Response to the “Direction for Further Action at Well R-20 Rehabilitation and Conversion
Summary Report, Los Alamos National Laboratory, EPA |D No: NM0830016515,
HWB-LANL-GROUNDWATER-MISC,”

Dated February 11, 2008

INTRODUCTION

To facilitate review of this response, the New Mexico Enviranment Department's (NMED's) comments are
included verbatim. Los Alamos Nationai Laboratory's (LANL's or the Laboratory's) responses follow each
NMED comment.

NMED Comment
1. Analysis of Increased Iron Concentrations Using Geochemical Models

in the Conciusion Section of the Report, the Permifiees atirfhute the increases in dissolved iron
concentrations measured from Screens T and 2 of R-20 during the December 2007 sampling events
to three polential conditions. They are: (1} reductive dissolution of iron minerals that are naturally
present as componants of the Jocal geologic malerials; {2} oxidation of iran suffides that have been
accumuiated in the vicinily of the well screens due fo driling fluld impacts; and (3} presence of
reduced groundwater in the regional aguifer oulside the zoneg impacted by drilling Ruids. Although all
three conditions could polentially cause Increases In dissolved iron concenifrations in groundweater,
the site-specific dala help eliminate the possibility that the first and third potential cocurrences are
major factors in raising dissolved iron concentrations in groundwaler.

Both reductive dissolution of iron minerals and development of reduced groundwaler in the regional
aguifer would most likely be caused by the presence of organics including residual drilling fluids.
However, fotal organic carbon (TOC) concenirations measured during the 2007 sampling events are
all close to the groundwater background level and passed the criteria established for well screen
analysis, as shown in Tables B-1a and B-1b of the Report. In the absence of organic [carbon] as a
driving force, reductive dissolution of iron minerals could not be sustained, and the continuous
increases in dissolved jron concentrations in groundwater (as shown in Figure 2.6-6 of the Report)
should not be ohserved.

Furthermore, if the increasss in dissolved iron concenirations were due lo reductive dissolution of iron
mingrals or reduced conditions of the formation water, other lines of supporting evidencs, such as
reduced nitrate concentrations and elevaled manganese concentrations, should bs obssrved as a
tesult of the sequernice of redux reactions. As documented in the Well Screen Analysis Reporl,
Revision 2, iron reduction occurs as one of a sequence of redox reactions affer nitrate reduction and
manganese reduction. This case is not supported by the data oblained from screens 1 and 2 of R-20
during the 2007 sarmpling evenis because both nifrale and manganese concentrafions remained
close to their respechive background levels and passed Ihe criteriz established for the well screen
analysis (Table B-1b of the Report).

The possibilily that the formation waler is directly contaminated by ferrous or dissolved iron is also
vory low. Ferrolis iron, If present in groundwater cutside the drilling fluid impact zones, will react with
dissolved oxygen (DO} in groundwater since the site-specific conditions (including temperature and
pH) favor such a reaction. In terms of dissolved iron and DO concenirations, the formation water
should reach an equilibrium condition because of the relalively long residence (reaction} lime. As a
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resul, the formation waler should maintain & concentration pattern over lime that dispfays an inverse
relationship between ferrous iron concentrations in groundwater and DO levels. As shown in Figure
2.6-1, 2.6-2 and 2.6-8, howeaver, the sccelerating Incraases in dissolved ron concentrations during
the 2007 sampiing events are coupled with steady increases in DO concentrations rather than
decreases. These data Indicale nonequilfbrium condilions for dissofved iron and DO In grouncheater,
suggesting that the dissolved iron Is less tikely o come from the formation waler oulside the drilling
fluid impacted zones.

In appears that oxidation of iron sulfides may be causing the increases in dissolved iron
concentrations in groundwater, if contamination of water samples by introduced iron s not an issus.
During the 2007 sampling evenis, the extended pumping likely drew fresh formation waler into the
fwo screens of R-20. Once the fresh water passed through the drilling fluid impact zones, iron sulfides
as new minerals, that accumulated in the vicinity of Screens 1 and 2, may react with DO In
groundwater resufting in the increases in dissolvad iron and the decreases in DO in groundwater, The
chservation (in Scrpen 2 of R-20) of elevafed concenirations of sulfate, the ofher pofential product of
oxidizing ron sulfides, also supporis the fikelihood of the occurrence of oxidation of iron suffides.

To better understand the geochemical reactions that have ocourred in the vicinity of Soreens 1 and 2
of R-20, the Permitteas must conduct a geochemical modeling analysis of the dafa collected during
the Westbay (before 2008), the July 2008 and the December 2007 sampling events. The
geochemical modeling analysis of these data must focus on understanding the reasons for the
increases in concenirations of dissolved iron and sulfate during the December 2007 sampling event.
The geochemical modeling analysis must investigate the possibility that iron sulfides are oxidized by
DO and other potential oxidants under natural groundwater conditions, and identify the lmiting factors
that could restrict natural oxidation of iron sulfides. These modeling efforis wif be useful {0 develop &
rehabifitation sirategy lo minimize the potential influence of the newly-formed reactive minerals on the
guality of water samples collected from welf R-20.

LANL Response

1.

The report attributed the increases in dissolved iron concentrations mesasured from screens 1 and 2
of R-20 during the December 2007 sampling events to three potential conditions: (1) reductive
dissolution of naturally occurring iren minerals in local aquifer materials, (2) oxidation of iron suifides
that have been accumulated near the welt screens due to driliing fluid impacts, and (3) presence of
reduced groundwater In the reglonal aguifer outside the zones impactad by driling flulds. The
collection of additional samples in March 2008, accompanled by geochemical modeling, indicates that
none of the three hypotheses were correct. The additional samples were collected through a
stainless-steel pipe and filtered through three different filter sizes. These resulls indicated an absence
of colloidal iron and iron concentrations that are representative of the regional aquifer. The resulis
were corroborated by geochemical modeling. The analytical results are discussed in section 4.1, and
the modeling is discussed in section 4.2 of the revised repori. These results indicate that the mild-
steel pipe used to collect samples in November and December 2007 was responsible for the high iron
concentrations in those samples. Henceforth, well rehabilitation activities will use a stainiess-stesl
discharge pipe in place of a mild-steel pipe whenever possible.
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NMED Comment

2. Rehabilitation of R-20 by Using an Oxygen Reiease Compound

As discussed in Comment 1, iron sulfides are likely present in the vicinity of Screens tand 2 of R-20.
The newly formed minarals are reactive with cerlain potential contaminants of concern, and therefore
may fead to contaminant concentrations measured in water samples that are lower than those
present in the formation water. It appears that the mechanical development procedurss thal have
been used for rehabilitating R-20 may not be as effective as necessary fo remove these resclive
minerals, The geochemical data suggest thaf natural oxidation may be a promising method for
resioring the formation mineralogy or deactivating the newly formed minerais. Natural oxidation,
however, may be too siow fo rehablfitate R-20 to limely mee! the groundwater moniioring
requirements af Technical Area (TA) 54,

The addition of oxygen to groundwaler is an economical process o enhance clean up fof}
groundwater contarmnination and restore groundwater fo aercbic conditions. A variety of oxygen
release compounds that are able to steadily refease oxygen lo groundwater are available
commaerciglly. In terms of R-20, the increased dissoived iron concentrations appear {o fimit the ability
of Screens 1 and 2 o provide reliable dsta for moniforing certain contaminants of concern {such a8
volatile organic compounds) identified at TA-54. To expedife restoration of the geologic formation or
deactivation of the newly formed minerals In the vicinity of the well screens, the Permitiees must
develop a method for use of oxvgen release compounds {such as hydrogen peroxide) as &n
enhanced rehahbilitation technique. An increase in DO concentrations in groundwater surrounding the
well screens will enhance the processes for oxidation of not anly iron sulfides, but also any residual
organic drifling fulds. The Permitees must propose and implement a technigue to further rehabififate
both Screens 1 and 2 of R-20 to minimize potential influence of the reactive minerals on the quality of

wafer samples.

LANL Response

2.

in a lefter to NMED (LANL 2008, 101640), the Laboratory stated that the use of hydrogen peroxide to
achieve oxidation in well R-20 would be feasible if the procedure were carefully designed and
executed. The Laboratory also proposed collection of additional samples and performance of
geochemical medeling before deciding to use chemicals in the well, At a meeting held on

April 15, 2008, the Laboratory showed analytical results of samples collected in March 2008 that were
collected through a siainless-steel pipe and filtered through three different filter sizes. These resulls
indicated an absence of colloidal ron and showed iron concenirations that are representative of the
regional aguifer. The results were corroborated by geochemical modeling. The analytical resulis are
discussad in saction 4.1, and the modeling Is discussed in section 4.2 of the revised repori. Based on
these results, NMED, Laboratory, and the U.8. Depariment of Energy mutually decided that it was
unnecessary o apply chemical rehabilitation methods at the well,

NMED Comment

3.

instailation of Sampling System

Following completion of rehahilitating Screens 1 and 2 of R-20 using an oxygen release compound,
ihe Permittess must install the proposed sampling system and coflect water samples fo evaluate
performance of the rehabliitation.
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LANL Response

3. The permanent Baski-fabricated dual-pump sampling system was insialled between May 20 and
May 22, 2008. lis installation is described in section 2.6 of the revised report.
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