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Dear Mr. Duran, 

The New Mexico Environment Department (NMED) received the United States Department of Energy's (DOE) 

Semiannual Progress Report on Chromium Plume Control Interim Measure Performance, January through June 

2021 (Report) on September 30, 2021. The Report is dated September 2021 and referenced as EM2021-0520. 

The Report is the latest of six semiannual reports that are intended to provide NMED with the status and 

progress of DOE's Chromium Interim Measures and Characterization Campaign that is part of the 2016 

Compliance Order on Consent to reduce and prevent migration of the chromium plume in the regional aquifer. 

The Report was listed as a Milestone in the Appendix B Milestones and Targets for fiscal year 2021. However, 

this Milestone was never finalized because the fiscal year 2021 Appendix B Milestones and Targets were in 

dispute resolution between NMED and DOE that was not resolved. 

Technical review of the Report showed that the Report content was not modified to address NMED's comments 

that resulted from the technical reviews of the previous two semiannual reports. NMED's comments were 

summarized in two Notices of Disapproval (NOD), which are included in the Enclosure. 

In recent meetings with DOE, NMED expressed the urgency for a new interim measures workplan to reduce and 

control migration of the chromium plume. The new workplan will be based on information obtained over the 

past three years of monitoring the performance and effectiveness of DO E's interim measures and will 

adequately address NMED's technical comments. Of specific concern is the need for adequate delineation of 

chromium at depth, emphasizing extraction over injection to accomplish mass removal and plume control, 

addressing the unfavorable responses identified by NMED, improving performance metrics including 

groundwater modeling and improving the effectiveness of the interim measures to move toward the co rrective 
measures evaluation. 
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The pending workplan has been established by NMED and DOE as fiscal year 2022 Milestone #2 with a submittal 

date of September 30, 2022. DOE must integrate NMED's comments in formulating the new workplan. 

Shou ld you have any questions regarding this correspondence, please contact Christopher Kram bis (505) 231-

5423. 

Sincerely, 

Rick 
Shean 
Rick Shean 

Chief 

Digitally signed by 
Rick Shean 
Date: 2021.12.20 
09:53:05 -07'00' 

Hazardous Waste Bureau 

cc with Enclosure: 

N. Dhawan, NMED HWB 

C. Krambis, NMED HWB 

M. Petersen, NMED HWB 

C. Catechis, NMED 

P. Longmire, NMED GWQB 

S. Yanicak, NMED-DOE-0B 

K. Boyko, NMED-DOE-OB 

L. King, US EPA Region 6 

R. Martinez, San Ildefonso Pueblo, NM 

D. Chavarria, Santa Clara Pueblo, NM 

L. Bishop, EM-LA 

C. Rodriguez, EM-LA 

C. Maupin, N3B 

E. Day, N3B 

W . Alexander, N3B 

P. Maestas, N3B 

emla.docs@em.doe.gov 

RegDocs@EM-LA.DOE.GOV 

File: 2021 LANL, Progress Report on Chromium Plume Control Interim Measure Performance, January through 

June 2021 

HWB LANL-21-056 

2 



July 9, 2021 

Arturo Duran 

Designated Agency Manager 

Environmental Management 

U.S. Department of Energy 

Los Alamos Field Office 

1200 Trinity Drive, Suite 400 

Los Alamos, New Mexico 87544 

Re: Notice of Disapproval 

MICHELLE LUJAN GRISHAM 

GOVERNOR 

Semiannual Progress Report on Chromium Plume Control Interim Measure Performance 

January through June 2020 

Los Alamos National Laboratory 

EPA IDl#NM0890010515 

HWB-LANL-20-080 

Dear Arturo Duran, 

JAMES C. KENNEY 

CABINET SECRETARY 

The New Mexico Environment Department (NMED) received the United States Department of Energy's (DOE) 

Semiannual Progress Report on Chromium Plume Control Interim Measure Performance, January through June 

2020 (Report) dated September 2020 and referenced by EM2020-0392 on September 29, 2020, in fulfilment of 

Milestone #12 of Fiscal Year 2020. The Report constitutes one submittal in a series of semiannual reports that 

are subject to reporting and interim measures (IM) operational requirements. These requirements are provided 

in regulatory documents including the applicable IM work plans, NMED approvals, and Section XXIII of the 2016 

Compliance Order on Consent (CO). NMED reviewed the Report and issued comments on December 31, 2020 

(Comments) that required a revision of the Report be submitted by February 26, 2021, to adequately address 

NMED concerns. DOE provided responses to the Comments on February 26, 2021 (Responses) without the 

required revision. NMED's review of the Responses found them to be technically deficient, not responsive of 

NMED's concerns and disregarding NMED's direction to submit a revised report. DOE also submitted the 

Responses with the subsequent semiannual report for 2020, which does not comply with the document review 
protocol established by the CO. 

The CO requires DOE to involve NMED in the chromium technical team and pre-submittal meetings to discuss 

the report content before each submittal and for NMED to provide input to direct the IM operations. In 2020, no 
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such meetings were held with NMED prior to submitting the Report. Over time, DOE's lack of engagement with 
NMED has resulted in substantial disparity between the two parties on how best to manage the iM, which has 
resulted In the original IM objectives not being met and a situation where the subsequent reports are 
propagating unresolved Issues from previous submlttals. As a result, this Notice of Disapproval (NOD) is hereby 
Issued In accordance with the CO because the Comments remain unresolved, and DOE's Responses are 

Inadequate. 

The enclosure Includes NMED's follow-up comments to the original Comments that remain unresolved due to 
DO E's Inadequate Responses. The original Comments with DO E's Responses are Included as Attachment l of the 
enclosure. Additional attachments that Illustrate NMED's positions are also Included in the enclosure. 

DOE must satisfactorily resolve all the December 31, 2020, Informal comments and the disapproval comments 
provided herein before any subsequent semiannual reports on the IM are submitted, and must not add to, 
delete from, or Introduce other modifications to the revision that do not pertain to these comments. If DOE 
notes other issues In the Report that may need modification, DOE must contact N MED to discuss the matter 
before making any modifications to the revision. In accordance with the origlrial Comments, DOE must submit a 
revision of the Report within 60 days of the date of this letter. 

Should you have any questions regarding this correspondence, please contact Christopher l<rambis (505) 231-

5423. 

Sincerely, 

. d , Digitally signed by Ricardo 
R1car o Maestas -~a_estas . 

· Date: 2021.07.09 08:41 :28-06'00' 

Ricardo Maestas 
Acting Chief 
Hazardous Waste Bureau 

Cc with Enclosure: 

N. Ohawan, NMED HWB 
C, Krambls, NMED HWB 
M. Petersen, NMED HWB 
R. Greiner, NMED 
c. Catechis, NMED-DOE-0B 
M. Hunter, NMED GWQB 
P. Longmire, NMED GWQB 
S. Yanlcak, NMED-OOE-0B 
L. King, US EPA Region 6 
R. Martinez, San Ildefonso Pueblo, NM 
D, Chavarria, Santa Clara Pueblo, NM 
C. Rodriguez, EM-LA 
H. Shen, EM·LA 
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D. Katzman, N3B 
J. Murdock, N3B 
S. Veenis, N3B 
E. Day, N3B 
C. Maupin, N3B 
P. Maestas, N3B 
W. Alexander, N3B 
emla.docs@em.doe.gov 

FIie: LANL 2021 and Reading, Notice of Disapproval for the Semiannual Progress Report on Chromium 
Plume Control Interim Measure Performance, January through June 2020. 
HWB-LANL-20-080 
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ENCLOSURE 
NMED DISAPPROVAL COMMENTS ON THE SEMIANNUAL PROGRESS REPORT ON CHROMIUM PLUME 

CONTROL INTERIM MEASURE PERFORMANCE, JANUARY THROUGH JUNE 2020, SEPTEMBER 2021 
LOS ALAMOS NATIONAL LABORATORY, EPA ID #NM0890010515 

LANl-2O·08O 

General Comment No, 1 
One of the original objectives of the chromium plume control interim measures (IM) is to capture and remove 
the hexavalent chromium mass from the regional aquifer1

• Subsequent IM work plans stressed achieving and 
maintaining the 50-ppb downgradlent chromium plume edge within the laboratory boundary over a period of 
approximately three years1. Since 2016, DOE's IM has removed approximately 300 pounds of chromium from 
the regional aquifer. As of April 2021, this three-year period elapsed and adjustments to the system 
performance are now necessary to refocus the IM to Its original goal of mass removal via groundwater 
extraction to build toward the final remedy. 

In their Response, DOE makes the case that injection does little to form and maintain hydraulic control along the 
laboratory's southern boundary because no dlscernable mound developed over the three-year period, and that 
cones of depression may develop around extraction wells. This apparent uncertainty indicates a lack of insight 
regarding the IM performance. To evaluate the IM performance, NMED mapped synoptic water level data from 
the January through June 2020 monitoring period by triangulation of the three-point problem across all 
monitoring wells -a standard contouring method ln geology and hydrogeology. (NMED's maps and the three­
point problem triangulation technique can be shared with DOE In technical team meetings.) The results show 
the Ineffectiveness of injection to reverse the hydraulic gradient and the effectiveness of the IM extraction 
operation to form an effective cone of depression. The ability to detect this has been previously hampered by 
OOE's mapping technique of the regional aquifer water table surface at the chromium site. (See NMED's original 
and follow-up specific comment 4 in Attachment 1 and below, respectively). 

DOE cites the tracer test results from CrlN-4 to be proof that Injection aided by extraction Is the cause of the 
reversal of the natural hydraulic gradient. The tracer detection at CrEX-1 is evidence that extraction, not 
Injection, is the more effective remediation mechanism because it is physically impossible to reverse the natural 
hydraulic gradle~t ~ia injection ~ithout -a discernable mou nl It is more-plausible -that a-n lnjectioo-domlnated 
operation would have simply diluted the tracer mass to below detection in all directions from the injection 
source, speclflcally downgradient away from CrEX-1 and R-50. This would result In a non-detectable 
concentration at CrEX-1. Considering that wells are more efficient in extraction than injection and that the 
Injection operation resulted In no discernable mounding, NMED concludes that it is the extraction operation that 
Is the more plausible cause of the reversal of the hydraulic gradient and the tracer detection at R-50 and CrEX-1. 
Consequently, there is a need to adjust the plume control lM to focus on chromium mass removal as stated in 
the 2013 work plan1 and related doc:uments3A 5; 

DOE must hold technical team meetings with NMED to discuss and Implement the needed changes to the IM 
system to achieve all objectives formulated since 2013. As part of the readjustment to the IM system, NMED 

1 LANL, Aprll 30, 2013, IM Work Plan for the EValuatlon of Chromium Mass Removal. 35819 
z LANL, April 2018, Chromium Plume Control lM Performance Monitoring Work Plan (L.A.UR-18-23082). 38423. 
' NMED, January 2s, 2.013, Response letter to the Proposal to Submit IM work Plan for Chromium Contamination In Groundwater {HWB-LANL-12-022), 

35714, 
~ LANL, September 27, 2013, Response to the Approval with Modlflcatlon for tile IM Work !:'Ian for the Evaluation of Chromium Mass Removal-Status 
Report for Pumping Test at Well R-42. (LA-UR-13·27 4631, 36020. 

1 LANL, Mateh 31, 2014, Summary Report for the 2013 Chromh.im Groundwater Aquifer Tests at R-42, R-23, and SCl-2 (LA-UR-14-21642). 36274. 
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requires DOE to conduct the required capture zone and flooding zone analyses and numerical groundwater 
modellng6• This work must be conducted with NMED's input. Technlcal details shall be discussed in a pre· 
submittal meeting prior to the submittal of the next semi-annual IM progress report. 

General Comment No. 2 
DOE's response does not address this comment and defers a meaningful resolution to an uncommitted future 
meeting. However, NMED's comment focused on content missing from the Report, which needs resolution now, 
not In future. NMED's approval of the document cited by DOE was contingent upon DOE involving NMED in the 
pre-submittal meetings to guide the direction of the IM, on whether to incorporate modeling results In each 
semi-annual report, and whether monitoring wells are responding favorably. 6 DOE has not held pre-submittal · 
meetings with NMED concerning the content of the Report. DOE also has not addressed the fact that R-45 S2 Is 
not responding favorably to the Injection operation, which NMED identified in the Comments in Attachment 1. 

The initial chromium concentration trends at R-45 S2 suddenly surged once CrlN-3 lnjectlon began on May 23, 
2018, and then again immediately followlng CrlN-1 and CrlN-2 Injection on November 13, 2019, to a point where 
chromium now exceeds the 50 ug/L NMED groundwater standard (Attachment 2). The initial trend Indicates this 
should not have occurred untll 2035. This assertion is supported by the opposite response in chromium 
concentration at R-45 Sl. DOE's exclusion of NMED In the IM planning and reporting has resulted In the 
deterioration of IM monitoring quallty, effectiveness, and purpose since NMED approved the work plan in 
December 20197

• Of specific concern to NMED Is DO E's Inability to monitor and capture the chromium It has 
pushed down to R-45 S2 because there are no IM Infrastructure wells completed at that depth. To rectify this, 
OOE must implement NMED's modifications to the continued operation and reporting of the IM Including 
submitting numerical modeling scenario runs to evaluate extraction capture zones and injection flood zones (see 
General Comment No. 1 above). Cessation of all Injection operations should take place over a semi-annual 
monitoring period at a minimum to evaluate whether the trends recorded at R-45 reverse. 

Specific Comment No. la 
DOE's response does not adequately address NMED's comment on this Issue because no facts are provided to 
support their opinions. Contrary to NMED's observations, DOE does not consider PM-3 pumping and the year­
long continual injection at CrlN-3, CrlN-4, and CrlN~S that commenced on May 23, 2018, as possible causes of 
the corre~ponding sudden decrease and Increase in chromium concentration trends detected at R-45 S1 and R-
45 S2, respectively. There is evidence that supports there being a relationship between the documented 
changes in chromium concentration at R-45 and the commencement of CrlN-3, CrlN-4, and CrlN-5 Injections 
(Attachment 2). CrlN-3 and CrlN-4 are about 1,100 and 1,500 feet southwest of R-45, respectively, and 
chromium that is not detected by the existing monitoring well network is likely present at depth between CrlN-
3/CrlN-4 and R-45 because vertical delineation In this area has not been demonstrated by DOE. While tracers 
from these injection wells have not been detected at R-45, It is not necessary for the Injected water to reach the 
monitoring well to cause the observed change ln trends because the injection will displace groundwater 
between the two points toward the distant monitoring well and It Is highly likely that the tracer would have 
been diluted to the point of non-detection before It traveled that distance. Consequently, N MED does not 

• NMED, October 3, 2019, Approval Letter to the Semiannual Progress Report on Chromlum Plume Control lnterlm Measure Perfom,ance. 39134. 
u App/lcab/1/ty and lncorporotlan of numerical mode/tng for semiannual reporting might be appropriate to guide IM operatlanal strategies If performance 
monitoring wells are not responding favorably. Tbe use of modeling for the chromium project should be further discussed with NMED In presubmlss/on 
meetings for future semiannual progress reports." · 

7 NMEO, January 7, 2019, Approval Chromium Plume Control Interim Measure Performance Monitoring Work Plan. 3874S. 
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concur with the DOE statement: "The Increased rate of change in chromium ~oncentration In screen 2, starting in 
the 2018 timefrome, began before any contfnuous IM operational activities fn the area ... ". 

NMED also does not concur with the statements DOE provided to explaln the responses shown In Attachment 2. 
The site data in the form of measured water levels, vertical gradients, and an absence of overlying perched 
groundwater, indicate Infiltration is not present In this area as "recent post~Cr Infiltration" toward R-45 S2. As a 
result, NMED does not agree that the decreasing chromium at R-45 S1 is due to"young water with very low 
chromium concentrations fnflltrat/ng in that area", but Instead to the IM Injection operations. DOE must perform 
capture zone and flood zone analyses and conduct groundwater modeling to provide insight to the R-45 
chromium concentration trends and NMED will consider whether to allow the Injection strategy at CrlN-1, CrlN-
2, and CrlN-3 to continue. Technical details must be discussed in a technical team meeting prior to the submittal 

of the next semi-annual IM progress report. 

Specific Comment No. lb 
NMEO does not find DOE's response to this comment acceptable because DOE deflects the request to reference 
past submittals, a future publication and meetings and does not consider the fact that the work plan requires 
aquifer properties and migration rates from tracer tests be provided in the IM performance reports. Each 
submittal Is an update on the performance of the chromium plume IM and thllt the tracer detections DOE 
discussed In the Report are recent and ongoing. Additionally, the required aquifer properties are not presented 
in the previous report, when two tracers were documented to have been first:detected. DOE acknowledged in 
Its response that tracer responses provided information on " ..• how fast Injected water has migrated through the 
regional aquifer ... 0 and " ... hove been used to estimate effective porosity In thireglonaf aquifer ... 0 • The 
information is required by the work plan for inclusion in the semiannual repo~s2 Including the Report. 

NMED does not concur with DOE's statement that tracer responses do not provide Information that can be used 
to directly quantify aquifer properties or to calculate groundwater flow velocity, DOE's reference to natural flow 
Is moot because the purpose of the Report Is to evaluate the performance of the plume control lM not natural 
flow patterns. As-such, DOE niust provide the aquifer-parameters for each trace-r detection in the revision as 
required by the work plan. NMED also does not concur with DOE that aquifer parameters like hydraulic 
conductivity are best inferred from aquifer tests. Hydraulic conductivity Is not directly derived from aquifer tests 
but Is Indirectly calculated from transmlssivlty that ls directly derived from aquifer tests. Additionally, OOE 
tvplcally performs single-well pumping tests, not well Interference aquifer tests that test the formation 
hydraulics between wells, Single well pumping tests do not provide meanlngfu;I storativity values as DOE claimed 
in the Response, and hydraulic conductivity is an estimate for conditions around the well only. In this case, the 
cited tracer test results would provide better aquifer information than the single-well pumping tests. 
Consequently, DOE must calculate hydraulic conductivity from each tracer test for inclusion In the revision and 
provide a comparison to all the proximal pumping tests as requested in the original Comments (Attachment 1). 

DOE contradicts itself in the final paragraph of its response "The paper also summarizes effective/flowing 
porosity estimates and flow distribution estimates (I.e., cumulative fractions off/ow occurring In cumulative 
fractions of total porosity} that have been derived from the tracer and geochemical signature responses to date. 
DOE must provide the manuscript of that paper and discuss the findings In a future technical team meeting." The 
inclusion ofthis Information In the report revision is required1• DOE must adequately address NMED's request to 
characterize aquifer properties (e.g., effective porosity, hydraulic conductivity) 'and provide the travel time, 
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groundwater flow velocity and radius of Influence between Injection wells and performance monitoring wells for 
each tracer detection. These data will be used to refine the chromium grouhdwater model and the capture zone 
and flood zone analyses to evaluate the actual effects DOE's IM injection operations are having on the 
groundwater hydraulics of the regional aquifer (see General Comments Nos. 1 and 2 above). 

Specific Comment No. 2a 
NMED does not accept OOE's response to this comment because the comment does not pertain to the 
upcoming semiannual report, but to the semiannual report In review. NMED requires a revision to the Report 
with the narrative that DOE claimed in Its response will address NMED's comment concerning verification that 
" ... Injection water had been pushed sufficiently upgradient of each injection well during IM operations conducted 
before the EMCA pause. Furthermore, by the end of the pause, upgradlent groundwater with higher 
concentrations of chromium had not migrated back into portions of the plume where the Injection wells are 
located." The numerical groundwater model is to be updated In accordance with the October 3, 2019, approval 
letter6 with the recent tracer detection results to provide a more suitable tool to assess DOE's claim. As stated In 
the original comment, If DOE cannot support this statement, it must be removed from the Report In the revision. 

Specific Comment No, 2b 
NMED does not accept DOE's response to this comment because the "conceptualizatlon" of the fate and 
transport of chromium from Injection to extraction wells Is based on conjecture whereas the required updated 
modeling conducted in accordance with the October 3, 2019, approval letter6 would provide a more tenable 
response. DOE'S conceptualization provides Insights to complexities, such as the effects dispersion and layering, 
have on an advancing front that a model would be best suited to explain. Additionally, DOE again defers the 
response to the upcoming semiannual report ev.en though NMED's comment pertains to the semiannual report 
In review. 

DOE's conceptualization that It is reasonable to expect the chromium mass from R-50 S1 and CrlN-4 will be 
captured by CrEX-1 ls unsupported because the tracer In CrlN-4 was first detected In CrEX-1 In late 2018 as 
shown by Figure 3.2-29 of the Report, yet the chromium mass recovered did not correspondingly increase but 
decreased over the same tlmeframe as shown_ In Figure 3.2-20 of the Report. It is more reasonable that the two­
dimenslonal movement of the tracer and chromium from CrlN-4 to CrEX-1 would arrive at similar times In slmlfar 
mass (flux} with respect to the initial mass. Additionally, If dilution were a factor In explalnlng the lack of 
chromium response at CrEX-1, the tracer would also have been equally diluted. However, the arrival of the 
tracer at CrEX-1 exhibited a classic breakthrough curve, not a decreasing trend as with the chromium. In the 
revision, DOE must provide a quantitative evaluation of the mass injected to the mass recovered for both the 
original tracer and chromium at CrlN-4 to CrEX-1 using the updated numerical groundwater model or remove 
the "conceptualizatlon" from the revised Report. 

It Is plausible that Injection Is interfering with abllity to accurately measure recovered chromium via dilution. 
Table 2.1·3 of the Report Indicates that DOE bases the chromium mass recovery on averages from field 
screening using HACH colorlmetrlc field test method. This method only has a resolution of :!:10 ug/L and Is not 
suitable for an accurate mass recovery estimate. DOE should be collecting and submitting samples for laboratory 
analysis to determlne the chromium mass removal. DOE must use laboratory analytical data and more frequent 
measurements to make the recovery estimates more accurate through Integration over time and not averages. 
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NMED does not concur with DOE's statement "that the decreasing Cr concentration trends in the extraction 
wells also reflect a removal of Cr at a faster rate than it is being replenished by upgradient sources". the Report 
indicates only 296.6 pounds of chromium mass have been removed from 169,991,100 gallons of groundwater 
extracted since the fourth quarter of 2016. The plots in Attachment 3 positively show that the chromium mass 
recovery rate is directly proportional to the volume extracted, that the recovery rate has not increased but is 
quite linear, and that the source has had nothing to do with the reported recovery rates. It Is more likely that 
over time, the extraction wells are pulling clean water from storage outside the plume and from the IM injection 
operations as the radius of Influence increases. This would dilute the chromium concentration at the point of 
recovery. A revised model run should have been used to verify this statement before its Inclusion in the Report. 
DOE must Include such a model run to demonstrate the validity of their statement that chromium mass recovery 
Is occurring at a faster rate than the upgradient source can provide or remove the statement from the revision. 
It should be noted that chromium concentration increases with depth at CrE)<4 and R-70 and the recovery wells 
do not fully penetrate the chromium plume. Additionally, with the effective removal of the two monitoring wells 
that formerly monitored the highest chromium concentrations presumably near the source(s) from the 
groundwater monitoring plan, the source areas are no longer being monitored. 

Specific Comment No. 3 
DOE incorrectly states In their response that no specific graphical presentation format was discussed with 
NMED. In fact, NMED provided DOE explicit written directions In what was required in the approval letter8 and 
again verbally during the subsequent May 21, 2020, meeting. Proper hydrographs prepared as NMED orlglnally 
directed and as discussed over the phone on February 9, 2021, and In a follow-up email on February 25, 2021, 
must be included In the revision, not only in the subsequent reports. DOE must comply with these requirements 
and Include the proper hydrographs in the revision. 

Specific Comment No. 4a 
The three-point problem Is the standard contouring method In geology and hv,drogeology. In the response, DOE 
did not address the Issue of the 5830-foot closed contour line between CrEX-4 and CrEX-1 in Figure 3.3-1 of the 
Reporf as requested in-tfie Comments (Attachment 1). ·oata-do ·not support this-Interpretation because an- -
adjacent wells have water table ·elevations higher than 5830 feet. Conversely, contour lines must be present 
when data supports such a need such as DOE's omission of a 5830-foot contour line between R-13 and R•44 S1. 
This Is another mapping error that needs to be corrected In the revision. Contour lines generated by automated 
geostatistical software must have values that lie within the upper and lower data limits to constrain the 
interpolation otherwise errant i:-esults can occur because the software methoq's Inability to deal with data gaps 

and anomalies. 

The methodology used by DOE to construct the water table contour map In the Report Is not appropriate as 
Indicated by the facts provided In the preceding paragraph and the contrast in results obtained by NMED using 
the three-point problem. The three-point problem satisfies the method requirement for mapping the water 
table surface of the regional aqulfer9 whereas krlging does not necessarily align with industry standards, nor 
does it provide any more consistency over time than other methods of interpolation. While krlglng honors the 
data at the measurement locations, It assumes a normal distribution of the data and no trend to the data, and 

8 NMEO, May 6, 2020, Approval with Modification Semiannual Progress Report on Chromium Plume ControUnterlm Measure Performance, July Through. 
December 2019. 

'NMeo, Ausust 31, 2016, Ground Water Discharge Permit, Los Alamos National Laboratory Underground Injection Control Wells Discharge Permlt-1835, 
37680. 
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an autocorrelatlon of the data. Consequently, krlglng Is prone to misrepresent the groundwater flow system If 
not properly constrained to the data limits and If the assumptions are not satisfied. Kriging is also highly prone 
to Interpolation artifacts that cause excessive smoothing of the surface, abrupt changes in the interpolated 
surface, and overemphasis of Isolated observations. The occurrence of the 5830-foot contour line in Figure 3.3-1 
of the Report Is an example of this problem. Because kriging assumes no trend by default, It Is not programmed 
to contour groundwater elevations, which obviously have a trend i.e., the groundwater flow direction. Hence, 
krlglng and other computer-generated geostatlstlcal Interpolation methods must be used with caution and only 
by a highly experienced hydrogeologist. If DOE desires to use krlging to model the water table surface, DOE must 
provide the following in the revision: 

• Grlddlng resolution (delta >< and delta y) to Interpolate and to contour the data 
• Spatial autocorrelatlon 
• Varlogram and its nugget effect, range, and sill 
• Drift 
• Interpolation error 

In the revision, DOE must demonstrate how the above kriglng criteria Is suitable to model the water table 
surface configuration for each map presented In the Report. The maps provided In the Report do not represent 
accurately the IM impacts on the regional aquifer water table. As a result, an accurate assessment of IM 
effectiveness is not possible. 

In addition, use of monthly averages Instead of actual synoptic data is not consistent with the Industry 
standard 1°, does not comply with permit requlrements9, and does not provide better understanding of the long­
term changes In the water table caused by IM activities because averages incorporate water table fluctuations 
due to other phenomena such as barometric influences and pumping that skew contouring results. Use of 
synoptic data from continuously recording pressure transducers eliminate such Interferences specifically when 
strategic tlmeframes such as early morning weekends and holidays are selected. NMED does not concur with 
DOE's claim that the low hydraulic gradient requires the use of averages. This statement did not consider 
NMED's comment that a series of tenable water table maps using manual triangulation I.e., the three-point 
problem and synoptic water table elevation data were prepared by NMED (see General Comment No. 2), which 
demonstrates that use of monthly averages to map the flat water table are not necessary. 

The mapping requirements Include only 14 wells9
• Thls excludes R-28, R-48, R-70, R-35b and R-15. Data from 

these wells and SIMR-2, one of the 14 wells required by the DP but is typically omitted by DOE from the water 
table maps, are as instrumental in understanding long-term changes to the water table from IM activities. These 
data must be incorporated Into the mapping for the revision and all future submissions, 

Two quarterly water table contour maps are required In each semiannual report as required by the approved 
work plan: "The maps presented In the semiannual reports will be the same as those presented in quarterly 
reports provided under discharge permit {DP)-1835N'l. DOE incorrectly stated In their response that "The 
language In the Performance Monitoring Work Plan Is intended to state that the single water-tabfe map that will 
be included in each semiannual performance monitoring report will be the map from the most recent DP-1835 
quarterly report." The work plan Is clear that multiple maps that correspond to the quarterly maps are to be 

10 ASTM-06000-15 Standard Gulde for Presentatl011 of Water-Level Information from Groundwater Sites. 
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Mr. Arturo Duran 
July 9, 2021 

presented in each semiannual report. DOE must include, at a minimum, the two most recent quarterly water 
table maps of the regional aquifer in the revision. 

Specific Comment No. 4b 
NMED does not concur with DOE's statement that "subtle depressions in the water table can also be caused by 
local areas of present-day recharge from the vadose zone resulting in the appearance of water-table "mounding" 
and an adjacent depression". NMED contoured the same data for the May 1, _2018, baseline water table map, 
which Is synoptic, but using the three-point problem method and did not come up with the depression. OOE's 
position that a subtle, but measurable, depression occurs in the water table around a mound is unlikely. Other 
factors that also do not support DOE's conceptuallzatlon of local areas of recharge from the vadose as the 
source for mounding In the regional aquifer water table include: 

• No drilling records corroborate the presence of a perched aquifer or other vadose zone water Is present 
In the area to provide this recharge, 

• No presence of significant vertical downward hydraullc gradients In the regional aquifer that would 
result from recharge and the resulting mounding hypothesized by DOE to occur along the water table, 

and 
• No mounding is obseived from sustained engineered IM injection op~rations along the regional aquifer 

water table, or at least not at detectable magnitudes by the existing monitoring well network. 

It ls not plausible that natural recharge In a desert environment such as Los Al.amos that must Infiltrate through 
more than 900 feet of vadose zone could provide more flux to the water table than the injection operations of 
the IM. It is more plausible that there Is an Irregularity In DOE's wellhead reference survey data and/or that DOE 
mis-contoured the water table because of Its Incorrect use of monthly water level averages, errant and 
anomalous data, and by employing an automated geostatlstical contouring m~thod. DOE must select a more 
representative timeframe for the baseline water table map and recontour the map for Inclusion Into the revision 
using the three-point problem. The mapping must be undertaken with NMED Involvement and approval before 

_ the figure wlll_be acc~RtE!dJoi:ioclu~lo_n in the revision, _ _ _ _ _ _ _ _ 

Specific Comment No, S 
NMED does not accept DOE's response to this comment because DOE appears to avoid the need to revise the 
Report by deferring that "going forward" future reports will address this Issue. DOE must revise the Report, 
regardless of future submlttals to address NMED's concern. This requirement Is especially significant considering 
that the monitoring period covered by the Report ls Inclusive of the effects the COVID shutdown may have had 
on the vertical gradients at the chromium plume that would be of Interest to any serious hydrogeologlcal 
analysis. Steps to resolution for this comment were discussed during the February 9, 2021, telephone 
correspondence between NMED and N3B. DOE must use the agreed upon approach In the revision of the Report 

as well as in all forthcoming semiannual reports, 

Specific Comment No. 6 
NMED's comment did not pertain to CrEX-5, CrlN-1, and CrlN-2 operations, but those along the laboratory's 
southern boundary at R-50. Based on the various work plans1

•
2
, DOE must maintain the operations at CrEX-1 as 

an extraction well and CrlN-5 and possibly CrlN-4 (If it can be shown It is not a cause of the Increasing chromium 
at R-45 S2 through modeling) as Injection wells to continue the hydraulic control along the laboratory's 
boundary until a final remedy is implemented. 
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Specific Comment No. 7 
NMED requires a system-wide evaluation using capture zone and flood zone analyses and updated model 
slmulatlons to provide insight to the IM performance. At a minimum, NMED believes the IM Injection operations 
at CrlN-1, CrlN-2 and Cr1N·3 are the cause of the unfavorable response at R-45 S2 (see Specific Comment No. 
la). 
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ATTACHMENT 1 

ORIGINAL NMED COMMENTS WITH DOE RESPONSE$ 



U.S. Department of Energy Response to the New Mexico Environ,rient Department Hazardous 
Waste Bureau Draft Comments, on the Semiannual Progress Report on Chromium Plume Control 

Interim Measure Perfonnance, January through June 2020, Dated December 31, 2020 

INTRODUCTION 

To facilitate review of this response, the New Mexico Environment Department's (NMED's) comments are 
Included verbatim. The U.S. Department of Energy (DOE) Environmental Management Los Alamos Field 
Office responses follow each NMED comment. 

GENERAL COMMENTS 

NMED Comment 

1. The April 2018 Chromium Plume Control Interim Measure Performance Monitoring Work Plan 
(Work Plan) states that a secondary objective of the Interim Measures (IM) "is to hydraulically control 
plume migration in the eastern downgradient portion of the plume" and that the "objective of the 
performance monitoring and associated rapo,tlng is to collect, evaluate, and r6port on the 
performance of the IM ... to guide adjustments in the distribution and rates of extraction and 
injection". Unlike the IM extraction operation conducted at CrEX-1 and CrEX-2 that has demonstrated 
the rapid development of a sustained cone of depression that may serve to control plume migratfon, 
activating Cr/N-4 and CrlN-5 since 2017 has not resulted in similar evidence for the potential for 
hydraulic control via Injection, specifically by creating a hydraulic mound along the Los Alamos 
National Laboratory (LANL) - San Ildefonso Pueblo (SIP) boundary. The fact that the IM is not 
fuffifling all objectives of the Work Plan, the Department of Energy (DOE) must adjust the distribution 
and rates of extraction and injection in the IM system to achieve the secondary objective of the 
Work Plan. 

DOE Response 

1. The interim measure (IM) objective is being met through the combination of groundwater extraction 
and injection of treated water. The combination of extraction and injection does not rely on 
development of a groundwater mound at the injection wells to achieve hydraulic control. Singular or 
integrated cones of depression that may develop around extraction wells are beneficial and likely 
result in capture of upgradient chromium flux as well as modification of the flow field downgradlent of 
the well. Injection into the aquifer vla the injection wells drives groundwater flux in a generally radial 
manner and modifies the groundwater flow direction with or without discernable mounding. In areas 
with high hydraulic conductivity like within the chromium plume, a large dlscernable mound may not 
form, but even a mound of modest height that may not be detected with the existing monitoring 
network can be effective in reversing the gradient, especially when aided by nearby extraction. The 
presence In R-50 S1 and CrEX-1 of the tracer Sodium-1,5 naphthalenedisulfonate deployed into 
CrJN-4 is a direct indication of that process, and definltively demonstrates the reversal of the gradient 
in that area. 

Whereas the system allows for some flexibility to adjust the distribution and rates of extraction and 
injection, the perfonnance to date along the southern portion of the plume, along the boundary 
between Los Alamos National Laboratory (LANL or the Laboratory) and the Pueblo de San Ildefonso, 
indicates that there is no need to make any adjustments at this time. IM performance along the 
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eastern portion of the plume will continue to be monitored and operational adjustments will be made if 
necessary. 

NMED Comment 

2. Following review of the first IM progress report submitted in 2018, on March 28, 2019 NMED sent the 
letter tltfed, "Approval, Annual Progress Report on Chromium Plume Control Interim Measure 
Performance" (2019 Letter}. General Comments Nos. 1 and 3 attached to the 2019 Letter directed 
DOE to petform capture zone and flooding zone analyses for the IM operations and present the 
results in map format In future IM performance reports. The Semiannual Progress Report on 
Chromium Plume Control Interim Measure Performance, January through June 2020 (Report) did not 
include this information. Submit a revised report that Includes the capture zone and flood zone 
analyses as directed by the 2019 Letter. 

DOE Response 

2. DOE's responses pertaining to capture zone and flood zone analyses are captured in a letter from 
NMED to DOE dated October 3, 2019 and titled· Semiannual Progress Report on Chromium Plume 
Control Interim Measure Performance. The responses noted that "IM data is being Incorporated Into 
ongoing work for the chromium project and provides very valuable Input for assessing plum~scale 
hydrology related to pumping and injection, especially as it informs evaluation of remedial design. 
Applicability and Incorporation of numerical modeling for semiannual reporting might be appropriate to 
guide IM operational strategies if performance monitoring wells are not responding favorably." DOE's 
response to NMED's comments was accepted In NMED's October 3, 2019, approval letter. 

DOE continues to Incorporate numerous data streams Into the numerical modeling being conducted 
for the chromium plume. Those data streams include cross-hole pressure responses from Intentional 
or opportunistic aquifer tests, intentional and opportunistic Injection-well tracer data, water-level 
Information and mapping of the evolution of the water table in response to IM operations, and 
geochemical data from performance monitoring wells. These data and the model will be instrumental 
in-development of the next-phase remediation strategy for the plume. The need and tining for 
incorporation of capture-zone analyses In future semiannual performance monitoring reports will be . 
discussed with NMED in future technical team meetings. 
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SPECIFIC COMMENTS 

NMED Comment 

1. 3.2.1 Water-Quality and Tracer Results, Page 4. 

a. DOE Statement: "IM operations along the eastern portion of the plume have only occurred for 
the brief period of November 2019 through late March 2020, as described above. However, 
during this short operational period, concentrations of chromium in R-45 S1 dropped at a greater 
rate than prior decreases following an initial increase in the chromium concentration. The more 
rapid decrease in concentrations that occurred following start of e~stem area operations also 
corresponds to arrfval of injection water as Indicated by increasing concentrations of chloride and 
sulfate in R--45 S1. R-45 S2 did not show similar responses for the same period." 

NMED Comment: The Report does not include a discussion of the notable steady Increase in the 
chromium concentration at R-45 S2 from background (<10 ug/L) to 20. 1 ug/L between 2009 and 
2016 as shown In Figure 3.2-7. From late 2018, this trend exhibits a sudden increase to the 
current 49. 9 ug/L chromium concentration that may coincide with IM injection operations. Revise 
the Report to provide a detailed narrative that discusses source, transport, and fate of these 
documented trends. The revised report must provide a tenable explanation of the source and 
cause of the sudden accelerated increase since /ate-2018. lncfud'3 in the explanation the 
possibility that the late 2018 Increase is due to the IM injection operaUons implemented in 2017 
(see Specific Comment No. 6) and/or the possibility that pumping from PM-3 is drawing the 
chromium mass downward from screen 1 to screen 2. On November 19, 2020, the chromium 
concentration at R-45 S2 was at 49.9 ug/L. ft appears that based on this trend, the chromium 
concentration at R-45 S2 will soon exceed the enforceable standard of 50 ug/L. 

b. DOE Statement: •one of the two tracers deployed in the injection wells in 2017 is now being 
detected in R-50 S1 and in CrEX-1. Sodium-1,5 naphthafenedisulfonate (Na-1,5 NDS), injected 
into CrlN-4 in May 2017, increased in concentration in R-50S1 and CrEX-1 and hit a maximum 
value In mid-2018 foflowed by a decline in fate 2018. It has remained relatively stable with a 
possible slow decline since early 2019 (Figures 3.2-25 and 3.2-29). This Indicates the IM 
operations have established a hydro/ogic connection between CrlN-4 and the R-50/Cr£X-1 area . 
... Sodium-1,3,6 naphthalenetrisulfonate (Na-1,3,6 NTS), injected Into Cr/N-3 in September 2018, 
was detected a few months later in R--44 S1 and has continued to be detected into 2020 
(Figure 3.2-27)." 

NMED Comment: The Work Plan states that "the purpose of the tracer tests is to characterize 
aquifer properties and provide the rate of migration of treated (and traced) water between 
injection wells and performance monitoring wells". The Work Plan a/so states that the tracer test 
results would be provided in the semi-annual IM performance reports. The Repo,t documents 
several tracer detections but does not discuss the results in detail. 'For each detected tracer 
including the dopporlunistic" chloride and sulfate tracers, provide a narrative in the revised report 
that characterizes the aquifer properties, the groundwater pathways, radii of influence and the 
rate of migration between injection and monitoring points. At a minimum, the aquifer properlies 
must be characterized by using the tracer travel times to quantify the average linear groundwater 
flaw velocity, hydraulic conductivity, hydraulic gradient and the effective porosity of each pathway. 
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In the namtive, provide a comparison of the tracer-derived aquifer parameters to those 
determined by the single well pumping tests conducted at these wells. 

DOE Response 

1.a DOE has been tracking and documenting the Increases In chromium concentration at R-45 
screen 2 for several years, starting before any IM operational activities began along the eastern 
portion of the plume. The Increased rate of change In chromium concentration In screen 2, 
starting In the 2018 timeframe, began before any continuous IM operational activities In the area, 
specifically extraction from CrEX-5 and Injection in CrlN-1 and CrlN-2. Possible explanations for 
the increase could be variability in chromium concentrations in the plume at any given location 
over.time, or localized downward gradients caused by local infiltration of young post-chromium­
release effluent at locations that may be different from the locations where Cr originally inflltrc;1ted 
(because of higher post-Cr surface discharge rates) are at least partially responsible for the 
observed trend in R-45 screen 2. That Is, the more recent post-Cr infiltration may be pushing 
some Cr deeper and laterally away from the infiltration points toward R-45 screen 2. Decreasing 
concentrations of chromium fn R-11 and R-45 screen 1 fn recent years support the likelihood of 
young water with very low chromium concentrations Infiltrating in that area. This scenario also 
likely explains the low chromium concentration observed in R-70 screen 1 while chloride (a key 
indicator of younger, post-chromium releases) remains proportionally elevated. 

Additional discussion regarding possible explanations for the observed Increases of chromium in 
R-45 screen 2 will be included in the next semiannual report. Monitoring of R-45 screen 2 (and all 
the other performance monitoring wells) wm continue as continuous operations of the IM take 
place along the eastern portion of the plume. Addilonally, the tracers that will be deployed into 
CrlN-1 and CrlN-2 (along with the opportunistic tracers from the ion exchange system) wiU 
provide useful Information regarding the hydraulics associated with IM operations in that area. 

1.b. lnfom,ation regarding tracer detections has been provided in prior semiannual progress reports. 
The tracer responses at monitoring wells resulting from tracer Injections into CrlN wells, as well 

· - as geochemical signatures oftreated injection water-arriving at.monitoring wells, have provided 
valuable Insights into where and how fast injected water has migrated through the regional 
aquifer along the periphery of the chromium plume. Besides providing this type of Information, the 
tracer and geochemical signature responses have been used to estimate effective porosity In the 
regional aquifer in the affected areas and to provide information on the spatial distribution of 
Injection water. 

The tracer and geochemical signature responses do not provide Information that can be used to 
directly quantify aquifer properties such as hydraulic conductivity, hydraulic gradient, or natural 
gradient flow velocity/direction. These properties are best inferred from other types of Information, 
such as analyses of single-well and cross-well pumping test data for hydrauUc conductivity, 
distributed water-level data (under non-pumping/injection conditions) for hydraulic gradient, and 
model calibrations plus borehole dilution tracer test data for natural gradient flow velocity and 
direction. It follows that the tracer and geochemical signature responses do not provide 
parameter estimates that can be compared directly with parameters determined from single-well 
pumping tests, which are limited to estimates of local aquifertransmissivlty and storativity. 

The tracer and geochemical data collected to date, have Indicated the following: 

A significant amount of water injected into CrlN-4 has distributed in the direction of CrEX-1, with 
about 10% of the 1,5-NDS tracer Injected into CrlN-4 In May 2017 having been recovered at 
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CrEX•1 to date. Furthermore, this tracer also has a well-defined breakthrough curve at R-50 
screen 1. Injected water is assumed to be spreading out from CrlN-4 in all directions, but the 
tracer arrivals at CrEX-1 and R-50 screen 1 are significant In that they demonstrate that injected 
water has moved significant distances against the natural gradient in this area of the plume when 
aided by pumping at CrEX-1. 

The geochemical signatures at R-50 screen 1 suggest that the water in R-50 screen 1 Is now 
predominantly water Injected into CrlN-4. The sulfonate tracer deployed in CrlN-5 has not 
appeared fn R-50 screen 1, CrEX-1, nor In any other monitoring location. Also, the lack of a tracer 
or geochemical signature in R-50 screen 2 shows that the injection water flow has been 
predominantly In the upper part of the aquifer where the CrlN-4, CrEX-1 and R-50 screen 1 well 
screens are located. · 

A significant amount of water injected into CrlN-3 has migrated [n the direction of R-44 screen 1 
(confirmed by detection of the unique tracer deployed in CrlN-3), with a faster arrival time than 
from CrlN-4 to R-50 screen 1, which is not surprising given that the inferred natural gradient 
should be aiding flow from CrlN-3 to R-44 screen 1 while it is opppsing flow from CrlN-4 to R-50 
screen 1. As at R-50, the lower screen al R-44 has not seen tracer or geochemical signature 
arrivals, indicating that injection water has been predominantly in the upper part of the aquifer 
where the CrlN-3 and R-44 screen 1 screens are located. The characteristic of groundwater in R-
44 screen 1 is now predominantly injected water from CrlN-3 with very tow chromium 
concentrations. 

R-45 screen 1 has seen a significant arrival of geochemical signatures associated with injection, 
with an arrival even more rapfd than observed between CrlN-3 and R-44 screen 1. It is not yet 
known whether the treated water is arriving from CrlN-1, CrlN-2, or a combination of these wells, 
as unique tracers have not yet been deployed in CrlN-1 or CrlN-2; As at R-44 and R-50, the lower 
screen at R-45 has not seen geochemlcar signatures of injected water to date. 

Additional discussion is presented by Reim us et al. in the pending Proceedings of the 2021 
Waste Management Symposium. The paper also summarizes effective/flowing porosity estimates 
and flow distribution estimates (i.e., cumulative fractions of flow occurring in cumulative fractions 
of total porosity) that have been derived from the tracer and geochemical signature responses to 
date. DOE will provide the manuscript of that paper and offers to discuss the findings In a future 
technical team meeting. 

NMED Comment 

2. Section 3.2.1 Water-Quality and Tracer Results, Page 6 

a. DOE Statement: 7his summary provides the results from sample,s collected on June 30 and 
July 1, 2020, from the five IM injection wells (i.e., Cr/N-1, -2, -3, -4; -5) prior to restart in 
July 2020. The samples were collected approximately 98 days after the IM system was shut down 
on March 25, 2020. Each of the injeclion-we/1 samples was collected after approximately 
1000 gal. of water (greater than three casing volumes) was purgeiJ from each well. Chromium 
concentrations in these samples were all reported as nondetected at a detection limit of 3 µg/L 
(Appendix A). These concentrations are consistent with those of chromium in the ion exchange 
treatment system effluent. The results Indicate that injection water.had been pushed sufficiently 
upgradient of each Injection well during IM operations conducted before the EMCA pause. 
Furthermore, by the end of the pause, upgradient groundwater with higher concentrations of 
chromium had not migrated back into portions of the plume where :the injection wells are located." 
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NMED Comment: Provide an explanation in the revised report for how IM lnjectate was pushed 
sufficiently upgradlent of each injection well (especially Cr/N-1 and Crln-2) during the short four­
month JM operational period as noted on page 4 but upgradient groundwater did not migrate back 
with the natural hydraulic gradient after the 98 day pause. In the explanation, provide: 

• Quantitative evidence that the IM Injection created enough of a reversal in the natural 
hydraulic gradient to push the injectate "sufficiently upgradlent". 

• Hydraulic groundwater flow and transport calculations that support the assertion that IM 
injection operations pushed the injectate upgradient. 

• An explanation how and why it took years for the tracers injected Into Cr/N-4 to be 
detected at R-50, which is also Influenced by CrEX-1 and -2 pumping (R-44 Js 
downgradient of CrlN-3), but injection of treated water was •pushed sufficiently 
itpgradlent of each Injection well" including Cr/N-1 and CrlN-2 within four months. 

• The fate of the chromium mass decreased by the IM Injection. 

• The total volume of lnjectate per well during IM operations compared with the 
1,000 gallons removed before sampling after the shutdown to assess the 
representativeness of the June 30 and July 1 samples of upgradient conditions. 

• Water level and groundwater quality trends in the upgradient wells. 

If, after this reanalysis, the statement cannot be suppotted quantitatively, remove the statement 
(last two sentences of paragraph) from the Report. 

b. DOE Statement: •The results indicate that injection water had been pushed sufficiently 
upgradient of each injection well during IM operations conducted before the £MCA pause. 
Furthermore, by the end of the pause, upgradlent groundwater with higher concentrations of 
chromium had not migrated back into portions of the plume where the injection wells are located." 

NMED Comment: Explain in the revised report whether the decrease in chromium 
-concentralfons-ln-R-44 S1 and R-50 S1 shown in Figures 3.2-4 and 3.2-8, respectively, and as 
discussed on page 4 of Section 3. 2. 1, is the result of the chromium mass being 1) moved from 
the area of Injection, 2) being recovered by the concurrent CrEX pumping operations, and/or 
3) the result of dilution. fn the first case, clarify in the revised report why DOE stated that the 
chromium did not migrate back to the Injection wells ff the mass wasn't initialfy pushed away from 
the points of injection. In the second case, expfain in the revised reporl why mass recovery is not 
reflected in the time series plots shown in Figures 3.2-20 through 3.2-23. In the third case, 
discuss in the revised report whether the decreasing chromium concentration Is due to dilution. In 
each discussion, the results of the September2018 Cr/N-3 Na-1,3,6 NTS and May 2017 CrJN-4 
Na-1,5 NDS tracer tests needs to be considered so there are no contradictions with tracer 
findings. 

DOE Response 

2.a. Additional discussion to address NMED's comment will be included in the next semiannual 
performance monitoring report due to NMED by March 31, 2021. The gist of DOE's statement 
regarding speculation that injection water was pushed sufficiently upgradient is simply based on 
the fact that no increases in chromium concentratlons were observed In any of the Injection wells, 
Including CrlN-1 and CrlN-2 following the 98-day shutdown. A reasonable explanation for this 
observation Is that treated water with low chromium concentrations was distributed sufficiently 
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upgradient of the injection wells such that higher concentrations Qf chromium in groundwater 
upgradient of each injection well did not drift back Into any of the Injection wells during the 
shutdown period. Some relatively simple calculations can be conducted in which it is assumed 
that flow into the injection wells Is radial over the thickness of the screened intervals (using a flow 
porosity less than total porosity to account for preferential flow in ,nore conductive layers), with a 
superimposed natural gradient flow that serves to limit the upgradlent distance that Injected water 
can travel before a stagnation point is encountered. These calculations are dependent on the 
assumed flow porosity and the natural gradient flow In the aquife~ at the specific locations. 
During the 135 days of nearly continuous injectfon Into CrlN-1 an~ CrlN-2 (from Nov. 12, 2019 to 
March 25, 2020) the average injection rate into both wells was approximately 50 gpm, and the 
total volume Injected into both wells was about 9.8M gallons (37,200 m3) each. If there were no 
natural flow, this injection volume would have been enough to displace the aquifer water within an 
approximately 72 meter radius around the wells over the 50 ft thickness of the screened lnteNals, 
assuming a flow porosity of 0.15 (i.e., assuming that 60% of the total porosity of 0.25 transmits 
significant flow). If a natural flow velocity of 0.27 m/day (consistent with the results of the 
borehole dilution tracer test in R-50 screen 1 in 2015 after assuming a flow porosity of 0.15) Is 
superimposed on the radial Injection flow, a stagnation point is predicted at about 70 m 
upgradlent of the injection well, and during the 135 days of Injection, the leading edge of the 
injection water would have moved approximately 32 m upgradlent. In the subsequent 98 days of 
IM shutdown, the natural flow would move this leading edge about 26 m back downgradient (i.e., 
98 x 0.27) toward the injection wells, leaving the untreated aquifer water about 6 m short of the 
Injection wells at the time they were sampled. Obviously, there are many uncertainties and 
unknowns associated with these simple calculations, but they seNe to show that it is reasonable 
to expect that a sufficient amount of treated water was injected Into CrlN-1 and CrlN-2 to preclude 
aquifer water from drifting back into the wells during the 98-day shutdown period prior to 
sampling. 1 

Regarding the time frame for observation of tracers and treated w~ter at R-50 screen 1 relative to 
time frames associated with pushing water upgradient at CrlN-1 ahd CrlN-2, it is Informative to 
consider that Cl concentrations in R-50 screen 1 reached half the difference between their initial 
value and the average value in treated water after about 100,000 m3 of water was Injected into 
CrlN-4 (this is a better metric than time given that the IM was not <;>perated continuously during 
the time of the R-50 screen 1 observations). The distance between CrlN-4 and R-50 screen 1 is 
about 135 m. Given that 100,000 m3 of injection resulted In a strong response 135 m upgradient, 
it is not at all unreasonable to expect that an injection of ~37,000 m3 into CrlN-1 and CrlN-2 could 
result In pushing water 32 m upgradlent from CrlN-1 and CrlN-2 (see previous paragraph). In 
fact, if radial distance is assumed to depend on square root of volume injected (as per radial 
flow), the corresponding distance moved upgradient from CrlN-1 and CrlN-2 would be over 80 m 
if the aquifer properties at CrlN-1 and CrlN-2 were similar to those between CrlN-4 and R-50. We 
recognize that water movement from CrlN-4 toward R-50 was likely aided by pumping of CrEX-1, 
but the fact that there were significant interruptions to the IM during the time of the R-50 response 
would have resulted in flow direction reversals during this time period as well (in contrast, the 
CrlN-1 and CrlN-2 injections pushing water upgradlent were nearly uninterrupted). Also, the 
relatively quick rebound in chromium concentrations observed in ~-50 screen 1 provides some 
indication that the current extent of the injection signal Is near the R-50 area, meaning that there 
is likely a stagnation point not far upgradient of R-50 screen 1. 

2.b. In the next semiannual progress report, due to NI\AED by March 31., 2021, DOE will provide 
additional discussion on the conceptual model for decreases in chromium concentrations in R-44 
screen 1 and R-50 screen 1 and for the lack of observed rebound. The discussion wm incorporate 
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all applicable data, Including the tracer data, to present a conceptual model including viable 
alternatives. 

Our conceptuallzatlon of the processes resulting in Cr concentration decreases In R-50 screen 1 
and R-44 screen 1 are as follows. The very early subtle declines In Cr concentrations (as well as 
early changes in concentrations of other constituents) may be the result of the pushing or pulling 
of waters of naturally varying concentrations near the monitoring wells, which would be expected 
to occur long before injection water itself arrives at a monitoring well. However, once significant 
trends are established, they appear to be reflecting a mixing of aquifer water with injection water 
in the monitoring wells. The trends are increasingly away from aquifer water chemistry and 
towards injection water chemistry (including both decreases In Cr concentrations and increases in 
chloride and sulfate concentrations). Such mixing Is consistent with dispersion of an advancing 
front of treated water that is displacing aquifer water, with the dispersion llkely being a 
manifestation of multlple arrivals of treated water In different hydraulically conductive layers/zones 
that intersect the monitoring wells at different times because of different hydraulic conductivities. 
Currently, the water in both R-50 screen 1 and R-44 screen 1 appears to be predominantly 
treated water {I.e., the original aquifer water is largely displaced from the wells), as the 
concentrations of chloride and sulfate are close to average concentrations in treated water, and 
Cr concentrations are much closer to levels In treated water than original aquifer levels. 

As for the fate of Cr mass in the vicinity of R-50 screen 1 and R-44 screen 1, it is reasonable to 
expect that much of the mass originally present in the vicinity of R-50 screen 1 has been 
pushed/pulled upgradient and will largely be captured by CrEX-1; In the case of R-44 screen 1, 
the Cr mass originally present near this well llkely mixed with both injected water and 
downgradient water and has drifted downgradient, resulting in gradually decreasing Cr 
concentrations (although temporary increases could occur in some locations, particularly at the 
leading edge of the Cr front). This is the expectation for any Cr mass that is ultimately not 
captured by extraction wells; i.e., it will drift downgradient where it will be dispersed into ever­
larger volumes of water and thus decrease in average concentration overtime. Importantly, one 
of the goals of the IM Is to cut off this downgradlent Cr from Its source, so there will no longer be 

· -a means of sustaining elevated Cr concentrations at downgradlent locations; and the 
concentrations should therefore steadily decrease over space and time. 

Regarding the question about why Cr mass recovery is not reflected In the concentration trends in 
the extraction wells (Figs. 3.2-20 to 3.2-23), we are assuming the concern here is that Cr 
concentrations are not increasing to reflect a recovery of downgradlent Cr that is being pushed 
upgradient by the injection wells. We do not expect that this would occur because Cr 
concentrations downgradient of the extraction wells are typically lower than upgradlent of the 
extraction wells. Thus, the recovery of downgradient Cr mass would be expected to coincide with 
decreases in Cr concentrations In extraction wells as the downgradient water is mixed with 
upgradient water of higher Cr concentrations, which is what is being observed in some of the 
extraction wells. This effect will be amplified If some of the treated water injected into injection 
wells is captured by extraction wells, as ls occurring at CrEX-1 (from CrlN-4). However, we 
believe that the decreasing Cr concentration trends in the extraction wetls also reflect a removal 
of Cr at a faster rate than it is being replenished by upgradlent sources, and this Is probably the 
dominant reason why decreasing concentration trends are being observed, particularly in 
extraction wells that are located quite far upgradient from injection wells (e.g., CrEX-2). 
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NMED Comment 

3. Section 3.2.2 Water-Level Data, page 6 

DOE Statement: •Figures 3.2-31 and 3.2-32 show water-level data for R-35a, R-35b, R-36, R-70 S1, 
and R-70 S2, along with PM-3 pumping rates. The water-level data in the pfots are shown as a 
change from an average water level In feet above mean sea level for the time period shown in the 
figures. This alfows the wells with dffferent absolute water elevation to be shown on the same plot. 
Water-level data for R-35a Is plotted separately in Figure 3. 2-32 because the displacements In R-35a 
are significantly greater than the other we/ls/screens. Alf water-level data shown in these plots were 
processed to remove erroneous data points and to apply a barometric pressure correction." 

NMED Comment: These water-level data plots (hydrographs) were requested by NMED for inclusion 
In the Report in the May 6, 2020 letter Approval with Modification Semiannual Progress Repott on 
Chromium Plume Control Interim Measure Pelformance, July Through December 2019 (2020 Letter) 
and during a May 21, 2020 meeting with DOE. NMED made this request to evaluate whether PM-3 
pump;ng effects can be detected in adjacent regional aquifer monitoring wells. DOE provided the 
change from an average water level in the Report, which is not what NMED requested. In addition to 
not satisfying NMED's May 2020 request, Figures 3.2-31 and-32 show plots that are unintelligfble. In 
the revised report, provide a series of five ( 5) new updated hydrographs, one for each well, using only 
the unprocessed water levels measured In each well (i.e. do not provk;Je any alternations to the data 
such as the change from an average) at a vertical scale of 5 feet (for R-35a use a vertical scale not to 
exceed 20 feet). In each of these five hydrographs, provide: 

• the unprocessed well water-level elevations, 

• barometric change (not direct barometer readings), 

• barometrically compensated water-level elevations, and 

• PM-3, CrEX-5 and Cr/N-1 pumping. 

Also, provide a table of the barometric data and the Los Alamos County pumping information used In 
each hydrograph and explain how the barometric compensation was performed on the well water 
levels presented in the new hydrographs1• All data requested must be.updated for the entire 
semi-annual period (January 1, 2020 throqgh June 30, 2020). These fwe hydrographs must also be 
included in all successive reports. 

1 Note: NMED successfully performed barometric compensation on 2020 R-70 water level data using the 
method outlined by Gonthier, 2007 (http:llpubs.usgs.gov/sir/2007/5111/) and was able to discern the 
previously hidden effects from CrEX-5 pumping on both screens. NMED fBC!Jmmends DOE to use this m&thod 
for barometric compensation of water levels measured in wells as discussed during the September 8, 2020 
chromium technical team meeting. 

DOE Response 

3. No specific graphical presentation format was discussed with NMED before submittal of the 
semiannual report. DOE will, however, provide updated plots In the semiannual performance 
monitoring report due to NMED by March 31, 2021. The plots will include the full period of record 
through December 31, 2020, and will be in the format that NMED has ~escribed in Specific Comment 
No. 3. Pursuant to a call held with NMED on February 9, 2021, DOE agrees that the information on 
barometric change (second bullet in the list above) will be provided as change relative to an initial 
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value for each well for the period of data reported in a given semiannual performance monitoring 
report. 

NMED Comment 

4. Section 3.3 Water-Table Map, page 1 

a. DOE Statement: •For this semiannual report, a water-tabfe map (Figure 3.3-1) depicts average 
water levels for May 2.020. For comparison, Figure 3. 3-2 shows the water table on May 1, 201 B, 
as a baseline condition with little to no influence from IM operational pumping or injection. 

NMED Comment: In the revised report, explain why a cone of depression is shown in 
Figure 3.3-1 Water table showing average water levels for May 2020 when the IM extraction wells 
had been inoperative since March 25, 2020. Additionally, explain the basis for depicting the 
closed concentric contours in Figure 3.3-1 when there are no data to support the depicted 
depression in the water table. In the revised reporl, redraft Figure 3.3-1 usfng a standard method 
of interpolation of a snapshot of the data (synoptic), which Is the industry standard in preparing 
water table maps. 

Preparing water table maps Is one of the most fundamental elements of groundwater studies. 
Using manual triangulation and synoptic data downloaded from Intel/us, NMED successfully 
mapped the water table for May 17, 2020 at 1:00 AM and June 14, 2020 at 3:00 AM and no 
discemable cone of depression was evident during the shutdown. These maps demonstrate 
Figure 3.3-1 misrepresents the regional water table surface. NMED did the same for the 
January 1, 2020 11:00 AM and March 22, 2020 at 3:00 AM data before the IM operation 
shutdown and a pronounced cone of depression was evident around CrEX-2 that extended to 
CrEX-1 and CrEX-4. lNi'th these maps, NM£D has demonstrated that standard interpolation 
methods are adequate for accurate representation of the regional aquifer water table. Based on 
Its own evaluation of the select synoptic data, NMED has concluded that DOE's contouring 
method produces unacceptably biased results. 

The Worlc Plan requires quarterly water-tables be-provided in each report: the maps were·not 
provided for both quarters In the Report. In the revised report, plot the water tables for the first 
and second quarters as required by the Worl< Plan using only synoptic data (not monthly 
average) and a common interpolation method (e.g., Kriging, triangulation . . . ). These maps should 
include data from all installations Including the CrJN and CrEX wells as directed by General 
Comment No. 1 in the 2019 Letter. Based on the revised water table maps, provide a reanalysis 
of the water table and IM effectiveness in the Section 3. 3 narrative of the revised report. 

b. DOE Statement: "A snapshot of the water table on May 1, 2018, at 3:00 p.m. was selected for 
the baseline condition because water levels had recovered from prior IM testing, which ceased on 
April 23, 2018. Although a faint depression between CrEX-1, CrEX-3, and CrEX-4 is apparent in 
the baseline water-table map (Figure 3. 3-2) at 1-ft contour resolution, this feature does not 
appear to be related to IM operation and Is caused by water-level variability on the scale of 
Inches. When evaluated at 1-ft resolution, a similar water table surface feature Is evident on a 
contour map for May 1, 2016, before most IM activities were initiated (except for CrEX-1 testing, 
which ceased on November 18, 2015). The causes of a natural faint depression in a relatively flat 
region of the water table are likely related to spatial variability In hydraulic properties of the aquifer 
or spatial and temporal variability In aquifer recharge at hydraulic windows in the surrounding 
areas." 
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NMED Comment: NMED is concerned about the potential for the ~natural faint depression" to 
influence contaminant transport, especially in the verticaf/y downward direction such as what is 
likely occurring at R-70 and R-45. NMED reviewed the baseline water table map depicted by 
Figure 3.3-2 using manual triangulation to remove bias. NMED could not duplicate the depression 
shown in Figure 3.3-2 despite the water level at CrPZ-2b being slightly depressed compared to 
surrounding wells. In the revised report: 

• Explain how a depression in the water table can be caused by anything other than 
pumping. 

• Include a series of isopach maps that show where lower:permeable units are 
discontinuous In the area of the water-table depression to support the assertion of 
hydraulic windows as the cause of the depression. 

• Recontour Figure 3. 3-2 using only the actual synoptic data (i.e. R-11 was estimated) and 
by employing only a common or standard contour Interpolation method. Use of synoptic 
data and standard contour Interpolation methods are req'µired in the construction of water 
table maps for the revised report and for all subsequent report submittaJs (See Specific 
Comment No. 4a). 

DOE Response 

4.a. Water-table mapping for the chromium project Is presented in each semlannual performance 
monitoring report and for quarterly discharge permit reports (OP-1835) provided to the NMED 
Groundwater Bureau. The purpose of the maps for both reporting requirements is to examine 
long-term structural changes In the water table caused by IM activities. 

The methodology used by DOE is robust and appropriate for the site. The method uses Krlging 
and thus is aligned with lndustry standard. Also, importantly, the inethod provides for a degree of 
automation that allows for consistency in the analysis over time. The use of monthly averages 
instead of synoptic data is appropriate for the objective, and also ensures that any given water­
table depiction is not driven by one or more anomalous values in any given well. 

The extremely low gradient in the plume area supports use of per,iodic monthly averages to 
represent long-term changes specifically associated with the IM. Various short-duration 
perturbations such as monthly groundwater monitoring for the Interim Facility-Wide Groundwater 
Monitoring Plan and daily and longer variations r n pumping rates from nearby Los Alamos County 
water-supply wells could have a local effect at one or more locations, resulting In erroneous 
water-table depictions if a more synoptic approach were to be used. 

The semiannual performance monitoring report due to NMED by March 31, 2021, will include 
additional discussion of the structure of the water table in the context of IM operations and also 
include additional discussion of the assumptions and variables that may factor into the depiction 
of the water-table structure. 

As described In DOE's response to NMED's comment on the March 2019 seminannual 
performance monitoring report, which was subsequently approved by NMED in a letter dated 
October 3, 2019, inclusion of the extraction well and injection well data should not be used 
because there is no way to extrapolate in-well transducer data to a water-level elevation in the 
aquifer around the wells. Although there are methodologies for estimating a simplified 
configuration of the water table in the aquifer surrounding an injection or extraction well, the 
inherent uncertainties In such calculations (due to aquifer heterogeneity) would be too large 
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relative to the extremely flat water-table gradient in the project area to effectively contribute to 
water-table maps. 

DOE proposes to continue working with NMED beyond the submittal of the March 31, 2021, 
semiannual performance monitoring report to optimize the approach for developing water-table 
maps to meet the overall performance monitoring objective. 

DOE acknowledges that the language in the NMED-approved April 2018 Chromium Interim 
Measure Performance Monitoring Work Plan may have more than one interpretation. The 
language in the Performance Monitoring Work Plan is Intended to state that the single water-table 
map that will be included in each semiannual performance monitoring report will be the map from 
the most recent DP-1835 quarterly report. However, DOE proposes that in future semiannual 
performance monitoring reports, the two most recent water-table maps from the two most recent 
DP-1835 quarterlies will be included. 

4.b. In addition to being potentially caused by pumping, subtle depressions in the water table can also 
be caused by local areas of present-day recharge from the vadose zone resulting in the 
appearance of water-table "mounding" and an adjacent depression. For example, although the 
water table generally dips gently from west to east across the chromium plume area, a suspected 
recharge window causing slight mounding in the water table to the east of CrPZ-2 could cause 
the appearance of a lower point to the west. Alternatively, heterogeneity in hydraulic conductivity 
could influence flow variations, leading to variable pressure near some wells (e.g., CrPZ-2). The 
water table in the chromium area is relatively flat, which is associated with higher hydraulic 
conductivity in the area. Therefore, even relatively small localized variations in hydraulic 
conductivity may be linked to discernable changes In pressure measurements. Both of these 
possibilities (recharge effects and/or hydraulic conductivity heterogeneity) are hypotheses, and 
neither can be proven with conclusive data to confirm which may be causing the observed low 
point at CrPZ-2. Finally, the data from CrPZ-2 could be erroneous. There is currently no physical 
support for this hypothesis besides the generally lower pressure values recorded at CrPZ-2; 
however, the piezometer wells have a different construction than the monitoring wells. Further, 
there Is no indication from water,.leveldatafrom R-70 and R45 that.a s_trong_v~rtlcal downw~rd 
exists between the upper and lower screened intervals. 

The hydraulic windows commonly referred to in DO E's reports are intended to describe locations 
where recharge to the water table ls occurring from the vadose zone. Water-level elevations, 
geochemical data, and the structure of geosurfaces in the vadose zone have been used to 
approximate locations of hydraulic windows from the vadose zone. See Attachment 3 of the 
2018 •compendium of Technical Reports Conducted Under the Work Plan for Chromium Plume 
Center Characterization.• 

The R-11 data point on Figure 3.3-2 was estimated using linear regression based on relationships 
with other nearby wells. Water-level values from these nearby wells were used in water-table 
Interpolation. However, R-11 was not used in the contouring because such use would have been 
redundant. 

See also response to NMEO comment No. 4a. 
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NMED Comment 

5. Section 3.3 Water-Table Map, pages 7 and 8 

DOE Statement: Table 3.3-1 presents water levels and head difference for dual-screen locations 
within the chromium project area. All dual-screen locations near whei:e extraction and injection are 
occurring display subtle changes in water levels. These changes are 'currently so small that it is not 
possible to discem whether they are caused by IM pumping and fnjection or by water-supply 
pumping. These data and evaluation will be Included in future reports. 

NMED Comment: The data provided In Table 3.3-1 are monthly averages not actual water level data. 
In the revised report and all subsequent reports provide actual water feve/s in this table and reanalyze 
using barometric compensation of the data1 to determine whether vertical gradients can be detected 
in dual screened wells R-50, R-61, R-44, R-45, and piezometers CrPZ.-2a and CrPZ-2b. In the 
revised report, provide hydrographs since the installation date of each dual screen well, an 
interpretation ofthe vertical pressure gradients in these wells, and a discussion of the effects of IM 
operations on these water levels. Changes In verticaf head gradients due to IM operation can provide 
information on capture zone effectiveness, since vertical head gradie,:,ts can potentially Influence the 
direction of contaminant transport (see Specific Comment No. 1 a). 

DOE Response 

5. To address the analysis of varying vertical gradients In R-50, R-61, R~4, R-45, and plezometers 
CrPZ-2a and CrPZ-2b, DOE proposes to change the methodology that was previously agreed upon 
with NMED. As agreed to in a discussion with NMED on February 9, 2021, going forward, Inclusive of 
the March 31, 2021, semiannual performance monitoring report, future reports will address the 
analysis using figures that p!ot the full period of record for water-level data from each paired set of 
screens noted in NMED's comment and will also include the paired screens In R-70. Annotation or 
discussion wlll be used to evaluate variations in the gradient as a function of potential causal 
mechanlsms, including seasonal pumping at Los Alamos County water-supply wells and IM 
operations. Table 3.3-1 will no longer be included. 

NMED Comment 

6. Section 4.0 Discussion, page 8 

DOE Statement: It was stated in the "Interim Measures Work Plan for Chromium Plume Control" 
(LANL 2015, 600458) that it may require up to 1 yr of continuous IM operation to see clear indication 
of plume response at petformance monitoring wells. Based on the trends In chromium and various 
tracers in performance monitoring wells in the southern portion of the plume, where IM operations 
have been underway for some time, it appears that they have been effective at establishing the 
50 µg/L plume edge upgradient of R-50 (see Figure 1.0-1). 

NMED Comment: The Wolk Plan stipulates that "the secondary objective of the IM is to hydraulically 
control plume migration in the eastern downgradient portion of the plume", Based on the 
geochemistry and tracer test results, it Is apparent to NM£D that the reduction of chromium 
concentration Is due to dilution and not due to hydraulic control or due to mass recovery. It is 
apparent that the IM extraction can be effective at creating a notable cone of depression that can 
prevent plume migration. Howeve1; injection as part of the IM has not produced any detectable 
mound that can prevent plume migraUon. NMED recommends that DOE reconsider Its approach and 
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prepare a plan that outlines the necessary adjustments to the JM system that will achieve hydraulic 
control along LANL's southern property boundary with SIP (see General Comment No. 1). 

DOE Response 

6. DOE notes that only limited operations have occurred in the eastern downgradient portion of the 
plume (i.e., continuous extraction from CrEX-5, and continuous injection into CrlNs-1 and -2). So 
efforts on the secondary objective cited in the work plan are just getting underway. Additionally, 
besides the challenges of demonstrating the presence and extent of possible mounding, IM 
performance to date, manifested by decreasing chromium concentrations in R-50 and breakthrough 
data from intentional and opportunistic tracers, are Insights into the hydraulic dynamics that have 
been established In the regional aquifer along the southern portion of the plume. DOE contends that 
there Is no technical basis for reconsidering the approach to the IM along the southern boundary at 
this time. Information on performance along the eastern portion of the plume will be evaluated and 
reported on In subsequent performance monitoring reports. 

NMED Comment 

7. Section 5.0 Recommendations, page 9 

DOE Statement Based on the positive fM performance observed to date in monitoring wells along 
the southern portion of the plume, the operational approach of the IM at the southern boundary 
involving extraction at CrEX-1 and CrEX-2 and injection primarily into CrlN-4 and CRIN-5, and 
periodically into Cr/N•3, should not be fundamentally changed. 

NMED's Comment: NMED does not concur. See General Comments No. 1 and Specific 
Comment No. 6. 

DOE Response 

1.- See response to NMED Specific Comment No. 6-and General Comment No; L 

Reim us, P ,, 0. Katzman, M. Ding, and B. Willis, 2021. "Using Tracers and Opportunistic Geochemical 
Signatures to Inform Modeling of Cr(VI) Migration at LANL-21081," WM2021 Conference, March 7 -
11, 2021, Phoenix, Arizona, USA. 
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CHROMIUM MAss RECOVERY 
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August 26, 2021 

Arturo Duran 

Designated Agency Manager 

Environmental Management 

U.S. Department of Energy 

Los Alamos Field Office 

1200 Trinity Drive, Suite 400 

Los Alamos, New Mexico 87544 

Re: Notice of Disapproval 

MICHELLE LUJAN GRISHAM 

GOVERNOR 

JAMES C. KENNEY 

CABINET SECRETARY 

Semiannual Progress Report on Chromium Plume Control Interim Measure Performance, 

July through December 2020 

Los Alamos National Laboratory 

EPA IDIINM0890010515 

HWB-LANL-21-019 

Dear Arturo Duran, 

The New Mexico Environment Department (NMED) received the United States Department of Energy's (DOE) 

Semiannual Progress Report on Chromium Plume Control Interim Measure Performance, July through December 

2020 (Report) on March 31, 2021. The Report is dated March 2021 and referenced by EM2021-0110. The Report 

constitutes one submittal in a series of semi-annual reports that are subject to reporting and interim measure 

{IM) operational requirements provided in Paragraphs C and D of Section XV of the 2016 Compliance Order on 

Consent (Consent Order). Those Paragraphs reference Section XXIII of the Consent Order, which provides the 

process for NMED review and approval of these submittals. NMED issues this Notice of Disapproval with 

disapproval comments in accord with Paragraph F of Section XXIII of the Consent Order. NMED also sent a 

Notice of Disapproval on July 8, 2021, for the Semiannual Progress Report on Chromium Plume Control Interim 

Measure Performance, January through June 2020. Some of the comments in this letter are similar in nature but 

must be addressed separately for each report, per Paragraph F of Section XXIII of the Consent Order. 

Paragraph C of Section XXIII of the Consent Order requires DOE to involve NMED in chromium technical team 

and pre-submittal meetings to discuss the contents of the Report before its submittal and for NMED to provide 

input to direct and adjust the IM operations. In 2020, DOE did not hold these required meetings. This failure has 

resulted in a substantial disparity between the two parties' approach on how best to assess and manage the IM 

performance. Additionally, subsequent semi-annual reports are propagating unresolved issues from previous 

submittals. 

sornce 1IJ11NOVAT1or1 r co1UAeOOArI0N I co11:1 PIJ.'!NltE 

Hazardous Waste Bureau - 2905 Rodeo Park Drive, Bldg. 1, Santa Fe, New Mexico 87505 - {505} 476-6000 
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On December 31, 2020, NMED Issued Informal comments based on the review of OOE's "Semiannual Progress 
Report on Chromium Plume Control Interim Measure Performance, January through June 202'1' (Previous 
Report). DOE did not address NMEO's Informal comments through a resolution process as required by Section 
XXIII of the Consent Order. Instead, DOE appears to be addressing NMED's Informal comments on the Previous 
Report In the Report. As a result, the Issues Identified In the Previous Report remain unresolved. 

NMED Issues this Notice of Disapproval because DOE has not addressed the majority of NMED's Informal 
comments on the Previous Report before submitting this Report, which has resulted In the persistence of crucial 
unresolved Issues. As a result, there are multiple disapproval comments that parallel the unresolved December 
31, 2020, Informal comments. DOE must also remove their responses to NMEO's December 31, 2020, informal 
comments from this Report and address them In the proper context. 

DOE must satisfactorily resolve all the disapproval comments provided herein and must not add to, delete from, 
or Introduce other modifications that do not pertain to the enclosed comments. If DOE notes other Issues in the 
Report that may need modification, DOE must contact NMED to discuss the matter before making any 
modifications to the revision. The revision of the Report Is due within 60 days of the date of this letter. 

Should you have any questions regarding this correspondence, please contact Christopher l<rambls {SOS) 231-

5423. 

Sincerely, 

R·, ca rdo Maestas Dfgltillly signed by Ricardo Maestas 
. Date: 202Ul8.2611:00:S1 ,()6'00' 

Ricardo Maestas 
Acting Chlef 

- Hazardous Waste Bureau · 

Cc with Attachment: 

N. Dhawan, NMED HWB 
C. Krambis, NMED HWB 
M. Petersen, NMED HWB 
R. Greiner, NMEO 
C. Catechls, NMED 
M. Hunter, NMEO GWQB 
P. Longmire, NMED GWQB 
S. Vanlcak, NMEO-DOE-08 
L Klng, US EPA Region 6 
R. Martinez, San Ildefonso Pueblo, NM 
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ENClOSURE 
NMEO DISAPPROVAL COMMENTS ON THE SEMIANNUAL PROGRESS REPORT ON CHROMIUM PLUME 

CONTROL INTERIM MEASURE PERFORMANCE.JULY THROUGH DECEMBER 2020, MARCH 2021 
LOS AlAMOS NATIONAL LABORATORY, EPA ID #NM0890010515 

LANL•21-019 

General Comment No, 1 
The April 2018 Chromium Plume Control Interim Measure Performance Monitoring Work Plan (Work Plan)1 

states that a secondary objective of the interim measures (IM) "Is to hydraul/cally control plume migration In the 
eastern downgradlent portion of the plumi' and that the uobjective of the performance monitoring and 
associated reporting Is to collect, evaluate, and report on the performance of the IM ... to guide adjustments In 
the distribution and rates of extraction and Injection." Unlike the IM extraction operation that has demonstrated 
the rapid development of a sustained cone of depression tllat serves to control plume mlgratlon1 the activation 
of CrlN-3, CrlN-4, and CrlN•S In 2018 has not produced slmtlar evidence of hydraulic control via Injection such as 
the manlfestatlon of a defined hydraulic mound along the Los Alamos National laboratory-Pueblo de San 
Ildefonso boundary. 

NMED's potentlometrlc surface mapping shows that the IM ln]ectlon and extraction operations do not affect 
groundwater levels In the deeper screened wells where chromium contaminated groundwater Is known to be 
present at R-28, CrEX-4, and R-70 S2 (see Specific Comments Nos. 7 and 8 below). Tile fact that the IM ls not 
fulfilling all work plan objectives, and that NMEO has klentlfled unfavorable responses at R-45 S2, requires that 
DOE adjust the distribution and rates of IM extraction and Injection. It Is essential for DOE to hold technical team 
meetlnss with NMED to implement the needed changes to the IM system to achieve all objectives formulated 
since 20132.i. The following general and spedfic comments provide substantial Insights that support adjustment 
of the IM operation. 

General Comment No. 2 
Section XXIII of the Consent Order requires pre-submittal meetings be held for IM reports for NMED and DOE to 
review and discuss the content, technical approach, and/or results to be presented In the document During the 
pre-submittal review, NMEO Is to Identify Issues or concerns with the technical approach and/or results that 
would preclude NMEO approval. 

Followlns review of the first IM progress report submitted In 2018, NMED sent DOE a letter with the subject 
"Approwl Annual Progre1s Report on Chromium Plume Control Interim MtCISUre Performance" (2019 Letter)'. 
NMED's general comment 1 attached to the 2019 Letter stated, "numerical groundwater model and 
capture/flooding zone width calculations must be Included In future JM performance reports to su/lldently assess 
the IM perjormance,"DOE's response to this comment was "Appllcobllltyand lncorparotlon of numerical 
modeling for semiannual reporting might be appropriate to guide IM operat/onal strategies If performance 
monftorlng wells are not responding favorably. The use of modeHng for the chromium project shoUld be further 
discussed with NMED In pre-submission meetings for future semfannual progress reports." NMED's approval of 
DOE's response Is for the numerical groundwater modeling requirement only, and the capture/flooding zone 
width calculations requirement set by NMED must be Included In each report. The approval of this statement 
does not relieve OOE from conducting the modellng requirement, especlaUy conslderfn, that NMED has 

1 IANI., Al)tll 2018, dlromlum PhllleConlRII 1ntettm Measures Perfonnance Monltotlng Wo,lt Plan (IA•UR-18-23082). 38423. 
1 I.AN\, Apll ao, 2013, IM Wortt fllan for the Ewluatlon of ChtOllllum Mass Remo\lal 35819 
s LANI., May 26, ZOlS, Interim MeasulOS Wort Plan farChromhml PlumeCOntrol (lA·UR·SS-lll26), 37125, 
'HMEO, oetober3, 2019,~ Letter to tlleSentllt1111ual PfOateSSRepOtton Chromium Ph1meeontrol lllterlm Measure Perfonunce. 39134 
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Identified an unfavorable response In R-45 S2 (see Specific Comment No. 3 below). This unfavorable response 
constitutes the type of technical Jssue both DOE and NMEO are required to discuss In pre-submittal meetings. 
DOE needs to revise the Report to Include the required numerical modeling and capture zone and flood zone 
analyses to better assess the IM performance. This work Is to be conducted under the strict technical direction 
ofNMED. 

Specific Comments 

1. Section 2.1.3 Chromium Mass Removal, Page 3. 
DOE Statement: 11 Although specific rates and efficiencies of chromium mass removal from eKtractlon wells are 
not explicit IM objectives, they may provide Insights Into observed plume response. Table 2.1-3 presents 
estimates for chromium mass removal/or the IM to date." 

NMED Comment: 
Table 2.1-3 lndfcates that the hexavalent chromium concentrations upon which the mass removal estimates 
have been based are derived from use of a HACH colorimetric field meter. NMED operates two such field meters 
and has found results from both asree wlth one another but provide an overestimate of actual hexavalent 
chromium concentration compared to laboratory analytical results of the same sample. To provJde accurate 
chromium mass removal estimates via sampllna, DOE should collect and submit groundwater samples to a 
NELAP•accredlted commercial laboratory that emplovs defenslble U.S. EPA Methods for total dissolved 
chromium. Detalls shall be discussed In a technical team meeting prior to the next semi-annual IM progress 
report Is submitted (see General Comment Nos.1 and 2). 

2. Section 3.2.1 Water-Quallty and Tracer Re,ults, Page 4. 

A. DOE Statement: 11Thls tlmellne Is Indicated os January 2017, representing the approximate beginning of 
consistent operations along the southern portion of the plume." 

NMED Comment: Based on previous chromium plume control lM reports, the timellne for actual continuous 
extraction and Injection IM operations at the southern area began In May 2018. In addition, the Work Plan 
states that the lnltlal operattonal phase of the IM that Involves pumping at CrEX-1, CrEX-2, and CrEX-3 and 
Injection into CrlN-3, CrlN-4, and CrlN·S was to start In 2018. In the revision, correct this statement to reflect 
the accurate date when continuous IM Injection and extraction operations began (I.e., May 23, 2018). 

B. DOE Statement: "The decreasing trend In chromium concentrations In extraction well CrEX-1 shown In Figure 
3.2-20 Is attributable to mixing with treated water primarily from Cr/N-4 which Is supported by the tracer 
results presented toter In this section. The deaeaslng trend In chromium concentrations In CrEX-2 shown In 
Fl{lure 3.2-21 ls likely associated with capture of groundwater with lower chromium concentrations." 

NMED Comment: DOE must support this statement using the required capture zone and flood zone 
mapping, and numerical groundwater modeling (see General Comment 2 and Specific Comments Nos. 3 and 
5). 
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C, DOE Statement: "The decreasing and current chromium concentrations at R-50 S1 provide the basis for the 
estimated plume extent ot the 50 µg/L concentration as depicted In the various plume maps In this report 
(e.g., Figure 1..0-1.J. 0 

NMED Comment: Whtie this conforms with the Work Plan, one monitoring point {R-50) does not necessarily 
constitute the basis to state that the plume has been effectively "pushed" in a favorable direction, I.e., 
toward the extraction wells. Actual measured recovel'Y of the chromium mass In CrEX-1 ls not evident and 
could suggest that DOE's statement Is not supported. DOE must model this scenario to determine where the 
chromium plume edge likely migrated and/or why the mass has not manifested at CrEX-1 due to the IM 
Injection operations. DOE must support this statement with the required capture zone/flood zone mapping 
and groundwater modeUng (see General Comment 2 and Specific Comments Nos. 3 and 5). 

D. DOE Statement: "Monitoring well SIMR-2 has consistently shown background chromium concentrotfons, 
with no Increase In chromium concentrations that might have occu"ed because of either migration of 
chromium downgradlent of the area affected by the IM or a hydraulic push caused by any of the upgradlent 
lnJectlon wells.• 

NMED Comment: The fact that chromium concentrations have not increased in a downgradlent well from 
IM Injection operations at CrlN-3, CrtN-4, and CrlN-5 In over a three-year period Illustrates that the assertion 
DOE makes on pase 6 ls unsupported. As such, the Injection operations likely have little, If anything, to do 
with the chromium plume extent being pushed ul)Sl'adlent If the injection operations were effective at 
moving the chromium plume front upgradlent to CrEX-1, it would also have moved It in all directions from 
the point of Injection, especially downgradlent. Consequently, one would expect to see chromium and tracer 
concentrations Increase at a downgradlent monitorlns location from an effective Injection operation front. 
This statement suggests It Is the extraction operations, not the Injection operations, that are the cause of 
the reversal In the hydraulic gradient and for the movement, If any, of the chromium plume extent at the R-
50/SIMR-2 south boundary area tsee Specific Comment No. 4). DOE must perform the required capture 
zone/flood zone mapping and groundwater modeling (see General Comment 2 and Specific Comments Nos. 
3 and 5) to provide a more substantial fine of-evidence than water quality observations. · 

3. Section 3.2.1 Water-Quality and Tracer Results, Pages 4 ands. 
DOE Statement: "Although the chromium concentrotlons In R45 Sl had begun to drop before IM operations 
began In the eastern area, Injection may have already lncreaffll the rate af decline In chromium concentrations. 
R-45 S2 did not show similar responses for the same period; chromium concentrations In this well screen have 
continued to Increase. The Increase In chromium concentrations predates eastern area IM operations (Cr/N•1., 
CrlN-21 and CrEX-5} and is therefore llkely unrelated to IM operations. Two working hypotheses for the presence 
of the deeper contamination In the R-45 and R-70areas are being evaluated. One hypothesis Is that the 
concentrations of chromium and related constltuerits observed In R-45 S2 reflect a deeper pathway that may 
originate further upgradfent In the plume, possibly as jar upgrodlent as the CrEK-4 area where a very slmllar 
geochemlcal signature Is observed. Under that case, the Increase In chromium In R-45 S2 simply represents plume 
varloblllty. Other wells hove hlstorkaUy shown slmltar patterns. A second hypo~/s Is that localized downward 
grodlents caused by Infiltration of young post-Cr-release effluent at locations further downgradlent /tam 
locations where chromium orlglnal/y lnfllttated are at least partially responsible for the observed trend In R-45 
s2.• 



NMED Comment: The data Illustrated In the plot In the Attachment show that the decrease In the chromium 
concentrations at R-45 Sl correlate exactly with the startup of Injection wells Cr1N-3, CrlN-4, and CrlN-5 rn May 
2018 and was later accelerated by the startup of Injection wells CrlN-1 and CrlN-2 In November 2019. 
Conversely, these data also show two distinct and pronounced increases In the chromium concentration at the 
deeper R-45 S2 that also correlate exactly with the commencement of both IM Injection operations. 
Consequently, DOE's assertion that the chromium concentration rn R-45 began to deaease before IM 
operations began appears to be Incorrect. In that statement, DOE only considers the eastern area IM, not the 
south area IM, which Is the obvious cause of the first response shown in the Attachment. In the revision, OOE 
must provide a less biased discussion on this topic to Include the southern area IM Injection operations as the 
cause of the chromium responses observed at R-45 and to delete the "two working hypotheses" from the 
Report based on the following. 

The "two working hypotheses" DOE provided In the Report to explain these responses are unsupported by 
hydraulic and chemtcal data. The p!ot In the Attachment shows a very h lgh goodness of flt In the Excel­
generated coefficient of determination R-squared value for the chromium detections measured In R-45 S2 in 
over 10 years of monitoring before IM began. This trendllne represents the natural Increase In the chromium 
concentration and, If extrapolated Into the future, the chromium concentration should not have reached a 
concentration of 50 pg/L until February 2035, not December 2020. This contrasts with DOE's first hypothesis 
that It Is the result of an upgradlent preferential pathway unless DOE can substantiate that a new release of 
chromium has occurred. The second hypothesis Is also unsupported because there a re no significant vertical 
hydraulic gradients In this portion of the regional aquifer as shown by the hydrographs In the Attachment, and 
lnflltratton to the regional aquifer at this location has no substantial source to be a factor In the downward 
movement of the chromium at R-45 (see Specific Comment No. 9). 

Considerln1 the screened zones of the Injection wells and R-4S S1 are stm liar, It Is obvious that I nJ ectton water 
from the 2018 southern IM system startup either difuted or pushed the chromium concentration at R-45 S1 
away from the point of Injection. As a result, the chromium previously detected there can no longer be detected 
with the llmlted monitoring well network In this area, nor can It be recovered by the IM extraction wells. 
Addltlonally, the pressure exerted on deeper groundwater by the same Injection operation appears to be the 
cause of the sudden Increase at R-45 S2 over the same tlmefnlme. Subsequent Injection at CrlN-1 and CrtN-2 
resulted In chromium now exceeding the New Mexico Water Quality Control Commission (WQCC) groundwater 
quality standard at R-45 S2. The response at R-45 S2 constitutes an unfavorable response In an Interim measure 
performance monitoring well and Indicates chromium Is present at depth between R-45 and CrlN-1 through 
CrlN-4 above regulatory limits. This condition merits adjustments to the IM system1• 

In accordance with the Work Plan, NMED's concern of this unfavorable response requires readjustment of the 
entire IM Injection operations. As part of the readjustment to the IM system, NMED requires DOE to conduct the 
required capture zone and flooding zone analyses and numerical groundwater modeling. This work must be 
conducted with NMED's Input. The plan for the necessary adjustments must be lnduded In the revision of the 
Report (see General Comment No. 2 above) and/or discussed with NMED in technical meetings. Cessation of all 
Injection operations shall be part of the plan and consist of at least one semi-annual monltorfna period to 
evaluate whether these trends reverse. Technical details must be discussed In a technical team meeting prior to 
the next semi-annual IM progress report is submitted (see General Comment Nos. 1 and 2). 
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4, Section 3.2,1 Water-Quality and Tracer Results, Paae 6. 
DOE Statement: "Infected water Is assumed to be spreading out from CrJN-4 In all directions, but the tracer 
arr/vols at crEX-1 and R-50S1 are significant In that they demonstrate that Injected water hos moved significant 
distances against the natural gradient In this area of the plume when aided by pumping at CrEX-1.# 

NMED Comment: The reversal of the natural hydraulic gradient and the arrival of Injected water and tracers 
from CrlN-4 to R-50 Sl and CrEX-11s due solely to the pumping at CrEX-1 and not the Injection operation at CrlN-
4 (see specific comment no. 2D). Groundwater level data at R-50 Indicate CrEX-1 pumping creates observable 
drawdown at R-50 located 450 feet away, but that no dlsc:ernable rise In the water level occurs from CrlN-4 
Injection, also 450 feet away. (NMED's analysis of R-50 groundwater levels can be shared with DOE In technical 
team meetings). ft is a physical Jmposslblllty that Injection can reverse the natural hydrauffc gradient enough to 
push water and tracers upgradtent without the development of a mound sufficient to reverse the natural 
hydraultc gradient. In over three years of operation, the monltorlns well network Installed around the Injection 
wells Indicate that Injection operations aeate no observable hydraulic mound. In contrast, the same monitoring 
well network shows that a large cone of depression Is evident from IM eld:ractlon operations. Consequently, 
there Is no evidence that the JM Injection operations have been effective at achieving hydraulc plume control 
and reversing the hydraulic gradient. In accordance with the Work Plan, the effectiveness of the IM activities 
should be apparent followlns a three-year period. Based on the data collected by DOE, NMEO concludes that 
Injection operations at CrlN-3 throust, CrlN-5 do 11ot provide plume control afol'l8 the southern boundary and 
that adjustments should be made to the IM system {see General Comment Nos. 1 and 2 above). The revision 
shall strike out the phrase "when aided by pumping at CrEX~J" and replace it with "due to pumping at CrEx-1•. 

s. Section 3.2.1 Water-Quality and Tracer Results, Pages 6-8. 

A. DOE Statement {pases 6 and 7): # Additional discussion of tracer and geochemkol signature responses 
associated with IM system performance ls presented In the pending Proceedings of the 2(}2J Waste 
Management Sym,,oslum (Relmus et al. 2O2J, 70l33J). This paper also summarizes ejfectlve/jlowlnr, 
porosity estimates arrd flow dlstrfbutlon estimates (I.e., cumulative fractions of flow occumng In cumulatlw 
fractions of total porosity) that hove been derived from the tracer ond geochemical signature responses to 
date. The relation of the tracer detections at R-50 S1. and R-44 S1, and the corresponding steady decrease In 
chromium concentrations, Indicate that the effective flooding radius from Injection at CrlN-4 and CrlN-3 has 
established the so µg/L edge of the plume close to and upgradlent of R-50 and upgradlent of R-44 (Figure 
3.2-30).# 

NMED Comment: Information from tracer test breakthrough, such as travel times, groundwater flow 
velocity, and effective porosity should have been provided In the Report In accordance with the Work Plan. 
It Is unacceptable for DOE to not Include required data In the Report, and in lieu of this requirement, cite its 
own published work fn the Report. In addition, NMED requires DOE to support this statement through 
capture/flood zone analyses and numerlcal groundwater flow modeflng to evaluate the JM performance, 
speciflc:aly the alleged effec:dve flooding radius from CrlN-3 and CrlN-4 lnjedlon operations to have 
establlshed the so µs/L chromium plume edse (see General Comment Nos, 1 and 2 above). In the revision 
DOE must Include the tracer test results presented In the referenced paper, specfflcaltf the aquifer porosity 
and flow estimates and the floodfng radius. Inclusion of this Information Is a requirement of the Work Plan 
and subsequent agreements between NMEO and DOE. 
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B. DOE Statement (page 8): "Some relatively simple calculations show that It Is reasonable to expect that 
aquifer water would not drift back Into the Injection wells during the 98 days of the EMCA pause prior to 
sampling. In these calculatlon.s; It Is assumed that flow Into the Infection wells Is radial over the thickness of 
the screened Intervals (using a flow porosity less than total porosity to account for preferential flow In more 
conductive layers}, with a superimposed natural gradient flow that serves to limit the upgradlent distance 
that Infected water con travel before a stagnation point Is encountered. The calculations depend on the 
assumed flow porosity and the natural gradient flow In the aquifer at the specific locations." 

NMED Comment: DOE must perform the required capture zone/flood zone calculatlons and sroundwater 
modeling (see General Comment 2 and Specific Comments Nos. 3 and SA) to provide a more substantial llne 
of evidence than the "simple calculatlons'' and assumptions provided to support this statement. 

C. DOE Statement (page 8): "If a natural flow velocity of 0,27 mfday-whlch Is consistent with the results of the 
borehole dilution tracer test In R-50 S1 In 2015 ajter assuming a flow porosity of 0.15-ls superimposed on 
the radial Injection flow, a stagnation point Is predicted at about 70 m upgradlent of the Injection well. 
During the 135 days of Infection, the leading edge of the Injection water would therefore have moved 
approximately 32 m upgradlent. In the subsequent 98 days of IM shutdown, the natural flow would move 
this leading edge about 26 m bade downgradlent (I.e., 98 x 0.27 m/day) toward the Injection wells, leaving 
the untreated aquifer water about 6 m short of the Injection wells at the time they were sampled." 

NMED Comment: The 0.27 m/dav natural flow velocity provided In DOE's calculatlons ls twice the value 
cited In a previous report concerning this parameter5 and does not pertain to the flow velodtythat woutd 
result from the Injection operations In the upsradlent direction against the natural flow velocity. To conduct 
a proper analysls of this scenario, DOE must perform the required capture zone/flood zone calculations and 
groundwater modellng (see General Comment 2 and Specific Comments Nos. 3 and SA} as It Is more likely 
that the CrlN-1 and CrlN-2 lnjectlon operations moved the chromium mass downgradient and vertically 
downward based on the response at R-45 S2 and that no dlscemable mound formed to reverse the natural 
hydraulic gradient prior to the shutdown. In addition, DOE's statement, If true, that chromium rebound was 
observed at R-50 (discussed on page 8) sugests that the IM performance there has not been as successful 
as DOE Indicates because the IM had been operating much longer at the southern IM area than at the 
eastern area. The entire IM operation needs to be simulated In a groundwater model to address this Issue. If 
DOE's calculation and narrative cannot be substantiated by the model, the narrative must be removed from 
the revision. 

D. DOE Statement (page 8}: "The relatively quick rebound In chromium concentrations observed In R-50 Sl also 
provides some Indication that the current extent of the Infection signal Is near the R-50 area, meaning that 
there Is likely o stagnation point not far upgradlent of R-50 51". 

NMED Comment: Figure 3.2-8 does not support this statement because the chromium concentratton that 
tmmedlatelv precedes and follows the "EMCA pause" tlmetlne are about the same (speclflcally 26.4 µg/1. on 
3/4/202011:58 AM and 30,3 pg/l on 6/26/2020 12:44 PM). DOE must perform the required capture ione 
and flood zone calculatlcns and numerical groundwatEtr modeling (see General Comment 2 and Specific 
Comments Nos. 3 and SA) to support thfs statement or delete It from the revision. 

s lAN1., September 2012, Phase ti lnvestlaatlon ReflOrl for Sandia Canyon [1.A•UR•lJ.245931. 35521, 
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6. Section a.2.2 Water-Level Data, Page 11. 

A. DOE Statement: 0 R-45 S1 and S2 are shown In Rgure 3.2-38a. Some of the early data, particularly at R-45 S2 
but S1 as well, ore unreflable, leading to poor corrections and unclear trends, e.g., beginning In 2012 and 
persisting untll around 2018," 

NMEO Comment: In the revision DOE shall provide multiple lines of evidence that support the claim that the 
data from 2012 to 2018 are unreliable. The assumption that Insufficient barometric compe11satlon employed 
by DOE on these data does not constitute a valid fine of evidence. 

B, DOE Statement: "The chromium IM Infrastructure wells nearest to R-45 are CrlN-1, Cr/N-2, CrEX-5, and CrEX-
3 (Figure 1.0-1). Rgure 3.2-!l8b shows the hydragraph for 201.8-2020, h'9hUghtlng the recent effects of the 
IM. As expected, R-45 is strongly affected by CrlN-1 and -2. Figure 3.2-38c shows o period from March to 
December 2020. At point A, the IM, which had been operating at most wells (CrEX-l1 •2, and-5; CrlN-1., -2, -4, 
and -SJ, shutdown and water levels Immediately declined at both R-45 S1 and S2 but substantially more at 
Sl. It appeors the combined effect of Injection and extraction results in a greater water-level rise ot Sl than 
at S2, This Is 1'kefy due to two effects: (1) the combined effect of Injection at CrlN•1 and -2 Is greater at R-45 
Sl (see Figure 3.2-38d, period c; where CrEX-5 Is not <>perat/onal but CrlN-1. and-2 turn on and off at the end 
of period CJ; and (2) the effect of extraction at CrEX•S Is greater on R-45 S2 (see Figure 3.2-38e, point DJ. 
Note thot period B In Figure 3.2•38c does not have CrlN-2 pumping, suggesting that the dominance of 
Injection over extraction at R-45 S1 /$ driven primarily by CrlN-1, not CrlN-2. Given the distances between R 
45 and these wells, this Is expected." 

NMED Comment: DOE discusses each chromium IM infrastructure well near R-45 except CrlN-3 In this 
narrative. The omission of CrlN-3 from this narrative Is unacceptable, especlallv considering It was a 
comment made by NMED on the Previous Report. In the revision, DOE must include the Influences of CrlN-3 
operatf on on R-45 S1 and S2 and consider Its obvious effects on chromium concentrations there as attested 
by the plot In the Attachment and to the similar and simultaneous hydrograph responses discussed In 
Specifk:Comment No.11 and noted by "period B In Figure 3.2-38c" • .POE m!Jtt incl"cfe the required capture_ 
zone and flood zone and numerical groundwater flow modelns analyses to substantiate this statement. 

7. section J.3 Water-Table Map, Page 13 
DOE Statement: "Woter•tQb/e maps are presented as on additional line of evidence In evaluating long-term 
changes In the water-tc,ble structure and ossodated with IM performance and Interpreting potent/al changes In 
concentrations of key constituents In performance monitoring wells and p/ezometers. Long-term pumping and 
Injection at IM Infrastructure wells may affect the structure of the water table over time fn the form of 
drawdown around extraction wells and mounding around Injection wells. The changes In the water table, 
chromium concentrations, and tracer breakthrough provide Insight$ Into overan IM performance. 11 

NMl!D Comment: The water table maps presented In the Report are not sufficient to evaluate the changes In 
the water table from the IM extractfon and fnjectlon operations because of the use of the automated krfglng 
computer algorithm, Incomplete dataset, and use of monthly averages In lieu of synoptic data (see Speclflc 
Comment Nos. 8, 9 and 10 below}. Consequently, the mapping shown as Ftsures 3.3-1 and 4.0-2 In the Report 
are not representative of the IM performance and do not provide an accurate assessment of the effectiveness of 
the IM or Impact to the structure of the water table. Using the three-point problem (see Specific Comment No. 
8} and synoptic data of al the chromium group wells, NMED easily produced much more robust results that 
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reveal the IM extraction operations Impact on the water table configuration but not the IM Injection operations. 
NMED's mapping also Indicates that none of the IM operations affect the deeper heads recorded In the "S2" 
screened Interval. Hence, DOE's IM does not affect the deeper portions of the chromium groundwater 
contamination (NMED's maps andthethree-potnt problem triangulation technique can be shared with DOE In 
technical team meetings). 

Section 3.2 (page 11) of the Report Indicates that the screen 2 heads are affected by pumping dlfferentlv than 
the screen 1 heads at some locations. Mapping the deeper heads In the chromium plume provides Insights Into 
IM effects, preferential pathways, the occurrence of contamination, and contamination migration at depth. 
NMED's mapping of the deeper heads show the IM operations do not Impact the deeper heads and that a clear 
plume-scale preferential pathway Is ldentlflable. DOE must revise Figures 3,3•1 and 4.0-2 to also show the 
potentiometrlc surface contours of the heads measured at depth as recorded from screen 2 wells superimposed 
with the water table contours recorded by screen 1 wells and Include them In the revision. DOE must use the 
three-point problem using synoptic data of all wells In the chromium group and recontour Figures 3.3-1 and 4.0-
2 and Include them In the revision. The mapping shall be undertaken with NMED lnvotvement and approval 
before both figures are Included in the revision. 

8. Section 3.3 Water-Table Map, Page U 
DOE Statement: "The method used for woter table mopping utilizes krlglng and provides o degree of outomotlon 
that allows for consistency In the maps over time. The use of monthly averages of water-level data ensures that 
any given water-table depletion Is not driven by one or more anomalous values In any gtven well. 

The extremely low gradient In the plume area supports use of periodic monthly averages to represent Jong-term 
changes specijlcally associated with the IM. Various short-duration perturbations, such as monthly groundwater 
monitoring for the Interim Facility-Wide Groundwater Monitoring Plan and dally and longer variations In 
pumping rates from nearby Los Alamos County water-supply wells, coufd have a local effect at one or more 
locations, resulting In non-representative water-table depictions If a more synoptic approach were to be used." 

NMED Comment: DOE's assertions In this section are Incorrect, specifically DOE's Justifications for the use of 
krlglng and the use of monthly averages In lieu of actual water level data. Krfging does not necessarily align with 
fndustfy standards. Krlgfng does not provide any more consistency over time than other method of Interpolation 
and ls prone to misrepresent surfaces If improperly used. Use of synoptic data does not result In non­
representative water table depictions hut constitutes the only Information upon which a representative water 
table configuration can be based. Additionally, use of synoptic data Is the Industry standard 6, 

While krlglng honors the data at the measurement locations and ls commonly used in Industry for Interpolating 
datasets, by default It Is a poor choice to provide a representative groundwater flow interpolation because It 
assumes the dataset has a normal distribution, has no trend, and has no significant data gaps. Kriglng Is highly 
prone to lnterpolatlon artifacts that cause overemphasis of Isolated observatlons, excessive smoothing and/or 
abrupt changes In the Interpolated surface and data gaps. The grlddln1 resolution, drift and the semfvarlogram 
model must be appropriately applied to each dataset, otherwise krigtng Is prone to misrepresent the 
groundwater flow system. Hence, kriging and other automated geostatlstlcal Interpolation methods must be 

6 ASTM-D600C>-1S Standard Gulde lor Presentation of Water-Lavellntormatlon from Groundwater Sttes, 
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used with caution. The flat hydraulic gradient requires a very low Interpolation error to provide a representative 
water table map. However, DOE did not provide the error In the predicted surface for each map In the Report to 
validate their application of kriglng. DOE's reason for using krlgtns shows a lack of understandtng In what 
constitutes formulation of tenable representative maps because automation should not be an overrldlns factor 
when choosing a method of Interpolation. The commonly accepted, unbiased, and tenable method ln mapping 
the water table surface Js triangulation of the three-point problem. The three-point problem Is a mathematically 
based method used In geology and hydro geology to determine the true dip and hydraulic sra dlent. NMED' s 
applkatlon of the three-point problem ustng synoptic data produced a series of tenable potentlometric surface 
maps that provide a far more representative water table configurations that contrasts with DOE's Interpretation 
during periods of IM operations and during periods without IM operations. 

OOE's statement that the low hydraulic gradient requires the use of monthly averages Is unsupported by 
hydraulic data and Information. DOE's use of monthlv averages Instead of actual synoptic data Is not consistent 
with the Industry standard6, does not complv with discharge permit requirements 7, and does not provide better 
understanding of the long-term changes In the water table caused by the IM activities. The use of monthly 
average water levels to map the water table Incorporates undeslrable water table fluctuations caused by 
barometric pressure changes, drawdown from sampllng purges and earth tides, which all skew the Interpolating 
and contouring results. Conversely, use of synoptic data obtained from continuously recording pressure 
transducers at low activity times (e.g., early mornings, weekends, and holidays) negates these undesired effects 
on groundwater levels because atl measurements are from the same time and under the same Influence. 
Consequently, compensation of barometric and tidal Influences are not required; unlike monthly averases, 
which Incorporate such Influence, and thus result In a nonrepresentatiVe potentiometrlc surface. DOE must 
provide multiple standards (e.g., U.S. EPA, ASTM) and studies In peer reviewed Journals or textbooks to support 
the use of monthly averages over synoptic data when synoptic data are avalla ble for mapping the water table 
surface. In addition, detecting effects from pumping from the IM extraction wells and County production wells ls 
a prime objective ln preparing these maps In the semi-annual reports and should not be drcumvented by using 
monthJv _a~e'!lges. _ 

9, Section 3.S Water-Table Map, Page 13 and 14. 
DOE Statement: "In addition to being potentially caused by pumping, subtle mounds and adjacent apparent 
depressions In the water table can also be caused by local areas of present-day recharge from the vodose zone. 
For eKample, although the water table generally dips gently from west to east across the chromium plume area, 
a suspected recharge window causing slight mounding In the water table to the east o/CrPZ-2 could cause the 
appearance of a lower point to the west, even In the May 201.B baseline map.• 

NMED Comment: NMED does not concur that "subtfe mounds and adjacent apparent depressions In the water 
table can also be caused by local areas of present-day recharge from the vadose zone." The suaestlon that a 
subtle, but measurable, depression or low point In the water table can occur from a mound is unlikely. The 
prevafflng cause for a depression In a water table surface Is pumping. However, the use of monthly averases, 
conflicting reference well surveys, data gaps, and Incorporation of different zones (I.e., deeper, or shallower) can 
create errant dosed contours when automated computer algorithms like krlglng are used. 

7 NMED, A11ausu2, 2016, Ground Water DlSCharp Permit. I.Os AllffltS Natlonal laboratory UCldarglOund l~edlon Control Wolls Dlscharp Permll-1835. 
37680. 
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NMED contoured the same data (which Is synoptic) for the May 1, 2018, baseline water table map presented by 
DOE In Flgu re 3 ,3•2 of the Report, but using the three-point problem, and was not able to reproduce the 
depression. DOE must recontour the baseline water table map using the three-point problem for lncluslon Into 
the revision. Figures 3.3-1 and 4,0•2 In the Report also show a closed contour at an equal elevation of 5830 feet 
that forms an apparent depression In the water table in the same area. However, no data support these closed 
contours, and the closed contours are not centered around an operating extraction well, These errant closed 
contours are a recurring problem In many previous semi-annual reports and It Is obvious they are due to 
artifacts that result from the application of automated software, data gaps, questionable reference surveys, and 
use of monthly averages In Heu of actual synoptic data. Plezometers paired adjacent to CrE>H, CrEX-3 and CrEX• 
4, llke CrPZ-1 ls paired with CrEX-2, will be requtred to help fill In the data gaps If DOE continues to use computer 
algorithms In formulating water table maps In future submittals. In addition, DOE states In Section 3.3 of the 
Report that "sllght mounding In the water table to the east CrPZ-2 could cause the appearance of a lower point 
to the west, even In the May 2018 baseline map.n This "mound" east of CrPZ-2a/b may be attributed to a false 
high at R-28 In the baseline map that is due to the loss of hydraulic connectivity In R-28 with the aquifer due to 
the August 2017 molasses amendment Injection. Conversely, It could be due to survey Issues among the 
plezometer and the monitoring well. DOE must Investigate this as a posslblllty, as well as the pressure 
transducer settings and the wellhead reference surveys, as potential underlying causes of the apparent water 
level anomalles In this area that affect mapping of the water table. DOE should perform a well resurvey, If 
necessary, at each chromium group lmtallation due to the high sensitivity the flat hydraulic sradlent Is to 
aberrations In reference data. Results of such Investigations {e.g., well resurvey, R-28 water level 
representativeness ... ) should be Included In the revision. 

Another potential source of error In mapping of the water table Is DOE not Jndudlng all data points available In 
the chromium group when preparing these maps. While the mapping requirements lndude only 14 wells7, It 
excludes key wells such as R-28, R-48, R-70, R-3Sb and R-15 from formulation these maps. Data from these wells 
and SIMR-2 (one of the 14 required wells that DOE typically omits from the water table maps) are as 
lnstNmental In understanding Ions-term changes to the water table from IM activities as the locations listed In 
the discharge permlt7• NMED does not understand why DOE omits groundwater level data from several local 
chromium group monitoring wells but Includes the statement that "Monitoring wells within and su"oundlng the 
plume are used, including wells not presented on the mop (I.e., R-21, R-31, R-32, R-37, and R-40}, Water levels In 
wells surrounding the plume provide useful control points for con touring along the edges of the area of Interest 
for this report "8 The use of data closest to the subject matter Is especially Important when using automated 
computer algorithms to Interpolate data because the alsortthm stresses reliance on the nearest data over more 
distant data. Accurate representation of the water table requires Inclusion of all chromium group well data 
regardless of the permit requirements. DOE must Include synoptic data from each chromium group lnstallatlon 
and revise Figures 3.3-1 and 4,0-2 In the revision and fn all future submlttals using three-point problem manual 
Interpolation method to mlolmlze the Impacts the existing data gaps have on automated computer lnterpolatfon 
methods. 

Drilling records demonstrate that no perched aquifer or other vadose saturation Is present In the area to provide 
the "present-day recharge,; to the water table as surmised by DOE. Addlttonally, the documented decline In the 
perched water levels at the upgradlent chromium group area counters DOE's statement (e.g., MCOl-4, MCOl-5, 

• Newport News Nlldear BWXT-los Alamos, LLC, March 2021, Quarterly Report for the Discharge of Treated Grvundwater to the Reslonal Aquifer 
under Discharge Permit 1835, Calendar Year 2020 Quarter 4. EM2021-00S6, 
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SCl-1). Sustained engineered Injection operations from the plume control lM have shown that mounding does 
not occur alona the water tab!e, or at least not at detectable magnitudes by the existing monitoring well 
network. It Is Implausible that the natural recharge In a desert environment such as Los Alamos would provide 
more flu,c to the water table than the IM Injection operations. DOE must remove this narrative In the revision or 
support It by Identifying the source with recent drilling data, quantifying the recharge flux to the water table 
from the source, and comparing the "present-day recharge" flux to the IM Injection operation flux through 
calculations and groundwater modeling. More realistic scenarios that explain the errant closed contours Include 
well survey Issues, mis-contouring of the water table due to errant use of monthly water level averages, 
Inclusion of RM28 and R-42 and different hydrostratlgraphlc 1.ones, data gaps and use of the automated krlglng 
Interpolation method. 

10. Section 3.3 Water-Table Map, Page 14. 
DOE Statement: "The water table In the chromium area Is relatively flat. Therefore, even relatively small 
local/zed variations In hydraulk conductivity may be linked to discernible changes In pressure measurements." 

NMl!D's Comment: On page 13 of the Report DOE states "The use of monthly averages of water-level data 
ensures that any given water-table depiction Is not driven by one or more anomalous values at any given well.n If 
this statement Is true, explain In the revision how the anomalous low at CrPZ-2 ls consistently an Issue In 
mapping the water table. Knowing that hydraulic conductivity Is a tensor, explain how " ... relatively small 
local/zed vorfotions In hydraulic conductivity may be /Inked to dlscemlble changes In pressure measurements." If 
true, one would expect It to be a common problem In mapping of potentlometrlc surface elsewhere In the 
chromium site, and In hydrogeology In general, considering the stated geol08k conditions at CrPZ-2 are not 
unique. In the revision, provide peer-reviewed literature (e.g., Journal articles, university textbooks ... ) and a 
numerical groundwater model run that simulates the mechanics of the flow fleld In such hydrogeologic 
conditions (e.g., flat water table and smatl localized variations tn hydraulic conductivity) to support this 
statement Otherwise, remove the statement from the revision and pursue a different approach to solve the 
cause Qf ~Is ~n(?fflaly {S~~c_Co~'!'e~t ~o. ~). 

11. Ffsure 2.l•Z - lnjec:tfon well flow rates and water levels far CrlN-1, CrlN-2, CrlN-3, CrfN-4, and CrlN•S from 
July 1 through December 31, 2020, pqe 23. 

NMEO Comment: In this figure, there Is a unique pattern to the sudden near 80-foot water level rise recorded In 
CrlN-3-durlng October 2020 as It contrasts with c:oncurrent patterns of water level chanses recorded In the other 
Injection wells. Figure 3.2-38c on page 65 of the Report shows a very slmdar pattem recorded In the hydrograph 
for R-45 S1 during the tlmeframe denoted by "period B", also In October 2020 (see specific comment 6B). In 
Section 3.2.2 on pa,e 11 of the Report, the 1-foot rise noted by "period B" Is attributed to CrlN-1 because CrlN-2 
was not operatlns, However, there was little increase In the CrlN-1 water level rise In October compared to that 
shown In CrlN-3 and the pattern resembles that of the near 80-foot water level rise In CrlN-3 not QIN-1. In the 
revision, explain these unique patterns and comment on whether the large Injection recorded In CrlN-3 Is the 
cause of the similar pattern recorded In R-45 S1 and how DOE wlll lnclude this response In the pending 
groundwater model as this cause and response Indicates a definite hydraulic connection between CrlN-3 and R-
45 S1 (see Specific Comment No. 68). This hydraulic connection Is also noted by the groundwater chemistry 
trend chan,es shown fn the Attachment. 
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The Work Plan requires DOE to provide key data that support its evaluation of IM performance Including water 
level data1

• DOE has not provided the water level data from the 10 IM Infrastructure wells in the Report. Within 
five business days of the date of this Not lee of Disapproval, DOE must submit the raw pressure transducer data 
from the 10 IM infrastructure wells shown in Figure 2.1-1 and 2.1-2, and barometric pressure changes used to 
compensate the raw water levels, if performed. E-mail these data directly to Christopher.krambis@state.nm.us. 

12. Figures 3,2•37a through 3.2-42, pages 60 through 77. 

NMED Comment: Many of these figures are too busy, specifically Figures 3.2-37a, -38a, -38b, -38c, -39a, -39d, -
40a, - 40c, •41a, and -42, due to the excessively long timeframes shown by the x-axis scale compared to the less 
busy figures that have much more concise timeframes. In the revision, provide a second set of figures for each 
well that show only the tlrneframe of concern by the Report {I.e., July 2020 through December 2020). 
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Chromium Concentrations at Regional Aquifer Monitoring Well R-45 
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