STREAM HYDROLOGY EXAMPLE PROBLEMS
Problem 1 – Determine and Compare Gaging Station Statistics and using the USGS Annual Water Data Reports

Goals of this exercise:

1. Become familiar with the USGS Annual Water Data Reports. 

2. Practice reading and interpreting some basic streamflow statistics.

3. Get a sense of the regional and seasonal hydrologic variability around the state.

Situation:
Comparison is to be made of basic hydrologic similarities and differences among four large, relatively undeveloped mountain streams, one in NE Oregon (Blue Mountains) draining to the Umatilla River, one in N-NW Oregon (Cascade Range) draining to the Columbia River, one in NW Oregon (Coastal Range) draining to the Pacific Ocean, and one SW Oregon (Klamath Mountains) draining to the Pacific Ocean.  In the process, we will explore different online hydrologic data tools and practice working with hydrologic data sets.

The gages are:


14020300 Meacham Creek at Gibbon


14120000 Hood River at Tucker Bridge


14171000 Marys River near Philomath

14400000 Chetco River near Brookings
Access the Data:
1. Go to the 2006 Annual Water Data Report on the USGS Web site. To get to the report, go to the USGS Water Resources Division Home Page (http://oregon.usgs.gov) and click on the WY 2006  data link on the right navigation bar.
2. Experiment with using the map to get to the stations or use the text search tool.

3. Save a copy of the PDF files for each station and use the information in them to answer the following questions.  You can download a spreadsheet that provides a way to organize your answers (http://water.oregonstate.edu/streamflow/download/Problem1_fillintable.xls ).
Determine for Your Gaging Station:

1. Drainage area – DA 

2. Mean annual discharge – MAQ

3. Period of record   

4. Length of record

5. Extent of flow regulation  

6. Extent of flow diversion  

7. Mean annual discharge per unit area – MAQ/DA 

8. Largest MAQ in period of record 

9. Year of largest MAQ in period of record 

10. Smallest MAQ in period of record 

11. Year of smallest MAQ in period of record 

12. Ratio of highest MAQ to lowest MAQ for station

13. Largest instantaneous peak discharge in period of record 

14. Date of largest instantaneous peak in period of record 

15. Largest instantaneous peak discharge per unit area – Qpeak/DA 

16. Minimum daily mean discharge during period of record (1-day) 

17. Minimum daily mean discharge during period of record (7-day)  
18. Minimum 7-day daily mean discharge per unit area – Qmin-7day/DA  

19. Which is the wettest month, on average? 

20. What was the month and year for the wettest month of record? 

21. Which is the driest month, on average?  

22. What was the month and year for the driest month of record? 

Compare and Discuss:
1. Are the records relatively concurrent? 

Not exactly.  Marys has an earlier record then a gap, other three are relatively consistent.

2. Are the stations good representatives of undeveloped conditions? 

Yes – some small diversions and slight regulation on the Hood River.

3. How do the mean annual yields per unit area compare geographically (assuming the stations to be representative of their region)?   And what influence may the actual period of record have on this comparison?

The coastal station have the highest MAQ/DA and they get progressively lower going East.  Since the Meacham Creek record is the shortest, it produces the least reliable estimates.  If the 1960’s (years with a record at other sites) were wet, then the Meacham Creek estimate may be an underestimate.
4. Do all four stations have similar timing for extreme events (year of occurrence and time-of-year of occurrence)?  

Yes, except for Meacham Creek.  Its max peak flows appears to be related to snow melt since it occurred in April.
5. How do the intensities of flood peaks (flow/unit area) compare geographically?  And what influence may the actual period of record have on this comparison?

They follow a similar pattern to the MAQ/DA – the values are highest for the coast and lowest inland in E. OR.  This may again be affected by the shorter flow record for Meacham Creek.

6. How do the minimum 7-day flows compare?  And what influence may the actual period of record have on this comparison?

These do not follow the same pattern as the peak flows.  Hood River has the highest value for 7-day low flow/DA – perhaps because it has some springs?  The Marys appears to be as affected by drought as Meacham Creek.

7. How do the average wettest month and actual wettest month of record compare (are they the same or not)? 

They usually match or match the adjacent month – Meacham Creek is the exception, perhaps because some peak flows are caused by snow melt and some are caused by rain on snow?

8. How do the average driest month and actual driest month of record compare (are they the same or not)?
They usually match or match the adjacent month. 

Problem 2 – Flood Frequency Estimates 
Goals of this exercise:

1. Become familiar with flood frequency statistics. 
2. Practice estimating peak discharges for gaged sites using WRD’s online tools.
3. Consider how flood frequency estimates are made and their limitations.

4. Consider how basin physical characteristics and rainfall influence streamflow.

Tools:

1. The OSU Streamflow Hydrology Tutorial Flood Frequency Analysis section (http://water.oregonstate.edu/streamflow/analysis/floodfreq/index.htm)
2. The OWRD Estimation of Peak Discharges page (http://www.wrd.state.or.us/OWRD/SW/peak_flow.shtml).
3. Reports by Cooper (2005) and Cooper (2006), see links to these reports from the OWRD page.
Access the Data:

1. Go to the OWRD Estimation of Peak Discharges page.

2. Use the “Peak discharge estimates from measurements at a gaging station” section to download peak discharge estimates for one of the gaging stations identified in Problem 1.
3. Save a copy of the file and use the information in it to answer the following questions.  

Discuss:
1. What is a flood frequency analysis and what does it tell you about a river? (Hint: visit the OSU Tutorial)

It is an analysis that tells the likelihood of various discharges as a function of recurrence interval or exceedence probability.  It is usually based on a statistical analysis of instantaneous peak flow data for a gaging station.  
2. What is a 50-year flood?

A 50 year flood is a flood that has a recurrence interval of 50 years.
3. How were peak flows determined for the data in the “Station” columns?
These estimates were calculated from the historical data recorded at the gaging station and the Log-Pearson III flood frequency analysis method.
4. How were peak flows determined for the data in the “Prediction” columns? 
These estimates were calculated from regional prediction equations in Cooper 2005 and Cooper 2006 that related physical drainage basin characteristics to peak discharge statistics from regional gages.

5. How were peak flows determined for the data in the “Weighted” columns?

These estimates were calculated by using both the station and prediction data.  The greater the number of actual peaks recorded (the longer the period of record) the stronger the weight of the station data and the lower the weight of the regional estimates.
6. Which of Cooper’s “flood regions” does this gaging station belong to? (Hint: you will need to look at Figure 11 in Cooper 2005 or Figure 14 in Cooper 2006 to answer this question.)

See table.

7. What basin characteristic data was used by Cooper to estimate peak flows for your station? (Hint: you will need to look at Tables 10-12 in Cooper 2005 or Tables 21-26 in Cooper 2006 to answer this question.)

See table.

8. These factors were identified through a regression analysis that compared basin physical characteristics to peak discharges.  Why do you think these factors are important for estimating stream flow?

The factors reflect characteristics that contribute to runoff generation such as – topography (e.g. slope), permeability, the amount of precipitation, and whether it is likely to fall as snow or rain.

9. If you were building a structure at this site that needed to withstand a 50-year flood, what would be your design discharge?  Has a discharge of this magnitude ever been recorded for this site?  How confident are you of this estimate?
See table.  I am pretty confidant that this is as good an estimate as I can get as it makes use of both the gaging station record (it is for a gaged site) and the regional regression based estimates.  However, for three of the sites, the 95% confidence interval includes an estimate that is 30% higher so if I wanted a higher degree of security, I might design for a higher discharge.  For the Chetco, the 95% confidence interval includes an estimate that is 60% higher so my confidence is lower.
10. What are some potential uses of peak discharge estimates?  (Hint: Check out the Examples on the OSU Streamflow Tutorial.)

Designing the size/location of structure, designing channel dimensions, fish passage – e.g. determining the hydraulic conditions that will occur during a flood and ensuring that some parameter (e.g. velocity) doesn’t go above some constraint of the fish.
Problem 3 – Flow Duration Curves and the OSU Streamflow Hydrology Tutorial
Goals of this exercise:

1. Practice downloading streamflow data from the NWIS website.

2. Experiment with using the OSU Streamflow Hydrology Tutorial.

3. Practice creating and interpreting flow duration curves.

4. Consider the effects of flow regulation on the hydrology of a stream.

Situation:

Comparison is to be made of streamflow for a location on the North Santiam River before and after Detroit Lake was built in 1953. You will build flow duration curves for two five year intervals, 1945-1950 and 1965-1970.  The gaging station for this exercise is:
14181500 North Santiam River at Niagara, OR
Steps:
1. Access the data through the “Daily Data” button on the USGS NWIS system (http://waterdata.usgs.gov/or/nwis/sw/).  A PDF file with an example of the data access steps is linked under the “Daily Data” button.

2. Create a flow duration curve for each time interval (1945-1950 and 1965-1970). You can follow the steps outlined in the OSU Streamflow Hydrology Tutorial - Flow Duration section.

Compare and Discuss:
1. What does a flow duration curve show? (Hint: check out the Flow Duration section of the OSU Streamflow Hydrology Tutorial.)

The flow duration curve is a plot that shows the percentage of time that flow in a stream is likely to equal or exceed some specified value of interest. For example, it can be used to show the percentage of time river flow can be expected to exceed a design flow of some specified value (e.g., 20 cfs), or to show the discharge of the stream that occurs or is exceeded some percent of the time (e.g., 80% of the time).
2. What percent of the time did a discharge of 800 cfs or less occur in the two intervals, 1945-1950 and 1965-1970?  

For 1945-1950, that discharge was equaled or exceeded 80% of the time; for 1965-1970, that discharge was equaled or exceeded 99.6% of the time.
3. What was the stream discharge that was exceeded 80% of the time for 1945-1950 and 1965-1970?   
For 1945-1960, a discharge of 800 cfs was equaled or exceeded 80% of the time; for 1965-1970, a discharge of 1000 cfs was equaled or exceeded 80% of the time.
4. How has flow regulation changed the frequency of low flows?
Flows below 1000 cfs used to occur 30% of the time, now they occur less than about 5% of the time.

5. What stream discharge was exceeded 5% of the time for 1945-1950 and 1965-1970?

For 1945-1960, a discharge of 5680 cfs was equaled or exceeded 5% of the time; for 1965-1970, a discharge of 6390 cfs was equaled or exceeded 5% of the time.
6. How has flow regulation changed the distribution of high flows?

It appears that there were fewer extreme flows (floods) after regulation – but this may be the result of the period or record shown for the two intervals.  There were still floods after regulation just not the extreme events.

7. What factors other than flow regulation could be affecting the distribution of flows during the two intervals?

The period of record depicted or changes in climate (e.g. a wet or dry period)

8. Other than determining the effects of flow regulation, what are some potential uses of flow duration statistics? 
Water supply (e.g. what percent of time will water not be available), habitat or fish passage (e.g. what percent of time will a minimum discharge not be met)

Problem 4 – Hydrologic Analysis for Dam Removal Project at an Ungaged Site
Goals of this exercise:

1. Practice downloading streamflow data from the NWIS website.

2. Experiment with using the OSU Streamflow Hydrology Tutorial.
3. Practice creating and interpreting flow duration curves.

Situation:
Brownsville Dam, on the Calapooia River 3 miles upstream of Brownsville, served as a millrace and irrigation diversion dam.  First build in 1858 and rebuilt many times since, the dam had become obsolete and hazardous. It’s removal in Fall 2007 is anticipated to greatly improve Salmonid passage to upstream spawning habitat.  A pump station will be built to provide water to the diversion canal for existing diversion uses.  Over the decades, sediment has deposited upstream of the dam, where it will become exposed to the ‘reinvigorated’ river flows through the former reservoir.  There is no gaging station at the dam, but USGS station 14172000 Calapooia River at Holly (DA = 105 sq. mi.) operated a few miles upstream during 1936-1990 (55 water years).  Active stations include 141870 Wiley Creek near Foster (51.8 sq. mi.) and 141650 Mohawk River near Springfield (177 sq. mi.).   

Given:
· The OSU website hydrology tutorial program and its links to USGS gaging stations

· The drainage area for the Calapooia River at the dam site is 152 square miles.

Determine:
Select a data set from one of the nearby gaging stations and use the drainage basin area ratio as a scaling factor to develop a full hydrologic description of the Calapooia River at the Brownsville Dam site, including: 

1. Reference station used for data scaling  

2. DA of reference station  

3. DA for Brownsville Dam site  

4. MAQ  

5. Annual series of MAQs, by WY, to show   

a. Chronological pattern, plotted as given  

b. Magnitude series, after first ranking in descending order, then plotting 

6. MAQ/DA  

7. MMQ by month with chronological plot of MMQ by month to show pattern 

8. MMQ/DA by month     

9. MMQ/MAQ by month with plot of ratio by month, to show scaled pattern  

10. Mean daily Q by day of year (366 values) to show “average” hydrograph  

11. Maximum and minimum values of the 365-366 mean daily discharges each year over the period of record, to show the range of variability of daily discharge on any given date.   Add limit lines to “average” hydrograph.  

12. Individual values of mean daily discharge for the full period  

a. Rank the daily discharges in descending order of magnitude  

b. Convert the order number to total number of days exceeded and to percent of time exceeded  

c. Plot result  = cumulative frequency in form of Flow-Duration curve

13. Individual values of mean daily discharge for the full period, separated by month 

a. For each month of interest, rank daily discharges in descending order 

b. Convert order number to total number of days exceeded and to percent of time exceeded 

c. Plot result = F-D curve of mean daily flows for each month of interest  

14. Annual series of instantaneous flood peaks (chronological series) 

a. Rank the instantaneous flood peaks (magnitude series) 

b. Determine simple return period   Tr = (n+1)/m 

c. Plot the flood frequency curve in log-log manner

d. Determine the Q(5), Q(25) and Q(50) from the graph

15. Use the USGS StreamStats Web page or the OWRD’s Estimation of Peak Flows Web page to estimate Q(5), Q(25) and Q(50) for the site

Suggestion for setting up work:  A table with three columns may be useful to keep track of much of the information, with column 1 showing the parameters, column 2 showing the values for the reference station, and column 3 showing the scaled values for the dam site.  Spreadsheet tables may be useful for other kinds of more detailed information.

Discuss:
1. The problems of finding a gaging station suitable for data ‘transfer’

2. How your data for peak flows differs between those calculated by the Log-Pearson method and Streamstats or the OWRD programs.
3. Your results from the perspective of managing fish passage past the site.
4. Your results from the perspective of evaluating sediment transport out of the reservoir.
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