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Overview

• What are the components of the water cycle?

• What is a watershed?

• How are pollutants transported within 
watersheds? 

• What is a hydrograph and what is it used for?

• Are there existing data sources for understanding 
an area’s water resources?

Presenter
Presentation Notes
The topics of this presentation include a review of the water cycle, definition of a watershed, description of how pollutants are transported within a watershed and how this characterizes the pollution type into point or non-point sources, definition and application of hydrographs, and existing hydrologic data sources.



Water cycle

• Major components

• Effects of land use, 
human use, climate 
change…

Source: NASA

Presenter
Presentation Notes
The water cycle will be a review for most everyone, but the purpose is to get our minds thinking about the storage and movement of water.  The linked video, produced by NASA, traces the multiple pathways a molecule of water as it moves through the water cycle.  The molecule in the video evaporates from the ocean, condenses to form clouds, and falls back to land as some form of precipitation (rain, hail, snow, etc.).  Once back on land, there are multiple potential paths that the molecule can follow.  It can infiltrate the soil, where it can then move as shallow sub-surface flow or continue downward to recharge the groundwater supplies.  The molecule then travels towards a surface water outlet, where it will become baseflow.  Alternate travel paths for the molecule of water include interception (for example, by vegetation), evaporation, or surface run-off.  As surface runoff, the water travels across the land to the nearby waterway.  The path of travel is determined by the landscape’s topography.  Over time, the water will make its way through the hydrologic cycle and back to the ocean, where it started in the video.

Natural and anthropogenic factors can affect the hydrologic cycle.  These factors can affect the amount of water in storages (e.g. groundwater) and the rates of fluxes (e.g. evaporation).  An example of an anthropogenic impact is urbanization.  As the amount of impervious surface increases with urbanization, the amount of water available to infiltrate the soil and recharge the groundwater is reduced.  Conversely, because the water is not able to infiltrate the soil, the amount of water reaching the waterways as stormwater increases.

Video website: http://www.youtube.com/watch?v=0_c0ZzZfC8c 



Watersheds

• Area of land that drains to 
a particular stream, river, 
or lake

• Influences of upstream 
land and water uses on 
water quality and quantity

Source: EPA

Presenter
Presentation Notes
A watershed is defined as the area of land that drains to a particular body of water.  Watershed delineation is based on the topography of the landscape and can be conducted for any water body of interest.  Data and software available for watershed delineation will be presented in a subsequent section.

Because activities anywhere within a watershed can affect the water quality, water quantity, and overall health of a body of water, it is important the water resources management occur at the watershed scale.  



Watersheds - scale
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Presenter
Presentation Notes
Because watersheds can be delineated for any water body of interest, from the creek in your back yard to major interstate waterways, there can be a difference in the scale of various watersheds.  For example, the Potomac River watershed falls within the Chesapeake Bay watershed.  The North Fork of the South Branch River watershed (shown in red on the map) is within the South Branch River watershed, which is within the Potomac River watershed.

The terms on the left of the slide are all based on the concept of a watershed.  They all refer to the area that drains to a particular body of water; however, they are meant to be indicative of the size of the contributing area.  For example, the term “basin” is generally used to describe very large watersheds.  Sub-basins are smaller than basins but larger than watersheds, etc.  However, there is no standard protocol for which term to use in any given situation.  So, the key to understanding these terms is that they are all based on the concept of watershed and are meant to help in describing the size of the contributing area.



Watersheds – hydrologic units

• Standard watershed classification system developed 
by the USGS in the 1970s

• Hydrologic units are watershed boundaries organized 
in a nested hierarchy by size

• Each hydrologic unit is assigned a number, or 
Hydrologic Unit Code (HUC)

• The codes describe the relation of the hydrologic 
units to each other

Presenter
Presentation Notes
Due to the complexity caused by nested watersheds, the USGS developed a standard watershed classification system in the 1970s.  The standardized areas are called “hydrologic units.”  They are watershed boundaries that are organized in a nested hierarchy by size.  Each hydrologic unit is assigned a number, or Hydrologic Unit Code – referred to as a HUC.  Utilizing the codes, the relationship of various hydrologic units to one another can be determined.  Hydrologic units are useful for water resources planning and management because they create a common language and geometry for watersheds.



Watersheds – hydrologic units (cont’d)

8 digit HUC
02070003

Cacapon River Watershed

11 digit HUC
02070003160

12 digit HUCs

Presenter
Presentation Notes
The first two digits of a hydrologic unit give the region of the United States.  Two US regions fall within West Virginia.  Within each of those region, the watersheds are further sub-divided.  The figure on the left shows the state of West Virginia and the 8 digit HUCs within the state.  Note that in this portion of the state, the region is 02.  The Cacapon River watershed is highlighted in red.  The 8 digit HUC for the selected watershed is 02070003.  Within the 8 digit watershed, there are multiple 11 digit watersheds.  All of the 11 digit watersheds will have the same first 8 digits, namely, those of the Cacapon River watershed because they all fall within the Cacapon River watershed.  This process is continued as you move to subsequently smaller areas (from left to right).  The 12 digit HUCs will begin with the first 11 digits of the 11 digit HUC they fall within.  The last number will be unique to each 12 digit watershed.



Watersheds – water quality

Source: AQUA TERRA Consultants, EPA BASINS Training Workshop, Atlanta, GA, October 2007

Presenter
Presentation Notes
Within a watershed, pollution can travel to the waterways through multiple pathways.  Based on the method of transport, sources of pollution are classified as either point or non-point source.  The next couple of slides will describe these types of pollution.



Watersheds – water quality (cont’d) 

• Point Sources
– pollution coming from a 

single point (ex. WWTP, 
industrial outfall)

– dry weather pollution

– regulated by permits 
under the Clean Water 
Act http://www.waterqualityawareness.com, June 21, 2010

Presenter
Presentation Notes
Point sources are generally described as pollution coming from a single point such as a wastewater treatment plant or an industrial outfall.  A person could “point to” the outfall locations of traditional point sources.  These point sources are considered more easily managed and regulated because the amount of pollution coming out of the pipe can be measured and adjusted, if necessary, through various control measures.  Point sources are regulated through the National Pollution and Discharge Elimination System, under the U.S. Clean Water Act.  Over time, the picture has become more complicated.  For example, stormwater is now regulated as a point source in many urban areas (Municipal Separate Storm Sewer Systems, or MS4s).  Stormwater regulation and management, including MS4s, will be covered in the subsequent stormwater section of the workshop.

http://www.waterqualityawareness.com/�


Watersheds – water quality (cont’d) 

• Non-point Sources
• Diffuse pollution carried to waterways 

by snowmelt, rainfall, etc.

• Management through education, 
voluntary programs, and incentives 

Photos courtesy of USDA NRCS

Photo courtesy of Dr. Julie Tuason

Presenter
Presentation Notes
Nonpoint source pollution is diffuse pollution that is carried to waterways by natural processes such as snowmelt, rainfall, etc.  Although individual contributions of non-point sources are difficult to identify, the cumulative impact of non-point source pollution can be significant.  Due to the difficulty in identifying and quantifying specific sources of non-point source pollution, management often occurs in the form of education, voluntary programs, and incentives.



Watersheds – water quantity (cont’d) 

Stream flow is studied 

using hydrographs

Great Falls after Hurricane Isabel, September 2003
Photo by: J. Willoughby, ICPRB

Hydrograph: a graph relating stage, flow, velocity, or other characteristics of water with respect to time (USGS).

Presenter
Presentation Notes
One way that hydrologists study stream flow is through the use of hydrographs.  The definition of a hydrograph is presented on the slide.
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Presenter
Presentation Notes
This hypothetical hydrograph shows the various components of baseflow and stormflow.  Assuming it has been a while since the last precipitation event, the low flow conditions in the stream represent baseflow (or flow contributed by groundwater or sub-surface flow).  During a precipitation event, flows increase until reaching a peak.  Depending on watershed characteristics, such as the amount of impervious cover, the slope of the rising limb of the hydrograph can vary significantly.  Some time after the precipitation ends, the flow decreases until reaching the baseflow levels once again.  Like the rising limb, the slope of the falling limb is dependent on watershed characteristics.



Hydrographs (cont’d)

(Ritter, 2006)

Precipitation

• Amount and timing 
of streamflows
affected by

• Precipitation, 
Withdrawals, Land 
uses, Soils, 
Geology …

Presenter
Presentation Notes
The amount and timing of streamflows, represented in hydrographs, can be affected by many natural and anthropogenic factors such as precipitation, water use withdrawals, land use, soils, and geology among others.  For example, flows are “flashier” in urban environments. Water that in a more natural environment may have infiltrated and moved more slowly through the soils or groundwater all quickly enters the streams as surface run-off.  Because of the increased impervious cover, infiltration is limited and surface runoff dominates.  Since the water rushes across the landscape into the waterways, the rising limb of the hydrograph is steep, the peak is higher, and the falling limb is steeper.  Increased peak flows demonstrate the need for stormwater and flood management in urban environments.  



Data sources

• Data often freely available:

– Groundwater level (USGS real time and historic; http://waterdata.usgs.gov/nwis) 
– Streamflow (USGS real time and historic; http://waterdata.usgs.gov/nwis) 
– Precipitation (NOAA/NCDC; http://www.ncdc.noaa.gov/oa/ncdc.html) 
– Water Quality (USGS, http://waterdata.usgs.gov/nwis) 
– Point source dischargers (NPDES; http://epamap32.epa.gov/radims/) 
– Superfund, toxic inventory, etc. (http://www.epa.gov/TRI/)
– Water use (http://water.usgs.gov/watuse/wuawuds.html; 

http://gisonline.dep.wv.gov/wwt/index.html)
– Land use/land cover (http://www.mrlc.gov/)

• 30m resolution raster grids from 1992 and 2001
– Meteorological data (solar radiation, wind, clouds, etc.; NOAA/NCDC; 

http://www.ncdc.noaa.gov/oa/ncdc.html) 

• West Virginia spatial data sets:

– West Virginia GIS Technical Center: http://wvgis.wvu.edu/
– West Virginia DEP GIS Server: http://gis.wvdep.org/
– West Virginia GIS Inventory: http://wv.gisinventory.net/

Presenter
Presentation Notes
Numerous factors influence the movement and storage of water, many of which have been discussed in the previous slides.  Our ability to understand the influence of these factors on local or regional hydrologic processes is enhanced by many available data sets.  This slide lists some of these data sets, but is not an exhaustive list.  These data sources are readily available and freely downloadable.  Some are national data sets, while others have been developed or compiled for the state of West Virginia.  The next few slides contain more detailed information about some of these data sets.

http://waterdata.usgs.gov/nwis�
http://waterdata.usgs.gov/nwis�
http://www.ncdc.noaa.gov/oa/ncdc.html�
http://waterdata.usgs.gov/nwis�
http://epamap32.epa.gov/radims/�
http://www.epa.gov/TRI/�
http://water.usgs.gov/watuse/wuawuds.html�
http://gisonline.dep.wv.gov/wwt/index.html�
http://www.mrlc.gov/�
http://www.ncdc.noaa.gov/oa/ncdc.html�
http://wvgis.wvu.edu/�
http://gis.wvdep.org/�
http://wv.gisinventory.net/�


Data sources (cont’d)

http://wdr.water.usgs.gov/nwisgmap/

Presenter
Presentation Notes
Streamflow data are often an integral part of water resources management and decision-making.  One example of a tremendous streamflow data resource is USGS’s National Water Information System (NWIS).  The online mapping tool, shown in this slide, identifies all surface water monitoring sites with grey triangles.  In a user-friendly environment, one can identify local stream gages.  By clicking on the stream gage of interest, data can be readily downloaded for the period of record or a specific time period.  Real-time data for many gages are also available.

http://wdr.water.usgs.gov/nwisgmap/�


Data sources (cont’d)
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North Branch Potomac River ; Mineral County, WV
USGS Gage 01598500

Photo courtesy of USGS

Cubic feet per second (cfs): “A rate of the flow equal to a volume of water one foot high 
and one foot wide flowing a distance of one foot in one second. One "cfs" is equal to 

7.48 gallons of water flowing each second” 

Presenter
Presentation Notes
As an example of the data that can be obtained through the NWIS mapping tools, flows were downloaded for USGS gage 01598500 and plotted over time.  A USGS photo of the gage is also shown here.  



Data sources (cont’d)

Groundwater

• Historical data 
• USGS water level and water 

quality, 
http://waterdata.usgs.gov/nwis

• Real-time data 
• USGS’s WV Water Science Center, 

http://wv.usgs.gov

• Interactive , real-time map 
• USGS Groundwater Watch, 

http://groundwaterwatch.usgs.gov

Presenter
Presentation Notes
USGS also houses groundwater data sets through historic, real-time, and interactive download sites.  The screen shot in this slide shows the real-time groundwater download site for West Virginia.

http://waterdata.usgs.gov/nwis�
http://wv.usgs.gov/�
http://groundwaterwatch.usgs.gov/�


Data sources (cont’d)

http://groundwaterwatch.usgs.gov/StateMaps/WV.html, July 9, 2010

Presenter
Presentation Notes
This is a USGS mapping service that shows how the current groundwater conditions at particular locations relate to historic levels.  The map shown here was obtained on July 9, 2010 for the state of West Virginia.

http://groundwaterwatch.usgs.gov/StateMaps/WV.html�


Data Sources (cont’d)

http://wvwgc.wvca.us/

Presenter
Presentation Notes
West Virginia is fortunate to have the West Virginia Water Gaging Council.  The Council is a collaborative effort to collect and disseminate hydrologic data.  One of many valuable resources accessible through this organization is a compilation of all West Virginia water monitoring gages.  This combines USGS gages listed on previous slides with monitoring locations collected by other organizations throughout the state.

http://wvwgc.wvca.us/�


Data sources (cont’d)

Map produced by Andrea Nagel, ICPRB, using NOAA precip data

http://water.weather.gov/precip/

Presenter
Presentation Notes
As a primary driver of the hydrologic cycle, precipitation data are also valuable assets for hydrologic analysis.  As shown in the map, precipitation can be highly variable so the availability of local precipitation records can be very important to management of an area’s water resources. Precipitation data is available through the National Weather Service.

http://water.weather.gov/precip/�


Data sources (cont’d)

http://www.mrlc.gov/

Presenter
Presentation Notes
The effects of land use on the hydrologic cycle have been discussed previously in this presentation.  Land use/land cover data sets are available at 30 meter resolution for the entire country through the National Land Cover Dataset (NLCD).  The NLCD is freely downloadable through the MRLC website, shown in the slide.  

http://www.mrlc.gov/�


Data sources (cont’d)

Presenter
Presentation Notes
This map is an example of the NLCD land use/land cover data set available for the Tygart Valley 8 digit HUC in order to show what the NLCD data set looks like once downloaded.



Data sources (cont’d)

http://wvgis.wvu.edu/

Presenter
Presentation Notes
The West Virginia GIS data clearinghouse is a compilation of the state’s spatial data sets in an easily accessible, searchable, readily downloadable format.

http://wvgis.wvu.edu/�


Conclusions

• Hydrologic characteristics of a particular watershed are 
dependent on natural (geology, soils, slope) and human-
induced factors (upstream land and water uses)

• Changes in land use, climate, water withdrawals, etc. within a 
watershed affect the water cycle and can impact the natural 
hydrologic variability

• Hydrographs can be used to understand streamflow
conditions at a particular location

• Many data sources necessary for watershed assessment are 
freely available
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