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This Hydrologic Engineering Center (HEC) documentation was developed with U.S. Federal
Government resources and is therefore in the public domain. It may be used, copied, distributed,
or redistributed freely. However, it is requested that HEC be given appropriate acknowledgment
in any subsequent use of this work.

Use of the software described by this document is controlled by certain terms and conditions.
The user must acknowledge and agree to be bound by the terms and conditions of usage before
the software can be installed or used.

HEC cannot provide technical support for this software to non-Corps users. Downloading this
software indicates full acceptance of your responsibility in the use of this program. Please see the
distribution policy for more details.
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Introduction

The first official version of HEC-SSP (Version 1.0) was released in August of 2008.
Version 1.1 was released in April, 2009 and included improvements to data entry, results
visualization and reporting, and added capability to the volume frequency analysis.
Version 2.0 was released in October 2010 and included three new analyses: a duration
analysis, a coincident frequency analysis, and a curve combination analysis. Version 2.1,
released in July 2016, included improvements to the volume frequency analysis, general
frequency analysis, and Bulletin 17B (Interagency Advisory Committee on Water Data,
1982) flow frequency analysis in addition to two new analyses: Bulletin 17C (England, et
al., 2015) flow frequency using the Expected Moments Algorithm and a Balanced
Hydrograph analysis. These new features are discussed in the User’s Manual for Version
2.1.

Installation

The installation program and all documentation are available on the HEC web site at
http://www.hec.usace.army.mil/. This new release is installed independently of any
previous versions of the program so you will need to remove Version 1.0, 1.1, or 2.0 if
you do not want to use these versions anymore. However, you may keep different
versions of the program installed for parallel use or testing if you choose to do so. This
new version will automatically open projects developed with any previous version of the
program. However, once a project has been opened in Version 2.1, it may not be possible
to open it with older versions of the program.

The new installation package is designed to be easy to use. It will take you through the
steps of selecting a directory for the program files and making other settings. Use the
following steps to install the program on the Microsoft Windows® operating system:

1. Download the installation package from the HEC website to a
temporary folder on the computer. If the software was provided to you
on a CD-ROM or other media, insert it in the appropriate drive.

2. Run the installation program. In Windows Explorer, double-click the
icon for the installation program. You must have administrator
privileges to run the installer.

3. Follow the on-screen prompts to install the program.

New Capabilities

The following paragraphs list the new capabilities that were added to HEC-SSP for
Version 2.1.

Flow Frequency Analysis (Bulletin 17) — This component of the software allows the user
to analytically perform annual peak flow frequency analyses. The software now
implements two algorithms for computing annual peak flow frequencies. The first is
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contained within Bulletin 17B, which was published by the Interagency Advisory
Committee on Water Data in 1982. The Bulletin 17B algorithms were included in
previous versions of HEC-SSP. The second algorithm, and brand new to HEC-SSP, is
contained within Bulletin 17C, which was released in draft form by the Subcommittee on
Hydrology in December 2015.

Bulletin 17C procedures allow the user to fit a Log Pearson Type |1l analytical
distribution using the Expected Moments Algorithm (EMA). Additionally, the Multiple
Grubbs-Beck Test is used within Bulletin 17C to screen for potentially influential low
floods (low outliers). Previously, the Single Grubbs-Beck Test was used to screen for
low outliers. Also, the Hirsch/Stedinger plotting position formula has been added for use
with Bulletin 17C procedures. This new plotting position formula complements the
existing Weibull, Median, Hazen, and user-specified plotting position formulas that were
part of previous HEC-SSP versions. Finally, improved confidence limits are computed
using Bulletin 17C procedures and EMA that incorporates skew uncertainty and diverse
information appropriately, as historical data and censored values impact the uncertainty
in the estimated frequency curve.

The Bulletin 17C methodology represents a shift in the determination of peak flow
frequency and how data is used within peak flow frequency analyses. When using the
17C EMA methodology, additional data is required in order to compute peak flow
frequency, confidence intervals, and plotting positions. This new information includes
perception thresholds and flow ranges. Every year in the analysis period must have a
perception threshold and a flow range specified.

Perception thresholds define the range of streamflow for which a flood event could have
been observed. The inherent assumption and consequence is that any year for which an
event was not observed and recorded must have had a peak flow rate outside of (usually
below) the perception threshold/range.

Consider the example of an historical flood in 1882 estimated as 50,000 cfs, and then a
gage was installed in 1926. This flood estimate suggests a perception threshold of 50,000
cfs to infinity, because there is evidence that a value as low as 50,000 cfs was
noted/perceived (with high water marks, indirect evidence, and/or hydraulic modeling)
during the ungaged period. One can further assume that any flow larger than 50,000 cfs
would also have been perceived, and so any flow not perceived must have been less than
50,000 cfs. Therefore, for the unobserved period of 1883 to 1925, we assign the
complementary flow range of 0 to 50,000 cfs to represent the likely range of peak flows
during the unobserved period.

The perception threshold and flow range data necessary within a Bulletin 17 analysis
using EMA and Bulletin 17C procedures is entered/ accessed on the EMA Data tab, as
shown in Figure 1. Once computed, the resulting flow frequency curve, confidence
limits, historical/systematic/flow ranges (for which there can be uncertainty in the actual
flow value) using the Hirsch/Stedinger plotting position formula, and low outliers can be
plotted as shown in Figure 2.
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Name: |B17C Example 4

Description: ‘Examp\e 4: Historical Data - Arkansas River at Pueblo, CO

Flow Data Set [Afkansas River-Pueblo-Unregulated FLOW-ANNUAL PEAK

DSS File Name: ‘C:\PROJECTS\SSP\ijeas\TesnEIu\Ieu n_17C_Examples\Bulletin_17C_Examples.dss

Report File: |CAPROJECTSISSPIProjectsiTestBullelin_17C_Examples\Bulletin17Results\B17C_Example_4\817C_Example_d.rpt

| General | Options| EMAData | Tabular Results

First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates) 160,000
‘ Perception Thresholds |
Start Year End Year Low Threshold High Threshold Comments
1165 1858 150000.0 inf paleoflood nonexcee...

Apply Thresholds
Flow Ranges
Year | Peak Low Value High Value Data Type
1165 0.0 150000.0[Censored -
1166 0.0 150000.0|Censored ==
1167 00 150000.0|Censored =
1168 0.0 150000.0|Censored -
1189 0.0 150000.0|Censored =
170 0.0 150000.0|Censored -
171 00 150000.0|Censored = i o |
LT D0 150000 0| Gannotsl > 1200 1300 1400 1500 1600 1700 1800 1800 2000
1173 0.0 150000.0|Censored -
1174 0.0 150000.0|Censored - —11E5-1858 f— 13591883
1175 0.0 150000.0{Censored - m—1ggs 1502 — 15031594
1178 0.0 150000.0|Censored = e o e
177 0.0 150000.0|Censored - el
1178 00 150000.0|Gensored = AR
1179 0.0 150000.0|Censored - [ Reiesn_|
11801 nn 15| B Hekash
| compue | [ Piotcuve | [ viewReport | [ Prnt | [ ok J[ cancet |[ anoy

Figure 1. Bulletin 17 EMA Data Tab.
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General Frequency Analysis — This component of the software allows the user to perform
peak flow frequency analyses using various methods not accessible through the Bulletin
17 analysis or Volume Frequency analysis. Additionally, the user can perform frequency
analysis of variables other than peak flows, such as stage and precipitation data.

New features as part of this analysis include the ability to ingest and make use of partial
duration series in lieu of an annual maximum series. When using a partial duration
series, the Axis Type options on the Graphical tab will become enabled. By default the
Normal (Top N Events) option will be set as the default. The Normal (Top N Events)
option will use the Period of Record Years that was defined on the General Tab to extract
and plot the top N events. For instance, if the user defined an Equivalent Years of
Record of 79 on the Graphical Tab, the top 79 events within the associated partial
duration series will be plotted using the Plotting Position defined on the General tab.
When using the Log (All Events) axis option, all events will be plotted using the average
number of events per year to define the x-axis. Examples of these axis options are shown
in Figure 3 and Figure 4.

[ General Frequency Analysis Editor - Tocks Island-1DAY-PDS* of
Mame Tocks Island-1DAY-PDS
Description 1Day Partial Duration Series analysis for Tocks Island Dam =
Data Set Tocks Island - 1-Day - PartialDuration-TOCKS ISLAND-FLOW -
DSS File Name: | C\PROJECTS\SSP\Projects\GeneralFrequency_Testing\GeneralFrequency_Testing.dss ()
Report File PROJECTS\S8P\Projects\GeneralFrequency_Testing\GeneralFrequencyResults\Tacks_Island-1DAY-PDSTocks_lsland-1DAY-PDS rpil.)
‘ General | Options | Analyhcal‘ Graphical
@ General Freguency Graphical Plot for Tocks Island-1DAY-PDS AX‘STYDE ____________________
L Return Period @ MNormal (Top N Events) Log (All Events)
3 1.1 2 5 10 50 2001000 10000 1000000 Data Type
N 1,000,000 . t I e & Flow Stage
o i F 1 ¢
1 =11 1 { I i B e I |
1 11 1 [ e R | Equivalent Years 79
R e | [ e e—
| 11 | || )IJ I/
| [ | [ 1/1 -y
I I I I I I I ,I" I/{‘ I User-Defined Graphical Curve
| V0o | 11/ /:,"' Frequency Ordinates
1 [ 1 ] 1 Percent Chance
o] 1 [ 1 | '{ /}/1‘ 11 Exceedance i
L | [ | V ok [ 2 2
2 [ I 51T 0.2 406, 681.6
= 100,000+ I { I L e I 0.5 302,496.1
3 1 11 1 rrrea 1.0 241,564.7
o I I I 1 H I I I I I I 2.0 192,906.6
EF A | I o0 133,848.5
11 | RN 10.0 110,586.4
1 11 1 1 rrrri 20.0 88,311.1
| [ | [N 50.0 &5 6872
[ I [ 00 oo
| [ | I rrrr = =
1 =11 1 =t-F1-11 90.0 51,838.6
| [ | I rrrrr 95.0 50,029.8
| [ | I rrrr 99.0 48,859.2
| [ | I rrrr
10,000 ————4—14—1 } -
0.893 0493 0.8 0.4 0.2 01 0.02 0.005 0.0001  0.000001
Exceedance Prohability
O Observed Events (Median plctting positions) User Curve
——— 5Percent Confidence Limt —— = 95 Percert Confidence Limit
Plot Analytical Plot Graphical
| Compute | Curve Curve | View Repart ‘ & Print ‘ oK H Cancel || Apply

Figure 3. Normal (Top N Events) Axis Type Option on the Graphical Tab.
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[ General Frequency Analysis Editor - Tacks Island-1DAY-PDS* =- [
Name Tocks Island-1DAY-PDS
Description: 1Day Partial Duration Series analysis for Tocks Island Dam ]
Data Set Tocks Island - 1-Day - PartialDuration-TOCKS ISLAND-FLOW -
DSS File Name: | C\PROJECTS\SSP\Projects\GeneralFrequency_Testing\GeneralFrequency_Testing dss =
Report File PROJECTS\SSP\Projects\GeneralFrequency_Testing\GeneralFrequencyResults\Tocks_Island-1DAY-PDS\Tacks_Island-1DAY-PDS.rpi()
Gsnsrall Options | Analyl\ca\‘ Graphical
Y General Freguency Graphical Plot for Tocks Island-1DAY-PDS FEDTEE
L 1,000,000 1 T I Normal (Top N Events) @ Log (All Events)
] IR
D R L,  Flow Stage
[ ]
| | B SR R | Equivalent Years 79
: : : : : : of Record
: : : : : : User-Defined Graphical Curve
: : : : : : Frequency Ordinates
[ LLAL A [N N Percent Chance
E : : : : : : Exceedance REAEE
= 100,000 AT N 1Y R 0.2 406,681.6
=z L e e A R | 0.5 302,496.1
3 T R S [T A 1.0 241,564.7
- [ e e .0 192,906.6
L s Lo A | - -
AR I 5.0 133,648.5
T R (AR 10.0 110,586.4
[ I A 20.0 88,311.1
1 [ I N A | 50.0 65,687.2
I I I I I I 80.0 54,352.4
RN 90.0 51,2838.6
| LAY S B AN R | 95.0 50,029.8
[ R A 99.0 48,859.2
[ LAY SO I AN R |
10,000 T T } L T
10 1 01 0m 0.001 1.0E-4 1.0E-5 1.0E-6 1.0E3
Average Number of Events Per Year
User Curve — == 5Percent Confidence Limt
—— - 95 Percert Confidence Limt O Observed Events (Median pictting positions)
Plot Analytical Plot Graphical
| Compute | Curve Curve | View Report ‘ & Print ‘ OK ‘ ‘ Cancel | ‘ Apply

Figure 4. Log (All Events) Axis Type Option on the Graphical Tab.

Whether using a partial duration series or an annual maximum series, the user now has
the ability graphically draw a frequency curve using the Multi-Point Edit tool. Bold,
dashed lines are displayed on the plot that correspond to the frequency ordinates defined
by the user. These vertical lines help to visually identify the locations where flow
frequency information will be extracted from the drawn curve.

Volume Frequency Analysis — This component of the software allows the user to perform
a volume frequency analyses on daily flow or stage data. The algorithm used to extract
annual maximum volumes/flows was slightly modified for HEC-SSP version 2.1. The
program computes the maximum/minimum flows by evaluating the flow record as one
continuous record. For each volume (duration), the program computes a time-series of
average flow using a moving average. For example, the 5-day average flow on January 5
is computed by averaging flow from January 1 through January 5. These time-series of
average flow are written to the study DSS file and can be viewed using HEC-DSSVue.
Once the moving average time-series have been computed, the program extracts annual
maximum/minimum flows. A similar procedure is followed when a Season has been
defined within the Time Window Modification panel, the program will only extract the
annual maximum from within the season, but the moving average time-series is
computed for the entire time-series.
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Balanced Hydrograph Analysis — This component provides a tool for the creation of
balanced hydrographs. Within a balanced hydrograph, the flow and/or volume across
multiple durations satisfies the relationship between flow/volume and duration for a
given frequency. For example, a 5-day 0.2 percent annual chance exceedance (ACE)
balanced hydrograph would have individual hydrograph ordinates arranged in such a way
that the flow volumes for the 1-hr, 1-day, ..., 5-day durations would each equal the 0.2
percent ACE flow rates and/or volumes. Although such hydrographs do not necessarily
preserve the random character of natural hydrographs, use of balanced hydrographs
ensures an appropriate flow rate and/or volume (in terms of frequency), regardless of the
characteristics of a particular watershed or location.

When the user selects the Results tab on the Balanced Hydrograph Analysis editor, the
window will appear as shown in Figure 5. Both tabular and graphical results are
included. The durations and probabilities for the balanced hydrographs are the same as
those defined on the General tab.

[] Balanced Hydrograph - Sinnemahoning_Balanced (B =
Name: Sinnemahoning_Balanced
Description Balanced Hydrograph Creation for Sinnemahoning Creek at S3innemahoning, PA ™)
Flow Data Set | SINNEMAHONING-hourly 2
DSS File Name: | C:\PROJECTS\SSP_Testing\Proj ed_Hydrograph: |_Hydrographs.dss )
Report File: C:\PROJECTS\SSP_Testing\Proj: ed_Hydrograph: Hydrograph\Sinnemahening_Balance(.]

‘ General | Frequency Curves‘ Resu\tsl

Date | Hydrogra | Hydrogra .| Hydragra.| Hydrogra...| Hydrogra... | Hydrogra Sinnermnahoning_Balanced Results

(0.2 Perc...| (0.5 Perc...| (1Perce... | (2 Perce... | (5Perce... | (10 Perc... 120,000

16 Septe 27028  2749.7| 27700 27767|  27465| 26537~

17 Seple..| 27028 27497  2770.0|  2776.7|  27465|  2653.7

17 Septe..| 26478 26037 27136  27201| 26005  2599.7

17 Septe 26405 26864 27062  27127| 26831 25025

17 Seple 26405 26864 27062 27127 26831 05925 100,000

17 Septe..| 26405 26864  2706.2|  27127|  2683.4|  25925|%

17 Septe..| 26405 26864  2706.2]  27127|  26834| 25925

17 Septe 26405 26864 27062 27127 26831 25025

17 Septe 26055 27424 27626 27692 27391| 26466 80,000

17 Septe..| 27303 27777, 27982 28040  27744| 26807

17 Septe..| 27800 28374 28584 28652  28344| 27383

17 Septe 30503 31032 31261 31336 30095 29949 o)

17 Septe 32528) 33004 33338 33418 33054) 31938 5 BEGE

17 Septe..| 34781 35386 35645  3573.2] 35343 34150 c o

17 Septe..| 60445 70653  7117.3 71344 70568 68185 z

17 Septe 99135 093372 88796  83960| 77028 71618 o]

17 Septe 99135 93372 88796  83960| 77028 71618 =

17 Septe..| 330747 284008 252445 221505 132724| 154505 40,000

17 Septe..| 330747) 284008 252445 221505 132724| 154505

17Seple..| 330747 284098 252445 221505 182724| 154505

17Seple.| 411160 354296 313828 275365 227154| 192186

17 Septe..| 435928 375630 332726 201046 240832| 20375.9 50,0001

17 Septe..| 450140] 387884 343580 30147.0] 24868.9] 210405 :

17Seple..| 487807 420333) 372322 326690 269493| 228008

17 Seple..| 497470 428659 379608 333161| 274832| 232524 ;

18 Septe..| 102060.0 823564 69360.9] 577920| 443003 35479.9 —

18 Septe..| 1016877 820552 601073 575815 442369| 353501 0

18 Septe 494386 426002 377344 2331095 273128 231083 17 18 19 20 21

18 Seple..| 491911| 423860 375455 320438 27176.1| 220925 Sep2004

18 Septe..| 47080.1] 40567.0) 350342 31530.0( 260008 22005.9

18Septe.| 463132 390114 353527 310198 255880| 216498 —— 0.2 Percent Event —— 0.5 PercentEvent —— 1 Percent Event —— 2 Percent Event

18 Seple 45719.0 393951 348954| 306185 252579 213697
18 Seple... 45334.9 390841 34602.2 30361.3 25045.7 21190.2| ~

Compute | [ PlotFlow-Frequency | | Piol Balanced Hydrograph | | ViewReport | Apply

—— & Percent Event 10 Percent Event

Figure 5. Results Tab of the Balanced Hydrograph Analysis Editor.

Documentation

The Statistical Software Package HEC-SSP: User's Manual contains extensive
information on installing and using the program. Details on the use of each feature and
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capabilities in the program are included. The manual has been updated with information
describing new features added to the program for this Version 2.1 release.

Bug Fixes

The development team continues to test the software even after a new release is made.
The team found and repaired a number of bugs since the release of Version 2.0.

While HEC does not provide technical support for this software to non-Corps users, we
will respond to all documented instances of program errors. If you encounter a problem,
then please take the time to send us a bug report. The report must be written and should
be submitted directly to the HEC-SSP team at: hec.ssp@usace.army.mil. The bug report
should include the following information:

6.

Contact Information: Name, Phone, and E-mail address.

1
2. What version of the software are you using?
3.
4
5

What operating system are you using?

. An explanation of the problem.

If the problem is reproducible, please list the steps required to cause it.
(Example: "1. Create a new file. 2. Insert some text ...")

If the problem is not reproducible (only happened once, or
occasionally for no apparent reason) please describe the circumstances
in which it occurred and the symptoms observed (note: it is much
harder for us to diagnose and fix non-reproducible bugs).

If the problem causes any error messages to appear, please write down
the exact text displayed.

Note: Please attach your data files if possible. This will assist in debugging the problem.
If you have any suggestions or ideas for enhancing HEC-SSP, please e-mail your
suggestions to hec.ssp@usace.army.mil.

Thank you for using HEC-SSP!




