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INTRODUCTION

This manual was created for the use of the BFI+ 3.0 module (build 6) of
HydroOffice 2010 software. The manual describes the functionality and
limitations of module use. After studying, you should be able to use the full
functionality of the module.

The module BFI+ 3.0 serves for analysis and separation of baseflow for
total catchment discharge. The methodics for module developing is based on
Tallaksen & van Lannen (2004) and others listed in reference section.

For the purposes of baseflow separation exist more small and simple
tools and programs (e.g. in Tallaksen & van Lannen, 2004 or Sloto & Crouse,
1996). The BFI+ 3.0 program allows the user to choose from eleven methods
of baseflow separation and results can be analysed in either a table or
graphical form. For the setting of filtration coefficients is possible to use one
useful tool for its calibration.

To prepare the input file of time-series values is necessary to study the
manual — How to prepare input data for modules. This manual briefly
describes the preparation of input data for individual modules. The great
advantage of HydroOffice 2010, all modules use the same structure of input
data. Therefore, prepared data for one module is possible use than in other
modules.

Individual modules of HydroOffice 2010 use the same structure of the
graphical user interface, so if you learn to use a one module, than the next
transition to other one will be greatly simplified.

| hope that the module you will help in daily work. For further study the
use of modules can be used video-tutorials, located on the HydroOffice
website. In the case you find a bug in the module, you have an idea for
improving it, or any other question, please use the user forums on the site, so
that other users can use the solution to your problems. Also, if you know
solution to the problem of another user, do not hesitate to help him. The more
you can help me on the forums, the sooner can be issued the upcoming new
modules for you.

If you are using the HydroOffice tools, please quote them. If you not
know what work you can cite, you can find them on this site. If you quoted
something, you can send me a citation to your work and | will add this to
citation page with the reference to your work site.

MiloS Gregor
(hydrogeologist, HydroOffice developer)

Hydrol:: i m




MAIN FUNCTIONS
The basic features of the program are listed under Menu (fig.1) or the
first buttons in application toolbar. The function Open Data serve for import of
input data to program. After entering the input file that are data stored in the
table (fig.2).
If the input file is

Menu | Processing  Graph tind formatted correctly, the
& OpenData..  ChrHo dates of measurements
@ Close Data Chrl+D and values are
automatically divided

H saveresuk..  Cirls into separate columns.
| saveonly v | Gl Bassfiow Data Also at the end of the
table should not be more

@] EndeF+30  Culq & BFIIndex Data than one blank line. If

Fig. 1: Basic commands in BFI+ 3.0 module. there are mote after their

selection and pressing
Delete button is possible delete them. Thus prepared data can then be used
for further processing. Which will be explained in the next chapter (fig.3).

In addition to the described function are in the menu also three other
functions. Command Close Data serves to complete removal of all data in the
application. The command clear the input data table, result data table and
chart results. Command Save Result serves for saving of calculated results.
The forms of results will be presented later. The program allows you to save
the results into four types of files (*.txt, *.xls, *.doc and *.rtf). Due to difficulties
and problems of compatibility between different versions of programs (e.g. MS
Office), the results are not really saving to selected file formats (e.g. .xIs). It's
always basically just a text file (.txt) that is automatically opened and
processed in an associated program (something like *.txt.xIs). The last
command End serves to module termination.

— =

™ BFI- 3.0

Menu  Processing  Graph  Window  Help

(20 &g [0)E @
|E 1. Filter Selection Dizcharge Baseflow BFl Index

| Filker Local Minimum Met
E 2. Results Processing

Decimals 2

True =
E 3. Filter

f 0.9

N 5

| Trim
| Parameter for setting of results
| trimming by real measured data.

Filter: Local Minimum Method

Fig. 2: The main window of BFI+ 3.0 module.




[ Window, | Help In the case of results saving is. in
Input Data — program possible select one of three saving

mode types for calculated results. On the
Pa  Result Graph Shift-+F2 figure 2 is showed empty table of input data
®5  Calculation Manager  Shift+F3 and calculated results. This table can be

saved by command Save Result (fig.1). If
Fig. 3: The commands for user can save only part of results, that ca use
switching of main windows. _ as input file for other module, than can export

the time-series of calculated baseflow or time-series of calculated BFI index
(Save Only — Baseflow Data or Save Only — BFI Index Data).

In main window exist three main parts of application. These parts are
possible switching by commands in menu Window (fig.3) or in toolbar.

The command Input Data serves for showing of input data and result
data table. The second command Result Graph shows calculated results in
the form of graph. The last command Calculation Manager can show group
of tools for bulk data processing. The options of bulk data processing are
introduced in last chapter of this manual.

BASEFLOW SEPARATION THEORY

Many hydrograph separation techniques have been applied for
identification of the different flow components of the total flow. The
components are thought to represent different flow paths in the catchment,
each characterised by different flow has traditionally been separated into flow
that originates from overland (direct), unsaturated (thoroughflow) and
saturated (groundwater) flow. In their review Nathan & McMahon (1990)
distinguish between methods for continuous separation of the different
components of the flow (Tallaksen & van Lannen, 2004).

Methods for continuous separation generally divide the flow into one
quick and one delayed component using an automated time-based
separation. The delayed flow component using an automated time-based
separation. The delayed flow component is thought to represent the
proportion of flow that originates from groundwater and other delayed
sources, by Hall (1968) defined as the baseflow, Q. Time-series of base flow
have been seen as useful as a measure of the dynamic behaviour of
groundwater in a catchment, whereas the baseflow proportion of the total flow
has as an index of the catchment’s ability to store and release water during
dry weather. A high index of baseflow would imply that the catchment has
more stable flow regime and is thus able to sustain river flow during extensive
dry periods. Base flow indices have performed satisfactorily as a catchment
descriptions in many low flow studies because even a rough estimate of
storage properties greatly increases the performance of the estimation model
(Tallaksen & van Lannen, 2004).

Baseflow indices are generally highly correlated to the hydrological
properties of soils and geology and other storage related descriptions like lake
percentage. Consequently, information on properties like soil and geology
may be used directly to derive an index of storage to be included in the
regression model. However, until detailed soil and geology maps are available
for larger areas and at the appropriate scale, it is likely that flow-derived
indices will be in use (Tallaksen & van Lannen, 2004).



For the baseflow separation was created number of methods. In Sloto &
Crouse (1996) was presented three main methods (fig.4):
» Fixed interval method
» Sliding interval method
» Local minimum method

a b c

Fig. 4: Example of main baseflow separation methods (a — fixed interval
method; b — sliding interval method; ¢ —local minimum method).

Fixed interval method

The fixed-interval method assigns the lowest discharge in each interval
(N) to all days in that interval starting with the first day of the period of record
(fig.4a). The method can be visualized as moving a bar 2N* days wide upward
until the bar first intersects the hydrograph. The discharge at that point is
assigned to all days in the interval. The bar is then moved 2N* days
horizontally, and the process is repeated. The assigned values are then
connected to define the base-flow hydrograph (Sloto & Crouse, 1996).

Sliding interval method

The sliding-interval method finds the lowest discharge in one half the
interval minus 1 day [0.5(2N*-1) days] before and after the day being
considered and assigns it to that day (fig.4b). The method can be visualized
as moving a bar 2N* wide upward until it intersects the hydrograph. The
discharge at that point is assigned to the median day in the interval. The bar
then slides over to the next day, and the process is repeated (Sloto & Crouse,
1996).

Local minimum method

The local-minimum method checks each day to determine if it is the
lowest discharge in one half the interval minus 1 day [0.5(2N*-1) days] before
and after the day being considered. If it is, then it is a local minimum and is
connected by straight lines to adjacent local minimums (fig.4c). The base-flow
values for each day between local minimums are estimated by linear
interpolations. The method can be visualized as connecting the lowest points
on the hydrograph with straight lines (Sloto & Crouse, 1996).



Recursive digital filters
The recursive digital filters are routine tools in signal analysis and
processing, are used to remove the high-frequency quickflow signal to derive
the low-frequency baseflow signal. Table 1 outlines some of the digital filters
that have been applied to smooth hydrographic data.
The BFI+ module in third version includes following methods:

» One parameter algorithm
» Boughton two-parameter algorithm
» IHACRES (three-parameter algorithm)
» BFLOW (Lynie & Holick algorithm)
» Chapman algorithm
» Furey & Gupta filter
» Eckhardt filter
» EWMA filter
Tab. 1: Recursive digital filters used in BFI+ 3.0 program.
Filter name Filter Equation Comments
One-parameter Gogi) < 9oy
algorithm K 1-k Applied as a
(Chapman & 0 T g o T o e e
Maxwell, 1996) data.
Oy < gy
Applied as a
single pass
Boughton two- thrgugh the
parameter data Allows
algorithm k C calibration
(Boughton, 1993; qb(l) 1+C qb(l—l) 1+C .~ o agslnstﬂother
Chapman & Maxwell, _ basetflow
information
1996) such as
tracers, by
adjusting
parameter C.
IHACRES three e .
tension o
parameter k X
. Boughton two-
?Igorlthm Qociy = 1+C 1o it 1+ C (q(l) ta q(l—l)) parameter
Jakeman & algorithm.
Hornbarger, 1993)
>
ey = 0
a value of
0.925
Lynie & Hollick 1 recommended
algorithm (Lyne & _ +a for daily stream
Hollck 1979;(Nathan Oy = iy + (A — g 1>) data filter
recommended

& McMahon, 1990)

to be applied in
three passes
Baseflow is

qp =9 -




Chapman 30 1 5
algorithm _oa— _ Baseflow is
(Chapman, 1991; ey = 3_ Grin * 33— (A) ~ ) b =q-0

a
Mau & Winter, 1997)

Physically-
based filter
Furey & Gupta c, oA
filter (Furey& Oy, = A= 7)pgqy +7 . (Ui-a-1) ~ Ab(i-a-) equation for
Gupta, 2001) 1 baseflow
through a
hillside
EWMA filter Sponental
_ _ moothing
(Tularam & llahee, Oviy =gy + @ a)qb(i—l) Method of Base
2008) Flow Separation

q,i is the original streamflow for the i sampling instant

Qv is the filtered baseflow response for the i sampling instant

dy) is the filtered quickflow for the i™ sampling instant

qi-1) is the original streamflow for the previous sampling instant to i

Ob(-1) is the filtered baseflow response for the previous sampling instant to i
Qy-1) is the filtered quickflow for the previous sampling instant to i

k is the filter parameter given by the recession constant

a, a4 are filter parameters

C is a parameter that allows the shape of the separation to be altered

Y, C4, C3 are physically based parameters

The Base Flow Index (BFI) wad developed during a low flow study in the
UK (Institute of Hydrology, 1980). The index gives the ratio of baseflow to total
flow calculated from a hydrograph smoothing and separation procedure using
daily discharges. The BFI is thus considered a measure of the river’'s runoff
that derives from stored sources and as a general catchment descriptor it has
found many areas of application, including low flow estimation and
groundwater recharge assessment. Values of the index range from above 0.9
for permeable catchment with a very stable flow regime to 0.15-0.2 for an
impermeable catchment with a flashy flow regime (Tallaksen & van Lannen,
2004).

The BFl is closely related to other low flow indices and is frequently used
as a variable for estimating low flow indices at the ungauged site.
Relationships between the index and catchment descriptors have been
derived for different hydrogeological regimes and used to estimate BFI, and
hence flow indices, at the ungauged site (Institute of Hydrology, 1992).

For the further study | recommended studying the papers cited in the

text.
PARAMETERS CALIBRATION

As is evident from previous
Processing | Graph  Window  Help chapter, each baseflow separation
Parameters Calibration..,  Ctrl+P filter contains several filtration
coefficients or parameters. For its

> Run F5 . . .
L calibration or dependency analysis of

s e 1R i =T

Fig. 5. Processing commands in BFI+ calculated  baseflow  from  the
3.0 program. modification of filter coefficients and




parameters is possible use one useful tool, that can be showed by command
in menu Processing — Parameter Calibration... (fig.5). After its start is
showed window like on figure 6.

In the first step user select one year from imported time-series, on which
will be analysed the impact of filtration coefficient changes to calculated
baseflow. When user select year in listbox on left part of window, the
discharge data from this year are automatically drawing in graph and under
the graph are calculated minimal, maximal and average values of discharge
for selected year. If user have select one year, for the next step of processing
can move through button >>> Next Step. The window for next step looks like
on figure 7.

Parameters Calibration

Select the year

for parameters Legend
calibration BN Discharge

254

20+

Discharge

0
10.4.1937 19.7.1937 27.10.1937

Fig. 6: Year selection for filter coefficients and parameters calibration.

In the second step user select in left listbox one method for baseflow
separation. When you change the selected method, the parameters also
change below the chart. After its completion and pressing Calculate button or
pressing Enter key is baseflow calculated and displayed in the chart. The
great advantage of this tool is that the baseflow is calculated much faster than
in main window and that is mainly used in the analysis of changing
parameters impact on the calculated results.
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Parameters Calibration

Select the method of
bazeflow computing

Legend
BN Discharge —— Baseflow

minimumn method
d interval method
Sliding interval method
RODF - One Parameter Algarithm 25
ROF - Two-Parameter Algorithm
ROF - IHACRES

RDF - BFOW - Lynie & Holick Algorni
RDF - Chapman Algorithrm 204
RDF - Furey & Gupta Filter
RDF - Eckhardt Filter
ROF - E'wihda,

Discharge

< | »
10. 4. 1937 19.7.1937 27.10.1937
Time
Accept
g e |

Fig. 7. Filtration coefficients and parameters analysis in selected method.

If we want to copy the filter coefficients and parameters from this tool to
the main window, click in the Accept button (fig.7).

DATA PROCESSING

™ BFI+ 3.0 - 5020 Myjava Myjava

Menu  Processing  Graph Window  Help
(2 @ = W& [D]s B
E 1. Filter Selection Date Dizcharge Bazeflow BFl Index
Filter Localh-hrnmum et > .02
EH 2. Results Processing
Decimals 2 21115873 0.0z
Trim True 311.1973 0.0z
E 3. Filter
¢ 0.9 4.11.1973 ooz
M 1] 5.11.15973 ooz
£.11.15973 ooz
7111973 0.0z
8.11.15973 0.0z
9.11.1573 0ms
10.11.1973 0.meE
11.11.1973 ooz
1211.1973 ooz
1311.1973 ooz
- 14.11.1973 ooz
Trim
Parameter for zetting of results 12.11.1973 0.0z
trimnming by real meazured data. 16111972 09
Filter: Lacal Minimum Method

Fig. 8: Main window for baseflow calculation.
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All baseflow calculations and data processing are processed in main
window (fig.8). The most important for baseflow processing is the property
grid on left part of window (fig.9).

B 1. Filter Selection

Filter RDF - Furey & G B 1. Filter Selection
B 2. Resultz Proceszing ini

Decimalz 2

Trm True Fixed Interval Method
B 2. Filter Shiding Interval bethod

1 i ROF - One-Parameter Algarithm

3 0 ROF - Two-Parameter Algarithm

4 0 RDF - IHACRES

y 0 ROF - BFLOW - Lynie & Holick Algorithm

ROF - Champman Algorithm
. ROF - Furey & Gupta Algorithm

Decimals _ FIDF - Eckhardt Algorithr
F'arame_ter for getting of decimal FDF - EwWMA
places in results [from 0 to 0],

Fig. 9: Settings and properties of baseflow separation filter (left — all
parameters; right — filter selection).

The filtration algorithm parameters are grouped in Filter and Filter
Selection section. The left part of picture shows the choices of baseflow
separation method. When you change the selected method also changes the
Filter section. Each of prepared filters has its own coefficients, whose
purpose is described in the previous theoretical section and mainly in table of
recursive digital filters.

It is also possible to set two other parameters in Results Processing
section. The first parameter Decimals sets the number of decimal places in
the calculated results. The last parameter Trim is parameter, which
determines whether the results can be cut by real data. In some methods, it
often happens that the calculated baseflow is higher than the real measured
total discharge. Therefore, if user can cut the calculated baseflow by the total
discharge must set the Trim parameter to True (fig.10).

Trim = False Trim= True

Fig. 10: Example of results by using different set of Trim parameter (left
— parameter is set to False; right — parameter is set to True).

After setting of all necessary parameters is possible to execute the
algorithm for baseflow calculating. Run it using the command in the menu
Processing - Run (fig.5). After running the calculation program calculate

12



baseflow, crop results by real measured discharge if that the user define (Trim
parameter), calculate the baseflow index (BFI), round results and draw a chart
for the first year in imported time-series.

TABLE RESULT
All results together with the input data are located in the main window in
the table in four columns. The first column defines the discharge
measurement date. In module BFI+ 3.0 can be used daily or weekly type of
time-series.

™ BFI+ 3.0 - 3020_Myjava_Myjava

Menu  Processing  Graph  Window  Help
a2 KT REESER
Bl 1. Filter Selection Date Digcharge Bazeflow BFl Index
B I (T R
Decimal: | 2 17.11.15973 0015 0.0z 1
I True v 18111973 0015 0.015 1
= ? Filter 0.9 19111373 0015 00z i
N 5 2011.1573 0.027 0.0z 0.64
21.11.1973 0.03 0oz 0.&
2211.1973 0.032 0oz 059
2311.1973 0.082 0oz 0.24
2411.1973 0103 0oz nz
25.11.1973 0.034 0oz 062
26.11.1973 0.022 0oz 1
2711.1973 0.025 0oz 04
28.11.1973 0.025 0oz 0.9z
= 2911.1973 0.025 0oz 0.94
Parameter for setting of results 30111573 0.025 0.02 0.97
trimrnitg by real measured data. 1121973 003 0.0z 0.8z
Filker: Local Minimurn Method

Fig. 11: The table results in BFI+ module.

In the second column discharge data are imported. The next column
contains the calculated values of baseflow and the last contains the baseflow
index (BFI).

The values of calculated baseflow and discharge can be visually
analysed in predefined chart. These options are presented in the next
chapter.

GRAPH RESULT
After completing of the baseflow computation is always shown the graph
of catchment discharge and baseflow in the first year of imported time-series
(fig.12).
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™ BFI- 3.0 - 5020_Myjava_Myjava =113
Menu  Processing  Graph  Window  Help

i 7 @|@ﬂ@IDE|

q -

Legend
Bl Discharge —— Baseflow

Discharge

10. 4. 1579 19.7.1579 27.10.1978

Time

Fig. 12: The chart example of baseflow (red line) and total catchment discharge
(blue area) in one year.

BFI+ 3.0 module contains several graphical tools for results displaying.
All are located in menu Graph (fig.13).

Graph | ‘Window  Help
M Draw All

JHI. Draw Selecked Period. .,

& savecraph... Chrl+Shift+5

Graph Settings. .. I

Fig. 13: Tools for graphical
processing of calculated results.

Each displayed chart can be saved using the Save Graph command.
BFI+ 3.0 module allows user to export generated chart from the program in six
graphical formats (*.bmp, *.emf, *.gif, *.jpeg, *.png, *.tiff).

The second function, Graph Settings, is for visual adjustments of
automatically generated charts. For its adjustments can be showed Graph
Settings window (fig.14). In it can be set practically everything that is visible
in the graph (e.g. legend, lines, chart area, axis, chart titles, etc.).
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Tablndex 2 -
TabStop True
Wizible True
El Data
[DataBindings]
DataSource [none)
Tag
El Focus
CauzesValidatior True
El Chart
Annatationz [Collection]
ChartAreas [Collection]
Legends [Collection]
Sernes [Collection]
Titlez [Collection]
E Image
Antitliazing Al

IsSoftShadows  True
Testtntitliazingl High

E Layout
Anchor Top. Bottom, Lef
Dock Mone
Loeation 03 A
Series
Chart series.

Series Collection Editor

Members:

1| Forecast
2| Annual Minimum Yalues

Close

Add Remaove

J{

Errar Bounds properties:

o) 24

= Appearance A~
[Enabled) Tiue
BackGradientStyl Mone
BackHatchStyle  Percenth
Backlmage

Backlimagedlignn Topleft
BackimageT rang [
Backlmage\wiapt Tile
BackSecondarC [
EarderCaolar 1
BorderDazhStyle  Solid
Border#/idth 1

Calor I DodgerBlue
Palette Maone
ShadawCalar - 128:0;0:0
ShadowOffzet 0
B Axes
HAniaTupe Frirnary
VhwizTupe Primary
E Data
lsaluelndexed  False
M arme Error Bounds
Points [Collection) -
[ OK ] ’ Cancel ]

Fig. 14: Tools for graph visual adjustments.

In the chart settings tool can be set up really everything. In addition to the
visual settings can be set also the length of displayed data. By use the combo
box in toolbar can be displayed in chart selected year (fig.12). With Draw All

Draw Selected Period

[

@ Date Start Date End Apply
[23.10.1330 | [3.11. 2008 |
Cancel
Draw Selected Period @
Date Start Date End
(@) [29.10. 1330 | (311, 2005 |
oktéber 1930 november 2005
po_ut st # pi =0 ne pouwb st E opios0 ne
1 2 3 4 5 1 2 3 4 5 &
Cancel
E 7 8 93 wniz 7 zER0 o123
13 14 15 16 17 18 19 14 15 16 17 18 19 20
20 21 22 23 24 25 6 21 22 23 24 25 26 2F
27 2Bl 3 2829 30
[ IDnes: 2. 9. 2010 [ IDnes: 2. 9. 2010

Fig. 15: Form for data selecting from time-series

to drawing in graph.

function can be displayed
at once all calculated
results in one chart.

Their rendering may take
longer time, depending on
the capabilities of your
graphics card. It is also
possible using the Draw
Selected Period... function
to choose the part of
calculated results to display
in chart by using the form
on picture 15.

With two textboxes in form
user define the start and
end of period for displaying
in chart. If user clicks on
the button with a question

mark, support calendars are shown for the rapid definition dates (fig.15-

bottom).

After click on the Apply button is selected period rendered in the chart.
Examples of the periods rendering with different length are shown on Figure

16.



™ BFI+ 3.0 - 5020_Myjava_Myjava

Menu Processing  Graph  Window  Help
(20 &R DY [EE

Legend
M Discharge —— Baseflow

Discharge

10.4.1979 19.7.1979 27.10.1979

Time

™ BFI: 3.0 - 5020_Myjava_Myjava

Menu  Processing  Graph  Window  Help

% 0@ g DS EE T

Legend

BN Discharge —— Baseflow
6
4
P
£
b
a
24
0t
14.3. 2001 27.7.2002 9.12. 2003 2242005
Time

EBFH 3.0 - 5020_Myjava_Myjava

Menu  Processing  Graph  Window  Help

(2 0= H g DT [E T

Legend
BN Discharge —— Baseflow

Discharge

23.4.1979 13.10. 1984 5.4.1990 26.9. 7995 18.3. 2001

Time

Fig. 16: The different settings example of period length displayed in
chart (top — one year graph; middle — 5-year long graph; bottom —long-
term graph).
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CALCULATION MANAGER
An important part of the BFI+ module in the third version is calculation
manager, used to automatic block data processing. This tool will show
command Window - Calculation Manager (fig.17).

™ BEI+ 3.0
Mgaq . Processing  Graph  Window  Help

(2 0= @ DE[F]

E 1. Filter Selection Select Processing Function || w

Filter Sliding _Intewal ¥ - Import Inout Eiles
E 2. Results Processing Input File Outpg It Fi ath

o | |
Trirn True N

H 3. Resultz Saving
Saving Mode Save Al

Filter
Select the filter for baseflow
separation.

Filter: Sliding Interval Method

Fig. 17: Calculation manager tools in main window of BFI+ module.

E BFl+ 3.0 - 5430_Kralova Lehota_Boca

Menu  Processing  Graph Window  Help
2 @@ | & D ME|
Bl 1. Filter Selection Select Processing Function |Set Result Files Path « ¥ Run

Filker Shding Interval ¥
B 2. Results Processing Input File Output Path Result File MName
Decimals 2 CMDocuments a.. | ChDocuments a.. | Out_5020_Myjava_Myjava et
Tim True oo fsa. WD ; Mijavatat
O 3. Results Saving SDocuments a.. | ChDocuments a... o pjava. et
Saving Mode Save Al C:ADocuments .. | CADocuments 2. | Dut_BO70_Studienka_Rudava bt

C:\Documents a.. | C\Documents a... | Out_5270_Ciemy Brod_Dolni Dudvah kst
ChDocuments a.. | CADocuments a.. | Dut_5330_Biely Wah_Wichodna bt
ChDocuments a... | CADocuments a.. | Dut_5330_Biely Wah_Wichodna_ Sell tst

| m | M| Mmoo

Filter
Select the filker for baseflow
separation,

Filter: sliding Interval Method

Fig. 18: Ready-made tool for bulk data processing.
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The user in this tool set that, what wants to process, like as the input
data, such like as what results the user wants to store, where they want to
save, etc. (fig.18).

Procedure of setting is as follows:

1. Set the method for baseflow calculating.

The method of baseflow calculating set in property grid in the left part of
window, under Filter section. After entering the structure of the table is
automatically redefined.

2. Setting the results processing.

In property grid in the section Results Processing user defines the
number of decimal places for results in property Decimals. Trim parameter
defines whether the baseflow results will be trimmed by the total discharge
values (fig.10).

3. Saving settings of calculation results.

In the Results Processing section, user can set the mode of the results
storing on disk. As mentioned in the first chapter, user can store the entire
table, or may export only the time-series of baseflow or baseflow index (BFI).

4. Setting of parameters in table.

After setting the basic parameters in property grid, user can set
parameters in table. The first column contains information about the position
of the input file on disk. These files can be imported multiple into the table
using the function Import Input Files in combo box above the table or
individually and directly in the table, either manually or by using Open File
Dialog that appears after double click on selected cell in the table (in first
column exactly).

After importing the input file, in the second column define the results file
path for saving, which is a predefined set to the same location as the input file
is located. This can be changed just once for the entire table using function in
combo box, or by double-clicks at the selected cells (in the second column
exactly).

The third column defines the name and type of file for results storing.
When you import the data input file, is automatically generated file name for
the results.

The bottom line is that the program takes the input file name and adds
the string “Out_" (e.g. for input file name “Donau_River.txt” generate results
file name — “Out_Donau_River.txt”). Like the name, the user can also define
the type of file. BFI+ supports four types of files (*.txt, *.xIs, *.rtf, *.doc). The
names the output files can also be defined automatically by command in
combo box. The user enters a file name and type and program copy to all
cells in the column this name, but they are numbered (for example, the name
is “Result.txt” and program generate in the first row name “1_Result.txt”). It
is important that, the each name of result file must be unique, because in
other case the results file from one analysis can overwrite the results file from
other one.

Other columns are generated depending on the chosen method of
baseflow calculating. They are set manually in individual cells or can be
defined automatically in one column by using commands in combo box.

The resulting table after filing should look like on figure 18.

5. Launch bulk data processing.
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If we defined all the parameters in property grid and table, the bulk
calculations can be launched by button Run in the top right part of the
window. After its launch window will appear like as in Figure 19.

The program displays two progress bars, where the bottom shows the
number of processed and unprocessed files and the processing status of the
current file (processing steps) is showed on top progress bar.

™ BFI+ 3.0 - Baseflow Calculating...
Mens: Processipg (Graph  Windew  Help

L2 0= W g D S

El 1. Filter Selection Select Processing Function | P Fun
Filter Local Minimum N : _ :
E 2. Results Processing | Input File Output Path Result File Mame M f
Decimal: 2 | CADocuments a. | C\Documentza.. |0 ut_5730 Lubochria... |5 049
Trirn True 1 1 HESr et St ,:I :nq
E 3. Results Saving &S |03
Saving Mode| Save Al

Sub-process 3 From 7 Sub-processes Baseflow Calculating...
[IIIIIIIIIIIIIIIIIIIIIIIIIIII
for bazeflow File 1 From 1 Files 5790_Lubochnianka_Lubochfa

[IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘

Filter; Local Minimum: Method

Fig. 19: The course of computerized calculations of BFI+ module.

CONCLUSION

This manual describes the functionality and uses of BFI+ 3.0 module.

The module serves to separation of baseflow from total catchment
discharge, where we can use 11 methods of separation. For analysis of the
relationship between calculated baseflow and the separation filter coefficients
(or parameters) can be used tool for its calibration. In addition, the program
contains a sophisticated tool allows bulk processing of data without any
interaction from the user. The results can be exported from the program in
three forms and we can analyse them in predefined charts.

Application has several features that are detailed described in the text. In
case of problems with the module can be use user's forum on the
HydroOffice.org web. To further study of the module functionality can be used
videotutorials. Freely can be downloaded in the Downloads section of web.

If in program absence any function or feature, you can inform me in
forum on web. If you find a bug in the program, | will be grateful for the
notification. You can inform me about it via forum or via my email. If you use
this module, it would be good to cite it in your work. If you do not know what to
quote, on this page you can find the publications focused to HydroOffice
software and its modules. If you quoted something of HydroOffice project, I'll
be happy if you inform my and give me a quote to your work. | can add a link
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to your site on this page of HydroOffice web. This can also help you with
better placement in search engines.

REFERENCES

BOUGHTON, W., C., 1993: A hydrograph-based model for estimating water
yield of ungauged catchments. Institute of Engineers Australia
National Conference. Pub. 93/14, 317-324

BOUSSINESQ, J., 1904: Recherches theoretique sur l'ecoulement des
nappes d’eau infiltrees dans le sol et sur le debit des sources. J.
Math. Pure App. 10 (5th Series), 5-78

BRODIE, R., S., HOSTETLER, S., BLEYS, E., 2003: Inventory of water data
standards, protocols and Infrastructure. Report to the Executive
Steering Committee for Australia’s Water Resource Information
(ESCAWRI). Bureau of Rural Sciences, Canberra

FUREY, P., R., GUPTA, V., K., 2001: A physically based filter for separating
base flow from streamflow time series. Water Resources Research
37(11), 2709-2722

GRIFFITHS, G., A., CLAUSEN, B., 1997: Streamflow recession in basins with
multiple water storages. Journal of Hydrology 190, 60-74

HALL, F., R., 1968: Baseflow recessions — a review. Water Resources
Research 4(5), 973-983

HORTON, R., E., 1933: The role of infiltration in the hydrological cycle. Trans.
Am. Geophys. Union, 14, 446-460

CHAPMAN, T., G., 1991: Comment on evaluation of automated techniques
for base flow and recession analyses, by RJ Nathan and TA
McMahon. Water Resources Research, 27(7), 1783 -1784

CHAPMAN, T., G., MAXWELL, A, I, 1996: Baseflow separation —
comparison of numerical methods with tracer experiments. Institute
Engineers Australia National Conference. Pub. 96/05, 539-545

INSTITUTE OF HYDROLOGY, 1980: Low flow studies. Res. Rep. 1. Institute
of Hydrology, Wallingford, UK.

JAKEMAN, A., J., HORNBERGER, G., M., 1993: How much complexity is
warranted in a rainfall-runoff model? Water Resources Research
29:2637-2649

LYNE, V., HOLLICK, M., 1979: Stochastic time-variable rainfall-runoff
modeling. Institute of Engineers Australia National Conference. Pub.
79/10, 89-93

MAILLET, E., 1905: Essais d’Hydraulique Souterraine et Fluviale. Hermann
Paris, 218 p.

MAU, D., P., WINTER, T., C., 1997: Estimating ground-water recharge from
streamflow hydrographs for a small mountain watershed in a
temperate humid climate, New Hampshire, USA. Ground Water,
35(2), 291-304

NATHAN, R., J., McMAHON, T., A, 1990: Evaluation of automated
techniques for base flow and recession analyses. Water Resources
Research 26(7), 1465-1473

SLOTO, R., A., CROUSE, M., Y., 1996: HYSEP: A computer program for
streamflow hydrograph separation and analysis. U.S. Geological
Survey, Water-Resources Investigations, Report 96-4040,
Pennsylvania, 46 p.

20



SMAKHTIN, V., U., 2001: Low flow hydrology: a review. J Hydrology 240,
147-186

TALLAKSEN, L., M., 1995: A review of baseflow recession analysis. Journal
of Hydrology 165:349-370

TALLAKSEN, L., M., VAN LANEN, H., A., J., van eds., 2004: Hydrological
Drought — Processes and Estimation Methods for Streamflow and
Groundwater. Developments in Water Science, 48. Amsterdam,
Elsevier Science B.V, ISBN 0-444-51688-3, pp. 579

21



