US Army Corps
of Engineers
Hydrologic Engineering Center

HEC-SSP
Statistical Software Package

[Z] Bulletin 17 Plot for Tocks Island_B17C _ =AY X

File Edit View Window

Bulletin 17 Plot for Tocks_Island_B17C
Return Period
1.1 2 g 10 a0 100 500 10000 100000
1DEB 1 1 1 1 1 1 1 1 1 1 1 1 1
l 1.0E7
I 0
| =
= 1000000.04
[}
[
100000.04
10000.0-7 T T T T T T T T T T
0.959 0.as 0.9 0.5 oz o1 0.02 0.005 0.001  0.0001
Protability
—— Computed Curve === 5 Percent Confidence Limit
——= 95 Percent Confidence Limit C  Observed Events (Hirsch-Stedinger plotting positions)
Historic Data

User’'s Manual

Version 2.1
July 2016

Approved for Public Release. Distribution Unlimited. CPD-86



REPORT DOCUMENTATION PAGE Form Approved OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching
existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this
burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to the Department of Defense, Executive
Services and Communications Directorate (0704-0188). Respondents should be aware that notwithstanding any other provision of law, no person shall be
subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
July 2016 Computer Program Documentation
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
HEC-SSP
Statistical Software Package 5b. GRANT NUMBER
Version 2.1

5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER
Michael Bartles, Gary Brunner, Matthew Fleming, Beth Faber, and
Julia Slaughter 5e. TASK NUMBER

5F. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT NUMBER
US Army Corps of Engineers CPD-86

Institute for Water Resources
Hydrologic Engineering Center (HEC)
609 Second Street

Davis, CA 95616-4687

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/ MONITOR'S ACRONYM(S)

11. SPONSOR/ MONITOR'S REPORT NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The Hydrologic Engineering Center's Statistical Software Package (HEC-SSP) allows the user to perform statistical
analyses of hydrologic data. The current version of HEC-SSP can perform peak flood flow frequency analysis using
Bulletin 17B and 17C procedures, a general frequency analysis using any type of hydrologic data, a volume frequency
analysis, a duration analysis, a coincident frequency analysis, and a balanced hydrograph analysis. Data storage and
management is handled either through the use of text files (ASCII, XML) or the Hydrologic Engineering Center's Data
Storage System (HEC-DSS).

15. SUBJECT TERMS

HEC-SSP, flood frequency, statistics, Bulletin 17B, Bulletin 17C, Expected Moments Algorithm, flow, stage, computer
program, hydrologic data, volume-duration, statistical analysis, balanced hydrograph, data storage, reporting tools,
frequency curves, confidence limits, low outliers, high outliers, potentially influential low flows, regional skews

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
a. REPORT b. ABSTRACT c. THIS PAGE OF OF
U U U ABSTRACT PAGES
uu 379 19b. TELEPHONE NUMBER

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39-18




HEC-SSP

Statistical Software Package

User's Manual

July 2016

US Army Corps of Engineers
Institute for Water Resources
Hydrologic Engineering Center
609 Second Street

Davis, CA 95616

(530) 756-1104
(530) 756-8250 FAX
www.hec.usace.army.mil

CPD-86



Statistical Software Package, HEC-SSP, User’s Manual

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. See our software
vendor list (on our web page) to locate organizations that provide the program, documentation,
and support services for a fee. However, we will respond to all documented instances of
program errors. Documented errors are bugs in the software due to programming mistakes not
model problems due to user-entered data.

This document contains references to product names that are trademarks or registered trademarks
of their respective owners. Use of specific product names does not imply official or unofficial
endorsement. Product names are used solely for the purpose of identifying products available in
the public market place.

Microsoft, Windows, and Excel are registered trademarks of Microsoft Corp. ArcGIS, ArcView
and Arclnfo are trademarks of ESRI, Inc.



HEC-SSP User's Manual Contents

Table of Contents

(O 1 e I S SRS 1-1
INEFOTUCTION ...t bbbt b et e e 1-1
(00 011=] 0 1T U R UUTOURTUPRUPPOPRPIN 1-1
General Philosophy Of HEC-SSP ........c.ccccciiiiiiiieiicc e 1-2
Overview of Program Capabilities .........cccceieiiiiiiiiiiieeee e, 1-2
USEE INTEITACE ..o b 1-2
Statistical Analysis COMPONENTS ..........ooiviiiiiiiiieieree e 1-3

Data Storage and Management............ccoeieeiveieiieseerie e e se e sre e 1-3
Graphical and Tabular OULPUL............ccvoiiieee e 1-4
Overview Of ThiS ManUAL ...........ccccoiiiiiiiieie s 1-4
CHAPTER 2.ttt ettt et et e et et st beenaenaennennens 2-1
INStAIING HEC-SSP ...t 2-1
(00 01 1=] 0 TP PROTRTUPRUPPOPRS 2-1
Hardware and Software REQUIFEMENTS ...........ccceevviiiieeie e 2-2
INSAllAtion PrOCEAUNE ......ccvviivieie ettt 2-2

To install the software onto your hard disk do the following: ...........cccccceeeni. 2-2
UNINSTall PrOCRAUIE........oovieieee e e 2-3
CHAPTER 3.ttt bbbttt bbbt n e ne e 3-1
Working With HEC-SSP — AN OVEIVIEW .......coviiiiiiiiiiiiesiesieeieeeee e 3-1
(00 01T | T TP P PR PURTUPPUPPOPRPPIS 3-1
SEAtING HEC-SSP ... 3-2

To Start HEC-SSP from WINAOWS: ........ccveiiiiiiiiieiesieeeie e 3-2
Overview Of the SOftware LaYOUL...........ccoeiiiiiiiiiesiseeeee e 3-2
Steps in Performing a Bulletin 17C Frequency Analysis ........ccccccvvveveivievirennenne. 3-11
Starting @ NEW STUAY .......ooveiviiiiieee e 3-11
Adding a Background Map ..........cccccveiiiiiiiieiece e 3-12
Importing, Entering, and Editing Data .............ccoovviviiiiieni e 3-14
Performing the Bulletin 17C Flow Frequency Analysis .........ccccccoveivveieiiennnn. 3-18
Viewing and Printing RESUIES...........cccooiiiiiii e, 3-20
CHAPTER 4 ...ttt ettt bbb s e ne e 4-1
Using the HEC-SSP Data IMPOITEN .........couiiiiiieieiese e 4-1
(00 01 (=] | T TP U TP P PURTUPROPPOPRPPIN 4-1
Developing @ NEW Data SEt..........ccccoiiiiriiiiieese e 4-2
Importing Data from an HEC-DSS File........c.ccooveiiiiiiiiii e 4-3
Importing Data from the USGS WEDSITE...........cccoiiiiiiiiiei e, 4-4
Importing Data from an Excel Spreadsheet ............ccccooveviiiiiiiie i, 4-8
Entering Data Manually ... 4-10
Importing Data from a TeXt FIle ..o 4-11
L7 To L USSR 4-15
Plotting and Tabulating the Data ...........ccccevieiiieiiii i 4-17




Contents HEC-SSP User's Manual

CHAPTER 5 .ottt bbbttt 5-1
Performing a Bulletin 17 Flow Frequency Analysis............ccoovviiiiienincieniniseeee, 5-1
L0001 (=] 0 PP PRT ST PP 5-1
Bulletin 17B vs. BUHELIN 17C ....c.uiiiiiieieee e 5-2
Starting @ NEW ANAIYSIS.......ocviieiiciiese et nre s 5-3
General Settings, Options, and COMPULALIONS ............cocvveeieiieieiese e 5-4
GeNEral SELLINGS .. .ecvviieeie ettt nre s 5-4
Method for Computing Statistics and Confidence LImits............ccoccoevvvenennee. 5-4
GENEIAlIZEA SKEW ......oiviiiiiieiee st 5-5
Expected Probability CUIVe...........cooiiiiee e, 5-5
LOW OULITEE TSE....eviiiiiiieiieieie ettt 5-6
PIOLEING POSITIONS ..ottt 5-7
CoNFIdENCE LIMITS .ovviiiiieie i 5-8
Time WINdow MOITICALION ........coiveiiiieiecie e 5-8

L@ 011 o] 4 1SS OPPSURSN 5-9
Low Outlier ThreShold ........c.oooveiiiieiiee e 5-10
HIStOrIC PEriod Data ........ccvvviieiiiieieiie et 5-11
User Specified Frequency Ordinates ...........cocovvreiinieieiene e 5-12
EIMIA DAL ....c.eiieiiiciieiieieie ettt bbb 5-12
Perception THreShOldS ..........cooviiiiiiei s 5-13
FIOW RANJES ...ttt sttt sre e 5-15
National Water Information System Qualification Codes...........ccccccevvrvrnenn 5-17
(0011 0] o111 (=R UPPRPPR 5-18
Viewing and Printing RESUIES............ccoooiiiiiiie e, 5-19
TabUIAr QULPUL ..ot 5-19
GraphiCal QULPUL........ceiiiiiieie e 5-21
Viewing the RePOIt File........ccovoiiiiiicccc e 5-23
(08 1 I = TSRS 6-1
Performing a General Frequency ANAIYSIS .........c.covoieiieiiciieieese e 6-1
(O0] 01 (=] 0 S TRV 6-1
Starting @ NEW ANAIYSIS.......ccviiiiieie et 6-2
General Settings and OPLIONS.........ciiiiiiiieie e 6-3
GeNEral SELLINGS .....cviiivieie et nre s 6-3
LOQ TraNSTOMM ...ttt 6-3
CoNfIdENCE LIMILS ...cuviuieiiieie e e 6-4
Time WINdow MOITICALION ........ccoveieiiesecie e 6-4
Data SAMPIING ..c.veceeiece s 6-4
PIOTHING POSITIONS ...ttt e 6-6

(@] o] 1[0 ST USSP PSPR 6-7
Low Outlier TRreShOId ........cooiveieiieece e 6-8
HIStOrIC PEriOd Data .......ccveiveeiieiie e 6-9
User Specified Frequency Ordinates ...........cocovereiininiiiiiene e 6-10
OULPUL LABEIING ..o 6-10
Analytical FrequenCy ANAIYSIS ........coviiiiiiiiee e 6-11
SBEINGS ettt re e 6-12

i



HEC-SSP User's Manual Contents

DISIIBULION L.t nnees 6-12
GENETAlIZEA SKEW......ccuiiiiiieie e 6-12
Expected Probability CUIVE ..........cooiiiiie e 6-13
(0011 0] o111 (TP PPTSUP PR 6-13
TaDUIAr RESUIES ... e 6-14
PIOL. bbbt 6-15
Graphical Frequency ANAIYSIS..........ccoiiiiiiiiieiie e 6-17
Viewing and Printing RESUILS .........ccoeiieiiic e 6-21
TADUIAT QUEPUL ... 6-21
Graphical QUIPUL .......c.ecieiiee et 6-21
Viewing the REPOIT FIlE ......covoiiiiiee 6-24
CHAPTER 7 ettt bbbttt bbb 7-1
Performing a Volume Frequency ANAlYSIS ... 7-1
(00 01T | T TP P PR PURTUPPUPPOPRPPIS 7-1
Starting a New Volume Frequency ANalYSIS. .........ccocoviiireieneiencesesce e, 7-2
General Settings and OPLIONS .........coviieiieieee e 7-3
GENEIAl SELLINGS ..ottt 7-3
LOQ TranSfOrM ......ooiece e e 7-3
PIOLEING POSITIONS ...ttt 7-4
Maximum or Minimum ANAIYSIS.........ccceiieieiiese e 7-5
Year SPECITICALION ......cveviiiiiiieiieie e 7-5
Time Window MOdifiCatiON..........coeiiiiiiiiiiie i 7-6
OPLIONS ..ttt et bbbt n e 7-7
FIOW-DUFBLIONS ...ttt 7-8
User Specified Frequency Ordinates...........ocovvriiirininieienescse e 7-9
OULPUL LabeliNg ..coveiieiie e e 7-10
Low Outlier Threshold.........ccooveieiiiieee e 7-10
HiStOriC PEriod Data..........ccviieiiieieie e 7-11
Extracting the Volume-Duration Data............ccooereririiiiiiieienc e 7-12
Analytical Frequency ANalYSIS.........cociiieiiiii i 7-14
SBIEINGS ettt bbb 7-15
DISEIDULION ..t 7-15
Expected Probability CUrve ... 7-16
SKBW ..ttt 7-17
COMPULE ... bbbt b e e s 7-17
TabUIAr RESUIES ... e 7-18

2 1) PSSRSO 7-19
SEALISTICS. ..ttt ettt ee s 7-19
Graphical Frequency ANAIYSIS........c.ccoiiiiiiiieieeseeee e 7-20
CUNVE INPUL....eeeeee et e e e e e b e e e beeeeseeeanneeas 7-21

2 1) OSSPSR 7-21
Viewing and Printing Results — VVolume Frequency Analysis ..........ccccocveiveennnnnn 7-22
TaDUIAr QUEPUL ...t bbb 7-22
GraphiCal QULPUL .........eiiiecee e 7-23
Viewing the REPOIt File .......cooiiiiii e 7-24




Contents HEC-SSP User's Manual

CHAPTER 8 ...ttt bbbt b bbbttt 8-1
Performing a DUration ANAIYSIS .........cccooiiiiiiiiiece e 8-1
L0001 (=] 0 PP PRT ST PP 8-1
Starting & NeW ANAIYSIS.........ooiiiiiiieee e 8-2
General Settings and OPLIONS.........c.coiveiiiiieieee e 8-3
GBNEIAL. ... et nre s 8-3
IMBENOM. ... 8-3
XoAXIS SCAIR...ceeiet e e 8-3
Y-AXIS SCAIE.....oiiiiieii e s 8-4
Time WINdow MOITICALION ........coiiiiiiiiiecie e 8-4
DUFALION PEITOU. ... .cviitiiiieiieieie ettt 8-5
OPLIONS ...ttt e bbb 8-5
OULPUL LabeliNg .....ecvieieee e 8-6
Plotting POSItIoN FOrMUIA...........ccoiiiiii e 8-7
User-Specified Exceedance Ordinates...........cccovviveveiieieeie e, 8-7

= T o TP 8-7
(O0] 1 0] o1 1 (=PRI 8-8
RESUIES ...ttt nr et e e e 8-9
TabUIAr RESUIES ... s 8-9
L SO SR 8-10
Manual Duration ANAIYSIS .........ccveuiiieiieic e 8-11
Viewing and Printing RESUIES.............ccoiiiiiii e, 8-12
TabUIAr QULPUL.......ceiiie et 8-12
GraphiCal QULPUL........cviiiieieeri e 8-13
Viewing the RePOIt Fle........ccovoiiiciice e 8-14
(08 1 o I = S PSP 9-1
Performing a Coincident Frequency ANalYSIS ........cccviieiiiiieieeiece e 9-1
(O0] 01 (=] 0 S TRV 9-4
Starting @ NEW ANAIYSIS.......ccviiiiieieese e 9-4
GENETAL SELLINGS ...ttt ettt 9-5
VANADIE A ... 9-6
VAraBIE B ...t 9-6
OULPUL LADEIING ...ttt sae s 9-6
Y-AXIS SCAIE ...t e 9-6
User Specified Frequency Ordinates ...........cccvevevieieeieiie e 9-7
VATTADIE A et nnes 9-7
VAADIE B ... e 9-9
RESPONSE CUMVES ...ttt ettt 9-12
(0] 1 0] o1 | (= SRS 9-15
RESUILS .. ettt e ettt e e ra e neennes 9-16
Viewing and Printing RESUILS...........coiviiiiiii e 9-17
TaDUIAT QULPUL ...t 9-18
Graphical QULPUL..........eiiiiie e 9-18
Viewing the RePOIt File.......cccoiiiiiee e 9-20

iv



HEC-SSP User's Manual Contents

(08 1 S I = S O PSS 10-1
Performing a Balanced Hydrograph ANalysiS..........ccccccceviveriiieiieene i 10-1
(00 011=] 0 T TP TSR UPR PR 10-1
Starting @ NEW ANAIYSIS .....ocveiieicc e 10-2
GENEIAL SEELINGS ...ttt 10-3
OULPUL LABEIING.....cveeiicie et 10-3
NUMDBEE OF DUFATIONS ..ot 10-3
Time Window MOdifiCation ...........cooiriiiiiiiiie e 10-4
Number of Probabilities ... 10-5
User Specified Frequency Ordinates.........c.ccvevveeeiieieerie e 10-5
FIEQUENCY CUNVES ...t 10-6
(011 0] o111 (TSP SUP PP 10-7
RESUIES ... et ettt sttt et naenne s 10-7
Viewing and Printing RESUIS ..........ccoiieiiiii e, 10-8
TaDUIAr QUEPUL ... 10-8
Graphical QUIPUL ........c.ooieiecce e 10-9
Viewing the REPOIT FIIE ......c.ooiiie e 10-11
RETEIBNCES ...ttt bbbttt bbb e b ne e A-1
EXQMPIE DA SELS.......oiuiiiiiiieiieiieiee e B-1
Example 1: Fitting the Log-Pearson Type 11 Distribution............c.ccccccoeevvevrenenne. B-4
Example 2: Analysis with High OUEHErS ..., B-11
Example 3: Testing and Adjusting for a Low OUtlier .........cccccoevveviiieiicieciennn, B-19
Example 4: Zero-FIo0d YEAIS........cccuiiiiiiiieieie ettt B-26
Example 5: Confidence Limits and Low Threshold Discharge.............ccccccevenen. B-34
Example 6: Use of Historic Data and Median Plotting Position ................cccc...... B-42
Example 7: Analyzing Stage Data...........ccceeceiieiieiiiccecce e B-50
Example 8: Using User-Adjusted StatiStiCS.........cccvviririririeiene e B-57
Example 9: General Frequency — Graphical Analysis...........cccovveveivieiiieieeiennnn, B-67
Example 10: Volume Frequency Analysis, Maximum FIOWS............c.ccccvvvnenne. B-74
Example 11: Volume Frequency Analysis, Minimum FIOWS............c.c.cccceeienen. B-85
Example 12: Duration Analysis, BIN (STATS) Method...........ccccoovinininiiinnn, B-96
Example 13: Duration Analysis, Rank All Data Method ..............cccccovcveinennen, B-102
Example 14: Duration Analysis, Manual Entry...........ccccooviiiniiniecee, B-108
Example 15: Coincident Frequency Analysis, A and B can be Assumed
INAEPENUENT. ...t B-111
Example 16: Coincident Frequency Analysis, A and B can not be Assumed
INAEPENUENT. ...ttt B-118
Example 17: Balanced Hydrograph Analysis, Using an Historical Event
HYAIOGraph ..o B-125
Example 18: Balanced Hydrograph Analysis, Using a Triangular-shaped
HYAIOGraph ..o B-131
Bulletin 17C / Expected Moments Algorithm Examples...........cccoveiiiiiieiiieiie e, C-1
Example 1: Systematic Record — Moose River at Victory, VT .......cccoovvvvninnnne. C-3
Example 2: Analysis with Low Outliers — Orestimba Creek near Newman, CA.C-10
Example 3: Broken Record — Back Creek near Jones Springs, WV ..........cccc..... C-17
Example 4: Historical Data — Arkansas River at Pueblo, CO .........cccccceevviiinne. C-25




Contents

HEC-SSP User's Manual

Example 5: Crest Stage Gage Censored Data — Bear Creek at Ottumwa, 1A

Example 6: Historic Data and Low Outliers — Santa Cruz River at Lochiel, AZ C-42

Creating a Partial DUration SEIIES.........ccovuiiiirieiieieie et D-1
Figures
Figure 3-1. The HEC-SSP ICON. ....ccoiiiiiiiieieiee s 3-2
Figure 3-2. The HEC-SSP Main WINOW. .........cccceiiieiieiieiiese e 3-3
Figure 3-3. Study Explorer before Defining a Working Set...........cccocevviieiieiiiinnnns 3-5
Figure 3-4. Edit Working Set EQItOr..........ccooviiiiiiiecece e 3-5
Figure 3-5. Activate a Working Set from the Study EXplorer. ..........ccocooniniiiniennenn. 3-6
Figure 3-6. Bulletin 17 Folder Only Displays Analyses in Working Set. ................... 3-6
Figure 3-7. Plot Probability Lines EdITOr..........cccooiiiiiiiiiiiiieeee e 3-9
Figure 3-8. Dialog for Controlling the Number of Decimal Digits Shown in Result
TableS aN0 REPOITS. ..o 3-9
Figure 3-9. New Study WINAOW. ......ccocoveiiiiiiie et 3-11
Figure 3-10. Select a Map Layer to add to the Base Map..........ccccoeverenirinnnininennns 3-13
Figure 3-11. Example Background Map...........ccccoveiiiiieiieie e 3-13
Figure 3-12. HEC-SSP Data IMPOITEr. .......coveiiieieiierieiisieeiee e 3-14
Figure 3-13. Window to Select a State for Downloading Data. ............cccccccevevivennnne. 3-15
Figure 3-14. Example of Choosing Gages from a USGS State List to Import........... 3-16
Figure 3-15. Open the Metadata Editor Using the Right Mouse Click Menu. ........... 3-16
Figure 3-16. Metadata can be Viewed or Edited by Opening the Metadata Editor....3-17
Figure 3-17. Bulletin 17 Flow Frequency Analysis General Tab..........c.ccccccccvvenne. 3-19
Figure 3-18. Bulletin 17 Flow Frequency Analysis EMA Data Tab. ............ccccevnee. 3-20
Figure 3-19. Bulletin 17 Flow Frequency Analysis EMA Tabular Results Tab. ....... 3-21
Figure 3-20. Flow Frequency CUrve PIOt. ... 3-22
Figure 3-21. Report File from Bulletin 17 Frequency Analysis. ..........cccccevevvevvenenne. 3-23
Figure 4-1. HEC-SSP Data IMPOIEr. .......ccoiiiiiiieiierie ittt 4-2
Figure 4-2. Data Importer with HEC-DSS Import Option. ...........ccccooveviiieiiececien, 4-3
Figure 4-3. HEC-SSP Data Importer with USGS Website Import Option................... 4-5
Figure 4-4. Window to Select a State for Importing USGS Data. ...........cccceoveevrinennnn. 4-5
Figure 4-5. Data Importer with USGS Gages Listed in Table...........ccccocniniiininnnn 4-6
Figure 4-6. Data Importer with MS Excel Import Option Selected............cc.ccoovvvenenn. 4-8
Figure 4-7. Example EXCel Data VIEBWET . ........ccccvveiieiiiiie e 4-9
Figure 4-8. Data Importer with Manual Data Entry Option Selected............ccccco..... 4-10
Figure 4-9. Data Importer with Text File Option Selected. .........c..cccoevvveviiiiieiinnne. 4-11
Figure 4-10. Example Text File Data VIBWET . ........cccooceiiiiiinieieese e 4-12
Figure 4-11. Identify Rows that do not Contain Data to be Imported. ....................... 4-13
Figure 4-12. Identify Date and Time COIUMNS. ........coccoviiiriiieicesc e 4-14
Figure 4-13. Editor for Defining the Data Properties. ........cccccocevvvevieiieesiiesiiee e 4-15
Figure 4-14. Details Tab on the HEC-SSP Data IMmporter...........ccocoevvveveiininneniennnns 4-16
Figure 4-15. Menu Option for Opening the Metadata Editor. ..........c..ccccevveiiieiinennne. 4-16

vi



HEC-SSP User's Manual Contents

Figure 4-16. Plot of Peak Annual FIOW Data. ...........ccccooviiiiiiiiiicceeeeeee 4-17
Figure 4-17. Table Containing Peak Annual Flow Data. ...........cccccovvevveieiieinennene 4-18
Figure 5-1. Bulletin 17 Flow Frequency Analysis Editor. .........cccccooiiiniiiiiiiicienn 5-3
Figure 5-2. Bulletin 17 Editor with Options Tab Selected............ccccocevvvevviceivennene, 5-10
Figure 5-3. Bulletin 17C Analysis EMA Data Tab. ........c.ccooviiiiiiiiieicee, 5-13
Figure 5-4. Example Showing a Perception Threshold and Flow Range................... 5-14
Figure 5-5. Example Flow Range Table with Systematic, Censored, and Historical
DAL ...t 5-16

Figure 5-6. Example Peak Discharge Time Series and the Treatment of the NWIS
Qualification Codes used within the Expected Moments Algorithm (Paretti,

Kennedy, & CoNN, 2014). ...ccui ittt 5-18
Figure 5-7. Bulletin 17 Editor with Tabular Results Tab Active. .........cc.cccccvervennne. 5-20
Figure 5-8. Example Frequency CUrve PIOt. ... 5-22
Figure 5-9. Example of the Bulletin 17 Report File. ... 5-24
Figure 5-10. Summary Table for Selected Bulletin 17 Analyses. .........c.ccocvvvvrvenene. 5-25
Figure 6-1. General Frequency Analysis EQItOr..........cccccooveiieiiiieiece e, 6-2
Figure 6-2. Hourly Flow, Annual Maximum, and Partial Duration Series for a Stream

(G- 0[PPSR 6-6
Figure 6-3. General Frequency Editor with Options Tab Selected. ............c.ccccvvienee. 6-8
Figure 6-4. Analytical Analysis Tab of the General Frequency Analysis Editor....... 6-11
Figure 6-5. Tabular Results Tab for Analytical Analysis..........cccooeeiiiniiiiiiicien, 6-15
Figure 6-6. Plot Tab of the General Frequency Analytical Analysis. .............cc......... 6-16
Figure 6-7. Graphical Tab of the General Frequency Analysis Editor....................... 6-19
Figure 6-8. Axis Type Options on the Graphical Tab. ..........cccocveviiiiiiiieiiciciece 6-20
Figure 6-9. Analytical Analysis Frequency Curve PIOt...........ccoooevviiiininiiiieee, 6-22
Figure 6-10. Graphical Analysis Frequency Curve PIOt. ..........ccccoceivveieeieiic e 6-23
Figure 6-11. General Frequency Analysis Report File..........cccooviiiiiinniiiiicen, 6-25
Figure 6-12. Summary Table for Selected General Frequency Analyses. ................. 6-26
Figure 7-1. Volume Frequency Analysis EItOr. ... 7-2
Figure 7-2. Plot Showing when Flood Events Typically Occur...........c.ccoccvvevieiinennen, 7-6
Figure 7-3. Volume Frequency Analysis Editor with Options Tab Selected. .............. 7-8
Figure 7-4. Historic Period Data on the Options Tab..........cccccovvveviiiieceece e 7-12
Figure 7-5. Volume-Duration Table. .........ccoiiiiiiiiieeeee e 7-13
Figure 7-6. Plot of Volume-Duration Data.............cccccoveveeiieiieiieic e 7-14
Figure 7-7. Analytical Tab of the Volume Frequency Analysis Editor. .................... 7-15
Figure 7-8. Tabular Results for a Volume Frequency Analysis. ..........ccccceveveivenenne. 7-18
Figure 7-9. Plot of Analytical Results for a Volume Frequency Analysis. ................ 7-19
Figure 7-10. Statistics Tab in the Volume Frequency Analysis Editor. ..................... 7-20
Figure 7-11. Graphical Curve Table for a Volume Frequency Analysis. .................. 7-21
Figure 7-12. Plot Tab for a Graphical Analysis. .........ccccoviiiiiiiiiiicceccee e 7-22
Figure 7-13. Plot of Systematic Data and Analytical Frequency Curves................... 7-23
Figure 7-14. Volume Frequency Analysis REPOIt..........cccceviiiiiiiiciieciee e 7-25
Figure 7-15. Summary Table for a Volume Frequency Analysis. ..........ccccoovvvenennn. 7-26
Figure 8-1. Duration Analysis EQITOr. ........ccccoiiiiiiiiicic e 8-2
Figure 8-2. Duration Analysis Editor with Options Tab Selected...........c.ccocevcvrvennnne. 8-6
Figure 8-3. Results Tab of the Duration Analysis EQItOr. ..........cccccccvvviiiiiiiciie e, 8-9

Vii



Contents HEC-SSP User's Manual
Figure 8-4. Results Tab for a Bin (STATS) analysisS. ......ccccceeevveiiiieieeie e 8-10
Figure 8-5. Plot Tab of the Duration ANalySIS. ..........cccoiiiiiriieieiene e 8-11
Figure 8-6. Manual Entry Tab of the Duration Analysis Editor. ...........cccccccoevvennne. 8-12
Figure 8-7. DUration CUrVe PIOt. ........ccoiiiiiiiieee s 8-13
Figure 8-8. Duration Analysis Report File. ..........cccoovveiiiii i 8-15
Figure 9-1. Example Application of the Coincident Frequency Analysis. ................... 9-1
Figure 9-2. Variable B Duration Curve Divided into Discrete Segments. ................... 9-2
Figure 9-3. Response of Variable C for Combinations of Variable A and Variable B.9-3
Figure 9-4. Coincident Frequency Analysis Editor. ..........cccccoovvvviieiiiciece e 9-5
Figure 9-5. Variable A Tab when Variable A and B are Independent. ...........ccccce.... 9-8
Figure 9-6. Variable A Tab when Variable A and B are not Independent. .................. 9-9
Figure 9-7. Variable B Tab. ... 9-10
Figure 9-8. User-Specified Option to Define Index Points and Probability Ranges. .9-12
Figure 9-9. Response Curves Tab for Same Variable A for Each Variable B Index. 9-14
Figure 9-10. Response Curves Tab for Different Variable A for Each Variable B Index.

............................................................................................................................... 9-14
Figure 9-11. Plot of RESPONSE CUIVES. ....ccveeviiieiieeie et 9-15
Figure 9-12. Results Tab of the Coincident Frequency Analysis Editor. ................... 9-16
Figure 9-13. Plot of Conditional Frequency CUIVES. .........cccovvevveiiieeseeiie e 9-17
Figure 9-14. Coincident Frequency Analysis PIOt. ...........ccooveiiiiiiiiee 9-19
Figure 9-15. Coincident Frequency Analysis Report File. ..o, 9-20
Figure 10-1. Balanced Hydrograph Analysis EQItOr...........c.ccooviiiiniieniniiicieiees 10-2
Figure 10-2. Balanced Hydrograph Analysis Frequency Curves Tab. .............c.c....... 10-6
Figure 10-3. Plot of Frequency Curves Defined in the Frequency Curves Tab. ........ 10-7
Figure 10-4. Results Tab of the Balanced Hydrograph Analysis Editor. ................... 10-8
Figure 10-5. Balanced Hydrograph Analysis PIOt. ............ccoovviiiiniiciiiceee, 10-10
Figure 10-6. Balanced Hydrograph Analysis Report File. .........c..cccooevieiiveniiiennn, 10-11

Tables

Table 4-1. Quality Codes for USGS Annual Peak Flow Data. ..........cccccoeevevveieninennnnn, 4-7
Table 4-2. Quality Codes for USGS Annual Peak Stage Data. ...........cccccevevveveiieennenn, 4-7
Table 9-1. Default Probability Patterns. ..ot 9-11
Table C-1. Moose River at Victory, VT Annual Peak Flow Record...............cccvvene. C-4
Table C-2. Orestimba Creek near Newman, CA Annual Peak Flow Record. ........... C-11
Table C-3. Back Creek near Jones Springs, WV Annual Peak Flow Record............ C-18
Table C-4. Arkansas River near Pueblo, CO Annual Peak Flow Record (Modified). .. C-

27
Table C-5. Bear Creek at Ottumwa, IA Annual Peak Flow Record. ..........ccccovuveee... C-35
Table C-6. Santa Cruz River at Lochiel, AZ Annual Peak Flow Record. ................. C-43

viii



HEC-SSP User's Manual Foreword

Foreword

The U.S. Army Corps of Engineers (USACE), Hydrologic Engineering
Center’s (HEC) Statistical Software Package (HEC-SSP) is software that
allows users to perform statistical analyses of hydrologic data.

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.

The HEC-SSP software was designed by Mr. Gary Brunner, Mr. Jeff
Harris, Dr. Beth Faber, Mr. Matthew Fleming, Mr. Michael Bartles, and
Mr. William Lehman. The HEC-SSP user interface and computation code
was programmed by Resource Management Associates. This manual was
written by Mr. Michael Bartles, Mr. Gary Brunner, Mr. Matthew Fleming,
Dr. Beth Faber, and Ms. Julia Slaughter.
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CHAPTER 1

Introduction

Welcome to the U.S. Army Corps of Engineers, Hydrologic Engineering
Center’s (HEC) Statistical Software Package (HEC-SSP). This software
allows users to perform statistical analyses of hydrologic data. The
current version of HEC-SSP can perform flood flow frequency analysis
based on Bulletin 17B (Interagency Advisory Committee on Water Data,
1982) and Bulletin 17C (England, et al., 2015), a generalized frequency
analysis on not only flow data but other hydrologic data as well, a volume
frequency analysis on high and low flows, a duration analysis, a
coincident frequency analysis, and a balanced hydrograph analysis.

HEC-SSP has been implemented using software guidelines established at
HEC. These guidelines will produce more consistent results when using
HEC software in water resources studies. Also, the guidelines facilitate a
common graphical user interface and “look and feel” for HEC software in
the PC environment. Recent HEC software implemented under these
guidelines include: rainfall-runoff analysis (HEC-HMS), river hydraulics
(HEC-RAS), reservoir system analysis (HEC-ResSim), flood damage
analysis (HEC-FDA), flood impact analysis (HEC-FIA), and ecosystem
function analysis (HEC-EFM). HEC software implementation is under the
guidance of Christopher N. Dunn, Director, Hydrologic Engineering
Center.

This chapter discusses the general philosophy of HEC-SSP and gives a
brief overview of the capabilities of the software. An overview of this
manual is also provided.

Contents
¢ General Philosophy of HEC-SSP
e Overview of Program Capabilities
e Overview of this Manual
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General Philosophy of HEC-SSP

HEC-SSP is designed for interactive use in a multi-tasking environment.
The system is comprised of a graphical user interface (GUI), separate
statistical analysis components, data storage and management capabilities,
mapping, graphics, and reporting tools.

Over a period of many years, HEC has supported a variety of statistical
packages that perform frequency analysis and other statistical
computations. Historically, the programs that received the most use within
USACE were HEC-FFA (Flood Frequency Analysis) and STATS
(Statistical Analysis of Time Series Data). HEC-FFA incorporates
Bulletin 17B procedures that are used for flow frequency analysis. The
STATS software package is used for statistical analysis of time series data.
STATS can provide either analytical or graphical frequency analysis,
specified by the user. STATS has the capability of computing monthly
and annual maximum, minimum, and mean values along with computing a
volume-duration analysis. Two other packages that have received a lot of
use within USACE are REGFRQ (Regional Frequency Computation) and
MLRP (Multiple Linear Regression Program). REGFRQ performs
regional frequency analysis and MLRP is a multiple linear regression
analysis tool.

The goal of HEC-SSP is to combine all of the statistical analyses
capabilities of HEC-FFA, STATS, REGFRQ and MLRP while advancing
the realm of statistical hydrology through cutting-edge techniques (such as
the use of the Expected Moments Algorithm). The current version of
HEC-SSP supports performing flood flow frequency analyses based on
Bulletin 17B and Bulletin 17C guidelines, general frequency analyses,
volume frequency analyses, duration analyses, coincident frequency
analyses, and balanced hydrograph analyses. New features and additional
capabilities will be added in future releases.

Overview of Program Capabilities

HEC-SSP is designed to perform statistical analyses of hydrologic data.
The following is a description of the major capabilities of HEC-SSP.

User Interface

The user interacts with HEC-SSP through a graphical user interface
(GUI). The main focus in the design of the interface was to make it easy
to use the software, while still maintaining a high level of efficiency for
the user. The interface provides for the following functions:
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File management

Data entry, importing, and editing
Statistical analyses

Tabulation and graphical displays of results
Reporting facilities

Statistical Analysis Components

Flow Frequency Analysis (Bulletin 17) — This component of the software
allows the user to analytically perform annual peak flow frequency
analyses. The software implements two algorithms for computing annual
peak flow frequencies. The first is contained within Bulletin 17B, which
was published by the Interagency Advisory Committee on Water Data in
1982. The second is contained within Bulletin 17C, which was released in
draft form by the Subcommittee on Hydrology in December 2015. The
Bulletin 17C document is currently being reviewed.

General Frequency Analysis — This component of the software allows the
user to perform peak flow frequency analyses by various methods.
Additionally the user can perform frequency analysis of variables other
than peak flows, such as stage and precipitation data.

Volume Frequency Analysis — This component of the software allows the
user to perform a volume frequency analyses on daily flow or stage data.

Duration Analysis — This component of the software allows the user to
perform a duration analysis on any type of data recorded at regular
intervals. The duration analysis can be used to show the percent of time
that a hydrologic variable is likely to equal or exceed some specific value
of interest.

Coincident Frequency Analysis — This component of the software assists
the user in computing the exceedance frequency relationship for a variable
that is a function of two other variables.

Balanced Hydrograph Analysis — This component provides a tool for the
creation of balanced hydrographs of multiple durations using existing flow
and volume frequency analyses and input hydrograph shapes.

Data Storage and Management

Data storage is accomplished through the use of "text" files (American
Standard Code for Information Interchange; ASCII; and Extensible
Markup Language; XML), as well as the HEC Data Storage System
(HEC-DSS). User input data are stored in flat files under separate
categories of study, analyses, and a data storage list. Gage data are stored
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in a project HEC-DSS file as time series data. Output data is
predominantly stored in HEC-DSS, while a summary of the results is
written to an XML file. Additionally, an analysis report file is generated
whenever a computation is made. This report file is written to a standard
ASCII text file.

Data management is accomplished through the user interface. The
modeler is requested to enter a Name and Description for each study under
development. Once the study name is entered, a directory with that name
is created, as well as a study file. Additionally, a set of subdirectories is
created with the following names: Bulletin17Results,
GeneralFrequencyResults, VolumeFrequencyAnalysisResults,
DurationAnalysisResults, CoincidentFregResults, BalancedHydrograph,
Layouts, and Maps. As the user creates new analyses, an analysis file is
created in the main project directory. The interface provides for renaming
and deletion of files on a study-by-study basis.

Graphical and Tabular Output

Graphics include a map window, plots of the data, and plots of analysis
results. The map window can be used to display background map layers.
Locations of the data being analyzed can be displayed on top of the map
layers. Once data are brought into HEC-SSP, they can be plotted for
visual inspection. The frequency curve plots show the results of the
analyses, which include the analytically computed curve, the expected
probability curve, confidence limits, and the raw data points plotted based
on the selected plotting position method. Tabular output consists of tables
showing the computed frequency curves, confidence limits, and summary
statistics. All graphical and tabular output can be displayed on the screen,
sent directly to a printer (or plotter), or passed through the Windows
Clipboard to other software, such as a word-processor or spreadsheet.

A report file is available for each analysis. This report file includes the
input data, preliminary results, all of the statistical tests (Low and High
Outliers, Broken Record, Zero Flows Years, Incomplete Record, Regional
Skews, and Historic Information), and final results. This report file is
similar to the FFA output file.

Overview of This Manual

This user's manual is the primary documentation on how to use HEC-SSP.
The manual is organized as follows:

e Chapters 1-2 provide an introduction and overview of HEC-SSP, as
well as instructions on how to install the software.

e Chapter 3 provides an overview on how to use the HEC-SSP
software in a step-by-step procedure, including a sample problem
that the user can follow.
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e Chapter 4 explains in detail how to enter and view data.

e Chapter 5 provides a detailed discussion on how to use the Bulletin
17 Analysis editor.

e Chapter 6 provides a detailed discussion on how to use the General
Frequency Analysis editor.

e Chapter 7 provides a detailed discussion on how to use the Volume
Frequency Analysis editor.

e Chapter 8 provides a detailed discussion on how to use the Duration
Analysis editor.

e Chapter 9 provides a detailed discussion on how to use the
Coincident Frequency Analysis editor.

e Chapter 10 provides a detailed discussion on how to use the
Balanced Hydrograph Analysis editor.

e Appendix A contains a list of references.

e Appendix B has a series of example analyses that demonstrate the
various capabilities of HEC-SSP when performing a Bulletin 17B
flow frequency analysis, a General Frequency Analysis, a Volume
Frequency Analysis, a Duration Analysis, a Coincident Frequency
Analysis, and a Balanced Hydrograph Analysis.

e Appendix C has a series of example analyses that demonstrate the
use of HEC-SSP using the Expected Moments Algorithm (EMA) to
fit a Log Pearson Type Il distribution to annual maximum flow data
sets.

e Appendix D has an example detailing the creation of a partial
duration series from a daily flow dataset to illustrate the use of the
Find Peaks tool within HEC-DSSVue as well as comparing the
differences between a partial duration series and an annual maximum
series.
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CHAPTER 2

Installing HEC-SSP

The user can install HEC-SSP using the program installation package
available from HEC’s web site. The setup program installs the software,
documentation, and the example applications. This chapter discusses the
hardware and system requirements needed to use HEC-SSP, how to install
the software, and how to uninstall the software.

Contents
e Hardware and Software Requirements
¢ Installation Procedure
e Uninstall Procedure
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Hardware and Software Requirements

Before installing the HEC-SSP software, make sure that the computer has
at least the minimum required hardware and software. In order to get the
maximum performance from the HEC-SSP software, recommended
hardware and software is shown in parentheses. This version of HEC-SSP
will run on a computer that has the following:

¢ Intel Based PC or compatible machine with Pentium processor or
higher (a Pentium 4 or higher is recommended).

e A hard disk with at least 100 megabytes of free space
e A CD-Rom drive (or CD-R, CD-RW, DVD), if installing from a CD.

e A minimum of 512 megabytes of RAM (1 Gigabyte or more is
recommended).

e A mouse.

e Color Video Display (Recommend running in 1280x1024 or higher
resolution, and as large a monitor as possible). Recommend at least a
17" monitor.

e Microsoft Windows XP or 7 (or later versions).

Installation Procedure

Installation of the HEC-SSP software is accomplished through the use of
the Setup program.

To install the software onto your hard disk do the
following:

1. Download the HEC-SSP setup program from our web page:
www.hec.usace.army.mil.

2. Save the setup file in a temporary directory and then execute the
“HEC-SSP_21_Setup.exe” file to run the setup program.

3. Follow the setup instructions on the screen.

The install creates a program group called HEC. This program group will
be listed under the Programs menu, which is under the Start menu. The
HEC-SSP program icon will be contained within the HEC program group,
within the HEC-SSP subdirectory. The user can request that a shortcut
icon for HEC-SSP be created on the desktop. If the 32-bit application is
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installed in the default directory, the HEC-SSP executable can be found in
the C:\Program Files (x86)\HEC\HEC-SSP\2.1 directory with the name
"HEC-SSP.EXE". If the 64-bit application is installed in the default
directory, the HEC-SSP executable can be found in the C:\Program
Files\HEC\HEC-SSP\2.1 directory with the name "HEC-SSP.EXE”.

The HEC-SSP User’s Manual and example data sets are also installed with
the software. The User’s Manual can be viewed by selecting User’s
Manual from the Help menu. To view the User’s Manual, Adobe
Acrobat Reader must be installed. This viewer can be obtained for free
from the Adobe web page.

A zip file containing the example data sets described in Appendix B and
Appendix C have been installed in the "...\Examples" folder within the
program directory. The example data sets can be installed by selecting the
Install Example Data option from the Help menu. After selecting the
appropriate menu option, a window will open to choose a location to
install the example data sets. The program will create two subdirectories
within your chosen folder called SSP_Examples and
Bulletin_17C_Examples. Project files with an “.ssp” file extension will
be contained in both subdirectories. The test data sets can be loaded by
using the Open Study option from the File menu and then use the file
chooser to select either project file.

Uninstall Procedure

The HEC-SSP Setup program automatically registers the software with the
Windows operating system. To uninstall the software, do the following:

e From the Start Menu select Control Panel.
e Select Add/Remove Programs from within the Control Panel folder.

e From the list of installed software, select the HEC-SSP program and
press the Remove button.

e Follow the uninstall directions on the screen and the software will be
removed from the computer.
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CHAPTER 3

Working With HEC-SSP - An Overview

HEC-SSP is an integrated package of statistical analysis modules, in
which the user interacts with the system through the use of a Graphical
User Interface (GUI). The current version is capable of performing flow
frequency analyses based on Bulletin 17B (Interagency Advisory
Committee on Water Data, 1982) and/or Bulletin 17C (England, et al.,
2015) guidelines, general frequency analyses, volume frequency analyses,
duration analyses, coincident frequency analyses, curve combination
analyses, and balanced hydrograph analyses. This chapter provides an
overview of how a Bulletin 17C flow frequency analyses can be
performed with the HEC-SSP software. General frequency and volume-
duration frequency analyses can be developed in a similar manner as
outlined for the Bulletin 17 analysis.

In HEC-SSP terminology, a Study is a set of files associated with a
particular set of data and statistical analyses being performed. The files
for a study are categorized as follows: study information, data list, and
analysis data.

Contents
e Starting HEC-SSP
e Overview of the Software Layout
e Steps in Performing a Bulletin 17C Frequency Analysis

3-1



Chapter 3 - Working with HEC-SSP — An Overview HEC-SSP User's Manual

Starting HEC-SSP

When you run the HEC-SSP Setup program, a new program group called
HEC and a program icon called HEC-SSP are created. They should
appear in the start menu under the section called All Programs. The user
also has the option of creating a shortcut on the desktop. If a shortcut is
created, the icon for HEC-SSP will look like Figure 3-1.

e

Figure 3-1. The HEC-SSP Icon.

To Start HEC-SSP from Windows:

e Double-click on the HEC-SSP Icon. If you do not have an HEC-SSP
shortcut on the desktop, go to the Start menu and select All
Programs > HEC - HEC-SSP - HEC-SSP 2.1.

Overview of the Software Layout

When you first start HEC-SSP, you will see the main window as shown in
Figure 3-2, except you will not have any study data on your main window.
As shown in Figure 3-2, the main window is laid out with a Menu Bar, a
Tool Bar, and four window panes.

The upper right pane (which occupies most of the window area) is the
Desktop Area (Referred to as the "Desktop" from this point in the
manual). This area is used for displaying maps, data editors, and analysis
windows.

The upper left pane is called the Study Explorer. The Study Explorer
acts like an explorer tree for the study. The top level of the tree is the
study (“SSP Examples” in this example). Below the study is an analysis
branch, a data branch, and a map branch. Under the analysis branch, the
first level is the type of analysis. Under each analysis type will be the
current user-defined analyses for that type. The data branch lists all of the
available data sets that have been brought into the current study.
Generally, a data set represents a piece of data at a specific gage location.
For example, all of the peak annual flows at a single gage would be stored
as a single data set. When an analysis is created, the user selects a data set
to be used for that particular analysis. The map branch of the tree contains
any maps the user has put together for the study. By default there is
automatically a "Base Map" listed under the maps folder.
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The lower left pane, and associated tabs, also belongs to the study
explorer. This window is used to show additional information about items
selected in the study explorer. The tabs are used to switch to different
views within the study explorer window. The first tab, labeled Study,
shows the explorer view of the study. The second tab, labeled Maps, lists
the available maps and map layers associated with each map. The last tab,
labeled Files, shows all of the files that make up the current study.

The lower right pane is called the Message Window. This window is
used to display messages from the software as to what it is doing.
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Figure 3-2. The HEC-SSP Main Window.

At the top of the HEC-SSP main window is a Menu bar with the following
options:
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File: This menu is used for file management. Options available under the

sy R TR

File| Edit View Maps Data Analysis R

Mew Study... Ctri+M
Open Study ... Ctrl+0
Save Study Ctrl+5
Save Study As..  Ctrl+5hift+5
Close Study Ctrl+5Shift+C
Study Properties... Ctrl+5Shift+P

Export

Recent Studies

Exit

File menu include New Study, Open
Study, Save Study, Save Study As,
Close Study, Study Properties,
Export, Recent Studies, and EXit.
The Study Properties option is used
to describe the study. The Export
option is used to export HEC-SSP
results, stored in the study DSS file,
to another DSS file. The Recent
Studies option lists the most recently
opened studies, which allows the user
to quickly open a study that was
recently worked on.

-

-

& cut
Copy
B Paste

Edit: This menu is used for applying the Cut, Copy,

Maps 0O
Cirl+x
Ctri+C
Cirl+Y

and tables.

and Paste clipboard features to data in editable fields

View: The View menu allows the user to control display of the toolbars

L T .

Maps Data Analysis Resuls

Toolbars k
Skudy Explarer
Messages Window

Skakus Window

Toagle Views Chrl4+T
Save Current Lavouk

Restare Layout ]
Layout Manager

Set Study Display Units r

Select Waorking Sets, ..

and the study windows. The user can
also toggle between viewing all of the
panes or just the Main View Pane. The
View menu also has options for saving
the current layout (currently opened
windows and their sizes and locations)
and restoring a previously saved layout.
The Set Study Display Units option
allows the user to switch output between
English and metric units.

The Select Working Sets menu option
allows the user to group items in each
folder and then display only those items
in the user interface. For example,
Figure 3-3 shows the Bulletin 17 folder

in the study explorer. The Edit Working Set editor, Figure 3-4, was used
to group all Bulletin 17 analyses that started with “FFA” into one working
set. The working set was named “FFA Analyses”. This working set was
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activated by right clicking on top of the Bulletin 17 folder in the study
explorer and selecting Select Working Sets>FFA Analyses, as shown in
Figure 3-5. Only the Bulletin 17 analyses within the working set will then
be displayed in the study explorer, as shown in Figure 3-6. To display all
Bulletin 17 analysis, right click on top of the Bulletin 17 folder in the
study explorer and select Select Working Sets=>»No Working Set.

= SSP EXAMPLES

= L. Analysis

= |, Bulletin 17

-8 Resenvoir Inflows
~ATB FFA Test 1

~ATB FFA Test 2

- FFA Test 3

- FFATest 4

- FFATest5

- FFA Test &

Figure 3-3. Study Explorer before Defining a Working Set.

B2 Edit Working Set

Mame: |FFAAnaIyses |

Description: | E]|

(*) UUse Regular Expression

FFa*

() By Mame

Avallable Selected

QK ] [ Cancel

Figure 3-4. Edit Working Set Editor.
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Figure 3-5. Activate a Working Set from the Study Explorer.
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178 FFA Test 2

178 FFA Test 3
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Figure 3-6. Bulletin 17 Folder Only Displays Analyses in Working Set.

The user may also prefer to

. =2 Analysis
group multiple analyses of = T
the same type together using A8 Bern\ 12)  New...
folders. Folders can be -ATB Bern Sort 5
created by right clicking on 178 Berny
the analysis type of interest =y General Select Working Set
and selecting New Folder... | = $F| Ee’“l =
After the user has named the | ThAERE

: Duratmn Remove

folder, analyses can be added

to the new folder by left clicking on the analy5|s holding down the left
mouse button, dragging the analysis to the newly created folder, and
releasing the left mouse button.
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Maps: This menu is used to set the Default Map Properties (Coordinate
system, extents, etc...), define a new map, add map layers to the study,

and remove a map. Additionally,
this menu has the following options
available: Map Window Settings
(allows the user to turn map layers
on and off), Zoom To Entire Map
Extents, Save Map Image, Import,
and Export. The Zoom To Entire
Map Extents option displays the
entire set of map layers within the
map window. The Save Map
Image option can be used to save
the current view of the map to a
file.

Data dnalvsis  Resulks  Tod

Default Map Properties. ..

% Mews Map

#dd Map Lavers...

Remave Map Layers..,

Map Window Setkings

Zoam To Enkire Map Extents

Save Map Image...

Data: The Data menu allows the user to define a new data set, open the

Analyais Results ]
Mevw...

B
Select...
7 Delete fram Study

|d Plot
E[E Tabulate
Edit Metadata. ..
E save
EE Save As..

Fename...

metadata editor, and delete any existing data
sets from the data list. Other options include
opening a plot and table of the data.

Analysis: The Analysis menu is used to create the various statistical

Fesults Tools W

Analysis

Mew »
Open
X Delete from Study

Campute Manager...

analyses available in the software. Each
statistical analysis is saved as a separate file
containing the information that is pertinent to
that specific analysis type. The current
options under this menu item include New,

_ Open, Delete from Study, Save, Save As,
Rename, and Compute Manager. The

(= compute manager allows the user to select
one, several, or all of the analyses, and then
have them all recomputed.
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Results: The Results menu allows the user to graph and tabulate any of

Tools  Window

Graph
Table
Report

Summary Repart

Default Plot Line Styles

the existing analyses that have been computed.
Additionally, the user can request to view the
report file from a analysis. Users must select at
least one analysis in the Study Explorer before
selecting Graph, Table, Report, or Summary
Report. If more than one analysis of the same
type are selected (this is accomplished by
holding down the control key while clicking on
the various analyses), the Graph and Summary

Report options will include results from all analyses that are selected.
However, when multiple analyses are selected, the Table and Report
option bring up separate windows for each of the selected analyses. The
Default Plot Line Styles menu option lets the user change the default line
styles applied to different data types that are plotted in a graph. For
example, the user can change the default line style for high outliers so that
they are displayed as black triangular data points when a plot is opened.

=N Window  Help
My HEC-DSSe

Plok Prabability Lines

Opkions. ..
B3 Console Cutput..,
Memary Manitor

Tools: The Tools menu includes HEC-
DSSVue, Plot Probability Lines, Options,
Console Output, and Memory Monitor. The
HEC-DSSVue option brings up the HEC-
DSSVue program and automatically loads the
current study DSS file. HEC-DSSVue is a
DSS utility to tabulate, graph, edit, and enter
data into DSS. The Plot Probability Lines
option opens an editor, shown in Figure 3-7,
that lets the user add, delete, or edit the

probability lines and axis labels that are displayed in all frequency curve
plots. The Options menu item opens the Options editor that allows the
user to set default HEC-SSP options. The Results tab in the Options
editor, shown in Figure 3-8, allows the user to set the number of decimal
digits that are displayed in all results.
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B2 Plot Probability Lines
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0.99549
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500
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Figure 3-7. Plot Probability Lines Editor.

B Options

| General || System Properties | Resultsgl

] Cancel

FHumber of decimal digits o show in results

Flow Digits:
Precipitation Digits:

Stage Digits:
Stats Digits:

Yolume Digits:

Figure 3-8. Dialog for Controlling the Number of Decimal Digits Shown in

Result Tables and Reports.
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Window: This menu includes Tile, Cascade, Next Window, Previous
Window, Window Selector, and Window. These options are used to
wirdow [ control the appearance of the

o Tike windows in the Desktop area.

When more than one window is

By Cascade open (such as a data importer,
and various analysis windows),
these menu items will help the
] Previous Window  Cir+Shift+Tab user organize the windows, or

Window Selector.,.. quickly navigate to a specific

inclowe » | window. The Tile option can
be used to organize all of the
currently opened windows in either a vertical or horizontal tile. The
Cascade option puts one window on top of the next in a cascading fashion.
The Next Window option brings the next window in the list of currently
opened windows to the top. The Previous Window brings the last window
that was on top back to the top. The Window Selector option brings up a
pick list of the currently opened windows and allows you to select the one
you want. The Window option has a sub menu list of all the opened
windows and allows you to select one.

= Mest Window Ciri+Tab

Help: This menu allows the user to open the HEC-SSP User’s Manual,
install example data sets, read the terms and conditions of use statement,
and display the current version information about HEC-SSP.

Lser's Manual

Install Example Data...

Termms and Conditions For Use
About HEC-S5P

Also on the HEC-SSP main window is a Tool Bar. The buttons on the
tool bar provide quick access to the most frequently used options under the
HEC-SSP File and Edit menus.
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Steps in Performing a Bulletin 17C Frequency Analysis

There are five main steps in performing a Bulletin 17C flow frequency
analysis using HEC-SSP. Similar steps are required when performing
other statistical analyses.

e Starting a new study

e Adding a Background Map (Optional)

e Importing, Entering, and Editing Data

e Performing the Bulletin 17C Frequency Analysis
¢ Viewing and Printing Results

Starting a New Study

The first step in performing a flow frequency analysis with HEC-SSP is to
establish which directory you wish to work in and to enter a title for the
new study. To start a new study, go to the File menu and select New
Study. This will open the Create New Study window as shown in Figure
3-9.

Study Mame:

Description:

Directory: CIA\PROJECTS\
LInit System: Englizh

Coordinate System: Geographic

QK | | Cancel

Figure 3-9. New Study Window.

The user is required to enter a name for the study, select a directory to
work in (a default location is provided), and select the desired units
system. Adding a description of the study is optional. The user should
also define a Coordinate System if background spatial data will be plotted.
Multiple coordinate systems are provided for use. The choice of a
coordinate system will not affect any computed results. Once you have
entered all the information, press the OK button to have the information
accepted. After the OK button is pressed, a subdirectory will be created
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under the user chosen directory. The subdirectory will be labeled with the
same name as the user-entered study name. This study directory is where
the HEC-SSP project file, as well as other study files and directories will
be located. Additionally, a default map window will appear in the Main
View Pane. However, the map window will be blank when it first opens.

Adding a Background Map

By default, when you start a new project in HEC-SSP a default map
window (called Base Map) will open in the Desktop window. Having a
background map is optional in HEC-SSP. Not having a map does not
prevent the user from importing and entering data, or performing an
analysis and viewing results. The map is mostly a visual aid of the study
area. Additionally, when you bring in gage data you can enter the map
coordinates of the gage and it will show up on the map. The user must
supply a coordinate system other than X-Y (i.e. Geographic) for imported
gage data to be displayed properly. Once a gage is located on the map you
can right click on it to open a shortcut menu for viewing the data, or
graphing and tabulating the results.

To add a map layer to the default map, go to the Maps menu and select
Add Map Layers. When this option is selected a file chooser window
will appear, as shown in Figure 3-10, allowing the user to select map
layers to bring into the map. The Create Copy option on the window will
make a copy of the selected map and place it in the Maps subdirectory
within the study folder.

Currently, the HEC-SSP software can load the following types of map
layers: United States Geologic Survey (USGS) DLG, AutoCAD DXF,
shapefile, Raster Image, USGS DEM, Arc Info DEM, ASCII NetTIN, and
Mr Sid.

An example map is shown in Figure 3-11. This map contains a shapefile
of state boundaries and data locations.
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@ Select Map to Add

==

L
=5

Recent ltems

Desktop

I
My Diocume...

A

-

Computer

@

MNetwoark

Lookin:

 TIGER -

? - m,

7 TIGER_US_Coastline.shp

7 TIGER_US_County.shp

1 TIGER_US_Primaryroads.shp
7 TIGER_US_Rails.shp

Ei TiGER Us States.shp

Create Copy

File name: TIGER_US_States shp

Files oftype: | Al Maps

- Cancel

Figure 3-10. Select a Map Layer to add to the Base Map.

LLEGHENY RIVER-KINZLA DAM, PA-FLOWLANHUAL PEAK
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»
L DELAWARE RIVER-MOM
WB SUSRUEHANNA RIVER-KARTHAUS, PA-CODE-FEAK FLOW
L] *

»
TULPEHOCKEN BREEK-BERNVILLE, A FLOW-ANHUAL
SUSQUEHANNA RIVER-HARRISBURG, PA-CODE-PEAK FLOW

YOUGHEEHENY RIVER YOUGHIOG HENY RIVERSih, ReeeD OB-REA

i

m

Figure 3-11. Example Background Map.

If more than one map layer is going to be added to a map, then it is up to
the user to ensure that all map layers are in the same coordinate system.
HEC-SSP does not perform coordinate system projections. Also, HEC-
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SSP cannot always determine the coordinate system for all map layers
entered. However, under the Maps menu is an option called Default Map
Properties. This menu option can be used to set the default coordinate
system for the map layers displayed in HEC-SSP. The user should set the
default coordinate system first and then bring in map layers to the study.

Importing, Entering, and Editing Data

Before any analyses can be performed, the user must bring data into the
HEC-SSP study. For a peak flow frequency analysis following guidelines
in Bulletin 17C, the data must consist of peak annual flow values. To
bring data into HEC-SSP go to the Data menu and select New. This will
bring up the Data Importer as shown in Figure 3-12.

[£] Data Importer - = [
Name: | Short ID:
Description: D

Study DES File: | CAPROJECTSISSP_Testing\Projects\Sir _B17C! _B17C\Sinr _B17C.dss
Study DSS Path

Data Source | Details
DataType: | Time Series +
Lacation
HEC-DS3 @ USGS Website WS Excel Manual Text File
USGS Website
DataType: | annual Peak Data -
Retrieve data for:
| Flow Stage
Get USGS Station ID's by State
Import uUsGs Basin Name Location
Data Station ID's (A Part) (B Part)
Ld Plat EE Tabulale Close

Figure 3-12. HEC-SSP Data Importer.

As shown in Figure 3-12, the Data Importer has fields for the Name, Short
Identifier, and the Description of the data at the top of the window.
Additionally, it lists the study DSS file name that the data will be stored in
once it is brought into the study. The study DSS file is always labeled the
same name as your study with the .DSS file extension.

The Data Importer contains two tabs, Data Source and Details. The Data
Source tab is shown first. This tab is used for selecting and defining a
source for bringing data into the HEC-SSP study. Currently, there are five
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ways to bring data into an HEC-SSP study: import from another HEC-
DSS file, import data from the USGS web site, import from a Microsoft
Excel spreadsheet, manually entering the data into a table, and import the
data from a text file. All of these methods will import data into the study
DSS file.

For this example, importing data from the USGS website will be shown.
For a complete description of the data importer see Chapter 4. To import
data from the USGS website, first select the USGS Website option from
the list of five options available in the Location panel. Next, select
Annual Peak Data as the data type and make sure the Flow option is
selected. The next step is to press the button labeled Get USGS Station
ID’s by State. When this button is pressed a window will appear (Figure
3-13) allowing the user to select a state from which to get data.

@ Cbtain stations by state [&J

Select State Pennsylvania | -

Diata Type:  Annual Peak Data

OK ] | Cancel

Figure 3-13. Window to Select a State for Downloading Data.

Once a state is selected, press the OK button and a list of the available
gages from that state will appear in a pick list as shown in Figure 3-14.
Check the boxes for all of the gages you would like to import and then
press the Import to Study DSS File button. Once the import button is
pressed, a process will begin during which the data will be downloaded
from the USGS website and saved to the study DSS file. HEC-SSP will
automatically name the data when importing multiple gages at one time.
The USGS import process will download annual peak flow data, and the
USGS data quality codes. The quality codes will be added as an addition
object to the Data folder.

In addition to the data itself, any metadata that is available will be
downloaded and stored with the data. The metadata can be viewed from
the Details Tab on the Data Importer. Metadata can also be viewed or
edited by opening the Metadata Editor. To open this editor, place the
mouse on top of a data object in the Data folder and click the right mouse
button. The shortcut menu contains an Edit Metadata option, as shown
in Figure 3-15. The metadata editor is shown in Figure 3-16.
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[-] Data Importer - = [
Name: Short ID
Description: D
Study DSS File: |C:\PROJECTS\SSP_Testing\Projects\Sir ling_B17CASinr 1g_B17C\Sinnemahoning_B17C.dss
Study DSE Path;
Data Source | Details
Data Type :T\me Series -
Location
() HEC-DSS @ USGS Website @) WS Excel ) Manual (© TextFile
USGS Website
Data Type: :Annual Peak Data v: =
Retrieve data for:
Flow [] Stage
Get USGS Station ID's by State Pennsylvania
Import USGSs Basin Name Location Other Qualifier
Data Station ID's (A Part) (B Part) (F Part) 3
[l 01542000 Moshannon Creek Osceola Mills, PA UsGS -
[ 01542500 'WB Susquehanna River Karthaus, PA USG!
01542720 Wilson Run Penfield, PA USG!
01542810 ‘Waldy Run Emporium, PA USG!
[¥] 01543000 Driftwood Br Sinnemahoning Cr Sterling Run, PA USGS
[l 01543500 inr Creek Sinnemahoning, PA USGS L
[ 01543693 East Fork Sinnemahoning ‘Wharton Township, PA USGS
[ 01543700 First Fork Sinnemahoning Creek Wharton, PA USG!
01544000 First Fork Sinnemahoning Cr Sinnemahoning, PA USG:
] 01544450 Germania Branch Germania, PA USG!
M 01544500 Kettle Creek Cross Fork, PA UsGS
[ 01545000 Kettle Creek ‘Westpor, PA USGS \E‘
[ 01545500 ‘West Branch Susquehanna River Renovo, PA USGS
& 01545600 Young Womans Creek Renovo, PA USGS
01545800 'WB Susquehanna River Lock Haven, PA UsGs i
|4 Plot S Tabulate

Figure 3-14. Example of Choosing Gages from a USGS State List to Import.

-0

Data
Driftwoaod Br Sinnemahoning Cr-Sterling Run, PA-FLOW-ANNUAL PEAK

Map
# Base Map

Sinnemahoning Creek-Sinnemahoning, PA-F L OV -/ g
Sinnemahaoning Creek-Sinnemahoning, PA-CODE-
First Fork Sinnemahaoning Cr-Sinnemahoning, PA-F| o=
First Fork Sinnemahaoning Cr-Sinnemahoning, PA-C

|Ld Plot

Tabulate

Edit Metadata...
EH save

Save Az,

Rename...

Figure 3-15. Open the Metadata Editor Using the Right Mouse Click Menu.
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[E] Metadata Editor -Sinnemahoning Creek-Sinnemahoning, PA-FLOW-ANNUAL PEAK Bl 3w
Mame: Sinnemahoning Creek-Sinnemahaning, PA-FLOW-ANNUAL PEAK] Short ID:
Description: Downloaded from USGS website. Station 01543500 &)

Study D335 File: C\PROJECTSVSSP_Testing\Projects\Sinnemahoning_B17CiSinnemahoning_B17C\Sinnemahoning_B17C.dss

Study DSS Path: | sinnemahoning Creek/Sinnemahoning, PAFLOW-ANNUAL PEAKIR-CENTURY/USGS!

State: Pennsylvania County: | Cameron

Stream: Sinnemahoning Creek Location: | sinnemahoning, PA

Drainage Area: |gas DA Units:

Gage Operator: |Jsss USGS No: 1543500
Gage Datum: | g HUC: 02050202

Vertical Datum: | NevD2e -

Description: )

Coordinate Location Data

Coordinate System: || atl ang - | Coordinate ID: i

Harizontal Datum: MADZT » | Datum Units: Degrees Minutes Seconds -

Coordinate X Value: —7z0612 | Coordinate Y Value: 111802
| OK | | Cancel |

Figure 3-16. Metadata can be Viewed or Edited by Opening the Metadata Editor.

As shown in Figure 3-16, the metadata consists of the State, County,
Stream, Location, Drainage Area, DA Units, Gage Operator, USGS Gage
No., Gage Datum, HUC (Hydrologic Unit Code), Vertical Datum, and a
description field. Additionally, the coordinate location of the data is
shown. The coordinate location consists of Coordinate System,
Coordinate ID, Horizontal Datum, Datum Units, Coordinate X Value, and
Coordinate Y Value. Most of the USGS data is retrieved with the
Latitude/Longitude coordinate system as shown in the example. In
addition to editing the metadata, the Metadata Editor allows the user to
change the name of the data, enter a short identifier, and enter a longer
description.

If the metadata does not download automatically, the user has the option
to enter any of the information by hand. Metadata is not generated
automatically for any of the other four data sources. Therefore, entering
the metadata is required if the user wants it to be carried along with the
study.

3-17



Chapter 3 - Working with HEC-SSP — An Overview HEC-SSP User's Manual

After the data is imported into the study, the user can select any one of the
gages in the Data folder and Plot or Tabulate the data. The plot and
tabulate options are available from the Data menu and from a shortcut
menu that opens by clicking the right mouse button when the pointer is
located on top of the gage object in the Data folder. If you select the Plot
option, you will get a plot of the peak flow data for that gage. If you
select the Tabulate option, you will get a table containing the data. Data
values can be edited within the table; however, the editing mode must be
turned on. To turn on editing, select the Edit->Allow Editing menu
option. Use the File->Save or File->Save As menu option to save the
data when you are satisfied with edits.

If the data has coordinate location information, it will then be plotted on
top of the background maps. The software will

Edit Metadata...| convert the coordinates of the point data to the
default coordinate system of the base map. The
L4 Plot user can interact with the plotted points by right
=E Tabulate clicking on the gage icon in the map and a shortcut
menu will appear as shown. The user has the
Rename... option to edit the metadata, plot, tabulate, rename,
X Delete or delete the data.

Performing the Bulletin 17C Flow Frequency Analysis

To perform a Bulletin 17C flow frequency analysis, go to the Analysis
menu and select New = Bulletin 17 Flow Frequency. This will bring up
an empty Bulletin 17 editor. As shown in Figure 3-17, the user must enter
a name for the analysis, a description (optional), and select a flow data set
(gage data stored in study DSS file). The DSS File Name and Report File
are automatically filled in by the program. For now, the DSS File Name
will be the study DSS file and the report file will have the same name as
the analysis.

The editor window contains four tabs: General, Options, EMA Data, and
Tabular Results. The General tab contains settings for Generalized Skew,
Expected Probability Curve, Method for Computing Statistics and
Confidence Limits, Plotting Positions, Confidence limits, a Time Window
Modification, and Low Outlier Test. Default settings are already
established for each of the options on the General tab; however, the user
can change the default settings.

The Options tab contains information on Low Outlier Threshold, Historic
Period Data, and User-Specified Frequency Ordinates. These options are
not required for most analyses but may be necessary depending upon the
data.
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The EMA Data tab contains information specifically related to flow
frequency analyses that make use of the procedures contained within

Bulletin 17C, which uses the Expected Moments Algorithm (EMA) to
compute flow frequency and confidence limits for the associated flow data
set. A detailed description of each of the Bulletin 17C settings and options

can be found in Chapter 5, Performing a Bulletin 17 Flow Frequency

Analysis. The EMA Data tab is shown in Figure 3-18.

Once all of the settings and options have been selected, the user presses

the Compute button to have the computations performed. When the

computations have finished a message window will open stating Compute

Complete. Press the OK button on the message window to close the

window. Once the computations have finished the user can begin to look

at output.

[=] Bulletin 17 Editor - SinnemahoningCreek_B17C

Name SinnemahoningCreek_B17C

FlowData Set. | Sinnemahoning Creek-S8innemahoning, PA-FLOW-ANNUAL PEAK

Description: Bulletin 17C flow-frequency analysis for Sinnemahoning Creek at Sinnemahaning, PA

DSS File Name: | C\PROJECT: P\Projects\Sir | B17C _B17C.dss

Report File CAPROJECTS\8SP\Projects\Sinnemahoning_B17C\Bulletin 17Results\SinnemahoningCreek_B17C\SinnemahoningCreek_B17C rpt

General | Options | EMA Data | Tabular Results

@ Use Station Skew
Use Weighted Skew
Use Regional Skew

Regional Skew.
Reg. Skew MSE:
Expected Probablity Curve Where:

Compute

Do Not Compute Expected Prob. Curve
Method for Computing Statistics and Confidence Limits
@ 17C EMA

17B Methods

Generalized Skew Plotting Position

Cther (Specify A, B)

Plotting position computed using formula

(m-A)(n+1-A-B)

m=Rank, 1=Largest

N=Number of Years

AB=Constants

Confidence Limits
@ Defaults (0.05, 0.95)
User Entered Values
Upper Limit:

Lower Limit:

Time Window Modification

DSSRangeis 18MAR1936 -

Start Date
End Date
Low Qutlier Test
@ Multiple Grubbs-Beck

Single Grubbs-Beck

21MAY2014

‘ Compute || Plot Curve ‘ ‘ View Report ‘ Print

oK Cancel

Figure 3-17. Bulletin 17 Flow Frequency Analysis General Tab.
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[=] Bulletin 17 Editor - SinnemahoningCreek_B17C = =
Name SinnemahoningCreek_B17C
Description: Bulletin 17C flow-frequency analysis for Sinnemahening Creek at Sinnemahoning, PA )]
FlowData Set  sinnemahoning Creek-Sinnemahoning, PA-FLOW-ANNUAL PEAK -
DSS File Name: | C\PROJECTSISSP\Projects\Sinnemahoning_B17C\Sinnemahoning_B17C.dss (]
ReportFile CAPROJECTS\SSP\Projects\Sinnemahoning_B17C\Bulletin17Results\SinnemahoningCreek_B17C\SinnemahoningCrask_B17C rpt =
| General | Options | EMA Data | Tabular Results -
FirstRow in Table Defines the Absolute Time Window for EMA Analysis (start and end dates) 70,
Perception Thresholds
Start Year End Year Low Threshold High Threshold | Comments
1936 2014 o0 inf Total Record 600007 O o
1937 1938 60000.0 inf| Missing Records
=}
50,000
o
° o
40,000+
=]
=}
Apply Thresholds
o E
Flow Ranges 30,000 5 o]
Year Peak Low Value High Value Data Type e @ o
1936 61200.0 61200.0 61200.0| Systematic |- [=] o O e
1937 0.0 60000.0|Censored - o o o o
1938 0.0 60000.0|Censored - e R 000 © % =] %
1939 81200 8120.0 8120.0|Svstematic - oy o Op O m
1940 191000 19100.0 19100.0|Systematic - o o o 6) o ol
10 10 Systematic - 5 co o el
59 £9800.0|Systematic - oooTo o @ @ 2]
28 28300.0|Systematic - o o @ ]
13300. 13300.0| Systematic -
1945 181000 18100.0 18100.0|Systematic >
6 367! 367 367 Systematic - T T T T T T T T
7 4 9410, 9410.0|Syslematic - 1940 1050 1080 1070 1980 1900 2000 2010
8 160! 160 160 Systematic - — 15571038 O Data
9 4! 7450, 7450.0|Systematic -
1950 16000.0 16000.0 16000.0 | Systematic - Dafrach &
{ Compute J { Plot Curve I { View Report I l Print J Appl:

Figure 3-18. Bulletin 17 Flow Frequency Analysis EMA Data Tab.

Viewing and Printing Results

Tabular output can be viewed by selecting the Tabular Results tab.
When this tab is pressed, a set of tables will appear as shown in Figure
3-19. The primary table on the Tabular Results tab consists of percent
chance exceedance, computed flow frequency curve, the expected
probability adjusted curve (if enabled on the General tab), and the 5 and
95 percent confidence limits. The second table (bottom left) contains
general statistics about the data, such as the mean, standard deviation,
station skew, regional skew, weighted skew, and the adopted skew of the
analysis. The third table (bottom right) contains the number of historic
events, high outliers, low outliers, zero or missing values, systematic
events in the data set, and the number of years in the historic period. The
table can be sent to the printer by pressing the Print button at the bottom
of the analysis window. The user can control the number of decimal digits
shown in the result tables and in reports. Select Options from the Tools
menu and then open the Results tab, as shown in Figure 3-19.
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[£] Bulletin 17 Editor - El- [
Name: SinnemahoningCreek_B17C
Description: B17C flow-frequency analysis for Sinnemahoning Creek at Sinnemahoning, PA [}
Flow Data Set | sinnemahoning Creek-Sinnemahoning, PA-FLOW-ANNUAL PEAK -
DS§ File Name: | C\PROJECTSISSP_Testing\Projects\Sinnemahening_B17C\Sinnemahoning_B17C\Sinnemahoning_B17C.dss )
Report File G:PROJECTSISSP_Testing\Projects\Sinnemahoning_B17C\Sinnemanoning_B17C\Bulletin17Resulis\SinnemahoningCreek_B17C\SinnemanoningCreek_B17G.rpt 8]
General | Options | EMA Data| Tabular Results
Frequency Curve for: Sinnemahoning Creek-Sinnemahoning, PA-FLOW-ANNUAL PEAK
5 can . S Confidence Limits
ercen ance ompute urve N
Exceedance Flow in cfs Flow in cfs
0.05 0.95
0.2 102267.5 2128821 733173
0.5 82575.8 1479907 62369.7
1.0 69561.6 1119595 54563.5
20 57969.9 84364.9 47126.6
5.0 44539.8 57635.6 37786.8
10.0 35589.8 42919.6 31016.4,
20.0 27456.8 315548 243924
50.0 173339 19308.5 15561.6
30.0 11461.6 12695.8 10299.5
90.0 9398.6 10437.6 8265.2
95.0 80495 9049.5 6851.9
99.0 6147.9 73847 4807.9
System Statistics Number of Events
Log Transform: Flow Event Number
Value :ws;ogctE‘vents 0
igh Qutliers
Wean 4.253
Standard Dev 0227 how Out\lwzs‘srs and Zero Flows g
Station Skew 0.376| [gooind "gjems =
Regional Skew Vo SMAit
\Welghted Skew Historic Period 79
Adopted Skew 0.37%
[ compute | [ Potcuve | | ViewReport | [ Print | Apply

Figure 3-19. Bulletin 17 Flow Frequency Analysis EMA Tabular Results Tab.

Graphical output can be obtained by pressing the Plot Curve button at the
bottom of the analysis editor. When this button is pressed, a plot will
appear like the one in Figure 3-20. This plot contains the computed
frequency curve, the expected probability adjusted curve (if enabled on the
General tab), the confidence limits, and the data points plotted using the
Hirsch/Stedinger plotting position method. Additionally, a plot title is
listed at the top. The plot title is by default the user-defined name of the
analysis. The user can modify the plot properties by selecting the
Edit->Plot Properties menu option. A plot properties window will open
that lets the user change the line style for each data type, change the axis
labels, modify the plot title, and edit other plot properties. The user can
also edit line styles by placing the mouse on top of the line or data point in
the plot or legend and clicking the right mouse button. Then select the
Edit Properties menu option in the shortcut menu. The plot can be
printed or sent to the windows clipboard by using the Print and Copy to
Clipboard options found under the File menu.

Additional points and lines can be added to a plot by placing the mouse
anywhere in the plot area and clicking the right mouse button. Then select
the Add Marker option to add a line or Add Marker Point to add a
point. Draw properties can be edited for these user-defined lines and
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points by placing the mouse on top of the point or line and clicking the
right mouse button. Then select the Edit Properties option in the shortcut

menu.
[7] Bulletin 17 Plat for SinnemahoningCreek_B17C = | B |
File Edit View Window
Bulletin 17 Plotfar SinnemahoningCreek_B17C
— Return Period
Q 1.0 1.1 2 ] 10 a0 100 a00
1DDDDDDD 1 1 1 1 1 1 1 1 1 1
100000.04
&
z
=
L
10000.04
1000.0 T T T T T T T 1 T
09599 04999 0.949 04 0.4 02 041 0.0z 0008 0.001
Frohability
Computed Curve ——— 5Percent Confidence Limit
— — = 95 Percent Confidence Limit o} Obszerved Events (Hirsch-Stedinger plotting positions)

Figure 3-20. Flow Frequency Curve Plot.

The final piece of output available from a flow frequency analysis is a text
report file. The report file lists all of the input data and user settings,
plotting positions of the data points, intermediate results, each of the
various statistical tests performed (i.e. high and low outliers, historical
data, etc.), and the final results. This file is often useful for understanding
how the software arrived at the final frequency curve. Press the View
Report button at the bottom of the analysis editor to view the report file.
When this button is pressed, a window will appear containing the report as
shown in Figure 3-21.
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@ SinnemahoningCreek_B17C.rpt I — @
File Edit Search Format

File: | Testing\Projects\Sinnemahoning_B17C\Sinnemahoning_B17C\Bulletin 17Results\SinnemahoningCreek_B17C\SinnemahoningCreek_B17C.rpt

Bulletin 17B Fregquency Analys3is
05 Jan 2016 02:07 EM

m

——— Input Data ———

Analysis Name: SinnemahoningCreek B17C | 4
Description: B17C flow-frequency analysis for Sinnemshoning Creek at Sinnemahoning, PA

Data Set Name: Sinnemahoning Creek-3innemahoning, PA-FLOW-ANNUAL FERK
DSS File Name: C:\PROJECTS\SSP Testing\Projects\Sinnemahoning Bl17C\Sinnemahoning B17C\Sinnemshoning Bl7C.dss
D55 Pathname: /Sinnemahoning Creek/Sinnemahoning, PL/FLOW-ANNUAL PERK/01janl900/IR-CENTURY/USGS/

Report File Name: C:\PROJECTIS\SSF Testing\Projects\Sinnemshoning B17C\Sinnemahoning B17C\Bulletinl7Results\Sinnem
XML File Name: C:\PFROJECT5“55F Testing%Projects\5Sinnemahoning B17Ch\Sinnemahoning B17C\Bulletinl7Results‘\S5innemaho

Start Date:
End Date:

Skew Option: Use Station Skew

Regional Skew: -Infinity

Regional Skew MSE: -Infinity

Plotting Position Type: Hirsch-Stedinger

Upper Confidence Lewvel: 0.05
Lower Confidence Level: 0.95

Digplay ordinate values using 1 digits in fraction part of value

——— End of Input Data ---

<< EMA Representation of Data >>
Sinnemahoning Creek-3innemahoning, PA-FLOW-AZNNUAL FERLK

| | Value | Threshold | |
| Year Peak | Low High | Low High | Iype |
[———————————————= [ [ [=—= |
| 1938 61,200.0 | 61,200.0 61,200.0 | 1.0E-939 1.0E9% | Syst |
Wl ([l 1937 — 1.0E-93 &0,000.0 | 60,000.0 1.0E39 | Cens |
| 1938 = | 1.0E-99 €0,000.0 | 60,000.0 1.0E99 | Cens |
| 1339 8,120.0 | g,120.0 8,120.0 | 1.0E-939 1.0E99 | Syst | -
|‘4||nan am o amm oA am amn A 4|n”;|nn A 1 Am An A mmAn o m_e .
01/05/2016 14:07 PM 1111 11

Figure 3-21. Report File from Bulletin 17 Frequency Analysis.
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CHAPTER 4

Using the HEC-SSP Data Importer

The HEC-SSP Data Importer is used to import, enter, and view data and
the corresponding metadata used in an HEC-SSP study. The current
version of HEC-SSP can be used to import annual peak data (flow and
stage) and data stored at regular intervals, like hourly flow data.

Contents
e Developing a New Data Set
¢ Importing Data from an HEC-DSS File
e Importing Data from the USGS Website
¢ Importing Data from an Excel Spreadsheet
e Entering Data Manually
e Entering Data from a Text File
e Metadata
e Plotting and Tabulating Data
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Developing a New Data Set

Before any analyses can be performed in HEC-SSP, the user must import
or enter data into the study. Importing, entering, and viewing data is
accomplished in the Data Importer. To open the data importer, go to the
Data menu and select New from the list of options, which will bring up a
data importer as shown in Figure 4-1.

=
[ Data Importer -

Mame: | Shart ID:
Description: E]

Study DSS File: | ciDocuments and SettingsigOhecmifDesktopisspiSSP_Examples\SSP_EXAMPLES dss
Study DSS Path:
Data Source | Details
Laocation
() HEC-DSS (&) USGS Wehsite ) MS Excel O Manual () Text File
USGS Wehsite
Data Type: | annual Peak Data v ~

Retrieve data for:

Flow [] Stage

[ Get USGS Station ID's hy State

Import LSGE Basin Mame Location COther Qualifier
Data Station 1D's (A Par) (B Par (F Parfy

[ |d Plot H =E Tabulate I
Figure 4-1. HEC-SSP Data Importer.

At the top of the Data Importer, the user can enter a Name for the new
data set. Optionally, the user can enter a short identifier (limited to 16
characters) and a Description of the data set. The study DSS file name is
provided. The DSS file is used for storing the data for the study. The user
does not have to enter a name when importing or manually entering data.
The program will automatically name the data using USGS names or
HEC-DSS pathname parts. If a Name is entered then it will be combined
with the USGS gage name or HEC-DSS pathname parts to create a unique
name. The user can rename a data set by selecting the data set in the study
explorer and clicking the right mouse button. A shortcut menu should
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open with a Rename menu option. The Data menu also contains a
Rename menu option; however, the data set must be selected in the study
explorer before this menu option is active.

The Data Importer contains two main tabs, Data Source and Details. The
Data Source tab is used for importing or entering data manually while the
Details tab is used to describe the data (i.e. metadata). The Data Source
tab contains five options for getting data into the study DSS file:
Importing from an existing HEC-DSS file, importing from the USGS
Website, importing from an Excel spreadsheet, entering the data manually,
and importing from a text file.

Importing Data from an HEC-DSS File

To import data from an HEC-DSS file into the HEC-SSP study DSS file,
first select the HEC-DSS radio button on the data importer. Selecting
HEC-DSS will change the view of the Data Importer to look like Figure
4-2.

[ Data Importer -

Marne: | | Shirt IO |

Description: | C]|

Study DSS File: |c:TemplasP_Examples\S5P_EXAMPLES dss |
Study DSS Path: | |

Diata Source | Details

Lacation
(@) HEC-DES ) UBGS Website ) ME Excel ) Manual () Teut File
HEC-DSS
Selected DSS File: |caTempSSP_ExamplesisSF_EXAMPLES dss ]

Selected DSS Pathname: | |

Search A |FISHKILL CREEK v| o v| E| v
By Parts: g | v| D: ¥| F: | v
Nurmber Part A PartB Part C Part D[ range PartE PartF
2|FISHKILL CREEK BEACON FREG-FLOWY BULLETIN 17B_F...
3|FISHKILL CREEK BEACON FREG-FLOWY MAX ANALYTICAL GEMFREG_GENE...
4|FISHKILL CREEK BEACON FREG-FLOWY GEMFREG_GENE...
5|FISHKILL CREEK BEACON FREG-FLOWY &K GRAPHICAL GEMFREG_GENE...

1 FISHHILL CREEK BEACON FLOWY 0Shar1 9435 - 19hiar1 965 IR-CEMTURY

JFFISHKILL CREEF/BEACONFLOWNSMar1 945 - 19hlar 963AR-CEMTUR™ I ﬁ
W
[ Importto StugyDSSFile | [ Clear Selections |
(v ) [ |

Figure 4-2. Data Importer with HEC-DSS Import Option.
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As shown in Figure 4-2, the user first selects a DSS file to import from by
typing the path and name or by choosing the file browser at the end of the
input field. Once a DSS file is selected, the table of pathnames will be
filled with the records that are contained in that DSS file. The user can
reduce the number of listed pathnames by selecting pathname parts to
filter in the pathname part selection area just above the table. Any
pathname part can be used to filter the list down to a more manageable
number of pathnames to select from. The user can then select pathnames
to import by double clicking on one or more of the listed pathnames in the
table. Each selected pathname will show up in the list below the table.
Once the user has selected all of the pathnames that they want to import,
pressing the Import to Study DSS File button enacts the import process.
An HEC-SSP data set will be developed for each pathname that was
selected.

Importing Data from the USGS Website

The second way to import data into HEC-SSP is to use the USGS Website
option. When this option is selected, the data importer will look like
Figure 4-3.
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[ Data Importer - |:‘|E‘g‘

Narme: “ | Short ID: |

Description: ‘ E]|

Study DSS File:  caDocuments and SettingsigDhecmifDeskiopisspigSP_Examples\35F_EXAMPLES.dss |
Study DS Path: |

Data Source | Details |

Lacation

() HEC-DSS (=) USG5 Wehsite () MS Excel 3 Manual () Text File
U3GS Website

. ~
Data Tve: |annual Peak Data v z
Retrieve data for:
Flaw [] Stage
[ Get USGS Station |D's by State

Import LSGE Basin Mame Location COther Qualifier

Data Station ID's (& Part) (B Parth (F Part)

w e b e
IFl ~
w
[ Laren ) (5 rovue |

Figure 4-3. HEC-SSP Data Importer with USGS Website Import Option.

The first step in using the USGS import option is to select a data type to
import (e.g. Annual Peak Data). Then choose to import Flow and/or
Stage data. Next the user should select the Get USGS Station ID’s by
State button. Selecting this button will bring up a small window that
allows the user to select a state in which to acquire data, as shown in
Figure 4-4.

i Obtain stations by state @

Select State: |Penn5y|var‘|ia

v

Data Type:  Annhual Feak Data

]2 Cancel

Figure 4-4. Window to Select a State for Importing USGS Data.
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Once the user selects a state and presses the OK button, a process will
begin in which all of the gage locations for that state will be downloaded
from the USGS website. A listing of all the gages for that state will then
be displayed in the table at the bottom of the data importer. An example
of the data importer with a list of USGS gages is shown in Figure 4-5.

[ Data Importer -

DER

Name: ‘

| Short ID:

Description: ‘

dl

Study DSS File: \o:xDocuments and SettingsigOhecmifDeskiopisspSSP_Examples\SSP_EXAMPLES dss

Study DSS Path: \

Data Source | Details

Location
() HEC-DSS (&) USGS Wehsite () WS Excel ) Wanual () Text File
U3GS Website
] 03023100 French Cragk Meadville, PA USGE A
I 03023300 wan Horne Creek Kerrtown, PA, 1USGS [
] 03023500 French Creek Carltan, PA IUSGS
] 03024000 French Cragk Utica, PA USGE
IFl 03025000 Sugar Creek Sugarcreek, PA USGE
[] 03025200 Fatchel Run Franklin, PA USGE
] 03025500 Allegheny River Franklin, PA USGE
L 03026400 Richey Run Emlanton, PA USGE
IFl 03026500 Sevenmile Run Rasselas, PA USGS
[¥] 03027500 EE Clarion River EE Clarion River Dam, PA UsGs
[#] 03028000 West Branch Clarion River Wilcox, PA USGE
[] 03028500 Clarion River Johnsonburg, PA USGS
03029000 Clarion River Ridgway, PA USGs
[] 03029200 Clear Creek Sigel, PA USGS
] 03029400 Toms Run Cookshurg, PA USGS
] 03029500 Clarion River Coaokshburg, PA USGS
] 03030500 Clarion River Piney, PA USGE
IFl 03030852 Clarion River Callenshurg, PA USGE —
] 03031000 Clarion River St. Petershurg, PA IUSGS
] 03031500 Allegheny River Parker, PA USGE
[] 03031780 il Creek Brockway, PA USGS
] 03031950 Big Run Sprankie Mills, PA USGS
] 03032500 Redbank Creak 5t. Charles, PA UsGs v
[ importto Stugy DS5 File | 4
v
[ |d Plot ] [ =E Tabulate I

Figure 4-5

. Data Importer with USGS Gages Listed in Table.

The next step is to select the desired gages for importing into the HEC-
SSP study. The user can filter the list to a smaller number of gages by
using the filter drop down boxes at the top of the table. To select a gage
for importing, simply check the box in the left hand column for each gage
location that is to be imported. After all of the desired locations are
selected, press the Import to DSS File button to import the data into the
study DSS file. Pressing this button will start a process of downloading
data from the USGS website. For each selected location, the software will
download the Data Quality Codes if they are available. The program
issues a message that data quality codes are available and adds the codes
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as an additional data set to the Data folder. For an explanation of the
codes, please visit the USGS website.

Warning: all data downloaded from the USGS website should be
reviewed to ensure it is appropriate before any analyses are performed on
the data. Some data stored on the USGS website are estimated, not
measured. The user should check the data on the USGS website and be
aware of the quality of all the data before using it. HEC-SSP will import
the annual peak flow and stage quality codes (the program does not import
quality codes for daily, instantaneous, and real time data). A description
of the quality codes for annual peak flows is contained in Table 4-1 and a
description of the quality codes for annual peak stages are contained in
Table 4-2.

Table 4-1. Quality Codes for USGS Annual Peak Flow Data.

Code | Description

1 Discharge is a Maximum Daily Average

2 Discharge is an Estimate

3 Discharge affected by Dam Failure

4 Discharge less than indicated value which is Minimum
Recordable Discharge at this site

5 Discharge affected to unknown degree by Regulation or
Diversion

6 Discharge affected by Regulation or Diversion

7 Discharge is an Historic Peak

8 Discharge actually greater than indicated value

9 Discharge due to Snowmelt, Hurricane, Ice-Jam or Debris
Dam breakup

A Year of occurrence is unknown or not exact

B Month or Day of occurrence is unknown or not exact

c All or part of the record affected by Urbanization, Mining,
Agricultural changes, Channelization, or other

D Base Discharge changed during this year

E Only Annual Maximum Peak available for this year

Table 4-2. Quality Codes for USGS Annual Peak Stage Data.

Code | Description

1 Gage height affected by backwater

2 Gage height not the maximum for the year

3 Gage height at different site and(or) datum

4 Gage height below minimum recordable elevation
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5 Gage height is an estimate

6 Gage datum changed during this year

Importing Data from an Excel Spreadsheet

The third option for importing data into HEC-SSP is MS Excel. When
this option is selected, the data importer will change as shown in Figure
4-6. Currently, HEC-SSP can only import data from Excel 97-2003
Workbooks (*.xls). The first step in importing data from an Excel
spreadsheet is to select the browse button, [.J, at the end of the Excel File
field. Once an Excel file is selected, a data view window will open
showing the data contained in the selected spreadsheet. An example

Excel® Data Viewer is shown in Figure 4-7.

[ Data Importer -

Marne: | | Short 10

Description: | C]|

Study DSS File: |C.TempiasP_Examples\35P_EXAMPLES.dss

Stuchy DES Path: |

Data Source | Details

Lacation
() HEC-DSS O USGS Website () WS Excel O manual () TextFile
ExcelFile: | ]
Waorkshest: | | Block: | E]|
Data Units: | |
D55 Pathname Parts
A | B | o [FLow-PEAK |
D: | | E|IR-CENTURY v| | |
Pathnarme:  HFLOW-PEAKIR-CENTURYH |
Crdinate Cate Time Walue
Lnits
Type
Mo Excel File selected
[ Lapor ) [ Tobiee |

Figure 4-6. Data Importer with MS Excel Import Option Selected.
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B2 Peak Flow Data

A E
1
2
3
4 Dzte Feak Flows
a 14 My 1935 1204
G 27 Jun1996 TES
¥ 12.Jan1397 2100
a 14Feb1998 1356
L 21Mar1999 1274
10 OZAprz000 ans
11 A0 hdzy2001 1645
12 30 Jun200z ZEa0

Sheetl | Sheetz | Sheet3

[ 0] H Cancel ]

1 I —

Figure 4-7. Example Excel Data Viewer.

The next step is to highlight the date and data values to be imported into
the study (only highlight the data, not the column headings). The data
must be in a format of Date in the first column and Data in the second
column. The date must be in the Day, Month, Year format (ddmmyyyy)
as shown in Figure 4-7. Next, press the OK button and the data will be
placed in the table at the bottom of the editor. The last step before
importing the data is to specify the units of the data, and each of the
pathname parts for storing the data in the study DSS file (make sure to edit
the C-part pathname if data is not annual peaks). Enter units of cfs for
data in cubic feet per second or units of cms for data in cubic meters per
second. The final step is to press the Import to Study DSS File button,
and the data will be imported.
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Entering Data Manually

Another option for getting data into the study is to enter the data manually.
When the Manual option is selected, the window will change to what is
shown in Figure 4-8.

& Data Importer -

Mame: Short 1D:
Description: E]
Study DS File: | C4TempmSSP_Examples\SSP_EXAMPLES dss

Study DS5 Path:

Data Source | Details

Lacation

(O HEC-DES O USGS Website (O MS Excel ® Manuat (O Text File
Pathname Parts
A B: C:
D E: |IR-CENTURY hd F:

Pathnarne: | WHIR-CENTURY

Start Date: Units:

Start Time: Type: |INST-\VAL hd

Manual Entry | Automatic Generation

Ordinate Date Time Value

[ Importto Study DSS File |
| Lapiot | [ ZETabuete |
Figure 4-8. Data Importer with Manual Data Entry Option Selected.

To enter data manually, the user enters a name for the data set at the top,
along with a short identifier and a description (optional). A starting date
and time must be entered. The units of the data must also be defined as
well as the data type. The last step before entering the data is to specify
the pathname parts for how the data will be stored into the study DSS file.
This requires the user to enter a label for the A, B, C, E, and F part of the
DSS pathname. Once all of the data labeling is completed, the data can be
entered into the table at the bottom of the editor. The user must enter the
Date, Time, and data Value for each peak flow value to be entered. After
a Date, Time, and Value are entered into a row, a new row will be
generated in the table when the user leaves the Value field. The date must
be in the Day, Month, Year format (ddmmyyyy). Another option for
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getting data into the table is to copy it to the clipboard and then paste it
into the table. The table supports pasting data one column at a time or you
can paste the date, time, and value information all at once. When all of the
data are entered into the table, the user presses the Import to Study DSS

File button and the data will be stored in the study DSS file.

Importing Data from a Text File

The fifth option for importing data into HEC-SSP is a comma delimited
Text File. When this option is selected, the data importer will change as

shown in Figure 4-9.

-
[ Data Importer -

Name: Short ID:
Description: E]
Study DSS File: | ciDocuments and SettingsigOhecmifDesktopis spiSSP_Examples\SSP_EXAMPLES dss

Study DSS Path:

Data Source | Details

Location

() HEC-DSS O USGS Website () M5 Excel ) Manual @ TextFile
File: [L) Start Date: [L]| StartTirmne:
Data Units:
0SS Pathname Parts
A =R G |[FLOW-PEAK
O E: | IR-CENTURY & F:

Pathname: |[MFLOW-FEAKNR-CENTURY

Ordinate Date Time Walue

Units

Type

[ Larot | [ = Tabuiate |

Close

Figure 4-9. Data Importer with Text File Option Selected.

The first step in importing data from a comma delimited Text File is to
press the Select File, [.J, button at the end of the File field. Once a
comma delimited text file is selected, a data view window will open
showing the data contained in the selected file. An example text file data

viewer is shown in Figure 4-10.
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[ —— -+
Alpha Version. Time Series Columnar import. File: bo040flow.csv |._||E|[Z|
File

Fow i Col

2 4
Date Floww(cfs)

13AG1993 6.346

14AG19493 6.017

18AG1993 5.983

1BALIGT9493 6.218

17ALGT1993 6.493

18ALIGT19493 6.692

19ALIG1 893 7.040

20ALGT1993 716

21ALG1893 7.029

22AG19493 £.952

23AUG19493 6.771

2441051993 T.7h4

28AG19493 20.967

2BALGT1993 7237

2TALGT9493 54922

28AG1993 5.835

29AG19493 6.044

30ALUGT1 993 6.635

IMTAUGT 93 6.974

013EP1993 7.006

02SEP1993 ¥.0ez

035EFP1993 6.635

045EP1993 5.918

NECEP1002 B 02

Figure 4-10. Example Text File Data Viewer.

The next step is to highlight the date, time, and data columns. Only
highlight the data that will be imported, not the column headings. If there
are column headings then they need to be identified. To do this, select the
row or rows that do not contain data to be imported. Then click the right
mouse button and select the Skip Row(s) menu option, as shown in Figure
4-11.
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Alpha Version. Time Series Columnar import. File: boO40flow.csy |Z||E|fz|
File

Fow i Col

Pathnarme Park Row b

Linits R oy

2 4

Date Flow{cfs)
T13ALG1993 6.346
T4A1L0G1993 6.017
T18ALIG1993 5.983
TBALIGT993 6.218

17ALGT993 £.493

18AG1993 6.692

19AG1993 ¥.040

20A10G1993 716

2MAG1993 7.029

22A10G1993 £.958

23AJG1993 6.771

2421051993 7.754

25A10G1993 20.967

2621051993 7237

27AG1993 54922

28A1G1993 5.835

28AG1993 6.044

30ALG1993 6.635

JMALG1993 6.974

01SEP1993 7.006

0ZSEP1993 7.0a2

025EP1993 6.635

045EP1993 54918

oA n ORCEPA Q03 [34-00 B 020

Irpoart ] ’ Cancel

Figure 4-11. ldentify Rows that do not Contain Data to be Imported.

To identify the date and time columns, place the mouse pointer on the
column number at the top of the table and click the right mouse button.
Then move the mouse pointer to the Date — Time Column option to see
an additional menu of options, as shown in Figure 4-12. Figure 4-12
shows that column 2 will be defined as the date column. The date must be
in the Day, Month, Year format (ddmmyyyy). The data viewer will
highlight the date and time columns once they have been defined.
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Alpha Version. Time Series Columnar import. File: boO40flow.csv |Z||E|rz|

File
Fow | Cal 1 2 o g
] Sl Skip Column fs) | 2
3 hondn CReTaNleR il Date - Time Column k Date and Time Column
3 bao0d40 14405195 Set Data Column Crate Column I
4 bo040 18AUG19%  Clear Column Time Colurmn
5 bo040 TBALIGT1993 [24:00 6.218 Day Column
3] bo040 TFALGTE93 [24:00 B.493  Maonth Column
T bo040 T1BALG1993 [24:00 B.692  “vear Column
a bo040 THALGT993 [24:00 7.0400  month-Day Column
g bo040 2041993 (24:00 7116 pay-Month Calumn
10 bo040 21AUG1993 [24:00 7029 panth-Year Column
11 bo040 22AG1993 [24:00 B.958
1 o040 Qonl A 00T 14-00 | |

Figure 4-12. ldentify Date and Time Columns.

To define the data column, place the mouse pointer on the column number
at the top of the table and click the right mouse button. Then choose the
Set Data Column menu option from the shortcut menu. Another editor
will open, as shown in Figure 4-13, that allows the user to define the
pathname parts, data units, and data type. After defining these data
properties, click the Import Now button to import the data and data
properties into the Data Importer. You can edit the data values or data
properties in the data importer before importing the data to the study. The
final step is to press the Import to Study DSS File button, and the data
will be imported.
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Fathname Pars

A:|

O

FPathname: T DAY

Start Date: |13Aug19493 LInits:

Start Time: | 24:00 Type: | IMST-waL

Irmport Moy

Figure 4-13. Editor for Defining the Data Properties.

Metadata

When downloading data from the USGS website, in addition to the raw
data, the software will also attempt to download any metadata available
for each gage location. When using one of the other four methods for
importing data, the user can manually enter metadata by selecting the
Details tab, as shown in Figure 4-14. The metadata consists of the State,
County, Stream, Location, Drainage Area, DA Units, Gage Operator,
USGS Gage No., Gage Datum, HUC (Hydrologic Unit Code), Vertical
Datum, and a description field. Additionally, the coordinate location of
the data is shown. The coordinate location consists of Coordinate System,
Coordinate ID, Horizontal Datum, Datum Units, Coordinate X Value, and
Coordinate Y Value. If coordinate system data are entered, data icons and
text labels will show up on the background map at the specified locations.

Metadata can be viewed and edited any time after the data has been
imported into the study by opening the Metadata Editor. To open the
Metadata Editor, place the mouse pointer on top of a data set in the Data
folder and then click the right mouse button. Choose the Edit Metadata
option from the shortcut menu, as shown in Figure 4-15. The Metadata
Editor will look exactly like the Details tab on the Data Importer. The
Metadata Editor can also be opened from the Data menu and from a
shortcut menu that opens by right clicking on a data icon in a background
map.
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% Data Importer -

Marne: | | Shart D |

Description: | E]|

Study DSS File: |CiTempl35P_Examples\35P_EXAMPLES dss |
Study DSS Path: | |

Diata Source | Details |

State: || | County; | |
Stream: | | Location: | |
Drainage Area; | | DA Units: | |
Gage Operator: | | USGES No: | |
Gage Datum; | | HUC: | |
Vetical Daturn: |No Coordinate Systern v|

Description: | E]|

Coordinate Location Data

Coordinate Systern: |N0 Coordinate Systern v| Coordinate 1D | |
Horizontal Daturn: |N0tSet v| Daturm Units: |Notspeciﬂed v|
Coordinate X Value: | | Coordinate ¥ Value: | |

[ Lariot | [ SETabuiste |

Figure 4-14. Details Tab on the HEC-SSP Data Importer.

=9 Data

FISHKILL CREEK-BEACON-FLOWY |4 Plet
FLOYD RIVER-JAMES 1A-FLOWY ==
KASKASKIA RIVER-VANDALIA, IL-FLC _

ORESTIMEA CREEK-MEYWRMAN, CA—F

RIDLEY CREER-MOYLAM, PA-FLOW

CEDAR RAPIDS, STAGE DATA I save fs...
Rio Grande at Alubguergue UMNREGL
Annual Daily Average Peak Flows Rio Rename. ..

Annual Daily Average Peak Flows Lod ¢ Delete fram Study

-l CHATTAHOOCHEE RIVER-CORMELI
EIE? hap Remnowe From Study

‘. # Base Map Properties...

Figure 4-15. Menu Option for Opening the Metadata Editor.
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Plotting and Tabulating the Data

r

B2 Back Creek-Jones Springs

File Edit

View

After the data is imported into the study, the user can select any one of the
data sets in the study explorer. A shortcut menu will open when clicking
the right mouse button while a data set is selected. The shortcut menu
contains options to change the name, plot, and tabulate the data. These
options are also available from the Data menu; however, the data must be
selected in the study explorer before these options are available. If you
select the Plot option, you will get a plot similar to the one shown in
Figure 4-16.

EX

=]
20,000+
=]
=]
15,000+
%)
E o
L 10,0004 o
b =]
o =]
=] v (=] e ° ¥
[#]
5,000 —1—° o, o o ]
o =) o o o o o =}
=] o DD
=]
=]
| | | | | | | | |
1930 1935 1940 1945 1950 1955 1960 19645 1970
< JORES SPRINGS Wi OBS FLOWY

Figure 4-16. Plot of Peak Annual Flow Data.

If you select the Tabulate option, a table will open with the data listed as
shown in Figure 4-17. Data values in the table can be edited after
selecting the Edit->Allow Editing menu option. To save any edits, select
the File->Save menu option.
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r

— — .-‘
JBACK CREEKJJONES SPRINGS, wv/FLowy... [ |[B][X]
File Edit Yiew

Ordinate

JOMES SPRIM...
FLOWY
OBS

LInits

CFS

Type

IMNST-WAL

1

17 Apr19249

8,750

23 0ct19249

14,600

08 May 1931

4,060

04 Feb 1939

£,300

20 Apr1940

3,130

06 Apr1941

4160

22 May 1942

5,700

16 0ct1942

22,400

24 Mar 1944

3,880

18 Sep 1944

5,050

032 Jun 1946

4,020

15 Mar 1947

1,600

14 Apr 1948

4,460

31 Dec 1944

4,230

02 Feh 1950

3,010

05 Dec 1850

8,140

28 Apr1952

5,100

24 Mow 1952

4,820

02 Mar 1954

£,200

19 Aug 1955

10,700

15 Mar 1956

3,880

10 Feb 1957

3,420

27 Mar 1958

3,240

03 Jun 1959

f,500

09 May 1960

3,740

19 Feh 1961

4,700

22 Mar 1962

4,380

20 Mar 1963

5,180

Figure 4-17. Table Containing Peak Annual Flow Data.
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CHAPTER 5

Performing a Bulletin 17 Flow
Frequency Analysis

The current version of HEC-SSP allows the user to perform flow
frequency analyses using two different methodologies which are
commonly referred to as Bulletin 17B and Bulletin 17C. This chapter
discusses in detail how to perform a Flow Frequency Analysis within
HEC-SSP using either method.

Contents

Bulletin 17B vs. Bulletin 17C

Starting a New Analysis

General Settings, Options, and Computations
Viewing and Printing Results
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Bulletin 17B vs. Bulletin 17C

The Bulletin 17B guidance has guided the development of peak flow
frequency analyses within the United States since the early 1980°s. This
guidance recommended the use of the Log Pearson Type 111 probability
distribution for annual peak flows on unregulated streams fit by the
Method of Moments (Interagency Advisory Committee on Water Data,
1982). Using the Bulletin 17B methodology, distribution parameters are
estimated from the moments of the sample data (i.e. mean, standard
deviation and skew). Bulletin 17B also includes adjustments to those
parameters for non-standard data (missing years, flows below gage base,
or estimated flows), low outliers, and historical events. Adjustments can
be made with a series of specified procedures including the conditional
probability adjustment and the historical adjustment (weighted moments)
procedure. The Bulletin 17B methodology characterizes the peak flow in
each year as either (1) part of the systematic (observed) record, for which
a point estimate of flow exists or (2) an historical event from a time before
a gage was present but for which an estimate of flow can be made.

The Bulletin 17C guidance brings a change to the computation of peak
flow frequency within the United States. This guidance incorporates
changes motivated by four of the items listed as future work within
Bulletin 17B and more than 30 years of post-Bulletin 17B research on
flood processes and statistical methods (England, et al., 2015). As part of
the Bulletin 17C methodology, the moments/parameters of the Log
Pearson Type 11 distribution are estimated using the Expected Moments
Algorithm (EMA). Like Bulletin 17B, the Bulletin 17C/EMA (17C EMA)
methodology also estimates distribution parameters based on sample
moments, but does so in a more integrated manner that incorporates non-
standard, censored, or historical data at once, rather than as a series of
adjustment procedures (Cohn, Lane, & Baier, 1997). The use of Bulletin
17C procedures can also provide improved confidence intervals for the
resulting frequency curve that incorporate diverse information
appropriately, as historical data and censored values impact the
uncertainty in the estimated frequency curve (Cohn, Lane, & Stedinger,
2001). Within the 17C EMA methodology, every annual peak flow in the
analysis period, whether observed or not, is represented by a flow range.
That range might simply be limited to the gaged value when one exists.
However it could also reflect an uncertain flow estimate.
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Starting a New Analysis

A flow frequency analysis can be started in two ways within the software,
either by right clicking on the Bulletin 17 folder in the study explorer and
selecting New, or by going to the Analysis menu and selecting New and

then Bulletin 17 Flow Frequency. When a new flow frequency analysis

is selected, the Bulletin 17 Editor will appear as shown in Figure 5-1.

[] Bulletin 17 Editor - =R
MName:
Description: D
Flow Data Set: -
DSS File Name: =]
ReportFile: D
General
Method for Computing Statistics and Confidence Limits Low Outlier Test Confidence Limits
17C EMA Multiple Grubbs-Becl Defaults (0.05, 0.95
17B Methods Single Grubbs-Beck User Entered Values
Uppe 1
Generalized Skew Plotting Position Uz LI
Use Station Skew Weibull (Aand B= 0, Lower Limit
Median (AandB=03
u
Time Window Modification
u
DSS Range is
Other (Specify A, B Start Date
Ploiting position computed using formula End Date
{m-A)i(n+1-A-B)
Expected Probablity Curve Where
Comn e Ex d Prob. Curve m=Rank, 1=Largest
Lozl 3 slreEie N=Number of Years
Do Mot Compute Expected Prob. Curve AB=Constants
B
| Compute ‘ | Plot Curve ‘ | View Report | ‘ Print ‘ 0K Apply Cancel

Figure 5-1. Bulletin 17 Flow Frequency Analysis Editor.

The user is required to enter a Name for the analysis, while a Description
is optional. An annual peak flow data set must be selected from the
available data sets stored in the current study DSS file (see chapter 4 for
importing data into the study). The list of data that can be selected for a
Bulletin 17 analysis will only include those data that have an irregular
interval, like IR-CENTURY and IR-YEAR (E-part pathname). Once a
Name is entered, and a flow data set is selected, the DSS File Name and
Report File will automatically be populated. The DSS filename is by
default the study DSS file. The report file is given the same name as the
analysis with the extension ".rpt".
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General Settings, Options, and Computations

Once the analysis name and flow data set are selected, the user can begin
setting up the analysis. Four tabs are contained on the Bulletin 17 editor.
The tabs are labeled General, Options, EMA Data (which is non-
selectable unless the analysis is set to use 17C EMA methods), and
Tabular Results.

General Settings

The first tab contains general settings for performing the flow frequency
analysis (Figure 5-1). These settings include:

e Method for Computing Statistics and Confidence Limits
o Generalized Skew

e Expected Probability Curve

e Low Outlier Test

e Plotting Positions

¢ Confidence Limits

e Time Window Modification

Method for Computing Statistics and Confidence Limits

There are two
Method for Computing Statistics and Confidence Limits choices available
for computing flow
frequency statistics
17B Methods and confidence
limits within HEC-
SSP: 17C EMA and 17B Methods. The user is referred to the Bulletin
17C publication for in depth discussions regarding the differences between
Bulletin 17B and Bulletin 17C. In general, 17C EMA will provide the
same computed flow frequency curve as Bulletin 17B methods when there
are no historical events/periods and no low outliers included within the
analysis. Also, the computed confidence intervals will be nearly the same
when using a skew that is near zero.

@ 17CEMA

Choosing either 17C EMA or 17B Methods will invoke different options
throughout the flow frequency analysis (for instance, choosing the 17C
EMA method results in the inability to compute the expected probability
curve). When opening a new Bulletin 17 analysis, the user must select a
method for computing statistics and confidence limits before proceeding
with the analysis. Until a method is selected, all other options will be
inactive.
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Generalized Skew

There are three options contained within the generalized skew setting: Use

Generalized Skew
@ Lse Station Skew
L=e Weighted Skew

lse Regional Skew
Regional Skew:

Reg. Skew M3E:

Station Skew, Use
Weighted Skew, and
Use Regional Skew.
The default skew
setting is Use Station
Skew. With this
setting, the skew of
the computed curve
will be based solely
on computing a skew
from the data points

contained in the data set. No weighting with regional skew will be

performed to compute the final skew.

The Use Weighted Skew option requires the user to enter a generalized
regional skew and a Mean-Square Error (MSE) of the generalized regional
skew. This option weights the computed station skew with the generalized
regional skew based upon the inverse of the mean square error in each
skew estimate. The equation for performing this weighting can be found
in Bulletin 17B (equation 6). If a regional skew is taken from Plate | of
Bulletin 17B (the skew map of the United States), the value of MSE =
0.302. Additional estimates of regional skew to be used in peak flow and
flow-duration statistical analyses are being developed by the USGS and

others; for example, see (Parrett, et al., 2010).

The last generalized skew option is Use Regional Skew. When this
option is selected, the user must enter a generalized regional skew and an
MSE for that skew. The program will ignore the computed station skew

and use only the regional skew.

Expected Probability Curve

This setting has two options: compute the expected probability curve and
do not compute the expected probability curve. The default setting is to

Expected Probablity Curve
Compute Expected Prob. Curve

Do Mot Compute Expected Prob. Curnve

not compute the
expected probability
curve. When using
the 17C EMA
method to compute
statistics and

confidence limits, the expected probability curve is not computed.
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However, when using the Bulletin 17B method and computing the
expected probability curve, this curve will be shown in both the result
tables and the plots as an additional curve. The expected probability
adjustment is a correction for bias in the computed frequency curve. The
bias is caused by uncertainty due to the shortness of the data record. The
Method of Moments estimation of the Log Pearson 11l parameters
produces a median estimate of each frequency curve quantile, and the
adjustment changes to a mean (unbiased) estimate, which is different from
the median because of the skewness of the uncertainty distribution. The
reader may review the discussion in Bulletin 17B about the expected
probability curve adjustment for an explanation of how and why it is
computed.

The use of the expected probability curve is a policy decision. It is most
often used in establishing design flood criteria. The basic flood frequency
curve without the expected probability adjustment is the curve used in
computation of confidence limits, risk, and in obtaining weighted averages
of independent estimates of flood frequency discharge (Interagency
Advisory Committee on Water Data, 1982).

Low Outlier Test

This option allows the user to choose the test that is performed to identify
low-value data points that depart significantly from the trend of the
remaining data and

ST EE inappropriately affect

® Multiple Grubbs-Beck the extreme quantiles

_ in the upper tail of the
Single Grubbs-Beck frequency curve.

There are two options
for testing low outliers within HEC-SSP: Multiple Grubbs-Beck and
Single Grubbs-Beck.

These low-value data points can significantly distort the entire computed
flow-frequency curve due to the use of logarithms within both the 17B and
17C EMA methods. These distortions are more severe with the 17C EMA
method. As part of the development of the Bulletin 17C methodology, the
standard Single Grubbs-Beck low outlier test was expanded to more
successfully identify multiple low outliers (also referred to as potentially
influential low floods, or PILFs). Therefore, the only option available
when using the 17C EMA method within HEC-SSP is the Multiple
Grubbs-Beck test. When low outliers are calculated using the Multiple
Grubbs-Beck test, both perception thresholds and flow ranges are
modified within the 17C EMA framework to prevent excessive influence
on the computed flow frequency curve. Example 2 within Appendix C
presents an instance where multiple low outliers are identified using the
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Multiple Grubbs-Beck test and the resulting modifications that are made
within the 17C EMA framework.

When using the 17B methodology, the default test is the Single Grubbs-
Beck test.

Plotting Positions

Plotting Position
() Weibull (A and B =0)
@ Median (AandB=10.3)

Plotting positions are used for
plotting the input flow data
set on a probability scale

along with the computed
frequency curve and
confidence limits. There are
five options for computing

Hazen (4 and B = 0.5)
HirschiStedinger

Other (Specify A, B)

plotting positions within
HEC-SSP: Weibull, Median,
Hazen, Hirsch/Stedinger, and Where:
user entered coefficients.
The only method available
for computing plotting
positions when using the 17C A:
EMA method is
Hirsch/Stedinger (Hirsch and

Plotting position computed using formula
(m-A){n+1-A-B)

m=Rank, 1=Largest
M=Mumber of Years
A B=Constants

Stedinger, 1987). The default
method when using the Bulletin 17B method is the Median plotting
position formula. When using 17C EMA methods and the
Hirsch/Stedinger plotting position formula, flow data screened as low
outliers (a.k.a. Potentially Influential Low Floods) are assigned a plotting
position using the Median plotting position formula within HEC-SSP.

The generalized plotting position equation is:

_ (m-A)
(n+1-A-B)
where: m = rank of flood values with the largest equal to 1.
n = number of flood peaks in the data set.

A & B = constants dependent on which equation is used (Weibull
A and B=0; Median A and B =0.3; and Hazen A and
B=0.5).

Plotting positions represent estimates of the exceedance probability of
each data point (peak flow). Different plotting position formulas can give
very different values for the probabilities of the highest and lowest points
in the data set. In both the Bulletin 17B and 17C EMA methodologies, the
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plotting of data on the graph by a plotting position method is only done as
a guide to assist in evaluating the computed curve. The plotting position
method selected does not have any impact on the computed curve.

Confidence Limits

The computed flow frequency curve is only an estimate of the probability
distribution of the larger parent population. Confidence limits can be used
to provide a measure of the uncertainty of the estimated exceedance
probability of a selected discharge or a measure of the uncertainty of the
discharge at a selected exceedance probability. Confidence limits
computed when using the 17C EMA methodology are outlined in Bulletin
17C, Appendix 6. Confidence limits computed when using the 17B
methodology are outlined in Bulletin 17B, Appendix 9. Generally
speaking, the confidence intervals computed with 17B procedures are less
accurate than those computed using the 17C EMA methodology. The 17B
methodology neglects the uncertainty in the estimated skew coefficient
and does not recognize or use historical information.

Confidence Limits By default, HEC-

SSP calculates the 90

@ Defaults (0.05, 0.95) percent confidence

User Entered Values interval for all flow

R, frequency analyses
QppErCIotE: (i.e. the 5% and 95%

Lower Limit confidence limits).

By comparison, the

default confidence
interval used within the USGS PeakFQ program is 95% (i.e. 2.5% and
97.5% confidence limits) (Veilleux, Cohn, Flynn, Mason, & Hummel,
2013). The confidence limits must be entered in decimal form (i.e. 95% =
0.95, and 5% = 0.05). The user has the option to override the default
values and enter whatever values they would like for the confidence limits.

Time Window Modification

This option allows the user to narrow the time window used for the
analysis. The
default is to use all
of the annual peak
— flow data contained
S Ll | in the selected data
set. The user can
enter either a start
date for the analysis, and end date, or both a start and end date. If a start
and/or end date are used, they must be dates that are encompassed within

Time Window Modification

D25 Rangeis 100CT1903 - 14JUN2013

End Date ]
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the data stored in the selected data set. The date range for the selected
data set is shown in the editor just above the Start Date field.

Any dates entered within the Time Window Modification will be ignored
when using the 17C EMA Method for Computing Statistics and
Confidence Limits. When using 17C EMA, changes to the start and end
period should be made within the EMA Data tab.

Options

In addition to the general settings, there are also several options available
to the user for modifying the computations of the frequency curves. These
options include:

e Low Outlier Threshold
e Historic Period Data
e User-Specified Frequency Ordinates

When the Options tab is selected, the Bulletin 17 Editor will appear as
shown in Figure 5-2.
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[Z] Bulletin 17 Editor - Tocks _lsland_B17C = |
Name Tocks_lsland_B17C
Description =
FlowData Set | Tocks_Island-Tocks Island-FLOW-ANNUAL PEAK ~
DSSFile Name: |C\PROJECTS\SSP_Testing\Projects\B17C_EMA_testB17C_EMA_testdss ]
Report File: C:PROJECTSISSP_Testing\Projects\B17C_EMA_testiBulletin17Results\Tocks_Island_B17C\Tocks_|sland_B17C.rpt [
| General| Options | EMA Data | Tabular Results
Low Outlier Threshaold Historic Period Data User Specified Frequency Ordinates
|| override Low Outlier Threshold Use Historic Data [] Use Values from Table Below
Value i i
Historic Period Frequency in Percent
Start Year. 0.2
) 05
End Year: 10
Override High Outlier Threshold 20
5.0
— 10.0
Historic Events 20.0
Water Year Peak 50.0
80.0
90.0
95.0
99.0
{ Compute J { Plot Curve J { View Report J { Print J Apply

Figure 5-2. Bulletin 17 Editor with Options Tab Selected.

Low Outlier Threshold

High and low outlier tests are based on the procedures outlined in Bulletin
17B and Bulletin 17C. The calculated outlier thresholds are used as
default values for the high and Low Quflier Threshold

low outlier thresholds in H_EC' [] owerride Low Outlier Threshold
SSP. The user has the option
to enter a different value for the LI
low outlier threshold if the
Single or Multiple Grubbs-Beck low outlier tests do not adequately
identify low outliers. If a value is entered for the low outlier threshold,
then this value will override the computed value. When applying the
outlier tests, HEC-SSP will identify both high and low outliers. However,
only low outliers will be removed from the data set when performing the
analysis. If a high outlier is identified in the data set, the analyst should
try to incorporate historical period information to extend the time period
for which the high outlier(s) is (are) considered to be the maximum
value(s). When using Bulletin 17B procedures, the low outlier threshold
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cannot be set to a value that would censor more than 50 percent of the
peak flows.

To override the computed low outlier threshold, simply check the box and
enter the value.

Historic Period Data

This option is only available when using Bulletin 17B procedures. To
make use of historic data within the 17C EMA procedures, this
information should be entered on the EMA Data tab.

All historic data that provides reliable estimates of flood peaks outside the
systematic record should be used in order to improve the estimated flood
frequency curve.
Flood information
of large events

Historic Period Data

Use Historic Data

Historic Period outside of the
Start Year: systematic record
End Year: can often be used to

extend the record to
a historic period
Historic Events much Ionger than
Water Year Peak that of the
systematic record.
HEC-SSP uses
historic data specified in this table as recommended in Bulletin 17B.

Cwverride High Qutlier Threshold:

However, to use historic data in a 17B analysis within HEC-SSP, check
the box labeled Use Historic Data. The user can enter a starting year for
the historic period, ending year for a historic period, and a high threshold
value. If the user enters a high threshold value, then any value in the
systematic record greater than that value will also be treated as a historical
flood peak. The user can also enter historic flood peaks that are not
contained in the systematic record. This is done in the table at the bottom
labeled Historic Flood Peaks. All years must be entered as water year
values (October 1 through September 30). If a start year is not entered,
then the assumed start year is the earliest year of the systematic record and
any historical values that have been entered. If an end year is not entered,
then the assumed end year is the latest year in the systematic record and
any entered historic values.

Note: The program treats all data in the data set as systematic data when
using Bulletin 17B procedures. If historic events are included in the data
set, then the user must define the analysis time window (General tab —

Time Window Modification) so that it only bounds the systematic record.
Then the user must define the historic events in the Historic Events table.
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The user is directed to Example 6 in Appendix B for an instance of using
the historic data adjustment within a Bulletin 17B analysis.
User Specified Frequency Ordinates

This option allows the user to change or add to the frequency ordinates for
which the resulting frequency curve and confidence limits are computed.

The default values listed in User Specified Frequency Ordinates
percent chance exceedance are

0.2.0.5, 1, 2, 5, 10, 20, 50, 80, Lse Values from Table Below

90, 95, and 99. Check the box i

next to Use Values from Table —
below to change or add 05
additional values. Once this 10
box is checked, the user can 2.0
add/remove rows and edit the 5.0
frequency values. To add or 10.0
remove a row from the table, ——
select the row(s), place the :gg
mouse over the highlighted 90.0
row(s) and click the right 95.0
mouse button. The shortcut 99.0

menu contains options to Insert
Row(s) and Delete Row(s). The program will use the default values, even
if they are not contained in the table, when the Use Values from Table
below option is not checked. Finally, all values in the table must be
between 0 and 100. Note that these values have no impact on the
computed frequency curve, but rather only the values of the curve that are
reported.

EMA Data

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
perception thresholds and a flow range specified. The additional data that
is required for use within a 17C EMA analysis is accessed/input within the
EMA Data tab, as shown in Figure 5-3.
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[] Bulletin 17 Editor = - [
Name: Tacks_lsland_B17C_
Description: ]
FlowData Set  Tocks_Island-Tocks Island-FLOW-ANNUAL PEAK -
DSSFile Name: |C\PROJECTS\SSP_Testing\Projects\B17C_EMA_testiB17C_EMA_test dss [
Report File: C\PROJECTS\SSP_Testing\Projects\B17C_EMA_test\Bulletin17Results\Tocks_|sland_B17C\Tocks_Island_B17C.rpt [:]
General | Options| EMA Data | Tabular Results|
First Row in Table Defines the Absolute Time Window for EMA Analysis (start and end dates)
| Perception Thresholds
Start Year End Year Low Threshold High Threshold Comments |
=]
[s}
20000
(o]
o
Apply Thresholds Teneny
Flow Ranges o
Year Peak Low Value High Value Data Type
1955 260000.0 260000.0 260000.0|8ystematic »| - °©
1956 Censore: - 100.000] o o
1957 Censore: L3 o .0 o
1958 Censore =|= G5 © ° ®
1959 Censore = o @ O o
1960 Censore = o° %o
1961 Censore: - o
o o
1962 Censore: - o o &
1963 Censore: > o Q| o
1964 Censore: - ‘E? Co
1965 25300.0 25200.0 25300.0|Systemalic >
1966 22000.0 22000.0 22000.0]Systematic -
1967 289000 28900.0 28900 0| Systematic > T ; T T T
1968 48700.0 48700.0 48700.0|Systemalic - 1260 T 15 150 w0 200
1969 50000.0 50000.0 50000.0|Systematic - O pata
1970 59800.0 £9300.0 59800.0| Systemalic >
1971 32200.0 32200.0 32200.0]Systematic -
4070 Eanonnl__ gamsonnl _ @annn i Curtanntiz e Refiesh
[ Compute ] [ Plot Curve ] [ Wiew Report ] [ Print ] [ OK ] [ Cancel ] [ Apply

Figure 5-3. Bulletin 17C Analysis EMA Data Tab.

Perception Thresholds

The EMA procedure introduces the new concept of Perception Thresholds.
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 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 for this hypothetical dataset is
shown in Figure 5-4.
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Figure 5-4. Example Showing a Perception Threshold and Flow Range.

The first row within the Perception Thresholds table will automatically be
created to span the entire period of record of the selected Flow Data Set.
The start and end year of this first perception threshold can be modified to
alter the analysis time frame. This first perception threshold must have a
low value of 0 and a high value of infinity. Additional rows within the
perception threshold table supersede the rows above, for the specified time
frame. Within HEC-SSP, perception threshold time frames should not
overlap one another.

For any missing years in the analysis period, perception thresholds other
than zero to infinity must be entered after the first row. The reason for this
requirement is that a perception threshold of zero and infinity presumes
any flow that occurred could have been observed, implying that
unobserved years would not be possible. Therefore, unobserved years
must have a perception threshold with either a lower bound greater than
zero or an upper bound less than infinity. Most commonly, since very
large flows do tend to be observed in some way (as historical events are
estimated based on some evidence in the watershed), a lower bound
greater than zero is chosen.
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TO_aS_SIQn_a \_/alue Of_ Low Threshold High Threshold
infinity within the High 00 inf
Threshold column, double
left-click to begin editing
the desired cell, right-click,
and select Set as INF Set AsINF
(infinity). Use the
Comments column to provide a descriptive note to a perception threshold.
The use of this column is not required. The comment associated with the
first perception threshold will be automatically set to “Total Record”.

Paste

Select All

Multiple rows within the Perception Thresholds table can be sorted using
chronological order by right-clicking within the table and selecting Sort by
Start Year. Similarly, rows can also be inserted or deleted by right-
clicking within the table.

When low outliers are detected using the Multiple Grubbs-Beck test, the
perception threshold low value for systematic events will be changed to
use the smallest non-screened annual peak flow. Further discussion
regarding the impacts of low outliers on perception thresholds is contained
within the Appendix C EMA examples.

Flow Ranges

The Bulletin 17B methodology limited the use of annual peak flow data to
point-value flow estimates or zero flows. The 17C EMA methodology
represents each annual peak flow within the analysis period as a range,
whether it was observed or not. The flow range for a given year is
assumed to be the value itself for an observed value or the complement of
the perception threshold for that same year.

Flow data can be classified within one of three categories: Systematic,
Censored, and Historical. This choice is specified in the Data Type
column of the Flow Ranges table and can be changed by the user. By
default, all flow data contained within the associated Flow Data Set will
be set to Systematic while missing years will be set to Censored.
Historical data generally refers to flood peaks that occurred outside of the
systematic data collection period. Within the USGS NWIS database, a
qualification code of “7” will indicate the presence of an historical peak.
If this flow data is contained within the associated Flow Data Set, it will
be labeled as Systematic by default. The user should change the data type
to Historical.

By default, the low and high value for an observed (gaged/systematic)
flood event is set equal to the gage estimate. The perception thresholds for
these data points are 0 to infinity. However, if there is uncertainty about
the flow estimate, the range can expand to represent the possible value(s).
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Similar to unobserved years in the historical period, if a crest stage gage is
unable to estimate flow below a gage base of perhaps 50 cfs, then the
perception thresholds would be 50 cfs to infinity, and the associated flow
range for an event marked as “limited by gage base” is 0 to 50 cfs, which
is set as the complement of the perception thresholds. The flow range for
all three data types can be manually altered by the user. Figure 5-5
demonstrates several possible flow ranges and data types.

Flow Rlanges
Year Peak Low Value High Value Data Type
g 260000.0 2340000 286000.0|Historical -
1956 0.0 50000.0|Censored -
1957 0.0 50000.0|Censored -
1958 0.0 50000.0|Censored -
1959 0.0 50000.0|Censored -
1960 0.0 50000.0|Censored -
1961 0.0 50000.0|Censored -
1862 0.0 50000.0|Censored -
1963 0.0 50000.0|Censored -
1964 0.0 50000.0|Censored -
1865 25300.0 253000 25300.0| Systematic -
1966 22000.0 22000.0 22000.0| Systematic -

Figure 5-5. Example Flow Range Table with Systematic, Censored, and
Historical Data.

When a flow event is reported as only a high and low value, a peak value
should be estimated by taking the average of the low and high values. The
peak value is used to compute a plotting position as well as within the
Multiple Grubbs-Beck low outlier threshold computation.

The Apply Thresholds button can be used to automatically fill out the flow
range table with the complementary flow
ranges. For example, if a perception threshold is | Apply Thresholds
specified for a period of missing flow data with a low value of 50,000 cfs
and a high value of infinity, the complementary flow range for each
missing year would be set to 0 to 50,000 cfs after hitting Apply
Thresholds. The user should ensure that the peak, low, and high
values within the flow range table are appropriate for use before
computing the analysis.
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The Refresh button
will update the plot if
changes are made to either the flow values or Perception Thresholds/Flow
Ranges.

| Refresn |

The user can double left-click the chart to create a separate window
containing the plot. Colors, symbols, and various chart properties can then
be edited.

When low outliers are detected using the Multiple Grubbs-Beck test, the
high value within the flow range for systematic events will be changed to
use the lowest non-screened annual peak flow. Further discussion
regarding the impacts of low outliers on flow ranges is contained within
the Appendix C EMA examples.

National Water Information System Qualification Codes

HEC-SSP will import the National Water Information System
Qualification (NWIS) annual peak flow and stage qualification/quality
codes when available (the program does not import quality codes for daily,
instantaneous, and real time data). A description of the quality codes for
annual peak flows is contained within Table 4-1 and a description of the
quality codes for annual peak stages is contained within Table 4-2. These
qualification codes can be examined by the user to inform the choice of
perception thresholds, flow ranges, and data types.

Figure 5-3 contains an example peak discharge time series and the
treatment of the NWIS qualification codes using EMA (Paretti, Kennedy,
& Cohn, 2014). Within this example, the shaded area represents the
historical period (H) and the nonshaded area represents the systematic
record (S). The seven types of peak streamflow data are:
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1.

Historical discharge (NWIS code 7, Qnist) and historical perception
threshold specified with an upper perception threshold (T1 and T>
thresh upper)-

Mean daily maximum (NWIS code 1) is described with an upper
discharge interval bound (Qz int upper) €qual to a perception threshold
and a known discharge as the lower interval bound (Q1 int lower).

A recorded gage height, missing the corresponding discharge,
could be used to estimate a discharge interval (Qzint) where both
interval bounds are uncertain.

Discharge greater than known maximum discharge (NWIS code 8)
and used as the lower interval bound (Qz int lower) and an upper
interval bound equal to a perception threshold (Q3 int upper).

Missing peak flow data for a portion of the period of record but a
correlated nearby gage could be used to set an upper perception
threshold (T3 thresh upper)-

A discharge less than a known recordable gage base flow (NWIS
code 4) is describable with a lower interval bound (Q4 int lower =
zero) and an upper interval bound (Qa int upper) €qual to the
minimum gage base discharge.

Systematic peak flow discharge (Qsys).
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Figure 5-6. Example Peak Discharge Time Series and the Treatment of the
NWIS Qualification Codes used within the Expected Moments Algorithm
(Paretti, Kennedy, & Cohn, 2014).

Compute

Once the new analysis has been defined, and the user has all of the settings
and options the way they want them, performing the computations is

simply a matter of pressing the Compute button at the
bottom of the Bulletin 17 Editor. If the computations are

Compute

successful, the user will receive a message that says Compute Complete.
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At this point, the user can begin to review the results of the flow frequency
analysis.

Multiple Bulletin 17 analyses can be computed using the Compute
Manager. Select the Analysis=>Compute Manager menu option to open
the Compute Manager. Select the analyses to be computed and then press
the Compute button. Close the compute dialogs and Compute Manager
when the program finished computing the analyses.

Viewing and Printing Results

The user can view output from the flow frequency analysis directly from
the Bulletin 17 Editor. The output consists of tabular results, a frequency
curve plot, and a report documenting the data and computations
performed.

Tabular Output

Once the computations for the flow frequency analysis are completed, the
user can view tabular output by opening the Tabular Results tab. When
this tab is pressed, the results will be displayed as shown in Figure 5-7.
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IE Bulletin 17 Editor - Tocks_Island_B17C = | mSm
Name: Tocks_lsland_B17C
Description: [:]
Flow Data Set: | Tocks_lsland-Tocks Island-FLOW-ANNUAL PEAK v:
DSS File Name: |C:\PROJECTS\SSP_Testing\Projects\B17C_EMA_testiB17C_EMA_test.dss =)
Report File: C\PROJECTS\SSP_Testing\Projects\B17C_EMA_testiBulletin17Results\Tocks_Island_B17C\Tocks_Island_B17C.rpt [:]
| General | options | EnA Data| Tabular Resuits
Freguency Curve for: Tocks_lsland-Tocks |sland-FLOW-ANNUAL PEAK
Confidence Limits
Percent Chance Computed Curve Tt
Exceedance Flow in cfs
0.05 0.95
0.2 435488.6 1424696.4 283276.9
0.5 3371170 846279.6 2345825
1.0 2748749 572478.9 200823.2
20 2215351 388791.3 168486.9
5.0 162565.4] 2352756 1314118
10.0 125220.4/ 162327.6 104506.4/
200 92880.4 111990.5 70646.4
50.0 55208.0 63419.2 47968.6
80.0 350131 39876.4 30350.2
0.0 282855 323428 23613.8
95.0 24008.7 28117.6 19180.8
99.0 18168.7 23686.5 12970.5
System Statistics Mumber of Events
Log Transform: Flow Event Mumber
Statistic Value E‘S:]ﬂgc E_Vemﬁ 1
igh Qutliers
Mean 4762 "
Standard Dev 0254 II:Iow Qutl’l—_Trs and Zero Flows 12
Station Skew 0470 é‘sf'”g : °"E"S : i
Regional Skew Hvstemaplc - V:n s 50
Weighted Skew IStoric Ferio
Adopted Skew 0470
Compute l | Flot Curve | [ View Report ] [ Print ] [ OK ] [ Cancel Apply

Figure 5-7. Bulletin 17 Editor with Tabular Results Tab Active.

Output on the results tab consists of three tables: Frequency Curves,
Statistics, and Number of Events. The Frequency Curve output table
contains the percent chance exceedance ordinates, the computed Log
Pearson 11 frequency curve quantiles, the expected probability adjusted
frequency curve quantiles (if selected on the General tab), and the
computed confidence limits (0.05 and 0.95, by default). Data in the
frequency curve table can be re-sorted. Click the Percent Chance
Exceedance column header (two mouse clicks are required the first time).
The percent chance exceedance ordinates, along with frequency curve and
confidence limits values, will sort so that the lowest values are on top or
the highest values are on top. The Statistics table contains the mean of
the data in log space, standard deviation in log space, station log-space
skew, user entered regional skew, weighted skew (weighted between
station skew and regional skew), and the adopted skew for the analysis.
The Number of Events table tabulates the number of historic events, high
outliers (not calculated when using 17C EMA), low outliers and zero
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flows, missing values, systematic events, and the number of years in the
historic period.

The tabular results can be printed by using the Print button at the bottom
of the Bulletin 17 Editor. When the print button is pressed, a window will
appear giving the user options for how they would like the table to be
printed.

Graphical Output

Graphical output of the frequency curves can be obtained by pressing the
Plot Curve button. When the Plot Curve button is pressed, a frequency
curve plot will appear in a separate window as shown in Figure 5-8. The
user can modify the plot properties by selecting the Edit->Plot Properties
menu option. A plot properties window will open that lets the user change
the line style for each data type, change the axis labels, modify the plot
title, and edit other plot properties. The user can also edit line styles by
placing the mouse on top of the line or data point in the plot or legend and
clicking the right mouse button. Then select the Edit Properties menu
option in the shortcut menu. Both the Y and X-axis properties can be
edited by placing the mouse on top of axis and clicking the right mouse
button. Then select the Edit Properties menu option in the shortcut
menu. For example, the user can turn on minor tic marks for the y-axis
and modify the minimum and maximum scale for the x-axis.
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[] Bulletin 17 Plat for Tocks_Island_B17C = | B |l
File Edit View Window
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Figure 5-8. Example Frequency Curve Plot.

The frequency curve plot can be sent to the printer by selecting the Print
option from the File menu at the top of the window. Additional printing
options available from the File menu are Page Setup, Print Preview, and
Print Multiple (used for printing multiple graphs on the same page). The
graphic can also be sent to the Windows Clipboard by selecting Copy to
Clipboard from the File menu. Additionally, the plot can be saved to a
file by selecting the Save As option from the File menu. When the Save
As option is selected, a window will appear allowing the user to select a
directory, enter a filename, and select the format for saving the file.
Currently, four file formats are available for saving the graphic to disk,
windows metafile, postscript, JPEG, and portable network graphic.

The data contained within the plot can also be tabulated by selecting
Tabulate from the File menu. When this option is selected, a separate
window will appear with the data tabulated. Additional options are
available from the File menu for saving the graphics options as a template
(Save Template) and applying previously saved templates to the current
graphic (Apply Template).
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The Edit menu on the graphic window contains several options for
customizing the graphic. These options include Plot Properties, Configure
Plot Layout, Default Line Styles, and Default Plot Properties.

Also, a shortcut menu will appear with further customizing options when
the user right-clicks on a line on the graph or the legend.

The graphic customizing capabilities within HEC-SSP are very powerful,
but are also somewhat complex to use. The code used in developing the
plots in HEC-SSP is the same code that is used for developing graphics in
HEC-DSSVue and several other HEC software programs. Please refer to
the HEC-DSSVue User’s Manual for details on customizing plots.

Viewing the Report File

When the Bulletin 17 computations are performed, a report file
documenting the statistical computations is created. The report file lists
all of the input data and user settings, plotting positions of the data points,
intermediate results, each of the various statistical tests performed (i.e.
high and low outliers, historical data, etc...), and the final results. This
also includes the EMA estimate of mean square error, effective record
length, the Multiple Grubbs-Beck Test low outlier threshold, and the
variance for each probability quantile. This file is often useful for
understanding how the software arrived at the final frequency curve.

Press the View Report button at the bottom of the Bulletin 17 Analysis
editor to view the report file. When this button is pressed a window will
appear containing the report as shown in Figure 5-9.
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[ Tocks Island_B17C.rpt — [
File Edit Search Format

File: C\PROJECTS\SSP_Testing\Projects\B17C_EMA_testiBulletin17Results\Tocks_Island_B17C\Tocks_|sland_B17C.rpt

Start Date: -

End Date:

Skew Option: Use Station Skew

Regional Skew: 0.203

Regional Skew MSE: 0.077

Plotting Position Type: Hirsch-Stedinger

Upper Confidence Lewvel: 0.05

Lower Confidence Lewvel: 0.95 L

Display ordinate values using 1 digits in fraction part of wvalue

——— End of Input Data --- |

<< EMA Repregentation of Data >>

Tocks_Island-Tocks Island-FLOW-ANNUAL PEAK

| | WValue | Threshold | |

| Year Peak | Low High | Low High | Type |

[———————————————= [ [ [=—= |

| 1855 260,000.0 | 234,000.0 286,000.0 | 1.0E-98 1.0E8% | Hist |

| 1956 == [ 1.0E-92 50,000.0 | 50,000.0 1.0E99 | Cens |

| 1957 = | 1.0E-99 50,000.0 | 50,000.0 1.0E99 | Cens |

| 1958 == [ 1.0E-93 50,000.0 | 50,000.0 1.0E3% | Cens |

| 1859 —— 1.0E-99 50,000.0 | 50,000.0 1.0E99 | Cens |

| 1980 = | 1.0E-99 50,000.0 | 50,000.0 1.0E99 | Cens |

| 1961 == [ 1.0E-93 50,000.0 | 50,000.0 1.0E3% | Cens |

| 1962 == | 1.0E-99 50,000.0 | 50,000.0 1.0E%% | Cens |

| 1963 = | 1.0E-95 50,000.0 | 50,000.0 1.0E99 | Cens |

| 1964 == [ 1.0E-23 50,000.0 | 50,000.0 1.0E3% | Cens |

| 1965 25,300.0 | 25,300.0 25,300.0 | 1.0E-9% 1.0E8% | Syst |

| 1966 22,000.0 | 22,000.0 22,000.0 | 1.0E-9% 1.0E99 | Syst |

| 1967 28,900.0 | 28,900.0 28,900.0 | 1.0E-9% 1.0E3% | Syst |

| 1968 48,700.0 | 48,700.0 48,700.0 | 1.0E-9% 1.0E9%9 | Syst |

| 1969 50,000.0 | 50,000.0 50,000.0 | 1.0E-98 1.0E9% | Syst |

| 1970 59,800.0 | 59, 800.0 59,800.0 | 1.0E-9% 1.0E9% | Syst |

| 1971 32,200.0 | 32,200.0 32,200.0 | 1.0E-9% 1.0E9%9 | Syst |

| 1872 64,200.0 | 64,200.0 64,200.0 | 1.0E-98 1.0E9% | Syst |

| 1973 103,000.0 | 103,000.0 103,000.0 | 1.0E-9% 1.0E9% | Syst |

| 1974 83,000.0 | 83,000.0 83,000.0 | 1.0E-9% 1.0E99 | Syst |

| 1875 69,400.0 | 69,400.0 69,400.0 | 1.0E-9% 1.0E3% | Syst |

| 1876 758,900.0 | 78,900.0 78,900.0 | 1.0E-99 1.0E99 | Syst |

| 1977 85,600.0 | 85,600.0 85,600.0 | 1.0E-9% 1.0E99 | Syst |

| 1978 74,100.0 | 74,100.0 74,100.0 | 1.0E-9% 1.0E3% | Syst |

| 1875 73,000.0 | 73,000.0 73,000.0 | 1.0E-88 1.0E%% | Syst |

| 1980 75,200.0 | 75,200.0 75,200.0 | 1.0E-9% 1.0E99 | Syst |

| 198 82,800.0 | 82,800.0 82,800.0 | 1.0E-9% 1.0E3% | Syst |

| 1982 51,000.0 | 51,000.0 51,000.0 | 1.0E-9% 1.0E8% | Syst |

| 1983 88,100.0 | £8,100.0 88,100.0 | 1.0E-9% 1.0E99 | Syst | i

I 14924 a7 _2nn_n 1 a7 _2nn_n a7 _2nn_n_ | 1 _NF_Ga 1 _NFQQ | Qerot+ | -

< T +
1212212015 15:15 PM 119:43.119:43 119:43

Figure 5-9. Example of the Bulletin 17 Report File.

Plots, tables and reports can also be created by selecting menu options
from the Results menu. At least one Bulletin 17 analysis must be selected
in the study explorer before selecting one of the menu options on the
Results menu. Results from multiple analyses are combined in one graph
if they are selected in the study explorer when the Graph menu option is
selected. The Results=>Summary Report menu option will create a
summary table of statistics and frequency curve ordinates for the selected
analyses as shown in Figure 5-10.
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==

[ Bulletin17bSummary.rpt —— - Pe—— - — — — — —

File Edit Search Format

File: C\PROJECTS\SSP_Testing\Projects\B17C_EMA_testiBulletin17bResults\Bulletin17bSummary.rpt

Bulletin 17B Summary Report
Tue Dec 22 15:20:22 EST 2015

Table 1 Summary of Statistics

Data Mean Std ...l SEEW. e ieeeinnnaannan Hist Outlier Zero/ Syst Hist

Znalysis
Dev stn Rgnl Wght Adpt Evnt Hi Lo Msng Evnt Perd

| [ | Hame Hame

Tocks_Island B17B Tocks_Island-Tocks Island-FLOW-ANNUAL PEAK 4.831 0.244 0.280 0.203 0.231 0.280 L] a o L] 46

Tocks_Island B17C Tocks_Island-Tocks Island-FLOW-ANNUAL PEAK 4.761 0.254 0.473 0.203 NaN 0.479 1 0 4] ] 45 &0

Table 2 Summary of Frequency Curve Ordinates

Znalysis Data Percent Change EXCEEdanCE------—--—--—=-—--—--—-—1
Name Nare 33 35 30 &0 50 20 10 s 2
Tocks_Island B17B Tocks_Island-Tocks Island-FLOW-ANNUAL PERK 20544.6  28121.1 33555.3 41929.4 66010.7 107852.3 141551.6 178600.3 234059.6 281
Tocks Island B17C Tocks Island-Tocks Island-FLOW-ANNUAL PERK 18169.7  24009.6 28285.4  35013.1 55208.9  92880.3 125220.4 162565.4 221535.0 274
« m N r
12/22/2015 15:20 PM 1111 11

Figure 5-10. Summary Table for Selected Bulletin 17 Analyses.
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CHAPTER 6

Performing a General Frequency
Analysis

The current version of HEC-SSP allows the user to perform generalized
frequency analyses of flow and stage data, as well as other data types.
The user can choose between different analytical distributions or perform
a graphical fit to the data. This chapter discusses in detail how to use the
General Frequency Analysis editor in HEC-SSP.

Contents
e Starting a New Analysis
e General Settings and Options
o Analytical Frequency Analysis
e Graphical Frequency Analysis
¢ Viewing and Printing Results
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Starting a New Analysis

A general frequency analysis can be started in two ways, either by right
clicking on the General Frequency Analysis folder in the study explorer
and selecting New, or by going to the Analysis menu and selecting New
and then General Frequency Analysis. When a new general frequency
analysis is selected, the General Frequency Analysis editor will appear as
shown in Figure 6-1.

[=] General Frequency Analysis Editor - El |dm
MName:

Description

< ||@

Data Set

D35 File Name:

@) |@

Report File:

General | Options | Analytical | Graphical =

Log Transform Plotting Position

@ Use Log Transform @ Weibull (A and B = 0)
Median (4 and B = 0.3)
Do Notuse Log Transform

Hazen (Aand B =0.5)
Confidence Limits Other (Specify A, B)
@ Defaults (0.05, 0.95

¢ ) Plotting position computed using formula
User Entered Values (m-A)i(n+1-A-B)
Where:
Upper Limit: m=Rank, 1=Largest
N=Mumber of Years
AB=Constants

Lower Limit:

m

Time Window Modification

DSS Range is
Start Date )
End Date =)
Data Sampling
Partial Duration
Period of Record Years
@ Annual Maximum:
Plot Analytical Plot Graphical I —
Curve Curve ‘ View Report | ‘ @ Print ‘ ‘ OK | | Cancel

Figure 6-1. General Frequency Analysis Editor.

The user is required to enter a Name for the analysis, while a Description
is optional. A data set (flow, stage, or other) must be selected from the
available data sets stored in the current study DSS file (see Chapter 4 for
importing data into the study). The list of data that can be selected for a
general frequency analysis will only include those data that have an
irregular interval, like IR-CENTURY and IR-YEAR (E-part pathname).
Once a Name is entered and a data set is selected, the DSS File Name and
Report File will automatically be filled out. The DSS filename is by
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default the study DSS file. The report file is given the same name as the
analysis with the extension ".rpt".

General Settings and Options

Once the analysis name and data set are selected, the user can begin to
perform the computations. Contained on the General Frequency Analysis
editor are four tabs. The tabs are labeled General, Options, Analytical,
and Graphical. This section of the manual explains the use of the General
and Options tabs.

General Settings
The first tab contains general settings for performing the frequency
analysis (Figure 6-1). These settings include:
e Log Transforms
Confidence Limits
Time Window Modification
Data Sampling
Plotting Positions

Log Transform

There are two options contained within the Log Transform setting: Use
Log Transform and Do not use Log

Transform. If the user selects Use Log | -°9 Transform

Transform then the logs of the data will @ Use Log Transform

be taken first. The frequency analysis

will be performed on the logs of the data. R

If the user selects Do not use Log
Transform, then the frequency analysis will be performed on the raw data
values without taking the logs of the data. The default setting is Use Log
Transform.
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Confidence Limits

Confidence limits provide a measure of the uncertainty in the computed
value for a given exceedance probability. The computation of confidence
limits is outlined in

Bulletin 17B, Confidence Limits
Appgndi_x 9,andis @ Defaults (0.05, 0.95)
applied in the same

manner here in the User Entered Values
genera_l frequency ATt

analysis. By

default, HEC-SSP Lower Limit:
calculates the 90

percent confidence
interval (i.e. the 5% and 95% confidence limits). The confidence limits
must be entered in decimal form (i.e. 95% = 0.95, and 5% = 0.05). The
user has the option to override the default values.

Time Window Modification

This option allows the user to narrow the time window used for the

analysis. The

default is to use all Time Window Modification

of the data _

contained in the DSS Range is )
selected data set. Start Date o
The user can enter —
either a start date e )

and end date or

both a start and end date. If a start and/or end date are used, they must be
dates that are encompassed within the data stored in the selected data set.
The date range for the selected data set is shown in the editor just above
the Start Date field.

Data Sampling

Two methods are available for sampling data within HEC-SSP: Partial
Duration and Annual Maximum. An annual maximum series is ordinarily
used when the
primary interest
lies in the larger Partial Duration
events or when the
second, third,
fourth... n" largest | @ Annual Maximum:

Crata Sampling

Period of Record Years:

6-4




HEC-SSP User's Manual Chapter 6 - Performing a General Frequency Analysis

event in any year is of little concern in the analysis. Conversely, a partial
duration series represents the frequency of all independent events of
interest, regardless of whether two or more occurred in the same year.
Partial Duration analyses may be more appropriate for situations where
considerable flood damage is wrought by the second or third largest flood
events in a given year. However, a flow-frequency curve based upon an
annual maximum and a partial duration series will converge to form a
single flow-frequency curve as exceedance probability decreases.
Commonly, this convergence occurs between the 0.1 and 0.01 exceedance
probabilities.

Peak flow data is most often represented by an annual maximum series.
For instance, choosing to download annual peak data from the USGS
website (as is detailed in Section 4) will result in the import of an annual
maximum series. The user is required to produce an appropriate partial
duration series for use in a partial duration analysis. This can be achieved
in several ways. For instance, the user can manually select independent
events from a flow data set with hourly ordinates. However, it is more
expedient to use a peak (or minimum) search algorithm, such as the Find
Peaks tool that can be used within HEC-DSSVue. This tool will allow the
user to filter a continuous data set to find either maximum or minimum
values using user-defined minimum threshold, flow differential, and a
minimum elapsed time interval between events. Figure 6-2 demonstrates
the differences between an hourly flow data set, an annual maximum
series, and a partial duration series for a four year span at a particular
stream gage location. Please see Appendix D for an example use of the
Find Peaks tool to create a partial duration series.

The Period of Record Years is used to extract ranked data points from the
associated data set when using the partial duration data sampling. For
instance, if the Period of Record Years is set to 50, then the top 50 ranked
events will be extracted from the associated data set.
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‘ JITOCKS ISLAND/FLOW/01JAN1S00/IR-CENTURY/ANNUAL MAXIMUM SERIES - 1DAY/ o S |
File Edit View Help
E] 120,000 "

— TOCKS ISLAND DALY FLOW
= TOCKS ISLAND PARTIAL DURATION SERIES - 1DAY FLOVY
000004 | * TOCKS ISLAND ANNUAL MAXIMUM SERIES - 1DAY FLOW

80,0004

60,000

Flow {cfs)

40,0009,

20,0004

T T T T T T T T T
Jul Jan Jul Jan Jul Jan Jul Jan Jul
2008 | 2009 | 2010 | 2011 | 2012

[x ']

Figure 6-2. Hourly Flow, Annual Maximum, and Partial Duration Series for a
Stream Gage.

Choosing either Partial Duration or Annual Maximum will enable and
disable various other features throughout the General Frequency Analysis.
Annual Maximum is the default.

Plotting Positions

Plotting positions are used for plotting the raw data points on the graph.
Plotting Position There are four options for plotting position
methodologies within HEC-SSP: Weibull,
Median, Hazen, and user entered

Median (AandB=0.3) | coefficients. The default method is the
Hazen (A and B = 0.5) Weibull plotting position formula. The
generalized plotting position equation is:

. (m-A)
~ (n+1-A-B)

@ Weibull (Aand B=10)

Other (Specify A, B)

where: m = rank of flood values with the largest equal to 1.

n = number of flood peaks in the data set.
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A & B = constants dependent on which equation is used (Weibull
A and B=0; Median A and B = 0.3; and Hazen A and
B=0.5).

Plotting positions are estimates of the exceedance probability of each data
point. Different methods can give very different values for the
probabilities of the highest and lowest points in the data set. In the
General Frequency methodology, the plotting of data on the graph by a
plotting position method is only done as a guide to assist in evaluating the
computed curve. The plotting position method selected does not have any
impact on the computed curve.

Options

In addition to the general settings, there are also several options available
to the user for modifying the computations of the frequency curves. These
options include:

e Low Qutlier Threshold

e Historic Period Data

e User-Specified Frequency Ordinates
e Output Labeling

When the Options tab is selected, the General Frequency Analysis editor
will appear as shown in Figure 6-3.
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DSS File Name: | C\PROJECTS\SSP_Testing\Projects\GeneralFrequency_Testing\GeneralFrequency[

] General Frequency Analysis Editor -* IEIE
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 A

Report File: OJECTS\SSP_Testing\Projects\GeneralFrequency_Testing\GeneralFrequencyResu EJ

| General| Options | Analytical | Graphical -
Low Qutlier Threshold Historic Period Data User Specified Frequency Ordinates
[l Override Low Outlier Threshold [] Use Historic Data [] Use Values from Table Below

Value e =
Historic Period Frequency in Percent

Output Labeling EELTEEE 0 0.2

. . 0.5

DSS Data Nameis  FLOW End Year: =
[[] Change Label Override High Qutlier Threshold 2.0 =
5.0 T

i 10.0

D33 Data Units are Historic Events =

[7] change Label Water Year Peak 50.0

80.0

90.0

95.0

99.0

Plot Analytical Plot Graphical
Compute I Curve Curve I View Report I @ Print I OK I I Cancel I I Apply

Figure 6-3. General Frequency Editor with Options Tab Selected.

Low Outlier Threshold

High and low outlier tests

are based on the procedures Low Qutlier Threshold

outlined in Bulletin 17B, and [] override Low Outlier Threshold
are applied in the same
manner in the General
Frequency Analysis. The
calculated outlier magnitudes, by the Bulletin 17B procedure, are used as
default values for the high and low outlier thresholds in HEC-SSP. The
user has the option to enter a different value for the low outlier threshold.
If a value is entered for the low outlier threshold, then this value will
override the computed value from the Bulletin 17B methodology. When
applying the outlier tests, HEC-SSP will identify both high and low
outliers. However, only low outliers will be removed from the data set
when performing the analysis. If a high outlier is identified in the data set,
the analyst should try to incorporate historical period information to
extend the time period for which the high outlier(s) is considered to be the
maximum value(s). Further discussion of outlier thresholds can be found

Value
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in Bulletin 17B. To use the low outlier threshold, simply check the box
and enter the value.

Historic Period Data

All historic data that provides reliable estimates outside the systematic
record should be used in order to improve the frequency computations.
Information outside of the systematic record can often be used to extend
the record of the largest events to a historic period much longer than that

Historic Period Data of the systematic record.
HEC-SSP uses historic
LIl BITELE S data as recommended in
Historic Period Bulletin 17B. This

calculation is applied in
the same manner in the
End Year. 0 General Frequency
Analysis. To use
historic data, check the
box labeled Use
Historic Data. The user
can enter a starting year
for the historic period,
ending year for a historic
period, and a High Threshold value. If the user enters a high threshold
value, then any data in the systematic record greater than that value will
also be treated as a historical annual maximum. The user can also enter
historic data that are not contained in the systematic record. This is done
in the table at the bottom labeled Historic Events. All years must be
entered as water year values (October 1 through September 30). If a start
year is not entered, then the assumed start year is the earliest year of the
systematic record and any historical values that have been entered. If an
end year is not entered, then the assumed end year is the latest year in the
systematic record and any entered historic values. Further discussion of
the use of historical data can be found in Bulletin 17B.

Start Year:

Cwerride High Qutlier Threshaold:

Historic Events
Water Year Peak

Note: The program treats all data in the data set as systematic data. If
historic events are included in the data set, then the user can define the
analysis time window (General tab — Time Window Modification) so that
it only bounds the systematic record. Then define the historic events in
the Historic Events table. Instead of using the Time Window Modification
option, another option is to enter a High Threshold value so that the
historic data point(s) would be treated as historic data (rather than part of
the systematic record). Please see Example 6 in Appendix B for an
example of using the historic data adjustment.
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User Specified Frequency Ordinates

This option allows the user to change the frequency ordinates used in

computing the resulting
frequency curves and confidence
limits. The default values listed
in percent chance exceedance
are0.2,0.5,1, 2, 5, 10, 20, 50,
80, 90, 95, and 99. Check the
box next to Use Values from
Table below to change or add
additional values. Once this box
is checked, the user can
add/remove rows and edit the
frequency values. To add or
remove a row from the table,
select the row(s), place the
mouse over the highlighted
row(s) and click the right mouse
button. The shortcut menu

User Specified Frequency Ordinates

Use Values from Table Below

Frequency in Percent

0.2
0.5
1.0
20
5.0
10.0
20.0
50.0
80.0
80.0
95.0
99.0

contains options to Insert Row(s) and Delete Row(s). The program will
use the default values, even if they are not contained in the table, when the
Use Values from Table below option are not checked. Finally, all values
in the table must be between 0 and 100.

Output Labeling

This option allows the user to change the default labels for data contained

Cutput Labeling
035 Data Mame is  FLOW

Change Label
0335 Data Units are

Change Label

in the output tables and plots.
The user can change both the
name of the data as well as
how the units of the data are
labeled.
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Analytical Frequency Analysis

Once the new analysis has been defined and the user has all of the general
settings and options the way they want them, the user can choose between
performing an Analytical Frequency analysis or a Graphical Frequency
analysis. This section of the manual describes how to use the Analytical
Frequency analysis option.

When the user selects the Analytical tab on the General Frequency
Analysis editor, the window will appear as shown in Figure 6-4. As
shown, three additional tabs will appear on the screen: Settings, Tabular
Results, and Plot.

[] General Frequency Analysis Editor -* = (mESm
Name: Tocks Island-1DAY-PDS
Description: 1Day Partial Duration Series analysis for Tocks Island Dam ]
BEmEE Tocks Island - 1-Day - ParfialDuration-TOCKS ISLAND-FLOW i

DSS File Name: | c:\PROJECTSISSP_Testing\Projects\GeneralFrequency_Testing\GeneralFrequency[.)

Report File: OJECTS\SSF‘_Testing\F'rOJects\GeneraIFrequenc:y_Testing\GeneraIFrequenc:yResuD
Generall Options | Analitical | Graphical| i
Settings | Tabular Results | Plot
Log Transformation: On Generalized Skew
) Use Station Skew
Distribution:
Mone - Use Weighted Skew
Use Reg
Reg
Expected Probablity Curve
Compute Expected Prob. Curve
@ Do Mot Compute Expected Prob. Curve
Plot Analytical Plot Graphical
Compute | Curve Curve | View Report | % Print | OK | | Cancel | | Apply ‘

Figure 6-4. Analytical Analysis Tab of the General Frequency Analysis Editor.
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Settings

The Settings tab contains additional settings for the analytical frequency
analysis. These settings include:

e Distribution

e Generalized Skew

e Expected Probability Curve

Distribution

This option allows the user to select from available analytical distributions

Log Transformation. On to perform the frequency analysis.
The current version of HEC-SSP
Distribulion: contains three distribution choices:
[ —1| None, Normal, LogNormal, Pearson
' .| 111, and LogPearson Ill. If the user
has selected to transform the data to
Loghlormal log space (General tab), then the
LogPearsonill only available choices for

distribution will be None, LogNormal, and LogPearson I1l. If the user did
not select the option to transform the data to log space (General tab), then
the only available choices for distribution will be None, Normal and
Pearson I11. Finally, if the user has selected to use a partial duration series
on the General Tab, then no distributions will be available for use.

Generalized Skew

There are three options contained within the generalized skew setting: Use
Station Skew, Use Weighted Skew, and Use Regional Skew. The default
skew setting is Use Station Skew. With this setting, the skew of the
computed curve will be based solely on computing a skew from the data
points.

To use either of the two other
options requires the use of the Log Generalized Skew
Person I11 distribution. The Use

Weighted Skew option requires the

@ Use Station Skew

user to enter a generalized regional Use Weighted Skew
skew and a Mean-Square Error

(MSE) of the generalized regional GEslE] STT
skew. This option weights the Regional Skew:

computed station skew with the
generalized regional skew. The
equation for performing this

weighting can be found in Bulletin 17B (Equation 6). If a regional skew is

Reg. Skew MSE:
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Compute

taken from Plate | of Bulletin 17B (the skew map of the United States), the
value of MSE = 0.302.

The last generalized skew option is Use Regional Skew. When this
option is selected, the user must enter a generalized regional skew and an
MSE for that skew. The program will ignore the computed station skew
and use only the generalized regional skew.

Expected Probability Curve

This setting has two options: Compute the expected probability curve and
do not compute the expected probability curve. The default setting is to
not compute the expected probability curve. When computed, this curve

Expected Probablity Curve will be shown in both the
tables and the plots as an
Compute Expected Prob. Curve additional curve to the

@ Do Mot Compute Expected Prob. Curve computed curve. The

expected probability

adjustment is a correction for
bias in the computed frequency curve. The bias is caused by the skew in
the uncertainty due to the shortness of the data record. The Method of
Moments estimation of the Log Pearson Il parameters produces a median
estimate of each frequency curve quantile, and the adjustment changes to a
mean (unbiased) estimate, which is different from the median because of a
skewed uncertainty distribution. Please review the discussion in Bulletin
17B about the expected probability curve adjustment for an explanation of
how and why it is computed. The use of the expected probability curve is
a policy decision. It is most often used in establishing design flood
criteria. The basic flood frequency curve without the expected probability
adjustment is the curve used in computation of confidence limits, risk, and
in obtaining weighted averages of independent estimates of flood
frequency discharge (Interagency Advisory Committee on Water Data,
1982).

Once the new analysis has been defined, and the user has all of the
General, Options, and Settings information selected the way they want,
performing the computations is simply a matter of pressing the Compute
button at the bottom of the General Frequency Analysis editor. If the
computations are successful, the user will receive a message that says
“Compute Complete”. At this point, the user can begin to review the
results of the Analytical Frequency computations.

Multiple General Frequency analyses can be computed using the
Compute Manager. Select the Analysis=>Compute Manager menu
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option to open the Compute Manager. Select the analyses to be computed
and then press the Compute button. Close the compute dialogs and
Compute Manager when the program finished computing the analyses.

Tabular Results

The Tabular Results tab will bring up a table of results for the Analytical
Frequency analysis. An example of the results tab is shown in Figure 6-5.

As shown in Figure 6-5, the window contains three tables. The top table
contains results of the computed frequency curve. The very left column of
the top table is the Percent Chance Exceedance for all the computed
values. The next three columns in the top table contain the computed
frequency curve and the 95% and 5% confidence limits that correspond to
that computed curve. The last three columns of the top table contain a
computed frequency curve and confidence limits for an analysis based on
user-adjusted statistics for the mean, standard deviation, adopted skew,
and equivalent years of record. User entered adjusted statistics are an
option that the user can set on the Plot tab, which is discussed in detail in
the next section of this manual. If the user has not entered adjusted
statistics, then these columns will be empty. Data in the frequency curve
table can be re-sorted. Click the Percent Chance Exceedance column
header (two mouse clicks are required the first time). The percent chance
exceedance ordinates, along with frequency curve and confidence limits
values, will sort so that the lowest values are on top or the highest values
are on top.

Two additional tables are shown at the bottom of the window: Statistics
and Number of Events. The Statistics table consists of the mean, standard
deviation, station skew, user entered regional skew, weighted skew
(weighted between station skew and regional skew), and the adopted skew
for the analysis. The Number of Events table contains the number of
historic events, high outliers, low outliers, zero or missing values,
systematic events, and the number of years in the historic period (this
value only comes into play if the user entered historic data).

Additionally, the lower right portion of the table will show if Log
Transform is On or Off, and which analytical distribution was selected for
the analysis.
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[ General Frequency Analysis Editor - El S
MName: Tocks Island 1DAY General Freq
Description: 1Day General Frequency Analysis for Tocks Island Dam =
Data Set: Tocks Island - 1-DAY - AnnualMax-TOCKS ISLAND-FLOW -
DSS File Name: |[ECTS\SSP_Testing\Projects\GeneralFrequency_Testing\GeneralFrequency_Testing.ds:(
Report File: lencyResults\Tocks_lsland_1DAY_General_FreqiTocks_Island_1DAY_General_Freq.rpil]
Generall Options | Analytical ‘ Graphical|
Tabular Results | plot
Curve based on Data Curve based on User-Adjusted Statistics
Percent Chance Computed Confidence Limits Computed Confidence Limits
Exceedance Curve FLOW in CFS Curve FLOW in CFS
FLOW in CFS 0.05 0.95 FLOW in CFS 0.95 0.05
0.2 265984.3 3451385 216955.9 2422799 348086.6 1871741
05 2235032 2820585 1856611 2080207 2895267 164083.3
1.0 193967.8 240786.6 163471.6 1534299 2488243 147116.4
2.0 166456.2 2024071 142412.8 159871.5 211004.4 130488.9
5.0 132822.8 156884.1 116021.9 130083.7 165070.6 108808.7
10.0 109081.0 125891.2 96831.2 108307.8 133067.3 92346.0
200 86356.3 973305 T78116 867501 103025.9 753233
50.0 56005.9 61637.0 50865.3 56754.5 54859.0 496626
80.0 369861 41063.7 32794.0 371266 42763.2 31264.6
90.0 29987.7 337432 260334 29739.9 348804 24208.3
95.0 25310.3 28866.7 215438 247615 29603.0 19513.3
99.0 18576.4 21796.7 15195.8 17560.2 218047 128452
System Statistics Number of Events
Statistic Walue Event MNumber
Iean 4.754| |Historic Events 0
Standard Dev 0.219| [High Outliers 0 X
Station Skew 0.153| [Low Outliers 0 L ENHTIEET: @1
Regional Skew Zero Or Missing 0 Distribution: LogPearsonlll
Weighted Skew Systematic Events 76
Adopted Skew 0.153| |Historic Period
Plot Analytical Plot Graphical
Compute Curve Curve [ View Report ] ’ 5 Print ] [ OK ] [ Cancel Apply

Figure 6-5. Tabular Results Tab for Analytical Analysis.

Plot

In addition to tabular results, a Plot tab is available for viewing a graphical
plot of both the computed frequency curve, as well as a computed curve
based on any user-adjusted statistics. When the Plot tab is selected the
window will change to what is shown in Figure 6-6.
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[ General Frequency Analysis Editor - IEI:&
Name: Tocks Island 1DAY General Freq
Description: 1Day General Frequency Analysis for Tocks Island Dam )
Data Set: Tocks Island - 1-DAY - AnnualMax-TOCKS ISLAND-FLOW v

DSS File Name: |ECTSISSP_Testing\Projects\GeneralFrequency_Testing\GeneralFrequency_Testing.ds{_.]

Report File: lencyResults\Tocks_|sland_1DAY_General_FregiTocks_lsland_1 D.J\Y_GeneraI_Freq.rpﬂ:I

General | Options | Analytical | Graphical

Settings | Tabular Results | Plot

Exceedance Probability for Tocks Island - 1-DAY - Annualiax-TOCKS ISLAND-FLOWY

Log Transformation: On
Retum Period

Distribution: LogPearsonlll
11 2 5 10 a0 200 1000 10000
1000000.0 | | 1 1 Lo 1 L ! Computed Statistics
Mean 4,754 oflogs
Std Dev. g.z219 oflogs
Skew 0.153| oflogs
Adopted Skew 0.153 oflogs
m
[
o User Statistics
=
% 100000.0 7] Mean 4,754 Oflogs
|
- V| Std Dev. 0.219| oflogs
¥ Adpt Skew o| oflogs
Equivalent .
¥rs of Rec [
10000.0 T T T T T L T T
0.9a 1R} 04 02 01 0.02 0.005 0.0001
Praobahility
Computed Curve ——— 5Percent Confidence Limit
— —— 835 Percent Confidence Limit — — — User Stats Computed Curve
""" User Stats 5 Percent Confidence Limit ===-=- User Stats 95 Percent Confidence Limit
o Cbzerved Everts (Median plotting postions)
| 100 ANalytical Plot Graphical |
| Compute | Curve Curve | View Report | & Print | OK | | Cancel |

Figure 6-6. Plot Tab of the General Frequency Analytical Analysis.

As shown in Figure 6-6, the plot contains the computed frequency curve,
95% and 5% confidence limits, and raw data points plotted by the user
selected plotting position method. The computed statistics for the
frequency curve are shown in a table on the right side of the window.
Below the computed statistics is a table labeled "User Statistics”. There is
a check box and a data entry field for the Mean, Standard Deviation,
Adopted Skew, and Equivalent Years of Record. The user can enter
values into any or all of these fields. Turning on the check box then
enables that field to be used in computing a curve with the user entered
statistic overriding the computed value from the raw data. The user
statistics option allows the user to see how the curve would change if any
or all of the statistics were different. When data is entered into the user
statistics fields, and the check boxes are turned on, the user must press the
compute button again in order for the computations to be performed with
the user entered statistics. After the compute button is pressed, both the
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plot and the table on the Tabular Results tab will be updated to reflect any
user entered statistics.

Graphical Frequency Analysis

In addition to an analytical frequency analysis which uses a statistical
distribution fit to the data, the user has the option to graphically fit a curve
to the data. A graphical fit can be very useful when the available
analytical distributions do not provide a good fit to the data. One example
of when a graphical frequency analysis is most appropriate is when
plotting a frequency curve for flow data that is downstream of a flood
control reservoir. Analytical frequency distributions are often not
appropriate for describing flow data that is significantly regulated by
upstream reservoirs. In general, a portion of the flow frequency data for a
highly regulated stream will be very flat in the zone in which upstream
regulation can control the flows for a range of frequencies. This type of
data lends itself to a graphical fit analysis rather than the use of an
analytical equation. Another example of using a graphical fitting
technique over an analytical curve is when trying to compute a frequency
curve for annual peak stage data at a point on a river. Often the stages will
flatten out with decreased frequencies when flows go out into the
overbank and floodplain area. Again, this type of data is fitted much
better using a graphical fit curve instead of an analytical distribution.
Another example of using a graphical fitting technique in lieu of an
analytical curve is when a partial duration series is being used instead of
an annual maximum series.

When the Graphical tab is selected, the editor will display a plot and table
as shown in Figure 6-7. Three points are required to define a graphical
frequency curve. In the plot, the data will be plotted using the user
selected plotting position method. The table to the right of the plot allows
the user to enter data values for the frequency ordinates defined on the
Options tab.

Additionally, the Multi-Point Edit tool can be used to define the
frequency ordinates by drawing a curve. To use this tool, begin
by selecting the tool on the left side of the editor. Then, define
the curve by left clicking within the plot window at the desired locations.
To finish defining the curve, right click. It should be noted that the Multi-
Point Edit tool will not extrapolate flow frequency information; it will
only interpolate to the user-defined frequency ordinates specified on the
Options tab. Bold, dashed lines will be displayed on the plot that
correspond to the frequency ordinates defined on the Options tab. These
vertical lines help to visually identify the locations where flow frequency
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information will be extracted from the drawn curve. Frequency ordinates
must be defined in a decreasing order (when compared to percent chance
exceedance).

The Data Type and Equivalent Years of Record options are required to
compute the confidence limits using the order statistics method that is
discussed in ETL 1110-2-537. If the data is not flow or stage, select the
Flow data type when the graphical frequency curve is approximately
analytic for extreme probabilities (frequency curve is not relatively flat for
extreme probabilities). Select the Stage data type when the graphical
frequency curve is relatively flat for extreme probabilities (U.S. Army
Corps of Engineers, 1997). When the user enters values into the frequency
curve table, those values will be plotted as a line on the plot after the
Compute button is pressed. The idea is to enter values in the table that
will create a best fit line of the data, based on the user’s judgment.

When using a partial duration series, the Axis Type options will become
enabled. By default the Normal (Top N Events) 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 a Period of Record Years 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.
The two different plotting options are shown in Figure 6-8.
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[ General Frequency Analysis Editor - Reg Flow Rio Grande Test @ of x|
Name: Reg Flow Rio Grande Test 9|
Description: Example using a graphical general frequency analysis =
Data Set: :Rio Grande at Alb Reg Flow -

DS5 File Name: |3 ECTS\SSP_Testing\Projects\Appendix_B_Examples\SSP_Examples\SSP_EXAMPLES.ds{)

Report File: neralFrequencyResults\Reg_Flow_Rio_Grande_Test_9\Reg_Flow_Rio_Grande_Te st_g.rpig

| General | Options | Analytical Graphical

T] General Frequency Graphical Flot for Reg Flow Rio Grande Test 9 R e
Bl R @ MNormal (Top M Events) Log (All Events)
i] 1.1 2 5 10 50 200 100010000 Data Type
1000000 Tt f e e ; -
@ Flow () Stage
[ - | . ' - =g
I 11 | 1T 111
: : : : : : : : : : : : Equivalent Years 29
R R | R I I B ofRecord
: : : : : : : : : : : )I User-Defined Graphical Curve
: : : : : : : : : : I/A Frequency Ordinates
10000.04 I 11 | d—dalel-¥A4"1 Percent Chance
| | ==k = -1 Exceedance DataValue
I 11 | O A o |
@
5 I 10, T Loct 14,300.0
8 | I 485 T 11 0.5 10,300.0
% I I/l/ | | |y R iy I B I | 1.0 7,751.0
1 1 | I | 77
= i /Jl' O 1 B A I o LTse.
ool | | T A O I | 2 L2
JGERES 1 I 1 | I | 10.0 7,510.0
SRR R
50.0 5,400.0
| I I | | I o | 20.0 ,.'500 a
I/ 11 | N I | = seoe
1 [ | I e 90.0 1,650.0
R T e e e R R %5.0 L,200.0
1 111 | N T O I | 95.0 650.0
1 [ | I e
IR EERE T
100.0 T T T T T T T T T T
0.89 0.9 0.5 0.z 01 0.0z 0002 0.0001
Exceedance Probahility
o] Observed Events (Weibull plotting postions) User Curve
— — = 5Percent Conficdence Limit === 85 Percent Confidence Limit

Plot Analytical

Compute | Curve View Report & Print [ OK H Cancel ] Apply

Plot Graphical
Curve

Figure 6-7. Graphical Tab of the General Frequency Analysis Editor.
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[Z] General Frequency Analysis Editer - Tocks Island-1DAY-PDS* = ==
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\SSP\Projects\GeneralFrequency_Testing\GeneralFrequencyResults\Tocks_Island-1DAY-PDS\Tocks _Island-1DAY-PDS. rpiD
‘ General | Options | Analyhcal‘ Graphical
Y General Frequency Graphical Plot for Tocks Island-1DAY-PDS e
Return Period @ nNormal (Top N Events} () Log (All Events)
Q 11 2 4 10 40 2001000 10000 1000000 Data Type
1,000,000 R f I @ Flow ) Stage
I [ | | | . R . A | - -
1 11 | { B N i B | I/I
| [ | e Equivalent Years 7
e el e S I O B e o o e ™
| 11 | | N R N I Y|
| [ | | I | 1/1 Y
1 [ 1 1 1 1A 1 User-Defined Graphical Curve
: : : : : : : : ,1 1, : ’: Frequency Ordinates
1 11 1 [ Pl Percent Chance
o] 1 [ | [ /}/* 11 Exceedance e
L | [ | I ¥d [ —
< 1 [ | | AT 1 =2 406,681.6
= 100,000+ I { I B S S e | 0.5 302,496.1
2 1 111 1 { I | 1.0 241,564.7
B : : : 1 \ : : : : : : 2.0 192,906.6
| R 5.0 133,648.5
CF 11 | [ | 10.0 110,586.4
1 11 1 1 rrrri 20.0 88,311.1
1 [ | Lo e 65,607.2
[ | [ r i3t
| [ | I rrrr = e
1 11 | -1 1rre 90.0 51,838.8
| [ | L rrr 95.0 50,029.8
| [ | I rrrr 99.0 48,859.2
| [ | I rrrrr
10,000 ———4—1 11 | e
0.893 098 0g 0.5 0201 0.020.005 0.0001  0.000001
Exceedance Probability
O Observed Events (Median plotting postions) User Curve
——= 5Percent Confidence Limt —— = 95 Percent Confidence Limit
Plot Analytical Plot Graphical
Compute Curve Curve View Report & Print 0K ] [ Cancel ] [ Apply ]
[ General Frequency Analysis Editor - Tocks Island-1DAY-PDS* = [
Name Tocks Island-1DAY-PDS
Description: 1Day Partial Duration Series analysis for Tocks Island Dam J
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\Tocks_lsland-1DAY-PDS.rpi()
Gsnsrall Options | Analyl\ca\‘ Graphical
Y General Freguency Graphical Plot for Tocks Island-1DAY-PDS AR TR
Q 1,000,000 T T 1T I ) Normal (Top N Events) @ Log (All Events)
L B L i I N S |
WA b i Data Type
L B S L B B I S| @ Flow ) Stage
u %’ T I R N i
AT T
1 : : : : : : Equivalent Years 79
of Record
[ HEREY S Bl N N |
| [ [ | User-Defined Graphical Curve
H LA L il
I’r I I I I : I I Frequency Ordinates
| L S LA R N Percent Chance
g [ N T Exceedance PEEELE
2 1000004 11 e 111 R 0.2 105, 6816
% R I N e T | 0.5 302,496.1
] I A b 1.0 241,564.7
= : : : : : : : : 2.0 192, 906.6
R T TR 5.0 133,648.5
TR R (AL R B [ A 10.0 110,586.4
| || | Il | 1 20.0 88,311.1
R
IO A M A e 34,9524
[T A A O T 80.0 51,838.6
| LA AN M A [ A 95.0 50,029.8
| LLAY TR N LAY SO N AN R | 99.0 48,859.2
| LLAY TR N LAY SO N AN R |
10,000 T T T T
10 1 01 0.01 0.001 1.0E-4 1.0E-5 1.0E-6 1.0E-7
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 [ 0K ] [ Cancel ] [ Apply

Figure 6-8. Axis Type Options on the Graphical Tab.
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Viewing and Printing Results

The user can view output for the frequency analysis directly from the
General Frequency Analysis editor (Tabular and Graphical output) or by
using the plot and view buttons at the bottom of the editor. The output
consists of tabular results, an analytical frequency curve plot, a graphical
frequency curve plot, and a report documenting the data and computations
performed.

Tabular Output

Once the computations for the analytical frequency analysis are
completed, the user can view tabular output by selecting the Tabular
Results tab under the Analytical analysis tab. The details of this table
were discussed under the analytical analysis option above.

The tabular results can be printed by using the Print button at the bottom
of the General Frequency Analysis editor. When the print button is
pressed, a window will appear giving the user options for how they would
like the table to be printed.

Graphical Output

Graphical output of the analytical frequency curve can be obtained by
selecting either the Plot tab under the analytical analysis tab, or by
pressing the button labeled Plot Analytical Curve at the bottom of the
general frequency editor. When the Plot Analytical Curve button is
pressed, a frequency curve plot will appear in a separate window as shown
in Figure 6-9.
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-
@ General Frequency Analytical Plot for General Frequency FFA Test & =RRC X
File Edit View Window
General Frequency Analtical Plot for General Frequency FFA Test B
Return Period
Q 1.1 2 5 10 50 200 1000
1DDUUDD 1 1 1 1 1 1 1 1 1
l
'
i
gy
,f f.//'
10000.04 ,/ [
E - J}/ ,/
L] ,’é/& L=T
= e -//"’
1= [l
=S - -
=] .ﬂ" _—-"
| -
[T _.‘_—' -
1000.0 P rECes
e
- r""‘
100.0 T T T T T T T T
0.9 0.9 0.4 02 01 0.02 0.0050.001
Frobahility
Computed Curve =me=me- Expected Probability Curve
— == 35 Percent Confidence Limit === 83 Percent Confidence Limit
&) Obzerved Events (Median plotting positions) Historic Data

Figure 6-9. Analytical Analysis Frequency Curve Plot.

The analytical frequency curve plot can be sent to the printer by selecting
the Print option from the File menu at the top of the window. Additional
printing options available from the File menu are Page Setup, Print
Preview, and Print Multiple (used for printing multiple graphs on the same
page). The graphic can also be sent to the Windows Clipboard by
selecting Copy to Clipboard from the File menu. Additionally, the plot
can be saved to a file by selecting the Save As option from the File menu.
When the Save As option is selected, a window will appear allowing the
user to select a directory, enter a filename, and select the format for saving
the file. Currently four file formats are available for saving the graphic to
disk: windows metafile, postscript, JPEG, and portable network graphic.

The data contained within the plot can also be tabulated by selecting
Tabulate from the File menu. When this option is selected, a separate
window will appear with the data tabulated. Additional options are
available from the File menu for saving the plot options as a template
(Save Template) and applying previously saved templates to the current
plot (Apply Template).

The Edit menu contains several options for customizing the graphic.
These options include Plot Properties, Configure Plot Layout, Default
Line Styles, and Default Plot Properties. Also, a shortcut menu will
appear with further customizing options when the user right-clicks on a
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line on the graph or the legend. Both the Y and X-axis properties can be
edited by placing the mouse on top of axis and clicking the right mouse
button. Then select the Edit Properties menu option in the shortcut
menu. For example, the user can turn on minor tic marks for the y-axis
and modify the minimum and maximum scale for the x-axis. The graphic
customizing capabilities within HEC-SSP are very powerful, but are also
somewhat complex to use. The code used in developing the plots in HEC-
SSP is the same code that is used for developing plots in HEC-DSSVue
and several other HEC software programs. Please refer to the HEC-
DSSVue User’s Manual for details on customizing plots.

A plot of the graphical frequency curve can be obtained by pressing either
the Graphical tab, or by pressing the button labeled Plot Graphical
Curve at the bottom of the general frequency editor. When the Plot
Graphical Curve button is pressed, a frequency curve plot will appear in a
separate window as shown in Figure 6-10. All of the same options for
tabulating, printing, and sending results to the windows clipboard are
available for this plot as they are for the analytical frequency curve plot.

@

@ General Frequency Graphical Plot for Reg Flow Ric Grande Test 9 I. =NA ﬁ]
File Edit View Window
General Fregquency Graphical Plot for Reg Flow Rio Grande Test 4
Return Period
1.1 2 a 10 an 200100010000
100000.0 |' I |' |' i : :
| | | |
| | | |
| | | |
| | | |
I I I §
| | | V
100000+ | | | |
@ I I t I
ot | | Seil 1 | |
= | | | |
= I | [
5 | -1 de BER
1000.0 |r E”%p : :
' L 3 | |
. | |
L7 [ [
| | | |
| | | |
| | | |
100.0 —1 '. H———
.99 nga 0.5 nz2 o1 0oz 0002 0.0001
Exceedance Probahility
] Obzetved Events (Weibull plotting positions) U=zer Curve
— —= 5 Percent Confidence Limit — —= 83 Percent Confidence Limit

Figure 6-10. Graphical Analysis Frequency Curve Plot.
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Viewing the Report File

When the General Frequency analysis computations are performed, a
report file of the statistical computations is created. The report file lists all
of the input data and user settings, plotting positions of the data points,
intermediate results, each of the various statistical tests performed (i.e.
high and low outliers, historical data, etc...), and the final results. This
file is often useful for understanding and describing how the software
arrived at the final frequency curve.

To view the report file press the View Report button at the bottom of the
General Frequency analysis editor. When this button is pressed, a window
will appear containing the report as shown in Figure 6-11.
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=0

@ General_Frequency FFA_Test B.rpt ———
File Edit Search Format

File: |pendix_B_Examples\SSP_Examples\GeneralFrequencyResults\General_Frequency_FFA_Test S\General_Frequency FFA_Test G.rpt

| Day Mon Year CF5 | Rank Year CFS PFlot Pog | -
e [——————————————————== |
| 31 Dec 1969 15,000.0 | 1 1843 15,000.0 0.53 |
| 28 Mar 1932 891.0 | 2 1951 5,720.0 2.97 |
| 23 Bug 1933 2,680.0 | 3 1955 4,390.0 7.09 |
| 05 Mar 1934 1,080.0 | 4 1938 3,320.0 11.21 |
| 08 Jul 1935 3,000.0 | o 1935 3,000.0 15.34 |
| 03 Jan 1938 1,5%0.0 | [ 1933 2,680.0 19.46 |
| 22 Feb 1937 770.0 | 7 1940 1,770.0 23.58 |
| 23 Jul 1938 3,320.0 | 8 1950 1,5%80.0 27.70 |
| 03 Feb 1939 978.0 | 9 1936 1,5%0.0 31.83 |
| 15 Mar 1940 1,770.0 | 10 1952 1,4%0.0 35.95 |
| 07 Feb 1941 T46.0 | 11 1934 1,080.0 40.07 |
| 13 Rug 1942 1,000.0 | 12 1948 1,040.0 44.19 |
| 30 Dec 1942 980.0 | 13 1945 1,040.0 48.32 |
| 08 Jan 1944 865.0 | 14 1948 1,000.0 52.44 |
| 18 Sep 1945 1,040.0 | 15 1942 1,000.0 56.56 |
| 26 Dec 1945 1,000.0 | 16 1943 980.0 a0. 68 |
| 22 May 1947 483.0 | 17 1939 978.0 64.81 |
| 05 May 1948 740.0 | 18 1953 918.0 68.93 |
| 30 Dec 1948 1,040.0 | 19 1932 g9l1.0 73.05 |
| 03 REug 1950 1,5%0.0 | 20 1944 865.0 77.17 |
| 25 Now 1950 5,720.0 | 21 1937 770.0 81.30 |
| 11 Mar 1952 1,450.0 | 22 1941 746.0 85.42 |
| 22 Now 1952 9lg.0 | 23 1948 740.0 £89.54 |
| 14 Dec 1953 a70.0 | 24 1954 670.0 93.467 |
| 18 REug 1955 4,3%0.0 | 25 1947 483.0 97.79 |
|- |- |
Note: Plotting positions based on historic period (H) = 132

| |
| Number of historic events plus high ocutliers (Z) =1 |
| Weighting factor for systematic ewvents (W) = 5.4583 |

Based on 132 events, mean-sgquare error of station skew = 0.116
Mean-sgquare error of regional skew = 0.302

m

<< Freguency Curve >>
Ridley Creek-Moylan, PA

| Computed Expected | Percent | Confidence Limits |

| Curve Probability | Chance | 0.05 0.85 |

| FLOW, CFS | Exceedance | FLOW, CFS |

|- | |- |

| 17,499.9 28,944.5 | 0.2 | 41,571.2 10,177.3 |

| 12.096.4 17.225.5 | 0.5 | 25.679.7 7.516.8 1 i

4 m 3
01122016 1218 FM 28:35..28:35 28:35

Figure 6-11. General Frequency Analysis Report File.

Plots, tables, and reports can also be created by selecting menu options
from the Results menu. At least one General Frequency analysis must be
selected in the study explorer before selecting one of the menu options on
the Results menu. Results from multiple analyses are combined in one
graph if they are selected in the study explorer when the Graph menu
option is selected. The Results>Summary Report menu option will
create a summary table of statistics and frequency curve ordinates for the
selected analyses as shown in Figure 6-12.

6-25




Chapter 6 - Performing a General Frequency Analysis

HEC-SSP User's Manual

[ GeneralfrequencySummary.rpt

File Edit Search Format
File: | C\PROJECTSISSP_Testing\Proj ppendix_B_Exampl P_Exar requencyR eralFrequer .ot
General Frequency Summary Report Il
Tue Jan 12 12:20:56 BST 2016
Table 1 Summary of Statistics
Analysis Data Mean S5td .iieieees SHEW..orennnunnanannns Hist Qutlier Zero/ Syst Hist
Name NHame Dew Stn Rgnl Tght 2dpt Evat Hi Lo Msng Evnt Perd
General Frequency FFA Test 1 Fishkill Creek-Beacon, NY 3.378 0.255 0.733 0.600 0.677 0.677 o 1] 0 Q 24
General Frequency FFA Test 2 Floyd River-James IA 3.547 0.447 0.175 -0.300 0.074 0.074 0 1 0 ] 39 82
General Frequency FFA Test 3 Back Creek-Jones Springs 3.741 0.231 0.823 0.500 0.586 0.586 0 4] 1 ] 38
General Frequency FFA Test ¢ Orestimba Creek-Newman, CA 2.975 0.678 -0.578 -0.300 -0.472 -0.472 o 1] 1 & 42
General Frequency FFA Test 5 Kaskaskia River-Vandalia, IL 4.128 0.273 0.409 -0.400 0.182 0.182 0 4] 2 ] &0
General Frequency FFA Test @ Ridley Creek-Moylan, FA 3.120 0.283 l.o088 0.400 0.890 0.890 1 0 0 0 24 132
Table 2 Summary of Frequency Curve Ordinates
Analysis Data Percent Change E
Name Name 99 95 S0 B8O 50 2 10 5 2 1 0.5 0.2 -
General Frequency FFA Test 1 Fishkill Creek-Beacon, NY
General Frequency FFA Test 2 Floyd River-James IA
General Frequency FFA Test 3 Back Creek-Jones Springs
General Frequency FFA Test 4 Orestimba Creek-Newman, CA
General Frequency FFA Test 5 Kaskaskia River-Vandalia, IL
General Frequency FFA Test & Ridley Creek-Moylan, PA 444.5 543.3 622.3 754.3 119%8.0 2181.5 3162.5 4435.9 6724.2 9065.9 12096.4 17500.8
<« [ L3
01/12/2016 12:20 PM 1111 11

Figure 6-12. Summary Table for Selected General Frequency Analyses.
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CHAPTER 7

Performing a Volume Frequency
Analysis

The current version of HEC-SSP allows the user to perform a volume
frequency analysis of flow data. In this type of analysis, frequency curves
are developed using daily average flows. Runoff volumes are expressed
as average flows over a time duration. For example, the 3-day flow is the
average flow over a three day period. The volume from the 3-day flow
would be computed by multiplying the 3-day flow (in cfs) by 259,200
seconds (3-days). Typical volume frequency analyses would develop
frequency curves for a number of volumes (flow-duration), like the 1, 3, 7,
15, 30, 60, 90, 120, and 180 day volumes. The user can choose between
different analytical distributions as well as perform a graphical fit to the
data. This chapter discusses in detail how to use the Volume Frequency
Analysis editor in HEC-SSP.

Contents
o Starting a New VVolume Frequency Analysis
e General Settings and Options
e Extracting the Volume-Duration Data
e Analytical Frequency Analysis
e Graphical Frequency Analysis
¢ Viewing and Printing Results
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Starting a New Volume Frequency Analysis

A volume frequency analysis can be started in two ways within the
software, either by right clicking on the VVolume Frequency Analysis
folder in the study explorer and selecting New, or by going to the Analysis
menu and selecting New and then Volume-Frequency Analysis. When a
new volume frequency analysis is selected, the VVolume Frequency
Analysis editor will appear as shown in Figure 7-1.

Marme: |

Description: =
Data Set -
D55 File Mame: =
Report File: =

General | aptions | Duration Tahle | Analtical | Graphical
Log Transform Plotting Position Time Window Modification

&) Use Log Transfarrm @ Weibull (4 and B=0) End Points

(O Do Motuse Log Transform

Maximum ar Minimum Analysis
() Analyze Maximums

O Analyze Minimums

) Median (& and B= 0.3)
() Hazen (A and B = 0.5)
O Other (Specify A, B

Plotting position computed using
farmula

D385 Range is
[] start Date )
[JEnd Date [

Season

(m-A)(n+1-A-B) Tao Define a Subset ofthe Year
el ST e Season Start: Season End:
m=Rank, 1=Largest
() Water Year (starts Oct 1) MN=Mumher of Years ] [J J
O Calendar Year (starts Jan 1) AB=Cuonstants MOTE: season must he within a vear,
as defined in the Year Specification
O Other
Starting )
PlotYearly Data
Plot Duration Plot Analytical Flot Graphical

Data Curve Curve

View Repart =] [ Ok H Cancel H Apply
Figure 7-1. Volume Frequency Analysis Editor.

The user is required to enter a Name for the analysis; while a Description
is optional. A data set must be selected from the available data sets stored
in the current study DSS file (see Chapter 4 for importing daily flow data
into the study). The list of data that can be selected for a volume
frequency analysis will only include those data that have a regular interval,
like IHOUR and 1DAY (E-part pathname). Once a Name is entered and
a data set is selected, the DSS File Name and Report File will
automatically be filled out. The DSS filename is by default the same
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name as the study DSS file. The report file is given the same name as the
analysis with the extension ".rpt".

General Settings and Options

Once the analysis name and data set are selected, the user can begin
defining the analysis. Five tabs are contained on the VVolume Frequency
Analysis editor. The tabs are labeled General, Options, Duration Table,
Analytical, and Graphical. This section of the manual explains the use of
the General and Options tabs.

General Settings

The first tab contains general settings for performing the frequency
analysis (Figure 7-1). These settings include:

e Log Transforms

¢ Plotting Positions

e Maximum or Minimum Analysis
e Year Specification

e Time Window Modification

Log Transform

There are two options contained within the Log Transform setting: Use
Log Transform and Do not use Log
Transform. If the user selects Use Log
() Use Log Transfarm Transform, then the logs of the data
will be computed first, and the frequency
© Do notuse Log Transfarm | analysis will be performed on the logs of
the data. If the user selects Do not use
Log Transform, then the frequency analysis will be performed on the raw
data values without taking the logs of the data. The default setting is Use
Log Transform.

Log Transform
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Plotting Positions

Plotting positions are used for plotting the raw data points on the graph.

Flotting Position
) Weibull (4 and B = 0
) Wedian (A and B=0.3)

) Hazen ifand B = 0.5)
() Other (Specify & E)

Flotting position computed using formula
(m-A)in+1-A-B)

There are four options for
plotting position within
HEC-SSP: Weibull,
Median, Hazen, and user
entered coefficients. The
default method is the
Weibull plotting position
method.

The generalized plotting
position equation is:

Where:
m=rank, 1=largest _ (m-A)
M=Mumber of Years - (n+1- A-B)
A B=Constants
where: m = rank of
flood values with the
largest equal to 1.
n = number of flood peaks in the data set.

A & B = constants dependent on which equation is used (Weibull
A and B=0; Median A and B = 0.3; and Hazen A and

B=0.5).

Plotting positions are estimates of the exceedance probability for each data
point. Different methods can give different values for the probabilities of
the highest and lowest points in the data set. The plotting of data on the
graph by a plotting position method is only done as a guide to assist in
evaluating the computed curve. The plotting position method selected
does not have any impact on the computed curve.

7-4



HEC-SSP User's Manual Chapter 7 - Performing a Volume Frequency Analysis

Maximum or Minimum Analysis

A volume frequency analysis can be performed using annual maximum or
minimum flows. A maximum flow analysis could be used for determining
the amount of reservoir storage required for a flood of specific frequency.
A minimum flow, or low flow
analysis, could be used determine
if a river could supply a given

Maxirum ar Minimum Analysis

demand. A low flow analysis (%) Analyze Maximums
could also be beneficial for water N
quality and reservoir storage © #nalyze Minimums

projects. There are two options
contained in the Maximum or Minimum Analysis section. If Analyze
Maximums is selected, then the program will extract annual maximum
volumes for all durations. The program will extract annual minimum
volumes for all durations if Analyze Minimums is selected.

Year Specification

This option allows the user to define the beginning and ending date for
what will be considered as the analysis year for extracting the data. These
dates are used for extracting the annual maximum or minimum flows, in
order to get one value for each analysis year. It is important to choose a
start date that captures all flood events from a certain hydrologic regime.
If high flows generally occur between November and May, then the year
should not start between
these months. This will
(%) Water Year (starts Oct 1) minimize the possibility
that the same flood event
is used for consecutive
years. There are three

Year Specification

() Calendar Year (starts Jan 1)

© Other options contained in the
starting O Year Specification
section. If Water Year
[ Plat Yearly Data is selected, the program

uses a starting date of
October 1 and an ending
date of September 30. If
Calendar Year is selected, the program uses a starting date of January 1
and an ending date of December 31. The Other option lets the user define
the starting date. One way to determine when the year should begin is to
plot each year of record on top of one another, as shown in Figure 7-2.
The program will create a graph like the one shown in Figure 7-2 when the
Plot Yearly Data button is pressed. This data set is from an area that
experiences both snowmelt floods and summer/fall rain floods. Starting
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the year on January 1 would be more appropriate for this data set because
a few large flood events occurred around October 1.

=

B2 Rio Grande at Alubquerque UNREGULATED M=
File Edit Wiew

20,000+

Flow: (cfs)

Jan har Iy Jul Sep Moy

Figure 7-2. Plot Showing when Flood Events Typically Occur.

Time Window Modification

This option allows the user to narrow the time window used for the
analysis. When left unchecked, the program will use all of the data
contained in the selected data set. The user can enter either a start or end
date or both a start and end date. If a start and/or end date are used, they
must be dates that are included within the selected data set. The date
range for the selected data set is shown in the editor just above the Start
Date field.

An additional option at the bottom of the time window modification
section allows the user to define a shorter duration, a Season, within the
year in which the program extracts maximum or minimum flows. This
option allows the user to analyze floods that typically occur during a
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specific season, like snowmelt floods. When left unchecked, the program
will examine all flow records during the year. The season start and end
dates must be entered using a two digit day followed by the month,
example 15May. The season start and end dates must fall within a year as
defined in the Year Specification. The user must enter both start and end
dates to define the season subset.

Tirme Window Modification

End Points

D55 Range is

[] start date (]
[]end date [
Season

To define a subset of the yvear
seasan stan: seasan end:

[ [ ()

ROTE: season must be within a year,
as defined in the Year Specification

Options

In addition to the general settings, there are also several options available
to the user for modifying the computation of the volume-frequency curves.
These options include:

e Flow-durations

o User-Specified Frequency Ordinates
e Qutput Labeling

e Low Outlier Threshold

e Historic Period Data

When the Options tab is selected, the Volume Frequency Analysis editor
will appear as shown in Figure 7-3.
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General| Options | Duration Table | Analtical

Flow Durations
Change ot add to default values

Duration in days

Graphical

User Specified Freguency Ordinates

[J Use Values from Table Below

Freguency in Percent

Histaric Period Data

[] Use Historic Data

Historic Period

0.1 Start Year
7 0.2
15 05 End Year.
[<11] 1.0
120 2.0 Duration Owertide High Outlier Thresh
50 1-day
10.0 7-day
20.0 15-day
A0.0 BO-clay
80.0 120-day
90.0
95.0
85.0
Histaric Events
Year 1-day T-day 15-day B0-day
Qutput Laheling Low Qutlier Threshold
D38 Data Name is - FLOW [ override Low Qutlier Threshold
[ Change Lakel Duration Overtide Low Outlier Thre...
DSS Data Units are GFS 1-day
T-day
[[] change Label 15-day
GO-day
120-day
£ bd

Figure 7-3. Volume Frequency Analysis Editor with Options Tab Selected.

Flow-Durations

This option lets the user define which durations are used in the volume
frequency analysis. The program will extract annual maximum or
minimum volumes based on the durations defined in this table. The

Flow Durations

[] change or add to default values

Curation in days

14

a0

G0

a0

120

183

default durations are 1, 3, 7, 15, 30, 60, 120, and
183 days. Check the box next to Change or
add to default values to change or add
additional durations to the analysis. Once this
box is checked, the user can add/remove rows
and edit the duration values. To add or remove
a row from the table, select the row(s), place the
mouse over the highlighted row(s) and click the
right mouse button. The shortcut menu contains
options to Insert Row(s) and Delete Row(s).
The program will use the default durations, even
if they are not contained in the table, when the
Change or add to default values option is not
checked.
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User Specified Frequency Ordinates

This option allows the user to change the frequency ordinates used for

Freguency in Percent

lser Specified Frequency Ordinates

Llse Walues from Tahle below

0.2

0.5

1.0

2.0

5.0

10.0

20.0

50.0

20.0

40.0

85.0

89.0

creating result tables and graphs. The default
values listed in percent chance exceedance are 0.2,
0.5, 1, 2,5, 10, 20, 50, 80, 90, 95, and 99. Check
the box next to Use Values from Table below to
change or add additional values. Once this box is
checked, the user can add/remove rows and edit
the frequency values. To add or remove a row
from the table, select the row(s), place the mouse
over the highlighted row(s) and click the right
mouse button. The shortcut menu contains
options to Insert Row(s) and Delete Row(s). The
program will use the default values, even if they
are not contained in the table, when the Use
Values from Table below option is not checked.
Finally, all values in the table must be between 0
and 100.
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Output Labeling

This option allows the user to change the default labels for data contained
in the output tables and plots. The user can change both the name of the
data and how the units of the data are labeled.

Cutput Labeling

055 Data Mame is

[] Change Lahel
0SS Data Units are

[]change Label

Low Outlier Threshold

High and low outlier tests are based on the procedures outlined in Bulletin
17B, and are applied in the same manner in the VVolume Frequency

Analysis. The :

outlier Lowy Outlier Threshold

magnitudes [ Cverride Lowe Qutlier Threshold

CaICUIated_ by Duration Owerrice Low Outlier Threshold
the Bulletin 1-day

17B procedure | |7-day

are used as oy

default values 120-day

for the high

and low outlier thresholds in HEC-SSP. The user has the option to enter a
different low outlier threshold for each duration. If a value is entered for
the low outlier threshold, then this value will override the computed value
from the Bulletin 17B methodology. When analyzing maximum flows,
HEC-SSP will identify both high and low outliers. However, only low
outliers will be removed from the data set when performing the analysis.
If a high outlier is identified in the data set, the analyst should try to
incorporate historical period information to extend the time period for
which the high outlier(s) is considered to be the maximum value(s).
Further discussion of outlier thresholds can be found in Bulletin 17B and
the HEC-SSP Statistical Reference Guide. To use the low outlier
threshold, simply check the box and enter a value for one duration or all
durations.

When Analyzing Minimums is selected on the General tab, then the Low
Outlier Threshold criteria becomes the High Outlier Threshold. When
applying the outlier tests, HEC-SSP will identify both high and low
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outliers. However, only high outliers will be removed from the data set
when performing