
Hydrology 
  

How Much  
and 

How Often  
 



Hydrologic Cycle 



 

The Rivers Run to the Sea  
and yet the Sea is not Full? 

Build the Relationship Between: 
 Precipitation 
 Surface Runoff 
 Evaporation 
 Transpiration 
 Groundwater flow 
  Precipitation  = Everything Else Added Together 



Water Budget 
 



Precipitation 
• Occurrence 

– Spatially 
– Temporally 

• Measurement 
– Gages 
– Gaging networks 
– Impacts of Density on Estimate Quality 
– Remote Sensing 

• Common Terms and Units 
• Extreme Events 

 



Average Annual Precipitation  



Seasonal Precipitation  
Varies with Location 



Tipping Bucket 
Rain Gauge 



Storm Variability VS Gage Density 



Radar Precip Estimates 



Radar Precip Estimates 



Radar Precip Estimates 



Radar Precip Estimates 



Can you Predict 
Runoff from 

Rainfall? 



Is Rain Gauge Data Applicable to 
Larger Areas? 



Precipitation Case Study 





Bethlehem PA 

T.S. Ivan at Bethlehem
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Max Discharge = 53,068 cfs at 7:00 PM on 9/18

Max 15-min Rainfall = 1.26 in. at 5:45 AM on 9/18

Difference Betw een Peaks = 13.25 hours



Rainfall Duration Frequencies 

Lehigh University 
 

Wastewater 
Treatment Plant 

Lehigh Intl Air Port 

Duration 
Minutes 

Precip 
Inches 

Frequency   
YR 

Precip 
Inches 

Frequency   
YR 

Precip 
Inches 

Frequency   
YR 

15 0.39 less than 2 1.26 65  n/a n/a  

30 0.70 less than 2 2.27 350  n/a n/a  

60 (1 hr) 1.30 4 3.42 550 1.10 less than 2 

120 (2 hrs) 2.06 7 4.24 375 2.08 7 

240 (3 hrs) 2.36 8 4.42 290 2.86 20 

360 (6 hrs) 3.00 9 5.91 280 3.53 20 

720 (12 hrs) 4.09 12 6.95 160 4.59 22 



Volume Rainfall 
Example 

 
- rainfall = 2.0 inch 

 
- land area receiving rain = 50 acre 

  
- volume rainfall =100 acre-inch 



Volume Rainfall, Time Step 
Example 

 
- rainfall intensity = 0.5 inch/hour 

 
- time step length = 4.0 hour 

 
- land area receiving rain = 50 acre 

 
- volume rainfall = 100 acre-inch 











Max. Observed Rainfalls 



PMP 



Evaporation & Transpiration 

• How it’s Measured? 
• Change with Location 
• Change with Season 

 





Lysimeters 

http://www.ums-muc.de/en/products.html�


 



Average Annual Precipitation  





Groundwater 

• Where did all the Rainfall Go?  
• Surface-Subsurface Interaction 
• Groundwater Movement   
• Recharge & Discharge Areas 
• Well Hydraulics 
• Contaminant Transport 
• How Safe is Safe Yield? 

 



Where Does Groundwater Come 
From? 



How Does It Move? 



Well Drawdown 



How Does Contamination Travel? 

 



Flow Models – Potential Pathways US Army Corps 
of Engineers 
Philadelphia District 

Gasoline Site 
Groundwater Study 

May 1998 
 

Velocity Vectors 
Mine Pool = 1505 ft. 

 

US Army Corps of Engineers, 
Philadelphia District 

N 

Subcrop 

Subcrop 

Coal Mine 



Data Visualization – Plume Plots US Army Corps 
of Engineers 
Philadelphia District 

Tranguch Gasoline Site 
Groundwater Study 

May 1998 
 

Benzene Concentrations 
> 100 ppb 

 
Spring 1995 

 

US Army Corps of Engineers, 
Philadelphia District 

Legend 
Concentration (ppb) 
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How Safe is Safe Yield? 

• Safe Yield is: 
– All rainfall? 
– All streamflow? 
– All Stream Baseflow? 
– A percent of Stream Baseflow? 
 
 
 
http://ponce.sdsu.edu/groundwater_sustainable_yield.html 



Streamflow 

• About 1/3 of all Precipitation Runs off as 
Streamflow or Groundwater Flow 

• Streamflow Changes with Season and 
Location 

• How it’s measured 
• Common Units 



Runoff Calculation 

Runoff 
comprises 
about 1/3 of all 
Precipitation 



Normal Annual Runoff 



Mean Monthly Runoff 



Measuring Flow 
Q=AV 
Q=Flow 
A=Area 
V=Velocity 



How do Stream Gages Work? 



Flow/sq mile VS Drainage Area 



Flow Duration Curve 



Flow Duration Comparison 
Why are they Different? 

Hat Cr is in Limestone 
Cherry Cr is not 



Frequency Flow with Drainage Area 



Historic Flood Change with Drainage Area 



Volume Units  
- gallon 

 
7.48 Gallons = 1 cubic foot 

 
43,560 Cubic Feet = acre-foot  

 
 1cfs-day ~ 2 acre-feet 



CFS-Day 
Example 

 
- land area = 1000 acre  

- water depth to remove = 0.5 ft in 1 day  (i.e., 24 hour) 
- volume to remove = 500 acre-ft in 1 day 

- since 1cfs-day ~ 2 acre-ft, 
then, 250 cfs-day ~ 500 acre-ft 

 
so, an averge discharge of 250 cfs will remove 

the volume of 500 acre feet in one day 



Water Flow 
 

 volumetric flow rate 
 

- gallon / minute  (gpm) 
  

- cubic feet / second  (cfs 
 

Vol = QT 
Vol = volume 

Q = volumetric flow rate 
T = time 



Watershed:  
 
all points on earth's surface contributing 
runoff to a given point on a stream 
 
FACTORS AFFECTING RUNOFF 
-Slope 
-soils 
-cover 











Watersheds or Drainage Basins 









Three Mile Creek Basin 
Drainage Basin Lab 
 
Define Threemile Creek Watershed  
from it’s Confluence with 
West Fork Pasayten River 



 



 



           Soils 
 
 - classifications: 
  engineering 
  textural 
  soil series 
 - data: 
  borings  
  SCS/NRCS soil surveys 
 



 



       Cover 
 
   - vegetation 
    species 
    stand 
    seasonality 
 
   -developments 
    gravel 
    impervious 



 



 
A Plot of Streamflow over time is 

call a Hydrograph 
 Factors affecting Hydrographs: 

• Precipitation 
– Intensity  
– Storm Speed 
– Track 

• Losses 
– ET 
– Depression Storage 
– Infiltration to Groundwater 

• Runoff Speed 
– Vegetation 
– Slope 

• Basin Shape 
 

 





Hydrograph Separation 





How do you Add Hydrographs at 
Junctions? 

Fl
ow

 

Time 

Hydrograph 1 

Hydrograph 2 

Hydrograph 1 + 2 

Hydrograph 2 

Hydrograph 1 

Hydrograph 1+2 



River Routing – How a hydrograph 
moves downstream 



Control Volume Equation 
Flow Units 

  
[(Flow In) - (Flow Out)] (Time) 

= (Change in Storage) 



Routing Flows 



Routing Concepts 



Frequency Analysis 
 

Flow Frequency Concepts 
Peak Flow Frequency 
Low Flow Frequency 
Risk 
Terms to Know 



 Frequency Analysis 
How Often Does it Happen? 

•Rainfall Frequency 
•Flow Frequency 

•Peak Flow 
•Low Flow 

 



Data Ranking 



Flood Frequency 





Confidence Limits 



Comparison of 
Flood Freq 

Curves 



Low Flow 
Frequency 



100 Year Flood 
 

The flow for which there is a 1% chance, 
each and every year, that a flow of that 
magnitude or greater will occur at least 

once 
 
 
 



Risk 
 

The probability that an event of a given 
magnitude or greater will occur at least 

once during a period of years 
 

 In a 30 year period there is a 26% 
chance you’ll see a 100 yr or GREATER 

event 



Climate Variability 
 





Fargo Peak Flow
Periods 1902-1955 vs 1956-2009

2 - Sample Z test
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Figure 10  Estimated peak discharge for the Lower Red River basin at Winnipeg and flood signatures 
in the Upper Red River basin. 

from: St. George, S. and Nielsen, E. “Palaeoflood records for the Red River, Manitoba, Canada, 
derived from anatomical tree-ring signatures,” The Holocene, 13,4 (2003) pp. 547-555. 

Suggestion of wet/dry cycle 

Tree-ring evidence of historical flood peaks suggests a 
reoccurrence of wet and dry periods in the last few 
centuries 

gaged 
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Frequency Analysis on Wet and Dry Records 

The standard deviation (slope of curve) is much less for the wet and dry 
records than for the full record, because in either period, range of 
observed flow is less 



Theorem of total probability: 
P(Q>q) = P(Q>q|wet) * P(wet)   +   P(Q>q|dry) * P(dry) 

Re-Combining the Wet and Dry Frequency Curves 

where: 
 
P(Q>q) =  
exceedance probability 
for a given flow, q 
 
P(Q>q|wet) =  
exceedance probability 
given that we're in the 
wet condition 
 
P(wet) =  
probability we're in the 
wet condition. 
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The  
End  
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