Groundwater Potentiometric Surface Mapping

In this exercise we will map the elevation of the water table in the Mammoth Groundwater Basin using water levels measured in MWCD monitoring wells.
Goals
· learn to contour groundwater table elevation
· use potentiometric surface to interpret groundwater flow direction
· predict where groundwater discharge and recharge zones are located
Equipment
· Electronic tape
· Tape Measure
· Map of Monitoring well locations
Data Collection 
Historic data will be provided for this exercise, and depending on well access we may also sample ground water monitoring wells in small groups. 
Data Analysis: 
Create a map of the water table
1) Use the elevations of the top of the casing provided in Table 2, and the depth to water data provided to calculate the elevation of the water table and record in the column provided. 
2) Transfer water table elevations to the map of the Mammoth Groundwater Basin (Figure 1).  Label each monitoring well for which you have data neatly next to the well.
3) Use a pencil to lightly contour the elevation of the water table using a contour interval of 100 feet. 

Rules for contouring any data:
· Each contour line represents one value along its length. 
· Contour lines can meet but they cannot cross. 
· Contour lines describe concentric circles but the entire circle may not be part of a given map.
· All contour lines should reference a single datum and the contour interval should be consistent.

4) When you are satisfied with your contours ink them clearly with pen and make sure to label each contour.

Create a profile of the water table
Figure 2 shows the location of a geologic cross section through the basin (shown in Figure 3). Plot the depth to water for the monitoring wells with data provided in Table 2.  Next, connect these data points to show the elevation of the water table across the diagram. 

Determine groundwater flow direction and gradient
1) In order to show the direction of groundwater flow on your map, draw in groundwater flow paths (lines) based on the contours of the water table.  The flow of shallow groundwater must be perpendicular to the contour lines.  If your contours are not straight lines, this means that the flow paths must curve to remain perpendicular to the contour lines.
2) Determine the hydraulic gradient of the water table between MW5A and MW 24, Remember, hydraulic gradient is hydraulic head loss divided by length of flow (Δh/Δx).
TURN IN
Figure 1. Clean map of water table elevation, with data points and contours clearly labeled.

Figure 3.  Clean geologic cross-section of the valley with the elevation of the water table indicated.


Answers to the following questions:

1. Using your water table contour map, which direction is groundwater flowing?

2. What is the hydraulic gradient between MW5A and MW 24? Be sure to show your calculations.

3. Considering the elevation of Mammoth Creek and the elevation of the water table you have drawn in Figure 3, would you expect pumping in the confined aquifer to impact discharge in Mammoth Creek? 

4. Consider Figure 4, which shows water level over time in several monitoring wells screened in the upper unconfined and lower confined aquifers.  Describe how water level variability differs between the unconfined and confined aquifers. What might explain the different frequencies of water level change you observe.

5. Consider the water quality data shown in Table 3. How does the overall water quality of this well compare to surface water quality you have measured in this basin? 

6. Do the measurements in Table 3 give enough information to determine if the water is suitable for drinking? If not, what other types of data on water quality would you like to see?

7. [bookmark: _GoBack]Of the water quality parameters shown in Table 3, two are on the List of National Secondary (non-enforceable) Drinking Water Regulations developed by the Environmental Protection Agency. The acceptable values set for these parameters are as follows: 1) pH - 6.5-8.5, and 2) TDS < 500 mg. Do the measurements fall below the National Secondary Standards for pH and TDS?



Table 1. MCWD Monitoring well construction data, from 2016 annual report.
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Table 2. Monitoring well elevation and depth to water in September 2015, from 2016 annual report.

	MW
	Elevation
 (ft MSL)
	Depth to Water
 (ft)
	Water Table Elevation
 (ft MSL)

	5A
	7989.2
	9.2
	 

	7
	8001
	260.87
	

	10M
	7942.33
	160
	 

	11
	7986.32
	29
	 

	14
	7879
	359
	 

	19
	7870
	347
	 

	21
	7895
	234
	 

	24
	7715
	394
	 

	26
	7662
	266
	 

	30
	7851
	478
	 







Table 3.  Historic water quality data for production well 18, from 2016 annual report.
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Annual Report on Results of Mammoth Community Water District Groundwater monitoring program for October 2014-September 2015, prepared by Kenneth D Schmidt and Associates. January 2016.
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TABLE 2 - CONSTRUCTION DATA FOR DISTRICT MONITOR WELLS

Date Drilled Depth Cased Depth Perforated or Open Annular Seal
Well No. Drilled (feet) (rest) Interval (feet) (Feet)
™ 1384 89 89 69-89 0-50
EN 7/82(8/93) 357 357 112-357 0-112
EY 8/93 80 80 20-75 0-20
7 8/87 480 80 290-480 0-50
108 6/88 27 27 7-27 0-5
1 7/88 600 600 170-360 0-50
1 6/88 a3 43 5-43 0-5
124 o/88 27 27 7-27 0-5
1an o/88 520 501 100-310 0-100
19 8/92 700 340 200-700 0-140
21 10/92(7/97) 640 145 (157) 145-640(157-640)  (70-157)
22 9/92 85 85 55-85 0-25
23 9/92 65 65 30-65 0-25
21 8/93 450 430 300-450 0-20
26 5/06 708 686 621-686 0-80 &
595-620
27 1/06 57 7 67-87 0-64
28 12/05 50 87 47-57 0-45
67-87 57-65
29 11/05 97 97 77-97 0-60
30 12/05 640 600 516-600 0-500

Well No. 5 was modified in August 1993, so as to be sealed off opposite the glacial till
and be perforated only opposite the volcanic rock, and re-designated Well No. SA. An
annular seal was placed in No. 21 in July 1997, and the values in parentheses are for the
modified well.
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PRODUCTION WELL

WATER QUALITY
Production Sample Sample Coiziiltf:r:lce TDS Temp oH Dg:;;:id
Well Site Date Time mg/L C

umho/cm mg/L
18 07/11/96 8:15 540.0 332 8.3 7.10
18 09/12/97  13:40 500.0 251 20.0 7.10
18 07/06/98  14:15 490.0 350 21.1 6.90
18 08/20/99  11:30 510.0 355 19.4 7.10
18 08/22/00 8:20 505.0 346 20.0 7.10
18 07/02/01  10:15 530.0 370 19.4 6.40
18 09/05/02 8:45 535.0 310 18.3 6.80
18 09/25/03  10:40 637.0 434 15.6 6.70
18 08/03/04 560.0 370 16.7 7.30
18 10/11/05  13:20 559.0 363 18.9 6.58 2.09
18 11/06/06  10:40 543.0 315 18.3 6.91 1.71
18 12/04/06  10:04 539.0 313 18.7 6.68 0.69
18 01/09/07 539.0 313 18.1 6.63 142
18 02/06/07  10:35 541.0 314 18.3 6.73 1.47
18 03/06/07  12:33 456.5 265 18.3 6.61 0.51
18 04/17/07 9:00 537.0 311 18.2 6.59 0.61
18 05/01/07 9:50 535.0 310 18.8 6.54 0.53
18 06/07/07  12:50 542.0 314 18.8 6.97 0.74
18 07/10/07  13:50 545.0 316 17.5 6.52 0.72
18 08/09/07 9:26 509.2 295 18.5 6.62 1.81
18 09/11/07 8:59 551.5 320 16.7 6.57 0.55
18 10/02/07  13:13 534 303 18.3 6.55 0.16
18 11/19/07 9:47 498.3 324 17.7 6.60 0.77
18 12/11/07  13:22 504.0 328 17.6 6.58 0.91
18 01/09/08  15:11 510.9 332 17.7 6.44 0.36
18 02/05/08  15:29 516.6 336 18.1 6.48 0.77
18 04/01/08 9:54 504.3 328 17.7 6.47 0.27
18 05/09/08  10:09 464.4 302 17.4 6.36 0.39
18 06/18/08  10:15 479.3 312 17.6 6.31 0.47
18 07/30/08 9:16 565.7 368 16.4 6.31 2.07
18 10/21/08  10:25 563.7 366 19.3 6.26 4.50
18 11/13/08  11:03 554.3 360 19.1 6.20 4.47
18 12/02/08  11:05 549.9 357 19.1 6.27 6.45
18 01/12/09 11:34 580.0 377 16.6 6.29 6.96
18 02/24/09  12:02 526.8 342 18.7 6.28 5.10
18 03/25/09  10:36 550.9 358 17.0 6.15 4.60
18 04/21/09 9:10 568.3 369 19.5 6.46 5.96
18 05/27/09  13:.07 500.1 325 19.2 6.43 5.54
18 06/24/09  11:03 520.2 338 18.8 6.49 7.23
18 07/09/09 9:58 530.5 345 19.2 6.52 7.41
18 08/12/09  10:53 545.8 355 19.1 6.50 9.19
18 09/22/09  14:03 547.4 356 19.1 6.50 7.24
18 10/21/09  11:18 552.7 359 19.0 6.45 6.88

18 12/22/09  11:20 548.4 357 19.0 6.49 8.41




