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Objectives 
• Quickly describe USGS database (NWIS) 

 
• Describe July 20, 2014 peak flow indirect 

measurements at Johnson Wash and Buckeye Creek 
gages. 

 
• Describe estimated frequency characteristics of the 

peak discharges. 
 

• Describe USGS Nevada Water Science Center crest-
stage gage program. 



We’ve come a long way 
• Streamgaging: 1889 at Embudo, NM 
• Frederick H Newell led development with 

direction from John Wesley Powell 
• 1895: began sharing cost with the States  

(Kansas State Engineer) 
 



Long History of measuring water in 
Nevada 
• East Fork Carson River near Gardnerville (1890) 
• West Fork Carson River at Woodfords (1900)  
• Truckee River at Tahoe City (1895) 
• Humboldt River at Palisade (1902) 
• Truckee River below Derby Dam (1909) 
• Virgin River at Littlefield (1929) 
 

James Baumgartner University Nevada Reno 

http://wwwpaztcn.wr.usgs.gov/repeat-photography/virgin_river1942.html


http://waterdata.usgs.gov/ 
Provides access to select USGS 
data 

Current Conditions (Real-time) 
Site information 
NWIS Mapper – Map interface 
Current and historical data 

Surface Water 
Daily means 
Daily, monthly, and annual statistics 
Peak flows 
Field Measurements including channel 

geometry 
Groundwater levels 
Water Quality 
Water Use 

**Does not include all data stored in NWIS 

 

http://waterdata.usgs.gov/nwis


NWIS Mapper 
•Select any data collection site 
by ‘point and click’ function 
•Sites can be active or historic 
discontinued 
•Entire period of record is 
available including 
measurements and unit values 
(spotty before 1985)  
•Can zoom and pan 
•Sites become clickable at 
certain zoom levels 

•Site lists available 
•KML for Google Maps  

•Sites can be viewed by 
•Active 
•Inactive 
•Realtime 
•Site Type 

 



Crest-Stage Gages 
Buckeye Creek 

• To record and verify highest 
water levels.  Stick housed in 
pipe records highest water level 
between visits 
  

• Less expensive than 
continuous recording 
streamflow gages 
 

•Uses:  
    Peak verification at  
    continuous recording  
    streamflow gages 
 

    Record peaks at  
    ephemeral washes/creeks or 
    at locations where peaks  
    rather than continuous flow  
    records meet program  
    objectives 
     
 

 
 



Crest-Stage Gages 
Johnson Wash • Visits every six weeks 

   or more often if warranted. 
 
• Discharge measurements made 
   or zero flow documented made 
   each visit  
 
• Stage-discharge relationship 
   (rating) developed, if possible 
 
• Peak event discharges 
  determined by rating or indirect  
  methods (using channel  
  characteristics and hydraulic  
  principles) 
  
• Crest stage gage program: 
      NDOT: 25 throughout Nevada 
      USACE: 4 in S. Nevada 
 
 
 
 



Crest-Stage Gages 

• Records published in Site Data  
   Sheets (previously called Annual  
   Data Report)  
 
• Manuscript includes information 
   on location, period of record, and  
   extremes  
 
• Collected data quality assured and  
   published in peak discharge and      
   discrete measurement tables 
 
 
 

Site Data Sheet 



Peak Streamflow Files 
Johnson Wash 
520 cfs 
 

Buckeye Creek 
2,800 cfs 
 



USGS New Mexico Water Science Center 
Albuquerque, New Mexico 
July 30 to August 2, 2013 

Indirect Measurements of Peak Discharge 



Agenda for Course 



Indirect Measurement of Discharge 

• During floods, it is frequently is impossible or 
impractical to measure peak discharge directly. 
Consequently, many peak discharges must be 
determined after the passage of the flood by 
indirect methods. 

• Indirect determinations of discharge make use of 
the energy equation for computing stream flow.  



Indirect Measurement of Discharge 

• Indirect methods involve these general factors:  
1. Physical characteristics of the channel; that is 

dimensions and conformation of the channel within the 
reach used and boundary conditions. 

2. Water-surface elevations at time of peak stage     
(high-water marks, or HWMs) to define the upper   
limit of the cross-sectional areas and the difference in 
elevation between two or more significant cross 
sections.  

3. Hydraulic factors based on physical characteristics, 
water-surface elevations, and discharge, such as 
roughness coefficients and discharge coefficients.  

http://wwwrcamnl.wr.usgs.gov/sws/fieldmethods/Indirects/nvalues/index.htm
http://wwwrcamnl.wr.usgs.gov/sws/fieldmethods/Indirects/nvalues/index.htm


Slope-Area Method 

• The slope-area method is the most commonly 
used technique of indirect discharge 
determination. 

• Discharge is computed on the basis of a uniform-
flow equation involving channel characteristics, 
water-surface profiles, and a roughness or 
retardation coefficient. The drop in water-surface 
profile for a uniform reach of channel represents 
energy losses caused by bed and bank roughness. 

 



Reach selection 

• No significant inflow or outflow 
• Insignificant channel storage 
• Not affected by scour and fill 
• As straight as possible 
• Consistent channel shape and roughness  
• Near to point where peak discharge value is 

desired 



In the end, what is most critical? 

• Site selection – It is nearly impossible to get a 
good result from a bad site 

• Profile definition – Fall through the reach drives 
everything 

• Cross-section location – The validity of the result 
depends on friction slope being uniform between 
sections 



July 20 Precipitation: High Intensity over 
a Few Hours 

• National Weather 
Service, Nevada Appeal:  

    Base of Hot Springs Mtn: 
1.21 inches in 2 hours 
 

• Weather Underground:   

    Top of Johnson Lane: 
1.15 inches in 2 hours 

    Gardnerville:  0.62 
inches in 2 hours 



Buckeye Creek Plan View  



Buckeye Creek Site Conditions 

• Complex culvert doesn’t 
lend itself to culvert 
computation. 

• Slope-Area indirect 
computation procedure 
applied 



Buckeye Creek Site Conditions  
 

• Primary and tributary 
channels about 0.3 miles 
upstream from gage 

 

 

• Primary channel relatively 
straight with clear high-
water marks 

 

• Tributary channel had 
short straight reach with 
clearer high-water marks on 
right bank 



Buckeye Creek: Plan View, High-Water Marks, 
Slope, Channel Geometry, and Roughness 

 
• High-water mark 

information defines: 
      - Left and right 
         banks 
      - Water level  
         at cross sections 
      - slope 

• Cross-section 
information defines:  

     - Channel geometry  
        through survey  
        reach  
     - Channel roughness 



Buckeye Creek: Plan View, High-Water Marks, 
Slope, Channel Geometry, and Roughness 

 
• High-water mark profiles 

define: 
    - Slope 
    - Cross section locations 



Buckeye Creek: Plan View, High-Water Marks, 
Slope, Channel Geometry, and Roughness 

 
• Cross Sections define: 
    - Channel geometry 
    - Roughness 



Buckeye Creek: Documentation 
 

• Measurement Analysis includes: 
    - Type of Measurement 
     - Location of Site 
     - Discharge and Gage Height 
     - Drainage Area 
     - Unit Discharge 
     - Nature of Flood 
     - Field Conditions inc.  
           site selection 
           survey  conditions 
           profiles 
           cross sections 
           roughness values 
     - Computations 
     - Discharge Determination 
     - Evaluation of Results inc sensitivity  

analysis 
     - Previous Computations 
     - Archival Information 
     - Remarks 
     - Information on personnel who worked, 

checked and reviewed the measurement 
 



Buckeye Creek: Documentation and 
Quality Assurance  

• All indirect measurements are 
checked and reviewed: 

    - Measurement returned if 
       mistakes found or needs  
       additional work 

     - Compliments and  
       constructive criticism  
       provided for continual  
       improvement 

     - Items to address are  
       provided 

     - Worker required to  
       address comments 



Johnson Wash: Short Video Clip  



Johnson Wash Plan View  



Johnson Wash: Plan View, High-Water Marks, 
Slope, Channel Geometry and Roughness 

 
• Similar to Buckeye Ck 
    - Plan view, high-water 
       mark , and cross  
       section plots 
      



SW-2011-TC Statistical Approach... 
July 16-20, 2007 

Statistical Approach to 
Surface Water Hydrologic Analysis (SW2011TC)  
 

July 16-20, 2007 
 

 
 
 

CONCEPTS OF FREQUENCY 
ANALYSIS 



SW-2011-TC Statistical Approach... 
July 16-20, 2007 

Introduction 
Frequency analysis is a statistical procedure by which the 

needed streamflows can be estimated.  
Estimates of the magnitude and frequency of hydrologic 

extremes, such as floods and droughts, are needed to: 
• Define flood hazard areas 
• Design flood-control structures such as dams and levees 
• Design bridges and culverts 
• Design water treatment facilities and water-supply reservoirs 

The types of streamflow data typically used for frequency analysis 
include annual maximum instantaneous peak discharge and annual 
n-day low flows. 

Annual data are used in the frequency analysis to ensure that the data 
are random and independent, an essential assumption of frequency 
analysis.  
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Flood Frequency Analyses Based on  
Long-Established Interagency Approach 

B17B Statistical Approach: 
• Log-Pearson Type 3 Distribution 
• Fit by Method of Moments 
• Weighted Skew 
• Cookbook procedures 

• Weighted moments (Historical 
information) 

• Conditional Probability Adjustment 
(Low outliers, zero flows) 
 

Bulletin 17B Approach Recently Updated:   
Expected Moments Algorithm (EMA)  



Annual Peak Input to PeakFQ 
Buckeye Creek 
 



PeakFQ Output: Buckeye Creek  

Discharge: 2,800 cfs 
Annual Exceedence Probability: 
0.0907  
Recurrence Interval: 11 years 



Annual Peak Input to PeakFQ 
Johnson Wash 
 



PeakFQ Output: Johnson Wash  
Discharge: 520 cfs 
Annual Exceedence Probability: 
0.1249  
Recurrence Interval: 8 years 



Only a 10-percent (10-year) flow event for a  
1-percent (100-year) precipitation event?  

Frequency of Precipitation event does 
not directly translate to flood frequency. 

Total precipitation is significant input to 
generate flows, but not only factor: 
- Variability and intensity of precipitation over 
   basin  
- Shape of basin and its relation to storm 
   path  
- Basin infiltration, recharge 
- Basin storage 
- Channel geometry and bed characteristics, 
   and bed storage 
- Antecedent conditions i.e. soil moisture,  
   water level of saturated zone 



Flood Frequency Analyses based 
on Statistical Procedures 

- Documented annual peaks represent the dataset  
- Dataset is unbiased and represents entire population  
- Dataset is only a sample of the entire population. 
- Assumes the past will represent the future 
- Missing annual peaks 
- Measurement errors 
- Output (answers) are estimates with confidence intervals 
- Short period of data record 

 
“Flood-frequency analysis for single stations is subject to large errors 
because of the brevity of most records, the inherent variability of 
floods, and the difficulty of fitting theoretical frequency distributions to 
the sample record.” – Thomas Dunne and Luna Leopold, 1978 
 

 
 



Crest-Stage Gage Program:  
Collection of Actual Discrete Water Level Data 

 
Cooperative Program between NDOT and 
USGS funds 25 crest-stage gages 
throughout Nevada.  Period of record 
getting longer at both Carson Valley gages.  
Included are: 

- Johnson Wash: 22 annual peaks; 1998 to  
   current year  
-Buckeye Creek: 20 annual peaks; 1992,  
  1994-1995, 1997, Aug 1998 to current year   

-Longer periods of record result in increasing certainties with flood frequency  
  analyses 
- Shorter periods of record result in larger uncertainties 
- No periods of record result in guessing 



Crest-Stage Gage Program:  
Collect the Data, Characterize the 

Flood Hazards 

Crest-Stage Gage Program 
•  6-week visits  
       - O&M 
       - Make flow measurements 
       - If significant peak recorded at CSG, flag 
          HWM’s and compute indirect  
          measurements 
       - Run levels every year for five years. 
          If stable, run levels every three years 
• If significant flow, visit as conditions warrant 
       - Best to flag high-water marks as soon as 
          possible after high-water events 
       - Make indirect measurements 
 



Crest-Stage Gage Program:  
Collect the Data, Characterize the 

Flood Hazards 
• Records published in Site Data  
   Sheets (previously called Annual  
   Data Report)  
 
• Manuscript includes information 
   on location, period of record, and  
   extremes  
 
• Collected data quality assured and  
   published in peak discharge and      
   discrete measurement tables 
 
• Actual data used to  
  characterize flood hazard and  
  can be used for calibration/ 
  verification of hydrologic models. 



Potential Crest-Stage Gage Sites to Collect Data 
for Characterization of  Carson Valley  

Flood Hazards  
 

• Buckbrush Wash  
 
• Sunrise Pass Wash   
 

• Annual Costs for CSG with USGS 
   Cooperative Water Program Funds: 

•$6,000 partner 
•$6,000 USGS  

 
 
 



Questions, Comments, Discussion 

USGS Nevada Water Science 
Center 
Kurtiss Schmidt 
Hydrologist 
schmidt@usgs.gov 
775-887-7716 

Steve Berris 
Nevada Data Chief 
snberris@usgs.gov 
775-887-7693 

mailto:schmidt@usgs.gov
mailto:snberris@usgs.gov


NWISWeb – How can I see the data? 
• Retrieval Options include 
▫ Graphs 
 Real-time stream flow, water levels, and water quality 

▫ Tables 
 HTML and ASCII tab-delimited files 

▫ Automated retrievals 
 http://waterdata.usgs.gov/nwis/?automated_retrieval_info 





Rating Curves provide Stage-
Discharge Relations 

• Reliable with 
stable channel  

• Measurements 
required for 
evaluation and 
verification 

• Measurements 
required for 
unstable 
channels 



SW-2011-TC Statistical Approach... 
July 16-20, 2007 

BASIC Assumptions of Frequency 
Analysis 

• Observations of past events are indicative of future possibilities 

• Questions that can be answered by knowledge of fraction of events 
greater than any specified magnitude 

• Prediction of magnitude or timing of specific events is not a goal 

• Corollary --  Time-order of data is not relevant – 
  - trends  - cycles - clusters 

• Cause or source of event is not important  
  - rainfall  vs  snowmelt  vs hurricane  etc. 

• User/analyst is responsible for verifying whether these 
assumptions are appropriate in any particular application  



SW-2011-TC Statistical Approach... 
July 16-20, 2007 

More Assumptions of Frequency 
Analysis 

• Hydrologic events can't be forecasted as to magnitude and 
time of occurrence on time scales relevant to 
engineering/economic planning and design. 

• Planning & design must be based on estimates of magnitude 
and likelihood or frequency of occurrence of critical events. 

• There is a "population" of potential events. 
• All that is available to us is samples from the population. We 

infer magnitudes and frequencies of events from the sample.   
• Assume that the samples are "representative" 
• Different samples will yield different estimates -- "random" 

 



Bulletin 17B Procedures Recently Updated  
 
Why EMA Is More Efficient than B17B Historic Data 
 Procedure: 
• Observed magnitudes are treated identically by B17B 

and EMA 
• Both B17B and EMA define moments for below-

threshold observations 
• B17B employs only the below-threshold systematic data 

to estimate moments of below-threshold data 
• EMA exploits all of the data available to estimate 

moments of below-threshold data 
=> EMA takes advantage of information at hand 
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