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Origin of the Project

• Our work with Burnshire Dam owner, Dr. Lee Harvey began long 
before the project we are presenting today

• Hurdles kept arising and we were forced to entertain our options

• Dr. Harvey mentioned to us the implications of his dam 
downstream and a crisis the community had faced

• Wanted to know more of how he could help



Water Shortages

• Strasburg, Virginia

• Water Crisis of 2015

• Drought watch and warning 
issued

• What are the available 
options?

Image Source: http://deadspin.com/5555518/town-offers-to-rename-itself-stephen-strasburg



Drought Warning

• http://moderator.droughtreporter.unl.edu/RSSfeed/ImpactView/32165

Drought warning in Strasburg, Virginia
9/2/2015 4:28:37 PM

Start Date: 7/28/2015 - End Date: 8/21/2015

Strasburg’s drought watch turned into a drought warning on Aug. 21 when 
the river flow fell to 111 cubic feet per second, compared to a normal level of 
175 cubic feet per second. Water conservation was voluntary. 
Charlottesville Daily Progress (Va.), Aug. 31, 2015 Strasburg declared a 
drought watch on July 28 because the 7-day average flow of the 
Shenandoah River dropped to 173 cubic feet per second, below the drought 
watch trigger of 175 cubic feet per second. Residents were asked to limit 
water use. Northern Virginia Daily (Strasburg, Va.), July 28, 2015 

http://moderator.droughtreporter.unl.edu/RSSfeed/ImpactView/32165


Initial statement of the problem

• Meeting of interested parties to 
discuss the issue

• Incorrect Calibration of the USGS 
Gauge

• “What if?”

• Is the Burnshire Dam a viable 
source of water?

• Legally, can the impoundment of 
the Burnshire Dam serve as an 
emergency water supply?



Conventional Dams

• Reliable and efficient way to generate electricity

• Typically people picture the Hoover Dam

• Stakeholders Include:

– Aquatic ecosystems

– Human communities

– Downstream watershed 

– Power users

– Government regulators

http://www.alternatieve-energie-info.be/waterkracht-energie/



Small Hydropower

• Classified as any hydropower facility 
producing less than 30MW of power 
according to the U.S. Department of 
Energy

• Small enough and customizable 
design to adapt to almost any land 
scape which allows for power 
generation in remote locations

• Typically used to manage water flow 
on a lake or river (Kosnik 2010)

Image Source: https://www.asdreports.com/market-research-report-30283/small-hydropower-shp-installed-capacity-levelized-cost-energy-lcoe-competitive

Image Source: http://www.thehea.org/basic-principle/hydro-power-plants/



Run of the River Hydropower  
• Diverts a portion of the 
waterway from the natural river 
channel into the

• Uses the natural flow and drop 
of the river to generate 
hydraulic head

• Very little impoundments if any 
at all

Image Source: https://upload.wikimedia.org/wikipedia/commons/a/ae/Hydraulic_head.PNG



Burnshire Hydroelectric, LLC



Burnshire Location

• Woodstock Virginia



Burnshire: History

• Has had multiple names throughout 
the years

• In 1873, the Triplett family 
purchased the dam and converted 
the waterwheel to turbines as well 
as making the dam wall taller by 4ft. 

(Hotchkiss 1875)

1936 and 1955 floods

INSERT POST CARD PICTURE



Burnshire History and Dr. Harvey’s Goals

• The dam began generating 
electricity for the town of 
Woodstock in 1903. 

• Intermittent Operation

• Purchase by Dr. Lee Harvey and 
family

• Goals in purchasing the dam



Why is Burnshire unique? 
• Not a traditional ROR

• Permanent Magnetic Generator

• Dam has been there for a very long time



Burnshire: Layout

Forebay

Image Source:http://www.wyomingrenewables.org/wyoming-small-hydropower-handbook/evaluating-resources/electromechanical-equipment1/ 

Intake

Pondage

Turbine

Generator

Weir

Tail Race



Views of the Burnishire Operation



Views, continued



Re-Statement of Problem

• Various questions surrounding 
our unique scenario

• What approach should be taken 
to solve the problem

• Methodology:
– Similar Studies

– Regulations

– USGS Flow Data

Image Source: Dr. Lee Harvey



Unchartered Territory

• What other studies have 
been done?

• Lack of information 

• New dams

Image Source: https://a1.muscache.com/im/pictures/62842083/a87db4fa_original.jpg?aki_policy=x_large



Regulatory Studies

• What are the potential concerns?

• Biological Flow

• What are the environmental impacts?



Regulatory Environment: Federal

• FERC stated that the dam was 
out of its realm of regulation

• License Exemption

Image Source: https://pbs.twimg.com/profile_images/474183241797099520/altk2pR3.jpeg



Regulatory Environment: State

• Each of the organizations were 
contacted 

• Ambiguities were revealed from 
each

Image Source: http://www.vocesverdes.org/in-the-news/627/virginia--5-upcoming-public-listening-sessions-regarding-cpp-proposal

Image Source: http://www.chesapeakebay.net/channel_files/18593/vadcr_qapp-agbmp_data_jan2015_2.pdf

Image Source: http://shootingcouncil.org/wp-content/uploads/2012/01/HuntFish-VA.png



Regulatory Environment: Local

• No ownership at the regional 
offices

• Redirected to the dam owner

• Age of dams

• Who is actually in charge?

DEQ Region Map

DCR Region Map

Image Source: http://www.deq.virginia.gov/Locations.aspx

Image Source: http://www.dcr.virginia.gov/dam-safety-and-floodplains/dsfpmcontx



Flow Data 

• Downloaded the data from the 
USGS online database 

• From 1995-2015

Image Source: http://escweb.wr.usgs.gov/share/mooney/USGS_green.jpg

Map Image Source: Dr. Carole Nash



Strasburg Water Intake

Image Source: http://www.panoramio.com/photo/88400739



Drought Response Measures (Va. DEQ)

Low Water Event Classification River Flow (cfs)

None >175

Drought Watch 175 to 116

Drought Warning 115 to 91

Drought Emergency <=90



Trends: Yearly

Mt. Jackson Strasburg



Trends: Monthly

Mt. Jackson Strasburg



Trends: Strasburg Daily Avg. 2015



Flow Duration Curve

20 Year 2015



Appropriate Response, July-September 2015



Hypothesis

• If there is enough water in the pondage, during times of low flow 
this water might be utilized to supplement demand downstream.

Image Source: Dr. Carol Nash



River Work: Approach

• Basic plan to establish volume of water

• Two Measurements, depth upstream of the dam and cross sectional 
depths

Weir

Low water bridge where river 
depth is no greater than 3ft



River Work: Cross-Section 

• Allows one to estimate typical bathymetry of the river and shape of 
the river bed



River work: Cross-Section

• Line drawn across the river 
and anchored

• Measurements taken using a 
grade rod

• All data was recorded and 
analyzed using Microsoft Excel

• Repeated three times



River Work: Upstream Depth Behind Dam

• Allows one to estimate the slope of the pondage upstream to where it 
resumes a riffle-pool sequence.



River work: Upstream Depth Behind Dam

• Canoe was dropped at low water bridge

• Polarized sunglasses used to gauge when depth reached an excess of five 
feet

• Looking for pool/riffle attributes or widening of river

• Data was recorded from the first bend to the dam

• GPS Coordinates Plotted



Measurements



Data Analysis: Cross Section

Cross Section 1

Cross Section 2

Cross Section 3



Data Analysis: Cross-Section

The Cross-Sectional analysis 
indicates the average percentage of 
the width of the river that is not at 
maximum depth on either side due 
to the shallow sloping river bed.



Calculating Cross Sectional Area

Shallow Slope Floor Coefficient=

ൗ𝑊𝑖𝑑𝑡ℎ 𝑎𝑡 𝑀𝑎𝑥 𝐷𝑒𝑝𝑡ℎ
𝑇𝑜𝑡𝑎𝑙 𝑅𝑖𝑣𝑒𝑟 𝑊𝑖𝑑𝑡ℎ

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑆ℎ𝑎𝑙𝑙𝑜𝑤 𝑆𝑙𝑜𝑝𝑒 𝐹𝑙𝑜𝑜𝑟 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 ∗
𝑊𝑖𝑑𝑡ℎ = 𝑆ℎ𝑎𝑙𝑙𝑜𝑤 𝑆𝑙𝑜𝑝𝑒 𝐹𝑙𝑜𝑜𝑟 𝑊𝑖𝑑𝑡ℎ (𝐴 to B or 
C to D)

𝐶𝑟𝑜𝑠𝑠 𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑟𝑒𝑎 = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐴𝐵𝐸 + 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐶𝐷𝐹 + 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐵𝐶𝐸𝐹

𝐴𝑟𝑒𝑎 𝑜𝑓 𝐴𝐵𝐸 =
1

2
(𝐴𝐵 ∗ 𝐵𝐸)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝐶𝐷𝐹 =
1

2
(𝐶𝐷 ∗ 𝐶𝐹)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝐵𝐶𝐸𝐹 = 𝐵𝐶 ∗ 𝐵𝐸



Data Analysis: Pondage Depths



Combining Data: Methodology

• Width at each data point was measured using Google Earth

• Cross-Sectional Area calculated at each of the depth measurements

• Area multiplied by distance to the next data point to produce third 
axis yielding the volume of one section

• Each of the sections were summed

Image Source: http://www.onlineconversion.com/images/object_volume_trapezoid.png



Data Analysis: Total Volume



Findings

• Total Volume of Water ~11,000,000 ft3 or ~83,000,000 gallons

• What questions should be asked?

• How can this data be utilized?

• Consideration of depth of dam inlet 

Image Source: http://shenandoahcountyva.us/economic-development/utilities/ Image Source: http://shenandoahcountyva.us/economic-development/utilities/ 



Total Volume With Respect to Relative Depth



Findings

• Total Volume of Water ~5,000,000 ft3 or ~37,000,000 gallons

• What questions should be asked?

• How can this data be utilized?



Conclusions

Image Source: http://shenandoahcountyva.us/economic-development/utilities/ Image Source: http://shenandoahcountyva.us/economic-development/utilities/ 



Future Investigations

• What agencies would monitor the water flow? 

• Damage from bank deterioration and sedimentation

• Correlation between the flow and depth of the river at different 
times of the year?  

• Monitoring the pondage volume and relative depth in drought and 
high flow conditions

• Chapman Dam involvement for serial releases 

• Applicability to other ROR dams



Pondage Polygon
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Thank You!

We will now be taking questions


