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1.0 BACKGROUND 

Consolidated Unit 16-021(c)-99 (the 260 Outfall) at Technical Area 16 (TA-16) is currently subject to 
corrective action for high explosives– (HE-) contaminated groundwater under the Compliance Order on 
Consent (the Consent Order) (LANL 2007, 098734). Details concerning the site and its groundwater are 
provided in a series of regulatory documents (LANL 1998, 059891; LANL 2003, 077965; LANL 2007, 
098734; LANL 2011, 203711; LANL 2011, 207069, and references therein). 

Both deep perched-intermediate groundwater (700–1200 ft below ground surface [bgs]) and regional 
groundwater (>1200 ft bgs) are contaminated with HE, particularly RDX (hexahydro-1,3,5-trinitro-1,3,5 
triazine), and other related constituents (LANL 2011, 207069). RDX levels are consistently above the risk-
based screening level of 6.11 µg/L in deep perched-intermediate groundwater in multiple groundwater 
wells (R-25, R-25b, CdV-16-1i, CdV-16-2ir, CdV-16-4ip) (Figure 1.0-1), with the highest values 
(>200 µg/L) in recently drilled well CdV-16-4ip (screen 1). Currently, regional groundwater wells show 
RDX at levels below the screening level. 

The hydrogeologic framework for the contaminated deep perched-intermediate zone and regional aquifer 
is complex (LANL 2011, 207069). A wide range of hydrologic, geochemical, and geophysical data 
suggest these groundwater zones are quite heterogeneous. In a broad sense, the deep perched-
intermediate zone is divided into an upper zone and a lower zone, with the upper zone consistently more 
contaminated than the lower zone; this is expected conceptually because the contaminant source is 
located at the ground surface. Conservative geochemical signatures vary both spatially and, to a lesser 
degree, temporally (LANL 2011, 207069). Hydrologic data, including water levels, pump-test results, and 
drilling observations demonstrate the deep perched-intermediate zone is hydrogeologically complex, with 
localized hydrogeologic regimes (LANL 2011, 207069). Hydraulic connectivity appears to be weaker 
vertically than horizontally. A recent version of the hydrologic conceptual model for the TA-16 area deep 
perched-intermediate aquifer is shown in Figure 1.0-2.  

2.0 RATIONALE FOR TRACER TEST 

This tracer test is being conducted to support a future assessment of potential remedial alternatives for 
contaminated groundwater associated with the 260 Outfall. A remedial alternatives analysis would likely 
benefit from an improved understanding of (1) local hydrogeologic gradients and groundwater 
velocities/fluxes within the deep perched-intermediate zone; (2) lateral contaminant travel times and 
associated hydrologic parameters within hydrogeologic subunits of the Otowi Formation and Puye 
Formation; and (3) vertical contaminant travel times, particularly between the upper-perched zone and 
lower-perched zone and between the lower-perched zone and the regional aquifer. Pathways, 
groundwater velocities/fluxes, and travel times from near-surface alluvial aquifers to the deep-perched 
zone are also poorly constrained. All these questions may potentially be addressed through a multiple-
constituent tracer test.   

3.0 IMPLEMENTATION PLAN 

To address the uncertainties delineated in section 2.0, Los Alamos National Laboratory (LANL or the 
Laboratory) proposes the following actions. 

1. Passive deployment of multiple nonreactive tracers in wells CdV-16-1(i) and R-25b, the two deep-
perched zone wells located farthest upgradient within the contaminated deep-perched zone. The 
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principal tracer types selected are fluorinated benzoates (FBAs) (Reimus et al. 2003, 209697; 
Reimus et al. 2003, 210315; Duke et al. 2007, 210313) and naphthalene sulfonates (NSs) 
(Nimmo et al. 2002, 210314; Wright and Hull 2004, 209698), although sodium iodide would be 
used at one location for comparative purposes. Different, chemically distinct tracer species will be 
deployed at each location. These tracers can be easily measured using in-house Laboratory 
methods (high performance liquid chromatography) with low-sensitivity (detection limits of ~5 ppb 
for FBA, 10–50 ppt for NS, and low ppb for iodide). These tracers are also nontoxic, should not 
interfere with sampling of regulated constituents in the aquifer, are inexpensive, and have been 
successfully used in other tracer tests in which Laboratory personnel have participated 
(Reimus et al. 2003, 209697; Reimus et al. 2003, 210315; Duke et al. 2007, 210313). NSs alone 
are not proposed because they are somewhat experimental and may not be conservative within 
TA-16 media (Wright and Hull 2004, 209698); however, they offer superior detection limits and 
thus increase the probability of tracer detection if very low breakthrough concentrations are 
observed. Before specific FBAs and NSs are selected, simple laboratory column tests will be 
performed using site waters to ensure no analytical interferences occur between specific tracer 
compounds and site constituents, such as HE, and to ensure conservative tracer behavior in 
TA-16 media. Details of proposed tracer types, tracer masses, and water volumes for each 
deployment locality are provided in Table 3.0-1. Pressures in all well screens in the vicinity of the 
tracer deployments will be monitored during the tracer test. Each deployment screen will be 
instrumented with an in situ real-time multiprobe, which includes a conductivity probe, so 
dispersal of the tracers from each screen into the deep-perched zone can be monitored. The 
dispersal measurements will be used to estimate local flow velocities at the deployment locations. 
Surface water fluxes will be monitored in the gauging stations within Cañon de Valle. 

2. Deployment of a nonreactive tracer in the Peter Seep area (Figure 1.0-1), an upgradient location 
within the alluvial aquifer. This tracer test is not as important as those described in item 1 above; 
however, since tracers are being sampled in the deep-perched aquifer, this near-surface tracer 
can opportunistically be deployed at little added cost and may provide information on recharge 
rates from the alluvial aquifer to the deep perched-intermediate zone. A single NS (different from 
any deployed in the deeper zones) is proposed here because of anticipated longer travel times 
and lower breakthrough concentrations, thus requiring ultra-low detection limits. 

3. Periodic sampling for these tracers in wells R-25 (screens 1, 2, and 4), R-25b, CdV-16-1(i), 
CdV-16-2ir, and CdV-16-4ip (Figure 1.0-1). Based on the known hydrologic properties of the 
lithologies sited next to the deployment screens, initial breakthroughs in nearby wells would be 
anticipated within 2 yr. Calculations suggest a sampling interval 2 wk, 6 wk, and 12 wk after 
deployment, followed by continued quarterly sampling, will likely capture the initial breakthrough 
of the tracers, if breakthrough can be detected. The necessity for continued sampling will be 
evaluated periodically based on the ongoing observations. If the proposed sampling frequency 
does not adequately capture the breakthrough because of rapid travel times, a subsidiary tracer 
deployment would be considered in consultation with New Mexico Environment Department 
(NMED) personnel. Sampling would be coordinated with existing ongoing sampling of these wells 
through the Laboratory’s site-wide groundwater monitoring program. 

4. Frequency and locations of tracer monitoring. If tracer breakthrough is observed in any of these 
well screens, tracer monitoring will be extended to additional deep-perched and regional wells 
including R-25 (screens 5–8; note that screen 9 cannot be sampled), R-18, R-47i, and R-63. The 
sampling frequency will be increased in the screen in which breakthrough was observed until 
tracer breakthrough can be defined adequately to support hydrogeologic analysis. Following 
observation of breakthrough in any screen, hydrogeologic analyses will be completed to 
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determine the optimum sampling frequency to define the tracer breakthrough profile; NMED 
personnel will be included in these discussions. Any sample showing tracer breakthrough will be 
archived and potentially analyzed for RDX and RDX-degradation products; such analyses can 
provide information on RDX degradation rate constants. 

5. Analysis of data. If tracer breakthrough is observed, data will be interpreted using methods 
outlined in the literature (e.g., Duke et al. 2007, 210313). 

4.0 SCHEDULE AND REPORTING 

Deployment of the tracer test is anticipated to begin after October 1, 2012 (fiscal year 2013), with 
preparatory activities such as permitting being initiated in fiscal year 2012. 

Information on tracer breakthroughs will be formally reported in the biannual corrective measures 
evaluation (CME) progress reports. These reports will describe any tracer breakthroughs observed and 
propose any changes to sampling frequencies or other details associated with the tests. Informal 
notification of tracer breakthrough to NMED will be provided by email or phone. 
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Figure 1.0-1 Location map showing wells and other hydrologic features within the Cañon de Valle watershed 
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Figure 1.0-2 Annotated cross-section illustrating the hydrologic conceptual model for the deep-
perched aquifer at TA-16 (after LANL 2011, 207069) 
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Table 3.0-1 

Tracer Deployment Parameters 

Location Tracers Tracer Masses Water Volume* Notes 

R-25b FBA-1 
NaI 

FBA-1 – 25 kg 
NaI – 25 kg 

12,000 gal. Flush with a small amount of water 
(wellbore volume or less) after tracer 
deployment. 

CdV-16-1(i) FBA-2 
NS-1 

FBA-2 – 40 kg 
NS-1 – 10 kg 

12,000 gal. Flush with a small amount of water 
(wellbore volume or less) after tracer 
deployment. 

Peter Seep/Cañon de 
Valle alluvial well 2656 

NS-2 NS-2 – 100 kg 12,000 gal. Flush with 1000–2000 gal. clean water 
after tracer deployment. 

*Tracer masses and water volumes are selected to minimize density driven tracer flow. 
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