Discharge

T-cay mérdmasm

4% 410 411 412 413 414 415 418
Tiene {days)

T T T

(v) Maximum time series data

(vi) Minimurn time series data

Extracted from PPT material for explanation of ArcHydro provided in http://www.crwr.utexas.edu/giswr/



Comparison between Value type in ArcHydro data Model
and Value Type in DHI data model

Domain in ArcHydro

Domain in DHI data model

TSDataType

DHITSDataType

1 Instantaneous

0 Instantaneous

2 Cumulative

1 Accumulative

3 Incremental

2 Step_Accumulated

3 MeanStepAccumulated

4 Average 4 Reverse_Mean_Step Accumulated
5 Maximum -
6 Minimum -
21
Time Type
m Regular

O Time interval is fixed and its value is specified

» Example
m Daily Rainfall amount

m Daily average Water quantity

m [rregular
O Time interval is not fixed.

» Example

m  Water quality monitoring data

12



e
Demonstration of Time Series Data for Modeling in the Study
ing Temporal Analyst

S o s i
[DwaE s ~ar - TR S SO | s

] T e
" 2 ‘-} =T ‘# et -.‘f. H‘ﬁ‘ i
Enm a1 "'ﬁ!g;f il !-'.:'ﬁ*?‘ b .
O SRPEe ==fgf§_§w-—?“ 3
Eom - '{'"' L
= &
3+ :
=
S ;
[ =

Data Access by Temporal Analyst (1)

Import from other data storages

Import

Time Series Data |::> Data Bridge

e
ﬂ Time series analysis

ArcHydro
DataModel

Temporal Analyst Spatial objects

File base
txt

Geodatabase

Xls

(ESRI) .dfs0

Geodatabase
(ESRI)

Stored time series data Stored spatial data
By DHI data model
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Data Access by Temporal Analyst (2)

Export to other data storages

Export

Time Series Data <::| Data Bridge

1
Time series analysis

I
I
[
ArcHydro

: DataModel Temporal Analyst Spatial objects
[ File base
: Axt

Geodatabase xls — ’
[
I (ESRI) .dfs0 .
I
[ Geodatabase
! (ESRI)

Stored time series data

Stored spatial data
By DHI data model

25
Data Access by Temporal Analyst (3)
Link Only
Time Series Data Data Bridge
Femmmmm e m— -
' Ik
| Time series analysis
|
ArcHydro
: s Temporal Analyst Spatial objects
| File base
! Axt
: Geodatabase Xls
I (ESRI) .dfs0
: Geodatabase
I (ESRI)
I
Stored spatial data

14



Rainfall — Runoff Model

Process-based vs Conceptual

General

Precipitation

Model
(Mathematical
representation of!

phenomena)

Process-based

Runoff

15

Conceptual



10—
Process-based model

Precipitation T demand

I pot satisficd
| hyinmmpliM ’ \
depih of, .-
ﬁﬁ. 7,4, St oo Soil §
.-}-1' / ﬁ.-"’"’ Soil Zone water content 5, (m)
o

Soil Zone Dm'n.ds:mmzm Recharge

Saturated fone
. WS + Soil moisture deficitidepth to water table from
Kinematic s § Upweiing into soil weingss index defermines satursied area
e 3 / < rone due to shallow +  PBascflow response from avernge soil maisture
ARRoy Sy water tabile deficit _
flow Baseflow Meean depth to water table = (m)
r‘l

From C. Bandaragoda et al. / Journal of Hydrology 298 (2004) 178-201

#

Model Parameters and Calibration

m Any model has model parameters.
m Calibration is necessary for any model.

I



Uncertainty of Prediction

General view on sensitivity of model output against model parameter

Range of

, Prediction with

Range of [ /TE certain reliability
Prediction with f NI

- certain reliability

Water Quantity Water Quantity

Observation

Process-based model with many Conceptual model with simple components
components

* Narrow range of prediction with certain
reliability

» Observation tends to be out of the
range of prediction

* WIDE range of prediction with certain
reliability

» Observation tends to be within the
range of prediction

Prepared based on the research results by Sayama et.al (2005):Journal of

Japan Society of Civil Engineers

Distributed vs Lumped

P ot = »
i ;
Observation point\i‘\ _ : Na St ‘.
!_._,-_‘. v _l.! L . -‘E‘ ;JII.. 1 '.1. i .
Good for detail assessment against | I"\}_’ A Y
change of spatial pattern A 1%\, 4 il

Distributed multiple c'atc_‘lfl.l:e;lts

1\1\1'\\" i ST

Easy to handle

7

A ] =3 ] e

i
.
A

Grid representation

Observation point

Distributed Lumped

17




Distributed Struma l\g::;g'm“v‘hk
GIS based-model

- More information
- More calculation time

Lumped - Less information
- Less calculation time

Conceptual Process-based
NIMH-Plovdivmodel: Epam ApTuHAH:
Struma GIS based model: Knight, C.G., Chang, H., Staneva, XNWAPONOrMYHO MOLEJTMPAHE HA
M.P. and Kostov, D.: A Simplified Basin Model for Simulating Runoff: BKUCO t(A TABBJIHATNMPEMUHATTATPES3
The Stuma River GIS, Professional Geographer, 53(4), pp533-545, 2001. BEACEMHAHAP.MAPULUAAOTPALNNOBANB
OT4007ABIYCT2005r. AHAJTU3 HA
BIWAHWETOHA A3. TOMNOJTHMUWL A. (in Bulgarian).

18



W

Dimension of model

ydro Dynamic Mode

1D Large scale assessment

from http://www.dhigroup.com/

Meandering

Pool & Riffle Reach scale assessment

U U 2D
:;.mﬁ
from http://www.ncche.olemiss.edu/

Flen arsusd s submergsd spar dike

3D
Near field scale assessment

Flow around _

, I
e |
fr ://www.ncche.olemiss.edu/
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Choosing dimension of model

HEC-RAS
MOUSE
MIKE-
BASIN MIKE11-HD
Simple Model

' Less Information

! Less Calculation Time <

' Less Cost

MIKE21

MIKE3

More Information

i More Calculation Time !

' More Cost

oD 1D-steady

(Mass Balance)

1D-unsteady

Governing Equations

m Governing Equations

O Continuity of Fluid flow (Mass balance)
O Momentum Conservation of Fluid Flow (Momentum Balance)

m Governing equations are originally 3-dimenisonal

O For 1-D simulation, spatial averaging of governing equations are applied.

20



Options for Flow Approximation

m Dynamic wave model
O Momentum equations for water flow are fully solved.
O Mainly for flat area and low slope channel
m Diffusion wave model
O Simplified expression of momentum equations rfor water flow
O Mainly for mountain area and high slope channel
m Kinematic wave model

O No momentum equations are solved. Only resistance law is applied.

Numerical Approximation
Actual Continues variation
Space, Time
Numerical Solution
Discrete expression / !
' Space, Time
Dx, Dt

21



General Constraints

m It is very easy for numerical solution of flow to become unstable.
m To avoid numerical instability, Dt/Dx should be sufficiently small.

1L

m Smaller Dx (High resolution in space) requires smaller Dt, which
means more calculation time.

22



GUIDELINE

Formulating Monitoring System






1. Introduction

New Monitoring Program formulated by MoEW and Basin Directorates

Based on the risk assessment of surface water bodies and groundwater bodies, MoOEW
and the Basin Directorates formulated the New Monitoring Programs in March 2007,
which is composed of new programs for surface water monitoring and groundwater

monitoring.

In compliance with the requirements of the EU-WFD, the new program for surface
water monitoring includes surveillance monitoring (control monitoring) and operational
monitoring. The surveillance monitoring will make overview the condition of the basin,
give idea for efficient monitoring program in the future, and monitor long-term changes
of the basin. The operational monitoring will monitor the status of the water bodies at

risk, and assess the impact of the programme of measures.

The surveillance monitoring and the operational monitoring will monitor surface water
quality in terms of hydro-biological indicators and physico-chemical parameters.
Hydro-biological indicators to be monitored are Phytoplankton, Macrophytes,
Phytobenthos, Macrozo benthos / Bottom invertebrate, Fishes and others.
Physico-chemical parameters to be monitored are 1st Group (common parameters such
as pH, temperature, DO, BODS5, COD, NH4-N, NO2-N, NO3-N, and PO4-P etc.), ond
Group (TN, TP, Ca, Mg, hardness etc.), the Group of Priority substances (33 harmful
substances such as Alachlor, Anthracene, Benzene etc.), and the Group of Specific
polluters (organic substances and heavy metals). Number of parameters to be monitored
and frequency of monitoring differs for the monitoring stations, which is composed of
once or twice per year for hydro-biological indicators and every month (especially the
priority substances) to once in three months for physico-chemical parameters. The

number of the monitoring points is shown in the table below.



Number of the New Surveillance (Control) Monitoring Points for Surface Water

Basin Directorate River Lake Coastal Water
DRBD 92 41 -
BSBD 26 12 7
EABD 27 5 -
WABD 33 16 -

Sub-Total 178 74 7
Total 259

Number of the New Operational Monitoring Points for Surface Water

Basin Directorate River Lake Coastal Water
DRBD 55 - -
BSBD 32 16 6
EABD 58 4 -
WABD 80 12 -

Sub-Total 225 32 6
Total 263

Considering the existing insufficient capacity of experts in Basin directorates and
laboratories, stage-wise implementation is considered by MoEW and Basin Directorates
for the New Monitoring Program. After one year of full implementation of the above
New Monitoring Program, it will be possible to review the results and performance of
the New Monitoring Program, and will be improved to make more efficient and reliable

monitoring program.

Purpose of This Guideline

This “Guideline for Formulating Monitoring System” has prepared for MoEW and
Basin Directorates for referring in case of considering improvement of the New
Monitoring Program on surface water to be more efficient and reliable one as well as

cost effective one in the future.



2. Proposed Guideline

2.1 Setting Reliable Stations for Stable Monitoring

(1) Total number of the monitoring points of the New Surface Water Monitoring
Program in the country is 522 points, which is slightly more than the number of the
points of the existing surface water monitoring of EEA. However, the parameters to
be monitored are very much increased and their frequency for monitoring is also
rather high (ex. 12 times per year for the priority substances for surveillance
monitoring during at least one year). Furthermore, Bulgaria has not so much

experience for measuring many of the priority substances.

Considering this situation, it is recommendable to set Key Monitoring Stations as

well as Important Monitoring Stations among the surveillance monitoring points to

ensure stable monitoring, and to overview the water quality conditions of the river

basins. Furthermore, at these Key and Important stations, it is necessary to measure

the water quantity as well.

Frequency of Measurement at Key and Important Stations

Key/Important Monitoring Stations Monitoring

1. Key Monitoring Station e Daily ocular observation and simple on-site
measurement.

e  Monthly sampling and laboratory tests.

2. Important Monitoring Station e  Weekly ocular observation and simple on-site
measurement.

e  Monthly sampling and laboratory tests.

(2) By the observation at the Key and Important Monitoring Stations, not only
sampling and laboratory tests, but also ocular observation and simple on-site
measurements will be conducted every day at the Key Stations and once in every
week at the Important Stations to conduct something like real-time monitoring of
water quality conditions in the river basins. If any strange facts such as strange
color of water or death of fish etc. is observed or abnormal value of water

physico-chemical parameter 1is measured, immediately, further detailed




3)

4)

)

(6)

investigation shall be conducted to clarify the problem of pollution for making

necessary countermeasures against the problem.

Hydro-biological indicators and the physico-chemical parameters to be measured at
the Key and Important Stations will be followed the requirement of EU-WFD.

Example of the Key and Important Zones (area range to set the Key and Important
Stations) in EABD and WABD is shown in Fig. 1, which is composed of 19 places
for Key Zones (such as after junction of major tributaries, country border and some
other problematic places for heavy metal pollution) and 14 places for Important
Zone (such as supplementary places in the main river and main tributary). Like this
way, if the Key Zones will be set in the whole country, the number will be around
50 or 60 places, and that of Important Zones will be around 30 to 40 places.

It is recommendable to start monitoring at the above Key and Important Monitoring
Zones under cooperation from some of the municipalities as the pilot cases, and

will be extended to all over the Basin District Areas.

Furthermore, the results of the monitoring at the Key Monitoring Zones and
Important Monitoring Zones will be reported to EU instead of the above 259

surveillance stations.



2.2 Combinations of the Monitoring Stations for EU-WFD and

Monitoring Stations for Domestic Purpose

(1) Considering the efficient and cost effective monitoring, it is necessary to separate

the monitoring stations for EU-WFD (surveillance monitoring stations and

operational monitoring stations) and the monitoring stations for domestic purpose

in Bulgaria only.

(2) At the monitoring stations for EU-WFD, all of the hydro-biological indicators as

well as many parameters required by EU-WFD will be measured.

(3) At the monitoring stations for domestic purpose only, smaller numbers of
hydro-biological indicators and physico-chemical parameters (such as the current

conventional parameters measured by EEA) will be measured.

(4) Even for the monitoring stations for EU-WFD, the numbers of the parameters
including the priority substances to be measured will be optimized based on the

results of measurement during two to three years.

(5) In this way, more efficient and cost effective monitoring can be conducted.



23 Quality Control and Training for the Monitoring Staff

In terms of physico-chemical measurement, the existing data seems to be unreliable in
many cases such as BOD5, CODyy,, and heavy metals. Therefore, it is very necessary to
formulate quality control program for sampling and laboratory test. As many priority

substances are required to be measured, quality control is also important.

Furthermore, EU-WFD requires to measure several hydro-bilogical indicators. As the
existing hydro-biological monitoring is mainly based on the macrozo benthos / bottom

invertebrate, there are not so much experience and experts for other indicators.

Considering the above situation, it is recommendable to formulate guality control

program including training program for the monitoring staff of Basin Directorates and

the Regional Laboratories among the monitoring program as follows:

(1) Central laboratory in EEA shall formulate quality control teams with qualified

experts.

(2) In order to check the quality of the sampling and tests by different laboratories, test
the same sample by different laboratories at the same time. In this case, the central

laboratory (EEA) should coordinate the checking activity.

(3) For heavy metals and the priority substances, send samples to the reliable
laboratories of other countries and compare the test results made by the laboratories

in Bulgaria.

(4) The quality control team of the central laboratory shall periodically go around the
regional laboratories in the country for checking the activity of sampling and the
results of laboratory tests, and make guidance and training to the staff of the

regional laboratories.
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Key Monitoring Zone : Daily Patrol, On-site Simple Measurement
and Monthly Sampling and Test.
Better to install Automatic G. S. in the Future.

Important Monitoring Zone : Weekly Patrol, On-site Simple Measurement
and Monthly Sampling and Test.
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