RAMPED – Summer 2016


H20 & Hydraulic Fracturing – G. Vlastos OoM Lesson Plan 

P = Pretest (think essential questions)

O = Objectives (measurable - see Bloom's taxonomy)

C = Catch (hook, anticipatory set, etc... use different senses, not a question)

A = Activity (procedure of what the students should do)

R = Review (how will students go over what they've learned?)

A = Assessment (formative and/or summative)

P = Posttest (same as pretest for comparison purposes)

S = Standards (Wyoming, NGSS, etc...) showcasing crosscutting concepts

	Pretest Questions
	How much water has been used in hydraulic fracturing in the U.S.?  

	Objectives
	Students are to gain an understanding of the amount of water used to frack an existing oil well and the process of creating a fracking gel. In doing so, they will use math (geometry) and chemistry (polymer & bonding) knowledge.

	Catch
	Using our well (#1003.3 on the northern edge of Natrona County) as an ‘average’ well, how many 8-ounce glasses of water have been used for all the wells hydraulically fractured in the U.S.?  

	Activity
	See accompanying documents.

	Review
	cylinder volumes / conversions / averages / fracking stats for the past decade

	Assessments
	Success of students’ gel in terms of viscosity, ability to ‘break’ at designated temperature . . . will allow them to make projections of proportions of water and other materials for actual well.

	Posttest Questions (same as pretest questions)
	How much water has been used in hydraulic fracturing in the U.S.?  

	Standards
	NGSS: Structure & Properties of Matter, Chemical Reactions, Human Sustainability (i.e. polymer chemistry, carbon bonding, hydrocarbon chains, cross-linkers, breakers, pH buffers, scientific method/inquiry, data analysis, geology of oil, porosity/permeability)


	Crosscutting Concepts from NGSS & Math
	Patterns, Energy & Matter, Structure & Function, Systems & System Models, Stability and Change, Geometry, Conversions


Solution to Fracking Problem (OoM)
Volume of a cylinder: V = pi x radius2 x height
All units should be converted to inches & ounces

Reminder: the actual fractures within the pay thickness must also be accounted for when calculating the amount of water used

~~~~~~~

Volume of well’s cylinder:

Radius:

well bore has a 7.5 in diameter

7.5 / 2 = 3.75 in radius

3.75 in2 = 14.0625 inches2
Height:

well is 7500 feet deep

7500 x 12 (inches) = 90,000 inches
Volume:

( x 14.0625 in2 x 90,000 in = 3,974,062.5 inches3
Cup:

1 U.S. gallon = 231 inches3 

1 U.S. gallon = 128 ounces
1 U.S. cup = 8 ounces

231 inches3 / 128 (ounces) = 1.8 inches3 per 1 ounce
8 (ounces) x 1.8 inches3 = 14.4 inches3
Cups within the cylinder of “our” well:

3,974,062.5 inches3 / 14.4 inches3 = 275,976.563 cups 
~~~~~~~

Volume of well’s fractures:

Pay thickness: 12 feet 
Perforations: 4 per foot x 12 (pay thickness) = 48

Average length (height) of fracture: 200 feet x 12 inches = 2400 inches

Average radius of fracture: 2.0 inches

Volume of all fractures: 

( x (1 inch)2 x 2400 inches x 48 (total perforations) = 361,728 inches3
Cups within the perforations of “our” well:

361,728 inches3 / 14.4 inches3 (volume of one U.S. cup) = 25, 120 cups

~~~~~~~

Total cups of water used in fracking our well:

275,976.563 cups + 25,120 cups = 301, 096.563 cups

~~~~~~~

Total cups of water used in fracking in the U.S. :

301, 096.563 cups x 300,000 (estimated by http://www.eia.gov/todayinenergy/detail.cfm?id=26112) = 

8,719,638,900 cups
� http://ngss.nsta.org/CrosscuttingConceptsFull.aspx









