Influence of a Water Supply Pumping Well on the Hydrologic Regime, Soils and Vegetation of Crane Flat, Yosemite National Park, California:

Analysis of the Crane Flat area

David J. Cooper

Department of Forest, Rangeland and Watershed Stewardship

Colorado State University, Fort Collins, CO  80523

Introduction


Our analyses of ground water levels in Crane Flat as potentially influenced by the Doghouse meadow pumping well, conducted during June through August 2004, indicate that a direct connection exists between pumping and ground water levels.  Increased pumping from the Doghouse well could affect the persistence of the Crane Flat fen and wet meadow system, therefore to develop additional ground water resources to supply the Yosemite Institute, may require that ground water production wells be drilled closer to the Yosemite Institute (YI).  However, the concern persists that pumping wells in the Crane Flat watershed could deplete water sources that support the fen and wet meadow complex.  Water levels lower by ground water removal from the Crane Flat meadow aquifers could lead to the decomposition of the fen peat body and eventual loss of the fen, drying of the meadow and loss of meadows species, and potentially conifer tree encroachment into the meadow resulting in the loss of the meadow.  


To assess the potential influence of additional pumping wells in other locations in the Crane Flat vicinity, we propose to add a number of ground water monitoring well/piezometer nests in Crane Flat and other meadows and areas of concern to evaluate the connection between the Crane Flat aquifers that would be developed and critical fen, wet meadow, and forest resources.

Approach and Methods

Hydrologic Analyses 

We will install monitoring wells and piezometers using the approaches outlined in the original Crane Flat scope of work.  The number of monitoring wells, shallow piezometers, and deeper wells to be installed and monitored during this scope of work is shown in Table 1.  In additional to the manual well installation methods, we will use a drill rig to install one deeper (to 10 m) monitoring well into the Tuolumne Grove and the YI campus area.  Well/piezometer nests will include at least one well and one piezometer, but some nests may include multiple piezometers (up to 3).  Wells will be constructed from 2” diameter PVC Schedule 40 pipe.  Shallow piezometers will be constructed from 1/2 “ diameter PVC, and deeper piezometers and those to be monitored using continuous loggers, will be steel 1 ¼ inch diameter drive points.  The deeper wells will be 2” diameter PVC pipe, while the deeper piezometers will be drive points as discussed above.  

Table 1.  Proposed number of monitoring well/piezometer nests, deeper hand driven piezometers in Crane flat and drill rig installed monitoring wells, as well as potential production wells.

	SITE
	Monitoring Well /
	Deep Wells /
	Potential

	
	Piezometer nests
	Piezometers
	Production wells

	YI Meadow
	3
	0
	0

	Crane Flat Meadow
	8-12 (max 15)
	2 (max 6)
	0

	Tuolumne Grove
	3
	1
	0

	YI Campus
	0
	1
	>1

	Doghouse Meadow
	2
	0
	0

	Gas Station Meadow
	2
	0
	0

	Campground Meadow
	2
	0
	0


Wells and piezometers will be installed in the late summer/fall of 2004.  They will be measured manually each week, except where data loggers are installed.  We will purchase 5 Global Water WL-15’s for installation into wells to monitor water levels in selected wells/piezometers at 15 minute intervals prior to and during tests performed on new production wells.  

The goals of these analyses are to determine the seasonal water table depths, head in piezometers relative to those in monitoring wells, connection between production wells and our monitoring well locations, and the potential effects of production wells on the hydrologic regime, soil forming processes and vegetation of Crane Flat meadow, the other study meadows, or the Tuolumne Grove.  

Stable Isotope Analysis of Tuolumne Grove Giant Sequoia Water Sources

We will begin a pilot study of seasonal water sources utilized by giant sequoia trees in the Tuolumne Grove.  Each water molecule is composed of hydrogen (H) and oxygen (O), and both H and O exist in two common forms.  Hydrogen exists as H or its stable isotope deuterium (D or 2H).  Oxygen exists as 16O and its stable isotope 18O.  Water molecules containing either D or 18O have a higher atomic mass than water molecules without these heavier isotopes. When water evaporates the lighter water molecules evaporate at a faster rate than the heavier molecules resulting in the “enrichment” of water with molecules containing heavier isotopes.  The ratio of lighter to heavier isotopes for O or H can be measured using a mass spectrometer.  Soil water is used by plants and evaporates, producing water that is isotopically enriched in heavier isotopes.  Ground water however, is typically similar to snowmelt water, and does not become enriched in the summer.  Thus, ground water and soil water typically have distinctive isotopic signatures in mid to late summer.  Analysis of the isotopic signature of soil water, ground water and water in tree sap can help identify the seasonal use of soil or ground water by plants.  This is particularly feasible in woody plant such as shrubs and trees.  An understanding of whether Tuolumne Grove giant sequoia, and possibly other conifers, use primarily soil water or whether they use significant amounts of ground water during the summer is critical to understanding whether changes in ground water availability could affect the future water status, growth and survival of these trees.  We would collect ground water, soil, and tree sap (using increment borers) twice during the late summer/fall of 2004.  We would try to characterize the isotopic signature of the soil vs. ground water, and determine the approximate proportion of each in plant sap.  It is best to perform a time series analysis of the proportion of ground water vs. soil water in tree sap during early, middle and late summer, as well as early winter, but our initial measures will be done during a time of the year when there is the highest probability that giant sequoia are using ground water.

Assistance from Park staff to read the monitoring wells weekly, and install the deeper piezometers is required.  

Final Product:  A preliminary report would be provided to YOSE in December 2004, and a final report during early 2005 presenting and analyzing all data.  We understand that this report would be subjected to peer review, and we would be prepared to address these comments.
Proposed Budget

	Salary/Fringe Benefits
	
	

	David Cooper
	
	
	3500

	Evan Wolf
	
	
	
	2800

	Rod Chimner
	
	
	1500

	
	
	
	
	

	Direct Expenses
	
	
	

	PVC pipe for monitoring wells
	
	300

	Steel well points/steel sch 80 pipe
	900

	Continuous loggers for monitoring wells (5)
	4300

	
	Global Water WL-15 @ $795
	

	Water samples for chemical analysis
	400

	Isotope analysis of soil, water, plant sap
	1000

	Travel to and from site, 
	
	1300

	Per diem
	
	
	
	300

	
	
	
	
	

	Total Salary and Direct Costs
	
	16300

	
	
	
	
	

	CSU Overhead @ 17.5%
	
	2852.5

	
	
	
	
	

	TOTAL PROJECT COSTS
	
	19152.5
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