DEPARTMENT OF THE .\IRU)RC'I':

ITTNI AR BASE WING (A GSCY

Hazardous Waste

CERTIFIED RETURN-RECEIPT REQUESTED T

Colonel Eric H. Froehlich

377 ABW/CC

2000 Wyoming Blvd SE
Kirtland AFB NM 87117-5000

Mr. John Kieling

Chief, Hazardous Waste Bureau

New Mexico Environment Department
2905 Rodeo Park Drive East, Building |
Santa Fe NM 87505-6303

SUBMITTAL OF FINAL FISCAL YEAR 2015 LONG-TERM MONITORING REPORT
FOR ST-105 NITRATE IMPACTED GROUNDWATER
EPA ID# NM9570024423

Dear Mr. Kieling

Attached please find the Final Fiscal Year 2015 Long-Term Monitoring Report for ST-105  Nitrate
Impacted Groundhwater. This annual report summarizes the activities performed in support of long-term
monitoring conducted at Site ST-103 10 evaluate the nitrate impacts associated with the perched and
regional aquifers underlying Kirland Air Force Base.

If you have further questions, please contact Mr. L. Wayne Bitner at (505) 853-3484 or at
ludie.bitner@us.af.mil, or Mr. Scott Clark at {505) 846-9017 or at scott.clark@us.af.mil.

Sincerely

<’ / WC
<& / g/

ERIC H. FROEHLICH, Colanel, USAF
Commander

Attachment:
Final LTM Report, ST-105 Nitrate Contaminated Groundwater

cc:
NMED-HWB (Cobrain w/o attch, Davidson w/attch)
AFCEC-CZRX (Renaghan)

Public Info Repository (Central New Mexico Community College)
Administrative Record/Information Repository (AR/IR) and File

it



























































































































4.0 REGIONAL AQUIFER

4.0 REGIONAL AQUIFER

As discussed in Section 3.0, groundwater samples were collected from the 49 regional aquifer wells listed
in Table 3-1 with wells KAFB-0521 and KAFB-0626 sampled at multiple intervals using the installed
FLUTe® liners resulting in the collection of 54 samples. Analytical results are compared to the lowest
applicable screening level as obtained from the following sources:

e New Mexico Water Quality Commission Regulations (New Mexico Administrative Code
[NMAC] 20.6.2)

o Applicable federal standards include U.S. Environmental Protection Agency (EPA) maximum
contaminant levels (MCLs) as found in 40 Code of Federal Regulations (CFR) 141 and 40 CFR
142 and National Secondary Drinking Water Regulations (NSDWR) found in 40 CFR 143

e EPA Regional Screening Levels (RSLs) for Tapwater available online at
http://www.epa.gov/region6/6pd/rcra_c/pd-n/screen.htm.

41 GROUNDWATER SAMPLING RESULTS

The groundwater analytical results for the samples collected from the regional aquifer wells are
summarized in Table 4-1 along with the applicable groundwater screening levels. The results for all
analytes are tabulated in Table A-1 provided in Appendix A. The laboratory analytical reports are
available in Appendix B.

4.1.1 Bromide

Samples from the 49 regional aquifer wells were analyzed for bromide in accordance with EPA Method
300.0. Bromide was detected in samples collected from 27 of the 49 well locations with concentrations
ranging from 100 ug/L to 3,000 pg/L, with an average concentration of 723 ug/L. A regulatory screening
level has not been established for bromide.

4.1.2 Chloride

Samples from the 49 regional aquifer wells were analyzed for chloride in accordance with EPA Method
300.0. Chloride was detected in samples collected from all 49 well locations ranging in concentration
from 6,100 ug/L to 110,000 ug/L, with an average concentration of 20,600 pg/L. All chloride
concentrations are below both the NMAC and the NSDWR regulatory level of 250,000 pg/L.

4.1.3 Fluoride

Samples from the 49 regional aquifer wells were analyzed for fluoride in accordance with EPA Method
300.0. Fluoride was detected in samples collected from all 49 well locations ranging in concentration
from 230 pg/L to 2,100 ug/L, with an average concentration of 461 ug/L. The maximum concentration of
2,100 pg/L was detected in the samples collected from wells KAFB-0615 and ST105-MW24, which
exceeded the NMAC regulatory screening level of 1,600 pg/L. Historic concentrations for samples
collected from this well have varied from 1,600 pg/L to 3,500 ug/L; therefore, this result is within the
range normally experienced. The concentrations for the samples collected from the other 48 well
locations are all below the NMAC regulatory screening level.
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9.0 EVALUATION AND RECOMMENDATIONS

sample1ofsample el NI | 3 | g% | Bromid | Clovielorice Aproria) T | 105 | Saple clrieeromic

KAFB-0617-05192015 5/19/2015 13 5561 4.1 0.12 16 0.52 0.077 ND 300 | Regional 133.3
KAFB-0618-04232015 4/23/2015 55 6.24 | 3.53 ND 8.2 0.49 0.100 ND 1200 | Regional
KAFB-0620-04142015 4/14/2015 11 597 | 4.8 ND 17 0.43 ND ND 360 | Regional
KAFB-0621-04142015 4/14/2015 11 5.8214.73 0.40 33 0.45 ND ND 350 | Regional 82.5
KAFB-0624-04232015 4/23/2015 27 6.3 | 5.62 0.14 26 0.31 ND ND 290 | Regional 185.7
KAFB-0625-06022015 6/22/2015 12 5.87 | 4.87 ND 20 0.42 0.075 ND 380 | Regional
KAFB-0626A-03052015 3/5/2015 7.9 5491 2.23 0.25 14 0.45 ND 0.13 310 | Regional 56.0
KAFB-0626B-03052015 3/5/2015 7.9 6.03 | 2.8 0.27 15 0.41 ND ND 320 | Regional 55.6
KAFB-0626C-03052015 3/5/2015 2.6 6.28 | 1.28 ND 13 0.48 ND 0.58 280 | Regional
KAFB-0626D-03052015 3/5/2015 4.4 5.16 1-0.09 ND 9.5 0.49 ND 0.44 260 | Regional
KAFB-0904-04202015 4/20/2015 23 5.84 | 3.89 ND 14 0.38 ND ND 380 | Regional
KAFB-1007R-01152015 1/15/2015 8.8 6.15 | 4.68 ND 11 0.41 ND ND 260 | Regional
KAFB-1008-01192015 1/19/2015 5.7 572 | 3.57 ND 8.3 0.42 0.039 8.5 240 | Regional
KAFB-1009-01152015 1/15/2015 6.1 5.88 | 4.42 ND 13 0.64 ND ND 270 | Regional
KAFB-2628-05182015 5/18/2015 2.3 592 | 2.57 ND 17 0.39 0.075 200 350 | Regional
KAFB-2629-05182015 5/18/2015 4.2 5551 3.27 0.10 17 0.44 0.078 ND 360 | Regional 170.0
ST105MWO001-12112014 12/11/2014 2.7 2.88 | -2.7 0.54 13 0.26 ND ND 280 | Regional 24.1
ST105MW002-01062015 1/6/2015 2.6 6.3 | 5.01 ND 7.3 0.42 ND ND 210 | Regional
ST105MWO003-01272015 1/27/2015 3.2 6.31 | 5.81 ND 7.4 0.42 0.058 ND 200 | Regional
ST105MWO004-12152014 12/15/2014 2.9 6.46 | 3.01 3.0 16 0.34 ND ND 370 | Regional 5.3
ST105MW009-01082015 1/8/2015 10 6.77 | 3.29 0.83 110 0.28 ND ND 530 [ Regional 132.5
ST105MW013-01062015 1/6/2015 13 6.5 | 4.74 0.28 19 0.40 ND 0.12 330 | Regional 67.9
ST105MW-015-04152015 4/15/2015 12 6.7 | 5.48 0.28 22 0.42 ND ND 400 | Regional 78.6
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9.0 EVALUATION AND RECOMMENDATIONS

Nitrate | .1s 18~ | Bromide | Chloride |Fluoride] Ammonia| TKN | TDS | Sample |Chloride/Bromide

Sample 1D Sample Datel 1y [N (370 f gy« | (marL) | (marL) | (mai) | (mar) [ marLy | source Ratio
ST105MW-017-05292015 5/29/2015 9 5.67 | 3.84 0.18 23 0.39 0.075 ND 320 | Regional 127.8
ST105MW-018-05272015 5/27/2015 62 59 | 4.78 0.34 18 0.30 0.097 ND 710 | Regional 52.9
ST105MW-023-05062015 5/6/2015 20 522 | 4.25 0.11 17 0.36 ND ND 320 | Regional 154.5
ST105MW-24-05132015 5/13/2015 0.94 6.82 | 3.81 0.15 61 2.1 0.090 ND 600 | Regional 406.7
TJA-4-05282015 5/28/2015 28 52 | 5.14 0.27 27 0.4 0.088 ND 400 | Regional 100.0
mg/L — milligrams per liter
ND — non-detect
TDS — total dissolved solids
TKN — total Kjeldahl nitrogen
April 2016 9-12 Kirtland AFB ST-105
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9.0 EVALUATION AND RECOMMENDATIONS

and that the associated nitrate concentrations in this well range from 1.0 to 1.5 mg/L, below the
NMWQCC and MCL standards (10 mg/L) for nitrate (as N).
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Figure 9-3. ST-105 Delta °N versus Nitrate Concentration

The dual isotope plot shown in Figure 9-5 is based on Motzer, 2006. The samples are grouped (marker
style and color) based on their shipment date to the analytical laboratory.

9.2.2 Summary of Anion and Other Sampling Results at ST-105

The groundwater sampling data from the 2014/2015 sampling events for ST-105 were reviewed with
respect to nitrate, bromide, chloride, fluoride, ammonia, TKN and TDS concentrations. The results of the
sampling are tabulated in Table 9-1.

Elevated TDS and chloride concentrations have been linked to domestic sewage impacts in groundwater
(USGS, 2009). In particular, chloride is a useful indicator parameter for septic waste due to its non-
reactive (conservative) nature in groundwater and ubiquitous occurrence in septic waste streams
(McQuallan 2004). Figure 9-5 shows the plot of TDS vs. nitrate for the ST-105 groundwater samples. As
shown in Figure 9-5, there appears to be a weak correlation between TDS and nitrate concentrations (R2
=0.1333 regional and R2 = .2511 perched), and with removal of the single 1,200 mg/L TDS outlier, R2 =
0.337 for samples from the regional aquifer. It is suspected that the single high value of TDS (1,200
mg/L, from well KAFB-0618) may represent an errant value since the previously measured TDS for this
well (March, 2014) was 279 mg/L. Thus, a reasonable inference is that source water at elevated nitrate
and TDS levels is impacting groundwater at ST-105.

Based on the chloride concentration data, there is no apparent relationship between chloride levels and
nitrate levels in either the perched or regional ST-105 monitoring wells.
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9.0 EVALUATION AND RECOMMENDATIONS
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Figure 9-5. Total Dissolved Solids versus Nitrate Concentration
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9.0 EVALUATION AND RECOMMENDATIONS

McQuillan (2004) developed relationships between chloride and nitrate in groundwater based on impacts
from dairies, septic systems and natural evaporation of meteoric water using data from the Middle Rio
Grande Valley in New Mexico. Site ST-105 data, along with the relationships developed by McQuillan
(2004), are shown in Figure 9-6. The figure is overlaid with known nitrate/chloride relationships in the
Middle Rio Grande Valley of New Mexico (McQuillan, 2004).
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Figure 9-6. Chloride versus Nitrate Concentration with Known Relationships

Most of the ST-105 groundwater nitrate/chloride data correlate best with the ‘Evaporation’ source
signature, which is thought to be representative of evaporation of atmospheric recharge along ephemeral
watercourses (McQuillan, 2004). A smaller grouping of the site data (red circle area in Figure 9-6) from
both the perched and regional aquifers plot near the lower bounds of septic system source data region.
The samples that are marginally within the septic system source region of McQuillan (2004) include four
perched wells (KAFB-0314, KAFB-0506, ST105MW-20, and TJA-2) and five regional wells (KAFB-
0307, KAFB-0315, KAFB-0615, KAFB-0616 and ST105MW009). Of the perched wells listed, only
TJA-2 is located on the periphery of Plume 4 (the perched nitrate plume), and most recently has a nitrate
concentration of 9.6 mg/L. The three others are not located within the Plume 4 footprint, and are near or
below the approved nitrate background level (4 mg/L). Of the five regional monitoring wells listed,
KAFB-0616 (17 mg/L NO3) and ST105MW009 (10 mg/L NO3) are located within Plume 2, and the
other three are located in the vicinity but outside of plume 2, as depicted in the 2014 LTM Report (URS,
2015).

Mullaney et al. (USGS, 2009) presented binary mixing curves as a means of determining the origin of
chloride in groundwater. The curves are based on the ratio of chloride/bromide as a function of the
chloride concentration, and representing various sources, including deicing materials, sewage or animal
wastes, fertilizers, brines, seawater and landfill leachate in samples from monitoring wells. The site ST-
105 data are shown overlaid with the binary curves (USGS, 2009) in Figure 9-9.
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Figure 9-7. Chloride/Bromide Ratios versus Chloride Concentration

As shown in Figure 9-7, the chloride/bromide vs. chloride concentration data for ST-105 are primarily
grouped between curves 1 and 8, and are, therefore, not uniquely identifiable based on this approach. It is
noted that 32 of the samples were non-detect for bromide, so the lack of low resolution on bromide data is
likely screening out numerous results in the high range of chloride/bromide ratio. Ten of the data pairs fall
in the region below the lowest source curve line (landfill leachate).

In studying the fate of nitrate based on a multi-tracer approach, Pasten-Zapata et al. (2014) presented an
alternative interpretation of mixing lines between precipitation and different end members based on data
compiled from other studies. Figure 9-8 includes the ST-105 chloride/bromide ratio as a function of
chloride concentration based on the Pasten-Zapata et al. (2014) identified source regions. The regions
identified for differing sources do not suggest a unique source for nitrate in groundwater at ST-105
(Figure 9-8), based on the data presented by Pasten-Zapate et al. (2014).

Others have evaluated the range of CI/Br ratios as a means of attributing contamination to different
sources. Vengosh and Pankratov (1998) identified relationships based on previous studies. Figure 9-9
shows the range of ST-105 CI/Br ratios overlaid with the relationships compiled by Vengosh and
Pankratov (1998). Based on the data presented in Figure 9-9, the chloride/bromide ratios of the ST-105
groundwater samples best accord with source water from street runoff, agricultural return flows (deep
infiltration), and evaporated sea water. Again, it is noted that numerous data, at presumably the higher
chloride/bromide range, are not considered in this comparison due to the 32 data points that had non-
detected concentrations of bromide, precluding their use in the ratio calculations.
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9.0 EVALUATION AND RECOMMENDATIONS

Chloride/Bromide Ratio vs. Chloride
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Figure 9-9. Range of Chloride/Bromide Ration

Figure 9-9 represents the chloride/bromide ratios overlaid with data compiled by Vengosh and Pankratov
(1998). The data for ST-105 (red-line) represent the range from the 5™ to 95" percentile (5.3 to 246.6,
respectively) of the chloride/bromide ratios presented in Table 1.
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9.0 EVALUATION AND RECOMMENDATIONS

Vergosh and Pankratov (1998) also considered the use of chloride/fluoride ratios as a means of
contaminant source identification in groundwater samples. They concluded that chloride/fluoride ratios
would not be a useful inorganic tracer for identification of the origin of contamination in groundwater,
due to apparent dissolution effects in the sewage-impacted groundwater which resulted in higher ratios in-
situ than in the origin waste streams.

9.2.3 Previous Investigations — Pharmaceutical and Personal Care Products Groundwater
Sampling

Groundwater samples from plumes 1, 2 and 4 were analyzed for pharmaceuticals and personal care
products (PPCPs) as a means of assessing the source of nitrate contamination (USAF, 2009). Up to six
common PPCP analytes were detected in low concentrations in nine of the ten samples (and one sample
duplicate) collected. The five wells sampled in Plume 1 were located in various arrangements with respect
to potential nitrate sources, including the former sewage lagoon, the 1994 and the 2003 sewer line break
locations, and the Tijeras Arroyo. The three wells sampled in Plume 2 were located near the Tijeras
Arroyo, the golf course area, and the golf course main pond. The three wells sampled in the perched
aquifer (Plume 4) were located near the Tijeras Arroyo, the golf course main pond, and SNL SWMU 46,
the Old Acid Waste Line Outfall. The sample that did not indicate any detected levels of the six primary
PPCPs was from well KAFB-0608, which is located adjacent to the golf course main pond and completed
in Plume 4 of the perched aquifer. The PPCP chemicals were indicative of common medications
(acetaminophen, salicylic acid), sunscreen (oxybenzone), insect repellent (DEET), caffeine, and common
household plastic and/or epoxy resin (bisphenol A). The PPCP compounds detected in groundwater
samples were noted to be consistent with chemicals detected in sewage (USAF, 2009).

9.2.4 Summary of Nitrate Source Investigations

Site groundwater data for stable isotope analysis and anion chemistry have been evaluated based on
known techniques for contaminant source identification. Results of isotopic analyses of oxygen and
nitrogen in groundwater nitrate indicate a terrestrial source of nitrate (soil nitrogen and/or manure or
septic waste) that has undergone nitrification. Results of previous sampling of PPCP chemicals were
consistent with a sewage contaminant source of nitrate (USAF, 2009) in plumes 1, 2 & 4, and nitrate
concentrations in groundwater are moderately correlated to TDS levels, which is also consistent with a
sewage water source of contamination.

Other lines of evidence are inconsistent or inclusive in regards the potential source of nitrate
contamination in the ST-105 plumes. Based on relationships between groundwater chloride and nitrate
concentrations developed from numerous nitrate-impacted sites in the Middle Rio Grande Valley, the ST-
105 data accords best with nitrate contamination attributed to the ‘evaporation’ source signature, thought
to be representative of evaporation of atmospheric recharge along ephemeral watercourses (McQuillan,
2004). An atmospheric source of nitrate is inconsistent with the lower values of delta **0 as shown in
Figure 9-4. Various other relationships were also evaluated and were inclusive with regards to the
potential source of chemicals in the ST-105 plumes, including chloride/bromide ratios vs. chloride
concentrations (USGS, 2009 and Pasten-Zapata et al., 2014), and only considering the range of
chloride/bromide ratios (Vengosh and Pankratov, 1998).
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9.3 RECOMMENDATIONS

As discussed in Section 4, monitoring of the following regional aquifer wells should be discontinued
because (1) nitrate levels have been and continue to remain below concentrations of regulatory concern,
(2) the other wells are located in proximity to them that provide adequate coverage for monitoring of the
nitrate plume, or (3) the well will be monitored in support of another site at Kirtland AFB and data will be
obtained from that monitoring effort.

Regional Nitrate Plume 1
KAFB-7

KAFB-16
KAFB-0505
KAFB-0510
KAFB-0519
KAFB-0524
KAFB-2628
KAFB-2629

Reqional Nitrate Plume 2

o KAFB-0307
o KAFB-0311
o KAFB-0312
o KAFB-0315
o KAFB-0615

McCormick Ranch

o KAFB-1006
o KAFB-1008
o KAFB-1009

Monitoring of all other regional aquifer wells should be continued under the ST-105 nitrate abatement
project along with all of the perched aquifer wells.

In addition, it is recommended to reduce the analyte list to those constituents that provide data intrinsic to
the understanding of the nitrate impacted groundwater. Historically, groundwater samples have been
collected and submitted for the analysis of the following:

e Anions (chloride, bromide, fluoride, and sulfate)

o Nitrate-nitrite (by 353.2)

e Alkalinity

e Total Kjeldahl nitrogen

e Ammonia

e TDS

o Dissolved organic carbon
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