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1.0 INTRODUCTION

This work plan presents a tracer study that will be conducted in support of upcoming Phase 2 pilot-scale
amendments testing that will subsequently be implemented as part of ongoing characterization of
potential remedial alternatives for chromium contamination beneath Mortandad Canyon at Los Alamos
National Laboratory. The Phase 2 amendments test will build on the work conducted under the

New Mexico Environment Department—Hazardous Waste Bureau’s (NMED-HWB'’s) approved “Pilot-Scale
Amendments Testing Work Plan for Chromium in Groundwater beneath Mortandad Canyon” (Phase 1
Work Plan) (LANL 2017, 602505; NMED 2017, 602546). This tracer-test work plan focuses specifically on
the objectives and approach for cross-hole tracer testing, which is a necessary first step of the Phase 2
amendments work. The Phase 1 amendments testing at regional aquifer wells R-42 and R-28 is still
underway as of the date of this work plan, and study data from those tests and from the tracer test
presented in this work plan will be used to guide the specific technical approach for the Phase 2
amendments test. A Phase 2 amendments testing work plan will be submitted to NMED-HWB when the
tracer test data collected under this work plan and sufficient data from the Phase 1 amendments test are
available to design the Phase 2 amendment study. Figure 1.0-1 shows the area of the chromium plume
and the location of proposed tracer-test location.

2.0 OBJECTIVES

The following two subsections describe the objectives of the Phase 2 amendments testing and the
cross-hole tracer testing described in this work plan. The objectives of the Phase 2 amendments test are
presented first to provide context for the tracer test objectives discussion that follows.

2.1 Phase 2 Amendments Test

The overarching objective of the Phase 2 amendments test is to build on the Phase 1 test by scaling up
the area of the aquifer where geochemical conditions are favorably altered to induce conversion of
hexavalent chromium [Cr(VI)] to trivalent chromium [Cr(lll)] through introduction of an amendment.
Cross-hole amendment deployments that involve a downgradient pumping well have the potential to treat
a greater volume of aquifer using the same amount of amendment as in single-well tests and also offer
the potential for better spatial control and distribution of amendments than single-well deployments.
These factors will likely lead to improved estimates and less uncertainty of Cr(VI) reduction capacity per
unit mass of amendment deployed in a cross-hole test. Additionally, cross-hole amendments tests can
provide interpretive advantages because of capture of the treated groundwater by downgradient pumping
wells, providing better data on the conditions within the treatment zone.

The Phase 2 amendments test will likely propose CrPZ-1 for amendment deployment and CrEX-2 as the
cross-hole pumping location. This cross-hole setting provides several ideal advantages over other
potential locations because (1) historically elevated chromium concentrations present in CrPZ-1 and
CrEX-2 (approximately 350 and 320 pg/L, respectively, based on extended-purge data collected in 2017)
offer the opportunity to evaluate Cr(VI) reduction capacity more quickly than at locations with lower
concentrations, (2) the distance between the wells (approximately 120 ft) is far enough apart to allow
interrogation of a representative area of the aquifer but is close enough to provide a high likelihood of
hydraulic capture, and therefore may shorten the overall duration required by the test, and (3) the location
is well within the Los Alamos National Laboratory boundary and sufficiently far from water-supply wells,
providing some inherent protection if unanticipated adverse effects occur in association with geochemical
reactions resulting from amendment deployment. More recent data from CrPZ-1 and CrEX-2 showing
decreasing chromium concentrations and increasing perchlorate concentrations suggest that CrPZ-1 is in
the CrEX-2 capture zone.
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2.2 Cross-Hole Tracer Test

An important first step that will inform the Phase 2 amendments test study design is to characterize
cross-hole hydrology between CrPZ-1 and CrEX-2. The regional aquifer stratigraphy and the position of
screened intervals for CrPZ-1 (originally drilled as a core hole, CrCH-1, and completed as a piezometer)
and CrEX-2 are shown in Figure 2.2-1. The screen and filter pack in CrPZ-1 is entirely within the Puye
Formation and the screen in CrEX-2 straddles the contact between the Puye Formation and the Puye
pumiceous subunit (see Attachment 3 in LANL 2018, 602964, "Compendium of Technical Reports
Conducted Under the Work Plan for Chromium Plume Center Characterization"). Characterization of the
hydrology between these two wells via the cross-hole tracer test includes confirming cross-hole
communication; evaluating travel times, which will support study design for the deployment, sampling
frequency, and interpretation of data during the amendments deployment; and providing important
insights into the portion of CrEX-2 water coming through the treatment zone around CrPZ-1. Hydraulic
pressure data from CrPZ-1 provide initial indications of favorable hydraulic response at CrPZ-1
associated with pumping activities at CrEX-2 (Figure 2.2-2). The stratigraphic relation of these

two screened intervals and the strong correlation between pumping at CrEX-2 and pressure responses at
CrPZ-1 suggest a high probability that this is an ideal location for a successful cross-hole study. Because
of the strong correlation in the pressure response in CrPZ-1 to CrEX-2 pumping, no additional dilution
tracer testing will be conducted in CrPZ-1.

The basic concept is that pumping at CrEX-2 will create a capture zone that includes the CrPZ-1 area.
The area of the aquifer that would be treated by application of an amendment is anticipated to be within
the CrEX-2 capture zone. However, the CrEX-2 capture zone is likely to also include areas north (and
possibly south) of the area around CrPZ-1, where reducing conditions would be established with
amendment deployment. Cross-hole tracer samples collected from CrEX-2 during continuous pumping for
the interim measure will provide data on initial breakthrough (travel time) and the amount of tracer
recovery and allow for a more optimal design and interpretation of a cross-hole amendment test. A tracer
would also be deployed in conjunction with subsequent amendment deployment. The amendment tracer
will provide comparative data between the two tracer studies and, therefore, facilitate interpretation of
data during the cross-hole amendments test. The amendment tracer will also provide well-capture
information that will be contemporaneous with the amendment application.

3.0 TRACER TEST APPROACH

The initial tracer-study design is to deploy a conservative tracer mixed into approximately 3000 gal. of water
into CrPZ-1 followed by a similar volume of chase water to push the tracer into the aquifer and away from
the piezometer. The deployment of these volumes will provide insights into the hydraulics of CrPZ-1 and

the surrounding aquifer that will be very useful in the design and methodology for the deployment of the
amendment under the Phase 2 Work Plan. CrEX-2 is expected to be operating at a nominal pumping rate of
approximately 60 gallons per minute (gpm) during the tracer study. It is optimal for CrEX-2 to operate
continuously during the duration of the tracer study, but short-duration shutdowns that may occur for various
operational purposes should not adversely affect meeting the objectives of the tracer study.

The tracer planned for this test is sodium iodide (Nal). The tracer deployment requires regulatory
acceptance from NMED’s Groundwater Quality Bureau (GWQB). The iodide will move conservatively with
groundwater, can be readily analyzed and measured at low concentrations in the field and at an analytical
laboratory, is stable in the aquifer, and is distinct from other naturally occurring constituents in the
groundwater. Final details of the tracer injection will be provided in a notice of intent to discharge (NOI)
submitted to NMED-GWQB following approval of this work plan. A separate tracer will then be used to
deploy with the amendment in the phase 2 test at CrPZ-1.
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Sampling will take place at the CrEX-2 well head to obtain data to characterize tracer breakthrough.
Sampling will take place at CrEX-2 before deployment of the tracer into CrPZ-1 to establish baseline
conditions before tracer arrival. The combination of pumping at CrEX-2 and approximately 6000 gal. of
tracer-injection water and chase water is likely to result in rapid breakthrough at CrEX-2. The sample-
collection frequency will be daily during the early period following deployment to ensure characterization
of initial arrival at CrEX-2. Depending on the rate of change in tracer concentration, the sampling
frequency may be lowered while still fully characterizing the complete tracer breakthrough curve,
including the recessional portion of the curve. If the ideal tracer can be readily measured using
ion-specific field probes, the field data will help inform the sampling and analysis frequency.

4.0 STATUS OF PHASE 1 PILOT-SCALE AMENDMENTS TESTING

The initial, and ongoing, pilot-scale tests being conducted under Phase 1 involve use of sodium dithionite
at R-42, and molasses at R-28 to create reducing conditions in the regional aquifer (LANL 2017, 602505).
Those tests began with deployment of amendments in August and September of 2017, with the goal of
evaluating reduction capacity induced with each amendment, volume of the aquifer that can be treated
from single deployment locations, and potential adverse physical or geochemical conditions that may
occur in association with amendment deployment and subsequent geochemical changes. To date, the
dithionite amendment test at R-42 still requires more time to determine Cr(VI) reduction capacity imparted
to aquifer sediments because chromium concentrations have not yet begun to break through in R-42. The
molasses amendment test at R-28 will also require more time to determine reduction capacity.

The results of the ongoing Phase 1 study are presented in quarterly reports submitted to NMED. Three
quarterly reports were submitted in January, April, and July of 2018 (LANL 2018, 602862; LANL 2018,
603031; LANL 2018, 700032). Future Phase 1 quarterly reports will document the progress of the
ongoing study and be used to determine when sufficient data are available to guide the second step of
Phase 2, which will involve amendment deployment.

5.0 SCHEDULE

The goal is to deploy the tracer for the cross-hole tracer study during the final quarter of calendar 2018,
following NMED-HWB’s review and approval of this work plan and NMED-GWQB’s acceptance of the
NOI that will be submitted following approval of this work plan. The overall duration of the cross-hole test
is expected to require several months and roughly coincide with the period that it will likely require to
obtain sufficient additional data from the Phase 1 tests at R-42 and R-28. Data from the cross-hole tracer
study and the Phase 1 amendment tests will be used to develop and submit a supplement to this work
plan that provides specific details of the selection and deployment approach for the amendment step of
this Phase 2 test.

The amendment deployment design and monitoring plan will be submitted to NMED after data from the
cross-hole tracer test and results of the Phase 1 amendments testing are sufficient to inform the Phase 2
study design. The deployment design will include the type and concentration of amendment, the quantity
of amendment to be deployed, and deployment approach, including introduction rate and quantity of
chase water, and the accompanying tracer.
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Chromium plume area and proposed tracer test location shown in circled area
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The contact between the Puye Formation and the Puye pumiceous subunit is based on well CrEX-2, which is located on the same drill pad as CrPZ-1.
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