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The 3H/3Hetri technique estimated apparent ages, or residence times, of modern1 to 4 years for 
three samples procured during Phase 2 work. The SF6 results from six samples gave uncorrected 
ages of 7 to 15 years. In future work, SF6 ages should be improved by co-analysis of dissolved 
noble gases, calculation of excess air effect, and investigation to quantify loss of SF6 
(fractionation) in the unsaturated zone. The recharge temperatures used in calculations should be 
identified and varied to determine the sensitivity of age to recharge temperature for that method. 
Supplemental sampling for SF6 within the unsaturated zone may be required for analysis of 
transport mechanisms (Hinkle et al., 2010). 

Because age dating should rely on multiple lines of evidence, and the apparent age determined 
herein of modern to 4 years is based on a single method, we recommend additional age dating be 
performed to confirm these results (Hinkle et al., 2010; Healy and Scanlon, 2010). 

The following sections in this memorandum present the sampling and analyses protocols, results 
from each of the four dating methods, and a concluding discussion. 

 

Sampling Methods and Analysis 
Work at Webb Hill occurred in two phases. During the Phase 1 investigation, dating samples were 
collected July 9 through 11, 2007, by USGS. Phase 2 samples were obtained from June 10 
through 12, 2008, by Aspect Consulting. Phase 1 samples included wells MW-1, MW-2, MW-3, 
and MW-4, and the Phase 2 work sampled wells MW-5, MW-6, and MW-7.   

Phase 1 sampling is reported in Attachment 1 (Barton, 2008). Phase 2 sampling procedures 
followed recommendations by the USGS Reston Chlorofluorocarbon Laboratory and by the 
University of Utah Dissolved and Noble Gas Laboratory (§2.2 and §A.3.3 in Aspect, 2008).  
Dedicated Nylon 6 discharge tubing was used to minimize absorption of CFC and SF6 gases. 

Phase 1 samples were submitted for dating analysis using tritium/helium-3 (3H/3He) and sulphur 
hexafluoride (SF6) methods at Lamont-Doherty Earth Observatory (LDEO) and Reston 
Chlorofluorocarbon Laboratory (RCL), respectively. Phase 2 analytic methods included 14C, 
3H/3He, CFCs, and SF6. These analyses were performed by the University of Utah Dissolved and 
Noble Gas Laboratory (DNGL), except that SF6 was analyzed by the USGS Reston 
Chlorofluorocarbon Laboratory (RCL). 

The dating techniques used in this study must be evaluated with respect to the special conditions 
at the site. The uppermost portion of groundwater at the study site has two sources of recharge. 
The infiltrating water is a mixture of precipitation and irrigation, the latter being water in the 
spray-applied biosolids. The dating analyses used in this study assume that precipitation is the 
major component of recharge2. The isotopic and chemical signatures in precipitation can be 
estimated, whereas the water sources in the biosolids delivered to the site are of mixed origin and 
history. Therefore, the equilibrium concentrations of dissolved noble gases and potential tracers 
used for age dating may be skewed from concentrations expected from precipitation alone. 

                                                   
1 Modern is 2 to 3 years old (Rigby, 2009). 
2 Irrigation in 2006 was about 4 inches, which is 6% of the average annual precipitation of 65 inches. 
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Results of dating analyses are presented as apparent age in years. This terminology reflects 
several factors. First, the water itself is not being dated, but rather the period of transit, or 
residence time, since the water was last in equilibrium with the atmosphere. Second, the body of 
groundwater is typically a mixture of sources due to advection and diffusion processes that occur 
in the aquifer. Thus, the concept of a single age is not a realistic interpretation. Third, the dating 
methods rely on physical models to characterize the physical, chemical, and biological processes 
that affect transport, enrichment, loss, and/or degradation of a tracer in the groundwater. The age 
result is therefore dependent on the model selected and on the success of the model in duplicating 
natural processes at a particular site. 

In general, multiple lines of evidence are preferred to estimate the most reasonable apparent age 
or residence time of a groundwater sample. Therefore, the Phase 2 study employed four different 
dating techniques, which are discussed below. 

 

14C Results 
Only Phase 2 samples were analyzed for 14C. The 14C results (Beta Analytic, 2008; Attachment 3) 
are presented in Table 1 as dissolved inorganic carbon present as dissolved carbon dioxide and 
carbonate species in the water sample. Groundwater ages were too young for the 14C analysis to 
resolve. Minimum age for 14C dating is about 50 years and sampled groundwater from Webb Hill 
therefore has an apparent age less than 50 years. 

 

CFC Results 
Chlorofluorocarbon compounds CFC-11, CFC-12, and CFC-113 were analyzed in nine samples, 
three each from wells MW-5, MW-6, and MW-7. The laboratory worksheet is presented as Table 
2, with results presented using recharge temperatures3 obtained from the noble gas analysis (Table 
3). In general, sample concentrations were unrealistically high.  

Samples concentrations are compared to peak atmospheric concentrations in Table 2. Seven of 
nine samples had CFC concentrations higher than historic peaks for mid-northern latitudes 
(NOAA, 2012; USGS, 2006b). CFC-11 and CFC-113 concentrations peaked in the 1993 and 
1994, respectively, and CFC-12 peaked in about 2002. The range of CFC-113 concentrations was 
from 105 to 158 parts per trillion (ppt), significantly above the peak atmospheric concentration of 
85 ppt. For samples from well MW-7, concentrations of all three CFC compounds exceeded peak 
values by 42% to 87%. Only the CFC-11 concentrations at MW-5 and MW-6 gave apparent ages 
(20 years) that were older than “modern”. However, those results were not relied upon given the 
high concentrations observed in the majority of samples. Due to the high concentrations, ratios of 
CFC compounds were not calculated and no additional adjustments4 to the data were performed.  

                                                   
3 The recharge temperature was calculated by the University of Utah DNGL for a best fit with dissolved gases 
yielding the same value of excess air. 
4 Adjustments were made by DNGL for recharge temperature and recharge elevation. No adjustments were 
performed for excess air or depth of the unsaturated zone. 
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The CFC dating technique assumes that recharge is from precipitation in equilibrium with 
atmospheric concentrations of CFCs at the time of recharge. The observed enrichment of 
groundwater CFC concentrations at the study site to levels above atmospheric equilibrium 
concentrations is assumed to result from elevated concentrations of CFCs in the biosolids applied 
to the fields. Sewage effluent has been recognized as a source of CFC contamination (USGS, 
2006b citing Schultz et al., 1976 and Busenberg & Plummer, 1992). Because of the potential for 
CFC contamination from biosolids to affect the analyses of CFC-11, CFC-12, and CFC-113, this 
method does not appear appropriate for the study site environment. However, future work may 
investigate use of CFC-13, which is currently used only for very low temperature refrigeration 
and is unlikely to be found in biosolids (USGS, 2007). 

 

3H/3Hetri Results 
Atmospheric tritium (3H) concentrations rose dramatically after atomic bomb testing began in the 
1950s, but have since declined to near the estimated pre-bomb levels. Peak concentrations in 
North American precipitation at over 4000 tritium units5 (TU) occurred in 1963 (DNGL, 2010; 
Solomon et al., 1992). In comparison, 1990’s precipitation at Portland International Airport has 
been steady at about 4 TU (Hinkle, 2009; also see DNGL, 2010). Groundwater 3H concentrations 
below about 0.5 to 1 TU are considered to indicate water recharged prior to bomb testing.  

Tritium concentrations in samples from MW-5, MW-6, and MW-7 were low, about 2 TU, 
suggesting a recent recharge date. However, tritium alone is impractical for dating young 
groundwaters due to the similarity with pre-bomb values and also the small gradient in the time 
series since about 1980. Therefore, groundwater ages were calculated from the tritium/tritogenic 
helium-3 ratio (3H/3Hetri) (Solomon et al., 1992; USGS, 2006c). Tritogenic helium-3 (3Hetri) is 
helium-3 generated by decay of tritium since the water became isolated from the atmosphere and 
is calculated from a helium isotope mass balance.   

Apparent ages of the samples were calculated using two physical models by DGNL (Rigby, 
2012). These models are the unfractionated air (UA) model and the partial re-equilibration (PR) 
model (Cey et al., 2008). The UA model assumes that gases in groundwater are fully dissolved, 
including from air entrained during recharge, and that no gas fractionation occurs during 
infiltration. That portion of gas dissolved from entrained air is referred to as excess air (EA) 6. The 
partial re-equilibration (PR) model also assumes complete dissolution of entrapped air bubbles, 
but allows for subsequent diffusive degassing. Apparent ages determined from the UA model 
typically give the youngest dates, whereas the PR model provides the oldest ages (Cey et al., 
2008). 

                                                   
5 One tritium unit (TU) is equal to one tritium atom per 1018 atoms of hydrogen. 
6 Although referred to as “air”, “excess air” is elementally fractionated, i.e. heavy gases are enriched more than 
light gases (Cey, 2008). 
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Analytic results from the 3H/3Hetri analysis, including dissolved gas concentrations and 
calculations for recharge temperature and excess air, are presented in Table 3. Apparent age 
estimates from the UA and PR models are reported as “age using Ne” and “age using EA”, 
respectively. Apparent ages reported by DNGL were modern for the UA model and modern to 4 
years for the PR model, where modern indicates less than 2 to 3 years.  

The wells at Webb Hill have large unsaturated zone thicknesses (Table 1) and, therefore, 
significant fractionation may be expected. Nonetheless, the differences in 3H/3Hetri apparent ages 
between the two physical models are small and the effect of fractionation is not measureable. 
Therefore, an apparent age of 4 years or less is indicated.  

Phase 1 samples were reportedly submitted for 3H/3Hetri analysis (Barton, 2008), but results were 
not available for inclusion in Table 1. 

SF6 Results 
Sulphur hexafluoride (SF6) has been used as a tracer for groundwater age dating due to its 
atmospheric stability and steadily increasing atmospheric concentration. The SF6 analysis is 
particularly useful for younger groundwater due to the steep increase in atmospheric SF6 since 
about 1980. SF6 production began in the 1960s and atmospheric concentrations in the northern 
hemisphere have risen from about 3 ppt in the early 1990s to about 7.7 ppt in 2012 (NOAA, 2012; 
USGS, 2006a). 

Analytic results are summarized in Table 1 for Phase 1 and Phase 2 sampling. Neither the Phase 1 
nor Phase 2 analyses included major or noble dissolved gas analysis or reported the groundwater 
recharge temperatures. No adjustments were made for either excess air or loss of SF6 in the 
unsaturated zone. 

The USGS report (Barton, 2008) for Phase 1 dating of MW-1, MW-2, MW-3, and MW-4 by SF6 
methodology is provided in Attachment 1.  Uncorrected groundwater residence times, for three of 
four samples, were estimated to be “equivalent to atmospheric concentrations present in late 
1990s to early 2000s”.  The sample from MW-3 yielded a very high SF6 concentration and age for 
MW-3, which was interpreted to indicate sample contamination (Barton, 2008). The plotted data 
(Attachment 1) give uncorrected ages from about 7 to 14 years.  

For Phase 2 samples MW-5, MW-6, and MW-7, the SF6 analysis (Cox, 2009; Attachment 2) 
indicated uncorrected ages from the mid-1990s to 2000. Data give residence times from 8 to 15 
years, similar to the range for Phase 1 samples.  

Corrections of SF6 ages for excess air and losses in the unsaturated zone are both necessary 
(Busenberg and Plummer, 2000; USGS, 2006a). The determination of major or noble dissolved 
gas data are integral to applying these corrections and interpreting the findings. The presence of a 
deep unsaturated zone, such as at Webb Hill, complicates interpretation of SF6 data and 
supplemental sampling for SF6 within the unsaturated zone may be required for analysis of 
transport mechanisms at such sites (Hinkle et al., 2010). 
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Effects of Corrections to SF6 Data 

Excess air, loss of SF6 in the unsaturated zone, and natural terrestrial sources of SF6 are among 
factors that can bias uncorrected SF6 ages. Although the Webb Hill SF6 data were not corrected, 
some comments can be made regarding the effects of corrections. 

The basic physical processes indicate that the presence of excess air will bias an uncorrected age 
too young, whereas the loss of SF6 during infiltration through the unsaturated zone will bias age 
too old (Busenberg and Plummer, 2000). In some areas, concentrations of SF6 in groundwater 
have been found to be elevated above atmospheric equilibrium concentrations and were 
interpreted to be due to enrichment by natural sources7.  

Excess air adjustments were made to SF6 dates for a set of 23 wells in the Puget Sound region 
(Hinkle et al., 2010). By comparing data plotted with and without an excess air correction8 
(Figures G25 and G27 in Hinkle et al., 2010), the excess air correction is inferred to be about +3 
years. This value may also to be compared to an estimate of +1 to +2.5 years for excess air of 
0.001 ccSTP/gr and waters recharged after 1990 (Busenberg and Plummer, 2000). 

In the unsaturated zone, dissolved SF6 is subject to loss via diffusive degassing to interstitial air. 
The interstitial air is assumed to be older than atmospheric air and would therefore have a lower 
SF6 concentration, resulting in loss of SF6 from infiltrating water to interstitial air. Corrections for 
loss of SF6 in unsaturated zone are recommended due to the low solubility of SF6 in water (USGS, 
2006a).  

In the Puget Sound study, a comparison of the SF6 data with 3H/3He data (Figure G26 in Hinkle et 
al., 2010) indicated that the SF6 data was biased about -7 years at the water table, after correction 
for excess air. That is, SF6 dates, already increased for excess air (+3 years), would need an 
additional and opposite adjustment of about 7 years younger (net of -4 years). The authors suggest 
that the additional -7 years bias is due to loss of SF6 during recharge (Hinkle et al., 2010).  

The unsaturated zone thicknesses of the Puget Sound wells ranged from 6 to 76 feet with a mean 
of 18 feet. These thicknesses were smaller than those at Webb Hill (87 to 173 feet bgs). Losses of 
SF6 to interstitial air are expected to increase with increasing unsaturated zone thickness 
(Busenberg and Plummer, 2000). 

 

Discussion and Conclusions 
The 14C analysis was not applicable for dating the relatively young age of the groundwater 
samples. The CFC analytic method was not appropriate due to the assumed enrichment of 
recharging water to above atmospheric equilibrium values by additional CFCs present in biosolids 
sprayed on the fields. The 3H/3Hetri and SF6 dating techniques did provide useful information for 
the Webb Hill study site. 

                                                   
7 Elevated SF6 concentrations in groundwater were observed to be associated with the presence of silica rich 
igneous rocks in crystalline bedrock and in rhyolitic volcanic rock with high groundwater temperatures 
(Busenberg and Plummer, 2000). 
8 The excess air correction was determined using the unfractionated air (UA) model (Hinkle et al., 2010). 
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The 3H/3Hetri technique indicated apparent ages, or residence times, of groundwater from modern 
to 4 years. The SF6 methodology indicated uncorrected ages of 7 to 15 years, but adjustments for 
excess air and unsaturated zone effects were not made. These adjustments appear warranted. The 
3H/3Hetri data indicate an apparent groundwater age of 4 years or less. 

In future work, SF6 ages should be improved by co-analysis of dissolved noble gases, calculation 
of excess air effect, and investigation to quantify loss of SF6 (fractionation) in the unsaturated 
zone. The recharge temperatures used in calculations should be identified and varied to determine 
the sensitivity of age to recharge temperature for that method. 

In addition, use of two other tracers applicable for dating modern groundwater should be 
investigated. These compounds are SF5CF3, which has a dating range of 1975 to present, and 
CFC-13, which is applicable from 1965 to present. Both tracers have increasing atmospheric 
inputs, lack terrigenic sources, and are believed stable under reducing groundwater conditions. 
CFC-13 has been used primarily in very low temperature refrigeration, so is unlikely to be 
influenced by non-atmospheric sources.  (USGS, 2007) 

Because age dating should rely on multiple lines of evidence, and the apparent age determined 
herein of modern to 4 years is based on a single method, we recommend additional age dating be 
performed to confirm these results (Hinkle et al., 2010; Healy and Scanlon, 2010). 
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Table 1 - Age Dating Summary
Webb Hill Hydrogeologic Investigation - Phase 2
Mason County, Washington

percent 
modern 

carbon 1
apparent age laboratory apparent age laboratory 3H

apparent age 
2 laboratory

equivalent air 
concentration 

(pptv)

uncorrected 

age 3
laboratory

years years TU years years feet 4 feet 4 feet 4 feet

4/26/07 7/9/07 USGS - - - - - LDEO 4.4 8.9 RCL 297.51 278.01 402.51 113 105.0 to 124.5

5/3/07 7/11/07 USGS - - - - - LDEO 4.7 7.4 RCL 300.07 275.57 443.97 155 143.9 to 168.4

4/24/07 7/11/07 USGS - - - - - LDEO 18.8 Note 8. RCL 305.34 280.84 465.84 173 160.5 to 185.0

4/30/07 7/11/07 USGS - - - - - LDEO 3.1 13.6 RCL 303.09 278.59 375.99 87 72.9 to 97.4

12/4/07 6/10/08 Aspect 107.1 < ~50 yrs Beta Analytic DNGL 2.40 modern DNGL 3.0 15.3 RCL 270.84 250.84 411.54 145 140.7 to 160.7

5/28/08 6/12/08 Aspect 109.7 < ~50 yrs Beta Analytic DNGL 2.24 modern DNGL 3.2 14.4 RCL 277.26 252.66 397.46 116 120.2 to 144.8

5/30/08 6/11/08 Aspect 112.1 < ~50 yrs Beta Analytic DNGL 1.99 3.9 DNGL 4.8 7.6 RCL 273.15 248.55 418.55 141 145.4 to 170.0

50,000 to 50 yr before present 1955 to ~2-3 yrs before present

Notes

1. Samples contained more carbon than the modern reference standard and are reported as "percent modern carbon" (pmC)  with laboratory accuracy of ± 0.5%.

2. Age calculated using excess air and partial re-equilibration (PR) model. Results for UA model were "modern" for all samples (Table 3).

3. The uncorrected ages have not been adjusted for excess air or for loss of SF6 in the vadose zone.

4. Elevations are NAVD88 (1996) using U.S. feet.

5. Vadose zone thicknesses based on average water levels from 5/23/07 through 6/12/08. Only one water level was available for MW-6 and MW-7. The seasonal variation during that period was about 16 feet.

6. Sample concentrations assumed to be elevated by biosolids. See text.

7. Samples were reportedly analyzed (Barton, 2008), but data were not available.

8. Sample interpreted to be contaminated (Barton, 2008).

Abbreviations

AMS = accelerator mass spectrometer

bgs = below ground surface
14C = carbon-14 isotope

DNGL = Dissolved and Noble Gas Laboratory, University of Utah
3Hetri = 3He* = tritogenic helium-3

LDEO = Lamont Dougherty Earth Observatory

pmC = percent modern carbon

ppt = parts per trillion

RCL = Reston Chlorofluorocarbon Laboratory, USGS

SF6 = sulphur hexafluoride

TU = tritium unit (1 3H atom per 1018 atoms of H)

btoc = below top of casing

NA = not applicable

MW-2

1972 to present

Well ID

MW-4

MW-5

MW-6

MW-7

Applicable Range of Dating Technique

MW-3

MW-1

1950s to 1993

Installation 
Date

Sample Date Sampler

SF6
3H/3Hetri

14C (AMS)
CFC-11, CFC-12,

 & CFC-113

Note 7.

Top of 
Screen 

Elevation

feet bgs

Screen Interval 
Depth

Approximate
Unsaturated

Zone Thickness 5

Note 6.

Ground 
Surface 

Elevation

Bottom of 
Screen 

Elevation

Aspect Consulting, LLC
5/15/2012
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Table 2 - CFC Analyses 1

Webb Hill Hydrogeologic Investigation - Phase 2
Mason County, Washington

CFC-11 
(pmoles/kg)

CFC-12 
(pmoles/kg)

CFC-113 
(pmoles/kg)

Salinity 
(‰)

Recharge 
Elev. (m)

Recharge 

Temp (C) 2
Pwater

Elev. 
correction

KRT_11 KRT_12 KRT_113
eq. air 

conc_11 
(ppt)

eq. air 
conc_12 

(ppt)

eq. air 
conc_113 

(ppt)

CFC-11 
Recharge 

Year

CFC-12 
Recharge 

Year

CFC-113 
Recharge 

Year

Calculation using calculated recharge temperature.

4.12479707 2.44793067 0.52676669 0 125.47 14.1 0.01586 0.969351 0.01703 0.00452 0.00515 249.8054 558.1008 105.5367 1987.5 Modern Modern 91% 102% 124%

4.33423151 2.68913056 0.62621788 0 125.47 14.1 0.01586 0.969351 0.01703 0.00452 0.00515 262.4891 613.0917 125.4615 1989 Modern Modern 96% 112% 148%

4.27822445 2.60194174 0.64185915 0 125.47 14.1 0.01586 0.969351 0.01703 0.00452 0.00515 259.0972 593.2136 128.5952 1988.5 Modern Modern 95% 109% 151%

4.67148919 2.71466044 0.61558266 0 121.17 12.3 0.01410 0.971614 0.01868 0.00491 0.00570 257.3419 568.5945 111.1229 1988.5 Modern Modern 94% 104% 131%

4.72777952 2.75540577 0.62614802 0 121.17 12.3 0.01410 0.971614 0.01868 0.00491 0.00570 260.4428 577.1287 113.0302 1989 Modern Modern 95% 106% 133%

4.66685017 2.60118084 0.58609494 0 121.17 12.3 0.01410 0.971614 0.01868 0.00491 0.00570 257.0864 544.8258 105.7999 1988.5 2007.5 Modern 94% 100% 124%

6.07144442 3.57451764 0.62850368 0 127.61 15.6 0.01747 0.967489 0.01581 0.00423 0.00474 396.866 872.5691 136.9811 Modern Modern Modern 145% 160% 161%

5.94384451 3.40218700 0.72870099 0 127.61 15.6 0.01747 0.967489 0.01581 0.00423 0.00474 388.5253 830.5018 158.8189 Modern Modern Modern 142% 152% 187%

5.99817279 3.26726265 0.52335597 0 127.61 15.6 0.01747 0.967489 0.01581 0.00423 0.00474 392.0765 797.5657 114.0644 Modern Modern Modern 143% 146% 134%

Approximate historic peak value 274 545 85 CFC-11 CFC-12 CFC-113

1993 2002 1994

Notes
1. Laboratory analysis provided by University of Utah Dissolved Noble Gas Laboratory, except for comparison with historic peak concentrations.
2. Recharge temperatures (noble gas temperature, NGT) determined from noble gas analyses by DNGL (Table 3).

MW-5-2

Approximate year

Source NOAA, 2012 & USGS, 2006b

Comparison with Historic 
Peak Concentration

MW-7-3

MW-7-2

MW-7-1

MW-6-3

MW-6-2

MW-6-1

MW-5-3

MW-5-1

SAMPLE ID

Aspect Consulting, LLC
5/15/2012
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Table 3 - Tritium/Helium-3 and Dissolved Gas Analyses 1

Webb Hill Hydrogeologic Investigation - Phase 2
Mason County, Washington

RunID
N2 

(ccSTP/g)
Ar40 

(ccSTP/g)
Kr84 

(ccSTP/g)
Xe129 

(ccSTP/g)
Ne20 

(ccSTP/g)
He4 

(ccSTP/g)
R/Ra

Tritium 
(TU)

Age 2

using Ne
 (yr)

Age 3

using EA 
(yr)

Recharge 

Temp 4 

(C)

Excess Air 
(ccSTP/g)

ΔNe 5

 (%)

Recharge 
Elev 
(m)

Well 
Temp (C)

Tot Dis 
Gas (atm)

Assumed 
Rterr

07010804 1.59E-02 4.28E-04 5.12E-08 3.39E-09 2.19E-07 5.47E-08 0.99 2.40 Modern Modern 14.1 0.115 14% 125.47 10.20 1.107 2.8E-08

07010805 1.97E-02 4.69E-04 5.34E-08 3.56E-09 2.91E-07 7.46E-08 1.00 2.24 Modern Modern 12.3 0.024 49% 121.17 9.80 1.311 2.8E-08

07010806 1.35E-02 4.93E-04 5.87E-08 4.04E-09 2.80E-07 7.51E-08 0.99 1.99 Modern 3.9 15.6 0.108 48% 127.61 10.10 0.920 2.8E-08

Notes

1. Data provided by University of Utah Dissolved and Noble Gas Laboratory, except for excess air calculated as % ΔNe.

2. Uses unfractionated air (UA) model.

3. Uses partial re-equilibration model (PR) model.

4. Recharge temperature calculated from excess air.

5. Excess air calculated using the partial re-equilibration model.

6. Excess air reported as ΔNe (%). Equilibrium Ne concentrations in water calculated following Healy (2012).

Abbreviations

atm = atmosphere

C = degrees Centigrade

ccSTP/g = cubic centimeters at standard temperature and pressure per gram water

EA = excess air

m = meters

R = 3He/4He ratio
Ra = Ratm = atmospheric standard for 3He/4He ratio

Rterr = radiogenic 3He/4He ratio
yr = year

Sample 
ID

MW-5

MW-6

MW-7

Aspect Consulting, LLC
4/12/2010
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Beta Analytic Inc. (2008) 















  




