Appendix A – Sample collection methods and analytical procedures
Water-level data

During this study, water-level measurements were obtained from numerous private and municipal wells (Fig. 5). All attempts were made to identify the well record associated with each well from the New Mexico Office of the State Engineer. The well records provide details about the drilling and construction of the well, in addition to the geologic units encountered while drilling. Appendix 2 in Newton et al. (2012) contains well logs for wells investigated in this study.
Water-level measurements in most wells were made on a monthly to bimonthly basis between fall 2005 and summer 2009. From a specific measuring point on each well, depth to water measurements were made by staff of NMBGMR using one of several different techniques. To insure accuracy, water-levels measured with a steel tape were repeated until the measurement was within 0.02 feet of an earlier measurement. In wells with no dedicated pump equipment, water-levels were measured with a Solinst™ electronic sounder. A Ravensgate Corporation sonic water-level meter was also used to determine approximate depths to water. Appendix 3 in Newton et al. (2012) contains all monthly and bimonthly water level data collected during this study. 
During the course of the study, 12 wells were monitored with continuous water-level recorders for various time intervals ranging from a few months to several years. These were programmed to record water-level and temperature at 15 minute intervals for the first few months, then hourly intervals for the duration of the study. All but one of the wells was unequipped, thus giving continuous water-levels unaffected by well pumping. Water-level recorders were checked and downloaded every three to four months, and water-levels were measured manually at those times. Appendix 4 in Newton et al. (2012) contains all continuous water level data collected during this study.

Precipitation

Precipitation was collected in the southern Sacramento Mountains on a regular basis beginning in 2006 using a simple collection device made of a funnel, a tube, and a one-gallon glass bottle. In the winter, a 1-foot section of 4 inch PVC pipe was attached to the funnel to allow snow to accumulate. The total volume of water that accumulated in the glass sample vessel between sampling events was measured, and a sub-sample was collected to be analyzed for stable isotopes of oxygen and hydrogen. Several large volume samples were analyzed for tritium. See Newton et al. (2012) for the locations of the precipitation sampling stations. The locations of the precipitation collectors were chosen to represent the full range of elevations within the study area. In general, samples were collected every 3 months (March, June, September, and December) in order to assess the seasonal variability of the average isotopic composition of precipitation. However, this time interval between sampling events sometimes varied due to over-filling of the sample vessels during extreme precipitation events.

Field parameters

When sampling water at stream, spring or well sites, field parameters were recorded. As wells were purged, sampling was initiated once field parameters had stabilized. Temperature, specific conductance, pH, and dissolved oxygen (DO) were determined in the field with portable meters (Thermo Orion( 290A+ pH meter, YSI( Model 85, Orion( DO meter Model 810, and YSI( Model 556 Multiprobe). Where possible, the oxidation reduction potential (ORP) was also recorded. The DO probe was calibrated onsite before sampling. The pH electrode was calibrated weekly against pH 7 and 10 buffers. 

Major ions and trace metals

For general ion and trace metal chemistry, well and spring samples were collected using new, certified clean polypropylene containers after three repeated rinses. Samples for general ion chemistry analyses were collected using 250-ml polypropylene bottles. Water samples for trace metal chemistry were immediately filtered (where possible) through an inline 0.45 μm filter into 125-ml polypropylene bottles and acidified to pH < 2 in the using ultra-pure nitric acid. If a trace metal chemistry sample could not be field filtered and acidified, it was immediately filtered and acidified in the laboratory. All chemistry samples were stored in an ice chest, transferred to the NMBGMR chemistry laboratory, and stored in a refrigerator until analyzed (within 1 week). Alkalinity (as mg/L HCO3) was determined in the NMBGMR chemistry laboratory by titration. Laboratory measurements of pH were performed with an Orion 420A meter, and conductivity using a YSI 3200 meter. A chemical analysis for anions (Cl, SO4 and NO3) was performed using a Dionex( DX-600 ion chromatograph. Cations (Na, K, Ca, and Mg) were analyzed using a Perkin Elmer OPTIMA( 5300 DV Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES). Trace metals were analyzed by Inductively Coupled Plasma Mass Spectroscopy (ICPMS) using an Agilent( 7500 IS. The quality of the chemical analyses was carefully inspected by analyzing blanks, standards, duplicate samples, and checking ion balances. The ion balance errors for the analyses were generally within ±5%.
Stable isotopes of hydrogen and oxygen


Stable isotopes of oxygen-18 (18O) and hydrogen-2 (deuterium, 2H) were analyzed in samples from precipitation, wells, streams, and springs. Samples were collected in 25 mL amber glass bottles after three repeated rinses. No air bubbles were present in the samples, and bottles were kept from direct sunlight. Samples were stored at room temperature in sealed bottles until analysis at the New Mexico Institute of Mining and Technology, Department of Earth and Environmental Sciences stable isotope laboratory on a Thermo Finnigan Delta Plus XP( isotope ratio mass spectrometer. Analytical uncertainties for δ2H and δ18O are typically less than 1 per mil (o/oo) and 0.1o/oo, respectively. 

Tritium


Tritium concentrations were analyzed in water samples from wells, streams, springs and precipitation. Samples were collected in two 500 mL polypropylene bottles, or one 1 L polypropylene bottle, after rinsing three times. Most samples were shipped to the University of Miami Tritium Laboratory where they were analyzed by internal gas proportional counting with electrolytic enrichment. For these samples, a sampling protocol described at www.rsmas.miami.edu/groups/tritium/advice-sampling-tritium.html was followed. The enrichment step increases tritium concentrations in the sample about 60-fold through volume reduction, yielding lower detection limits. Accuracy of this low-level measurement is 0.10 tritium unit (TU) (0.3 pCi/L of water), or 3.0%, whichever is greater. The stated errors, typically 0.09 TU, are one standard deviation. 


Some samples were also analyzed by helium in-growth at the University of Utah Dissolved and Noble Gas Laboratory. These samples were collected according to procedures described at http://www.earth.utah.edu/noblegaslab/how-to.html. Within the lab, after samples have had sufficient time to decay, the levels of helium-3 were measured on a mass spectrometer producing results with measurement error of ±3% of the value. The detection limit with this method is typically 0.1 TU. 

Tritium-Helium and noble gases

Tritium/Helium-3 and dissolved noble gas samples were collected at several wells and two springs in the study area. These samples were collected using the copper tube method for wells, and at two springs using advanced diffusion samplers provided by the University of Utah Dissolved and Noble Gas Laboratory. Methods of sample collection described at http://www.earth.utah.edu/noblegaslab/how-to.html were followed. Analyses of gases included N2, Ar, Ne, Kr, Xe, 3He and 4He, with errors of ± ½ to 1% of value for helium, and ± 1 to 4% of value for all other gases. Samples were stored at room temperature, then shipped to and analyzed at the University of Utah Dissolved and Noble Gas Laboratory.
Carbon isotopes

Select spring and well samples were analyzed for carbon-14 (14C) activity and 13C/12C ratios (δ13C) to determine groundwater age. Water samples were collected in two 500 mL polypropylene bottles, or one 1 L polypropylene bottle, after rinsing three times. Sampling procedures described at http://www.radiocarbon.com/groundwater.htm were used, with the exception of the addition of NaOH. Samples were kept chilled until shipment for analysis at Beta Analytic (www.radiocarbon.com). The 14C activity and 13C/12C ratios of the water sample were derived from the dissolved inorganic carbon (DIC) by accelerator mass spectrometry. Measured δ13C values were calculated relative to the PDB-1 standard. Results are reported as 14C activity (in percent modern carbon (pmC)) and as the apparent radiocarbon age (in radiocarbon years before present (RCYBP), where “present” = 1950 CE), with an uncertainty of one standard deviation. No corrections for geochemical effects have been completed, and the reported apparent 14C ages do not precisely represent the residence time of the water within the aquifer. The 14C activity and apparent 14C age are used as a relational tool to interpret hydrologic differences between wells.

Chlorofluorocarbons

CFC samples were collected from well and spring discharge, with no atmospheric exposure, into three 125-mL glass bottles with foil-lined caps. The bottles and caps were thoroughly rinsed with sample water, and were filled and capped underwater in a plastic bucket. Sampling followed stringent protocols described at www.rsmas.miami.edu/groups/tritium/advice-sampling-cfc.html. Samples were shipped to the University of Miami Tritium Laboratory where they were analyzed using a purge-and-trap gas chromatograph with an electron capture detector. The limit of detection for the method is 0.001x10-12 moles/kg of water (pmol/kg). Precision of CFC-11, CFC-12 and CFC-113 analyses is 2% or less and the accuracy of CFC-12 derived recharge ages is 2 years or less.
