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Base Flow Separation

Prepared by Lauren Schneider, CE 394K, Spring 2005

In order to determine the contribution from overland flow in a watershed to the
streams in the watershed, it is necessary to separate out the base flow from stream gage
data. Historically, base flow separation was computed by hand by hydrologists, but it is
not likely that any two hydrologists will calculate the same base flow for a particular
area. This resulted in a need for a set of procedures to ensure that base flows were
calculated similarly. A FORTRAN program called Base Flow Index (BFI) was
developed using the Institute of Hydrology procedures that were developed in 1980
(Wahl and Wahl, 1995). The base-flow index is the total volume of base flow divided
by the total volume of runoff for a period (Wahl and Wahl, 1995). The base-flow index
can be compared from year to year obtain an understanding of overall base flow for the
area of interest.

Using BFI
BFI can be downloaded from the following site:

http://www.usbr.gov/pmts/hydraulics lab/twahl/bfi/

Just click on “Download BFI” and then click “bfi-dosw.exe.” The site above also gives
valuable links to information about BFI. Next is a procedure for using BFI with an
explanation of the results. There are some limitations to the software that will be
explained later.

After the program has been downloaded, start the program, and you will see the
following user interface.

E REE

File Help

Input File [ |

BFI Quiput File [ |
|

|

Turning Point Dutput [ |
Daily Flows Output [~ |

[ Separation kethod & Parameters

Paitition Length

@) Institute of Hydrology Method (Standard) M- e

C Modified Method o
Tuming Point Test Factar

Explain Separation Methods E=

[ Use Symbols in Dutput

Fun EFI Exit



http://www.usbr.gov/pmts/hydraulics_lab/twahl/bfi/

SRP14062

The “Input File” will come directly from the USGS stream gage data that you can
download at http://nwis.waterdata.usgs.gov/usa/nwis/discharge. Choose your method of
site identification and click submit. I have checked “site number”

Daily Streamflow for the Nation

Site Selection Criteria

Choose one or more criteria to use for selecting sites:

Site Site Site Data
-- Location -- - Identifier - - Attribute - - Attribute
[ 2l State [ =l Site Mame [ 2 Drainage area [ 2 Mumber of observations
[ B2 Hydrologic Region Bl Site Mumber [ # Period of record
O Bl Lat-Long box O 2 Noultiple Site Mumbers

[ Bl Agency Code
[0 # File of Site Numbers

Input the site number 08171000 for this exercise and click submit. Leave everything else
the same. The site should be “Blanco River and Wimberley.” Choose to download all
available years as “Tab-separated data”. To download all data you do not need to specify
any dates. Save the data as the site number (or any other recognizable name) and in place
that you can locate it later.

Daily Streamflow for the Nation
USGS 08171000 Blance Rv at Wimberley, TX

EXETELIEIGEIGR TR B Il Surface-water: Daily streamflow

Hays County, Texas

Hydrologic Unit Code 12100203 FPeriod of record
Latitude 29°5%9'3%" Longitude 98°05'19" NAD27
Drainage atea 355 square miles

Contributing drainage area 355 square miles 1524-0%-01 | 2003-0%-30 | 28002
Gage datum 797.23 feet above sea level NGWVD29

From To Count

Choose Output Format

Retrieve Daily streamflow data for Selected Sites
Choose one of the following options for displaymg data for the sites meeting the criteria above:

B Retrieve data from to: (YYYY-MI-DD -- Blank = all data)
O Bl Graphs of data | log scale
® Bl Tab-separated data | Y r-MM-DD Save to file

[ Subrmit ] [ Reset] [Help]

Return to the BFI interface and browse for the USGS gage data that you just
downloaded for the input file. Be sure to show “all files” or you will not see the gage
data file. Next, be sure to click the check box for “Daily Flows Output.”


http://nwis.waterdata.usgs.gov/usa/nwis/discharge
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The only other parameters are “N” (number of days) and “F” (turning point
factor). N refers to the number of days over which a minimum flow is determined. It is
the connection of these minimum points that determines the base flow (please see Wahl
and Wahl paper on the BFI website for more information about this). Although the
procedure developed by the Institute of Hydrology uses 5-day minimums, after 3 days,
BFI usually does not vary much. If it is necessary to determine which N to use, make a
table of BFI vs. N to determine the critical value of N. The follow graph shows an
example for the Blanco at Wimberley gage data.
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The predicted base flow decreases with an increase in number of days because
more peak flows are excluded as the number of days increases. The 1995 data shows that
N should be at least 4 and BFI does not change much after that point. Before making
this graph I was told that 3 days was appropriate, but | believe it might be better to use 4
or 5 days since | was told that the program is known for overestimating base flow. | still
need to read the literature concerning this point. In general, | was told that N=3 is an
appropriate value and the output data for the example is based on that value. The value
of F is said to be insensitive so this can remain as a default value of 0.9. Below is what
the interface should now look like.
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Click “Run BFI” and then exit the program. You cannot do anything until you
exit the program. There should be two output files located in the same folder as the input
file and with the same name but different types (one is the BFI file and the other is the Q
file). The BFI file is shown below.
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| Input file
File format

Base-Tlow output file

Turning point output file

Daily base flow and total flow output file

cvdocume~1%1aur en~Limydocu~1h,
web/rdb CNwIS-w)
chdocume~1%1aur en~Liymydocu~1Y,

chdocume~1%1aur en~Limydocu~1h,
Program version = BFI 4.12

AVATLABLE SEPARATION METHODS:
¥ 1 = STAMDARD Institute of Hydrology method
(M-day awvg. recession test; uses "N" and "f")
2 = MODIFIED method
(1-day recession constant adjusted for number of days
bhetween points; uses "N" and "K")

BASE-FLOW SEPARATION PARAMETERS
METHOD 1
il
.F

3
.500000

Base-Flow Index for gage 0B171000
Uses 08171000 Blanco Rv at wimberley, Tx

water Base—Flow Base Flow Total Runoff | Day of Turning Point
Year Index facre-fr) Cacre-ftd) | [First] ?Last]
1524 Incomplete wear. Base Tlow cannot be determined.
1925 . 967 11654, 12090, 1 358
1526 Incomplete wear. Base Tlow cannot be determined.
1527 Miss1n? year.
1528 Incomp ete wear. Base Tlow cannot be determined.
1929 . 23747, 1431746, 1 365
1930 .483 17792, 36856, 1 365
1931 . 664 85582, 1258808, 1 365
1932 L 7BO0 20273, 37541, 1 366
1933 LB25 14833, 17980, 1 365
1934 L5962 23582, 41953, 1 365
1935 L 304 28937, 35078, 1 365
1936 . 367 43801, 119522, 1 366
1937 L8777 67108, 70643, 1 365
1938 . 607 75748, 124701, 1 365
19309 L7368 10452, 14210, 1 365
1940 L5376 10081, 19055, 1 366
1041 L5346 125503, 237064, 1 365
1042 L4081 31743, 64 588, 1 365
19589 474 BE473. 186772, 1 365
2000 L 8O0 12621. 15777, 1 368
2001 L 720 102265, 142024, 1 363
2002 L3308 126695, 373360, 1 365
2003 LB20 134680, 164295, 1 260
statistics for 76 water years at gage 08171000
STANDARD COEFFICIENT

ME AN DEVIATION OF WVARIATION
BASE FLOW (AC-FT) aloda. 6 45865.4 L 7a2
TOTAL RUMOFF CAC-FT) 102497, 4 83347.6 L833
BASE-FLOW IMDEX L6559 L1771 . 260

The data includes the base-flow index, total base flow for the year in acre-ft, the
total runoff for the year in acre-ft, and some statistical data at the bottom. The base-flow
index cannot be computed for a year that has missing data. Again the base-flow index is
the ratio of the total base flow to the total runoff.

It is important to note that the watershed delineated for the Blanco River and
Wimberley gage does not have an upstream gage so this data is complete as shown.
*IMPORTANT™* For an analysis of any watershed that has gages upstream of the gage of
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interest, the upstream gage data must be subtracted from the downstream gage data. This
can be done by running the program for all gages involved, copying the data into a
spreadsheet, subtracting the upstream gage total base flow from the downstream gage
total base flow, subtracting the upstream gage total runoff from the downstream gage
total runoff, and recalculating the base-flow index using these differences.

The Q (flow) file shows the daily base flow and total flow values in cfs. Data that
IS missing shows up as -99.00. This data can be used to graph the total flow and base
flow trends over one or more years. Total base flow is only accurate for time periods
longer than a day since the program uses daily data. Calculating total base flow for a
month or more would be acceptable, although it is probably best to calculate over a year
or more. Daily runoff would be calculated by subtracting the total base flow from the
total flow for each day. Below is a graph of the base flow separation for the watershed of
the Blanco River and Wimberley station in 1995 for N=3. This was created using the Q
data file.
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For watersheds that do not have upstream gages, the base flow data might have
some problems. For example, after subtracting the upstream data from the downstream
data for a particular watershed, the base flow came out to be greater than the total flow. 1
am not sure at this time how to deal with this data.
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