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Dear Mr. Kusmak:
The New Mexico Environment Department (Department) has reviewed the Class 2 Permit
Modification Request, OD20K, 20,000-Pound Open Detonation Unit dated October 2018 and
received from Holloman Air Force Base on October 10, 2018. This permit modification request
(PMR) is intended to revise the Closure Plan and Sampling and Analysis Plan for the 20,000Pound Open Detonation Unit (OD Unit) and was reviewed in accordance with 20.4.1.901 NMAC
(incorporating 40 CFR 270.42 [b]). The Permittee held a public meeting on October 23, 2018 and
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Enclosed are the final versions of the Closure Plan and Sampling and Analysis Plan for the OD
Unit. The modified Closure Plan replaces Permit Attachment F of the Hazardous Waste Treatment
Facility Operating Permit for the Treatment of Waste Munitions by Explosive Detonation at the
20,000 Pound Open Detonation Treatment Unit, February 1997 (Permit) and the modified
Sampling and Analysis Plan replaces Permit Attachment J of the Permit.
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PERMIT ATTACHMENT F
CLOSURE PLAN

This section contains the closure plan for the 20,000-Pound Open Detonation Unit (OD Unit) at
Holloman Air Force Base (HAFB) and was submitted in accordance with the requirements of the
New Mexico Hazardous Waste Management Regulations 20 4.1,500 New Mexico Administrative
Code (NMAC), incorporating 40 Code of Federal Regulations (CFR) §264 subpart G.
This closure plan lists the activities that were performed during the site's operating life and
following the end of the operating life of the unit in March 2011 and identifies the remaining
activities to complete closure of the OD hazardous waste management unit.
Closure Performance Standard

This closure plan is designed to ensure that the 20,000-Pound OD Unit will minimize or eliminate,
to the extent possible, threats to human health and the environment, will prevent the escape of
hazardous wastes, hazardous constituents, or waste decomposition products to soils, surface
waters, groundwater or the atmosphere, and will comply with all relevant closure requirements.
Summary of Activities Conducted During Active Life

During the active life of the OD Unit, the post-treatment residuals and soils were sampled quarterly
to demonstrate treatment effectiveness and ensure that residuals were nonhazardous. During the
interim period between treatment events, the unit was periodically graded and residuals in the unit
remained covered to retard leachate formation and prevent wind dispersal. Quarterly, residuals
and soils were sampled for characteristics of hazardous waste and suspected hazardous
constituents, as specified in the Sampling and Analysis Plan (SAP), Permit Attachment J. The
SAP documents all the protocols used during active-life sampling events. Sampling reports were
prepared and submitted to New Mexico Environment Department (NMED). In addition, a
summary of quarterly analytical results was provided in Appendix A of the Amended Expanded
Closure Plan for OD Unit (FPM Remediations, Inc., [FPM], 2014) which was approved by NMED
in March 2015.
Summary of Closure Activities

At the conclusion of the final OD treatment event, the site was inspected, and all identified debris
were removed. Following these activities, representative soil samples from across the entire OD
Unit were collected and analyzed in August 2012 to determine the residual concentrations of any
toxic metals, explosive compounds, perchlorate, nitrate, and phosphorus, if any. During the same
2012 sampling event, groundwater samples were collected and analyzed for the same analytes
listed above and for Total Dissolved Solids (TDS). Samples were collected from the four existing
monitoring wells installed in 1993: MW0l, MW02, MW03, and MW-04. In addition to the 2012
sampling event, a Data Gap Investigation (DGI) including additional soil and groundwater
sampling and installation of groundwater monitoring wells was performed in March 2015, and
February and June 2017.
All analytical results were compared to background levels or risk-based screening levels. Since,
based on the existing data, all detected concentrations were not below background (for metals,
perchlorate and nitrate) or the analytical detection limits (for organics), the closure will not be
considered clean closure. Since levels were detected in excess of background or detection limits
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the closure will be considered a risk-based closure.
Based on the existing closure analytical results, it was determined that portions of the OD Unit
contain perchlorate levels in excess of risk-based criteria; therefore, further action, including
additional delineation of groundwater contamination (i.e., installation of three additional
monitoring wells), excavation of perchlorate-contaminated soils, post-excavation confirmation
sampling, and remediation of ground water, if required, will be conducted prior to completing
closure. When all such activities have been completed as required, and all samples show that the
residual levels of contamination are below the risk-based criteria, all remaining closure and postclosure activities will be completed, including backfilling of the excavation with clean soil,
grading, decontamination, and closure certification.
Partial and Final Closure Activities

There will be no partial closure of the OD Unit.
Maximum Waste Inventory

Operating practice precluded the storage of hazardous wastes at the OD Unit. For safety reasons,
waste munitions were treated as received or as generated and no other wastes were stored at the
site. During operation, the maximum amount of hazardous wastes treated during a single OD
event at any time during the life of the facility was 20,000 pounds Net Explosive Weight (NEW)
of waste munitions. No waste munitions were present at the site upon initiation of closure
activities.
Inventory, Removal, Disposal, and Decontamination of Equipment

As outlined above, the steps to achieve the closure standard include site reconnaissance, removal
of scrap materials and debris, closure sampling and analysis, removal of contaminated soils,
groundwater investigation and monitoring, surface grading, decontamination, and closure
certification. Each step is discussed below.
Site Reconnaissance

Following the final treatment event, the OD Unit was inspected to ensure that the planned closure
approach could be implemented. The inspection consisted of a visual site inspection (VSI) to
identify the location of any scrap materials, debris, or any other substances that may impede
closure of the unit. All materials that needed to be removed prior to proceeding with closure were
documented in a field inspection logbook.
Removal of Scrap Materials and Debris

Based on the VSI, any identified scrap, debris, or other substance that could impede closure of the
unit was removed by HAFB Explosive Ordnance Disposal (EOD) personnel and delivered to the
Defense Logistics Agency Disposition Services for disposal.
Closure Sampling and Analysis

Following the final OD operational activities, representative soil samples from the OD Unit were
collected and analyzed in August 2012 to determine the residual concentrations of any toxic
metals, high explosive (HE) compounds, nitrate, perchlorate, and phosphorus. See Figure F-1 for
sample locations. Because abundant data were gathered during prior quarterly sampling events
and because it was important to verify that the entire area of the OD Unit was adequately sampled,
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a non-stratified sampling approach was used for determining the placement and number of samples
for closure. This approach accounted for the spacing of previous samples and identified areas
where additional sampling was required. Once sampling locations were determined, hand auger
samples were collected from the surface interval (0-1 feet [ft]) at each of these locations and sent
to an approved laboratory for analysis. In addition, groundwater sampling for the same analytes
and TDS was also performed in August 2012 at four monitoring wells installed in 1993 as shown
on Figure F-2: MW-01 (upgradient), MW02, MW03, and MW-04 (downgradient).
In March 2015, four soil locations (see Figure F-3) and monitoring well MW02, where 2012 soil
and groundwater sampling events showed exceedances for perchlorate (and nitrate in
groundwater), were sampled to confirm the 2012 results. In addition, background soil samples for
perchlorate analysis were collected during the same sampling event (see Figure F-4).

Since the March 2015 groundwater sampling event confirmed increased concentrations of
perchlorate and nitrate in MW02, an additional investigation including installation of six new
monitoring wells as shown on Figure F-2: MW05, MW06, MW07, MW08, MW09, and MWlO
and subsurface soil sampling within the borehole located at the center of the site (i.e., the location
of MWlO) down to the water table was conducted in February 2017. Groundwater analytical
results identified increased levels of perchlorate in three new monitoring wells (MW06, MW08,
and MWl 0) and in the subsurface soil located in the center of the demolition pit.
An additional investigation to delineate the extent of perchlorate contamination in both soil and
groundwater (identified during closure sampling in March 2015 and in February 2017) was
performed in June 2017. One additional monitoring well (MWl 1) was installed (see Figure F-2)
and sampled for perchlorate and subsurface soil samples were collected within twenty soil borings
and analyzed for perchlorate (see Figure F-5).
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Legend
•

2012 Sampling Location

•

Historic (Quarterly)
Sampling Location

Figure F-1- Historic Soil Sampling and August 2012 Closure Soil Sampling Locations
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Legend
.__ Groundwater Monitoring
<.Jf
Well (1993)
•

Groundwater Monitoring Well
(February 2017)

•
-

Groundwater Monitoring Well
(June 2017)
Groundwater Elevation Contour

Jtll' Groundwater Flow

Figure F-2 - Groundwater Monitoring Wells Installed at the OD Unit and Groundwater Flow Direction

Permit Attachment F
Page 5 of 16

Holloman Air Force Base
Open Detonation Treatment Unit
Revised February 2019

:r·:_.··
;. • -•:"·••,;
:;•~•,Y ,... •~---- ✓ /
,.,_:.,.: ,> .., •,>.1:· .· ·· • ·/·

Soil Sampling Locations
(the same as 2012 event locations
where perchlorate concentrations
were above the NMED SSL)

•

·.;-;:,:; ✓--····'

,··

--

~-

::-~._.:l- ~':'_~;•.f!;;...

.. ·~:,., .
:-

:-

~,

•

\•'

;.

.

: : ,_--.,:
·._1

, ✓.~

r

-.;.f_··.'

~ .."

"- -,.

'> . -

,..,., ,,,;. : .. ~ ~t"":J

..
~-"

'I.

....,

,. ..~

r-

'

-

Ill

.•

•

~,

ii

-~ .

....

,

-~-~---~

.•'

;;i,J" : ,, . ·,;;.,, ~,..
I.,. .
,.

'·

,r•,

_..,.

.

-,

,;4•-;,, ,,-,!",.

. ".·::........,.,_
·--- -~~~---

..1-..,
,.,,,_-

t.

;.i:tltl'.!(~~;0:,,=~ :;i-: .·~:" : ~ ~- r-,

.

..

.:

. ; I,!

. ,,

,·•·:·,-.}:•_;·._,: _l,,_I,
•'

~

. .-•

,,,;,;·:::~:;,;r;:·'.;;~.i; '. :~-,,

~~

-I
I

.... ,.,;_:•~;'

./',."?'

. •j,:.J

'" J

;:~:('·'• . -1
.
.>.;'. (,i,.,

,,_,

•

j

liiil

.·_.,

\

J . • ...

•"'!;,

• y

..

·. ·j

,.

].\:,~

~-t

,·

• :l

'

.

•:• ..~A

I

·;.··;~ ~-·r

,..• ~>-:,r/ .;.r~.
,j;

'I,

t' - ...

•

~

I

.._ •

...·~\/,"..·

·: '~ ,

i:'\

: . •Y~1

·.·,."JJJ/1""•·,r'~.l:.:
, ..

,:·.

.r

.I_·, •

.

-,✓~·~-;

II

,.

---11•.;,· .,. , .,.
,r-·
.

.,.'l. .

.,

··r

. :. ;_.._-.::;~~. . . - -,:7. .. . . ,_,_
:"II'..,,--:,-·,J,:

!!ii

'

):,:~-~·,:;-,;:,,:;;::,~}j,>(;j_
r////4,"''-r,._,~,.,.;<.., ..>.>

!IUlDllD

f

..

-•. ,-,•,'II,.,"'/""<'!'_· ' -~ \ ,.,,

Legend

,_ . -~- '.f.

•·

·r· ....,,..

. ... _r :.., i~ >.:t
~ '~ --· .:•...
~

1
-~

---"°"··"" ......

._; . ~

• '.".,..·"'.-4--::---,~.;,:., ::-_- . ~:~
_. .:_. '•
~
r µ-~ ~ - • . -- • -·. • ...,.,___,__ •· . •:,
_-:.:___::.-~ ,..•..• ·--·•----___,....,.,..,_ll.,...,._.,. ___ ...._!"!l......,......._,..__..l ..._.. .._..... ~~ .. ~~""""~.,........-:.1;~

Figure F-3-March 2015 Closur.e Soil Sampling Locations
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Figure F-4 - Background Soil Sampling Locations March 2015
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Figure F-5-June 2017 Closure Soil Boring Locations
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For all four sampling events listed above, the soil samples were analyzed as follows:
•

Metals by USEPA Method 601 0C (except mercury by USEPA Method 7471A)

•

Explosives by USEPA Method 8330 (except N-nitroso dimethylamine [NDMA] by
USEP A Method 8270C-SIM)

•

Perchlorate by USEP A Method 6850

•

Nitrate by USEP A Method 300

•

Phosphorus by USEPA Method 365.3

•

Soil Moisture by USEPA Method 3550

For all four sampling events listed above, the groundwater samples were analyzed as follows:
•

Metals by USEPA Method 601 0C (except mercury by USEPA Method 7470A)

•

Explosives by USEP A Method 8330 (except NDMA by USEPA Method 8270C-SIM)

•

Perchlorate by USEP A Method 6850

•

Nitrate by USEP A Method 300

•

Phosphorus by USEP A Method 365.3

•

TDS by Method 2540C

Specific sampling procedures (i.e., standard operating procedures [SOPs]), technologies, analysis,
and rationale used during the completed closure activities are described in the following
references:
•

August 2012 sampling event - in the Expanded Closure and Post-Closure Care Plans for
the OD Unit (NationView, 2012) approved by NMED in February 2012;

•

March 2015 sampling event - in the Amended Expanded Closure Plan for the OD Unit
(FPM, 2014) approved byNMED in March 2015; and

•

February and June 2017 sampling events-in the Amended Expanded Closure Plan for the
OD Unit (FPM, 2014) and in the Work Plan for Additional Investigation (FPM, 2016)
approved by NMED in November 2016 (note: these SOPs will also be followed during
additional soil and groundwater sampling necessary for the closure of the unit).

The results of all four sampling events and recommendations for additional actions are provided
in the DGI Report (FPM, 2017) approved by NMED in June 2018.
Background Comparison and Risk-Based Screening

Following sampling and analysis, the analytical results were compared to both background results
(NMED, 2012) and Residential Soil Screening Levels (SSLs) established in NMED's Risk
Assessment Guidance for Site Investigations and Remediation (NMED, 2017). IfNMED did not
have an SSL for a parameter in soil, it was compared to its respective USEP A Residential Regional
Screening Level (RSL) (USEP A, 2017). Groundwater results (except for perchlorate) were
compared to USEPA MCLs (for drinking water) (USEPA, 2017) and New Mexico Water Quality
Control Commission (NMWQCC) groundwater protection standards (NMWQCC, 2002). The
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lower of the available standards was used. Perchlorate in groundwater samples was compared to
the USEP A interim health advisory level for perchlorate. Soil samples that will be collected as
part of the remaining closure activities will be analyzed for perchlorate only and groundwater
samples for perchlorate and TDS only based on the DGI Report recommendations [FPM, 2017];
the analytical results will be compared to the most current action levels for perchlorate and TDS
listed in this paragraph.
Based on the available closure sampling results for soil and groundwater as summarized in the
DGI Report, an area of the OD Unit was determined to contain increased levels of perchlorate in
soil and groundwater. Therefore, additional activities recommended in the DGI Report will be
taken. These activities will include excavation of the perchlorate-contaminated soil and its
shipment to an authorized disposal facility using an authorized transporter, post-excavation
confirmation sampling, installation of four new groundwater monitoring wells to identify the
contamination plume, replacement of two existing monitoring wells that will be removed during
the excavation of the contaminated soil, and remediation of groundwater, if required. All
groundwater samples will be analyzed for perchlorate (USEP A Method 6850) and TDS (USEP A
Method 2540C).
Corrective Action

Corrective Action for Soil

Based on the available analytical results for soil summarized in the DGI Report, an area of the OD
Unit was determined to contain perchlorate concentrations in excess of the risk-based or cleanup
levels. As a result, a corrective action for soil recommended in the DGI Report will be undertaken.
The corrective action will include excavation of the perchlorate-contaminated soil ( approximately
850 cubic yards), shipment of contaminated soil to an authorized disposal facility using an
authorized transporter, post-excavation confirmation sampling, and installation of four new
groundwater monitoring wells to identify the groundwater contamination plume (in accordance
with NMED requirement from the letter dated 13 June 2018). Three monitoring wells will be
installed to the west-southwest of the western boundary of the unit and one additional monitoring
well will be installed midway between existing monitoring wells MW05 and MWl 0. If soil
removal activities involve the removal of monitoring wells MW02 and MWI0 (see Figure F-2),
those two wells will also be replaced. Soils will initially be excavated by heavy equipment to
depth ranging from surface to 2, 4, 6, or 8 ft below ground surface depending on the area (the depth
of contamination for a particular area of the OD Unit is identified in the DGI Report). Following
removal of the estimated volume of perchlorate-contaminated soil, the excavated area will be
sampled to determine if remaining soils are above or below the latest residential NMED SSL for
perchlorate. Confirmation samples will be collected along the side walls at a frequency of one per
20 linear feet per sidewall and a minimum of two soil samples shall be collected from any sidewall
greater than 18 feet in length as well as two from the bottom of the excavated area. Also,
confirmatory sampling shall be biased to areas with the greatest potential for contamination.
If laboratory analysis indicates that remaining soils are above the latest residential NMED SSL for
perchlorate, an additional excavation and sampling will take place. Vertical expansion will occur
in 6-inch lifts over the area or areas with the exceedance until the standards are met. Sidewall
expansion will continue 5 ft beyond a sidewall exceedance for the 20 ft interval or intervals that
failed to meet cleanup standards and match the excavation depth adjacent to the exceedance until
the standards are met. Backfilling excavated areas will not be initiated until laboratory analytical

Permit Attachment F
Page 10 of 16

Holloman Air Force Base
Open Detonation Treatment Unit
Revised February 2019

results have determined that remaining soils are below the latest residential NMED SSL for
perchlorate.
The excavated soil will be placed in appropriate roll-off containers (lined and covered, if
necessary) and stored at the HAFB Defense Reutilization and Maintenance Organization facility
prior to shipment to an authorized disposal facility using an authorized transporter.
Following removal of contaminated soil and confirmation sampling, the excavations will be
backfilled with clean fill material and compacted with a vibratory compactor, backhoe, or other
appropriate methods.
All activities described above will be conducted in accordance with the corresponding FPM SOPs
provided in site-specific Uniform Federal Policy-Quality Assurance Project Plan (UFP-QAPP)
(UFP-QAPP is provided as Appendix D to the Amended Expanded Closure Plan for OD Unit
[FPM, 2014]).
Corrective Action for Groundwater

If, upon completion of the corrective action for soil, the analytical results for perchlorate in
groundwater do not meet the USEP A interim health advisory level for perchlorate and the
groundwater contamination cannot be remediated at the time of closure, the site will move to a
post-closure care permit. HAFB will submit an Interim Measures Workplan to NMED for
remediation of perchlorate-contaminated groundwater.
Surface Grading

Once all scrap materials and any other debris have been removed, and sampling results indicate
that all remaining analytes are below health-based criteria, the unit will be graded to manage
surface water infiltration and run-off while controlling erosion. Specifically, surface grading will
reduce ponding and runoff velocities that can contribute to soil erosion and will roughen and loosen
soils to facilitate natural revegetation.
Decontamination

The equipment used for August 2012 sampling events was decontaminated in accordance with
HAFB SOP No. 2, Sampling Equipment Decontamination included in the Basewide QAPP (Bhate,
2003b).
For completed DGI drilling and soil/groundwater sampling activities (in 2015 and 2017) and for
the future soil removal, drilling, and soil/groundwater sampling activities, all field equipment will
be properly decontaminated in accordance with FPM SOP No. 4, Equipment and Personnel
Decontamination, included in the site-specific UFP-QAPP (Appendix D to the Expanded
Amended Closure Plan for OD Unit [FPM, 2014]). Decontamination will be conducted prior to
use and in between sampling/excavation/drilling events to eliminate cross-contamination of soil
samples and minimize contamination leaving the site.
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Schedule for Closure
Table F-1 presents an estimated closure schedule.

TABLE F-1
Estimated Closure Schedule for the 20,000-Pound OD Unit

Closure Activity

Closure Period

Received and treated final volume of waste

March 3, 2011

HAFB notified NMED of intent to close

March 30, 2011

Expanded Closure and Post-Closure Plan
submitted to NMED for review and approval

July 18, 2011

NMED review and approval period

July 18 to August 29, 2011

Expanded Closure and Post-Closure Plan
(revised to address NMED comments)
submitted to NMED for approval

February 2012

NMED approval

March 2012

Site reconnaissance (Pre-Final Inspection)

April 2012

Removal of Debris

April 2012

Soil and groundwater sampling and analysis
and sampling equipment decontamination

August2012

Amended Expanded Closure Plan submitted
to NMED for review and approval (includes
data gap investigation - confirmation soil and
groundwater sampling, and if needed soil
sampling for perchlorate, soil removal, and
installment of 5 additional groundwater
monitoring wells)

October 2014

NMED review and approval period (the rest
of the schedule will adjust based on NMED
review times)

October 2014 to January 2015
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Amended Expanded Closure Plan (revised to
address NMED comments) submitted to
NMED for approval

February 2015

NMED approval

March 2015

Soil and Groundwater Data Gap Field
Investigation

March 2015

Meeting with NMED and NMED request for
an additional investigation

January 2016

Work Plan for Additional Investigation
submitted to NMED

January 2016

NMED approval of the WP for Additional
Investigation

June 2016

Fieldwork - additional investigation

February 2017 and June 2017

DGI Report Submitted to NMED

November 2017

NMED approval with modification

June 2018

Class 2 Permit Modification Request
submitted to NMED

October 2018

NMED review and approval period

October 2018 to January 2019

Removal of perchlorate-contaminated soil
and installation of new monitoring wells

February 2019 to April 2019

Submit Interim Measures Work Plan for
Remediation of Groundwater to NMED

June 2019

NMED review and approval period

July 2019 to April 2020

Conduct remediation of groundwater

April 2020 to May 2020

Submit Interim Measures Report Groundwater

June 2020

NMED review and approval period

June 2020 to June 2021

Conduct post-closure care activities quarterly sampling in 2020

August and October 2020
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NMED review and approval period - 2020
Quarterly Groundwater Monitoring Progress
Report

November 2020 to September 2021

Conduct post-closure care activities quarterly sampling in 2021

January, April, July and October 2021

NMED review and approval period - 2021
Quarterly Groundwater Monitoring Progress
Report

December 2021 to October 2022

Conduct post-closure care activities quarterly sampling in 2022

January, April, July, and October 2022

NMED review of 2022 Quarterly
Groundwater Monitoring Progress Report

October 2022 to August 2023

Submit Site Closure Report/post-closure
documentation to NMED

January 2023

NMED review and approval period

January 2023 to August 2023

Certification of Closure
Upon completion of all activities, certification that the closure of the OD Unit was performed in
accordance with a New Mexico approved closure plan will be submitted by registered mail to the
NMED no later than 60 days following completion of all closure activities. The certification will
be signed by an authorized official of Holloman AFB and an independent New Mexico registered
professional engineer. Documentation supporting the independent professional engineer's
certification will be furnished to the NMED upon request.

Other Activities
In addition to the closure activities specified in earlier paragraphs, other tasks will be performed
to ensure that the closure activities satisfy the closure performance standard. These tasks include
periodic regrading and maintenance to retard erosion and run-on/run-off and continued posting
and security measures.
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CONTINGENT POST-CLOSURE CARE
Because some residues may remain in place in soils at concentrations below background values
and/or the latest residential NMED SSL, this contingent post-closure plan provides a description
of the_activities that may be conducted to ensure long-term reliability and effectiveness of the
closure.
Post-Closure Care and Use of Property
The following sections describe the post-closure care period, site security during the post-closure
period, and the post-closure use of the OD Unit.
Post-Closure Care Period
If any waste residues are left in place in soils at concentrations below background and/or the latest
residential NMED SSL, contingent post-closure care activities will be required to ensure the longterm integrity of the closure and continued protection of human health and the environment.
However, several factors suggest that the duration of any post-closure activities might be limited,
including:
•

The treatment activities render the waste munitions non-hazardous;

•

The risk-based closure activities will ensure that no residues remain in concentrations
exceeding established health-based criteria;

•

The nature of the treatment, the waste residues, and the closure approach substantially
minimize the likelihood of any contaminant migration; and

Therefore, post-closure care of the OD Unit, and groundwater monitoring at the site may continue
for a period of at least 30 years (subject to the provisions of 40 CPR 264.117(a)(2)) after closure
certification verification. All groundwater samples collected during the Post-Closure Care Period
shall be analyzed for perchlorate (USEP A Method 6850 or other method approved by NMED).
Post-Closure Security
Although the closure plan will ensure that all contaminants are reduced to levels protective of
human health and the environment and will minimize the potential for contaminant migration,
because some residual contamination may remain in place, security that was used for the
management of hazardous wastes will be provided during the contingent post-closure period to
prevent access to the OD Unit.
The security mechanisms that will be in place during the contingent post-closure period will
include the following:
•

Utilization of the Base's existing 24-hr security system (i.e., guards making routine rounds)
to provide continuous monitoring of the unit; and

•

Access control to the Base via fence, gate and other entry control devices.

In addition to these measures, the OD Unit will be clearly posted with signs that state, "DANGERUNAUTHORIZED PERSONNEL KEEP OUT." These signs will be posted at all entrances and
at other locations to be seen from any approach to the unit. The legend will be written in both
English and Spanish and will be legible from a distance of 25 ft.
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Post-Closure Use of Property
Uses of the property during the Post-Closure Care period will be in compliance with 20 NMAC 4.1,
Subpart V, 40 CFR §264.11 ?(c) and may not result in the disturbance of the final grading or vegetative
cover. Post-closure use resulting in any disturbance will require a modification to the Post-Closure
Care Permit and only be allowed to protect human health and the environment.
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PERMIT ATTACHMENT J
SAMPLING AND ANALYSIS PLAN
The following information on the methodology of sampling and analysis of soil disturbed by open
detonation (OD) activities at the Holloman Air Force Base (HAFB) 20,000-pound OD unit (OD
Unit), was provided to the New Mexico Environment Department (NMED) by HAFB in
accordance with the requirements of20 4.1.500 NMAC.
The Sampling and Analysis Plan (SAP) provided below represents the revised original SAP due
to Permit Attachment F Closure Plan revisions. Since this revision has been prepared following
the end of the operating life of the unit, all sampling performed during the operations of the unit,
including the background sampling, as well as sampling completed during the closure activities is
described in this SAP in the past tense.

In addition, details such as sampling procedures, required equipment, action levels, locations and
depths of sampling, quality assurance (QA)/quality control (QC) requirements, and data validation
for the closure activities are not provided in this modified SAP, since all these details were included
in the NMED-approved planning documents. References to these documents are provided below
in the appropriate sections of this SAP.
This SAP provides procedures for the required environmental sampling at the OD Unit which
were/will be used to treat waste explosives. This SAP contains sampling ~d analysis protocols
for the following three distinct phases of environmental sampling at the OD Unit:
1. Background sampling to establish site-specific background constituent concentrations;
2. Routine, or operations sampling to test the soils at the OD Unit for the effectiveness of the
treatment process and to ascertain whether any contamination has impacted ambient soils;
3. Closure sampling that was/will be completed following the end of operations at the OD
Unit.
Technical Approach
This SAP's design is based on U.S. Air Force OD operational procedures, knowledge of the waste
munitions characteristics, and the environmental conditions at HAFB. In addition, the procedures and
QA/QC techniques in U.S. Environmental Protection Agency's (EPA's) November 1986 Test Methods
for Evaluating Solid Waste have been used to prepare this SAP.
Background Sampling
Prior to any routine monitoring, one round of six background soil samples were collected at a
distance of between 500 feet and 1000 feet from the OD Unit boundary. These samples served to
characterize conditions of soil similar to the OD Unit but unaffected by past OD activities.
For operations monitoring purposes, soil at the OD Unit was sampled quarterly using a stratified
random sampling approach. Discrete samples of near surface soil were collected from random
locations within each stratum from a depth of about six inches and analyzed for explosive and
metal constituents. There was no compositing of samples. Analytical results were compared to
background results and calculated risk-based concentrations to determine whether operations at
the OD Unit were affecting soils at the site.
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Following the end of operations of the OD Unit in March 2011, final rounds of sampling were
completed. Closure sampling and analysis used/will use the same decision criteria as operations
sampling and will also incorporate previous sampling results.
Data Quality Objectives

Data quality objectives (DQOs) are statements that define the type, quantity, and quality of data
necessary to address a problem before a study begins. The EPA has published a seven-step process
to DQO development as guidance (U.S. EPA, 1993). These seven steps have been designed to
allow owners/operators of treatment, storage, and disposal facilities to define their data
requirements and acceptable levels of decision errors during planning, before the data is collected.
Following the DQO process ultimately leads to a more efficient data collection design. Table J1 describes each of the seven steps that were applied by HAFB during monitoring of contaminant
constituents at the OD Unit.
Organization of this Sampling and Analysis Plan

This SAP has been organized to address each of the data quality objectives in Table J-1, in a
manner that was/is useful for soil sampling at the OD Unit. The following sections contain
physical descriptions of the site and background geologic information. In addition, the three types
of sampling, background, operations, and closure, are discussed. Also described are sample
handling and chain of custody (COC), documentation activities, laboratory analysis, and data
evaluation methods.
SITE DESCRIPTION

The physical descriptions of the OD Unit, location and the environmental conditions, including
geology, hydrogeology, topographic and drainage features, and climate at HAFB, is described in
Permit Attachment G, Facility Description.
BACKGROUND SAMPLING METHODOLOGY

Prior to the first quarterly sampling event, surface soil samples were collected around the OD Unit
to establish background 'concentrations of metal and explosive constituents to be used in future
comparisons. Background samples are intended to be representative of metal and explosives levels
in unaffected soils of similar type in the vicinity of the OD Unit. The sample selection procedures
and sampling methodology specific to background sampling are provided below.
Sampling Location Selection

Background samples were taken at a distance between 500 and 1000 ft from the edge of the OD
Unit in soil of similar lithology as within the OD Unit. Samples were not collected at any location
where surface soils appeared to be disturbed or near to other contaminant source areas. Figure J1 shows the location of other sites at HAFB that may potentially contain hazardous constituents.
The closest installation restoration program (IRP) site, or solid waste management unit (SWMU)
is over three miles south of the 20,000-lb OD Unit.
Because visual inspection of the surface soil was necessary to obtain a background sample of
similar lithology to that of the OD Unit, the exact sample locations were determined during
sampling. Following soil sampling, each location was marked with a wooden stake and labeled with
the background location identification number.
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Table J-1
Data Quality Objectives
Step 1. State the Problem to Be Resolved
Residuals from detonation events may be present at levels greater than background or risk-based
concentrations (RBCs).
Step 2. Identify the Decision
Determine whether constituents exist at levels greater than background or RBCs.
Step 3. Identify the Inputs to the Decision
Chemical analyses for explosive residues, metal constituents, and nitroglycerin using U.S. EPA
imethods SW-846 8330 and 6010 (except for Mercury by 7471), and 8332 respectively. RBCs
and background constituent concentrations are action levels.
Step 4. Define the Boundaries of the Study
The OD Unit, divided into three distinct populations, or strata. Strata definitions are based on
the volume of detonation ejecta received and the natural boundaries of the site.
Step 5. Develop a Decision Rule
If concentrations in any of the strata are statistically different than background concentrations or
RBCs, further evaluation will occur. Further evaluation may include additional sampling, sitespecific risk assessment, or remediation.
If average concentrations in Stratum C are significantly different than background
concentrations or RBCs, the boundaries of the study will be revised to include a Stratum D.
Step 6. Specify the Acceptable Uncertainty Limits
The uncertainty in the average concentration of a stratum is targeted to be plus or minus 100%
of the average concentration and is achievable with four samples per strata. The uncertainty in
comparing strata averages to the background average is a minimum detectable relative
difference of 120% with an alpha error of20%.
Step 7. Optimize the Design for Obtaining the Data
Collect four discrete samples from each of the strata. Samples will be randomly selected from a
pre-determined grid. Within each stratum, sampling depth will vary based on the estimated
lliickness of impacted soil.
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Required Equipment

Required sampling equipment included a hand-powered soil auger for excavation, containers
consisting of 100- to 500-milliLiter (mL) glass bottles, plastic caps, a small stainless steel or
Teflon-lined trowel, small stainless steel or Teflon-lined spatulas/scoops/spoons, and adhesive
labels for sample identification. Sampling procedures were performed in accordance with
American Society for Testing and Materials (ASTM) D 1452, "Standard Practice for Soil
Investigation and Sampling by Auger Borings," where applicable.
Sampling Methodology

Background samples were collected by initially advancing the hand auger the length of the bucket
(approximately 3 to 6 in.) into the soil. The sample was then removed from the auger and placed
in a stainless-steel bowl. The auger was then inserted back into the hole and advanced. This
procedure was repeated until the auger reached a depth of 6 inches. At this point, the collected
soil was homogenized in the bowl by mixing, using the spatulas or spoons described above.
Appropriate quantities of the soil were transferred to the sample containers for analysis.
Appropriate sampling information (date, time, sample number, etc.) and observations about the
sample location were recorded in the field logbook. Sampling equipment was cleaned according
to the decontamination procedures described below in a later section of this SAP. Clean sampling
equipment was used at each sampling location.
Chemical Analyses

This section summarizes the analytical procedures that were followed for site-specific
characterization of background constituent concentrations. Soil samples were analyzed for toxic
metals, including priority pollutant metals (listed in the New Mexico Hazardous Waste
Management Regulations 20 NMAC 4.1, Subpart V, §264 Appendix IX), explosive residues, and
soil moisture'. Table J-2 lists all analytes that were measured along with their EPA SW-846 test
methods. The rationale for selecting the analyte list in Table J-2 is the same as that provided in
detail in Permit Attachment A, Waste Analysis Plan.
An important consideration for the site-specific background study is the specification of
uncensored data for all sampling results. As specified below, the contracted laboratory was
required to report uncensored data. Often, numerical measurement results below a specified
concentration are reported with a qualitative descriptor such as "not detected" or "less than" rather
than as a numerical value. This practice, called censoring, complicates statistical analyses and
data interpretation because an important part of the information about measurement variability is
unavailable for consideration. This introduces another source of uncertainty in estimates derived
from censored data sets. Uncensored data were used for this study to preserve all available
information in the data about the natural variability of measurements of background
concentrations.
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Table J-2
Analytical Methods for Soil Samples
Parameter/Constituent

Explosive Compounds

EPA Hazardous
Waste Number

D003

Test
Method

8330

Reference
Test Methods for Evaluating Solid
Waste, Physical and Chemical
Methods, EPA SW-846, 3rd Ed.
November 1986
(amended).

HMX
RDX
1,3,5-Trinitrobenzene
(TNB)
1,3-Dinitrobenzene
(DNB)
Tetryl
Nitrobenzene(NB)
2,4,6-TNT
2,4-DNT
2,6-DNT
2-Nitrotoluene (NT)
3-NT
4-NT
Nitroglycerine

8332

Toxic Metals

6010

--

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Selenium
Silver

DO10
DO11

Mercury

D009

Soil Moisture

Test Methods for Evaluating Solid
Waste, Physical and Chemical
Methods, EPA SW-846, 3rd Ed.
November 1986 (amended).

D004

--D006
D007

-D008

--

--

7471

3550
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Quality Control Samples During Background Sampling

QC samples were collected during the background sampling round to assess the accuracy and
precision of the site-specific background results. QC samples were collected using the same
frequency and methodology as described in below.
Because six discrete background samples were taken, one field duplicate and one matrix spike
(MS)/matrix spike duplicate (MSD) pair were required. The QC data evaluation followed the EPA
Level III methods described below under the "Laboratory Analysis" section ofthis SAP.
Statistical Methodology for Calculating Background Concentrations

The approach that was used for the statistical characterization of background is summarized as
follows:
•

Evaluated method blanks to characterize laboratory system "noise"

•

Evaluated matrix spikes for potential bias in measurements;

•

Evaluated background data for outliers and other abnormalities;

•

Compared blank results to background results to determine if analytical method sufficient
to resolve native concentrations; and

•

If native concentrations could be resolved, calculated summary statistics for use in
background comparisons (e.g., average, standard deviation, warning limit, upper tolerance
limit (UTL), etc.); or
If native concentrations could not be resolved, reported "Background Not Detectable" and
determined how this impacted project objectives.

•

The statistical methodology is explained in more detail in the remainder of this Attachment.
Outlier Testing and Graphical Data Review

After evaluating QC samples (method blanks to assess laboratory background noise, and matrix
spike/matrix spike duplicate samples to evaluate potential biases in the data), the first steps in the
statistical data analysis were to conduct outlier tests to identify anomalous measurement results
and to review histograms of the raw measurement data. The fourth-spread outlier test (Hoaglin,
Mosteller, and Tukey; 1983) was used to determine if any individual results were statistically
different from the rest of the sample population for both background and blanks. Field and
laboratory log books were reviewed for each potential outlier to determine whether causes could
be identified that would support discarding the outlier from the original data set. Throughout the
outlier test process, histograms were reviewed to confirm that the measurements used in
subsequent analyses were reasonable representations of the background and blank populations.
Comparison of Background Results with Blank Results

Background data were then compared with laboratory blank data to determine if the data sets could
be resolved (i.e., background results could be distinguished statistically from analytical
background). A statistical test known as the Kolmogorov-Smirnov test (Statistical Analysis of
samples [SAS], 1989) was used, together with the graphical data review described above, to assess
the comparability of blank and background results for each of analytes of interest.
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Normality Testing and Calculation of Summary Statistics

Before upper tolerance limits (UTLs) could be calculated, the background data set were evaluated
to see if the data appeared to be normally distributed. The assumption of normality is a
fundamental tenet of statistical tests involving parametric methods. Therefore, the extent to which
the data support this assumption determine the direction of the subsequent analyses. A statistical
test known as the Shapiro-Wilk test (Shapiro and Wilk, 1965) was used to test the results for
normality.
To summarize the normality testing, tables were prepared that included the minimum and
maximum measured concentrations, as well as estimates of the mean, median, and standard
deviation. If results of the Shapiro-Wilk test showed that the assumption of normality was not
appropriate for some analytes, the summary statistics tables also included a value for Fpseudosigma, which is a nonparametric measure of dispersion. (The standard deviation is the
analogous parametric measure of dispersion.)
Calculation of Warning Limits and UTLs

The results of the Shapiro-Wilk tests were used to determine whether parametric or nonparametric
statistical methods were most appropriate for calculating the warning limits and UTLs. Parametric
methods were used when the population was known or could be assumed to follow a normal
distribution. They can also be used when the population of interest can be modeled by some other
distribution (such as the log normal) that allows the measurement data to be transformed to a
normal distribution. For the analytes where the Shapiro-Wilk tests did not indicate a significant
departure from normality, a parametric UTL for 95% coverage with a 95% confidence was
calculated using EPA methodology (U.S. EPA, 1992). This represented an upper 95% confidence
bound for the 95th percentile concentration. The normal UTL was calculated using the following
equation:
UTL = !...+ (K x s)

where ! is the estimated sample mean, K is the tolerance factor, and s is the estimated standard
deviation. The tolerance factor, K, can be found in the tabulated form in Tables A.12 of Hahn and
Meeker, 1991.
The results of the Shapiro-Wilk tests were used to determine whether parametric or nonparametric
statistical methods were most appropriate for calculating the warning limits and UTLs. Parametric
methods are used when the population is known or can be assumed to follow a normal distribution.
They can also be used when the population of interest can be modeled by some other distribution
(such as the log normal) that allows the measurement data to be transformed to a normal
distribution. For the analytes where the Shapiro-Wilk tests did not indicate a significant departure
from normality, a parametric UTL for 95% coverage with a 95% confidence was calculated using
EPA methodology (USEPA, 1992). This represented an upper 95% confidence bound for the 95th
percentile concentration. The normal UTL was calculated using the following equation:
UTL = K..+ (K x s)

where ~ is the estimated sample mean, K is the tolerance factor, and s is the estimated standard
deviation. The tolerance factor, K, can be found in the tabulated form in Tables A.12 ofHahn and
Meeker, 1991.
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For those cases in which the Shapiro-Wilk tests indicates significant departure from normality, the
second step is to see if a log transformation can be used to produce a more normally distributed
data set. Natural logarithms of the results are taken, and the Shapiro-Wilks test are repeated on
the transformed data set.
Iflogarithmic transformations do not produce a more normally distributed data set, nonparametric
methods are used to calculate a UTL. Nonparametric methods are not based on the assumption of
normality and are sometimes referred to as distribution-free methods. If nonparametric methods
are required, the most appropriate and current statistical methodology is followed subject to
approval by NMED. The background results were submitted to NMED.
OPERATIONS SAMPLING METHODOLOGY
Sampling Approach

A stratified random discrete sampling approach was chosen for quarterly operations sampling at
the OD Unit because of the unique contaminant distribution associated with detonation sites. The
sampling strategy chosen for the OD Unit differs from a simple random sampling procedure, which
is employed at other hazardous waste sites, because concentrations of contaminants are stratified
horizontally. That is, the concentration of potential contaminants is greater and most variable at
the detonation center and decreases with distance away from the detonation center. The stratified
random discrete sampling approach provides two advantages over simple random sampling:
1. The data should be more homogenous within each stratum than in the population as a
whole; and
2. Separate estimates of population parameters can be obtained for each stratum without
additional sampling.
In general, a stratified random sample is obtained by separating a population into non-overlapping
groups, called strata, and then selecting a discrete simple random sample from each stratum. In
the case of the OD Unit, the "population" that was sampled was the potentially affected surface
soils in the vicinity of the OD Unit. The term "strata," used in this context, refers to discrete
horizontal zones of surface soil, not vertical geologic strata.

Initially, sampling locations included the area where the unexploded ordnance was placed for
destruction and all areas within OD Unit. The OD area was divided into three strata for sampling
purposes: (1) Stratum A, (2) Stratum B, and (3) Stratum C. Since analytical results for all samples
collected in Strata C were below the decision criteria, no samples were collected in Strata D. The
strata are described in the next section.
Sampling Strata Descriptions

For sampling purposes, the OD Unit was divided into three strata, each selected to possess a normal
contaminant distribution. As described further in this section, sampling weighted by the wind
direction at detonation events provided the most conservative measure of potential constituents.
Prevailing wind direction was determined for each detonation episode from the HAFB weather
station to ensure that proper sampling locations were chosen following detonation. The strata are
shown in plan view in Figure J-2 and in cross-sectional view in Figure J-3. The strata are also
described below.
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Stratum A: Depression left by detonation
Stratum A included the depression created from the detonation event. It was assumed that this
area possessed a normal contaminant distribution and was representative of soil directly affected
by detonation events.
Stratum B: Depression to Edge of Detonation Area
Stratum B was the intermediate zone between Stratum A and the edge of the active detonation
area. Because a given detonation might have been situated anywhere within the 100-ft diameter
detonation area, the maximum distance from the most recent detonation pit could have been 100
ft. It was assumed that this area contained a normal contaminant distribution. It contained fallout
close to the detonation and might have contained areas previously used for detonation that have
since been backfilled.
Due to prevailing wind direction, higher concentrations of contaminants could exist in a downwind
direction. To compensate for this possibility, the prevailing wind direction was noted for each
detonation period. It was assumed that the area 45° on either side of the prevailing wind direction
at the time of detonation was the most contaminated. Therefore, samples were collected in this
area to produce a more conservative estimate of residual concentration in the soil.
Because multiple detonation events might have occurred between sampling events, wind direction
from all detonation events prior to sampling was considered. Figure J-2 demonstrates how the
wind direction was accounted for in determining the strata. In the example, the three detonations
prior to sampling had wind directions varying from northeast to southeast. For each detonation,
lines 45° on either side of the wind direction were drawn. Prior to sampling, the angles furthest
northeast and southeast were used to create a composite strata diagram for sampling.
Stratum C: Edge of the Detonation Area to OD Unit Boundary
Stratum C was designated as the outer zone situated from the edge of the detonation area to the
OD Unit boundary. It was assumed that this area also possessed a normal contaminant distribution,
consisting only of fallout from the detonation event. Because no detonations took place in this
stratum it was considered distinct from Stratum B.
Like Stratum B, higher concentrations of contaminants could exist downwind in Stratum C. To
compensate for this possibility, it also was assumed that the area 45° on either side of the prevailing
wind direction at each detonation was the most contaminated. Using the method described above,
the shape of Strata C was determined.
Sampling Frequency
HAFB conducted soil sampling quarterly to demonstrate that the OD treatment activities were
performed properly and that residual waste constituents were not contaminating soils above riskbased levels or background concentrations. The operational monitoring sampling occurred within
two weeks after a detonation and no site work (backfill, excavation, or construction) was
performed during the time between the last detonation event and the sampling.
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Sampling Methodology
Initial Procedures

Before samples were collected, the strata and random sampling locations were determined. The
four random sample locations were selected from within each stratum using the following
procedure:
1. Delineate Strata: Prior to the sampling event, the detonation center from the most recent
detonation event was located. The detonation center was used to determine the exact position
of the three strata for that sampling event. Using the strata definitions given above, the three
strata (A, B, and C) were delineated based on prior wind directions and the specified unit
dimensions.

2. Select Random Sampling Locations: Using the dimensions of the strata, a grid was placed
across each of the strata as shown in Figure J-4. The grid was of sufficient spacing so that
each stratum included four to six times as many potential sampling locations as the number of
samples to be collected (four per strata). Each grid node was then numbered sequentially from
zero (e.g., AO, Al, A2 ... A28; BO, Bl, etc.). To determine the location of each sample, a
random number was generated from Oto 1. The random number was then scaled to the range
of possible grid nodes. The result rounded to the nearest integer was the grid location to be
sampled. Table J-3 illustrates an example of selecting four random samples for stratum C.

The analytical test methods listed in Table J-4 were selected based on knowledge of the OD Unit's
operational history. HAFB has never been used for the research and development of nuclear,
chemical warfare, or other exotic warfare types of weapons. The OD Unit is used solely for the
disposal/treatment of conventional waste-ordnance, munitions, incendiaries, single- and doublebased propellants, and rocket motors. The only munitions delivered or disposed of at HAFB have
been conventional live and training munitions. Therefore, the chemical components and
combustion by-products are consistent with what is typical for military munitions items; thus, the
emphasis of sampling and analysis for the OD Unit was to search only for the constituents present
in these types of wastes.
This rationale is supported by the studies conducted to characterize emissions from thermal
treatment of explosive munitions (the "Bang Box" studies conducted by Johnson et. al. during
1991 and 1993). These studies included emissions analyses for volatile organic compounds
(VOCs), semi-volatile organic compounds (SVOCs), and metals. Conclusions drawn from the
emissions testing of selected ordnance found that VOCs were consistently detected at trace
concentrations and that SVOCs were detected at approximately two orders of magnitude less than
metals (which are the primary indicators and most persistent form of contamination). Together,
this approach supports using the analytical methods described in Table J-4.
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Table J-3
Example Calculation of Random Sampling Location Selection

Stratum: C
Number of Samples: 4
Number of Potential Sampling Locations: N = 24
Scale Factor: SF= N- 1 = 23
Formula: Grid Node= Random Number* Scale Factor
(round to nearest integer using standard rounding conventions)
Random Number1
Scaled Random
Grid Node to Sample
Sample Number
Number

1

1

0.11356

2.61

C3

2

0.78543

18.06

C18

3

0.46786

10.76

C11

4

0.91002

20.93

C21

The random number can be generated using a scientific calculator or spreadsheet

Quality Control Samples for Post-Detonation Soil Sampling

This section addresses requirements for field QC samples. Quality control in the field begins with
adherence to the specified sampling protocols but is monitored by a variety of samples taken with
sufficient frequency to test the quality of measurement results. To measure field related
components of quality (i.e., versus laboratory components), duplicates and matrix spike/matrix
spike duplicate (MS/MSD) pairs were collected. Table J-5 below explains the field QC
requirements and procedures. Because no potential volatile or semi-volatile constituents were
present, trip blanks and field blanks would not have yielded useful QC data and were not collected.
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Table J-4
Analytical Methods for Soil Samples
Parameter/Constituent

Explosive Compounds

EPA Hazardous
Waste Number
D003

Test
Method
8330

Reference
Test Methods for Evaluating Solid
Waste, Physical and Chemical
Methods, EPA SW-846, 3rd Ed.
November 1986 (amended).

HMX
RDX
1,3 ,5-Trinitrobenzene
(TNB)
1,3-Dinitrobenzene
(DNB)
Tetryl
Nitrobenzene(NB)
2,4,6-TNT
2,4-DNT
2,6-DNT
2-Nitrotoluene (NT)
3-NT
4-NT
Nitroglycerine

Toxic Metals

8332

6010

--

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Lead
Nickel
Selenium
Silver

DO10
DO11

Mercury

D009

Soil Moisture

Test Methods for Evaluating Solid
Waste, Physical and Chemical
Methods, EPA SW-846, 3rd Ed.
November 1986 (amended).

D004

--

-D006
D007

-D008

--

--

7471

3550
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Table J-5
QC Sample Requirements
Sample
Type

Frequency1

Field
Duplicate

10%2

MS/MSD

1 pair per 20
samples; or
minimum 1 per
sampling event

Purpose

Method

To ensure sampling
procedures are reproducible
and that the sample is
representative of the
location.

Collect twice the normally
required sample volume. Split
the sample into two aliquots.
Treat each portion as if it were
a separate sample and submit
for analysis. 3
Collect twice the normally
required sample volume and
specify MS/MSD analysis at
laboratory.

Assess the efficiency of
extraction, accuracy of the
analysis, and possible
matrix effects. The MSD
assesses the precision at
known concentrations.
Standard rounding conventions were used. For example, 10% of 14 samples equals 1 field
duplicate; 10% of 15 samples equals 2 field duplicate, etc.

2

Location were selected from one of the three strata. A different location and strata were
selected for each sampling event.

3

Analytical methods, sample container requirements, and holding times are listed in Table
J-6

Closure Sampling

Following the end of the operating life of OD Unit in March 2011, closure soil and groundwater
sampling at the OD Unit was performed in several phases as listed below. To avoid unnecessary
repetition provided in planning documents, the following are only summaries of these sampling
events and references to NMED-approved documents which included both the rationale regarding
analyzed analytes and sampling locations and depths, and detailed descriptions of SOPs and
methods which were followed during the various tasks of the closure sampling. Relevant
references are also listed in Reference section of this SAP.
•

August 2012 - representative soil and groundwater samples were collected from OD Unit
and analyzed to determine the residual concentrations of toxic metals, explosive
compounds, perchlorate, nitrate, and phosphorus (see Figures F-1 and F-2 in Attachment
F). All sampling procedures, methods, and rationale for sampling locations for this event
were performed in accordance with the SAP and Appendix A to the Expanded Closure
and Post-Closure Care Plan for OD Unit (NationView, 2012) and in accordance with
Basewide QAPP (Bhate, 2003b). In addition, the Basewide Background Study was
completed in 2012 (NMED, 2012) so that background concentrations of metals were used
for closure sampling.

•

March 2015 - soil and groundwater samples were collected in March 2015 from the
August 2012 locations with perchlorate and nitrate closure standard exceedances (see
Figure F-3 in Attachment F). Soil samples were analyzed for perchlorate and groundwater
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samples for both perchlorate and nitrate. In addition, since background concentrations for
perchlorate were not available at the time, 10 background soil samples (0-6 inches) were
.collected for perchlorate analysis from a 500- by 500-:ft grid located approximately 1.3
miles southwest of OD Unit (see Figure F-4 in Attachment F). 2015 sampling was
performed in accordance with Amended SAP and QAPP, Appendix A and Appendix D,
respectively, to the Expanded Amended Closure Plan for OD Unit (FPM 2014).
•

February 2017 - since March 2015 groundwater sampling confirmed increased
concentrations of perchlorate and nitrate in one monitoring well, an additional
investigation was necessary to delineate the extent of groundwater contamination (nearsurface soil contamination was not confirmed). This investigation was performed in
accordance with both the Work Plan for Additional Investigation (FPM, 2016) and QAPP,
Appendix D to the Expanded Amended Closure Plan (FPM, 2014), and included
· installation of 6 new monitoring wells and subsurface soil sampling within the borehole
located at the center of the site down to the water table to identify potential subsurface soil
contamination (see Figure F-2 in Attachment F). All samples were analyzed for metals,
explosive compounds, perchlorate, nitrate, and phosphorus. Perchlorate concentrations
had increased in three monitoring wells and six soil samples had perchlorate concentration
in excess of closure standards.

•

June 2017 - February 2017 event identified perchlorate contamination in the subsurface
soil; as a result, subsurface soil samples were collected from additional 20 soil borings in
June 2017 to determine the extent of perchlorate contamination (see Figure F-5 in
Attachment F). In addition, due to the increased levels of perchlorate in three new
monitoring wells, an additional monitoring well was installed in June 2017 to identify the
contamination plume (see Figure F-2 in Attachment F). This confirmed the standard
exceedance for perchlorate and that soil contributes to the groundwater contamination.
This investigation was also performed in accordance with both the Work Plan for
Additional Investigation (FPM, 2016) and QAPP; Appendix D to the Expanded Amended
Closure Plan (FPM, 2014).

Results of all four sampling events and recommendations for necessary corrective actions to
achieve the closure of the unit are provided in the DGI Report (FPM, 2017).
EQUIPMENT DECONTAMINATION, SAMPLE HANDLING, AND CHAIN-OFCUSTODY
Contamination Control Procedures (active life of the unit)

Sampling tools and equipment were protected from contamination sources before sampling and
decontaminated before and between sampling points. Sample containers were also protected from
contamination sources. Sampling personnel wore clean chemical-resistant gloves when handling
the sampling equipment and samples. Gloves were decontaminated or disposed of between
samples.
To prevent cross contamination, sampling equipment was subject to decontamination procedures
following each sample collected at each location. Sampling equipment was decontaminated in a
decontamination zone by being:
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•

Brush-scrubbed in tap water and Liquinox detergent wash in a tub to remove any soil
from the equipment;

•

Rinsed in tap water in a separate tub;

•

Rinsed with deionized water;

•

Rinsed with isopropanol;

•

Air-dried in an area upwind of the decontamination process; and

•

Stored for future sampling after being wrapped in aluminum foil (shiny side out).

In addition, sampling first occurred in those areas suspected as having the least contamination
(Stratum C) and proceed to those areas suspected of having a greater possibility of contamination
(Stratum A).
Contamination Control Procedures (closure)
The equipment used for 2012 sampling events was decontaminated in August 2012 in accordance
with HAFB SOP No. 2, Sampling Equipment Decontamination included in the Basewide QAPP
(Bhate, 2003b).
The equipment used for 2015 and 2017 DGI activities was properly decontaminated in accordance
with FPM SOP No. 4, Equipment and Personnel Decontamination included in the site-specific
QAPP, Appendix D to the Amended Expanded Closure Plan for OD Unit (FPM, 2014) and in
accordance with Work Plan for Additional Investigation (FPM, 2016). The same SOPs will be
used for equipment decontamination during the future closure sampling activities.
Qualifications of the OD Treatment Unit Soil Sampler
Job Title: Soil Sampler
Duties:
• Collects soil samples using proper sampling techniques for sample collection, proper
containers and/or preservatives, and maintains proper field documentation, labeling,
packaging and method of shipment.
Required Skills, Experience and Qualifications:
• At least one year's experience in environmental sampling techniques which include soil
sampling methodologies.
Required Education
• At least a high school diploma and the sampler must have successfully completed an
approved Hazardous Waste Operations and Emergency Response Course.
An annual review of the initial training or refresher training is required for all personnel that
continue in EOD assigned duties.
Health and Safety Procedures (active life of the unit)
Personnel performing sampling activities used personal protective equipment such as rubber
gloves, boots, aprons, Tyvek coveralls, and eye protection. Personnel were not permitted to
conduct any sampling until they have been cleared by EOD personnel and the high-speed test track
security police.
Permit Attachment J
Page 19 of29

Holloman Air Force Base
Open Detonation Treatment Unit
Revised February 2019

Sampling personnel were properly trained in hazardous waste and soil sampling and had a
minimum of one year of sampling experience. Personnel also had 40-hour 29 Code of Federal
Regulations (CFR) 1910.120 Occupational Safety and Health Administration training and
appropriate medical monitoring and certification. Sampling personnel were also informed by
HAFB EOD personnel on the hazards of sampling soil disturbed by explosive compounds.
Health and Safety Procedures (closure)

For the soil and groundwater sampling activities performed in August 2012, health and safety
practices adhered to the Basewide Health and Safety Plan (HASP) (Bhate, 2003a). For the DOI
activities performed in 2015 and 2017, health and safety practices followed the site-specific HASP
provided in Appendix B of the Amended Expanded Closure Plan for OD Unit (FPM, 2014).
For the future closure sampling, health and safety practices will also follow the site-specific HASP
provided in Appendix B of the Amended Expanded Closure Plan (FPM, 2014).
Chain-of-Custody Procedures

Chain-of-Custody (COC) procedures were/will be followed to track possession of the samples
from the time they were/are collected in the field until the analytical data from the samples were/are
received and recorded. For all soil samples, procedures began/will begin once sampling is
complete. A sample was/will be considered under custody if it is:
•

In the possession of the sampling team;

•

In view of the sampling team;

•

Placed in a secure area by the sampler; or

•

Transferred to a secure area.

An area is considered secure only when it is locked, and access is controlled. The sampling team
leader is responsible for custody of the collected samples in the field until they have been properly
transferred to the shipping coordinator, who is responsible for sample custody until the samples
are properly packaged, documented, and released to a courier or directly to the contract analytical
laboratory. A triplicate COC record form was/will be used for the sampling effort.
Sample Container and Preservation Requirements (active life of the unit)

Samples were collected in pre-cleaned sampling containers and were kept cold during
transportation and shipping. Table J-6 summarizes the containers, preservation, and holding time
requirements for the collected samples. Laboratory specific container requirements were verified
with the contracted analytical laboratory prior to sample collection.
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Table J-6
Summary of Sample Container. Preservative, and Holding Time Requirement
for Soil Samples
SW 846 Method

6010

7471

Analyte

Container

Metals
(As, Sb, Ba, Be,
Cd, Cr, Cu, Pb,
500-mL wideNi, Ag, Se)
mouthed glass or
plastic jar

Preservative

Holding Time

None, cool, 4°C

6 months for
digestion and
analysis except
for mercury
which must be
digested and
analyzed in 28
days.

Mercury

8330

500-mL widemouthed glass or
jar with Teflonlined cap

None, cool, 4°C

14 days to
extraction
40 days after
extraction

Sample Container and Preservation Requirements (closure)

For 2012 closure sampling, sample container and preservation requirements were provided in the
Basewide QAPP (Bhate, 2003b ).
For 2015 and 2017 sampling and for the future closure sampling, container and preservation
requirements are provided in the site-specific QAPP, Appendix D to the Expanded Amended
Closure Plan for OD Unit (PPM, 2014) and in the Work Plan for Additional Investigation (PPM,
2016).
Packaging and Transportation

At the end of each sampling day, samples were/will be packaged in shipping containers with
double-bagged ice packs to maintain a temperature of less than 4"C. The samples were/will be
carefully packaged so that they did not/will not break during shipping and contained/will contain
absorbent material capable of containing all liquid. Each shipping container was/will be sealed
with custody seals and shipped to the analytical laboratory by an overnight delivery service.
DOCUMENTATION OF SAMPLING AND ANALYSIS ACTMTIES
Sample Identification (active life of the unit)

Sample containers were uniquely identified to indicate the site, the individual composite sample's
location, the treatment unit, and date. Examples of a sample code for the three sampling zones are
listed below:
•

20K-A01-110595 (OD Unit sample number 01 taken within Stratum A on November 5,
1995);

•

20K-B01-110595 (sample number 01 from Stratum B of the OD Unit taken on November
5, 1995); and
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•

20K-C01-110595 (sample number 01 from Stratum C of the OD Unit taken on November
5, 1995).

Sample locations were triangulated from existing OD Unit boundary markers so that the exact
location could be determined if necessary. This information was recorded in the field sampling
book.
Sample Labels (active life of the unit)

The samples collected were identified by an adhesive label containing the following information:
•

Collector's initials;

•

Sample ID;

•

Analytical methods requested;

•

Place of collection (facility and location);

•

Date sample taken; and

•

Time sample taken.

Any other information required by the laboratory or deemed necessary by project personnel was
also added to the label.
Field Sampling and Unit Operation Logbooks (active life of the unit)

All the methodology, procedures, and events pertaining to sample and data acquisition were
recorded in bound, water-resistant field logbooks with a black waterproof ink pen. The logbooks
were considered formal documents representing a complete and organized record of all field
activities. The entries included, but were not limited to the following:
•

Personnel present; Name of Sampler(s);

•

Date and time of every recording;

•

Work location;

•

Description of work and treatment process;

•

Purpose of sampling;

•

Soil sample descriptions;

•

Description and location of area sampled;

•

Sample numbers;

•

Field QC data;

•

Other important notes on field activities, conditions, or problems; and

•

Initials/signature of person entering data.

Entries made in the logbook were of sufficient detail to enable a third party to reconstruct the
sampling event, and sample location by the reading of the entries and information recorded in it.
No erasures or deletion marks were permitted. If a mistake was made in a logbook, it was corrected
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by marking a line through the error and initialing. The correction was made in the space available
on the page.
Sample Identification, Sample Labels, and Field Sampling and Unit Operation Logbooks
(closure)

For 2012 closure sampling, sample identification, sample labels and procedures for the use of
logbooks were provided in the Basewide QAPP (Bhate, 2003b).
For 2015 and 2017 sampling and for the future closure sampling, sample identification, sample
labels and procedures for the use oflogbooks are provided in the site-specific QAPP, Appendix D
to the Expanded Amended Closure Plan for OD Unit (FPM, 2014) and in the Work Plan for
Additional Investigation (FPM, 2016).
LABORATORY ANALYSIS
Laboratory Specifications

Design and execution of the testing program was/will be coordinated with an analytical chemist
experienced in contaminated soil testing. The laboratory procedures and QA/QC specifications
followed/will follow those described above. The following is a summary of these laboratory
specifications and procedures.
At a minimum, the laboratory report stated/will state the following:
• Unique laboratory ID;
• Field sample ID;
• Sampling date;
• Preparation date;
• Analysis date;
• Preparation batch;
• Preparation method;
• Analysis batch;
• Analysis method;
• Analyte;
• Results;
• Footnotes;
• Units;
• Sample matrix;
• Sample-specific detection limit;
• Dilution factor;
• Matrix spike recoveries;
• Surrogate spike recoveries (for all samples, blanks, and laboratory QC samples);
• Case narrative (if necessary);
• Dry weight;
• Blank sample results; and
• Laboratory control sample results.
The laboratory was/will be required to achieve the required detection limits as specified in SW846. Equivalent analytical methods were/will be used following approval by NMED. Soil samples
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were/will also be analyzed for soil moisture content, in accordance with SW-846. The contracted
laboratory reported/will report uncensored data for all analytical results. Regardless of the
analytical measurement result, it was/will be reported without qualitative descriptors such as "not
detected," "less than," etc.
QA/QC Protocols (active life of the unit)

For all inorganic tests, the samples were spiked with known quantities of the hazardous constituent
and spike concentration and percent recovery reported. For organic tests, the samples were spiked
with a subset of target analytes. The surrogate spike recoveries were reported for all organic tests.
Results from method blanks on the samples were submitted. Blank results were not be subtracted.
The method of how the reported lower detectable limit was determined was also reported. To
ensure that the established DQOs could be attained, the level of analytical quality achieved was at
least Level III. Data were sufficiently documented to allow personnel to review and evaluate data
quality and have all reporting requirements to achieve Level III data quality. Level III data allowed
HAFB to determine whether, based on the results, the OD treatment process is affecting the
environment.
As a quality assurance measure, the contracted laboratory was also required to participate in the
U.S. EPA Water Pollution and Water Supply studies which included blinded performance
evaluation samples.
QA/QC Protocols (closure)

For 2012 closure sampling, all QA/QC protocols were provided in the Basewide QAPP (Bhate,
2003b).
For 2015 and 2017 sampling and for the future closure sampling, QA/QC protocols are provided
in the site-specific QAPP, Appendix D to the Expanded Amended Closure Plan for OD Unit (FPM,
2014) and in the Work Plan for Additional Investigation (FPM, 2016).
Measurement Quality Indicators

DQOs are quantitative and qualitative statements specified to ensure that data of known and
appropriate quality are obtained during soil sampling. The overall objective of sampling during
the active life of the unit was to provide an accurate, precise, and representative confirmation that
the OD Unit treatment process was not contaminating surrounding soils above risk-based levels or
background levels. DQOs were followed in terms of precision, accuracy, representativeness,
completeness, and comparability (P ARCC). The PARCC parameters indicated measurement data
quality. The procedures described in this section are designed to obtain PARCC for each sampling
and analytical method and analysis. The PARCC parameters were evaluated after each round of
sampling during the active life of the unit.
For 2012 closure sampling, all measurement quality indicators were provided in the Basewide
QAPP (Bhate, 2003b).
For 2015 and 2017 sampling and the future closure sampling, measurement quality indicators are
provided in the site-specific QAPP, Appendix D to the Expanded Amended Closure Plan for OD
Unit (FPM, 2014) and in the Work Plan for Additional Investigation (FPM, 2016).
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Precision

Precision is a measure of variability between duplicate or replicate analyses and is calculated for
field and laboratory replicates. Field or total precision incorporates laboratory precision. Precision
is calculated as the relative percent difference (RPD) between duplicate samples or analyses, or
matrix spike/matrix spike duplicates as appropriate. The calculated RPDs are compared to the
objectives stated in the method. Results that do not satisfy the objectives are assigned a data
qualifier flag indicating uncertainty associated with imprecision.
An average RPO may be calculated and reported as a measure of overall analytical precision for
compounds with multiple measurements. The specific samples collected or analyzed in duplicate
are flagged if they do not satisfy the QA objectives. In addition, associated samples may be flagged
to indicate variability due to poor precision. For poor field duplicate precision, samples collected
by the same sampling team, from the same equipment, or on the same day may be affected; close
evaluation of those results should indicate the most likely source of variability, and the
corresponding samples will be qualified as warranted. For poor laboratory precision, samples
processed and analyzed in the same batch are more closely evaluated, and any anomalous result
are qualified.
The QA coordinator is responsible for ensuring that data qualifier flags are assigned to the data as
required by the established QC criteria, and that they are reported and understqod by project staff
using the data for specific applications. The QA coordinator is also responsible for initiating
corrective actions for analytical problems identified during the QC data assessment process. These
corrective actions range from verifying that the method was in statistical control during the
analytical runs, to re-analysis of the sample, or resampling.
Accuracy

Accuracy is associated with correctness and is a comparison between a measured value and a
known, or 'true' value. Accuracy is calculated from method spike (spikes of the pure matrix) matrix
spike, or Laboratory Check Sample results.
Spike results are reported by the laboratory as percent recovery and are compared to the accuracy
objectives stated in the method. Results that do not satisfy the objectives are assigned a data
qualifier flag to indicate uncertainty associated with inaccuracy.
Method spikes are spikes of a reference material into a water matrix. If recovery is outside the
established limits, samples from the same extraction batch may be qualified. Matrix spike results
are generally more sample-specific. If matrix spike recovery is outside the established limits,
results for samples collected from similar conditions and/or handled in the same batch are
examined. If any results appear atypical and could be related, those results may also be qualified.
The flagged data are discussed in the QA/QC report for the sampling task and specific limitations
such as poor or enhanced recovery for specific compounds might be stated. Further investigation
or corrective action may be taken to find methods to reduce the interferences. Surrogate spike
results are also reported and used to assess recovery of target analytes on a sample by sample basis
and provide a measure of system performance.
Surrogate spike recoveries are compared to recovery limits. Any results outside the limits are
flagged on laboratory reports and in the database. Any corrective action taken in the laboratory
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are documented in laboratory performance records and/or discussed in the comment section of the
analytical data report.
Confidence intervals can be calculated for an analytical method if performance evaluation samples
are submitted or a series of method spikes is analyzed. The results are used to define confidence
intervals for the recovery of each compound analyzed.
Representativeness

Representativeness expresses the degree to which sample data accurately and precisely represent
a characteristic of a population, parameter variations at a sampling point, or an environmental
condition. Representativeness is a qualitative parameter most concerned with the proper design of
the sampling program. The representativeness criterion is satisfied by carefully selecting sample
locations, sampling techniques, and analytical techniques and collecting a sufficient number of
samples. Adherence to this SAP ensures that sufficient representativeness has been achieved.
Completeness

Completeness is calculated after the QC data have been evaluated, and the results applied to the
measurement data. In addition to results identified as being outside of the QC limits established
for the method, broken or spilled samples, or samples that could not be analyzed for any other
reason are included in the assessment of completeness. Analytical results for methods or analytes
outside the established QC limits are considered questionable and are unusable for the RI and risk
assessment. These results are considered invalid and are flagged with an "R". The percentage of
valid results is reported as completeness.
Completeness is calculated as follows:
(T- (I +NC))/T x 100%

= Completeness

where:
T = Total number of expected measurements for a method and matrix;
I = Number of invalidated results for a method and matrix; and
NC= Number ofresults not collected (e.g., bottles broken etc.) for a method and a matrix.
Comparability

Comparability reflects the confidence with which data sets can be compared to each other. This
is accomplished through use of standard sampling techniques for all sampling events and standard
analyzing techniques for all samples. Comparability is limited to the precision and accuracy
parameters of PARCC, because only when these parameters are known can data sets be compared
with confidence.
Blank Data Assessment

Reagent blank results indicate whether any of the contaminants reported in sample results may be
attributed to laboratory sources (reagents, glassware, instrumentation) and were not likely present
in the sampled medium. The most common laboratory contaminants are methylene chloride,
phthalate, acetone, and toluene; these are recognized as being ubiquitous in the laboratory
environment and controlling them to within acceptable low levels is part of standard laboratory
procedures.
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If contamination from these compounds is reported in reagent blanks, the samples associated with
the blank, either the same analytical or extraction batch, may be qualified to indicate that some or
all of these compounds may be from laboratory sources. If the concentrations reported in the
samples are similar to the blank concentrations, it is likely that all of the contamination was
introduced, and this assessment is made in the QA/QC report for the sampling task.
In some cases, where there is a large sampling task and reagent blank results indicate a more
significant contamination problem, a more systematic approach may be applied. This approach is
only used when a series of reagent blanks analyzed over a period of time are reported. The
assessment criterion is calculated from reagent blank results as the mean concentration plus three
standard deviations for each contaminant reported. The sample data are assessed using this
criterion. Sample concentrations below the criterion are considered to be most likely from
laboratory sources, and at least some of the sample concentrations higher than that are considered
to be from the sampled medium. This semi-quantitative approach is used only as a tool to screen
the sample results and provide a common basis for further assessment; none of the results are
censored or changed in any way. The assessment is discussed in a QA summary report for the
sampling task. Samples with blank contamination problems are assigned a data qualifier flag.
Sample Return or Disposal

The laboratory disposed/will dispose (unless directed otherwise by HAFB) of all soil samples
following analysis. The laboratory provided/will provide certification that its facilities qualify for
the exemption in 20 NMAC 4.1, Subpart II, §261.4(d), which excludes waste samples from many
hazardous waste management requirements. In addition, all laboratories provided/will provide the
base with an explanation of the disposal practices used with respect to sample residuals.
DATA EVALUATION METHODS (active life of the unit)

To determine if operations at the OD Unit adversely affected the soil at the subject site, the
sampling results were compared to site specific action levels. If constituent concentrations in the
strata exceeded action levels, further evaluation was triggered. The following sections explain the
action level determination, describe the comparison process, and list the potential remedial
responses in the event of an exceedance of action levels.
Action Level Determination

The action levels for the potential contaminants at the OD Unit were derived from two sources:
(1) the background upper tolerance limit (UTL), as calculated from the site-specific background
sampling; and (2) calculated risk-based values. The UTL were calculated using standard EPA
statistical methods (EPA, 1992). Risk-based values were calculated in accordance with the most
current EPA guidance and toxicity data.
Comparison of Sampling Results to Decision Criteria

All valid analytical data from sampling activities were/will be compared to the action levels to
determine if a significant release of the targeted explosive and metal compounds has occurred.
Analytical results were/will first be compared to background UTLs and if an exceedance occurs,
the concentration were/will then be compared against the risk-based concentration for that analyte.
Every sample from each stratum was/will be compared individually to the action levels. In order
to more fully understand the distribution of potential exceedances across a stratum, additional
statistical tests were/will also be performed on a per-stratum basis.
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Sampling results were/will be evaluated against actions levels after the analysis has been
performed and the data has undergone QA/QC evaluation (typically 30 to 60 days from the time
of sampling).
Data Resolution and Remedial Response

Quarterly data from the first quarter of 2003 through the first quarter of 2011 did not identify any
exceedances of residential SSLs for any metals or explosive compounds. Sampling reports with
the results of quarterly sampling performed during the active life of the unit were prepared and
submitted to and approved by NMED. In addition, the summary of quarterly analytical results was
provided in Appendix A of the Amended Expanded Closure Plan for OD Unit (FPM, 2014) which
was approved by NMED in March 2015.
Closure sampling analytical results showing perchlorate concentrations above the closure
standards in both soil and groundwater are provided in the DGI Report (FPM, 2017). The
recommendation for the future remedial action for both soil and groundwater is also provided in
the report and more details regarding the future closure actions are provided in the Permit
Attachment F Closure Plan.
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