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Remedial Investigation Project-Specific Tier 2 UFP-SAP

Site 67 (Hog-Out Facility) Revision: 2
NSF Indian Head, Maryland Date: July 2013
EXECUTIVE SUMMARY

This Uniform Federal Policy (UFP) Sampling and Analysis Plan (SAP) (Navy “Tier 2" format) has been
prepared for Naval Facilities Engineering Command (NAVFAC) Washington by Tetra Tech, Inc. (Tt) under the
Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract No. N62470-08-D-1001, Contract
Task Order (CTO) JU11. This UFP-SAP provides the site/project-specific work plan components for the
Remedial Investigation (RI) at Site 67 — Hog-Out Facility (the site) at Naval Support Facility (NSF) Indian
Head (NSF-IH) (the base or facility) in Indian Head, Maryland. This SAP will be accompanied in the field by
the Health and Safety Plan (HASP) and the NSF-IH Master UFP-SAP (Tt, 2009).

Site 67 — Hog-Out Facility is located on the southeast side of Naval Support Facility (NSF) Indian Head
(NSF-IH) bordered by Mattawoman Creek (Figures 1 and 2). NSF-IH is on the U.S. Environmental
Protection Agency’s (EPA’s) National Priorities List (NPL). The site is described as having perchlorate-
contaminated groundwater resulting from historical site practices at Building 1419 (Eiqure 3), which consisted
of cleaning out (hogging out) solid propellant from various devices, including rockets and Jet-Assisted Take-
Off (JATO) ejection seat motors (Tetra Tech, 2011 and 2012). The 2-acre grassy site contains a small drum
storage building (Building 1861) (Eigures 3 and 4). Direct dumping of the hog-out wastewater occurred from
the 1960s to 1996 (Tt, 2009). Hog-out operations continue, but wastewaters now are drummed,
characterized, handled, and disposed appropriately (NSF-IH, 2006). Operations at Building 1219 can also
include some ordnance handling and storage.

The water table of the unconfined surficial aquifer at Site 67 varies seasonally from 6 to 10 feet (ft) below
ground surface (bgs) in response to precipitation and evapotranspiration, and generally slopes similarly to the
land surface topography toward Mattawoman Creek. Upland areas serve as groundwater recharge areas and
low areas and the creek serve as groundwater discharge areas. Groundwater flow follows the surface
topography at the site.

Site 67 has been studied previously several times by the Department of Defense (DoD) in order to research
the impacts of perchlorate contamination to aquifer systems and receiving bodies, as well as means and
methods of remediating said contamination. The studies were not conducted under the Navy’s Environmental
Restoration Program. However, they consisted of groundwater sampling and analysis for perchlorate and
several other parameters to support study objectives, sediment, and surface water sampling, macrocosm (in
situ) and microcosm (laboratory) studies of microbial communities, etc. Perchlorate mass flux and
groundwater discharge evaluations were performed. Based in part on these studies, DoD published a
guidance document on / protocol for monitored natural attenuation (MNA) of perchlorate in groundwater
(Environmental Security Technology Certification Program [ESTCP], 2008).

Based on the research, lab results, field results, conclusions, and guidance presented in the previous studies,
it is expected that perchlorate concentrations at Site 67 will decline via multiple natural attenuation
mechanisms (e.g., biodegradation and dilution). However, groundwater concentrations of perchlorate may
not reach an appropriate cleanup level’ in a reasonable timeframe (not considering land use) via natural
attenuation only.

While perchlorate contamination in the surficial aquifer is evident at the site, the lateral limits of the plume
have not been delineated, and other potential site-related contaminants (e.g., phthalates, metals, and
polycyclic aromatic hydrocarbons [PAHs]) have not been investigated. Further, the soil, sediment, and
surface water media require Remedial Investigation (RI)-level study, and respective human health and

' The site-specific cleanup level for perchlorate (and any other contaminants) will be developed in the Feasibility Study (FS). The default
groundwater perchlorate cleanup level is 15 pg/L in accordance with DoD and Navy policy (Navy, 2010) and the U.S. Environmental
Protection Agency (EPA) January 2009 perchlorate Interim Drinking Water Health Advisory of 15 pg/L.
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EXECUTIVE SUMMARY

ecological risk assessments are required. Therefore, an Rl is under way as described herein. A Feasibility
Study (FS) likely will be performed to evaluate remedial alternatives for site cleanup.

The objectives of the investigation are as follows:

o Determine the nature and extent of perchlorate contamination and other site-related contaminants in
groundwater, soil, sediment, and surface water.

o Determine if unacceptable risks to human health or ecological receptors are presented by site
contaminants.

e Gather required information to complete the Rl and support the follow-on FS.

Meeting these objectives and completing the RI fieldwork will require several field tasks and the use of
multiple subcontractors as describe throughout this SAP. Field tasks include the following: utility clearance,
soil borings, monitoring well installations, monitoring well groundwater sampling, surface and subsurface soil
sampling, sediment and surface water sampling, surveying, management of investigation-derived waste
(IDW), decontamination activities, and other related ancillary tasks. The following subcontractors will be
required to complete the RI: utility clearance, drilling / direct push technology (DPT), survey, IDW
management, and offsite laboratory services. Following offsite laboratory analysis of the various samples, the
data will be validated, evaluated, and presented in the RI Report. The Rl Report will be prepared consistent
with Navy and EPA guidance and recent Rl Reports for NSF-IH.

Data Quality Objectives (DQOs) have been identified or developed herein, including decision action limits and
risk-based screening levels for each analyte. Samples in all media will be analyzed for perchlorate and other
potential site-related contaminants, which have been selected via research on rocket motor materials:
phthalates, PAHSs, select metals, and select energetics/explosives (Tt, 2011). Other parameters and analyses
(e.g., total organic carbon) detailed in this SAP will support the risk assessments and an evaluation of
geochemical conditions at the site. In addition, groundwater will be tested for microbial genetic material
indicative of conditions favorable for perchlorate biodegradation.
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#

%
°C
°F

a.k.a.

AA

amu
ANSI/ASQ
ASTM

BERA
bgs
BTAG

clo
CAS
CERCLA
CD
CFR
CLEAN
CLP
CoC
cocC
COMAR
COPC
COPEC
CRDL
CSM
CTO

DAF
DL
DoD
DCN
DNAPL
DO
DPT
DQl
DQO
DV
DVM

eco
EDD
ELAP
EPA
EPC
ERA
ERP
ESTCP

FCR
FID

ACRONYMS AND ABBREVIATIONS

number

percent

degree Celsius
degree Fahrenheit

also known as

Atomic Absorption

atomic mass unit

American National Standards Institute/American Society for Quality
American Society for Standards and Materials

Baseline Ecological Risk Assessment
below ground surface
[EPA Region 3] Biological Technical Assistance Group

care of

Chemical Abstract Service [Number]

Comprehensive Environmental Response, Compensation, and Liability Act of 1980
chlorite dismutase

Code of Federal Regulations

Comprehensive Long-Term Environmental Action Navy
Contract Laboratory Program

chain-of-custody [form]

Chemical of Concern

Code of Maryland Regulations

Chemical of Potential Concern

Chemical of Potential Ecological Concern
Contract-Required Detection Limit

Conceptual Site Model

Contract Task Order

Dilution Attenuation Factor
Detection Limit

Department of Defense
Document Control Number
dense non-aqueous phase liquid
dissolved oxygen

Direct Push Technology (a.k.a. Geoprobe®)
Data Quality Indicator

Data Quality Objective

data validation

Data Validation Manager

ecological

electronic data deliverable

[DoD] Environmental Laboratory Accreditation Program
U.S. Environmental Protection Agency

exposure point concentration

ecological risk assessment

[Navy] Environmental Restoration Program
Environmental Security Technology Certification Program

Field Change Request
flame ionization detector
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ACRONYMS AND ABBREVIATIONS

FOL Field Operations Leader

FS Feasibility Study

FSP Field Sampling Plan

ft feet or foot

FTMR Field Task Modification Request

g gram(s)

GC Gas Chromatograph

GC/MS Gas Chromatograph/Mass Spectrometer
GC-FID Gas Chromatograph — Flame lonization Detector
GIS Geographic Information System

GPC Gel Permeation Chromatography

GPS Global Positioning System

H&S health and safety

HASP Health and Safety Plan

HH human health

HHRA human health risk assessment

HI Hazard Index

HMX His/Her Majesty's Explosive (octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine)
HQ Hazard Quotient

HPLC High Pressure Liquid Chromatograph

IC lon Chromatograph

ICB initial calibration blank

ICP Inductively Coupled Plasma

ID identification

IDQTF Intergovernmental Data Quality Task Force
IDW investigation-derived waste

ILCR Incremental Lifetime Cancer Risk

IRP [Navy] Installation Restoration Program
ITRC Interstate Technology and Regulatory Council
JATO Jet-Assisted Take-Off [motor]

kg kilogram(s)

L liter(s)

LANL Los Alamos National Laboratory

LCS Laboratory Control Sample

LFB Laboratory Fortified Blank

LIMS Laboratory Information Management Systems
LOD Limit of Detection

LOQ Limit of Quantification

MCL Maximum Contaminant Level

Mg microgram(s)

pa/kg microgram(s) per kilogram

pg/L microgram(s) per liter

mg milligram(s)

mg/kg milligram(s) per kilogram

mg/L milligram(s) per liter

MCL [federal] Maximum Contaminant Level
MDE Maryland Department of Environment

mL milliliter(s)

MS Mass Spectrometry
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NSF Indian Head, Maryland Date: July 2013
MS Matrix Spike

MSD Matrix Spike Duplicate

msl [above] mean sea level

mV millivolt(s)

MPC Measurement Performance Criteria

MQO Measurement Quality Objectives

MDL Method Detection Limit

MNA monitored natural attenuation

MS Matrix Spike

MSD Matrix Spike Duplicate

MSR Management Systems Review

NA or N/A  not applicable
NAVFAC  Naval Facilities Engineering Command

NEDD NIRIS Electronic Data Deliverable

NIRIS Navy Installation Restoration Information Solution
NIST National Institute of Standards and Technology

No. number

NOAA National Oceanic and Atmospheric Administration
NOSSA Naval Ordnance Safety and Security Activity

NPL National Priorities List

NSF Naval Support Facility

NSF-IH Naval Support Facility Indian Head

NTU Nephelometric Turbidity Unit

ORNL Oak Ridge National Laboratory

ORP oxidation-reduction potential

OSHA Occupational Safety and Health Administration
OSWER Office of Solid Waste and Emergency and Response
oz ounce(s)

PAL Project Action Limit

PAH polycyclic aromatic hydrocarbon (or polynuclear aromatic hydrocarbon)
PARCC Precision, Accuracy, Representativeness, Completeness, and Comparability
PDF Portable Document Format

P.E. Professional Engineer

P.G. Professional Geologist

PID photoionization detector

PM Project Manager

PPE personal protective equipment

PQL Project Quantitation Limit

PQLG Project Quantitation Limit Goal

PQO Project Quality Objective

PRAP Proposed Remedial Action Plan

PRP Potentially Responsible Party

PRQL Project-Required Quantitation Limit

PSL Project Screening Limit

PT Proficiency Testing (previously known as performance evaluation (PE) sample)
PVC polyvinyl chloride

QA Quality Assurance

QAM Quality Assurance Manager

QAO Quality Assurance Officer

QAPP Quality Assurance Project Plan

QC Quality Control

QL Quantitation Limit
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ACRONYMS AND ABBREVIATIONS

qPCR quantitative polymerase chain reaction

QS Quality System

QSM Quality Systems Manual

RAGS [U.S. EPA] Risk Assessment Guidance for Superfund
RDX Royal Demolition Explosive (hexahydro-1,3,5-trinitro-1,3,5-triazine)
RI Remedial Investigation

RIC Reconstructed lon Chromatogram

RME Reasonable Maximum Exposure

ROD Record of Decision

RPD Relative Percent Difference

RPM Remedial Project Manager

RSD Relative Standard Deviation

RSL [EPA] Regional Screening Level

RT Retention Time

SAP Sampling and Analysis Plan

SDG Sample Delivery Group

SERA Screening Ecological Risk Assessment
SERDP Strategic Environmental Research and Development Program
SOP Standard Operating Procedure

SOW scope of work (or statement of work)

SQL Sample Quantitation Limit

SSL Soil Screening Level

SVOC semivolatile organic compound

TCLP Toxicity Characteristic Leaching Procedure
TBD To Be Determined

TOC total organic carbon

Tt Tetra Tech

UCL upper confidence limit

uU.S. United States

UFP Uniform Federal Policy

WS worksheet
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Remedial Investigation
Site 67 (Hog-Out Facility)
NSF Indian Head, Maryland

Project-Specific Tier 2 UFP-SAP
Revision: 2
Date: July 2013

1 PROJECT ORGANIZATIONAL CHART

(UFP-QAPP Manual Section 2.4.1 and UFP-QAP Workbook WS #5)

MDE RPM
Curtis DeTore
410-537-3791

NSF-IH IRP Manager
Nicholas Carros

Navy QAO/Chemist
lan Nielsen
757-322-8339
|
|

Navy/NAVFAC RPM

—_— Joe Rail —_—

202-685-3105

— — — Dennis Orenshaw

EPA RPM

215-814-3361

Tt Program
Manager

301-744-2263

Tt H&S Manager
Matt Soltis _—
412-921-8912

Tt Lead Chemist

Tt Facility Coordinator,
PM, and P.E.
Ed Corack
757-466-4908

John Trepanowski
610-49[1—9688

I

Tt QA Manager
Tom Johnston

Line of Authority
— — — Line of Communication

Field subcontractors will be determined
befare finalization of the SAP.

All contact with Tt personnel and
subcontractors by non-field personnel
should be through Mr. Joe Rail.

412-921-8615

Tt P.G.

Kelly Carper
412-921-7273

Tt Laboratory Subcontractors

APPL, Inc. PM
Cynthia Clark | 559-275-2175
Microbial Insights PM

Anita Biernacki | 856-573-8188

Notes:

QA - Quality Assurance

RPM - Remedial Project Manager
H&S - Health and Safety

SSO - Site Safety Officer

Tt FOL and SSO
Jake Birkett
757-466-4907

Rob Sok
757-466-4974

Tt HH Risk Assessor

Tt Eco Risk Assessor

Tt Field Subcontractors
TBD
(Utility Locator, Driller,
DPT, IDW, and Surveyor)

QAO - Quality Assurance Officer

EPA - U.S. Environmental Protection Agency [Region 3]

PM - Project Manager
HH — Human Health

\\tt.local\nus\nor\Library\CTO JU11\NSF-IH_Site67\RI_UFP-SAP

Tt Data Manager
Lee Leck | 412-921-8856

Russ Sloboda | 610-382-1529

Aaron Bernhardt | 412-921-8433 |

Tt Data Validation
Manager
Joe Samchuck
412-921-8510

MDE - Maryland Department of Environment
NSF-IH - Naval Support Facility Indian Head

P.E. - Professional Engineer
Eco - Ecological

DPT - Direct Push Technology

P.G. - Professional Geologist FOL - Field Operations Lead

NAVFAC - Naval Facilities Engineering Command
IRP - Installation Restoration Program

IDW - Investigation-Derived Waste TBD — To Be Determined
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2 COMMUNICATION PATHWAYS

(UFP-QAPP Manual Section 2.4.2 and UFP-QAPP Workbook WS #6)

Communication Drivers Resp9n§|ble Name Phone Procedure
Affiliation Number
Changes in schedule Tetra Tech (Tt) PM Ed Corack 757-466-4908 Tt PM informs the Navy RPM via telephone within 1 day. Navy RPM informs
Navy RPM Joe Rail 202-685-3105 Regulatory RPMs via email within 7 days.
Tt PM will document the changes within 5 days and send the Navy RPM a
concurrence letter (or equivalent) within 7 days of identifying the need for
change. Navy RPM will send scope change approval to Tt Program office
before work is started.
Issues in the field that result in Tt FOL Jake Birkett 757-466-4907 Tt FOL informs Tt PM/P.E. as soon as possible via phone, and Tt PM informs
minor modifications of field Tt PM Ed Corack 757-466-4908 Navy RPM and Tt P.G. via email within 1 day Tt FOL documents in field log
methodology or sampling protocol book. Navy RPM informs Regulatory RPMs via email within 7 days..
Field conditions that result in Tt FOL Jake Birkett 757-466-4907 Tt FOL informs Tt PM/P.E. as soon as possible via phone. Tt PM informs the
changes in scope of field work or Tt PM Ed Corack 757-466-4908 Navy RPM and Tt P.G. as soon as possible via phone. Tt FOL and PM
major modifications in field prepare a field task modification request (FTMR) within 2 days, and Navy
methodology or sampling protocol RPM provides request to Regulatory RPMs within 2 days via email.
Recommendation to stop work and Tt FOL Jake Birkett 757-466-4907 Responsible party immediately informs subcontractors, Navy, and Tt PM via
initiate work upon corrective action Tt PM Ed Corack 757-466-4908 phone and email. Navy RPM informs Regulatory RPMs via email.
Tt QA Manager Tom Johnston 412-921-8615 Tt PM will inform Navy RPM (verbally or via email) by close of the next
Tt H&S Manager Matt Soltis 412-921-8912 working day. Navy RPM will issue scope change approval (verbally or via
Navy RPM Joe Rail 202-685-3105 email at RPM discretion). If warranted (as determined by the Navy RPM),

scope change will be documented before work is executed. The Tt FOL will
document the changes on a FTMR form within 2 days of identifying the need
for change and obtain required approvals within five days of initiating the
form.

If Tt is the responsible party for a stop work command, the Tt FOL will inform
onsite personnel, subcontractor(s), the Navy RPM, and the Facility POC
(NSF-IH IRP Manager) within 1 hour (verbally or by email). The Navy RPM
will notify the Regulatory RPMs within 1 day. If a subcontractor is the
responsible party, the subcontractor PM must inform the Tt FOL within 15
minutes, and the Tt FOL will then follow the procedure listed above.

Corrective Action for field program

Tt QA Manager
Tt PM

Tom Johnston
Ed Corack

412-921-8615
757-466-4908

Tt QA Manager will notify Tt PM via email within 1 day that the corrective
action has been completed. Tt PM will then notify the Navy RPM via email
within 1 day.

Field data quality issues

Tt FOL
Tt PM

Jake Birkett
Ed Corack

757-466-4907
757-466-4908

Tt FOL will inform Tt PM via phone or by email (at FOL discretion) on the
same day that a field data quality issue is discovered.
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2. COMMUNICATION PATHWAYS

Communication Drivers Respc_)ngble Name kit Procedure
Affiliation Number
Analytical data quality issues APPL PM Cynthia Clark 559-275-2175 The Laboratory PM will notify (via phone or email) the Tt Project Chemist

Microbial Insights PM
Tt Project Chemist
Tt DVM

Tt PM

Navy RPM

Anita Biernaki
Kelly Carper
Joe Samchuck
Ed Corack
Joe Rail

865-573-8188
412-921-7273
412-921-8510
757-466-4908
202-685-3105

within 1 day of when an issue related to laboratory data is discovered.

The Tt Project Chemist will notify (via phone or or via email) the data
validation staff and the Tt PM within 1 day.

Tt DVM or Project Chemist notifies Tt PM via phone or email within 48 hours
of validation completion that a non-routine and significant laboratory quality
deficiency has been detected that could affect this project and/or other
projects. The Tt PM verbally advises the Navy RPM within 24 hours of
notification from the Project Chemist or DVM. The Navy RPM takes
corrective action that is appropriate for the identified deficiency. Examples of
significant laboratory deficiencies include data reported that has a
corresponding failed tune or initial calibration verification. In the event of a
significant laboratory deficiency, the navy RPM should contact the Navy
Chemist/QA Officer.

Notes:
Tt—Tetra Tech
P.E. — Professional Engineer

CTO Jun1

PM — Project Manager

RPM — Remedial Project Manager
P.G. - Professional Geologist
APPL - Agriculture and Priority Pollutants Laboratory (Tt subcontractor analytical laboratory along with Microbial Insights)

FOL - Field Operations Lead

QA - Quality Assurance DV - Data Validation

FTMR - Field Task Modification Request (or Field Change Request [FCR])
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DVM - Data Validation Manager =~ NAVFAC - Naval Facilities Engineering Command
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Remedial Investigation Project-Specific Tier 2 SAP
Site 67 (Hog-Out Facility) Revision: 2
NSF Indian Head, Maryland Date: July 2013

3 PROJECT PLANNING SESSION PARTICIPANTS SHEET(S)

(UFP-QAPP Manual Section 2.5.1 and UFP-QAPP Workbook WS #9)

3.1 Partnering Team Scoping Session No. 1

Project Name: Site 67 Remedial Investigation (RI) Site Name: Site 67 — Hog-Out Facility
Projected Date(s) Site - . :
of Sampling: Fall 2011 Location: Naval Support Facility Indian Head (NSF-IH)
Project Manager: Ed Corack, Tetra Tech (Tt)
Date of Session: May 11, 2011
Scoping Session Initial scoping session for the RI at Site 67 c/o the Navy-format Uniform Federal Policy (UFP) Sampling and
Purpose: Analysis Plan (SAP) work plan.
Name Title Affiliation Phone # E-mail Address Project Role
Dennis Orenshaw RPM EPA Region 3 215-814-3361 orenshaw.dennis@epa.gov Regulatory oversight
Curtis DeTore RPM MDE 410-537-3791 cdetore@mde.state.md.us Regulatory oversight
. NAVFAC . . .
Joe Rail RPM Washington 202-685-3105 joseph.rail@navy.mil Navy RPM
NAVFAC .
Nate Delong RPM Washington 202-685-3297 nathan.delong@navy.mil NTR
Nicholas Carros IRP NAVF.AC 301-744-2263 nicholas.carros@navy.mil Onsite/Facility IRP
Manager Washington Manager
Ed Corack PM Tt 757-466-4908 ed.corack@tetratech.com Navy Contractor
Scott Nesbit (I;acmty Tt 412-921-7134 scott.nesbit@tetratech.com Navy Contractor
oordinator
Margaret Kasim Q‘;t:]";g’er CH2M HILL 703-376-5154 | margaretkasim@ch2m.com | Navy Contractor
- . Meeting e .
Vicki Waranoski Scribe CH2M HILL 703-376-5049 victoria.waranoski@ch2m.com | Navy Contractor

First scoping session for the RI at Site 67.

The Team agreed the Tier 2 UFP-SAP format should be used for this project. [Jon Tucker/NAVFAC LANT Chemist provided a
presentation to the Team on the new Tier 2 format at this Partnering Meeting].

PowerPoint presentation provided onscreen and via handouts.
New IR Program site. Previously studied by DoD for perchlorate research. Reviewed Desktop Evaluation material.
Comments/Decisions:

Historical documents summarized in desktop review tech memo (Tt, 2011). There is unacceptable risk from at least perchlorate in one or
more media (definitely in groundwater). A focused RI/FS effort is appropriate.

Team reviewed conceptual site model (CSM).

Team discussed likely receptors: ecological receptors (tbd); human health receptors —construction worker, industrial worker, visitor, and
trespasser. Future residential scenario also will be evaluated to be conservative.

Team used judgmental approach to place sample locations in order to bound the perchlorate groundwater plume previously partially
identified. Similarly, Team selected biased sample locations to investigate soils, sediments, and surface water. Sediments will be
sampled for perchlorate because of the high perchlorate concentrations in groundwater and the degree of historical release(s).

Team developed the initial problem statement as follows:

Based on site history and previous studies, releases occurred to soil and groundwater from hog-out activities. Based on
Desktop Audit, the chemicals likely associated with hog-out activities are ammonium perchlorate, nitrate/nitrite, select metals
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3. PROJECT PLANNING SESSION PLANNING SHEET(S)

and explosives, PAHs, and phthalates. Additional data are needed to determine the nature and extent of contamination and
risks to human health and ecological receptors.

The proposed sampling approach for the Site 67 will be comprised of the following:

. Installation of nine new monitoring wells, including one upgradient well. Surface and subsurface soil samples will be collected
during installation at each location.

. Groundwater monitoring of the new and existing monitoring wells; existing wells were last sampled in 2005 and will need to be
re-developed.

. 19 surface soil and 9 subsurface soil samples collected across the site (9 of the surface soil samples are collocated with the
subsurface soil samples and the 9 new monitoring wells). Data will be assessed for the potential for soils to be an ongoing
source of groundwater contamination.

. Six each collocated sediment and surface water samples collected from Mattawoman Creek.
Action Items:
Tt to complete proposed sampling scheme and refine CSM and exposure pathway analysis for next scoping session. Tt to develop/refine

decision rules with/from problem statement for next scoping session.

Consensus Decisions:
Considering the previous investigations and documentation, a focused RI/FS effort is appropriate for Site 67.
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Remedial Investigation Project-Specific Tier 2 SAP
Site 67 (Hog-Out Facility) Revision: 2
NSF Indian Head, Maryland Date: July 2013

3.2 Tetra Tech Team Charter Meeting

Project Name: Site 67 Remedial Investigation (RI) Site Name: Site 67 — Hog-Out Facility

Projected Date(s) Site . .

of Sampling: Fall 2011 Location: Naval Support Facility Indian Head (NSF-IH)

Project Manager: Ed Corack, Tetra Tech (Tt)

Date of Session: June 15, 2011

gﬁt:&l)zg.Sessmn RI charter and kickoff meeting following first scoping with the Tier 1 Partnering Team.

Name Title Affiliation Phone # E-mail Address Project Role

Ronnie Britto Senior Tt 901-849-0193 Ronnie.Britto@tetratech.com Senior
Consultant Consultant

Ann Cognetti Chemist Tt 412-921-8862 Ann.Cognetti@tetratech.com Chemist
Project Project

Kelly Carper Chemist Tt 412-921-7273 Kelly.Carper@tetratech.com Chemist

Tom Johnston QAM Tt 412-921-8615 Tom.Johnston@tetratech.com QAM

Ed Corack PM Tt 757-466-4908 ed.corack@tetratech.com PM

Scott Nesbit Facility Tt 412:921-7134 | scott.nesbit@tetratech.com Facility
Coordinator Coordinator
Risk Risk

Lee Ann Sinagoga Assessment Tt 412-921-8887 LeeAnn.Sinagoga@tetratech.com Assessment
Manager Manager

Suzanne Paxton GIS Tech Tt 412-921-8817 Suzanne.Paxton@tetratech.com GIS Tech

QAM - Quality Assurance Manager PM — Project Manager

This was a conference call meeting.

Comments/Decisions:
The PM provided an overview of the project via PowerPoint presentation.

e  The overview identified organizational info, including Navy and regulator members of the Tier 1 Partnering Team, as well as Tt
personnel and roles for the SAP through the Rl Report.

. Required subcontractors for the RI will include laboratory, survey, IDW, utility, and driller/DPT.

e  Milestones (including intermediate, workable tasks) were defined from the SAP through the RI fieldwork and report.

PM set up and identified a project share folder on Pittsburgh server.

Action Items:
Lee Ann to assign lead human health and ecological risk assessors through the Rl risk assessments. By 6/16.

Consensus Decisions:
None.
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3. PROJECT PLANNING SESSION PLANNING SHEET(S)

3.3 Partnering Team Scoping Session No. 2

Project Name: Site 67 Remedial Investigation Site Name: Site 67 — Hog-Out Facility
Projected Date(s) ;100 9012 Site Naval Support Facility Indian Head (NSF-IH)
of Sampling: Location:
Project Manager: Ed Corack, Tetra Tech (Tt)
Date of Session: August 3, 2011
gcoplng.Sessmn Follow-on scoping session for the RI at Site 67.
urpose:
Name Title Affiliation Phone # E-mail Address Project Role
Dennis Orenshaw RPM EPA Region 3 215-814-3361 | orenshaw.dennis@epa.gov Regulatory oversight
Curtis DeTore RPM MDE 410-537-3791 | cdetore@mde.state.md.us Regulatory oversight
. NAVFAC . . .
Joe Rail RPM Washington 202-685-3105 | joseph.rail@navy.mil Navy RPM
NAVFAC .
Nate Delong RPM Washington 202-685-3297 | nathan.delong@navy.mil NTR
Nicholas Carros IRP NAVF.AC 301-744-2263 | nicholas.carros@navy.mil Onsite/Facility IRP
Manager Washington Manager
Ed Corack PM Tt 757-466-4908 | ed.corack@tetratech.com Navy Contractor
Scott Nesbit Facmty Tt 412-921-7134 | scott.nesbit@tetratech.com Navy Contractor
Coordinator
Margaret Kasim 'I?/I(::\vallger CH2M HILL 703-376-5154 | margaret.kasim@ch2m.com Navy Contractor
Vicki Waranoski '\S";?;g‘g CH2M HILL 703-376-5049 | victoria.waranoski@ch2m.com | Navy Contractor

Presentation via PowerPoint onscreen and handouts.

Comments/Decisions:

Team reviewed updated problem statement and
individual DQOs/decision rules. Team reviewed updated
CSM, including 3-d figure and Exposure Pathway
Analysis matrix.

Team reviewed and modified the Rl sampling approach
(locations). Discussion of whether additional
sediment/surface water locations are needed; no,
previous ESTCP study determined groundwater
discharges prior to reaching tidal mudflats.

Team reviewed and revised the analytes for
Groundwater, Soil, Sediment, and Surface Water.

Action Items:
None.

Consensus Decisions:
RI analytes will consist of those noted above. These
should capture all likely potential contaminants and

SVOCs

Phthalates
Bis(2-ethylhexyl)phthalate
Butyl benzyl phthalate
Diethyl phthalate
Dimethyl phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate

PAHs
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-c,d)pyrene
Naphthalene
Phenanthrene

Pyrene

Analytes for Groundwater, Soil, Sediment, and Surface Water

Metals (Total & Dissolved)
Auminum
Boron
Lithium
Zinc

Explosives
2,4-Dinitrotoluene
2,6-Dinitrotoluene
HMX
RDX
Nitroglycerin
Tetryl

Oxidizers
Perchlorate

support the baseline human health and screening ecological risk assessments.
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Miscellaneous / Other

Groundwater
Nitrate, Nitrite, and Chloride
TOC
Sulfate
Methane
gPCR

Sediment
TOC

Surface Soil
TOC
pH

Surface Water
Hardness
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Remedial Investigation Project-Specific Tier 2 SAP
Site 67 (Hog-Out Facility) Revision: 2
NSF Indian Head, Maryland Date: July 2013

3.4 Partnering Team Scoping Session No. 3

Project Name: Site 67 Remedial Investigation Site Name: Site 67 — Hog-Out Facility
Projected Date(s) ;100 9012 Site Naval Support Facility Indian Head (NSF-IH)
of Sampling: Location:
Project Manager: Ed Corack, Tetra Tech (Tt)
Date of Session: February 8, 2012
Scoping Session Site visit.
Purpose:
Name Title Affiliation Phone # E-mail Address Project Role
Dennis Orenshaw RPM EPA Region 3 215-814-3361 | orenshaw.dennis@epa.gov Regulatory oversight
Curtis DeTore RPM MDE 410-537-3791 | cdetore@mde.state.md.us Regulatory oversight
. NAVFAC . . .
Joe Rail RPM Washington 202-685-3105 | joseph.rail@navy.mil Navy RPM
NAVFAC .
Nate Delong RPM Washington 202-685-3297 | nathan.delong@navy.mil NTR
Nicholas Carros IRP NAVF.AC 301-744-2263 | nicholas.carros@navy.mil Onsite/Facility IRP
Manager Washington Manager
Ed Corack PM/ F_acmty Tt 757-466-4908 | ed.corack@tetratech.com Navy Contractor
Coordinator
Scott Nesbit Engineer Tt 412-921-7134 | scott.nesbit@tetratech.com Navy Contractor
John Trepanowski ’\Pﬂrogram Tt 610-382-1532 john.trepanowski@tetratech.c Navy Contractor
anager om
Margaret Kasim ﬁ/lgt:]vellger CH2M HILL 703-376-5154 | margaret.kasim@ch2m.com Navy Contractor
. . Meeting - .
Vicki Waranoski Scribe CH2M HILL 703-376-5049 | victoria.waranoski@ch2m.com | Navy Contractor

Team visited site to truth sample locations, terrain and vegetation, and the presence of existing wells.

Comments/Decisions:

Some sample locations adjusted to accommodate assumed utilities and terrain/vegetation.
Action Items:
None.

Consensus Decisions:

None.

\\tt.local\nus\nor\Library\CTO JU11\NSF-IH_Site67\RI_UFP-SAP Page 21 of 86 CTO JU1






Remedial Investigation Project-Specific Tier 2 SAP
Site 67 (Hog-Out Facility) Revision: 2
NSF Indian Head, Maryland Date: July 2013

4 CONCEPTUAL SITE MODEL

(UFP-QAPP Manual Section 2.5.2 and UFP-QAPP Workbook WS #10)

This section summarizes the currently understood Conceptual Site Model (CSM) for Site 67 — Hog-Out
Facility based on previous studies at the site. See Section 5 for the Data Quality Objective (DQO) / Project
Quality Objective process. Background information, including site location and description, site history, and a
brief summary of the site geology and hydrogeology are included below. Further, a summary of
environmental investigations and the limitations of previously collected data are provided below. Several
historical documents in Appendix A provide more details on site conditions and CSM development.

4.1 Site Description and History

Naval Support Facility Indian Head (NSF-IH) is located approximately 25 miles southwest of Washington,
D.C., in northwestern Charles County, Maryland (Figure 1), positioned along the Potomac River at the
confluence of Mattawoman Creek. NSF-IH has been active since 1890 and assumed its current name in
2005. As shown on Figures 1 and 2, the Main Area of the facility is bounded by the Potomac River on the
northwest, west, and south, Mattawoman Creek to the south and east, and the Town of Indian Head to the
northeast.

The Indian Head peninsula is located in the Atlantic Coastal Plain Physiographic Province, approximately 8 to
10 miles east of the Fall Line that marks the western extent of the physiographic province. Indian Head has
gently rolling to undulating topography with elevations ranging from sea level to more than 100 feet (ft) above
mean sea level (msl). The higher elevations are on the eastern portion of the facility, and the land surface
generally slopes to the southwest and southeast. The portion of NSF-IH along the Potomac River is
characterized by 20- to 100-ft bluffs. The portion along Mattawoman Creek is more gently sloping.

Site 67 is located on the southeast side of NSF-IH bordering Mattawoman Creek (Figure 2). The site is
described as having perchlorate-contaminated groundwater resulting from historical site practices at Building
1419 (Eigure 2), which consisted of cleaning out (hogging out) solid propellant from various devices, including
rockets and Jet-Assisted Take-Off (JATO) ejection seat motors (Tt, 2011 and 2012). The 2-acre grassy site
contains a small drum storage building (Building 1861) (Figures 3 and 4). Direct dumping of the hog-out
wastewater occurred from the 1960s to 1996 (Tt, 2009). Hog-out operations continue, but wastewaters now
are drummed, characterized, handled, and disposed appropriately (NSF-IH, 2006). Operations at Building
1219 can also include some ordnance handling and storage.

Previous environmental investigations/efforts are indicated by the following documents, which are
summarized in the Tt (2011) Desktop Audit technical memorandum (Appendix A):

o Activity: 2002 Pilot Test.
Document: Naval Ordnance Safety and Security Activity (NOSSA) (2004) Field Demonstration of In
Situ Perchlorate Bioremediation at Building 1419.

o Activity: 2006 Technology Demonstration Plan.
Document: Environmental Security Technology Certification Program (ESTCP) (2006a) Evaluation
of Potential for Monitored Natural Attenuation of Perchlorate in Groundwater: Technology
Demonstration Plan for Building 1419 Site, Naval Surface Warfare Center, Indian Head, MD.

e Activity: 2008 Perchlorate Attenuation Guidance.
Document: ESTCP (2008) Natural Attenuation of Perchlorate in Groundwater: Processes, Tools,
and Monitoring Techniques.
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The previous studies were performed in an effort by the Department of Defense (DoD) c/o the Strategic
Environmental Research and Development Program (SERDP), NOSSA, and ESTCP (among others) to gain
an understanding of fate and transport of and treatment options for perchlorate in various aquifer systems.
They were not performed under the Navy Environmental Restoration Program. The CSM herein is supported
largely by the information and data collected and evaluated previously. No risk evaluations have been
performed to date.

Mattawoman Creek and the Potomac River are tidal estuaries of the Chesapeake Bay estuary system. The
unconfined surficial aquifer at Site 67 consists of more recent saturated alluvial soil resting on top of the
Patapsco clay that is encountered at approximately 16 ft bgs site-wide. The water table varies seasonally
from 6 to 10 ft bgs in response to precipitation and evapotranspiration, and generally slopes similarly to the
land surface topography. Upland areas serve as groundwater recharge areas and low areas and the creek
serve as groundwater discharge areas. Groundwater flow follows the surface topography at the site.
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Exhibit: Water Table Contour Map—April 2008 (ESTCP, 2010a)

NOSSA (2004) reported an average hydraulic gradient at 0.023 (between wells MW01 and MWO03) and an
average hydraulic conductivity (determined by slug tests) at 0.012 ft/min (17 ft/day). Low-tide mudflats lie just
offshore. Mattawoman Creek is tidally influenced with daily fluctuations in this area between 1 and 2 ft,
causing reversal in groundwater flow in and out of the sediments. Figure 5 provides a three-dimensional
CSM for the site. Figure 6 provides an exposure route pathway CSM for the site, which will be utilized to
conduct the Baseline Human Health Risk Assessment (HHRA) and Screening-level Ecological Risk
Assessment (ERA) (SERA).

The ESCTP (2006 and 2010a) reports provide multiple hydrogeologic interpretive cross-sections and
discussion of local hydrogeology. The reports also provide tabular data and figures detailing perchlorate
concentrations and distribution, along with presentation and evaluation of secondary data indicators. This
information will be considered and/or incorporated into the forthcoming RI Report for Site 67.
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Estimated perchlorate isoconcentration contours in surficial aquifer groundwater from 2005 are shown on the
exhibits below (ESTCP, 2006).
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Exhibit: 2005 Groundwater Perchlorate Isoconcentration Map — “Shallow” Wells | Surficial Aquifer (ug/L) (EST
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Exhibit: 2005 Groundwater Perchlorate Isoconcentration Map — “Deep” Wells | Surficial Aquifer (ug/L) (ESTCP, 2006)
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The purpose of the previous studies at Site 67 was to understand the environmental fate and mechanics of
perchlorate contamination and develop better ways to evaluate the natural attenuation of perchlorate. The
results of the previous studies at Site 67 led to the creation of DoD’s perchlorate monitored natural
attenuation (MNA) guidance (ESTCP, 2008). This guidance provides a three-tier assessment to evaluate
optimal perchlorate attenuation (Tetra Tech [Tt], 2011; ESTCP, 2008):

Tier 1 — Perchlorate concentrations decrease with time and distance due to biodegradation, dilution, and
dispersion.

Tier 2 — Most ideal geochemical conditions coincide with greatest perchlorate reduction.

Tier 3 — Greatest perchlorate reduction occurs where highest population of perchlorate-reducing bacteria
indicators are measured.

Considering this three-tier assessment, MNA is a likely an acceptable final remedy for Site 67. However,
additional sampling should be performed during the Rl to obtain a more robust temporal dataset for the Tier 1
assessment. Further, additional sampling locations are necessary to fully delineate the perchlorate plume,
define the source area, determine if other contaminants are present, and calculate associated risks.

4.2 Potential Sources of Contamination

Historical discharges of hog-out wastewater directly onto the ground surface resulted in the current
perchlorate contamination (Figures 5 and 6). This process is thought to have resulted in the discharge of
solid perchlorate and/or water containing perchlorate on the soil surface in the general vicinity of
Building 1419. Perchlorate present in the soils would then be carried vertically into the shallow water table
aquifer by infiltrating rainwater. Sorption of perchlorate to the aquifer matrix is believed to be minimal, so
perchlorate could be flushed from the aquifer relatively easily by ambient groundwater flow. The exact
location of the historical hog-out activities is not known, but is believed to have occurred in the general vicinity
of Building 1419 and a drum storage building (1861). The estimated perchlorate isoconcentration contours
support this expectation. Other specific contamination is unknown, but probable hog-out items and probable
contaminants include explosive compounds / energetics (e.g., hexahydro-1,3,5-trinitro-1,3,5-trizine [RDX] and
octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine [HMX]), nitrate, and sulfate (ESTCP, 2008; ITRC, 2002).
Other contaminants may originate from specific types of rocket motors (e.g., PAHs from jet-assisted takeoff
[JATO] motors) (Maryland Department of Environment [MDE], 2010).

In addition to perchlorate, the following are probable contaminants in one or more media at Site 67 based on
a review of known or probable materials released during hog-out operations. Therefore, perchlorate and the
compounds listed below are the target analytes / contaminants for the Site 67 RI. Note that phthalates and
PAHSs are subsets of the semivolatile organic compounds (SVOCs) analytical group.
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Exhibit: Specific Analytes for Site 67 RI

SVOCs
Phthalates PAHs
Bis(2-ethylhexyl)phthalate 2-Methylnaphthalene Chrysene
Butyl benzyl phthalate Acenaphthene Dibenzo(a,h)anthracene
Diethyl phthalate Acenaphthylene Fluoranthene
Dimethyl phthalate Anthracene Fluorene
Di-n-butyl phthalate Benzo(a)anthracene Indeno(1,2,3-c,d)pyrene
Di-n-octyl phthalate Benzo(a)pyrene Naphthalene
Benzo(b)fluoranthene Phenanthrene
Benzo(g,h,i)perylene Pyrene
Benzo(k)fluoranthene
Metals Energetics/Explosives
Aluminum 2,4-Dinitrotoluene RDX
Boron 2,6-Dinitrotoluene Nitroglycerin
Lithium HMX Tetryl
Zinc

A Contaminated Water Shed Document has not been prepared for this area. There are no probable non-
Navy sources in this area of Mattawoman Creek, and no non-Navy sources of perchlorate or explosives. This
site borders the subject water body. The area upland from the site will be sampled to confirm perchlorate
contamination does not also result from another Navy source/site on NSF-IH (not likely based on known
historical operations at this site and previous study findings). Perchlorate can be a contaminant in nitrate
fertilizers -- but nitrate fertilizers are not expected to be measurable or significant contributors to observed
perchlorate contamination levels. The CSM is relatively well understood based on data collected during
previous studies and the pilot test. The upland soil and upgradient groundwater will be sampled as a
standard, qualitative confirmation of non-site-related conditions.

Only site-related contaminants will be analyzed in sediment, and ultimately no to low detections are expected,
especially little to no perchlorate. Sediment is being sampled for perchlorate due to the nature and size of the
perchlorate release(s) at the site (as evidenced by previous study findings) (sediment often forgoes
perchlorate analysis otherwise). Sediment and at-depth surface water samples (at sediment horizon) will be
collected to support the ecological risk assessment.

Any subsequent remedial decisions for sediment (not anticipated) will follow the Navy’s (2002) Policy on
Sediment Site Investigation and Response Action, which details identification and control of the source prior
to any sediment response actions, risk-based and site-specific cleanup goals, and established monitoring
criteria prior to sampling. Although the Rl is just starting, based on previous studies, and in accordance with
Navy sediment investigation policy, the sediment investigations are “directly linked to Navy CERCLA
contaminated releases...” and the sediment contamination (magnitude unknown, but anticipated to be low to
none due to the fate and transport of perchlorate) “...is scientifically connected to the Navy Site.”

4.3 Potential Contaminant Migration Mechanisms

Refer to Figures 5 and 6 for primary and secondary contaminant sources, migration mechanisms, and
exposure routes. Groundwater is believed to enter the unconfined shallow surficial aquifer as diffuse
recharge in the upland areas. Discharges to the soil of solid perchlorate and/or aqueous perchlorate solutions
(and related contaminants if present) occurred from hog-out operations in the general vicinity of Building 1419
and the drum storage building (1861). Perchlorate in soils would be carried vertically to the surficial aquifer by
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4. CONCEPTUAL SITE MODEL

infiltrating rainwater or snowmelt. Sorption of perchlorate to the aquifer matrix is believed to be minimal, so
perchlorate could be flushed from the aquifer relatively easily by ambient groundwater flow (ESTCP, 2010a).

Perchlorate (an oxidizer) and explosives/energetics (e.g., nitramines) and some metal salts are relatively
soluble compared to other environmental contaminants and generally do not adsorb strongly to soils or
sediments. Phthalates, PAHs, and metals of environmental interest used at this site tend to preferentially
adsorb to soils and sediments rather than dissolve into water. Vapor intrusion is not a concern at this site due
to the [apparent] lack of volatile contaminants. Underground utilities (potable water, sewer,
telecommunications, etc.) are present at the site and may offer preferential contaminant migration pathways.
Current plume geometry from historical data does not show a discernible correlation of contaminant
distributions with known underground utilities. More detailed information can be found in Appendix A.

April 2008 perchlorate detections in groundwater are shown in the exhibit below (ESTCP, 2010a). The

previous studies determined that the perchlorate plume geometry has changed very little over time.
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Exhibit: Perchlorate Concentrations (ug/L)—April 2008 (ESTCP, 2010a). Perchlorate

extends over 450 feet from Building 1419 to the Subtidal Channel (Zone 3) (see flow net
on next exhibit).

Flux meters used during a 2001 ESTCP study at Site 67 showed perchlorate flux did not change over time
from 2002 through 2005, indicating the presence of a persistent source of perchlorate near well MWO01
(ESTCP, 2010a). Vertical perchlorate flux measurements suggested the possibility of a vadose zone source
that continuously releases perchlorate to the aquifer by recharge induced by precipitation. The ESTCP
(2010a) presented the discerned discharge zone for groundwater via the flow net shown in the exhibit below.
Groundwater flowing through the site flows up through the creek sediments prior to reaching the low-tide
mudflats. A significant conclusion in the previous studies was that perchlorate completely attenuates in
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groundwater by the time it discharges through
(Tt, 2011).

the high-organic-content sediments in the Mattawoman Creek
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The “zones” defined by ESCTP (2010a) represent
distinct hydrogeologic areas (soil type, groundwater
flow vs. discharge, etc.). Zone 1 (Land Zone) and
possibly upper portions of Zone 2 (Littoral Zone)
during low tide are the only zones where
unsaturated soil conditions and a water table exist.
The sediment in Zones 3 (Subtidal Channel) and 4
(Subtidal Shallows/Mudflats) is completely saturated.
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Exhibit: Flow Net for Study Area (E
prior to the subtidal shallows,

geochemical indicators (not shown).

surface water.

4.4 Land Uses and Potential Exposure

Hog-Out operations at Site 67 are based out
access.

STCP, 2010a). Site groundwater discharges into creek
as indicated by perchlorate concentrations and
This is due to biodegradation and dilution with

of Building 1419. NSF-IH is a military facility with restricted

Current land use at Site 67 is commercial/industrial and is anticipated to remain as such for the

foreseeable future. In addition to hog-out operations, some explosives and equipment are occasionally stored

in Building 1419. The site lies within K18 expl

osive arcs set from Buildings 1419, 1770, and 1861. Figure 6

presents the potential exposure routes to be evaluated in the RI.
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5 DATA QUALITY OBJECTIVES / SYSTEMATIC PLANNING PROCESS
STATEMENTS

(UFP-QAPP Manual Section 2.6.1 and UFP-QAPP Workbook WS #11)

5.1 Identification of Study Goals

Based on site history and past data collection, chemical releases are known to have occurred to soil from
hog-out operations at Site 67. The chemicals potentially, or known to be, associated with that operation are
ammonium perchlorate and nitrate used as oxidizers; nitrite, a potential degradation product of nitrate; select
metals or metalloids used as fuels, nitramine explosives used as binders; and PAHs and plasticizers
(phthalates) that were major components of binders used in the rocket fuel mixtures.

Previous studies indicate that perchlorate is a chemical of potential concern (COPC). However, the Team
must determine if other potential operations-related contaminants are present (previous studies only looked at
perchlorate), and, if so, if they contribute to unacceptable risk(s), so the risks can be mitigated as necessary.
The human and ecological receptors representing potentially exposed organisms corresponding to each
exposure medium are identified in Figure 6. The Team also must delineate the detected contamination and
characterize site geochemical conditions sufficiently to support the risk assessments and possible actions
such as conducting an FS in response to the site characterization.

5.2 Information/Decision Inputs

To resolve the problem stated in the Study Goals above, concentrations of the following target analytes (site-
related contaminants) must be measured in soil, sediment, surface water, and groundwater.

e Perchlorate

¢ Phthalates, representing plasticizers

e PAHSs, from JATO rocket motors

¢ Energetics (e.g., nitramine, HMX, and RDX) (explosives potentially used as binders)
e Metals (i.e., aluminum, lithium, and zinc) and boron (a metalloid)

A list of target analytes and analyte groups considered to be site-related or potentially site-related
contaminants is provided in Section 4.2. Lists of individual target analytes are presented in Section 9. The
analytical methods used to generate concentration data for these target analytes must be of sufficient
sensitivity to allow detection and quantitation of the contaminants in support of project objectives. The
analyses at an offsite fixed-base laboratory will be possible after sample collection in accordance with
Section 7.4 and shipment to the laboratory.

Numerical screening criteria, or Project Screening Limits (PSLs), are needed to which measured chemical
concentrations can be compared to establish the extent of contamination, to select suitable analytical
methods, and to make initial estimates of human health and ecological risk for selecting chemicals of potential
concern (COPCs) and Chemicals of Potential Ecological Concern (COPECSs) that are evaluated further in the
HHRA and SERA. These criteria, in addition to established NSF-IH background values, must be consistent
with criteria used for other NSF-IH Environmental Restoration Program (ERP)2 investigations. The criteria are
presented in Section 9. Established NSF-IH background data values for soil and groundwater are available
from the NSF-IH Background Report (Tt, 2002). The background criteria are needed to screen out
concentrations of inorganics that are naturally occurring after the initial risk assessment is conducted. For the
SERA, some of the PSLs can be considered Project Action Limits (PALs), because an exceedance requires

2 The Navy ERP comprises both the Installation Restoration Program (IRP) and the Munitions Response Program (MRP).
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performing the next ERA steps beyond this current effort (i.e., a BERA); however, for simplicity they will be
referred to as PSLs.

PALs are needed by which human health and ecological risks can be estimated to determine whether
mitigation of risks is necessary. The PSLs are utilized in the first step of the HHRA to determine COPCs, and
PSLs/PALs are used for the SERA to determine initial COPECs. The PALs are as follows:

e An Incremental Lifetime Cancer Risk (ILCR) of 1x10™ for carcinogens, which, if exceeded in any of
the environmental media, indicates an unacceptable level of human health risk. EPA’s acceptable
risk range is 1x10™ to 1x10°; however, cleanup levels for other IRP sites at NSF-IH typically are
based on a target cancer risk of 1x107°.

e Hazard Index (HI) equal to unity (1.0) based on common target organs and effects for non-
carcinogens, which, if exceeded in any of the environmental media, also indicates an unacceptable
level of human health risk.

e The ecological risk-related PSLs, which, if exceeded, indicates a BERA may be necessary (see
Section 5.4).

To conduct comparisons of site data to screening values for surface soil, subsurface soil, sediment, surface
water, and groundwater and to complete delineation of potential contamination, the selected laboratory(s)
should be able to achieve Limits of Quantitation (LOQs) that are low enough to measure constituent
concentrations that are less than the PSLs. Analytical data reported by the laboratory use the following
reporting conventions: All results below the Detection Limit (DL) will be considered nondetects; positive
results reported at concentrations between the DL and LOQ will be reported with a “J” qualifier; and analytes
not found (not detected) in a sample will be reported at the Limit of Detection (LOD) with a "U" qualifier.

Several target analytes have PSLs that fall between the LOD and the LOQ. “J’-flagged data will be accepted
to achieve project goals; however, greater scrutiny will be applied in these cases. Additionally, the inability to
quantify select analytes to PSL levels with confidence will be addressed in the risk screening uncertainty
analysis. In cases where the laboratory LODs are greater than the PSLs, consistent with the EPA Risk
Assessment Guidance for Superfund, Part A (EPA, 1989), if the analyte is not detected, the LOD will be
reported and "U" qualified. An evaluation of these analytes will be also presented in the uncertainty section of
the risk screening in the RFI Report.”

For the HHRA, the exposure point concentration (EPC) is statistically determined to summarize the data and
to support the risk calculations. For each of the environmental media, this statistic is the upper confidence
level (UCL) of the mean chemical concentration for each analyte/medium. Chemical-specific UCLs will be
calculated using EPA’s latest ProUCL software. If the UCL is greater than the maximum detected
concentration for that medium, the maximum detected concentration will represent the EPC. EPCs
established in this manner represent a reasonable maximum exposure (RME). Subareas can be established
if warranted by the spatial distribution of the data. If fewer than 10 detections are observed (or fewer than 10
samples collected) for a particular target analyte in a particular environmental medium, the maximum
observed concentration must be used as the EPC.

Soil and groundwater data from location S01, which is topographically and hydraulically upgradient from the
perceived source area, will provide qualitative site-specific background information as a separate line of
evidence. That is, the data can be used to revise the CSM, will provide limited confirmation of metals
concentrations prior to groundwater flowing through the source area, and limited confirmation of the northern
boundary of contamination (i.e., confirm the source is on the south side of Building 1419) and of the
contaminant migration direction (i.e., confirm contaminants are moving with groundwater flow). Side-gradient

CTO Ju1 Page 32 of 86 \\tt.local\nus\nor\Library\CTO JU11\NSF-IH_Site67\RI_UFP-SAP



Remedial Investigation Project-Specific Tier 2 SAP
Site 67 (Hog-Out Facility) Revision: 2
NSF Indian Head, Maryland Date: July 2013

samples also may serve these qualitative purposes, but only if it is determined that they are located outside of
any contaminant plume(s).

Perchlorate Sampling. Perchlorate sample collection will be performed in accordance with Appendix F of
the 2007 DoD Perchlorate Handbook (Appendix B). Groundwater samples will be field filtered prior to cold
storage and shipment of the perchlorate samples (not required for surface water samples). Discrete soil
samples will be collected instead of composite samples. Composite, multi-incremental samples will not be
necessary for soil or sediment, as perchlorate is expected to be distributed relatively homogeneously due to
the nature of hog-out activities, no propellant matrices are expected to be encountered, and all perchlorate is
expected to have immediately dissolved after previous release(s). Sediment samples will be analyzed for
perchlorate because of the quantity of the historical release(s) and the evident elevated groundwater
concentrations.

Perchlorate Action Levels. Maryland’s generic cleanup level for perchlorate in Type | aquifers is 2.6 ug/L
(MDE, 2008). Maryland’s generic residential soil cleanup level for perchlorate is 4.4 mg/kg. DoD’s perchlorate
action level in groundwater is 15 ug/L (Navy, 2010), based on EPA’s Interim Drinking Water Health Advisory
corresponding to 15 pg/L in January 2009.

Metals. Both total and dissolved (field filtered) metals samples must be collected for analysis of aluminum,
boron, lithium, and zinc. Total metals results are used in the HHRA as a conservative measure per EPA’s
Risk Assessment Guidelines. However, the dissolved metals results can provide an additional perspective to
the exposure scenario (simulating results from a constructed, operating as intended drinking well), and can be
used for risk management decisions and discussed in the risk uncertainty section when metals results may be
attributable to sample turbidity. Dissolved metals results are preferred over total metals results for the ERA.

Secondary Indicator Data. In addition to the target analytes, the following secondary indicators/analytes will
be included in Site 67 Rl in one or more media (also see Sample Details Table in Section 8.3). These data
are needed to evaluate aquifer conditions (as they affect the fate and transport of contaminants), possible
MNA remedy (three-tier assessment for perchlorate MNA), and to support the risk assessments. Detailed
rationale for each of these is provided in Section 7.5.

Exhibit: Other Analyses Per Medium

Groundwater Surface Soil Subsurface Soil Sediment Surface Water
Nitrate, Nitrite, & Chloride TOC (none) TOC Hardness
TOC Sulfate pH
Methane gPCR
TOC - total organic carbon gPCR - quantitative polymerase chain reaction

e TOC in surface soil and sediment and pH in surface soil provide information on metals solubility and
bioavailability, and subsequently toxicity, to support the ERA. Hardness in surface water provides
information to the ecological risk assessor about the potential need to adjust PSLs/PALs (some ERA
PSLs/PALs are directly related to hardness).

e Agquifer Condition Indicators and Well Stabilization Parameters: pH, dissolved oxygen (DO),
oxidation-reduction potential (ORP), Specific Conductance, Temperature, and Turbidity. These
indicators/parameters will be measured in groundwater and surface water with a field water quality
meter. For groundwater samples, the samples are not collected until these parameters stabilize.
These indicators parameters along with nitrate/nitrite, sulfate, and methane provide an indication as
to whether conditions are favorable to anaerobic biodegradation and can thus support natural
attenuation (Perchlorate MNA Tier 2 assessment). If the aquifer conditions are outside of a range
that is supportive of anaerobic biodegradation, then the success of natural attenuation may be limited.
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e gPCR via CENSUS (Microbial Insights Laboratory): Based on qPCR, CENSUS is a nucleic acid-
based approach to quantify specific microorganisms, groups of microorganisms, or functional genes
involved in bioremediation or other biological processes. CENSUS targets include bacteria and
functional genes responsible for biodegradation of chlorinated compounds and petroleum products
among others. For the Site 67 RI, the qPCR analysis is used to quantify perchlorate reducing
bacteria / functional genes / enzymes such as, in this case, the enzymes chlorite dismutase (CD) and
perchlorate reductase, to support the Perchlorate MNA Tier 3 assessment.

Physical Data. The following physical data also must be collected:

e Horizontal and vertical location data for sampling locations and monitoring wells as described in
Section 8.1.12.

o Horizontal measurements (coordinates) shall be accurate to 0.1 ft.
o Vertical elevation measurements shall be accurate to 0.01 ft.

o Each of the locations must be surveyed in the North American Datum (NAD) of 1983, State
Plane Coordinate System of Maryland (feet) relative to the coordinates of established site
benchmarks or the nearest United States Geological Survey (USGS) benchmark.

o Depth to groundwater as described in Section 8.1.9 (used to compute groundwater elevations and
flow direction)

e Groundwater level measurement times and groundwater sample collection times that can be used to
control the timing of sample collection and water level measurements to prevent or minimize adverse
effects on data interpretation due to tidal fluctuations.

Quality Assurance (QA) and Quality Control (QC) Samples. Selected QA/QC samples are required to
ensure data quality. New disposable polyethylene tubing must be used to purge and sample each well.
Therefore, no rinse blank is needed. One duplicate sample from one must be analyzed for the site-related
contaminants (perchlorate, select metals, select energetics, PAHs, phthalates, and nitrate/nitrite) and TOC
(see Section 8.3). All sample containers must be new and supplied directly from the laboratory. They must
be labeled immediately upon filling, preserved appropriately (see Section 8.4), stored on ice, and submitted
to the laboratory under chain-of-custody (CoC) control.

5.3 Boundaries of the Study

Two populations of each medium (soil, sediment, surface water, and groundwater) are of interest. One
population is the population of material contaminated by site operations. The other is the population of
uncontaminated material that helps to bound the extent of contamination. As shown in Section 4 (CSM), the
extent of perchlorate is known to some degree, but not the full extent, and there are no data available for
other potential site contaminants. In addition, a contamination source area has not been definitively identified
in soil.

Therefore, the investigative approach must be sufficient to establish whether an identifiable soil contaminant
source area is likely to exist. Surface soil measures from 0 to 1 ft bgs. Subsurface soil measures from 1 ft
bgs to the water table; subsurface soil samples will target the 1-ft interval above the encountered water table
(possibly unique for each location). The maximum depth of interest in soil is the unsaturated depth to the
water table. For delineating the extent of subsurface contamination and potential for contaminants leaching to
groundwater, the maximum extent of investigation is currently assumed to be 10 ft bgs (to be confirmed
during the RI). For sediment, the maximum depth of investigation is limited to 1 ft below the sediment surface
to support the evaluations of human health and ecological risk and to estimate the extent of contamination.
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For surface water, the depth of investigation is limited to the 0 to 1 ft horizon above the sediment surface to
support the evaluations of human health and ecological risk and to estimate the extent of contamination
nearest the sediment pore water.

Initial groundwater plume data indicate that the data collection pattern must be expanded in all directions to
bound the extent of contamination.

Site 67 groundwater levels near Mattawoman Creek fluctuate in response to tidal elevation changes. It is
expected that groundwater levels in wells to be installed at locations S15 (MW13), S17 (MW14), and S19
(MW15) will be affected. Data collection times must be coordinated to minimize adverse effects of tides on
the data interpretation and adverse effects that could be caused by a precipitation event. This means
gauging the wells and collecting samples to be analyzed within 1 hour of the bottom of the groundwater
elevation / 6-hour tidal cycle, and no sooner than 1 day after a major precipitation event. Groundwater level
gauging must be completed at all site wells within the 1-hour period.

Surface water samples must be collected prior to collecting sediment samples to prevent entrainment of
disturbed sediment in the surface water samples.

5.4 Analytic Approach
The following decision rule must be applied to the new and existing data to resolve the problem statement:

If the extent of measured perchlorate and other contaminant concentrations in soil, sediment, surface water,
and groundwater at Site 67 has been determined by the Team sufficiently well to conduct a human health and
ecological risk assessments, and values are above established applicable background levels, then conduct
these risk assessments; otherwise, recommend additional data collection to support the risk assessment(s).

5.5 Performance Criteria

Sampling locations were selected based on the need to characterize the nature and extent of contamination
and groundwater flow directions but also to provide enough data, when combined with previously collected
data, to support a risk assessment. The data collected under this SAP are anticipated to be sufficient to
achieve these goals. Particular scrutiny will be applied to analytical results less than the LOQ when
PSLs/PALs are less than the LOQ. The data verification, validation, and usability evaluation processes are
described in more detail in Section 12. These processes will be used to assess the data quality and whether
the data meet project objectives

If any significant data gaps (i.e., quality deficiencies) are identified, the Project Team will document the
deficiencies and determine the next appropriate step (e.g., additional data collection to fill the data gap).

5.6 Plan for Obtaining Data

The sampling design is a judgmental, or biased, design: sampling locations were selected to supplement
existing information about Site 67. In areas that have limited accessibility, the Project Team attempted to
select sampling locations in accessible areas as close as possible to what would the team considered to be
an ideal location for achieving project objectives. See Figure 7 and Section 7 for a detailed sampling design.
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6 FIELD QUALITY CONTROL SAMPLES

(UFP-QAPP Manual Section 2.6.2 and UFP-QAPP Workbook WS #12)

Measurement Performance Criteria (MPC) Table — Field Quality Control (QC) Samples "

QC Sample

Analytical Group

Frequency

Data Quality Indicators
(DQls)

Measurement Performance Criteria

QC Sample Assesses Error
for Sampling, Analytical, or
Both

Equipment Rinsate
Blanks

Energetics,
Perchlorate, and
Metals

One per day per matrix per
sampling equipment.”

Accuracy/Bias/
Contamination

No analytes = % Limit of Quantitation (LOQ),
except common lab contaminants, which
must be < LOQ.

Sampling and Analytical

One per 10 field samples

Values > 5X LOQ: Relative Percent

Blank

Celsius (°C).

Field Duplicate All Fractions collected for fixed-base Precision Difference (RPD) <30%? (aqueous); < Sampling
laboratory analysis. 50%2? (solid).
Cooler Temperature All Fractions One per cooler. Representativeness Temperature must be less than 6 degrees Sampling

Notes:

1. Equipment rinsate blanks will be collected if non-dedicated sampling equipment is used. For disposable equipment, one sample per batch of disposable equipment will be collected for target analytes (site-related contaminants).

2. If duplicate values for non-metals are < 5x LOQ, the absolute difference should be < 2x LOQ.

3. If duplicate values for metals are < 5x LOQ, the absolute difference should be < 4x LOQ.
No ambient field blanks will be collected (no volatiles analysis, site is not dusty, no nearby emissions, etc.).
No trip blanks will be collected (no volatiles analysis).
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7 SAMPLING DESIGN AND RATIONALE

(UFP-QAPP Manual Section 3.1.1 and UFP-QAPP Workbook WS #17)
7.1 Sampling Schedule

Due to explosives operations in Building 1419 and vicinity, fieldwork likely will be conducted on weekends
only. The sampling schedule likely will vary and will be determined on a weekly basis.

7.2 Sample Selection

The biased proposed sample locations are shown on Figure 7. Data from these locations and media will
supplement existing information about Site 67 and allow for evaluating the full nature and extent of
contamination, completing the human health and ecological risk assessments, and preliminary remedial
action planning. Sample locations and analyses were selected by consensus by the Tier 1 Partnering Team
to fill data gaps from previous investigations and to provide ample information to complete the risk
assessments and RI (Section 7.5). Detailed sample rationale is summarized/tabulated in Section 7.5.

7.3  Monitoring Well Construction Details

The five existing monitoring wells to be sampled (MWO01 through MWO0S) are 2-inch inner-diameter,
Schedule 40 PVC with 0.010-inch slot 10-ft well screens. Pertinent monitoring well construction details are
provided below. Each screen is keyed into or just above the basal clay layer.

Construction Details for Existing Wells

Top PVC Depth from Top PVC
(ft above ground to Bottom of Well Well Screen Interval
Well ID surface) (ft) (ft bgs)
MWO01 25 17.7 5-15
MW02 2.6 18.7 6-16
MWO03 2.7 17.6 5-15
MWO04 0.8 17.9 7-17
MWO05 2.6 19.5 7-17

7.4 Sample Collection

Sampling for each analysis/matrix will be performed in accordance with Section 7.5 (sample rationale),
Section 8.1 (field tasks), Section 8.3 (sample details), and the field Standard Operating Procedures (SOPs)
provided in Appendix B. Notable information also is summarized in Section 5.2.
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7.5 Sample Rationale Table

Matrix: Monitoring well groundwater

Depth of Samples: Middle of well screen
e Referto Figure 7 for wells and other sample locations.
o Well MWOG6 will not be sampled, because it will not provide actionable data beyond that of adjacent wells MW04 and MW05.
e All well samples will provide current conditions data for the human health risk assessment. Number of samples and spatial locations will provide for ample calculation(s) of exposure point concentration(s) (EPC[s]).

(14 groundwater
samples not including
QA/QC)

S67MWO01 through MWO05
9 To-Be-Installed Wells:

S67MWO7 through MW15

5 Existing Wells:
e These wells are placed in close vicinity within and around the old pilot test area.

e Determine current conditions (concentrations) and add to the temporal data set to evaluate MNA. Compare data from these
five wells to historical [perchlorate only] data to evaluate degradation of the and migration of the perchlorate contaminant
plume.

e Use data for human health risk assessment calculations.

e Confirmation of source area plume configuration and concentration order(s) of magnitude.
9 To-Be-Installed Wells:

e Utilize data from the additional wells to supplement previous investigation data.

e Determine upgradient aquifer condition via wells MWO07 and MWO08.

e Determine lateral (MW09, MW10, MW11, MW12, MW13, MW15) and downgradient (MW13, MW14, MW15) plume
configuration and boundaries.

e Provide current conditions snapshot of perchlorate and other probable site contaminants in the surficial aquifer for risk
assessment calculations.

o Determine aquifer geochemical conditions to evaluate F&T of contaminants and potential remedies.

Analysis Method No. of Samples Monitoring Well Rationale Sampling Strategy
Perchlorate SW846 6850 14 monitoring wells 5 Existing Wells: Target analytes / site contaminants. Also see Section 8. Fieldwork SOPs are provided in Attachment B.

All existing and to-be-installed monitoring wells in the site vicinity are shown on

Figure 7.

Existing wells are, and to-be-installed wells will be, 2-inch inner-diameter, Schedule
40 PVC with 0.010-inch slot 10-ft well screens. The screens are, and will be, keyed
into the underlying clay unit approximately 6 inches.

Screen intervals for five existing wells are as follows (place pump sample intake at
middle of screen):

MWO01 — 5-15 ft bgs
MWO02 — 6-16 ft bgs
MWO03 - 5-15 ft bgs
MWO04 — 7-17 ft bgs
MWO05 — 7-17 ft bgs
Perchlorate groundwater samples will be field-filtered prior to containerization.

Select SVOCs:
Phthalates & PAHs

SW846 3510C &

(same as above)

(same as above)

Target analytes / site contaminants.
(same as above)

(same as above)

Reductase and
Chloride
Dismutase

samples)
(no QA/QC)

1 To-Be-Installed Well:

S67MW14

(see Section 9) 8270D SIM
Select Metals SW846 3010A / (same as above) (same as above) Target analytes / site contaminants. (same as above)
(Total & Dissolved) 6020A (same as above) Dissolved metals samples will be field-filtered prior to preservation.
(see Section 9)
Select Energetics SW846 8330B (same as above) (same as above) Target analytes / site contaminants. (same as above)
(see Section 9) (same as above)
TOC SW846 9060 (same as above) (same as above) o Evaluate aquifer characteristics for carbon/energy source to drive biodegradation via reductive dechloriantion. (same as above)
e Can be natural or anthropogenic.
o Establish baseline conditions. Future monitoring: Compare to baseline data to evaluate electron donor (which is a carbon
source) distribution, longevity, and migration.
Methane RSK175 (same as above) (same as above) e Evaluate aquifer characteristics for baseline methanogenesis. Establish baseline conditions. (same as above)
e Future monitoring: Compare to baseline data to evaluate biodegradation steps and progress. Elevated levels of methane
indicate fermentation is occurring in a highly anaerobic environment.
Nitrate, Nitrite, USEPA 353.2/ (same as above) (same as above) ¢ Nitrate and nitrite can be a direct result of the perchlorate salts release(s) if part of the salt (i.e., if the perchlorate itself was (same as above)
Chloride, & Sulfate 300.0 contaminated with nitrate/nitrite). Potential contaminants.
e Evaluate aquifer characteristics for sulfanogenesis, denitrification, and electron acceptors (biodegradation steps).
e At higher concentrations, sulfate may compete with the reductive dechlorination pathway.
e Chloride concentrations can be tracked as an indicator of perchlorate degradation (dechlorination)
Dissolved Oxygen CHEMetrics® (same as above) (same as above) e Evaluate aquifer characteristics for favorable reducing conditions at baseline and post-injection. DO below 0.5 mg/L suggests (same as above)
Test Kit ideal conditions. Iron Il concentrations indicate an anaerobic degradation process due to depletion of oxygen, nitrate, and
Ferrous Iron HACH?® Field (same as above) (same as above) mangan?se. . .
Test Kit e Ferrous iron above 1 mg/L suggests ideal conditions.
gPCR CENSUS for 2 monitoring wells 1 Existing Well: ¢ Indicator of degrading microbial behavior (anaerobic dechlorination of perchlorate in this case). Biotrap samplers.
Perchlorate (2 groundwater S67MW04 e MWO4 is in the source area and MW14 is at the end of the plume.
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7. SAMPLING DESIGN AND RATIONALE

Matrix: Surface Water
Depth of Samples: 0-1 ft horizon above sediment bottom
Refer to Figure 7 for sample locations.

Analysis

Method

No. of Samples

Rationale

Sampling Strategy

Perchlorate

SW846 6850

6 locations

(6 surface water samples
not including QA/QC)

Target analytes / site contaminants.

o Surface water samples to be collected at depth to obtain the most representative sample of any groundwater
contaminant discharge into creek (without performing pore water sampling).

o Determine spatial distribution along shoreline in discharge zone for any contamination if detected in surface water.

e Provide current conditions snapshot of perchlorate and other probable site contaminants in surface water for risk
assessment calculations.

Also see Section 8. Fieldwork SOPs are provided in Attachment B.

Surface water samples are collocated with sediment samples.

Surface water to be collected at depth using a pole-mounted sample tubing intake—at 0-1 ft above sediment horizon.
(Sediment samples are to be collected at 0-1 ft beneath the sediment horizon—see next table).

Select SVOCs: (same as above) Target analytes / site contaminants. (same as above)
Phthalates & PAHs | SW846 3510C & (same as above)
(see Section 9) 8270D SIM
Select Metals SW846 3010A / (same as above) Target analytes / site contaminants. (same as above)
(Total & Dissolved) 6020A (same as above) Dissolved metals samples will be field-filtered prior to preservation.
(see Section 9)
Select Energetics SW846 8330B (same as above) Target analytes / site contaminants. (same as above)
(see Section 9) (same as above)
Hardness SM2340B 2 locations Some water quality criteria are hardness-dependent (as hardness increases, the criteria increases). The ecological risk (same as above)
(2 surface water samples) assessor uses equation(s) to adjust the criteria based on hardness values.
(no QA/QC)
Nitrate, Nitrite, USEPA 300.0 (same as above) e Nitrate and nitrite can be a direct result of the perchlorate salts release(s) if part of the salt (i.e., if the perchlorate itself | (same as above)
Chloride was contaminated with nitrate/nitrite). Potential contaminants.
e Chloride concentrations can be tracked as an indicator of perchlorate degradation (dechlorination)
CTO JU1
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Matrix: Sediment

Depth of Samples: 0-1 ft below top of sediment

Refer to Figure 7 for sample locations.

e Determine spatial distribution along shoreline in discharge zone for any contamination if detected in sediment.

e Provide current conditions snapshot of perchlorate and other probable site contaminants in sediment for risk
assessment calculations.

Analysis Method No. of Samples Rationale Sampling Strategy

Perchlorate SW846 6850 6 locations Target analytes / site contaminants. Also see Section 8. Fieldwork SOPs are provided in Attachment B.
(6 sediment samples not o Surficial sediment samples to be collected to obtain the most representative sample of any effects of groundwater Sediment samples are collocated with surface water samples.
including QA/QC) contaminant discharge into creek.

Sediment to be composited from the first foot of sediments (benthic invertebrate habitat).

Select SVOCs:

SW846 3550C &

(same as above)

Target analytes / site contaminants.

(same as above)

(same as above)

Phthalates & PAHs | 8270D SIM (same as above)

(see Section 9)
Select Metals SW846 3050B / (same as above) Target analytes / site contaminants. (same as above)
(see Section 9) 6020A

Select Energetics
(see Section 9)

SW846 8330B (no
grinding)

(same as above)

Target analytes / site contaminants.
(same as above)

(same as above)

TOC

Walkely Black

(same as above)

e Provide information on metals solubility and bioavailability, and subsequently toxicity, for ecological risk assessment.

e Can be used to adjust ERA-related criteria due to equilibrium partitioning.

(same as above)
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7. SAMPLING DESIGN AND RATIONALE

Matrix: Surface Soil

Depth of Samples: 0-1 ft bgs

Refer to Figure 7 for sample locations.

background) and downgradient locations included. Site-specific background data can provide information on natural
conditions in the area to rule out impacts from the release(s).

o Evaluate overland flow and/or erosive transport of contaminants when updating the CSM and evaluating future risks.

e Provide current conditions snapshot of perchlorate and other probable site contaminants in surface soil for both
human health and ecological risk assessment calculations.

Analysis Method No. of Samples Rationale Sampling Strategy

Perchlorate SW846 6850 19 locations Target analytes / site contaminants. Also see Section 8. Fieldwork SOPs are provided in Attachment B.
(19 sediment samples not ¢ Determine spatial distribution throughout site to correlate with groundwater concentrations when examining spatial Nine of the surface soil samples are collocated with subsurface soil samples and the nine new monitoring wells,
including QA/QC) contaminant distributions—to determine source area and locations of historical releases. Upgradient (site-specific

which will benefit the evaluation of the presence of continuing source(s). Remaining 10 surface soil samples placed
uniformly across topography to evaluate overland transport of mainly perchlorate and explosives.

Discrete sample locations (not multi-incremental). Soil to be composited from 0 to 1 ft bgs at each discrete location

(ecological habitat and human health exposure unit).

Select SVOCs:

Phthalates & PAHs
(see Section 9)

SW846 3550C &
8270D SIM

(same as above)

Target analytes / site contaminants.
(same as above)

(same as above)

Select Metals
(see Section 9)

SW846 30508 /
6020A

(same as above)

Target analytes / site contaminants.
(same as above)

(same as above)

Select Energetics
(see Section 9)

SW846 8330B (no
grinding)

(same as above)

Target analytes / site contaminants.
(same as above)

(same as above)
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pH N/A (same as above) ¢ Provide information on metals solubility and bioavailability, and subsequently toxicity, for ecological risk assessment. (same as above) / N/A
e [f pH is in the neutral range, then some metals are not necessary for evaluation in the ERA due to pH-dependent
bioavailability relationships.
TOC Walkely Black (same as above) Provide information on metals solubility and bioavailability, and subsequently toxicity, for the ERA. (same as above) / N/A
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Matrix: Subsurface Soil

Depth of Samples: Exposure unit ranges from 1 ft bgs to water table; Anticipate sample collection above water table at approximately 7 ft bgs.
Refer to Figure 7 for sample locations.

Analysis

Method

No. of Samples

Rationale

Sampling Strategy

Perchlorate

SW846 6850

9 locations

(9 subsurface soil samples

not including QA/QC)

Target analytes / site contaminants.

Determine spatial distribution throughout site to correlate with groundwater concentrations—to determine source area
and locations of historical releases. Upgradient (background) and downgradient locations included.

Provide current conditions snapshot of perchlorate and other probable site contaminants in subsurface soil for human
health risk assessment calculations.

Also see Section 8. Fieldwork SOPs are provided in Attachment B.

The nine subsurface soil sample locations are collocated with surface soil samples and new monitoring wells. Having
groundwater data at the same location as subsurface soil data will benefit the evaluation of the presence of
continuing source(s).

Samples will be collected from the 1-ft interval above the water table (depth possibly unique at each location; ranges
between 6 and 10 ft bgs). However, if staining or PID responses are encountered, the impacted soil must be
sampled, too (in addition to planned sample). A PID response greater than 100 parts per million would indicate
unanticipated volatiles contamination. If this occurs, the Partnering Team will have to be consulted to scope new
analyses, etc.

oil to be composited from the 1-ft interval above the water table at each of the 9 locations. This will provide
representative concentrations for use in the human health risk assessment for the subsurface soil exposure unit.

Select SVOCs:

SW846 3550C &

(same as above)

Target analytes / site contaminants.

(same as above)

(same as above)

Phthalates & PAHs | 8270D SIM (same as above)

(see Section 9)
Select Metals SW846 3050B / (same as above) Target analytes / site contaminants. (same as above)
(see Section 9) 6020A

Select Energetics
(see Section 9)

SW846 8330B (no
grinding)

(same as above)

Target analytes / site contaminants.
(same as above)

(same as above)
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8 FIELD PROJECT IMPLEMENTATION
(Field Project Instructions)
The field tasks are summarized below. A short description of each task is also provided.

¢ Mobilization/Demobilization

e Utility Clearance

o Field Monitoring / Equipment Calibration

e Surface Water Sampling

e Sediment Sampling

e Surface Soil Sampling

e Soil Borings and Subsurface Soil Sampling
e Monitoring Well Installation

o Water Level Measurements

¢ Monitoring Well Sampling

e IDW Management

e Surveying

e Field Equipment Decontamination Procedures
e Field Documentation Procedures

e Sample Custody and Shipment Tasks

Additional project-related tasks include:

e Analytical Tasks
o Data Management
e Project Reports

8.1 Field Project Tasks

(UFP-QAPP Manual Section 2.8.1 and UFP-QAPP Workbook WS #14)

This section provides a brief narrative for each field task, referencing the respective SOP(s) tabulated in
Section 8.3 and provided in Appendix B. The SOPs are from the Master UFP-SAP for NSF-IH (Tt, 2009)—
any deviations are marked on the SOPs (red-line edits).

8.1.1 Mobilization/Demobilization

Mobilization shall consist of the delivery of all equipment, materials, and supplies to the site, the complete
assembly in satisfactory working order of all such equipment at the site, and the satisfactory storage at the
site of all such materials and supplies. Tt will coordinate with the facility to identify locations for the storage of
equipment and supplies. Site-specific H&S training will be provided to all Tt subcontractors as part of the site
mobilization.

The sample locations are shown on Figure 7. New monitoring well and sample locations (Figure 7) will be
placed according to their pre-determined GPS coordinates (e.g., Maryland State Plane, feet; see Physical
Data subsection in Section 5.2) using a sub-foot accuracy GPS unit. All locations will be staked or pin-
flagged during mobilization, and then reconciled with utilities (i.e., moved as necessary) during the follow-on
utility clearance task.
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8. FIELD PROJECT IMPLEMENTATION

Demobilization shall consist of the prompt and timely removal of all equipment, materials, and supplies from
the site following completion of the work. Demobilization includes the cleanup and removal of IDW generated
during the investigation.

8.1.2 Utility Clearance

Prior to the commencement of any intrusive activities, the Tt FOL will coordinate with the utility subcontractor
to identify and mark-out utilities that may be present within the proposed drilling areas. Subsurface utilities
also will be cleared by the drilling/DPT subcontractor by notifying the utility clearing service. See Facility SOP
HS-1.0 for conducting subsurface soil investigations for further information.

8.1.3 Field Monitoring / Equipment Calibration / Inspection

Field equipment will be inspected and calibrated as indicated in the table below.

Acceptance Corrective Responsible Facility SOP
Field Equipment Activity Frequency Criteria Action Person Reference "
PID Visual Daily, Manufacturer's Replace Tetra Tech (Tt) SA-2.2,
Inspection, before use Guidance FOL or designee Manufacturer’s
Calibration Guidance
DPT/Drill Rig Inspection Daily Equipment Replace Tt FOL or GH-1.3, GH-1.5,
inspection sheet designee GH-2.8, SA-2.5
criteria
Disposable Hand Inspection Per use N/A Replace Tt FOL or SA-1.3
Trowel designee
Water Level Meter | Visual Daily Manufacturer's Replace Tt FOL or Manufacturer's
Inspection Guidance designee Guidance
Multi-Parameter Visual Daily, Manufacturer’s Replace Tt FOL or SA-1.1,
Water Quality Inspection, before use Guidance designee Manufacturer’s
Meter (pH, Temp., | Calibration Guidance
Sp. Cond., D.O.,
ORP)
Turbidity Meter Visual Daily, Manufacturer’'s Replace Tt FOL or SA-1.1,
Inspection, before use Guidance; designee Manufacturer's
Calibration Calibrations must Guidance
bracket expected
values.
Initial Calibration
Verification (ICV)
must be + or -10
Nephelometric
Turbidity Units
(NTUs) of target
value.
Groundwater Inspect pumps, Regularly Maintained in good Replace Tt FOL or SA-1.1,
sampling pumps tubing and working order per designee Manufacturer’s
and tubing air/sample line manufacturer’s Guidance
quick-connects recommendations

8.1.4 Surface Water Sampling

Surface water samples will be collected prior to any site disturbance to minimize any impacts from runoff.
Surface water samples also are to be taken prior to collecting the collocated sediment samples to eliminate
potential effects of sediment particle entrainment. Field personnel will access each location using a boat.

The six surface water samples will be collected as grab samples using a peristaltic pump with dedicated-per-
location, disposable tubing. The tube intake will be attached to a pole (that can reach the sediment bottom)
such that the surface water sample can be collected from the 0 to 1 ft horizon above the sediment. Water
CTO JU11
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quality measurements will be taken using a water quality meter with flow-through cell (same as used during
groundwater sampling). Surface water sample procedures are described in Facility SOP SA-1.2.

8.1.5 Sediment Sampling

Field personnel will access each location using a boat. The six sediment samples will be taken following
collection of all six collocated surface water samples. A stainless steel Ekman or Ponar dredge (or similar
device) will be utilized to collect sediment samples from 0 to 1 ft beneath the sediment horizon in accordance
with Facility SOP SA-1.2. Reusable equipment will be decontaminated between sample locations.

8.1.6  Surface Soil Sampling

Surface soil samples will be collected from 19 locations. The samples will be collected from 0 to 1 ft bgs in
accordance with Facility SOP SA-1.3. Discrete grab samples are appropriate for all analyses at each location
during this Rl. Reusable equipment will be decontaminated between sample locations.

8.1.7 Soil Borings and Subsurface Soil Sampling

Subsurface soil samples will be obtained from nine soil borings during new monitoring well installations using
DPT methods. The proposed soil boring and soil sample locations are presented on Fiqure 7. With a truck-
or track-mounted DPT (depending on weather/terrain conditions), continuous soil cores will be obtained to the
target depth at each location by advancing a macrocore (4- or 5-foot) to the basal clay layer/aquitard
(expected at 15 ft bgs). The core barrel assembly will be withdrawn and the soils will be screened, described,
and sampled.

The soil will be described by Tt field personnel and a boring log will be developed. Soil cores will be screened
along their entire length with a photoionization detector (PID) for evidence of potential contamination. Any
visual signs of potential contamination (such as soil staining) will be noted and [additional] samples will be
collected.

Soil samples will be collected from the macrocores as described herein and outlined in Section 7.5. Soil
sampling, soil logging, sample handling, and DPT work procedures are discussed in Facility SOPs GH-1.3,
GH-1.4, GH-1.5, SAQ-1.3, and SA-2.5. The use of the PID is described in the manufacturer’s instructions.
Reusable equipment will be decontaminated between sample locations.

8.1.8 Monitoring Well Installation

The nine new monitoring wells (Figure 7) will be constructed using the same materials and methods as the
existing monitoring wells, with the 10 ft screen of each installed approximately 1 ft into the basal clay layer at
the bottom of the surficial aquifer (expected at 15 ft bgs). Each new well will be finished with a stick-up riser
and protective bollards.

Soil borings will be drilled at the proposed monitoring well locations to confirm the subsurface lithology and
depths to ensure proper depths for well installation (to be screened just above the clay layer). The soil cores
will be screened visually and along their entire length with a PID in accordance with the PID manufacturer’s
instructions. The boring information will be recorded in accordance with Facility SOP SA-6.3. The monitoring
wells will be installed using hollow-stem auger (HSA) drilling methods. Monitoring well installation procedures
are discussed in Facility SOP GH-2.8 and each of the new monitoring wells will be developed in accordance
with this SOP.
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8. FIELD PROJECT IMPLEMENTATION

8.1.9 Water Level Measurements

Prior to groundwater sampling, a synoptic round of groundwater level measurements will be made. Depth to
groundwater will be measured at each monitoring well, per Facility SOP GH-1.2. Along with the subsequent
survey effort, this will provide for generation of groundwater elevation contour maps and provide information
on groundwater flow patterns and gradients. Water-level measurements will be completed within the shortest
time possible on the same day, and no sooner than 24 hours after a significant precipitation event to minimize
the precipitation effects on the data. Water levels will be collected from the wells closest to the creek first so
as to minimize tidal impacts on measurements. Water level measurements will be recorded to the nearest
0.01 foot and referenced to a top of casing notch or north side of the well casing. The measurement
instrument will be decontaminated prior to conducting the measurement and between each monitoring well.

8.1.10 Monitoring Well Sampling

Groundwater sampling will be conducted at each monitoring well using low-flow sampling procedures, per
Facility SOP SA-1.1. OIld monitoring wells MWO01 through MWO05 will be re-developed prior to sampling
(Facility SOP GH-2.8). A peristaltic pump with dedicated-per-well, disposable tubing will be used for
groundwater sample purging and collection activities, in combination with a continuous flow-through cell
suitable for taking water quality measurements. Groundwater samples collected for perchlorate and dissolved
metals will be field filtered. Reusable equipment will be decontaminated between sample locations.

8.1.11 IDW Management

Based on previous investigations, all IDW is assumed to be nonhazardous.

Waste soils will be generated during the installation of the soil borings and monitoring wells. The soil IDW
consists of the excess soil cuttings from the soil borings that were not collected for laboratory analyses, and
the soils produced during the drilling of the boreholes for monitoring well installations. The waste soil will be
collected and placed in 55-gallon drums for waste characterization sampling and analysis. Waste water will
be generated during well installation, development, and sampling, and during all decontamination procedures
for other sampling. Similar to waste soils, all aqueous IDW will be containerized in 55-gallon drums for waste
characterization sampling and analysis.

All drums will be labeled and moved to be stored inside the diked area next to Building 289 that has
secondary containment (near NSF-IH IRP Manager’s office). The driller/DPT subcontractor is responsible for
safely moving and handling the drums. Pending the results of the waste characterization(s), and upon Navy
approval, the waste soil and water will be appropriately transported and disposed at a Navy-approved
disposal facility(ies) by the IDW subcontractor.

8.1.12 Surveying

A surveyor subcontractor licensed in the state of Maryland will survey the horizontal location and vertical
elevation of each of the monitoring wells (existing and to-be-installed). The horizontal measurements shall be
accurate to 0.1 ft. The vertical elevation measurements shall be accurate to 0.01 ft at the top-of-riser at each
monitoring well. Each of the locations will be surveyed in the North American Datum (NAD) of 1983, State
Plane Coordinate System of Maryland (feet) relative to the coordinates of established site benchmarks or the
nearest United States Geological Survey (USGS) benchmark.

8.1.13 Field Equipment Decontamination Procedures

Decontamination of equipment will be conducted in accordance with Facility SOP SA-7.1. Decontamination
fluids will be containerized and characterized for appropriate disposal with other IDW.
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8.1.14 Field Documentation Procedures

Field documentation will be performed in accordance with Facility SOP SA-6.3. A summary of all field
activities will be properly recorded in a bound logbook with consecutively numbered pages that cannot be
removed. Logbooks will be assigned to field personnel and will be stored in a secured area when not in use.
At a minimum, the following information will be recorded in the site logbook:

o Name of the person to whom the logbook is assigned.

e Project name.

e Project start date.

o Names and responsibilities of onsite project personnel including subcontractor personnel.
e Arrival/departure of site visitors.

e Arrival/departure of equipment.

e Sampling activities and sample log sheet references.

e Description of subcontractor activities.

e Sample pick-up information, including CoC numbers, air bill numbers, carrier, time, and date.
e Description of borehole or monitoring well installation activities and operations.

e HA&S issues.

All entries will be written in ink and no erasures will be made. If an incorrect entry is made, striking a single
line through the incorrect information will make the correction; the person making the correction will initial and
date the change. Boring logs, sampling forms, and other field forms will be used to document field activities.

8.1.15 Sample Custody and Shipment Tasks

Data management and sample tracking tasks are described in Section 8.5.2 and in Facility SOP CT-05.
Sample nomenclature is detailed in Section 8.3.

8.2 Field SOPs Reference Table

(UFP-QAPP Manual Section 3.1.2 - WS #21)

The SOPs tabulated below for the RI effort are from Appendix D of the NSF-IH Master SAP (Tt, 2009).
Project-specific versions of the SOPs are provided in Appendix B herein. Minor deviations (or exclusions of
portions) of SOPs are indicated by direct mark-up of the SOP. This section lists the SOPs to be
used/referenced during the RI effort. Partial exclusions are not noted as deviations. Note that the sampling
SOPs for all media for perchlorate are supplemented by the DoD (2007) perchlorate sampling SOP(s) (also

provided in Appendix B).

SOP Any planned

Reference deviation for

Number Title/Author and Revision Date/Number Equipment Type Project Work
CT-04 Sample Nomenclature, 02/04, Rev. 0 N/A Yes
GH-1.1 Site Reconnaissance, 02/04, Rev. 0 N/A No
GH-1.2 Evaluation of Existing Monitoring Wells and Water Level Water level indicator No

Measurement, 02/04, Rev. 0
GH-1.3 Soil and Rock Drilling Methods, 02/04, Rev. 0 Drilling rig and accessories No
GH-1.5 Borehole and Sample Logging, 02/04, Rev. 0 N/A No
GH-2.8 Groundwater Monitoring Well Installation, 02/04, Rev. 0 Drilling rig, accessories, and well No
supplies
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SOP Any planned
Reference deviation for
Number Title/Author and Revision Date/Number Equipment Type Project Work
SA-1.6 Natural Attenuation Parameter Collection, 03/08, Rev. 0 Water Quality Meter and Field test kits No
SA-1.1 Groundwater Sample Acquisition and Onsite Water Quality Pump, tubing, water quality meter, and No
Testing, 03/08, Rev. 1 accessories
*Also see included DoD (2007) Perchlorate Sampling SOP.
SA-1.2 Surface Water and Sediment Sampling, 03/08, Rev. 1 Pump, tubing, pole-mount, boat, water No

*Also see included DoD (2007) Perchlorate Sampling SOP. | quality meter, Ponor dredge, and
accessories

SA-1.3 Soil Sampling, 03/08, Rev. 1 Trowel, shovel, hand auger, and/or No
*Also see included DoD (2007) Perchlorate Sampling SOP. | macrocore/split-barrel sampler

SA-2.5 Direct Push Technology (Geoprobe/Hydropunch), 02/04, Drilling equipment and accessories No
Rev. 0

SA-2.2 Air Monitoring and Sampling, 02.04, Rev. 0 Air sampling pump and accessories, No

photoionization detector (PID), and/or
flame ionization detector (FID)

SA-6.1 Non-Radiological Sample Handling, 02/04, Rev. 0 Sample bottleware, packaging material, No
shipping materials, field filtration
equipment

SA-6.3 Field Documentation, 02/04, Rev. 0 Field logbook, field sample forms, No
boring logs

SA-7 1 Decontamination of Field Equipment, 03/08, Rev. 1 Decontamination equipment, No
phosphate-free detergent, deionized
water

HS-1.0 Utility Locating and Excavation Clearance, 02/04, Rev. 0 Remote subsurface sensing equipment, No
magnetometer, ground-penetrating
radar

8.3 Sample Details Table

(UFP-QAPP Manual Sections 3.1.1 and 3.5.2.3 — WSs #18, 19, 20 and 30)

The table below provides the sample IDs, analyses, and QA/QC for all samples to be collected during the RI.
Also see the Analytical SOP Requirements Table in Section 8.4 for bottleware and preservation
requirements, etc.
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Sample Details Table

Analyses "
=) "]
Depth/ a % E % 2 "g © E’Sm <€,,,
Site Station ID Matrix Sample ID Sampliﬁg Interval é ® s % g 5 Z §58 g 8 g e
2 < 5T S 5 3 E5¢ 5 g omments
: £2 103 | 5| £ |E5f) &8
& ® g § o 2 S e Q
Site 67 S67MWO01 groundwater S67-MW001-mmddyy middle of screen X X X X X X X "MW-1" installed by Navy (NOSSA) in 2002.
S67MW02 groundwater S67-MW002-mmddyy middle of screen X X X X X X X "MW-2" installed by Navy (NOSSA) in 2002.
S67MW03 groundwater S67-MW003-mmddyy middle of screen X X X X X X X "MW-3" installed by Navy (NOSSA) in 2002.
S67MW04 groundwater S67-MW004-mmddyy middle of screen X X X X X X X "MW-4" installed by Navy (NOSSA) in 2002.
S67MWO5 groundwater S67-MW005-mmddyy middle of screen X X X X X X X "MW-5" installed by Navy (NOSSA) in 2002.
groundwater S67-MWO005P-mmddyy middle of screen X X X X X X Field duplicate
surface soil S67-SS001-0001 0 - 1 foot X X X X X X
surface soil S67-SS001P-0001 0 - 1 foot X X X X X X Field duplicate
$67S01 subsurface soil S67-SB001-xxyy interval above water table X X X
groundwater S67-MW007-mmddyy middle of screen; tbd X X X X gl(c))(t)z;"l\sﬂg r-tsr:ei\r/]vs\t:(!ﬁ ?]:X]:;Vgt(uvov(sﬁé) in
S$67502 surface soil S67-SS002-0001 0 - 1 foot X X X X
S67S03 surface soil S67-SS003-0001 0 - 1 foot X X X X
surface soil S67-SS004-0001 0 - 1 foot X X X X
subsurface soil S67-SB004-xxyy interval above water table X X X
S67504 subsurface soil S67-SB004P-xxyy interval above water table X X X Field duplicate
groundwater S67-MWO008-mmddyy middle of screen; thd X X X X
S67S05 surface soil S67-SS005-0001 0 - 1 foot X X X X
surface soil S67-SS006-0001 0 - 1 foot X X X
S67S06 subsurface soil S67-SB006-xxyy interval above water table X X X
groundwater S67-MW009-mmddyy middle of screen; thd X X X X
surface soil S67-SS007-0001 0 - 1 foot X X X
S67S07 subsurface soil S67-SB007-xxyy interval above water table X X X
groundwater S67-MWO010-mmddyy middle of screen; tbd X X X X
S67S08 surface soil S67-SS008-0001 0 - 1 foot X X X
S67S09 surface soil S67-SS009-0001 0 - 1 foot X X X
surface soil S67-SS010-0001 0 - 1 foot X X X
S67S10 subsurface soil S67-SB010-xxyy interval above water table X X X
groundwater S67-MWO011-mmddyy middle of screen; thd X X X X
surface soil S67-SS011-0001 0 - 1 foot X X X
S67S11 subsurface soil S67-SB011-xxyy interval above water table X X X
groundwater S67-MWO012-mmddyy middle of screen; thd X X X X
groundwater S67-MWO012P-mmddyy middle of screen; thd X X X X Field duplicate
S67512 surface soil S67-SS012-0001 0 - 1 foot X X X X X X
surface soil S67-SS012P-0001 0 - 1 foot X X X X X X Field duplicate
S67513 surface soil S67-SS013-0001 0 - 1 foot X X X X X X
S67514 surface soil S67-SS014-0001 0 - 1 foot X X X X X X
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Sample Details Table (continued)

Analyses "
=) n
o 22 % ] £ = ibﬁ <326
i ; : Depth/ a £5 5 = T »
Site Station ID Matrix Sample ID Samoli P Interval & ® Eo 4 S z S8 | 28 %
ampling Interva < = =35 c = 3 EL0 » © L Comments
s o 3] w 3] 2 T DE g E
£ £% 3 5 s 225 | £° s
B 2% | 3 & z s&| °¢8
= (72}
Site 67 surface soil S67-SS015-0001 0 - 1 foot X X X X X
S67S15 subsurface soil S67-SB015-xxyy interval above water table X X X X X
groundwater S67-MW013-mmddyy middle of screen; tbd X X X X X X X
S67S16 surface soil S67-SS016-0001 0 - 1 foot X X X X X X
surface soil S67-SS017-0001 0 - 1 foot X X X X X X
S67817 subsurface soil S67-SB017-xxyy interval above water table X X X X X
groundwater S67-MWO014-mmddyy middle of screen; thd X X X X X X X X
S67518 surface soil S67-SS018-0001 0 - 1 foot X X X X X
surface soil S67-SS019-0001 0 - 1 foot X X X X X
S67S19 subsurface soil S67-SB019-xxyy interval above water table X X X X X
groundwater S67-MWO015-mmddyy middle of screen; thd X X X X X X X
sediment S67-SD20-0001 0 - 1 foot X X X X X X
S$67S20
surface water S67-SW20-mmddyy at depth / just above sediment X X X X X X X
sediment S67-SD21-0001 0 - 1 foot X X X X X X
S67S21
surface water S67-SW21-mmddyy at depth / just above sediment X X X X X X X
sediment S67-SD22-0001 0 - 1 foot X X X X X X
S$67S22 sediment S67-SD22P-0001 0 - 1 foot X X X X X X Field duplicate
surface water S67-SW22-mmddyy at depth / just above sediment X X X X X X X
sediment S67-SD23-0001 0 - 1 foot X X X X X X
S67S23 surface water S67-SW23-mmddyy at depth / just above sediment X X X X X X X
surface water S67-SW23P-mmddyy at depth / just above sediment X X X X X X X Field duplicate
sediment S67-SD24-0001 0 - 1 foot X X X X X X
S67S524 - -
surface water S67-SW24-mmddyy at depth / just above sediment X X X X X X X
sediment S67-SD25-0001 0 - 1 foot X X X X X X
S67S25
surface water S67-SW25-mmddyy at depth / just above sediment X X X X X X X
Notes:

tbd — to be determined
mmddyy — two digit month, two-digit date, two-digit year of sample collection.

xxyy — two digit top depth and two digit bottom depth of sample interval.

1. See specific analytes in Section 9 (e.g., all the phthalates and PAHs).
o surface soil (0-1 ft): pHand TOC
o sediments (0-1 ft) - TOC (subset of samples if needed)

2. Other Ecological Risk Parameters:

o surface water (at depth) — Hardness; only for samples SW20 and SW24; ERA also needs total & dissolved metals.

3. Other MNA Parameters: To evaluate aquifer geochemistry and biodegradation via reductive dechlorination, analyze for Total Organic Carbon (TOC), Sulfate, Chloride, and Dissolved Methane.

4. See field QA/QC details in Section 6. Equipment blank IDs shall be as follows: S67-EB01-mmddyy. MS/MSDs will retain same sample ID as parent sample (“do MS/MSD” will be noted on the chain-of-custody form).
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8.4 Analytical SOP Requirements Table

(UFP-QAPP Manual Section 3.1.1)

Analytical and Containers ? , Maxd Holding Time ©
Matrix Analytical Group | Preparation Method / Sample Size (number, size, and ; reservation aximum Holding fime
SOP Reference " type) equirements (preparation / analysis)
Soil and Sediment Phthalates and SW-846 3550C, 8270D One 4-0z glass jar 40 gram (g) Coolto0to 6 °C 14 days until extraction,

PAHs

SIM/ANA8270DSIM

40 days to analysis

Groundwater, Surface
water, and Aqueous QC
samples

Phthalates and
PAHs

SW-846 3510C, 8270D
SIM/ANA8270DSIM

Two 1-L glass
amber bottles

1,000 milliliter (mL)

Coolto 0to 6 °C

7 days until extraction, 40 days
to analysis

Soil and Sediment Energetics SW-846 8330B no One 4-0z glass jar 30g Coolto 0to 6 °C 14 days until extraction,
grinding / HPL8330 40 days to analysis

Groundwater, Surface Energetics SW-846 8330B / Two 1-L glass 1000 mL Coolto 0to 6 °C 7 days until extraction, 40 days

water, and Aqueous QC HPL8330 amber bottles to analysis

samples

Soil and Sediment Perchlorate SW-846 6850 One 4-0z glass jar 59 Coolto 0to 6 °C 28 days to analysis
APPL SOP

Groundwater, Surface Perchlorate SW-846 6850 / HPL6850 | 500 mL plastic 100 mL Coolto0to 6 °C 28 days to analysis

water, and Aqueous QC

samples

Soil and Sediment Metals SW-846 3050B/ One 4-0z glass jar 1to2g Coolto 0to 6 °C 180 days to analysis except
6020A/ ANA6020 mercury, 28 days for mercury

Groundwater, Surface Metals (total and SW-846 3010A / 6020A / One 500-mL 50 mL Nitric acid to pH <2; 180 days to analysis except

water, and Aqueous QC

dissolved) and

SM2340B

plastic bottle

Coolto 0to 6 °C

mercury, 28 days for mercury

samples hardness APPL ANA6020
Groundwater Anions (nitrate, USEPA 300.0/ One 500-mL 5 mL for each analyte | Coolto 0to 6 °C Nitrate & Nitrite — 48 hours from
nitrite, chloride and | ANA300.0 plastic bottle sampled time to analysis.
sulfate) Chloride & Sulfate — 28 days
from sampled date to analysis
Groundwater Nitrate/Nitrite USEPA 353.2/ One 500-mL 5 mL for each analyte | Coolto 0to 6 °C 48 hours from sampled time to
ANA353.2 plastic bottle analysis
Soil and Sediment TOC Walkely Black / One 4-0z glass jar 30¢g Coolto 0to 6 °C 14 days to analysis
ANAWALKLEY
Groundwater TOC SW-846 9060/9060A / One 500-mL 250 mL Sulfuric acid to pH <2; 28 days to analysis
ANA9060A plastic bottle Coolto0to 6 °C
Groundwater Dissolved Methane | RSK SOP 175/ Three 40-mL glass 15 mL Hydrochloric acid to pH <2; | 14 days from sampled date to
ANARSK-175 vials Coolto0to 6 °C analyze
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Analytical and Containers @ . Maxi Holding Time ©
Matrix Analytical Group Preparation Method / Sample Size (number, size, and ;;eﬁﬁ:’;gg?s aximum ) ° /mg | m_1e
SOP Reference " type) q (preparation / analysis)
Solid IDW TCLP - SVOCs SW-846 1311 & 8270D / 25¢g One 8-0z wide-mouth | Coolto 0to 6 °C 14 days from sampled date to
11-PRE1311, ANA8270D glass jar leaching, 14 days from leaching
to analysis
Aqueous IDW TCLP - SVOCs SW-846 1311 & 8270D / 500 mL One 1-L amber glass Coolto0to 6 °C 14 days from sampled date to
11-PRE1311, ANA8270D bottle leaching, 14 days from leaching
to analysis
Solid IDW TCLP — Metals SW-846 1311, 6010C & 100 g One 8-o0z wide-mouth | Cool to 0to 6 °C 28 days from sampled date to
7470A / 11-PRE1311, glass jar leaching, 28 days from leaching
ANA6010, ANA7470A to analysis
Aqueous IDW @ TCLP — Metals SW-846 1311, 6010C & 500 mL One 1-L High Density | Coolto 0to 6 °C 28 days from sampled date to
7470A / 11-PRE1311, Polyethylene (HDPE) leaching, 28 days from leaching
ANAG6010, ANA7470A bottle to analysis
Solid IDW ¥ Ignitability SW-846 1010A 20g One 4-0z wide-mouth | Cool to 0 to 6 °C As soon as possible after
glass jar laboratory receipt
Aqueous IDW Ignitability SW-846 1010A 100 mL One 100mL HDPE Coolto0to 6 °C As soon as possible after
bottle laboratory receipt
Aqueous IDW @ Corrosivity SW-846 1110A 425mL One 1Liter HDPE Cool to 0 to 6 °C As soon as possible after
(towards steel) bottle laboratory receipt
Microbial Perchlorate Laboratory proprietary 1L Bio-Trap samplers Coolto 0to 6 °C Extract within 28 hours and
reductase gene Methods, Ml SOP DNA- freeze at
(pcrA) gPCR, MI SOP DNA Ext -20°C until analysis
Chlorite dismutase Laboratory proprietary 1L Bio-Trap samplers Coolto 0to 6 °C Extract within 28 hours and
gene (cld) Methods, Ml SOP DNA- freeze at
gPCR, MI SOP DNA Ext -20°C until analysis
Notes:
mL — milliliter L-liter ~ oz-ounce °C - Degrees Celsius TCLP - Toxicity Characteristic Leaching Procedure TOC - total organic carbon

1. Laboratory SOPs are subject to revision and updates during duration of the project, the laboratory will use the most current revision of the SOP at the time of analysis.
2. Sample size is a minimum; the containers listed will be filled to compensate for any required re-analysis or re-extractions. For samples requiring Matrix Spike (MS)/Matrix Spike Duplicate (MSD), containers listed should be tripled.
3. Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted.
4. IDW sample analyses and Microbial sample analyses are presented in this section for the utilization of field personnel. Quality control information is not presented in any of the remaining WSs for these samples.
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8.5 Additional Project-Related Tasks
Additional project-related tasks include the following:

¢ Analytical tasks

¢ Data management

o Assessment and oversight
e Data review

e Project reports

8.5.1 Analytical Tasks

Chemical analyses will be performed by APPL. APPL is Department of Defense (DoD) Environmental
Laboratory Program (ELAP) accredited. A copy of the laboratory accreditation is located in Appendix C.
Analyses will be performed in accordance with the analytical methods specified in Section 8.2. APPL will
meet most of the PSLs/PALs as shown in Section 9. APPL will perform chemical analysis following
laboratory-specific SOPs (Section 10).

All soil results will be reported by the laboratory on a dry-weight basis. Results of percent moisture will be
reported in each analytical data package and electronic data deliverable (EDD). This information will also be
captured in the project database which will eventually be uploaded to Naval Installation Restoration
Information Solution (NIRIS).

The analytical data packages provided by APPL will be in a Contract Laboratory Program (CLP)-like format,
contain raw data capable of full data validation, contain summary forms for all sample and laboratory method
blank data, and contain summary forms showing all method-specific QC information [results, recoveries,
relative percent differences (RPDs), relative standard deviation (RSDs), and/or percent differences (%Ds),
etc.].

8.5.2 Data Management

The principal data generated for this project will be from field and laboratory analytical data. Field sampling
log sheets will be organized by date and medium, and filed in the project files. The field logbooks for this
project will be used only for this site and will also be categorized and maintained in the project files after the
completion of the field program. Project personnel completing concurrent field sampling activities may
maintain multiple field logbooks. When possible, logbooks will be segregated by sampling activity. The field
logbooks will be titled based on date and activity.

The data handling procedures to be followed by APPL will meet the requirements of the technical
specifications. Electronic data results will be automatically downloaded into the Tt database in accordance
with the proprietary Tt processes.

The Tt PM (or designee) is responsible for the overall tracking and control of data generated for the project.

Data Tracking. Data are tracked from generation to archiving in the Tt project-specific files. The Tt Project
Chemist (or designee) is responsible for tracking the samples collected and shipped to APPL. Upon receipt
of the data packages from APPL, the Tt Project Chemist will monitor the data validation effort, which includes
verifying that the data packages are complete and results for all samples have been delivered by APPL.
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Data Storage, Archiving, and Retrieval. The data packages received from APPL are tracked in the data
validation logbook. After the data are validated, the data packages are entered into the Tt Navy CLEAN file
system and archived in secure files. The field records, including field log books, sample logs, chain-of-
custody records, and field calibration logs, will be submitted by the Tt FOL to be entered into the Navy CLEAN
file system prior to archiving in secure project files. Project files are audited for accuracy and completeness.
At the completion of the Navy contract, the records will be stored by Tt.

Data Security. Access to Tt project files is restricted to designated personnel only. Records can only be
borrowed temporarily from the project file using a sign-out system. The Tt Data Manager maintains the
electronic data files, and access to the data files is restricted to qualified personnel only. File and data
backup procedures are routinely performed.

Electronic Data. All electronic data will be compiled into a NIRIS Electronic Data Deliverable (NEDD) and
loaded into NIRIS.

Data Review. This review comprises data verification, validation, and usability assessment. The data
verification and validation processes and requirements are described in Section 12. The data usability
assessment will, at a minimum, constitute evaluation of the following characteristics to ensure that the
amount, type, and quality of data are sufficient to achieve project objectives. The means of conducting these
evaluations will vary depending on the nature of the data. For example, soil borings and well construction
logs will generally be evaluated qualitatively or semi-quantitatively whereas precision, accuracy, and
sensitivity of analytical data will generally be evaluated quantitatively and may be based on, or may
supplement, data validation findings. Examples include the following:

e Comparing actual to intended sampling locations and verifying that the correct datum was used to
delineate contamination.

e Looking for trends across sample delivery groups or sampling events.

¢ Identifying potential errant or outlier data points.

e Assessing planning assumption validity.

e Evaluating the potential for contamination of samples by samplers.

Data quality indicators to be evaluated during this assessment include the following:

1. Precision. A semi-quantitative estimate of the uncertainty in contaminant concentrations as a
function of location will be made.

2. Accuracy. Accuracy data will be evaluated to ensure sampling and measurement accuracy is within
or exceeds analytical method specifications and may depend in part on the data validation findings.

3. Representativeness. This evaluation will assess whether the data are adequately representative of
intended populations based on the sample collection and data generation requirements specified in
this SAP.

4. Completeness. Failure to obtain critical data from planned locations will be documented. Minor
variations in actual versus intended sampling locations (or depths) that do not adversely affect the
attainment of project objectives will not be documented.
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5. Comparability. This will be accomplished by verifying that the planned analysis was used and that
the data quality indicators reviewed during data validation indicate no significant data quality
deficiencies.

6. Sensitivity. The Tt Project Chemist will determine whether project sensitivity goals were achieved by
comparing non-detect values to PSLs/PALs.

7. Other quantitative characteristics. These may include quantities such as verification of soil volume
calculations, soil disposal cost estimates, etc., that are used to determine whether the contaminants
are sufficiently well delineated to estimate remediation costs.

If significant data quality deficiencies are detected that prevent the attainment of project objectives, the
limitations on the affected data will be described in the project report. The Tt PM will bring these deficiencies
to the attention of the project team for their evaluation and the team will determine an appropriate corrective
action depending on the circumstances.

8.5.3 Project Reports

A Draft Rl Report will be prepared in accordance with the EPA (1998) RI/FS guidance and submitted to the
Navy and regulators (i.e., the Partnering Team) for review. The report will include a summary of the work
performed in the approved UFP-SAP, field modifications as documented by the Tt FOL, summary and
analysis of the analytical results, updated CSM, baseline HHRA, screening ERA, and conclusions and/or
recommendations for the site. Tt will respond to comments received on the draft report. The final version of
the report will be submitted in hardcopy and electronic format to the project stakeholders.

The RI report will contain a results and data quality section, which will present the analytical data and identify
site-related contamination, and include an evaluation of the data as they relate to the nature and extent of
contamination and both human health and ecological risk evaluations. It also will include a summary of
quantitative analytical performance indicators such as completeness, precision, bias, and sensitivity and
qualitative indicators such as representativeness and comparability. There will be a reconciliation of project
data with the DQOs and an identification of deviations from this UFP-SAP. A data usability assessment will
be used to identify significant deviations in analytical performance that could affect the ability to meet project
objectives.

The Partnering Team will be updated throughout the RI fieldwork via email, conference call, and/or Partnering
meetings. At least one summary presentation will provided at a Partnering meeting prior to or just after
submission of the draft report.
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9 REFERENCE LIMITS AND EVALUATION TABLES

(UFP-QAPP Manual Section 2.8.1 and UFP-QAPP Workbook WS #15)

Matrix: Soil
APPL, Inc.
Chemical / Analyte CAS Number P:ﬂ"éﬁ('gl)' Rl':fserl'-éi‘:: 0 (m';(/)kl-g? () LoQ LOD DL
(mglkg) (mglkg) (mglkg)

Phthalates - 8270D
Bis(2-ethylhexyl)phthalate 117-81-7 0.017 EPA SSL 0.006 0.66 0.167 0.062
Butyl benzyl phthalate 85-68-7 0.2 EPA SSL 0.067 0.33 0.167 0.056
Diethyl phthalate 84-66-2 4.7 EPA SSL 1.57 0.33 0.167 0.066
Dimethyl phthalate 131-11-3 734 ORNL 244.67 0.33 0.167 0.058
Di-n-butyl phthalate 84-74-2 0.15 NOAA 0.05 0.33 0.167 0.062
Di-n-octyl phthalate 117-84-0 709 NOAA 236.33 0.33 0.167 0.063

PAHs -8270D SIM
2-Methylnaphthalene 91-57-6 0.14 EPA SSL 0.05 0.005 0.0017 0.0009
Acenaphthene 83-32-9 0.1 R3 BTAG 0.033 0.005 0.0017 0.0010
Acenaphthylene 208-96-8 0.1 R3 BTAG 0.033 0.005 0.0017 0.0009
Anthracene 120-12-7 0.1 R3 BTAG 0.033 0.005 0.0017 0.0008
Benzo(a)anthracene 56-55-3 0.1 R3 BTAG 0.033 0.005 0.0017 0.0009
Benzo(a)pyrene 50-32-8 0.0035 EPA SSL 0.0012 0.005 0.0017 0.0009
Benzo(b)fluoranthene 205-99-2 0.035 EPA SSL 0.012 0.005 0.0017 0.0011
Benzo(g,h,i)perylene 191-24-2 0.1 R3 BTAG 0.033 0.005 0.0017 0.0013
Benzo(k)fluoranthene 207-08-9 0.1 R3 BTAG 0.033 0.005 0.0017 0.0010
Chrysene 218-01-9 0.1 R3 BTAG 0.033 0.005 0.0017 0.0008
Dibenzo(a,h)anthracene 53-70-3 0.011 EPA SSL 0.004 0.005 0.0017 0.0009
Fluoranthene 206-44-0 0.1 R3 BTAG 0.033 0.005 0.0017 0.0012
Fluorene 86-73-7 0.1 R3 BTAG 0.033 0.005 0.0017 0.0010
Indeno(1,2,3-c,d)pyrene 193-39-5 0.1 R3 BTAG 0.033 0.005 0.0017 0.0009
Naphthalene 91-20-3 0.00047 EPA SSL 0.00016 0.005 0.0017 0.0009
Phenanthrene 85-01-8 0.1 R3 BTAG 0.033 0.005 0.0017 0.0011
Pyrene 129-00-0 0.1 R3 BTAG 0.033 0.005 0.0017 0.0012
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APPL, Inc.
Chemical / Analyte CAS Number P(?nl'éz(gl)' R;Se:é:?: 1) (mZ(IQkLg(); [t} LOQ LOD DL
(mglkg) (mglkg) (mglkg)

Metals - 6010C

Aluminum 7429-90-5 50 ORNL 16.67 10.0 2.00 1.02

Boron 7440-42-8 0.5 ORNL 0.17 5.0 TBD 0.35

Lithium 7439-93-2 2 ORNL 0.67 TBD TBD TBD

Zinc 7440-66-6 46 Eco SSL 15.33 5.0 2.00 1.15
Select Energetics - 8330B

2,4-DINITROTOLUENE 121-14-2 0.00028 EPA SSL 0.000093 0.50 0.200 0.083

2,6-DINITROTOLUENE 606-20-2 0.02 EPA SSL 0.0067 0.50 0.200 0.083

HMX 2691-41-0 0.99 EPA SSL 0.33 0.50 0.200 0.080

TETRYL 479-45-8 0.59 EPA SSL 0.2 0.50 0.200 0.091

RDX 121-82-4 0.00023 EPA SSL 0.000077 0.50 0.200 0.080

NITROGLYCERIN 55-63-0 0.00066 EPA SSL 0.00022 0.50 0.200 0.085
Oxidizer

PERCHLORATE- Method 6850 14797-73-0 5.5 EPA RSL 1.83 0.006 0.004 0.002
Miscellaneous

pH NA NA NA NA NA NA NA

Total Organic Carbon NA NA NA NA 200.0 100.0 100.0
Notes:

Bold rows indicate that the Project Screening Limit (PSL) and/or Project Action Limit (PAL) is between the laboratory Limit of Quantitation (LOQ) and the Limit of Detection (LOD).
Bold and shaded rows indicate that the PSL/PAL is less than the LOD.

1. Selected PSL/PAL is the lowest (most conservative) of the evaluated PSLs/PALs. 2. Project Quantitation Limit Goal (PQLG) is set at 1/3 the PSL/PAL.
CAS - Chemical Abstract Service DL — Detection Limit  mg/kg — milligrams per kilogram  LOQ — Limit of Quantitation LOD - Limit of Detection
HMX - His/Her Majesty's Explosive (Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) RDX - Royal Demolition Explosive (Hexahydro-1,3,5-trinitro-1,3,5-triazine)

PAL References (may be updated appropriately at time of data evaluation / Rl Report preparation):

. EPA RSL - EPA (May 2012) residential soil RSL. RSLs based on non-carcinogenic effects have been divided by 10 to account for exposure to multiple constituents. The residential
screening level for carcinogens (not adjusted) is equivalent to an Incremental Lifetime Cancer Risk (ILCR) of 1x10+.

e  EPASSL-EPA (May 2012) SSL using a Dilution Attenuation Factor (DAF) of 20.

e LANL - Los Alamos National Laboratory, 2009 (December.). ECORISK Database (Release 2.4). LA-UR-04-7834. ER ID 107524. Environmental Programs Directorate, Los Alamos
National Laboratory, Los Alamos, NM.

. ORNL - Oak Ridge National Laboratory Screening Benchmarks (Efroymson et al., 1997a,b)

e  R3BTAG - EPA Region 3 Biological Technical Assistance Group (EPA, 1995)

. Eco SSL - Ecological Soil Screening Level. USEPA, February 2005. Guidance for Developing Ecological Soil Screening Level. Office of Solid Waste and Emergency and Response.
OSWER Directive 92857-55. February. Separate documents are available for each chemical at http://www.epa.gov/ecotox/ecossl.
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e NOAA (National Oceanic and Atmospheric Administration) — Buchman, M. F., 2008. NOAA Screening Quick Reference Tables, NOAA OR&R Report 08-1, Seattle, WA, Office of
Response and Restoration Division, National Oceanic and Atmospheric Administration, 34 pages. http://response.restoration.noaa.gov/cpr/sediment/squirt/squirt.html.
. MDE SSL - MDE Cleanup Standards for Soil and Groundwater, Interim Final Guidance (Update No. 2.1), June 2008.
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9. REFERENCE LIMITs AND EVALUATION TABLEs

Matrix: Sediment

APPL, Inc.
Chemical / Analyte CAS Number l?rsn;//ig;- R:fsel;é:g' 0 (mPgC/lkLgG) @ LOQ LOD DL
(mg/kg) (mg/kg) (mg/kg)
Phthalates - 8270D
Bis(2-ethylhexyl)phthalate 117-81-7 0.18 R3 BTAG FW 0.06 0.66 0.167 0.062
Butyl benzyl phthalate 85-68-7 10.90 R3 BTAG FW 3.63 0.33 0.167 0.056
Diethyl phthalate 84-66-2 0.006 NOAA MA 0.002 0.33 0.167 0.066
Dimethyl phthalate 131-11-3 60.00 NOAA MA 20.0 0.33 0.167 0.058
Di-n-butyl phthalate 84-74-2 1.16 R3 BTAG MA 0.39 0.33 0.167 0.062
Di-n-octyl phthalate 117-84-0 0.061 NOAA MA 0.020 0.33 0.167 0.063
PAHs - 8270D SIM
2-Methylnaphthalene 91-57-6 0.020 R3 BTAG FW 0.0067 0.005 0.0017 0.0009
Acenaphthene 83-32-9 0.0067 R3 BTAG FW 0.0022 0.005 0.0017 0.0010
Acenaphthylene 208-96-8 0.0059 R3 BTAG MA 0.0020 0.005 0.0017 0.0009
Anthracene 120-12-7 0.047 R3 BTAG MA 0.016 0.005 0.0017 0.0008
Benzo(a)anthracene 56-55-3 0.075 R3 BTAG MA 0.025 0.005 0.0017 0.0009
Benzo(a)pyrene 50-32-8 0.089 R3 BTAG MA 0.030 0.005 0.0017 0.0009
Benzo(b)fluoranthene 205-99-2 0.13 NOAA MA 0.043 0.005 0.0017 0.0011
Benzo(g,h,i)perylene 191-24-2 0.067 NOAA MA 0.022 0.005 0.0017 0.0013
Benzo(k)fluoranthene 207-08-9 0.070 NOAA MA 0.023 0.005 0.0017 0.0010
Chrysene 218-01-9 0.11 R3 BTAG MA 0.037 0.005 0.0017 0.0008
Dibenzo(a,h)anthracene 53-70-3 0.0062 R3 BTAG MA 0.0021 0.005 0.0017 0.0009
Fluoranthene 206-44-0 0.113 R3 BTAG MA 0.038 0.005 0.0017 0.0012
Fluorene 86-73-7 0.021 R3 BTAG MA 0.007 0.005 0.0017 0.0010
Indeno(1,2,3-c,d)pyrene 193-39-5 0.017 R3 BTAG FW 0.0057 0.005 0.0017 0.0009
Naphthalene 91-20-3 0.0346 R3 BTAG MA 0.012 0.005 0.0017 0.0009
Phenanthrene 85-01-8 0.0867 R3 BTAG MA 0.029 0.005 0.0017 0.0011
Pyrene 129-00-0 0.153 R3 BTAG MA 0.051 0.005 0.0017 0.0012
Metals - 6010C
Aluminum 7429-90-5 7700 EPA RSL 2566.67 10.0 2.00 1.02
Boron 7440-42-8 1600 EPA RSL 533.33 5.0 TBD 0.35
Lithium 7439-93-2 16 EPA RSL 5.33 TBD TBD TBD
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APPL, Inc.
Chemical / Analyte CAS Number l?rilallig;- R:ler-é:ﬁel; 0 (mF;CIlkLgG) @ LOQ LOD DL
(mg/kg) (mg/kg) (mg/kg)
Zinc 7440-66-6 121 R3 BTAG FW 40.3 5.0 2.00 1.15
Select Energetics - 8330B
2,4-DINITROTOLUENE 121-14-2 0.0416 R3 BTAG FW 0.014 0.50 0.200 0.083
2,6-DINITROTOLUENE 606-20-2 0.0416 R3 BTAG FW 0.014 0.50 0.200 0.083
HMX 2691-41-0 126 Sunahara 42 0.50 0.200 0.080
TETRYL 479-45-8 0.1 Sunahara 0.033 0.50 0.200 0.091
RDX 121-82-4 0.013 R3 BTAG FW 0.0043 0.50 0.200 0.080
NITROGLYCERIN 55-63-0 0.61 EPA RSL 0.20 0.50 0.200 0.085
Oxidizer
PERCHLORATE- Method 6850 14797-73-0 5.5 EPA RSL 1.83 0.006 0.004 0.002
Miscellaneous
Total Organic Carbon NA NA NA NA 200.0 100.0 100.0
Notes:

Bold rows indicate that the Project Screening Limit (PSL) and/or Project Action Limit (PAL) is between the laboratory LOQ and the LOD.
Bold and shaded rows indicate that the PSL/PAL is less than the LOD.
1. Selected PSL/PAL is the lowest (most conservative) of the evaluated PALs. 2. Project Quantitation Limit Goal (PQLG) is set at 1/3 the PSL/PAL.
CAS - Chemical Abstract Service DL — Detection Limit  mg/kg — milligrams per kilogram  LOQ - Limit of Quantitation LOD - Limit of Detection
HMX - His/Her Majesty's Explosive (Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) RDX - Royal Demolition Explosive (Hexahydro-1,3,5-trinitro-1,3,5-triazine)
PAL References (may be updated appropriately at time of data evaluation / R Report preparation):
e  EPARSL - EPA (May 2012) residential soil RSL. RSLs based on non-carcinogenic effects have been divided by 10 to account for exposure to multiple constituents. The residential
screening level for carcinogens (not adjusted) is equivalent to an ILCR of 1x10.
. R3 BTAG - EPA Region 3 (1995) Biological Technical Assistance Group (USEPA, 1995); MA — Marine, FW- Freshwater.
. NOAA - Buchman, M. F., 2008. NOAA Screening Quick Reference Tables, NOAA OR&R Report 08-1, Seattle, WA, Office of Response and Restoration Division, National Oceanic and
Atmospheric Administration, 34 pages. http://response.restoration.noaa.gov/cpr/sediment/squirt/squirt.html; MA-Marine
e  Sunahara - Ecotoxicology of Explosives (Sunahara et al., 2009)
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9. REFERENCE LIMITs AND EVALUATION TABLEs

Matrix: Groundwater

APPL, Inc.
Chemical / Analyte CAS Number ?S;‘/IS%I)' R:fsel;é';':: @ l(:pc_cl]II-I.G) LOQ LOD DL
(HglL) (HglL) (HglL)
Phthalates - 8270D
Bis(2-ethylhexyl)phthalate 117-81-7 0.071 EPA RSL 0.024 20.0 5.00 2.90
Butyl benzyl phthalate 85-68-7 14 EPA RSL 4.67 10.0 5.00 2.80
Diethyl phthalate 84-66-2 1100 EPA RSL 367 10.0 5.00 3.00
Dimethyl phthalate 131-11-3 1100 EPA RSL 367 10.0 5.00 2.90
Di-n-butyl phthalate 84-74-2 67 EPA RSL 22.3 10.0 5.00 3.20
Di-n-octyl phthalate 117-84-0 67 EPA RSL 22.3 10.0 5.00 2.60
PAHs -8270D SIM
2-Methylnaphthalene 91-57-6 24 MDE GW Std. 0.8 0.2 0.10 0.06
Acenaphthene 83-32-9 37 MDE GW Std. 12.33 0.2 0.10 0.06
Acenaphthylene 208-96-8 37 MDE GW Std. 12.33 0.2 0.10 0.06
Anthracene 120-12-7 130 EPA RSL 43.3 0.2 0.10 0.05
Benzo(a)anthracene 56-55-3 0.029 EPA RSL 0.0097 0.2 0.10 0.07
Benzo(a)pyrene 50-32-8 0.0029 EPA RSL 0.00097 0.2 0.10 0.07
Benzo(b)fluoranthene 205-99-2 0.029 EPA RSL 0.0097 0.2 0.10 0.06
Benzo(g,h,i)perylene 191-24-2 18 MDE GW Std. 6 0.2 0.10 0.08
Benzo(k)fluoranthene 207-08-9 0.29 EPA RSL 0.097 0.2 0.10 0.07
Chrysene 218-01-9 29 EPA RSL 0.97 0.2 0.10 0.05
Dibenzo(a,h)anthracene 53-70-3 0.0029 EPA RSL 0.00097 0.2 0.10 0.05
Fluoranthene 206-44-0 63 EPA RSL 21 0.2 0.10 0.08
Fluorene 86-73-7 22 EPA RSL 8 0.2 0.10 0.06
Indeno(1,2,3-c,d)pyrene 193-39-5 0.029 EPA RSL 0.0097 0.2 0.10 0.07
Naphthalene 91-20-3 0.14 EPA RSL 0.047 0.2 0.10 0.05
Phenanthrene 85-01-8 180 MDE GW Std. 60 0.2 0.10 0.07
Pyrene 129-00-0 8.7 EPA RSL 6 0.2 0.10 0.08
Metals - 6010C
Aluminum 7429-90-5 50 MDE GW Std. 16.67 100.0 20.00 19.30
Boron 7440-42-8 310 EPA RSL 103.3 100.0 TBD 294
Lithium 7439-93-2 31 EPA RSL 1.03 TBD TBD TBD
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APPL, Inc.
Chemical / Analyte CAS Number TE;/I_P)%I)- R:fill,'é';':: @ l(:pcgl;II-I_G) LOQ LOD DL
(HglL) (HglL) (HglL)
Zinc 7440-66-6 470 EPA RSL 156.7 50.0 5.00 2.30
Select Energetics - 8330B
2,4-DINITROTOLUENE 121-14-2 0.2 EPA RSL 0.067 0.50 0.300 0.125
2,6-DINITROTOLUENE 606-20-2 1.5 EPA RSL 0.5 0.50 0.300 0.125
HMX 2691-41-0 78 EPA RSL 26 0.50 0.300 0.115
TETRYL 479-45-8 6.3 EPA RSL 21 0.50 0.300 0.133
RDX 121-82-4 0.61 EPA RSL 0.20 0.50 0.300 0.123
NITROGLYCERIN 55-63-0 0.15 EPA RSL 0.05 0.50 0.300 0.130
Oxidizer
PERCHLORATE- Method 6850 14797-73-0 1.1 EPA RSL 04 0.60 0.400 0.200
Miscellaneous
Chloride — EPA 300.0 NA 500 Other 167 1.0 mg/L 0.08 mg/L
Nitrate — EPA 300.0 14797-55-8 500 Other 167 0.5 mg/L 0.01 mg/L
Nitrite — EPA 300.0 14797-65-0 500 Other 167 0.3 mg/L 0.03 mg/L
Total Organic Carbon — 9060 NA 10,000 Other 3333 0.5 0.13
Sulfate — EPA 300.0 14808-79-8 500 Other 167 1.0 mg/L 0.09 mg/L
Methane — RSK 175 74-82-8 10 Other 3.33 1.0 0.45 0.25
Notes:

Bold rows indicate that the Project Screening Limit (PSL) and/or Project Action Limit (PAL) is between the laboratory LOQ and the LOD.

Bold and shaded rows indicate that the PSL/PAL is less than the LOD.

1. Selected PSL/PAL is the lowest (most conservative) of the evaluated PALs. 2. Project Quantitation Limit Goal (PQLG) is set at 1/3 the PSL/PAL.

CAS - Chemical Abstract Service pg/L —micrograms per Liter  LOQ - Limit of Quantitation LOD — Limit of Detection DL —Detection Limit

HMX - His/Her Majesty's Explosive (Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) RDX - Royal Demolition Explosive (Hexahydro-1,3,5-trinitro-1,3,5-triazine)
PAL References (may be updated appropriately at time of data evaluation / Rl Report preparation):

. EPA RSL - U.S. EPA (May 2012) tap water RSL. RSLs based on non-carcinogenic effects have been divided by 10 to account for exposure to multiple constituents. The residential screening
level for carcinogens (not adjusted) is equivalent to an ILCR of 1x10-.

e Other - Less than the Federal Maximum Contaminant Level (MCL) for nitrate (10,000 ug/L as nitrogen) and nitrite (1,000 pg/L as nitrogen), and less than the Secondary MCLs for chloride and
sulfate (250,000 pg/L). EPA (April 2012) Drinking Water Standards & Health Advisories. EPA 822-S-12-001. Office of Water. Washington, D.C. PSLs for Total Organic Carbon and
methane based on professional judgment.

. MDE GW Std — MDE Cleanup Standards for Soil and Groundwater, Interim Final Guidance (Update No. 2.1), June 2008.
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9. REFERENCE LIMITs AND EVALUATION TABLEs

Matrix: Surface Water

APPL, Inc.
Chemical / Analyte CAS Number F(’I?QII-//B%I)- Repler-él::: @ l(Dplel'LG)' LOQ LOD DL
(HglL) (HglL) (HglL)
Phthalates - 8270D
Bis(2-ethylhexyl)phthalate 117-81-7 0.071 EPA RSL 0.024 20 5 29
Butyl benzyl phthalate 85-68-7 14 EPA RSL 4.7 10 5 2.8
Diethyl phthalate 84-66-2 75.9 R3 BTAG MA 25.3 10 5 3
Dimethyl phthalate 131-11-3 580 R3 BTAG MA 190 10 5 29
Di-n-butyl phthalate 84-74-2 34 R3 BTAG MA 1.1 10 5 3.2
Di-n-octyl phthalate 117-84-0 34 NOAA MA 1.1 10 5 2.6
PAHs -8270D SIM
2-Methylnaphthalene 91-57-6 2.7 EPA RSL 0.9 0.2 0.1 0.06
Acenaphthene 83-32-9 6.6 R3 BTAG MA 2.2 0.2 0.1 0.06
Acenaphthylene 208-96-8 306.9 EPA SQB 102.3 0.2 0.1 0.06
Anthracene 120-12-7 0.18 R3 BTAG MA 0.06 0.2 0.1 0.05
Benzo(a)anthracene 56-55-3 0.029 EPA RSL 0.01 0.2 0.1 0.07
Benzo(a)pyrene 50-32-8 0.0029 EPA RSL 0.001 0.2 0.1 0.07
Benzo(b)fluoranthene 205-99-2 0.029 EPA RSL 0.01 0.2 0.1 0.06
Benzo(g,h,i)perylene 191-24-2 0.4391 EPA SQB 0.14 0.2 0.1 0.08
Benzo(k)fluoranthene 207-08-9 0.18 MDE SW Std. 0.06 0.2 0.1 0.07
Chrysene 218-01-9 0.18 MDE SW Std. 0.06 0.2 0.1 0.05
Dibenzo(a,h)anthracene 53-70-3 0.0029 EPA RSL 0.001 0.2 0.1 0.05
Fluoranthene 206-44-0 1.6 R3 BTAG MA 0.53 0.2 0.1 0.08
Fluorene 86-73-7 25 R3 BTAG MA 0.8 0.2 0.1 0.06
Indeno(1,2,3-c,d)pyrene 193-39-5 0.029 EPA RSL 0.01 0.2 0.1 0.07
Naphthalene 91-20-3 0.14 EPA RSL 0.05 0.2 0.1 0.05
Phenanthrene 85-01-8 1.5 R3 BTAG MA 0.5 0.2 0.1 0.07
Pyrene 129-00-0 0.24 R3 BTAG MA 0.08 0.2 0.1 0.08
Metals - 6010C 0
Aluminum 7429-90-5 87 R3 BTAG FW 0.53 100 20 19.3
Boron 7440-42-8 1.6 R3 BTAG FW 0.53 100 TBD 29.4
Lithium 7439-93-2 3.1 EPA RSL 1 TBD TBD TBD
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APPL, Inc.
Chemical / Analyte CAS Number TE;/I_P)%I)- R:fsenl'-e"r::s: @ l(Dp%I/-LG)‘ LOQ LOD DL
(HglL) (HglL) (HglL)

Zinc 7440-66-6 81 MDE WQS MA 27 50 5 23
Select Energetics - 8330B

2,4-DINITROTOLUENE 121-14-2 0.2 EPA RSL 0.07 0.5 0.3 0.125

2,6-DINITROTOLUENE 606-20-2 1.5 EPA RSL 0.5 0.5 0.3 0.125

HMX 2691-41-0 78 EPA RSL 26 0.5 0.3 0.115

TETRYL 479-45-8 6.3 EPA RSL 21 0.5 0.3 0.133

RDX 121-82-4 0.61 EPA RSL 0.2 0.5 0.3 0.123

NITROGLYCERIN 55-63-0 0.15 EPA RSL 0.05 0.5 0.3 0.13
Oxidizer

PERCHLORATE- Method 6850 14797-73-0 1.1 EPA RSL 0.4 0.6 0.4 0.2
Miscellaneous

Total Hardness NA NA NA NA NA NA NA
Notes:

Bold rows indicate that the Project Screening Limit (PSL) and/or Project Action Limit (PAL) is between the laboratory LOQ and the LOD.
Bold and shaded rows indicate that the PSL/PAL is less than the LOD.
1. Selected PSL/PAL is the lowest (most conservative) of the evaluated PALs. 2. Project Quantitation Limit Goal (PQLG) is set at 1/3 the PSL/PAL.
CAS - Chemical Abstract Service pg/L — micrograms per Liter  LOQ — Limit of Quantitation LOD - Limit of Detection DL —Detection Limit
HMX - His/Her Majesty's Explosive (Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) RDX - Royal Demolition Explosive (Hexahydro-1,3,5-trinitro-1,3,5-triazine)
PAL References (may be updated appropriately at time of data evaluation / RI Report preparation):
e  EPARSL - EPA (May 2012) tap water RSL. RSLs based on non-carcinogenic effects have been divided by 10 to account for exposure to multiple constituents. The residential screening
level for carcinogens (not adjusted) is equivalent to an incremental lifetime cancer risk (ILCR) of 1x10-.
. MDE WQS - Maryland Department of the Environment Water Quality Standards, Chronic value (MDE, 2010)
. R3 BTAG - EPA Region 3 Biological Technical Assistance Group (EPA, 2006a,b); MA- Marine, FW- Freshwater
. MDE SW Std. - COMAR 26.08.02.03-2 Numerical Criteria for Toxic Substances in Surface Waters, Maryland Department of the Environment Water Quality Standards, human health
consumption, organism only.
. EPA SQB - EPA Sediment Quality Benchmarks: PAH Mixtures (EPA, 2003)
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Project-Specific Tier 2 SAP
Revision: 2
Date: July 2013

Remedial Investigation
Site 67 (Hog-Out Facility)
NSF Indian Head, Maryland

10 ANALYTICAL SOP REFERENCES

(UFP-QAPP Manual Section 3.2.1 and UFP-QAPP Workbook WS #23)

Laboratory point of contact, e-mail address, and phone number: Cynthia Clark, cclark@applinc.com, 559-275-2175
Address: APPL Inc. | 908 N. Temperance Ave. | Clovis, CA 93611
Data Package Turnaround Time: 21 days

Tentative Sampling Dates: Winter 2012 (TBD)

Microbial Analysis: Anita Biernacki, abiernacki@microbe.com, 865.573.8188 ext 108

Address: Microbial Insights, Inc. | 2340 Stock Creek Blvd. | Rockford, TN 37853-3044

Data Package Turnaround Time: 21 days
Tentative Sampling Dates: Winter 2012 (TBD)

Lab SOP Title. Revision Date. and / or Definitive or Organization Variance Modified for
Number ’ Number ’ Screening Matrix and Analytical Group Instrument Performing to QSM? Project
Data Analysis Y/N Work? @
ANA8270 Polynuclear Aromatic Definitive Soil, Sediment, Surface water, Gas APPL Inc. N N
DSIM Hydrocarbons by SIM, Rev. 2, Groundwater, and Aqueous QC Chromatography/Mass
2/2011 samples/ Phthalates and PAHs Spectrometry (GC-MS)
SEPO004 625/8270 Separatory Funnel Definitive Surface water, Groundwater, and NA APPL Inc. NA N
Extraction; Rev. 19; 06/2011 Aqueous QC samples/ Phthalates and
PAHs Extraction
SONO009 BNA, SIM, PAH 8270 Definitive Soil and Sediment/ Phthalates and NA APPL Inc. NA N
Sonication; Rev. 7; 10/2011 PAHs
HPL8330 Explosives by EPA 8330A & Definitive Soil, Sediment, Surface water, High Performance Liquid APPL Inc. N N
8330B, Rev 0, 10/2011 Groundwater, and Aqueous QC Chromatography — Ultra
samples/Energetics Violet detector (HPLC-
uv)
MWE3535 | Extraction of Explosives by Definitive Surface water, Groundwater, and NA APPL Inc. NA N
Method 3535A; Rev. 11; Aqueous QC samples/ Energetics
07/2011 Extraction
MSEO018 Mechanical orbital shaker Definitive Soil and Sediment/ Energetics NA APPL Inc. NA N
extraction for solid explosive Extraction
samples by method 8330; Rev.
17; 07/2011
HPL6850 Perchlorate by EPA 6850,Rev. Definitive Soil, Sediment, Surface water, HPLC APPL Inc. N N
12, 05/2011 Groundwater, and Aqueous QC
samples/Perchlorate
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10. ANALYTICAL SOP REFERENCEs

Lab SOP Title. Revision Date. and / or Definitive or Organization Variance Modified for
Number ’ Number ’ Screening Matrix and Analytical Group Instrument Performing to QSM? Project
Data Analysis YIN Work?
ANAG6020 ICP-MS by Method 6020; Rev. Definitive Soil, Sediment, Surface water, Inductively Coupled APPL Inc. N N
0; 10/2011 Groundwater, and Aqueous QC Plasma/Mass
samples/Metals Spectrometry (ICP/MS)
PRE3010 Digestion of Aqueous Samples Definitive Surface water, Groundwater, and NA APPL Inc. NA N
A by EPA Method 3010A; Rev. Aqueous QC samples/ Metals
8; 07/2011 Digestion
PRE3050 Digestion of Soils by EPA Definitive Soil and Sediment/ Metals Digestion NA APPL Inc. NA N
B Method 3050B; Rev. 13;
07/2011
ANA300.0 Inorganic Anion, EPA Method Definitive Groundwater: Anions (nitrate, nitrite, lon Chromatography (IC) APPL Inc. N N
300.0; Rev. 19; 04/2011 chloride and sulfate)
ANA353.2 TOXN, NO2-N, NO3-N, EPA Definitive Groundwater: Nitrate/Nitrite IC APPL Inc. N N
Method 353.2; Rev. 0; 10/2011
ANAWAL TOC in soil by Walkley-Black, Definitive Soil and Sediment: TOC NA APPL Inc. NA N
KLEY modified; Rev. 1; 06/2011
ANA9060 TOC, EPA Method 9060; Rev. Definitive Groundwater: TOC APPL Inc. NA N
A 8; 10/2011
ANARSK- Dissolved gas analysis in Definitive Groundwater: Dissolved Methane GC APPL Inc. NA N
175 water by headspace GC; Rev.
3; 10/2011
MI SOP- Extraction of DNA from Screening Groundwater/DNA Extraction Incubator Microbial NA N
DNA EXT Environmental Samples Insights
(matrix-water, soil, biofilm, bio-
Sep beads) (Revision 1,
01/05/06)
MI SOP- Quantitative Polymerase Chain Screening Groundwater/ gPCR Applied Biosystems Microbial NA N
DNA Reaction (qQPCR) (Revision 1, Insights
gqPCR 01/05/06)

Notes:
Lab Accreditation or Certification requirements for the work of this project have been verified. Copies are provided in Appendix C.
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Project-Specific Tier 2 SAP
Revision: 2
Date: July 2013

Remedial Investigation
Site 67 (Hog-Out Facility)
NSF Indian Head, Maryland

11 LABORATORY QC SAMPLES TABLE

(UFP-QAPP Manual Section 3.4 and UFP-QAPP Workbook WS #28)

Matrix: Soil, Sediment, Groundwater, Surface water, and Aqueous QC Blanks
Analytical Group: Phthalates and PAHs
Analytical Method/SOP Reference: SW-846 8270D, 8270D SIM / ANA8270DSIM-

Person(s)
QC Sample Frequency / Number Method / SOB Q_C Acceptance Corrective Action Responsible DQl MPC
Limits for CA
Method Blank One per preparation No target compounds should be > | (1) Investigate source of contamination. Analyst, Bias / Same as QC
batch of twenty or fewer | %2 the LOQ except common lab (2) Re-prepare and analyze method blank Supervisor Contamination Acceptance
samples of similar contaminants, which should be, and all samples processed with the Limits.
matrix. no target compounds should be > contaminated blank.
the LOQ.
Surrogates 6 per sample (scan): %Rs must meet the DoD QSM (1) Check chromatogram for interference; if | Analyst, Accuracy / Bias Same as QC
2-Fluorophenol Version 4.2 limits as per found, then flag data. Supervisor Acceptance
Phenol-d6 Appendix G. (2) If not found, then check instrument Limits.
Nitrobenzene-d5 SIM surrogate recoveries with in performance; if problem is found, then
o.Fl biohenvl laboratory control limits. correct and reanalyze.
) uorq tpheny (3) If still out, then re-extract and analyze
2,4,6-Tribromophenol sample.
Terphenyl-d14 (4) If reanalysis is out, then flag data.
3 per sample (SIM)
2-Fluorbiphenyl,
Terphenyl-d14,
Nitrobenzene-D5
LCS One per batch of 20 or %Rs must meet the DoD QSM Correct problem, then re-prepare and Analyst, Precision / Same as QC
less. Version 4.2 limits as per reanalyze the LCS and all samples in the Supervisor Accuracy / Bias Acceptance
Appendix G. associated preparatory batch for failed Limits.
RPD must be < 30% (for analytes, if sufficient sample material is
LCS/LCSD, if LCSD is available
performed).
In-house statistical laboratory Contact Client if samples cannot be
limits are used when DoD QSM v. reanalyzed within hold time.
4.2 does not specify.
IS Six per sample — Retention times for internal Reanalyze affected samples. Analyst, Precision / Same as QC
1,4-Dichlorobenzene-d4 | standards must be + 30 seconds Supervisor Accuracy / Bias | Acceptance
i and the responses within -50% to Limits.
Naphthalene-dg +100% of last calibration
Acenaphthene-d10 verification (12 hours) for each IS.
Phenanthrene-d10
Chrysene-d12
Perylene-d12
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11. LABORATORY QC SAMPLEs

Person(s
QC Sample Frequency / Number Method / Sof. Q? Acceptance Corrective Action Respons(ib)le Dal MPC
imits for CA
MS/MSD One per SDG or every %Rs should meet the DoD QSM Corrective Action will not be taken for Analyst, Precision/Accur | Same as QC
20 samples. Version 4.2 limits as per samples when recoveries are outside limits | Supervisor acy/ Bias Acceptance
Appendix G. and surrogate and LCS criteria are met. Limits.
RPD should be < 30%. If both the LCS and MS/MSD are
In-house statistical laboratory unacceptable re-prepare the samples and
limits are used when DoD QSMv. | QC.
4.1 does not specify.
Results between NA Apply “J” qualifier to results NA Analyst, Accuracy Same as QC
DL and LOQ between DL and LOQ. Supervisor Acceptance
Limits.
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Project-Specific Tier 2 SAP
Revision: 2
Date: July 2013

Remedial Investigation
Site 67 (Hog-Out Facility)
NSF Indian Head, Maryland

Matrix: Soil, Sediment, Groundwater, Surface water, and Aqueous QC Blanks

Analytical Group: Energetics
Analytical Method/SOP Reference: SW-846 8330B / HPL8330

QC Sample Frequency / Number Method / SOP Corrective Action Re:e;::inb(lse) for Dal MPC
P q y QC Acceptance Limits P CA

Method Blank One per preparation All target analytes must be | (1) Investigate source of contamination. Analyst, Supervisor Contamination / Same as
batch of 20 or fewer <% LOoQ. (2) Re-prepare and analyze method blank Bias Method/SOP QC
samples of similar and all samples processed with the Acceptance
matrix. contaminated blank. Limits.

(3) Qualify results if re-extraction/re-analysis
not feasible.

Soil sample At the subsampling The %RSD for results Corrective action must be taken if this is Analyst, Supervisor Accuracy / Bias Same as QC

triplicate step, one sample per above the LOQ must not not met. The grinding process must be Precision Acceptance Limits
batch. exceed 20%. investigated to make sure the samples are

being reduced to the appropriate particle
size.

LCS One per preparatory %Rs must meet the DoD Correct problem, then re-prepare and Analyst, Supervisor Accuracy / Bias Same as
batch of 20 or fewer QSM Version 4.2 limits as reanalyze the LCS and all samples in the Method/SOP QC
samples of similar per Appendix G of the DoD | associated preparatory batch for failed Acceptance
matrix. QSM. analytes, if sufficient sample material is Limits.

available.
Contact Client if samples cannot be
reanalyzed within hold time.

MS/MSD One per preparatory %Rs must meet the DoD Corrective action will not be taken for Analyst, Supervisor Accuracy / Same as
batch of 20 or fewer QSM Version 4.2 limits as samples when recoveries are outside limits Precision Method/SOP QC
samples of similar per Appendix G of the DoD | and surrogate and LCS criteria are met, Acceptance
matrix. QSM. unless RPDs indicate obvious extraction/ Limits.

The RPD between MS and | analysis difficulties, then re-prepare and
MSD should be < 30%. reanalyze MS/MSD.

Surrogate Spikes All field and QC %Rs must meet the DoD If surrogate recovery falls outside Analyst, Supervisor Accuracy / Bias Same as
samples - one per QSM Version 4.2 limits as acceptance criteria, the sample should be Method/SOP QC
sample. One surrogate per Appendix G of the DoD | re-extracted and re-analyzed. Acceptance
added: 1,2- QSM. Limits.
Dinitrobenzene

Second Column All positive results must | RPD must be <40% from None. Apply flag if RPD >40% and discuss Analyst, Supervisor Presence / Same as

Confirmation be confirmed. primary concentration. in the case narrative. Precision Method/SOP QC

Acceptance
Limits.
Results between DL | NA. Apply “J” qualifier to results | NA Analyst, Supervisor Accuracy Same as QC
and LOQ detected between DL and Acceptance
LOQ. Limits.
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11. LABORATORY QC SAMPLEs

Matrix: Groundwater, and Aqueous QC Blanks
Analytical Group: Nitrate/Nitrite
Analytical Method/SOP Reference: EPA 353.2 / ANA353.2

QC Sample Frequency / Number Method / SOP Corrective Action Re:e;::inb(lse) for Dal MPC
P q y QC Acceptance Limits P CA
Method Blank One per batch of up to Analyte concentration must | Correct problem, re-prepare and reanalyze Analyst, Supervisor Contamination / Same as QC
20 samples be <% LOAQ. along with associated samples. Bias Acceptance
Limits.
LCS One per batch of up to %R must be within 90- Correct problem, re-prepare, and reanalyze Analyst, Supervisor Accuracy / Bias Same as QC
20 samples 110%. along with associated samples. Acceptance
Limits.
MS/MSD One set is performed %R must be between 80- Failure to meet the control limits shall be Analyst, Supervisor Precision / Same as
for each batch of up to 120%, discussed in the case narrative. Accuracy Method/SOP QC
10 samples of the MS/MSD %RPD must be If both the LCS and MS are unacceptable, Acceptance
same matrix. <20%. all associated samples must be re-analyzed. Limits.
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Revision: 2
Date: July 2013

Matrix: Soil, Sediment, Surface water, Groundwater, and Aqueous QC Blanks
Analytical Group: Metals

Analytical Method/SOP Reference: SW-846 6020A/ ANA6020

QC Sample Frequency / Number Method / SOP Corrective Action Re:egz:;‘tflfe)for DQl MPC
P 9 y QC Acceptance Limits P CA

Method Blank One per preparatory All target analytes must be Re-analyze to confirm the positive value. Analyst, Bias / Same as QC
batch of 20 or fewer <% LOQ. Notify the PM for further action. Re- Supervisor Contamination Acceptance Limits
samples of similar prepare the samples associated with the
matrix Blank. Noncompliance report will be

required for data reported.
IS (applies to SW- Every sample. For each sample, IS Reanalyze affected samples. Analyst, Precision Same as QC
846 6020A only) intensity must be within 30- Supervisor Acceptance
120% of that of initial Limits.
calibration standard.

LCS One per preparatory %R must be within 80- Evaluate and reanalyze, if possible. If the Analyst, Accuracy / Bias Same as QC
batch of 20 or fewer 120%. LCS recoveries are high, but the sample Supervisor Acceptance Limits
samples of similar results are < LOQ, then narrate.
matrix Otherwise, re-digest and reanalyze all

associated samples for failed target
analyte(s).

MS One per preparatory %R should be within 80- Flag results for affected analytes for all Analyst, Accuracy / Bias Same as QC
batch of 20 or fewer 120% (if sample is < 4x associated samples with “N”. Supervisor Acceptance Limits
samples of similar spike added).
matrix

Sample One per preparatory The RPD should be < 20% Narrate any results that are outside control Analyst, Precision Same as QC

Duplicate batch of 20 or fewer for duplicate samples for limits. Supervisor Acceptance Limits
samples of similar both water and soils.
matrix

Serial Dilution One per preparatory The 5-fold dilution result Perform post-spike addition. Analyst, Accuracy / Bias Same as QC
batch with sample must agree within £10%D Supervisor Acceptance Limits
concentration(s) >50x of the original sample
LOD result if result is >50x LOD.

Post Digestion One is performed when | The %R must be within 75- | Flag results for affected analytes for all Analyst, Accuracy / Bias Same as QC

Spike (does not serial dilution fails or 125% of expected value to associated samples with “J”. Supervisor Acceptance Limits

apply to mercury) target analyte verify the absence of an
concentration(s) in all interference. Spike
samples are < 50x LOD | addition should produce a

concentration of 10-100x
LOQ.

Results between Not known at this time Apply “J” qualifier to results | None Analyst, Accuracy Same as QC

DL and LOQ between DL and LOQ. Supervisor Acceptance Limits
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11. LABORATORY QC SAMPLEs

Matrix: Groundwater, and Aqueous QC Blanks
Analytical Group: Anions
Analytical Method/SOP Reference: EPA 300.0 / ANA300.0

QC Sample Frequency / Number Method / SOP Corrective Action Re:ec:::?b(lse)for DQl MPC
P 9 y QC Acceptance Limits P CA
Method Blank One per batch of up to Analyte concentration must | Correct problem, re-prepare and reanalyze Analyst, Contamination Same as QC
20 samples be <2 LOAQ. along with associated samples. Supervisor /Bias Acceptance
Limits.
LCS One per batch of up to %R must be within 90- Correct problem, re-prepare, and reanalyze | Analyst, Accuracy/Bias Same as QC
20 samples 110%. along with associated samples. Supervisor Acceptance
Limits.
MS/MSD One set is performed %R must be between 80- Failure to meet the control limits shall be Analyst, Precision / Same as
for each batch of up to 120%, discussed in the case narrative. Supervisor Accuracy Method/SOP QC
10 samples of the same | MS/MSD %RPD must be If both the LCS and MS are unacceptable, Acceptance
matrix. <20%. all associated samples must be re- Limits.
analyzed.
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Remedial Investigation Project-Specific Tier 2 SAP
Site 67 (Hog-Out Facility) Revision: 2
NSF Indian Head, Maryland Date: July 2013

Matrix: Soil, Groundwater, and Aqueous QC Blanks
Analytical Group: TOC
Analytical Method/SOP Reference: Walkley Black and SW846 Method 9060 / ANA9060A & ANAWALKLEY

Person(s)
QC Sample Frequency / Number Mathod / SOP. . Corrective Action Responsible Dal MPC
QC Acceptance Limits for CA
One per preparatory Correct problem, re-prepare and Analyst, . Same as QC
Method Blank batch of 20 or fewer Tr]e target analyte must be reanalyze along with associated Supervisor Bias/ N Acceptance
<% LOQ. Contamination L
samples samples. Limits
Lcs Sne per preparatory %R must be within 80- Correct problem, re-prepare, and Analyst_, _ Same as QC
atch of 20 or fewer o reanalyze along with associated Supervisor Accuracy/ Bias Acceptance
120% of true value. e
samples samples. Limits
One per preparatory %R should be within 80- Analyst, Accuracy/ Bias/ Same as QC
MS/MSD batch of 20 or fewer 120% of true value. Contact client for guidance. Supervisor Precisi Y Acceptance
i recision e
samples per matrix RPD should be < 20%. Limits
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11. LABORATORY QC SAMPLEs

Matrix: Groundwater, and Aqueous QC Blanks

Analytical Group: Dissolved Methane

Analytical Method/SOP Reference: RSK SOP 175/ ANARSK-175

Person(s)
QC Sample Frequency / Number Mathod / SOP. . Corrective Action Responsible DQl MPC
QC Acceptance Limits
for CA
Method Blank One per batch of up to Analyte concentration must | Correct problem, re-prepare and Analyst, Contamination Same as QC
20 samples be <2 LOQ. reanalyze along with associated Supervisor /Bias Acceptance
samples. Limits.
LCS One per batch of up to %R must be within 80- Correct problem, re-prepare, and Analyst, Accuracy/Bias Same as QC
20 samples 120% of the expected reanalyze along with associated Supervisor Acceptance
value. samples. Limits.
MS/MSD One per batch of up to %R should be within Contact client for guidance. Analyst, Accuracy/Bias/P | Same as QC
20 samples 75-125% of the Supervisor recision Acceptance
expected value. Limits.
RPD < 20%
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Remedial Investigation
Site 67 (Hog-Out Facility)

NSF Indian Head, Maryland

Project-Specific Tier 2 SAP

Revision: 2

Date: July 2013

12 DATA VERIFCATION AND VALIDATION (STEPS | AND lla/llb) PROCESS TABLE

(UFP-QAPP Manual Section 5.2.1, Section 5.2.2, Table 9, and Figure 37; and UFP-QAPP Workbook WS #34, #35, and #36)

. N Responsible Internal/
Data Review Input Description for Vgrification External
The Tt FOL or designee will review and sign the CoC form to verify that all
samples listed are included in the shipment to the laboratory and the sample
Chain of Custod information is accurate. The forms will be signed by the sampler and a copy Samoler and
(CoC) Forms y will be retained for the project file, the Tt PM, and the Tt Data Validators. The Tt FOL th Internal
FOL or designee will review the chain-of-custody form to verify that all samples ’
listed in the SAP have been collected. All deviations should be documented in
the report.
1. The Laboratory Sample Custodian will review the sample shipment for 1se-‘rlr_]albeoratory
completeness and integrity, and sign accepting the shipment. Custgdian
CoC Forms 2. The Tt Data Validators will check that the chain-of-custody form was signed APPL External
and dated by the Tt FOL or designee relinquishing the samples and also by the > _Data
Laboratory Sample Custodian receiving the samples for analyses. Validators, Tt
Ensure that the custody and integrity of the samples was maintained from
collection to analysis and the custody records are complete and any deviations
are recorded. Review that the samples were shipped and stored at the Data Validators,
CoC Forms and SAP . ) o . External
required temperature and preservation conditions for chemically-preserved Tt
samples meet the requirements listed in the SAP. Ensure that the analyses
were performed within the holding times listed in the SAP.
Verify that information recorded in the log sheets is accurate and complete.
Samole Log Sheets Verify that samples were correctly identified, that sampling location coordinates
P 9 ’ are accurate, and that documentation establishes an unbroken trail of
CoC Forms, SAP, | 4 d chain-of-custody f le collecti i PM, FOL
and Laboratory ocymente chain-of-custos ly from sample co ection to report generatlor\. , , or Internal
samole login Verify that the correct sampling and analytical methods/SOPs were applied. designee, Tt
p alr Verify that the sampling plan was implemented and carried out as written and
documentation - . S )
that any deviations are documented. Document any discrepancies in the final
report.
Ensure that all laboratory SOPs were followed. Verify that the correct analytical
SAP, Analytical methods/SOPs were applied. Establish that all method QC samples were Laborator
s, and Analytical | analyzed and in control as listed in the analytica s. If metho is notin nterna
SOP d Analytical lyzed and i trol as listed in th lytical SOPs. If method QA i ti QAM APgL Int |
Data Packages control, the Laboratory QAM will contact the Tt PM verbally or via e-mail for ’
guidance prior to report preparation.
SAP/ CoC Forms Check that all field QC samples determined necessary were collected as FOL or Internal
required. designee, Tt
Analytical Data Verify all analytical data packages for completeness. The Laboratory QAM will Laboratory Internal
Package sign the case narrative for each data package. QAM, APPL
Check each EDD against the chain-of-custody and hard copy data package for
. accuracy and completeness. Compare laboratory analytical results to the
Electronic Data ! . .
Deli electronic analytical results to verify accuracy. Evaluate sample results for .
eliverables (EDDs)/ o . A ; Data Validators,
. laboratory contamination and qualify false detections using the laboratory External
Analytical Data thod/ tion blank i lify analyt trations bet Tt
Packages method/preparation blank summaries. Qualify analyte concentrations etween
the DL and the LOQ as estimated. Remove extraneous laboratory qualifiers
from the validation qualifier.
Analytical Data Verify each data package for completeness. Request missing information from | Data Validators, External
Package the Laboratory PM. Tt
SAP/ Laborator Ensure that the laboratory QC samples were analyzed and that the MPCs listed
y in were met for all field samples and QC analyses. Check that specified field Data Validators,
Data Packages/ External
9 QC samples were collected and analyzed and that the analytical QC criteria set | Tt
EDDs
up for this project were met.
Check the field sampling precision by calculating RPDs for field duplicate
SAP/ Laboratory samples. Check laboratory precision by reviewing the RPD or percent Data Validators
Data Packages/ difference values from laboratory duplicate analyses; MS/MSDs; and ’ External
g ry dup Yy Tt
EDDs LCS/LCSD, if available. Ensure compliance with the methods and project
MPCs accuracy goals listed in the SAP.
SAP/ Laboratory Check that the laboratory recorded the temperature at sample receipt and the Data Validators
Data Packages/ H of samples preserved with acid or base to ensure sample integrity from ’ External
g p ples p p grity Tt
EDDs sample collection to analysis.
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12. DATA VERIFICATION AND VALIDATION PROCESS TABLE

. _ Responsible Internal/
Data Review Input Description for Verification External
Review the chain-of-custody forms generated in the field to ensure that the
required analytical samples have been collected, appropriate sample
SAP/ Laboratory identifications have been used, and correct analytical methods have been Data Validators
Data Packages/ applied. The Tt Data Validator will verify that elements of the data package Tt ’ External
EDDs required for validation are present, and if not, the laboratory will be contacted
and the missing information will be requested. Check that all data have been
transferred correctly and completely to the Tt SQL database.
SAP/ Laboratory Data Validators
Data Packages/ Ensure that the project LOQs listed in SAP were achieved. Tt '’ | External
EDDs
Discuss the impact on DLs that are elevated because of matrix interferences.
SAP/ Laboratory Be especially cognizant of and evaluate the impact of sample dilutions on low-
D concentration analytes when the dilution was performed because of the high Data Validators,
ata Packages/ . . . " External
EDDs _concentrat_lon of one or more oth_er contaminants. Document this usability Tt
issue and inform the Tt PM. Review and add PALs to the laboratory EDDs.
Flag samples and notify the Tt PM of samples that exceed PALs listed in SAP.
Ensure that all QC samples specified in the SAP were collected and analyzed
SAP/ Laboratory and that the associated results were within prescribed SAP acceptance limits. Data Validators
Data Packages/ Ensure that QC samples and standards prescribed in analytical SOPs were Tt '’ | External
EDDs analyzed and within the prescribed control limits. If any significant QC
deviations occur, the Laboratory QAM shall have contacted the Tt PM.
Summarize deviations from methods, procedures, or contracts in the Data
Validation Report. Determine the impact of any deviation from sampling or
analytical methods and SOPs requirements and matrix interferences effect on
SAP/ Laboratory the analytical results. Qualify data results based on method or QC deviation Data Validators
Data Packages/ and explain all the data qualifications. Print a copy of qualified data stored the Tt ’ External
EDDs project database to depict data qualifiers and data qualifier codes that
summarize the reason for data qualifications. Determine if the data met the
MPCs and determine the impact of any deviations on the technical usability of
the data.
gﬂtr)f:gffaacnedSoil Validation will be performed using criteria for SW-846 Methods 8270D, 8270D
G ’ SIM, 6850 and 8330B listed in this SAP and the current DoD QSM. The logic .
roundwater and . ; : . Data Validators,
Surface Water- out_llne_d in USEPA Cpntract Labqratory Program National Functional Tt External
SVOCs. PAHs Guidelines for Organic Data Review USEPA-540/R-99-008, (USEPA, October
. ’ 1999) will be used to apply qualifiers to data to the extent possible.
Energetics
g
Surface and Validation will be performed using criteria for SW-846 Method 6020A listed in
Subsurface Saill, this SAP and the current DoD QSM. The logic outlined in USEPA Contract Data Validators
Groundwater and Laboratory Program National Functional Guidelines for Inorganic Data ’ External

Tt

Surface Water — Review (USEPA, October 2004) will be used to apply qualifiers to data to the
Metals extent possible.
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Remedial Investigation Project-Specific Tier 2 SAP
Site 67 (Hog-Out Facility) Revision: 2
NSF Indian Head, Maryland Date: July 2013

12.1 Validation Summary

Data Validator

Analytical Group Validation Criteria (title and organizational affiliation)
PAHSs, Phthalates, Full validation will be performed using criteria for SW- Data Validation Specialist, Tt
Energetics and 846 Methods 8270D SIM, 8330B and 6850 listed in this
Perchlorate SAP and the current DoD QSM. The logic outlined in

the Region 3 Modifications to the National Functional
Guidelines for Organic Data Review (USEPA, 1994)
should be used to apply qualifiers to data.

Metals Full validation will be performed using criteria for SW- Data Validation Specialist, Tt
846 Method 6020A/7470A/7471B listed in this SAP and
the current DoD QSM. The logic outlined in the Region
3 Modifications to the Laboratory Data Validation
Functional Guidelines for Evaluating Inorganic Analyses
(USEPA, 1993) should be used to apply qualifiers to

data.
TOC, Anions, Validation will be performed using the method specific Data Validation Specialist, Tt
Dissolved Methane, criteria listed in this SAP and the current DOD QSM to
Nitrate/Nitrite the extent possible will be used.

Full data validation is defined as in-depth examination of data to check for adherence to method
requirements, technical quality, analyte identification, and result quantitation. It is conducted to support risk
assessments and to propose No Further Action scenarios. A formal report is prepared which details technical
findings, presents qualified analytical data and results as reported by the laboratory prior to validation, and
includes laboratory quality control summaries and calculation verifications as supporting documentation. IDW
and Microbial analyses will not be validated.
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DATE:

TO:

FROM:

TECHNICAL MEMORANDUM
March 25, 2011
Indian Head Installation Restoration Team

Tetra Tech NUS, Inc.

SUBJECT:  Final Desktop Audit

Summary of Perchlorate at Site 67 — Hog-Out Facility
Naval Support Facility Indian Head (NSF-IH), Indian Head, MD
CLEAN Contract No. N62470-08-D-1001, Contract Task Order JU11

INTRODUCTION

This technical memorandum (tech memo) summarizes the following activities and documents for
Site 67 — Hot-Out Facility at NSF-IH in Indian Head, MD. The tech memo also serves to provide general
information and discussion on perchlorate contamination and the site, and suggest a path forward.

Activity: 2002 Pilot Test.
Document: Naval Ordnance Safety and Security Activity (NOSSA) (2004) Field Demonstration
of In Situ Perchlorate Bioremediation at Building 1419.

Activity: 2006 Technology Demonstration Plan.

Document:  Environmental Security Technology Certification Program (ESTCP) (2006a)
Evaluation of Potential for Monitored Natural Attenuation of Perchlorate in Groundwater:
Technology Demonstration Plan for Building 1419 Site, Naval Surface Warfare Center, Indian
Head, MD.

Activity: 2008 Perchlorate Attenuation Guidance.
Document: ESTCP (2008) Natural Attenuation of Perchlorate in Groundwater: Processes,
Tools, and Monitoring Techniques.

SITE 67 — HOG-OUT FACILITY

Site 67 — Hog-Out Facility is located on the southeast side of NSF-IH bordering Mattawoman Creek
(Figure 1). The site is described as perchlorate-contaminated groundwater resulting from historical site
practices at Building 1419 (Figure 2), which consisted of cleaning out (hogging out) solid propellant from
various devices, including rockets and ejection seat motors (Tetra Tech, 2009). The 2-acre grassy site
contains a small drum storage building. Direct dumping of the hog-out wastewater occurred from the
1960s to the mid-1990s (Tetra Tech, 2009). Wastewaters at the site now are drummed and disposed
appropriately (NSF-IH, 2006).



PERCHLORATE

Perchlorate (CIO,) is composed of a chloride atom bonded to four oxygen atoms.
Perchlorate is usually found as the anion component of a salt and is released when
the solid salts of ammonium (NH4CIO,), sodium (NaClO,), or potassium perchlorate
(KCIO,) and perchloric acid (HCIO,) dissolve in water (ESTCP, 2008; Motzer, 2001).
Perchlorate has been manufactured since the 1890s and is most commonly found as

a manufactured compound (ITRC [Interstate Technology and Regulatory Council], _

. . S . Perchlorate Anion
2005). Ammonium perchlorate is used as an oxidizing agent for solid propellant (ITRC, 2005)
rockets and missiles. Other common uses for perchlorate are shown below (ITRC,
2005). Considering these uses, other contaminants typically are found with perchlorate such as volatile
organic compounds (VOCs), halogenated solvents, explosive compounds (e.g., trinitrotoluene [TNT];
hexahydro-1,3,5-trinitro-1,3,5-trizine [RDX]; and octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine [HMX]),
nitrate, and sulfate (ESTCP, 2008; ITRC, 2002). Other contaminants may originate from specific types of
rocket motors (e.g., polycyclic aromatic hydrocarbons [PAHs] from jet-assisted takeoff [JATO] motors)
(Maryland Department of Environment [MDE], 2010).

Chemical and Electrical Uses Explosive and Propellant Uses Miscellaneous Uses
cathodic protection systems military devices steel plate bonding
brine separation geoseismic devices Li-ion batteries
chlorate/chlorite chemical cutter enamel paints
manufacturing ordnance fertilizer
cloud seeding tracer bullets laundry bleach
dielectric for transformers solid rocket motor pharmaceutical
electroplating rocket motor diagnosis/treatment
airbags pool sanitizer
ejection seats
fireworks

Perchlorate contamination in soil and groundwater primarily results from the production of the compound
for aerospace and military applications, the testing of rockets and munitions, and the periodic removal
and replacement of solid fuels in rockets (Strategic Environmental Research and Development Program
[SERDP], 2002). The removal and replacement procedure, referred to as hog-out, is required periodically
because solid perchlorate fuels have a limited usable life. Solid propellant is initially washed from the
casing using high-pressure water, then the solid fuel is replaced or the casing is discarded. The improper
disposal of this wastewater, which contains high concentrations of perchlorate and other salts, as well as
the disposal techniques traditionally used during manufacturing and testing results in substantial
perchlorate contamination (SERDP, 2002). Perchlorate salts are highly soluble in water, dissociating
completely to perchlorate anions that are nonvolatile, highly mobile, and chemically stable in aqueous
systems (groundwater and surface water) under normal conditions. However, “solid perchlorate salts like
ammonium perchlorate and highly concentrated solutions of perchlorate, known as brine, can behave
similarly to dense non-aqueous phase liquid (DNAPL) when released into an aquifer system. As such,
the perchlorate tends to sink through the water column until the mass reaches a low permeability
confining layer (Motzer, 2001) where it persists causing secondary or recurring perchlorate contamination
(ITRC, 2002) (ESTCP, 2008).”



Perchlorate biodegradation occurs in a
somewhat similar manner as reductive
dechlorination,” but through a different
metabolic  mechanism. Indigenous
chlorate-reducing bacteria and associated
enzymes in the aquifer utilize a substrate
(electron donor) under favorable anaerobic
conditions to convert perchlorate to
chlorate, chlorite, and finally chloride
(SERDP, 2002; ESTCP, 2006b and

20060).2 From ESTCP (2006a): Perchlorate Biodegradation Pathway (ESTCP, 2006a)

Work by Coates et al. (1999), Chaudhuri et al. (2002), and Bender et al. (2002) indicates
that the Dechloromonas sp. and Dechlorosoma sp. represent the primary chlorate- and
perchlorate-reducing bacteria in the environment, but more than 30 different strains of
perchlorate-reducing microbes have been identified (EPA, 2005). The rate-limiting step
in the three-step degradation process is the conversion of perchlorate to chlorate by a
perchlorate reductase enzyme. Subsequent conversion of chlorate to chlorite is also
catalyzed by a perchlorate reductase enzyme. Chlorite removal by the chlorite dismutase
enzyme is the final step in perchlorate reduction.

Perchlorate respiration also is similar to denitrification, where bacteria utilize a substrate and reduce
nitrate as the terminal electron acceptor to nitrogen gas (SERDP, 2002). The other natural attenuation
mechanisms (advection, dispersion, diffusion, and sorption) also affect (i.e., decrease) perchlorate
concentrations.

2002 PILOT TEST

The perchlorate biodegradation field demonstration (pilot test) methodology and results are presented in
the NOSSA (2004) document. A brief summary of the previous SERDP-funded field and lab work in 2000
is introduced prior to the pilot study presentation.

2000 SERDP Study

The “2000 SERDP Study” included collecting sediments and groundwater from perchlorate-contaminated
aquifers at multiple facilities, including NSF-IH (samples were collected from Building 1190 and Building
1419 [Site 67]) (SERDP, 2002; NOSSA, 2004). The objective of the study was to “develop a biological
treatment technology for in situ remediation of perchlorate in subsurface environments.” Four key factors
were hypothesized to contribute to the persistence of perchlorate at various sites:

! The primary pathway for biodegradation of chlorinated volatile organic compounds (VOCs) occurs under anaerobic conditions via
reductive dechlorination. During this biotic process, the chlorinated VOCs are used as an electron acceptor by dechlorinating /
dehalogenating bacteria in the presence of a carbon source (electron donor), and a chlorine atom is removed and replaced with a
hydrogen atom (EPA, September 1998). If the bacteria are able to obtain metabolically useful energy from reductive dechlorination,
the process is also referred to as halorespiration (ESTCP, 2006c).

2 perchlorate biodegradation can occur under strict anaerobic conditions as well as facultative anaerobic conditions (ESTCP, 2006a
and 2006b). Facultative anaerobic microorganisms are capable of both aerobic respiration under low oxygen tension and
fermentation when anaerobic conditions prevail. This metabolic versatility suggests a variety of indigenous perchlorate-reducing
microbial populations exist.



e Absence of an appropriate substrate (electron donor) for growth of indigenous perchlorate-

degrading bacteria.

e Presence of alternative electron acceptors for bacterial respiration, including oxygen, nitrate, and

nitrite in groundwater.

e Lack of an indigenous population of bacteria capable of perchlorate reduction.

e Unfavorable environmental conditions for activity of indigenous perchlorate degraders.

The mixed sediment and groundwater aquifer samples were subjected
to microcosm studies. No perchlorate was detected in the Building
1190 samples (so perchlorate was added to these samples for the
studies), whereas perchlorate was detected at 45 milligrams per liter
(mg/L) (or 45,000 micrograms per liter [ug/L]) in the homogenized
samples from Building 1419. Various electron donors were tested for
efficacy. methanol, ethanol, acetate, benzoate, lactate, sucrose,
molasses, ethanol with yeast extract, hydrogen gas, and propane. A
specific enrichment culture (bacteria), Dechlorospirillum sp.,3 was also
inoculated into one sample. All samples were incubated at 15 degrees
Celsius (°C) and analyzed at 11, 20, 36, and 71 days for perchlorate
via U.S. Environmental Protection Agency (EPA) Method 314.0. The
tests showed perchlorate degradation in the Building 1090 samples,
but not in the Building 1419 samples, despite confirming the presence

Aquifer Microcosm (SERDP, 2002)

of active indigenous cultures (and one sample was inoculated with Dechlorospirillum sp.). It was
observed that the pH of the samples from Building 1190 was at 7, while the pH of the samples from

Building 1419 was at 4.3.

The study concluded that there may be a pH below which perchlorate biodegradation is physiologically
inhibited, or that some other geochemical factor (e.g., heavy metal toxicity or trace metal unavailability)
prevents perchlorate biodegradation at low pH. Once the Building 1419 samples were buffered in follow
up tests (pH was increased to 7), perchlorate degradation was observed. The overall results from the

2000 SERDP Study revealed the following:

1. Perchlorate-degrading bacteria are widely distributed in groundwater aquifers.

2. These organisms can be stimulated to biodegrade perchlorate under anoxic conditions using a
variety of different electron donors, although the most effective donors vary on a site-specific

basis.

3. Perchlorate biodegradation is inhibited in aquifers where the pH is naturally below approximately
5.5. However, the indigenous bacteria exist / can survive at the lower pH (prior to stimulation and

pH adjustment).

® This culture was isolated from a perchlorate fluidized bed treatment system in use in California at the time.




2002 NOSSA PILOT TEST

Based on the success of the 2000 SERDP Study, the NOSSA field-pilot demonstration proceeded at
Site 67 to evaluate the potential for in situ treatment of perchlorate in the shallow aquifer. Seventeen
Geoprobe® (i.e., direct push technology [DPT]) borings were installed in January 2002 to collect soil
lithology and groundwater samples approximately 300 feet (ft) upgradient of Mattawoman Creek. After
logging the soil, temporary wells were installed to collect groundwater samples. Six larger soil borings
also were installed in January through February 2002 to accommodate six new permanent groundwater
monitoring wells (locations were based on the perchlorate results from the DPT samples).

Building 1419

=

S \

[~
-

ASPHALT

LEGEND
& CEOPRODE BORMSG
4 WONTORBG WELL

January through February 2002 — DPT Locations, Monitoring Wells, and Cross-Section Transects

The site geology was described as follows in NOSSA (2004):

The top 2 to 4 ft of soil consisted of fill material including organic material, gravel, and
silty sand. The underlying 11 to 13 ft consisted of mottled light to olive brown clay to
sandy silts. The clay and sand fraction of the silts varied horizontally and vertically. Fine
grained sand seams 1 to 2 inches in thickness were seen in many of the boring locations,
but these seams were not continuous from boring to boring. At a depth of approximately
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15 ft below ground surface (bgs), a 1- to 1.5-ft-thick layer of sand and gravel was
encountered. This layer was found to be continuous throughout the area near the test
plot. The sand and gravel layer is underlain by a gray clay layer, which extends to a
depth of at least 20 ft bgs, the deepest extent of the [DPT and monitoring well] borings.

Interpretive cross-sections A-A’ and B-B’ are provided below from NOSSA (2004).
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Water level gauging was performed to determine water table conditions and surficial aquifer groundwater
flow at the site. Groundwater flow generally followed topography southeast toward Mattawoman Creek,
with an average hydraulic gradient of 0.023. Depth to the water table ranged from 6.5 to 10.3 ft bgs.
Slug tests were performed on three monitoring wells nearest the planned test plot area. Using the Bower-
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Rice unconfined aquifer method, the average hydraulic conductivity (K) was determined to be 0.012 ft per
minute.

A varying step pump test was performed for 12 hours with sustained pumping rates of 0.15 to 0.2 gallons
per minute (gpm). Based on the data, K estimates ranged from 0.011 to 0.044 ft per minute. Using a
hydraulic conductivity of 0.02 ft per minute and an assumed effective porosity of 25 percent, the
estimated groundwater velocity at the site is calculated at 970 feet per year. The pump test was followed
with an injection test, which showed the aquifer could receive 1.2 gpm at less than 3.5 pounds per square
inch (psi) pressure.

The groundwater samples from each of the 17 DPT temporary wells were analyzed for perchlorate,
nitrate, sulfate, pH, and dissolved oxygen (DO). Perchlorate concentrations ranged from less than (<) 2.5
(nondetect [ND]) to 430 mg/L, nitrate (as nitrogen) ranged from < 0.2 (ND) to 14 mg/L, sulfate ranged
from 56 to 280 mg/L, pH ranged from 4.2 to 8.1, and DO ranged from < 0.2 (ND) to 1.5 mg/L. The
highest perchlorate and nitrate concentrations occurred at GP-8, where no DO was detected and the pH
was 4.6.

The groundwater samples from each
of the six permanent monitoring wells
were analyzed for perchlorate, pH,
and DO. In the monitoring well
groundwater samples, perchlorate
ranged from 1.6 to 142 mg/L, pH
ranged from 4.1 to 6.8, and DO
ranged from 1.1 to 6.6. The highest
perchlorate concentration occurred at
monitoring well MW-6, where DO was
1.33 mg/L and pH was 5. The
combined perchlorate results showed
a shallow, narrow plume of
perchlorate.

CONGAETE

HICCK,
T
MAMMOLE
COVER

The results were used to design the
field demonstration. The objectives of
the demonstration were as follows:

1. Demonstrate that the aquifer

can be effectively buffered January through February 2002 Groundwater Perchlorate Distribution

using a mixture of carbonate
and bicarbonate.

2. Show that electron donor (lactate) can be effectively distributed throughout the contaminated
aquifer using a groundwater extraction-injection design.

3. Demonstrate that perchlorate and nitrate can be biodegraded in the buffered aquifer using lactate
as an electron donor, with minimal reduction of sulfate.

4. Quantify the time required for perchlorate biodegradation and the levels of degradation
achievable.
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5. Identify key design and operational factors that influence full-scale application of in situ
perchlorate bioremediation at this and other sites.

The test plot and control plot layouts of

Recovery/ ShalloW/Deep” ShalloW/Deep" Injection
I . . . . : Monitoring Wel Monitoring Wel
injection, extraction (for recirculation), Cxraction Pair Pair well

and monitoring wells were initially
determined using “a simple single-layer
numeric model,” which was calibrated
with the pump test data. The final
layout of each plot consisted of two
injection wells and two extraction wells
installed 12 ft apart in each of the plots,
with  two sets of shallow/deep

ENEITIRCTANA]

| ;lgr

monitoring wells installed between the
injection and extraction wells. The plots were set up 20 ft away from each other. The injection wells were
installed at the clay layer interface while the extraction wells were keyed 4 ft into the clay layer.
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Test Plot (TP) and Control Plot (CP) Recirculation Cell Layouts

Prior to the full-scale demonstration, a tracer test using sodium bromide was used to confirm the hydraulic
connectivity between the injection, extraction, and monitoring wells. The results confirmed connectivity
between all wells in the test plot where the buffer and electron donor were added to the aquifer.

During the full-scale demonstration, test plot water was amended with electron donor and buffer
periodically (approximately once per week) during the recirculation/reinjection process. Sixty percent (by
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weight) of food-grade sodium lactate syrup (neutral pH) was added along with 6.7 percent food-grade
sodium carbonate and/or sodium bicarbonate. The ratio of carbonate to bicarbonate varied throughout
the test. The pH and alkalinity of the test plot water were monitored throughout the study. By the end of
the test, a total of 58 kilograms (kg) of lactate (24 gallons of 60 percent lactate) was added to the aquifer
in the test plot.

Over 20,000 gallons of groundwater were recirculated through each plot during the demonstration (140 to
180 gallons per day through each cell). Excessive rainfall during the test caused elevated water table
conditions, which required an early system shut down at day 111 because the aquifer could not accept
the injected/recirculated material. Despite the early shut down, samples were still collected at day 140 to
complete the originally planned test duration.

Baseline groundwater samples were collected from the test plot and control plot monitoring wells at 10
weeks and 1 week prior to system startup. During system operation, samples were collected in the test
plot at 2, 3, 7, 10, 15, and 20 weeks, and from the control plot at 2, 7, 15, and 20 weeks. Each sample
was analyzed for pH and alkalinity, lactate, perchlorate, nitrate, and sulfate. Nitrate and sulfate levels
were monitored because nitrate reduction occurs prior to perchlorate reduction and sulfate reduction
occurs after perchlorate reduction. Thus, these parameters served as aquifer condition and reduction
indicators.

The pH and alkalinity increased throughout the test duration in the test plot due to the buffer addition.
There was no appreciable increase in these parameters in the control plot. Lactate samples in the test
plot demonstrated effective distribution of the electron donor: The sample data showed initial increases in
lactate concentrations followed by decreases as the aquifer biota consumed the lactate at increasing
rates.

Perchlorate concentrations within the test plot showed a steady decline throughout the demonstration,
decreasing by 95 percent to 99 percent in all but one well. The one well in question was thought to be
affected by groundwater flow patterns from outside the test plot area. There was “no consistent reduction
in perchlorate levels in any of the wells in the control plot during the demonstration period.” Further:

The data from the demonstration clearly show that the addition of buffer and electron
donor to the test plot stimulated the microbial reduction of perchlorate in the aquifer.
Losses of perchlorate to dilution or any other abiotic process would have been observed
in both plots.

It was stated that this particular study was one of the first successful field demonstrations of in situ
perchlorate bioremediation in a groundwater aquifer, the first conducted on the East Coast of the U.S.,
the first performed in an acidic aquifer, and the first to show perchlorate levels above 200 mg/L can be
treated in situ. NOSSA (2004) concluded that the acidic aquifer was effectively buffered using both
carbonate and bicarbonate, and that the recirculation cell design provided effective distribution of both
buffer and electron donor. The data from the demonstration suggested that in situ bioremediation is “a
viable option for perchlorate treatment in aquifers containing localized, high concentrations of the
oxidant... [including] source areas from hog-out operations, demolition and open burn areas, and other
regions where perchlorate or perchlorate-laden fuels are discharged.

2006 TECHNOLOGY DEMONSTRATION PLAN

The work plan and design for additional field studies and guidance development at Site 67 is presented in
the ESTCP (2006) Technology Demonstration Plan prepared by Solutions-IES. Site 67 was selected



from among several candidate sites for the demonstration after three levels of site evaluation were
conducted. The overall goals of the project were as follows:

1. Provide managers with the tools needed to evaluate whether monitored natural attenuation
(MNA) may be appropriate for management of perchlorate releases on their site(s).

2. Demonstrate to regulatory agencies that perchlorate MNA is effective for controlling adverse
impacts to the environment.

The project objectives were to evaluate MNA's efficacy at remediating perchlorate in groundwater, and to
evaluate innovative tools to determine if biodegradation is occurring and at what rates. That is, to
develop lines of evidence for MNA of perchlorate and to test these in the field to verify if they will be
adequate for use in a protocol. The following lines of evidence were defined for evaluation:

e Using existing and new monitoring wells, determine the horizontal and vertical distribution of
perchlorate and mass flux with distance.

e Observe changes in groundwater bio-geochemistry as supporting evidence for attenuation.

e Confirm and obtain additional microbiological evidence for the in situ activity of perchlorate-
degrading organisms using an analysis for chlorite dismutase® and in situ biodegradation study
results.

¢ |dentify changes in isotopic composition of perchlorate as an indicator of biodegradation.

To support development of the Technology Demonstration Plan, ESTCP collected groundwater samples
from existing monitoring wells at Site 67 in 2005, followed by the installation of seven new soil borings for
lithology collection and groundwater sampling from temporary monitoring wells. Site lithology and
groundwater flow was determined to be consistent with previous findings documented in NOSSA (2004).
In addition, specific capacity tests were performed on two existing monitoring wells. Groundwater sample
data did not clearly indicate a source area for the perchlorate release, but suggested that perchlorate was
discharging to the mudflat adjoining Mattawoman Creek in excess of 10 mg/L (10,000 pg/L). The mudflat
area, extending over 400 ft from the shoreline, submerged under 2 ft of water during high tide, and
exposed during low tide, would be the focus of the biodegradation study.

* The specificity of chlorite dismutase could be useful as an indicator of perchlorate biodegradation and, therefore, provide
supporting evidence for MNA of perchlorate.
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The study would consist of installation of approximately eight new shallow/deep monitoring well pairs
onsite, six new monitoring wells within the mudflat area, and a set of biocolumns (i.e., in situ columns to
estimate the biodegradation rate as perchlorate migrates upward through the surficial mudflat sediments
containing organic carbon) within the mudflat area. Specific capacity tests would be performed on all new
wells to obtain additional hydraulic conductivity data.

Soil samples would be collected from all borings advanced in the mudflats to be tested for total organic
carbon (TOC). Baseline and performance monitoring groundwater samples would be collected. All
groundwater samples would be tested for perchlorate, TOC, chloride, nitrate, sulfate, and methane. A
subset of the samples also would be tested for iron, manganese, ammonia, alkalinity, chlorite dismutase,
and a specific chloride isotope (“5°'CI").

2008 PERCHLORATE ATTENUATION GUIDANCE

Site 67 is presented as a case study in the ESTCP (2008) perchlorate attenuation guidance document
prepared by Solutions-IES.

GUIDANCE/PROTOCOL

The document discusses background information on MNA, perchlorate, and tools and techniques for
evaluating perchlorate attenuation (e.g., field and laboratory methods, geochemical and microbial
indicators, etc.). The document points out that as of 2008 (Nzengung et al., 2008):




The biodegradation pathways are well understood and the microorganisms involved in
perchlorate biodegradation are known, they can use a variety of different organic
substrates as electron donors, are relatively ubiquitous in soil and groundwater
environments, and function as strict or facultative anaerobes. This suggests that natural
attenuation of perchlorate should occur at many sites (Cooley et al., 2005), and that MNA
can be effective in managing the risks posed by perchlorate contamination of
groundwater under favorable conditions.

A three-tier approach for the assessment of natural attenuation of perchlorate is defined as follows
(similar to EPA [1999]):

e Tier 1 — Spatial and temporal distribution of perchlorate (plume stability and geometry,
shrinking plume, and reduction in concentrations).

e Tier 2 — Bio-geochemical conditions for perchlorate biodegradation (indicator parameters to
demonstrate favorable conditions—similar to evaluating favorable conditions for biodegradation of
chlorinated VOCs—pH near neutrality; no or low DO; negative oxidation-reduction potential
[ORP]; presence of available organic carbon [electron donor]; methane [reducing, methanogenic
conditions]; nitrate [denitrification conditions]; iron [reducing environment], and increasing
chloride).

e Tier 3 — Microbiological indicators of perchlorate biodegradation (similar to evaluating
biodegradation of chlorinated VOCs, but different daughter products [chlorate, chlorite, and
chloride], bacteria, and specific enzymes [perchlorate reductase and chlorite dismutase]).

SITE 67 CASE STUDY PRESENTATION

The case study for Site 67 is appended to the ESTCP (2008) guidance document. The case study
reviews the 2005 pre-demonstration results and presents the subsequent sampling results and findings.
The study confirmed general groundwater flow southeast through the site, and that groundwater flow
direction offsite varies daily and seasonally according to tide levels in Mattawoman Creek. At high tide,
water flows downward through the mudflat sediments into the aquifer, whereas at low tide, the
groundwater flows up through the “organic rich sediments before discharging to the surface as a series of
small springs and seeps.”

Perchlorate concentrations were measured as high as 93 mg/L near Building 1419 and over 10 mg/L at
the bank of the creek. However, concentrations decrease over 99 percent as groundwater migrates
upward through the mudflat sediments. Bio-geochemical conditions showed conducive conditions for
perchlorate biodegradation. Specifically, TOC and methane concentrations increase and ORP values
decrease as groundwater migrates upward through the mudflat sediments.

Both macrocosm (in situ) and microcosm (laboratory) studies were performed. The macrocosm results
showed 40 percent reduction in perchlorate in 2 weeks. The microcosm results showed perchlorate
reduction to below detection limits in less than 2 months. First-order biodegradation rates were estimated
at 24 to 61 per year. Enzyme analysis showed that chlorite dismutase gene was present in the mudflat
sediments, indicating the capability of perchlorate biodegradation by indigenous microbial communities.
Molecular analysis showed that perchlorate reductase genes were also present, which are involved in the
degradation of perchlorate to chlorate and chlorite. “In general, higher numbers of gene copies were
reported in locations with lower perchlorate concentrations, suggesting that perchlorate is biodegrading
as a result of perchlorate reductase activity.”



In summary, the results of the three-tier assessment for perchlorate attenuation at Site 67 were as
follows:

e Tier 1 — Perchlorate concentrations decrease with time and distance due to biodegradation,
dilution, and dispersion.

e Tier 2 — Most ideal geochemical conditions coincide with greatest perchlorate reduction.

e Tier 3 — Greatest perchlorate reduction occurs where highest population of perchlorate-reducing
bacteria indicators are measured.

Therefore, MNA likely is an acceptable final remedy for the site. However, additional sampling should be
performed to create a more robust temporal dataset for Tiers 1 and 2. Further, additional sampling
locations are necessary to fully delineate the perchlorate plume and define the source area.

PATH FORWARD FOR SITE 67

Based on the research, lab results, field results, conclusions, and guidance presented in NOSSA (2004)
and ESTCP (2006a and 2008), it is expected that perchlorate concentrations at Site 67 will continue to
decline via multiple natural attenuation mechanisms (e.g., biodegradation and dilution). However,
groundwater concentrations of perchlorate may not reach an appropriate cleanup level® in a reasonable
timeframe (not considering land use) via natural attenuation only.

While perchlorate contamination in the surficial aquifer is evident at the site, the soil medium and other
potential contaminants in all media require investigation. Therefore, a Remedial Investigation (RI) is
recommended by the Navy to completely characterize the site. A Feasibility Study (FS) likely will be
required to evaluate remedial alternatives for site cleanup.
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1.0 PROJECT BACKGROUND

Ammonium perchlorate (NH4ClO,) has been used for several decades in the United States as an oxidant
in solid propellants and explosives. It is the primary oxidant used in many rocket motors and boosters,
such as those powering the space shuttle and intercontinental ballistic missiles (ICBMs). For example, a
single rocket booster for the space shuttle contains approximately 350,000 kg of ammonium perchlorate.
Various perchlorate salts (e.g., ammonium, potassium, and magnesium perchlorate) are also used in
flares, fireworks, matches, and air bags as well as in leather tanning, electroplating, and for ionic strength
adjustment in analytical chemistry (Gulick et al., 2001; USEPA, 2001a). Perchlorate is also present in a
naturally-occurring nitrate formation that is mined in Chile (Chilean caliche) for use in some agricultural
fertilizers (USEPA, 2001b). However, a majority of fertilizers used in the United States are not produced
with this material and do not appear to contain environmentally significant levels of perchlorate (Renner,
2001). Rather, the primary sources of soil and groundwater contamination with perchlorate are related to
the production of the compound for aerospace and military applications, the testing of rockets and
munitions, and the periodic removal and replacement of solid fuels in rockets. The latter procedure,
which is referred to as hog out, is required because solid perchlorate fuels have a limited shelf life and
must be periodically removed and replaced. During the hog out procedure, solid propellant is initially
washed from the missile or rocket casing using high-pressure water, then the solid fuel is replaced or the
casing is discarded. The wastewater resulting from this operation contains high concentrations of
perchlorate and other salts. The improper disposal of this wastewater as well as the disposal techniques
traditionally used during manufacturing and testing has resulted in substantial perchlorate contamination
in several states including Texas, California, Utah, New Mexico, and Nevada.

A sensitive detection method for perchlorate was developed by the California Department of
Health Services (CDHS) in 1997 (CDHS, 1997). Because this technique has only been available for a
few years, the total scope of perchlorate contamination in the United States is not yet known. However,
perchlorate has now been detected in 14 states, and current estimates suggest that the drinking water of as
many as 15 million people may be impacted by this compound (USEPA, 1999; Logan, 2001). For
example, as of April 2002, CDHS had sampled 629 public water systems in California and found 69 (11
%) with detectable perchlorate (> 4 pg/L) (CDHS, 2002a). Of the 3,864 non-public drinking water
sources tested by the agency, 246 (6.4%) tested positive for the oxidant. Perchlorate has been
manufactured or used in at least 44 states nationwide, so groundwater pollution may extend beyond recent
reports (USEPA, 2001a; USEPA, 2002b). There is currently no federal action level for perchlorate in
groundwater. However, several states, including Arizona, California, Nevada, and Texas have set
provisional action levels ranging from 4 to 31 pg/L (ppb), and site-specific clean-up levels of 1.5 pg/L

and below have been set by regulators. Based on results from a draft toxicological document prepared by




the USEPA, CDHS recently lowered the action level for perchlorate in groundwater from 18 pg/L to 4
png/L (CDHS, 2002b; USEPA, 2002a). Perchlorate has also been placed on the USEPA Unregulated
Contaminant Monitoring Regulation list (UCMR) and Contaminant Candidate List (CCL) for regulatory
consideration (USEPA, 2000).

The potential human health risks of ammonium perchlorate are based largely on the ability of the
perchlorate anion to inhibit the transport of iodide into the thyroid gland (Wolff, 1998). Because iodide
regulates the synthesis of thyroid hormone (T2), exposure to perchlorate can disrupt T2 regulation, and
subsequently influence levels of thyroxine (T4) and thyroid-stimulating hormone (TSH) (OEHHA, 2002).
The levels these two hormones are regulated in a feedback loop with T2. Because perchlorate salts
disrupt iodide uptake, they have been used therapeutically in large doses to treat hyperthyroid conditions,
such as that resulting from Graves’ disease. Although a variety of different studies have been conducted
during the past several years to evaluate the influence of perchlorate on human health (e.g., Lawrence et
al., 2000; 2001, Lamm and Doemland, 1999), many questions remain concerning the risks of low levels
of perchlorate exposure to humans through drinking water. The EPA has recently reevaluated the human
health risks associated with perchlorate contamination (USEPA, 2002a). At the writing of this report, the
EPA risk assessment document is still undergoing review. However, a draft reference dose (RfD) of 0.03
ng/kg/d was proposed in this document to ensure public protection from adverse effects of perchlorate in
water over a lifetime. This value, which corresponds to a drinking water concentration of only 1 pg/L, is
approximately 30-fold lower than the RfD proposed by EPA in a previous toxicological document in
1998 (0.9 pg/kg/d) (USEPA, 1998; CDHS, 2002b). The revised reference dose reflects new data
concerning perchlorate toxicity, the need to protect the most sensitive populations, including pregnant
women and their unborn children, and a level of uncertainty spanning about one order of magnitude based
on current data gaps (USEPA, 2002b).

In addition to human health issues, perchlorate is anticipated to have toxicological effects on
various terrestrial and aquatic species, including rodents, fish, and amphibians (York et al., 2001; Smith et
al., 2001; Manzon and Youson, 1997). Perchlorate is known to influence metamorphosis, so amphibians,
may be particularly sensitive to this compound. For example, Goleman et al. (2002) recently reported
that perchlorate concentrations in the part-per-billion range caused significant impacts on forelimb
emergence, tail resorption, and hindlimb growth in frogs (Xenopus laevis) undergoing metamorphosis.
The compound, however, exhibited low toxicity to eggs and larvae of this species (LCsp = 223 to 510
mg/kg). Although research is ongoing, the current database concerning the ecological impacts of
environmentally-relevant concentrations of perchlorate is sparse. Thus, the environmental and human
health effects resulting from long-term exposure to low levels of perchlorate remain somewhat unclear at

the current time.




Perchlorate salts are highly soluble in water (e.g., ammonium perchlorate is soluble to ~ 200 g/L)
and dissociate completely. The resulting perchlorate anion is nonvolatile, highly mobile, and chemically
stable in aqueous systems under normal conditions present in ground and surface water. As a result, in
areas where substantial quantities of perchlorate salts have been discarded, expansive groundwater
plumes of perchlorate are often observed. Because of its physical characteristics (i.e., low reactivity, low
volatility, high solubility), water treatment technologies including ultrafiltration, air-stripping, carbon
adsorption, and advanced oxidation are not effective options for perchlorate removal from groundwater
(Damian and Pontius, 1999; Logan, 1998; USEPA, 2001a). Ion exchange using one or more selective
resins is a viable approach for removing low concentrations of perchlorate from water (e.g., Gu et al.,
2000; 2002). However, the perchlorate anion is not destroyed during the ion exchange process, but rather
is reversibly bound to the resin. The exchange resins eventually become saturated with the perchlorate
(and other anions which also bind to the resin) and must then be replaced or regenerated using a high
strength salt solution (Urbansky, 1998; Logan, 2001). If the latter procedure is used, the waste brine from
the regeneration procedure contains concentrated perchlorate, which then must undergo additional
treatment or disposal.

Unlike abiotic approaches, biological treatment represents a promising technology for the
effective and economical removal of perchlorate from water (Logan, 2001; Urbansky, 1998). A number
of bacteria have been isolated which are able to degrade perchlorate to the harmless products chloride and
water (Rikken et al., 1996; Wallace et al., 1996; Coates et al., 1999; Achenbach et al., 2001). These
bacteria grow through anaerobic respiration. During this process, the bacteria require an organic or
inorganic electron donor (e.g., ethanol, acetate, hydrogen gas) for growth and utilize the perchlorate
molecule as a terminal electron acceptor. A perchlorate reductase enzyme appears to catalyze an initial
two-step reduction of perchlorate (ClOy4) to chlorate (ClOs) and then chlorite (ClO;’) (Kengen et al.,
1999). The chlorite is then further reduced by the enzyme chlorite dismutase to chloride (CI') and oxygen
(O2) (van Ginkel et al., 1996). Thus, microbial degradation of perchlorate yields two innocuous products,
chloride and oxygen. Perchlorate respiration is similar to denitrification, where bacteria utilize a substrate
and reduce nitrate as the terminal electron acceptor to nitrogen gas.

Ex situ biological treatment systems have been successfully developed at full-scale to treat
perchlorate-contaminated water. Electron donors, such as ethanol and acetate, are supplied to perchlorate
reducing bacteria in these reactors to promote biological reduction of the propellant. An initial bioreactor
design was developed and tested in the early 1990s by researchers at Tyndall Air Force Base to treat
heavily contaminated wastewater from hog out and other operations. This stirred-tank reactor utilizes the
bacterium Wolinella succinogenes HAP-1 for perchlorate reduction (Attaway and Smith, 1994; Hurley et

al, 1996). This design works well for low-flow, high-concentration perchlorate wastes, and has been




applied at full-scale for this application. However, the reactor is not well-suited for high-flow
groundwater applications, where perchlorate concentrations are likely to be in the pug/L (ppb) to low mg/L
(ppm) range, and flow rates of thousands of gallons per minute may be required. Other bioreactor
designs, including packed bed reactors (Miller and Logan, 2000; Wallace et al., 1998; Logan, 2001) and
fluidized bed reactors (Green and Pitre, 1999; Hatzinger et al., 2000; 2002) have subsequently been
developed specifically for treatment of low levels of perchlorate in high-flow groundwater applications.
Three commercial-scale fluidized bed reactors are currently treating perchlorate in groundwater at flow
rates ranging from 50 to 4,000 gallons per minute (Hatzinger et al., 2002).

The success of ex situ biological treatment of perchlorate suggests that in situ treatment through
electron donor addition may also be possible. For this technology to be successful, however, perchlorate
reducing bacteria must be present in contaminated aquifers, and these bacteria must be stimulated to
degrade perchlorate from existing levels to below state regulatory levels (e.g., < 4 ug/L in California). A
few recent papers suggest that perchlorate reducing bacteria are naturally-occurring in various
environments, including soils, sludges, raw wastewater, and farm animal waste (Coates et al., 1999; Wu
et al., 2001). However, few data exist conceming the presence and distribution of perchlorate reducing
bacteria in groundwater aquifers. In addition, the most effective substrates to stimulate perchlorate
reduction by these organisms have not been determined nor have geochemical factors that may influence
this process. The key to utilizing perchlorate reducing bacteria for in situ remediation is understanding the
conditions that limit their activity in subsurface environments and then devising effective technologies to
overcome these limitations and subsequently stimulate perchlorate degradation. To date, little research
has been conducted to develop an in situ technology for perchlorate bioremediation. The assessment and
development of such a technology is the goal of this SERDP project.

This project was a collaborative effort between scientists at Envirogen Inc. (Envirogen) in
Lawrenceville, NJ and the Indian Head Division, Naval Surface Warfare Center, Naval Sea Systems
Command in Indian Head, Maryland. Envirogen is a leader in developing in situ and ex situ treatment
technologies for hazardous wastes, and has constructed three full-scale ex situ reactor systems for
perchlorate treatment. Scientists at Envirogen conducted microcosm, column, and pure culture studies to
provide a betfer understanding of perchlorate biodegradation in subsurface aquifers and developed a
mathematical model to describe the kinetics of perchlorate biodegradation in the presence of competing
electron acceptors. The scientists and engineers at IHDIV have a comprehensive understanding of the
chemistry, analysis, and military applications of ammonium perchlorate, as this compound has been used
at [HDIV for more than 50 years to prepare solid rocket propellants. The researchers at IHDIV developed
an improved method for perchlorate analysis in saline environments, provided field samples for use in

laboratory studies, and are currently funding a field demonstration of in situ perchlorate treatment as part




of the technology transfer scope of this SERDP project. The collaboration between researchers at
Envirogen and IHDIV has rapidly lead to an improved understanding of perchlorate biodegradation in
subsurface environments. This research is now being used to develop and test effective bioremediation

strategies for perchlorate-contaminated groundwater.

2.0 PROJECT OBJECTIVES

The objective of this project is to develop a biological treatment technology for in situ remediation
of perchlorate in subsurface environments. The development of an effective technology for in situ
perchlorate remediation requires a fundamental understanding of the conditions that limit biological
perchlorate reduction in groundwater and the most effective means to overcome such limitations. This
research effort is designed to provide this fundamental understanding. We hypothesize that four key
factors may be contributing to the persistence of perchlorate at various subsurface sites. These key

factors and our approach to their evaluation in this research effort are as follows:

(1) Absence of an appropriate substrate (electron domor) for growth of indigenous
perchlorate degrading bacteria. Based on preliminary studies, we believe that the absence
of an oxidizable substrate is the key factor limiting biological perchlorate degradation at
many subsurface sites. Therefore, experiments were conducted using aquifer samples from
contaminated field sites to evaluate the potential of numerous organic and inorganic electron
donors to stimulate perchlorate reduction in situ. The most promising electron donors were
tested in a flow-through aquifer system to provide relevant kinetic data for modeling and field

trials.

(2) Presence of alternative electron acceptors for bacterial respiration, including O,, NO;,
and NO; in groundwater. Perchlorate serves as an electron acceptor for bacteria during
anaerobic respiration. The microbial reduction of one electron acceptor is frequently
influenced by the presence of others (e.g., oxygen inhibits dissimilatory nitrate reduction).
The general relationship between perchlorate and other common electron acceptors is
unclear. However, nitrate, nitrite, and oxygen have been observed to inhibit perchlorate
reduction by a few bacterial cultures (Attaway and Smith, 1993; Logan, 1998). Because each
of these molecules as well as other electron acceptors such as sulfate and iron are frequently
present in groundwater, understanding their influence on microbial perchlorate reduction is

critical to successful remediation efforts. Experiments conducted during this project were




designed to assess the influence of common electron acceptors, such as oxygen and nitrate,
on perchlorate degradation by naturally occurring bacteria in field samples and by microbial

isolates.

(3) Lack of an indigenous population of bacteria capable of perchlorate reduction. In some
environments, bacteria with the metabolic enzymes to reduce perchlorate to chloride may be
absent. In such cases, augmentation with exogenous microorganisms will be required for in
situ remediation. As part of this research effort, bacterial strains and consortia were isolated
from Envirogen’s FBR systems that are currently treating perchlorate and from aquifer
samples collected from perchlorate-contaminated sites. The potential for these strains to
degrade perchlorate in situ under relevant environmental conditions was then evaluated in
microcosm studies. These cultures were also used to provide necessary parameters for a

biodegradation model developed during this research project.

(4) Unfavorable environmental conditions for activity of indigenous perchlorate degraders.
The role of environmental variables on in situ perchlorate degradation has not been
extensively studied. In addition to evaluating the effect of electron acceptors such as nitrate
on perchlorate reduction, experiments were undertaken to look at the effect of salinity (ionic
strength), pH, and co-contaminants on microbial perchlorate degradation. These factors may
be extremely important at specific sites (e.g., salinity in groundwater at coastal sites) but, as

yet, they have not been investigated.

The research performed during this project was designed to provide extensive information on (1) the
potential for successful perchlorate remediation at subsurface sites by addition of electron donors (i.e.,
biostimulation); (2) the most effective electron donors to use in biostimulation efforts, and the expected
concentrations and remediation kinetics achievable with these donors; (3) the possibility for successful
bioaugmentation (i.e., injection of bacterial isolates) for subsurface perchlorate remediation; and (4) the
probable influence of alternate electron acceptors and environmental variables on perchlorate reduction
during biostimulation and/or bioaugmentation efforts. These data will provide the fundamental knowledge
required for the design and implementation of pilot-scale and full-scale remediation efforts at perchlorate

contaminated sites.




3.0 TECHNICAL APPROACH

The research tasks conducted during this project are summarized in the following section.

Task 1. Collect Aquifer Solids and Groundwater from Field Sites. Aquifer samples from perchlorate-
contaminated sites with widely differing geochemical characteristics and contaminant concentrations
were obtained for use in enrichment, microcosm, and column studies. These samples were collected from
five perchlorate-contaminated locations in California (2 sites), Texas, Maryland, and Utah, respectively.
Samples of a perchlorate-contaminated surface soil were also obtained from one location for studies. A
total of eight different environmental samples were obtained and tested during the project. These samples
were used in microcosm studies to represent a range of different environments that have experienced
perchlorate contamination. Column studies were also conducted with one set of these samples to evaluate

perchlorate degradation kinetics in a flow-through system.

Task 2. Obtain Microbial Consortia and Individual Bacterial Isolates Capable of Perchlorate
Degradation. Envirogen has constructed three full-scale fluidized bed reactor (FBR) biotreatment
systems for degrading perchlorate in groundwater. The first of these facilities is located at the Aerojet
facility in Rancho Cordova, CA. This reactor system, which uses granular activated carbon as a matrix
and ethanol as an electron donor, has been reducing perchlorate levels in feed water from approximately 4
mg/L to non-detectable levels (< 4 pg/L) at flow rates of greater than 4,000 gallons per minute for more
than 2 years. Food processing waste was used as the original inoculum for the FBR system. The
objective of this task was to isolate individual perchlorate degrading bacteria or a mixed bacterial culture
from the FBR system as well as from some of the field sites. One perchlorate degrading culture was
isolated and identified from the FBR during this project. This culture, designated Dechlorospirillum
species FBR2, was subsequently used in several different microcosm studies during the course of this
project. In addition, bacterial isolates were obtained from groundwater at Jet Propulsion Labs and from
the Rocky Mountain site. The kinetics of perchlorate reduction and the influence of other terminal
electron acceptors on this process were extensively studied using one of the isolates from JPL, designated
Dechlorosoma suillum JPLRND. These data were then used as parameters in a kinetic model of

perchlorate reduction (see Task 5).




Task 3. Identify Conditions Required for In situ Biostimulation of Perchlorate Degradation. The
objective of this task was to develop an understanding of the factors promoting perchlorate degradation in
subsurface environments as well as the conditions that inhibit the process. Small-scale laboratory
microcosms were used to evaluate both biostimulation of indigenous perchlorate degrading bacteria and
the addition of exogenous perchlorate degraders (strain FBR2 isolated during Task 2) for aquifer
remediation. The factors that were evaluated in these studies include: (A) choice of electron donor
(substrate) for growth of perchlorate degrading bacteria, (B) the influence of dissolved oxygen, nitrite,
and nitrate on perchlorate removal, and (C) the role of environmental factors including salinity (ionic
strength), groundwater pH, and presence of organic co-contaminants on perchlorate degradation. Several
of these factors were further examined during column studies. Results from these studies revealed that a
variety of different organic substrates, as well as hydrogen gas, can be used to stimulate perchlorate
reduction at many sites. The most effective electron donor appeared to vary by site, although acetate,
lactate, and molasses were generally effective. High salinity and low pH both appear to inhibit
perchlorate reduction. Perchlorate reduction could not be stimulated in low pH aquifer materials and soils
(three separate sample locations) by any organic or inorganic substrate. However, when the aquifer or soil
samples were amended with carbonate to increase alkalinity and pH, perchlorate biodegradation occurred

in all samples by naturally-occurring microorganisms.

Task 4. Evaluate Perchlorate Transport and Biodegradation in Pilot-Scale Model Aquifers. The most
effective treatments for perchlorate degradation in the microcosm studies were further tested using pilot-
scale flow through model aquifers. A flow-through model system better approximates in situ aquifer
conditions than either an aqueous system or a static microcosm, and being continuous flow, inputs of
perchlorate, substrates, and various groundwater constituents, including terminal electron acceptors such
as oxygen and nirate, can be controlled and varied. The model aquifers, which were designed at
Envirogen to simulate subsurface conditions, were constructed from steel tubing. Columns of 50-cm and
30-cm total length were used in various studies. The columns were built with sampling ports at various
distances from the bottom (upward flow) where aqueous subsamples could be withdrawn by syringe. The
columns were packed with subsurface sediments from the Longhorn Army Ammunition Plant (LHAAP),
and an artificial groundwater was prepared based on the geochemical characteristics of the LHAAP
groundwater. A peristaltic pump supplied a continuous flow of groundwater from a reservoir to a port at
the bottom of the columns. Separate syringe pumps were used to supply electron donor. The entire
system was airtight so that anoxic conditions could be generated within the column.

The initial 50-cm column was run for more than 200 days. The flow characteristics in the column

(including mixing at the influent port and groundwater transport) were initially quantified using bromide
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as a conservative tracer. The column was then fed acetate as an electron donor, and the degradation of
perchlorate, acetate, oxygen, and nitrate was quantified with time and with distance in the column. The
concentrations of acetate, perchlorate and nitrate were varied during the column study, and the influence
of these changes on the kinetics of perchlorate biodegradation was determined. The impacts of pH and
chlorate addition were also examined. The data from this column were subsequently used to test a
coupled biodegradation-transport model for perchlorate in the subsurface. An additional 30-cm column
was constructed and used to determine the potential use of lactate as an electron donor, to evaluate the
degradation of perchlorate in the absence of nitrate, to assess the potential for sustained biodegradation of
very low perchlorate concentrations (50 — 250 pg/L), and to determine if perchlorate and a second
explosive compound, hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), can be biodegraded simultaneously

with lactate as an electron donor.

Task 5. Modeling. Biodegradation and reactive transport modeling were performed as part of this
SERDP project. A biodegradation model was initially developed (Task S5a), parameters required for the
model were determined experimentally in the laboratory using the bacterium Dechlorosoma suillum
JPLRND (Task 5Sb), and a fully-coupled biodegradation and transport model for perchlorate was then
developed using the software HydroBioGeoCheml123D (HBGCI123). This model was tested using data
from the model aquifers described in Task 4.

Task 5a. Development of a Biodegradation Model for Perchlorate. A mathematical model was

developed to describe the kinetics of perchlorate biodegradation. This concept of this model is based
on the program RT3D developed by Battelle Pacific Northwest National Laboratory. The
biodegradation of an electron donor and consumption of multiple electron acceptors are described
using modified Monod equations. The rate of perchlorate degradation is described as a function of
the electron donor utilization rate, the presence of alternate electron acceptors, and rates of biomass
growth and decay. Inhibition factors are included in the model to describe the effect of alternate
electron acceptors (nitrate and oxygen) on perchlorate degradation. The model links the dynamics of
the microbial population to the consumption of electron donor and acceptors and describes bacterial

growth and decay.

Task 5b. Quantification of Model Parameters. Microcosm experiments were conducted to determine
the input parameters for the biodegradation model. The studies utilized a perchlorate degrading strain
(Dechlorosoma suillum JPLRND) isolated from groundwater underlying the Jet Propulsion

Laboratory in Pasadena, CA during previous work for this project. A series of batch experiments
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were conducted with the strain using a range of starting donor (acetate) concentrations where oxygen,
nitrate, or perchlorate were present in excess as electron acceptors. The maximum specific growth
rate and half saturation constant for growth of the organism on acetate with each electron acceptor
were determined. Similar experiments were performed to determine the growth rate parameters for
each acceptor when starting donor concentrations were constant and not limiting (i.e., detectable
donor remained at the end of the experiment), while acceptor concentrations were varied. Due to the
low solubility of oxygen, these experiments were performed only for perchlorate and nitrate.
Experiments were also conducted to evaluate potential inhibition effects of nitrate and oxygen on
perchlorate biodegradation. Varying concentrations of each electron acceptor were added to flasks
containing a culture that was actively-degrading perchlorate, and the subsequent rate of perchlorate
degradation was quantified. Inhibition factors for each terminal electron acceptor were determined for

the model using the results from these studies.

Task Sc. Development of a Reactive Transport Model. Groundwater flow and reactive transport

modeling was conducted to verify degradation rates derived from laboratory studies and to aid design
of field-scale applications. Groundwater flow modeling was initially performed to simulate
perchlorate transport in aquifer columns. The software HydroBioGeoChem123D (HBGC123D) was
used to describe the one-dimensional transport of bromide and perchlorate in the laboratory columns.
This software was chosen because of its capability to describe the transport and consumption of
multiple electron acceptors. Once non-reactive perchlorate transport was adequately simulated, the
biodegradation model developed in Task 5a was incorporated into the program. The fully-coupled
model was then used to simulate perchlorate biodegradation under flowing conditions. Data from the
column studies were used for simulations. The model did not adequately describe biodegradation
data from the column studies. Model simulations predicted no significant losses of acetate (electron
donor), perchlorate, nitrate, or oxygen within the column. Inspection of the model data revealed that
the simulated biomass within the column decayed much faster than it grew, resulting in the lack of
electron donor or acceptor biodegradation.

This difference between the laboratory data (which showed degradation of acetate and all
three electron acceptors along the column profile) and the model prediction suggests that one or more
of the assumptions of the biodegradation model were critically violated. Factors that may contribute
to the discrepancy between the model and experimental data include: 1) a lower biomass decay rate in
the column than the value determined from the batch experiments; 2) enzyme induction rather than
biomass growth during the lag period preceding biodegradation; 3) higher biomass concentrations in

the column at the onset of biodegradation as compared to the value measured at the beginning of the

12




laboratory experiments; and 4) the decay of microbial populations to a minimum value (capable of
sustaining acetate degradation and perchlorate utilization) rather than zero, as assumed by the model.
Based upon results from this task, further research and investigation are needed to improve the
coupling process between the perchlorate biodegradation model developed from microcosm
experiments and the transport and utilization of perchlorate in column and groundwater flow

experiments.

Detailed methods and results for each research task are provided in the following section.
4.0 PROJECT ACCOMPLISHMENTS

4.1 SAMPLE COLLECTION

Aquifer samples were collected from five perchlorate-contaminated locations: (1) the Jet
Propulsion Laboratory (JPL) in Pasadena, CA; (2) the Indian Head Division Naval Surface Warfare
Center (IHDIV) in Indian Head, MD (2 field sites), (3) the Longhorn Army Ammunition Plant (LHAAP)
in Karnack, TX (2 field sites, one surface soil); (4) the Boeing Company, Sacramento, CA (2 field sites),
and (5) a commercial facility in the Rocky Mountains, UT. Aquifer solids and groundwater were
obtained from the first three locations, and groundwater only was obtained from the Rocky Mountain and
the Boeing sites. Samples of a perchlorate-contaminated surface soil were also obtained from LHAAP.
Samples were collected from multiple locations at many of the sites based on geochemistry and
perchlorate concentrations; a total of nine different environmental samples were collected for this project.
These samples were used in microcosm studies to represent a range of different environments that have
experienced perchlorate contamination. In addition, one set of samples from LHAAP was used to prepare
a series of flow-through aquifer columns. The details of sample collection as well as the geochemical

characteristics of each sample are provided below.

4.2 ISOLATION AND IDENTIFICATION OF PERCHLORATE DEGRADING BACTERIA FROM FBRS AND
FIELD SITES

Methods

One objective of this task was to enrich and isolate consortia and pure cultures of perchlorate degrading
bacteria for use in microcosm studies (i.e., evaluation of bioaugmentation for perchlorate degradation) as
well as to better understand variables influencing perchlorate degradation at the cellular level. The
cultures were also used to develop appropriate parameters for a model of perchlorate biodegradation (see

section 4.5). Enrichment cultures were prepared from Envirogen bioreactors and from subsurface
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samples collected at JPL, IHDIV, and the RM site. Samples were added to a phosphate-buffered
enrichment medium containing ammonium chloride, numerous trace elements (Co, Mn, Cu, Al, etc),
casamino acids (0.5 g/L) and yeast extract (0.5 g/L) as sources of vitamins and other growth factors
potentially required by the organisms. This medium is a modified from that described by Hareland et al.
(1975). The isolation medium was amended with ammonium perchlorate to 1000 mg/L (ClOs) and
ethanol or acetate (JPL enrichment) to S00 mg/L. The samples were incubated on a rotary shaker
operating at 100 rpm and 30°C in the dark.

The bottles were periodically checked for signs of microbial growth (turbidity). Any samples
showing turbidity were transferred to fresh, sterile media under anoxic conditions. To conduct a transfer,
serum bottles were opened using aseptic conditions in the anaerobic chamber, and a small volume of the
media (0.025 — 0.050 mL) was pipetted to a serum bottle with fresh media. After several transfers,
perchlorate levels were checked in bottles showing microbial growth, and subsamples from each bottle
showing perchlorate degradation were plated on two types of agar media. Liquid samples were plated on
R2A agar, (a simple medium designed for culturing groundwater bacteria), and incubated aerobically, as
most perchlorate degrading cultures are facultative anaerobes. Samples were also plated on a solid agar
medium containing the same constituents as the enrichment media plus 15 g of agar per liter. Individual
colonies were selected from solid agar plates and streaked on fresh plates several times in succession until
each appeared to be a pure culture. The cultures were then inoculated from plates into liquid media with
perchlorate, and perchlorate degradation was tested. Cultures that reduced perchlorate were rechecked for

purity, then identified using 16S rRNA analysis (Acculab Inc., Newark, DE).

Results

Some of the samples collected from [HDIV showed microbial growth after several days of incubation and
were transferred. A few of these samples again became turbid after transfer, and were passed one or two
additional times. However, when levels of perchlorate were tested in the enrichments, none showed
appreciable perchlorate degradation. Thus, although some microbial growth was observed in these
samples, the bacteria did not appear to be perchlorate degrading strains.

One pure culture was isolated from bioreactor samples initially collected from a fluidized bed
bioreactor treating perchlorate in California (Figure 1A). The culture, which was identified by 16S rRNA
analysis as a Dechlorospirillum sp., was used in several microcosm studies. The Dechlorospirillum sp.
(FBR2) is very similar to a bacterium (strain WD) isolated from swine waste by Dr. John Coates at
Southern Illinois University (SIU). The two strains have a 0.4 % nucleotide difference. This appears to
be the only other organism in the available 16S rDNA databases that has reasonable similarity to strain

FBR2. In addition to strain FBR2, two pure cultures were isolated from aquifer samples collected from
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JPL. These cultures were each identified at the species level as Dechlorosoma suillum. This perchlorate
degrading genus, which was recently named and described by Achenbach et al., (2001), appears to be
widely dispersed in the environment. A photomicrograph of D. suillum JPLRND is given in Figure 1B.
This bacterium was subsequently used in a series of studies to develop kinetic data for the biodegradation
model. These studies evaluated the growth rate of JPLRND on acetate, with perchlorate, nitrate, and
oxygen as terminal electron acceptors. Studies were also conducted with this strain to determine possible
inhibition of perchlorate reduction by both nitrate and oxygen. A positive enrichment culture was also
obtained from the RM groundwater sample using lactate as a carbon source, and two perchlorate
degrading strains were purified from the enrichment culture. However, because Dechlorospirillum sp.
FBR2 and D. suillum JPLRND were used extensively for laboratory studies and were adequate to fulfill
the objectives of this project, the two bacteria isolated from the RM water were not identified or studied
further. However, all of the strains isolated during this project were sent to Dr. Coates at SIU for further
study and inclusion in his collection of perchlorate degrading bacteria. In addition, the two pure cultures
isolated from JPL were supplied to Dr. Mark Losi from Foster Wheeler Corporation as a seed material to

inoculate fixed film bioreactors for testing performed at the JPL facility.

Figure 1. Photomicrograph of Dechlorospirillum sp. FBR2 (A) and Dechlorosoma suillum
JPLRND (B). Cells are Stained with Acridine Orange.

Conclusions

The preliminary results of this project suggest that perchlorate degrading bacteria are widely-occurring in
the environment. Pure cultures were isolated from groundwater at the Jet Propulsion Laboratory, from
Envirogen reactors (initially seeded with food processing waste), and from the Rocky Mountain site.
Although pure cultures were not isolated from the IHDIV samples, laboratory results showed that

perchlorate degrading bacteria are present at this site. The enrichment media used for culture isolation
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may not have been appropriate based on the physiology of the strains in this environment. In addition,
although enrichment studies were not performed with samples from the other sites, perchlorate
biodegradation was stimulated in all 9 environmental samples (8 aquifer samples and 1 soil sample) when
appropriate electron donors were added, although pH adjustment was also required in acidic samples (see
next section). Thus, naturally-occurring perchlorate reducing strains were present in all locations. Few
studies exist regarding the occurrence and phylogeny of perchlorate degrading bacteria in natural
environments. However, the strains identified during this project (Dechlorospirillum sp., Dechlorosoma
sp.) are similar to bacteria recently discovered by John Coates and colleagues (Coates et al., 1999;
Achenbach et al., 2001) in various environmental samples. Additional studies are necessary to better
understand the natural distribution and role of this newly identified group of bacteria in the environment,
and to determine why the perchlorate reductase and chlorite dismutase enzymes that are characteristic of

these strains are so widely conserved.

4.3 LABORATORY MICROCOSM STUDIES

The objective of this task was to develop an understanding of the factors promoting perchlorate
degradation in subsurface environments as well as the conditions that inhibit the process. Small-scale
laboratory microcosms were used to evaluate both biostimulation of indigenous perchlorate degrading
microbes and the addition of exogenous perchlorate degraders for aquifer remediation. The factors that
were evaluated in these studies include: (A) choice of electron donor (substrate) for growth of perchlorate
degrading bacteria, (B) the influence of dissolved oxygen, nitrite, and nitrate on perchlorate removal, and
(C) the role of environmental factors including salinity (ionic strength), groundwater pH, and presence of
organic co-contaminants on perchlorate degradation. The results from microcosm studies are reported in

this section on a site-specific basis.

4.3.1. JET PROPULSION LABORATORY (JPL)

Groundwater samples and well-bottom sediments were collected from the Jet Propulsion Laboratory
(JPL) on April 27, 2000. These samples were used in a series of microcosm studies to evaluate (1) the
most effective electron donors for the stimulation of perchlorate reducing bacteria at the site (adding
substrate but not bacteria); (2) the possibility for successful bioaugmentation (i.e., injection of bacterial
isolates) for subsurface perchlorate remediation; (3) the influence of alternate electron acceptors (nitrate,
nitrite, and oxygen) on perchlorate degradation; and (4) the roles of two environmental variables, pH and

salinity, on perchlorate degradation.
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4.3.1.1 Sample Collection

Groundwater: Groundwater was collected from monitoring well 7 (MW-7) at the JPL site. Aseptic
sampling techniques and sterile sample containers were used to prevent contamination of groundwater

with non-native bacteria.

Aquifer Solids: Aquifer core samples were not collected for these studies. The extreme depth to
contaminated groundwater at JPL (> 200 ft) makes collection of subsurface solids problematic and
expensive. However, a bailing device was used to collect sediments from the bottom of MW-7. The well
sediments provided sediment material (and associated microflora) for microcosms. Microcosms were set

up using groundwater only and groundwater mixed with solids from the bottom of the well.

4.3.1.2 Electron Donor Addition and Bioaugmentation

Methods
Small-scale laboratory microcosms were used to evaluate both biostimulation of indigenous perchlorate
degrading microorganisms and the addition of exogenous perchlorate degraders for aquifer remediation at
JPL (Figure 2). Microorganisms capable of degrading perchlorate utilize the molecule as an electron
acceptor during growth on either an organic or inorganic substrate. The absence of an appropriate
electron donor in subsurface aquifers contaminated with perchlorate is probably one of the key factors
leading to its persistence in situ. The factors influencing the choice of substrate to promote perchlorate
biodegradation are likely to include the physiology of the perchlorate degrading strains, the character of
the natural microflora competing with those strains for growth, and the geochemistry at the site. The
objective of this phase of work was to test a variety of substrates in groundwater samples collected from
JPL and determine which substrates, if any, are most efficient at stimulating perchlorate reduction.
Microcosms to evaluate perchlorate degradation were prepared in sterile, 160-mL serum bottles.
All experimental work was performed in a Coy Environmental Chamber with a nitrogen headspace. In
one study, groundwater and well solids (silty material) were mixed together in a ratio of approximately
6:1 in a large sterile bottle. The slurry material was amended with a sterile stock of diammonium
phosphate to provide nitrogen (5 mg/L as NH,) and phosphorus (4.5 mg/L as P) as nutrients for bacterial
growth, then 120-mL volumes were added to serum bottles. Triplicate serum bottles were amended with
one of the following substrates to 200 mg/L: methanol, ethanol, acetate, benzoate, lactate, sucrose,
molasses or a mixture of ethanol/yeast extract (100 mg/L each). Triplicate bottles also received hydrogen
gas or propane in the headspace as gaseous substrates. Several microcosms were inoculated with

Dechlorospirillum sp. FBR2. Acetate and ethanol/yeast extract were tested as electron donors in these

17




samples. Triplicate samples were prepared without any substrate, and triplicate bottles received
formaldehyde (1 %) to inhibit all biological activity. All bottles were crimp-sealed with sterilized Teflon-
lined septa and incubated at 15°C to approximate in situ temperatures. After 10 and 21days of incubation,
a 20-mL subsample was removed from each bottle. The samples were analyzed for perchlorate by ion
chromatography (IC) using EPA Method 314.0.

A second microcosm study was conducted using only groundwater collected from MW-7 (i.e., no
sediment). Sterile serum bottles received 120-mL of groundwater and acetate, yeast extract, methanol, or
molasses at a concentration of 200 mg/L. Microcosms without added substrate were also prepared as were

killed controls (1 % formaldehyde). Sampling and analysis were conducted as described for the previous
study.

Figure 2. Photograph of Aquifer Microcosms.

Results

The water collected from well MW-7 contained perchlorate at 307 pg/L (ppb). The water also contained
nitrate at a starting concentration of 18.6 mg/L (as NO;), sulfate at 44 mg/L, 140 mg/L of alkalinity (as
CaCQ:s) and dissolved oxygen at 2.6 mg/L.

Sediment/Groundwater Microcosms: The starting perchlorate concentration in microcosms prepared with
groundwater and sediments was 310 pg/L. The initial pH was 7.6. The microcosms also contained high
levels of ferric iron (> 600 mg/L), which was present in the sediment sample. The iron was probably well

casing that had oxidized and settled to the well bottom. After 10 days of incubation at 15°C, perchlorate

levels were below detection (PQL; 5 pg/L) in microcosms amended with acetate, ethanol, ethanol/yeast
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extract, lactate and molasses (Table 1). The perchlorate concentration in all samples augmented with
exogenous perchlorate degrading bacteria (D. suillum FBR2) was also below detection after 10 days.
After 21 days of incubation, perchlorate was below detection in all live samples except those amended
with benzoate as an electron donor. Interestingly, perchlorate was also degraded in samples without
added electron donor. An organic or inorganic electron donor associated with the well sediments (e.g.,
reduced iron, natural organic matter) probably supported biological perchlorate reduction in these
samples. This hypothesis is supported by the observation that perchlorate was not degraded in
groundwater samples without electron donor added (see next section). No perchlorate loss was evident in
samples that were treated with formaldehyde to inhibit biological activity. Nitrate was also degraded to
below detection in the live aquifer microcosms, but not in killed controls (data not shown).

Table 1. Perchlorate Degradation in JPL Sediment/Groundwater Microcosms Amended with
Various Electron Donors or Perchlorate Degrading Bacteria.

Treatment Perchlorate Concentration
QL)

Electron Donors Day 0 Day 10 Day 21
Killed Control 310+ 0 293+6 320+ 0
Benzoate 310+ 0 29746 150+ 135
Methanol 310+0 77 +57 <5
Hydrogen 310+ 0 177 + 61 <5
Propane 310+0 283+6 <5
No Addition 310+ 0 14+ 19 <5
Sucrose 310+ 0 92 +67 <5
Ethanol 310+ 0 <5 NS*
Lactate 310+ 0 <5 NS
Molasses 310+ 0 <5 NS
Yeast Extract/Ethanol 310+ 0 <5 NS
Acetate 310+ 0 <5 NS
Bioaugmentation
Killed + Dechlorospirillum FBR2’ 310+ 0 385+7 415 +7
Dechlorospirillum FBR2+ YE/Etoh 310+0 <5 NS
Dechlorospirillum FBR2+ Acetate 310+ 0 <5 NS

' Values are the mean + standard deviation from triplicate microcosms.
2 NS:Not sampled because previous sample point was below detection.
3 Dechlorospirillum sp. FBR2 is a perchlorate degrading culture isolated from a fluidized bed bioreactor.

Groundwater Microcosms: Perchlorate degradation was somewhat slower in microcosms containing
groundwater compared to those with sediments (Figure 3). However, after 21 days of incubation,
perchlorate was below detection (PQL; S pg/L) in triplicate samples amended with acetate. Appreciable

degradation of perchlorate was also observed in samples amended with yeast extract or molasses.
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Perchlorate was not degraded in samples treated with methanol as an electron donor or in those without

added electron donor. The killed samples (1 % formaldehyde) also showed no loss of perchlorate.

Conclusions

The results from the microcosm study using aquifer samples from JPL suggest the following: (1)
indigenous bacteria capable of degrading perchlorate are present in the aquifer underlying JPL; (2) these
bacteria can be stimulated to degrade perchlorate by the addition of electron donors; and (3) perchlorate
levels can be reduced to below S pg/L through biostimulation. The fact that perchlorate degradation was
observed in groundwater microcosms, without sediment, is very promising, since microbial biomass in

aquifers is usually associated primarily with solids.
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Figure 3. Influence of Different Electron Donors on Perchlorate
Biodegradation in Groundwater Microcosms from JPL.

4.3.1.3. Influence of Alternate Electron Acceptors on Perchlorate Biodegradation

Methods
The objective of this study was to determine the influence of oxygen, nitrate, and nitrite on perchlorate
degradation by natural microflora in aquifer samples from JPL. Aquifer microcosms were used to assess
the role of these molecules on perchlorate reduction by natural microflora in the subsurface samples.
Based on results from the previous study of electron donors, ethanol was chosen as the electron donor for
these experiments.

The microcosms were set up as described in the previous section (160-mL serum bottles, 120-mL

aquifer slurry of sediments and groundwater). Eight microcosms were initially amended with perchlorate
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to provide a starting concentration of 100 mg/L. Duplicate microcosms at an initial concentration of 100
mg/L perchlorate received the following treatments: (1) ethanol only (100 mg/L); (2) ethanol (100 mg/L)
and NO; (100 mg/L); (3) nitrate only (100 mg/L) (i.e., no ethanol); or (4) ethanol (100 mg/L), NO; (100
mg/L), and formaldehyde (killed control). To evaluate the role of nitrite (NO;) on perchlorate
degradation, duplicate bottles were amended with the following (1) ethanol (100 mg/L) and 1 mg/L
nitrite; (2) ethanol (100 mg/L) and 10 mg/L nitrite; or (3) ethanol only. A killed control was also
prepared for this study by adding 1 % formaldehyde to one set of duplicate samples. In a third
experiment, the effect of oxygen on perchlorate degradation was determined by oxygenating the
headspace of two bottles containing 300 pg/L perchlorate and ethanol (100 mg/L). The samples were
incubated at 15°C. Aqueous subsamples were periodically removed from each microcosm for perchlorate

analysis by EPA Method 314.0 and analysis of nitrate and nitrite by EPA 300.0 series methogs.

Results

There was no loss of perchlorate, nitrate, or nitrite in any of the samples that were treated with
formaldehyde to inhibit microbial activity. Thus, all reductions in the concentrations of these anions in
aquifer samples are assumed to be biological. Nitrate was degraded before perchlorate in samples that
received both anions at initial concentrations of 100 mg/L (Figure 4). Nitrate was reduced to below
detection after only 4 days of incubation, with no apparent lag period. Nitrite, which is the initial product
in biological denitrification and nitrate reduction, was detected in samples at day 4, but this anion was
also degraded to below detection by day 7. A lag period of approximately 16 days occurred before
perchlorate degradation commenced in these microcosms. However, perchlorate was reduced from 100
mg/L to below detection (< 5 pg/L) between day 16 and day 28. Interestingly, the degradation of
perchlorate was slightly more rapid in samples that were initially amended with nitrate to 100 mg/L
compared to those that did not receive the anion (Figure S). This may reflect the growth of a population
of denitrifying bacteria (stimulated by nitrate addition) that subsequently degraded perchlorate.

Samples that were not amended with ethanol as an electron donor showed no perchlorate
degradation during a 22-day incubation period (Figure 6). In these same samples, however, nitrate levels
declined from 100 to approximately 40 mg/L during the initial 7 days of incubation. During this same
time, levels of nitrite in the samples increased from below detection to nearly 40 mg/L. On a molar basis,
this represents a nearly stoichiometric reduction of nitrate to nitrite. Thus, the data show that nitrate was
biologically reduced to nitrite, but not further (i.e., to nitrogen gas or ammonia) in the absence of an
added electron donor. The substrate supporting this reaction is unclear, but may be organic matter

associated with the well-bottom sediments.
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Like nitrate, nitrite added to aquifer microcosms at either 1 or 10 mg/L was degraded before
perchlorate (data not shown). The addition of nitrite at these levels did not appear to influence the rate of
perchlorate degradation (i.e. after the initial lag period, the rate of perchlorate reduction was the same in
samples with and without added nitrite). The degradation of perchlorate was completely inhibited by the
presence of oxygen in aquifer samples (Figure 7). This result confirms previous findings than perchlorate

degradation occurs only under anoxic conditions.

Conclusions

The data from this set of experiments suggest that nitrate and nitrite are degraded preferentially to
perchlorate in this subsurface environment. It is unclear from these results whether the presence of nitrate
or nitrite actually inhibits biological perchlorate degradation, however, in no instance was perchlorate
degradation observed until both of these competing electron acceptors were degraded in the samples. In
subsequent studies with a pure culture isolated from this site (D. suillum JPLRND), nitrate was observed
to inhibit active perchlorate degradation, suggesting that it may be a biochemical inhibitor of biological
perchlorate reduction (see section 4.5.6.4.1. Influence of Nitrate on Perchlorate Reduction). An
understanding of the relationship between perchlorate and competing electron acceptors (e.g., oxygen,
nitrate, nitrite, ferric iron) is important because these molecules frequently occur with perchlorate in
groundwater. For example, the groundwater collected from JPL contained 18.6 mg/L of nitrate but only
300 pg/L or perchlorate. Therefore, an understanding of whether nitrate impedes perchlorate degradation

(i.e., due to enzyme inhibition or other factors) may be important in evaluating treatment options at

contaminated sites.
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Figure 4. Sequential Biodegradation of Nitrate and Perchlorate in
Aquifer Microcosms from JPL.
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Figure 7. Influence of Oxygen on Perchlorate Biodegradation in
Aquifer Microcosms from JPL.

4.3.1.4 Influence of pH and Salinity on Perchlorate Degradation

Methods
Little information exists on the influence of environmental variables such as temperature, pH, salinity,
redox potential, alkalinity, and the presence of additional contaminants on biological degradation of
perchlorate in groundwater. The influence of two environmental variables, pH and salinity, on
perchlorate degradation was tested using aquifer samples from JPL. To assess the influence of salinity on
perchlorate removal in field samples, a synthetic seawater medium (Atlas, 1995) was prepared at 0.5X,
1X, and 2X concentrations. The stocks were then mixed 1:1 with groundwater from the field site yielding
salinities ranging from 0.25 X to 1 X that of seawater. The samples were then amended with perchlorate
back to the initial concentration (~ 300 pg/L). Ethanol was used as the electron donor in these studies.
Killed controls were prepared at each level of salinity by adding formaldehyde to samples to a final
concentration of 1%. All microcosms were prepared and incubated under anoxic conditions. Aqueous
subsamples were removed periodically and analyzed for perchlorate as described previously.

The role of pH on perchlorate biodegradation was evaluated essentially as described for salinity.
In this case, however, the pH rather than the ionic strength of the aquifer material was manipulated.
Because the buffering capacity of groundwater is limited, MES (2{{N-morpholino]ethanesulfonic acid;

pKa = 6.1) buffer was added to samples at a concentration of 2 mM to maintain pH at desired levels. The
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slurry material was then divided into 5 sterile beakers in the anaerobic chamber and the pH of each
sample was adjusted using sterilized HCI or NaOH. The final pH levels of the slurries were 4.0, 5.0, 6.0,
7.0, or 8.0. The pH-adjusted slurry material was then added to sterile 160-mL serum bottles in triplicate.
One bottle at each pH was amended with formaldehyde to a final cbncentration of 1% to inhibit microbial
activity. Aqueous subsamples were removed from each sample at various times during incubation at
15°C and analyzed for perchlorate by EPA Method 314.0.

Results and Conclusions

Salinity: The rate of perchlorate degradation in microcosms prepared from the JPL aquifer samples
declined moderately with increasing salinity (Figure 8). During a 29-day incubation period, the
perchlorate concentration in samples containing salinity at 25 or 50% that of seawater (0.8% and 1.6%,
respectively) declined from a starting concentration of approximately 350 pg/L to below detection (PQL;
4 ng/L). The perchlorate concentration in samples brought to the salinity of seawater (~3.2% total
salinity) also declined during 29 days, but approximately 150 pg/L remained at the end of the incubation
period. There was no degradation in the killed controls. The results from this experiment show that
perchlorate degradation is possible at salt levels at least as high as in sea water, although rates may be
appreciably reduced compared to less saline environments. This observation confirms recent work by
Logan et al. (2001) in which the authors successfully developed three perchlorate degrading enrichment
cultures at a salinities ranging from 3 - 7%. Pure cultures were not obtained during this study. In
addition, the rates of cell growth appeared to be extremely slow (with maximum cell doubling times of
greater than 10 days) compared to non-salt-tolerant cultures. The 5 isolates obtained during this SERDP
project were subsequently tested for salt tolerance by adding 1 — 5% NaCl to BSM medium. None of the
cultures degraded perchlorate at salt levels of 1% or higher. Thus, while salt tolerant perchlorate
degrading strains appear to exist based on our data from JPL and data from other laboratories, this trait

appears not to be common among this group of organisms.

pH: The biodegradation of perchlorate was most rapid in JPL aquifer samples brought to a pH of 8.0
(Figure 9). Levels of perchlorate declined from approximately 250 pg/L to less than 4 pg/L in 28 days.
Perchlorate was also completely degraded in samples at a pH of 7.0 during the 28-day incubation.
However, at pH values of 4.0, 5.0, and 6.0, little or no perchlorate losses were observed in the aquifer
microcosms. These results are supported by data from two additional sites (IHDIV and LHAAP) that
suggest that low pH is inhibitory to perchlorate reduction in environmental samples (see next two

sections).
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Figure 8. Influence of Salinity on Perchlorate Biodegradation in
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Aquifer Microcosms from JPL.
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4.3.2 INDIAN HEAD DIVISION, NAVAL SURFACE WARFARE CENTER (IHDIV), INDIAN
HEAD, MARYLAND

4.3.2.1 Sample Collection

Aquifer solids and groundwater were collected from two separate locations at IHDIV on August 1, 2000
using a Geoprobe (Figure 10). The extent of perchlorate contamination in the shallow aquifer at this site
was unknown, so sampling locations were chosen based on historical use and disposal of perchlorate at
the site. The initial sample site was the drainage area behind a propellant mixing facility at IHDIV
(Building 1190 site). The level of the water table at this site is approximately 4 ft below grade.
Sediments were collected from 4 to 12 ft and groundwater from 6 to 12 ft below grade. The second
sample location was an open meadow behind building 1419, the rocket “Hog Out” facility at IHDIV (Hog
Out site). Solid fuel is removed from rockets and missiles in this building using a high-pressure washout
procedure (i.e., Hog Out procedure). Before 1996, the washout water was discharged through the region
where the field samples were collected. Sediment samples from 2 to 13 ft below grade were collected and

homogenized. Groundwater was taken from 6 to 12 feet below grade at the site.

4.3.2.2 IHDIV Building 1190 Site — Evaluation of Electron Donors and Electron Donor
Concentration on Perchlorate Biodegradation

Methods

General Preparation and Sampling: All experimental work was performed in a Coy Environmental
Chamber with a nitrogen headspace. Sampling for analysis of perchlorate and other parameters was
performed outside of the chamber. Prior to sample collection, a volume of nitrogen gas was added via
syringe to the headspace of each microcosm bottle. The addition of nitrogen created backpressure in the
bottle to facilitate sample withdrawal. More importantly, this method ensured that no oxygen was
introduced into the bottles during sampling. All samples were analyzed for perchlorate by ion
chromatography (IC) using EPA Method 314.0.

Evaluation of Electron Donors: Microcosms to evaluate the influence of different electron donors on
perchlorate degradation were prepared in sterile, 160-mL serum bottles. Groundwater from the Building
1190 site was amended with a sterile stock of diammonium phosphate to provide nitrogen (5 mg/L as
NH,) and phosphorus (4.5 mg/L as P) as nutrients for bacterial growth. Groundwater and sediment from
the site were added to each 160-mL bottle at a ratio of approximately 3:1 (100-mL groundwater and 30-g

sediment). Each bottle was spiked with a filter-sterilized sodium perchlorate stock solution to a final

27




perchlorate concentration of 125 mg/L. Triplicate serum bottles were amended with acetate, ethanol, or
molasses to 200 mg/L. Triplicate bottles also received hydrogen in the headspace as a gaseous substrate.
Triplicate bottles were inoculated with a perchlorate degrading culture (FBR2) isolated at Envirogen;
ethanol was tested as electron donor in these bottles. Killed controls were prepared with acetate as a
substrate and 1 % formaldehyde to inhibit all biological activity. The bottles were crimp-sealed with
sterilized Teflon-lined septa and incubated at 15°C to approximate in situ temperatures. At 11, 19, and 34
days of incubation, a 15-mL subsample was removed from each bottle. Preservation of the samples was

accomplished by passing the water through sterile nylon filters and storing at 4°C until analysis.

Figure 10. Collection of Field Samples from the IHDIV
Hog Out Site.

Electron Donor Concentration: The objective of this study was to determine the amount of electron donor
needed to support perchlorate reduction, and to compare the actual electron donor requirement to the
theoretical requirement. Acetate was used as an electron donor (based on results from the previous
study), and the quantity required to degrade a given quantity of perchlorate in aquifer microcosms was
determined. Microcosms were prepared in sterile, 60-mL serum bottles. Nutrient-amended groundwater
and sediment were combined in each bottle at a ratio of about 4.5:1 (45-mL groundwater and 10-g
sediment). Each bottle was spiked with a filter-sterilized sodium perchlorate stock solution to a final
perchlorate concentration of 100 mg/L (109 mg/L actual measured). Sodium acetate was added to
triplicate bottles at concentrations of 0, 10, 25, 50, 75, and 100 mg/L as acetate. One killed control was

prepared by adding 1% formaldehyde to a microcosm containing 100 mg/L acetate. All bottles were
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crimp-sealed with sterilized Teflon-lined septa and incubated at 15°C to approximate in situ temperatures.
At 4, 6, 8, 10, and 13 days of incubation, a 7-mL subsample was removed from each bottle. The samples
were filtered and exposed to air, then frozen to inhibit any additional perchlorate or acetate degradation.

Perchlorate concentrations were measured in each sample using EPA Method 314.0.

Results

Groundwater Analysis: The groundwater collected from the Building 1190 site did not contain
perchlorate (<4 pg/L), nitrate (< 0.2 mg/L) or nitrite (< 0.2 mg/L) above detection limits. Sulfate was
present at 12 mg/L, chloride at 43 mg/L, and alkalinity was 40 mg/L (as CaCOs). The pH of the water
was 5.9. A slurry containing 30 g of sediment and 100 mL of water had a pH of 6.1.

Evaluation of Electron Donors: Perchlorate was not detected in samples collected from the Building
1190 site, so the aquifer microcosms were amended with the anion to a starting concentration of ~125
mg/L. After 11 days of incubation at 15°C, perchlorate levels were below detection in microcosms
amended with hydrogen gas (Figure 11). Samples that received acetate declined to 3 mg/L total
perchlorate during this time. After 34 days of incubation, perchlorate was below detection in samples
treated with molasses or acetate, as well as those receiving hydrogen as an electron donor. Samples
receiving ethanol as an electron donor showed no appreciable decline in perchlorate levels. Likewise, no
perchlorate loss was evident in acetate-amended microcosms that received formaldehyde to inhibit
biological activity. The perchlorate concentration in live samples that did not receive any exogenous
substrate declined from 126 to 76 mg/L during 34 days of incubation. A similar decline was previously
observed with JPL microcosms containing groundwater and sediments (but not groundwater only). This
decline suggests that an electron donor present at the site, such as natural organic matter or an organic co-
contaminant, may support degradation of perchlorate at this location. The absence of detectable
perchlorate in this region, which served as a deposition area for wash-down water from the Building 1190

facility, further supports this hypothesis.

Electron Donor Concentration: Based on stoichiometric calculations, the quantity of acetate required for
a bacterium to degrade perchlorate is 0.61 mg per mg perchlorate. This ratio was tested in samples from
the Building 1190 location by varying the acetate dose added to microcosms and evaluating perchlorate
degradation. Microcosm samples initially received 100 mg/L of perchlorate and either 0, 10, 25, 50, 75,
or 100 mg/L of acetate. After 10 days of incubation, samples amended with 100 or 75 mg/L of acetate no
longer had perchlorate at detectable levels (Figure 12). After 13 days, concentrations of perchlorate in

samples amended with 50 mg/L of acetate were also below detection and samples treated with 0, 10, and
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25 mg/L acetate had mean perchlorate levels of 81, 52, and 41 mg/L, respectively. The quantity of
acetate required for complete removal of perchlorate from the microcosm samples was less than
determined from reaction stoichiometry. However, as observed in previous samples from this site,
perchlorate degradation occurred in unamended samples, presumably supported by natural organic
materials at the site. When this loss is taken into account, the perchlorate degradation observed with
different levels of acetate become much closer to that expected based on theoretical calculations. These
ratios are presented for 10, 25, and 50 mg/L acetate in Figure 12. Additional studies conceming the ratio
of electron donor required for perchlorate degradation in natural samples will be conducted in flow-

through column studies in Year 2.
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Figure 11. Influence of Different Electron Donors on Perchlorate
Biodegradation in Aquifer Microcosms from the IHDIV Building 1190 Site.
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Figure 12. Biodegradation of Perchlorate in Aquifer Microcosms Amended with Different
Concentrations of Acetate as Electron Donor. Values in Parentheses represent the ratio of
Acetate/Perchlorate (mg/L).

Conclusions

The results from the microcosm study using aquifer samples from the Building 1190 site suggest the
following: (1) indigenous bacteria capable of degrading perchlorate are present in the shallow aquifer in
the vicinity of Building 1190, and (2) these bacteria can be rapidly stimulated to degrade perchlorate to
below 4 pg/L by the addition of several electron donors. The data also suggest that natural attenuation of
perchlorate is possible at this location. This area was used for the disposal of perchlorate-containing
wastewater from the mixing facility until 1998, yet the anion was not detected in subsurface samples,
which suggests attenuation by either transport or biodegradation. In addition, samples amended with
perchlorate but no electron donor showed significant losses of the anion in microcosm studies. A natural

electron donor (e.g., humic material) or an organic co-contaminant most likely served as an electron

donor for biological perchlorate reduction in these samples.

4.3.2.3 IHDIV Hog Out Facility — Evaluation of Electron Donors and pH on Perchlorate Reduction

Methods

Electron Donor Addition: A second microcosm study was conducted using groundwater and sediment
collected from the Hog Out site at IHDIV (Building 1419). The experiment was prepared in the same
manner as described for the previous study, except that no perchlorate addition was required. The starting
perchlorate concentration in the mixed groundwater and sediment was approximately 45 mg/L. Triplicate

serum bottles were amended with nutrients (N and P from diammonium phosphate) and one of the
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following substrates at 200 mg/L: methanol, ethanol, acetate, benzoate, lactate, sucrose, molasses, or a
mixture of ethanol and yeast extract (100 mg/L each). Triplicate bottles also received hydrogen gas or
propane in the headspace as gaseous substrates. Triplicate bottles were inoculated with the perchlorate
degrading enrichment FBR?2; ethanol was used as an electron donor in these bottles. In addition, triplicate
microcosms were prepared with nutrients (N and P) but no substrate, substrate (acetate) but no nutrients,
and without addition of substrate or nutrients. Killed control samples were prepared with acetate and
received formaldehyde (1 %) to inhibit all biological activity. All bottles were crimp-sealed with
sterilized Teflon-lined septa and incubated at 15°C to approximate in situ temperatures. At 11, 20, 36,
and 71 days of incubation, a 15-mL subsample was removed from each bottle. The samples were
preserved and analyzed as described for the previous experiment.

Influence of pH on Perchlorate Biodegradation: An experime;lt was conducted to determine whether the
low pH (4.3) of the Hog Out site samples was inhibiting perchlorate degradation at the site. Prior to
adjusting the pH, the influence of increasing carbonate concentration on slurry pH was tested. The
resulting titration curve showed that approximately 240 mg/L of additional carbonate was required to
increase the pH of the slurry to 7.0 (Figure 13). Microcosms were prepared in sterile, 160-mL serum
bottles. The groundwater was amended with a sterile stock of diammonium phosphate to provide
nitrogen (1 mg/L NH, as N) and phosphorus (1 mg/L PO, as P) as nutrients for bacterial growth.
Groundwater and sediment were added to each 160-mL bottle at a ratio of approximately 3:1 (100-mL
groundwater and 30-g sediment). Acetate was added as the electron donor at 75 mg/L. Perchlorate was
not added, as the perchlorate concentration in the mixed groundwater and sediment was approximately 45
mg/L. In eight of the fourteen bottles prepared, the pH was increased from 4.3 to approximately 7.0 by
adding sodium carbonate. The pH of the remaining six microcosms was not adjusted (i.e., pH 4.3). Three
of the bottles at pH 4.3 and three at pH 7.0 were inoculated with the perchlorate degrading culture FBR2,
and three bottles at each pH remained uninoculated. Two of the bottles at pH 7.0 received formaldehyde
(1 %) to inhibit all biological activity. The bottles were incubated on a rotary shaker at 15°C. After 7, 16,
and 28 days of incubation, a 7-mL subsample was removed from each bottle. Each sample was initially
centrifuged for approximately 30 minutes at 3,500 rpm to remove sediment fines. The supernatant was
then passed through a nylon filter and placed at 4°C until analysis. A freshly grown inoculum of the
FBR2 culture was re-added to three bottles at each pH on Day 10. This procedure was conducted to

ensure that all bottles amended with the bacterium received active perchlorate degrading bacteria.
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Figure 13. Carbonate Titration Curve for Sediment Slurries from the
IHDIV Hog Out Site.

Results

Groundwater Analysis: The groundwater collected from the Hog Out site contained perchlorate at 25
mg/L. In a slurry containing 30-g sediment and 100-mL groundwater, perchlorate was detected at 45
mg/L suggesting that the anion was present at a higher concentration in the sediments collected from the
site than in the groundwater. This difference may represent perchlorate present in the unsaturated zone of
the shallow aquifer. Nitrate and nitrite were not detected in samples. Sulfate was present at 88 mg/L,
chloride at 26 mg/L, and alkalinity was 19 mg/L (as CO;). The pH of the water was 4.8, and a slurry of
water (100 mL) and sediment (30 g) had a pH of 4.3.

Electron Donor Addition: There was no appreciable loss of perchlorate during the 71-day incubation
period in any of the microcosms prepared from the Hog Out site samples (Table 2). Ten different
electron donors did not stimulate perchlorate biodegradation in the samples. Bioaugmentation with an
exogenous perchlorate degrading culture (FBR2) also did not reduce perchlorate levels. These results
differ from those with the Building 1190 samples, where several electron donors quickly stimulated
perchlorate degradation. Rapid reduction in perchlorate levels was also observed in aquifer microcosms
from the Jet Propulsion Lab and a commercial site in the Rocky Mountains (see following section). The
most apparent difference between the Hog Out samples and those from other sites is the comparatively

low pH of the microcosms compared to other samples. The pH of the Hog Out site microcosms was
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measured at 4.3. Other samples tested prior to this had pH values no lower than 6.1. An experiment was

subsequently conducted to assess the influence of pH on perchlorate degradation in the Hog Out samples.

Table 2. Perchlorate Degradation in Aquifer Microcosms
from the IHDIV Hog Out Site.

Treatment Perchlorate Concentration
(mg/L)"

Electron Donors Day 0 Day 11 Day 20 | Day 36 Day 71
Killed Control 42+4 41 +1 44 +2 36 +4 37+2
No Substrate 42+4 37+1 36+4 38+1 39+5
Nutrients Only 42+4 38+2 4] +4 42+1 34+1
Hydrogen 42+4 38+2 40+4 32+5 35+2
Propane 42+4 38+1 | 39+2 34+2 37+2
Ethanol 42+4 39+2 41 +2 36+4 36+3
Methanol 42+4 41+2 41+1 32+2 34+2
Acetate 42+4 39+1 42+2 33+1 37+1
Benzoate 42+4 40+1 43+0 32+1 38+1
Lactate 42+4 38+3 43+3 33+2 37+2
Molasses 42+4 43 +2 43+2 28+1 36+2
Sucrose 42+4 44 + 1 45+0 31+0 3540
Yeast Extract/Ethanol 42+ 4 43+2 44 +2 35+3 37+2
Bioaugmentation

Inoculum FBR2+ Ethanol 42+4 41 +1 44+3 36+2 36 +2

' Values are the mean + standard deviation from triplicate microcosms.

Influence of pH on Perchlorate Degradation: The perchlorate levels in the samples at pH 4.3 did not
decline appreciably during the study, regardless of whether the samples were bioaugmented (Figure 14).
Conversely, the samples in which the pH was increased to 7.0 all showed perchlorate biodegradation.
Perchlorate levels in samples receiving Dechlorospirillum sp. FBR2 declined from 43 to 9 mg/L from day
7 to day 16, and then to 0.16 mg/L by day 28. The perchlorate concentration in samples that were
brought to pH 7.0 but not augmented with the culture declined more slowly, but perchlorate was below
detection by day 28 of the experiment. Thus, the data suggest that low pH is inhibiting perchlorate
degradation in the Hog Out site samples. It is interesting that indigenous perchlorate degrading
microorganisms could be stimulated to degrade the anion at a pH of 7.0 but not at a pH of 4.3. These
bacteria are obviously able to survive at the low pH, which occurs naturally at this site, yet appear not to
degrade perchlorate at this pH. The results suggest that there may be a pH below which perchlorate
biodegradation is physiologically inhibited.
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Conclusions

Data from experiments conducted with samples from the Hog Out site at IHDIV suggest that low pH is
inhibitory to biological perchlorate reduction. Neither biostimulation nor bioaugmentation promoted
perchlorate degradation at the site pH of 4.3. However, when the pH of the samples was increased to
neutrality, perchlorate biodegradation was observed in samples receiving only acetate as well as those
augmented with Dechlorospirillum sp. FBR2. The inhibition of perchlorate degradation at low pH in
these field samples is consistent with previous observations at Envirogen during experiments with ex situ
reactor systems. During a laboratory pilot study, perchlorate treatment in a fluidized bed reactor was
observed to decline appreciably when the pH of the system declined below approximately 5.5. The
performance was regained when the pH was increased to neutrality. Perchlorate inhibition at low pH was
also observed in soil and groundwater samples from the Ponghom Army Ammunition Plant (LHAAP).

These data are reported in section 4.3.4.
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Figure 14. Influence of pH on Perchlorate Degradation in
Aquifer Microcosms from the IHDIV Hog Out Site.
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4.3.3 ROCKY MOUNTAIN COMMERCIAL FACILITY (RM), UTAH

4.3.3.1. Evaluation of Electron Donors and Influence of Chlorinated Solvents and BTEX on
Perchlorate Reduction

Methods
Sample Collection: Groundwater samples were collected by site personnel at an industrial manufacturing

facility in the Rocky Mountains. Sediment samples were not available.

Groundwater Microcosms: Microcosms were used to evaluate the potential for perchlorate
biodegradation in a subsurface aquifer in the Rocky Mountains. Subsurface sediments were not available
for this study, so groundwater only was used in the experiments. The Rocky Mountain groundwater was
amended with a sterile stock of diammonium phosphate to provide nitrogen (5 mg/L as NH4) and
phosphorus (4.5 mg/L as P) as nutrients for bacterial growth. Each 160-mL bottle received 100 mL of
site groundwater. The perchlorate concentration in the groundwater was approximately 57 mg/L.
Duplicate serum bottles were amended with one of the following substrates to 100 mg/L: acetate, ethanol,
methanol, benzoate, lactate, sucrose, molasses or a mixture of ethanol and yeast extract (100 mg/L each).
Duplicate bottles also received hydrogen or propane in the headspace as gaseous substrates. Duplicate
bottles were inoculated with Dechlorospirillum sp. FBR2 and ethanol as electron donor. Duplicate
samples were also prepared with nutrients (N and P) but no substrate, no nutrients or substrate, or
substrate (acetate) without nutrients. Killed controls received acetate as substrate and formaldehyde (1%)
to inhibit all biological activity. All bottles were crimp-sealed with sterilized Teflon-lined septa and
incubated at 15°C to approximate in situ temperatures. At 6, 14, 22, and 35 days of incubation, a 15-mL
subsample was removed from each bottle. Preservation of the samples was accomplished by filtration

and refrigeration, as described previously.

Influence of Co-Contaminants: Because chlorinated solvents such as trichloroethylene (TCE) and
perchloroethylene (PCE) often occur in conjunction with perchlorate in contaminated groundwater, two
experiments were conducted to determine the influence of these compounds on perchlorate degradation.
The influence of high concentrations of PCE and TCE was initially examined, then, in a second study, the
influence of several lower concentrations of these co-contaminants was evaluated. In the initial study, the
role of BTEX contamination on perchlorate reduction was also examined.

In the first study, serum bottles were amended with lactate (100 mg/L), nutrients, and one of the

following co-contaminants at a starting concentration of 100 mg/L: PCE, TCE, or the mixed gasoline
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constituents benzene, toluene, ethylbenzene, and xylenes (BTEX). The bottles were sealed and placed on
a rotary shaker operating at 15°C. Subsamples were periodically collected and analyzed for perchlorate.
In the second study, the groundwater samples were amended with lactate (100 mg/L), nutrients, and either
PCE or TCE at starting concentrations of 0, 5, 10, or 25 mg/L. The initial stocks of the chlorinated
solvents were prepared in site groundwater. The bottles were sealed with Teflon septa and placed on a
rotary shaker operating at 15°C. Subsamples were periodically collected and analyzed for perchlorate.
Initial samples were also analyzed for TCE and PCE using a gas chromatograph equipped with a flame
ionization detector (GC/FID).

Results

Groundwater Analysis: Groundwater from the Rocky Mountain site was collected from an existing
monitoring well screened to a depth of 89 — 99 ft beiow grade. The water contained perchlorate at 57
mg/L, which is consistent with historical levels in the well. Other anion levels included nitrate at 5.2
mg/L (as N), sulfate at 364 mg/L, chloride at 2,500 mg/L, and 285 mg/L of alkalinity (as CaCO;). The
total dissolved solids (TDS) in the groundwater was 5,000 mg/L, and the pH was 7.7. Historical data
provided to Envirogen by the commercial facility showed trichloroethene in the well water between 1 and
2 mg/L, and lesser chlorinated ethenes and ethanes at trace (ppb) levels. However, no volatile organic
compounds were detected in the groundwater upon analysis by Envirogen’s Analytical Lab. These
compounds most likely volatilized during collection and shipment of the groundwater samples. The
sampling techniques were designed to ensure aseptic collection of groundwater but not quantitative

preservation of in situ VOC levels (since perchlorate is non-volatile).

Groundwater Microcosms: The starting perchlorate concentration in microcosms prepared with
groundwater was 57 mg/L. After 6 days of incubation at 15°C, the perchlorate concentrations in samples
augmented with exogenous perchlorate degrading bacteria (Dechlorospirillum sp. FBR2) had decreased
to 15 mg/L. Perchlorate levels did not decline in any of the other treatments. After 14 days of incubation,
perchlorate levels were below detection (PQL; 0.5 mg/L) in the FBR2-inoculated microcosms and in
microcosms amended with sucrose, lactate, and molasses (Table 3). In microcosms amended with both
ethanol and yeast extract, perchlorate levels had decreased to 1 mg/L after 14 days, and were non-detect
(PQL; 0.5 mg/L) after 22 days. In microcosms receiving acetate, perchlorate levels declined to 31 mg/L
after 14 days. After 35 days, perchlorate levels in the acetate bottles were less than 0.5 mg/L. However,
no perchlorate loss was observed in microcosms prepared with acetate as electron donor but without
nutrients (supplemental nitrogen and phosphorus), indicating that phosphorus may be a limiting nutrient

for microbial growth in the groundwater. Nitrogen is probably not limiting because high levels of nitrate
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are present in the water. No perchlorate loss was observed in those microcosms amended with hydrogen,
benzoate, ethanol, methanol, or propane as electron donors. No perchlorate loss was evident in samples
that were treated with formaldehyde to inhibit biological activity, nor in samples that were prepared with

nutrients only (no substrate) or those receiving no nutrient or substrate addition.

Influence of Co-Contaminants. In the first study, perchlorate levels in samples that did not receive co-
contaminants declined from 52.7 mg/L to 1.7 mg/L during the initial 15 days of incubation and were
below detection by day 29 (Figure 15). In samples that received TCE at 100 mg/L, perchlorate
degradation was slightly retarded compared to the samples without the co-contaminant, but perchlorate
was also below detection by day 29. Conversely, during the 29-day study, samples receiving either
BTEX or PCE showed no degradation of perchlorate.

In the second study, perchlorate levels in samples that did not receive co-contaminants declined
from 52 mg/L to 19 mg/L during the initial 15 days of incubation and then to 0.9 mg/L by day 22.
Interestingly, perchlorate levels in samples receiving TCE at 10 or 25 mg/L were all below detection (<
0.025 mg/L) after 15 days of incubation (Figure 16). Samples treated with TCE at 5 mg/L showed
perchlorate levels of 10 mg/L after 15 days and were below detection for perchlorate after 22 days. Thus,
in this study, TCE appeared to stimulate the rate of perchlorate degradation in groundwater samples.
Analysis of TCE after 15 days of incubation showed no significant losses of the solvent in sample bottles.
The mean levels of TCE in bottles initially receiving 5, 10, and 25 mg/L were 6, 12, and 26 mg/L after 15
days. Conversely, perchlorate degradation was somewhat inhibited in groundwater samples with PCE
(Figure 17). After 15 days of incubation, perchlorate was detected at 36 mg/L in samples which were
initially treated with 10 mg/L PCE and at 46 mg/L in samples receiving 25 mg/L PCE, compared to 10
mg/L in samples with no PCE. By 22 days, samples with 25 mg/L PCE still had more than 30 mg/L
perchlorate, while all others were less than 1 mg/L. PCE levels in the sample bottles after 15 days were
appreciably reduced compared to initial levels. Bottles initially receiving 5, 10, and 25 mg/L PCE
showed 3, 3, and 9 mg/L, respectively, after 15 days. The method of analysis (GC/FID) did not allow
accurate detection of PCE biodegradation daughter products (e.g., cis-DCE) and killed controls at each
PCE level were not prepared, so it is unclear whether PCE was biologically degraded or lost due to

volatilization or by another abiotic process from the samples.

38




Table 3. Perchlorate Degradation in Groundwater Microcosms
from the Rocky Mountain Site.

Treatment Perchlorate Concentration
(mg/L)'

Electron Donors Day 0 Day 6 Day 14 Day 22 Day 35
Killed 57+2 60+2 53+2 60° 55°
No Addition 57+2 60+ 1 53+1 53+2 54+1
Nitrogen/Phosphorus only 57+2 62+5 55+1 59+1 55+2
Hydrogen 57+2 61+1 63+ 10 52+1 54+1
Propane 57+2 62+0 66+ 1 49+ 0 5340
Benzoate 57T+2 62+2 62+ 1 49+3 48 +2
Ethanol 57+2 59+3 63+2 51+0 43 +1
Methanol 57+2 62+2 63+1 46 +4 47+ 6
Acetate (no N or P) 57+2- 60+5 5440 59+1 49+1
Acetate 57+2 62+1 31+6 2+2 <0.5
Yeast Extract/Ethanol 57+2 60+0 1+1 <0.5 NSs*
Lactate 57+2 60+ 1 <0.5 <0.5 NS
Molasses 57+2 59+1 <0.5 <0.5 NS
Sucrose 57+2 61+1 <0.5 <0.5 NS
Bioaugmentation
Culture FBR2 + Ethanol 57+2 15+1 <0.5 <0.5 NS

Values are the means and standard deviations from duplicate microcosms.
% NS: Not sampled because perchlorate was previously below detection.
3 Single analysis due to broken sample bottle.
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Figure 15. Influence of Co-Contaminants on the Biodegradation of
Perchlorate in Groundwater from the RM Site.
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Figure 16. Influence of Varying Concentrations of Trichloroethene (TCE) on
Perchlorate Biodegradation in Groundwater Microcosms from the RM Site.
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Figure 17. Influence of Varying Concentrations of Perchloroethene (PCE) on
Perchlorate Biodegradation in Groundwater Microcosms from the RM Site.
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Conclusions
Bioaugmentation with Dechlorospirillum sp. FBR2 caused the most rapid reduction in perchlorate levels

in the Rocky Mountain samples. However, addition of some substrates (lactate, molasses, sucrose, yeast
extract/ethanol) also promoted perchlorate biodegradation by indigenous bacteria. Other substrates that
yielded rapid perchlorate biodegradation at the JPL site or the IHDIV Building 1190 Site, such as ethanol
(JPL) and hydrogen gas (IHDIV), did not stimulate biodegradation of the anion at this site. Differences in
the indigenous populations of perchlorate degrading bacteria at each site may account for the observed
differences among sites in substrate effectiveness for perchlorate bioremediation.

The observed inhibition of perchlorate degradation by high concentrations of PCE and BTEX
most likely reflects toxicity of these compounds on the perchlorate degrading strains in the RM
groundwater. It is however, interesting that TCE appeared to be less toxic at 100 mg/L than PCE, since
the former is more soluble and solvent toxicity often increases with solubility. An initial screening
suggested that neither TCE or PCE were appreciably degraded during the course of the experiment. In the
second study with lower solvent concentrations, PCE again inhibited perchlorate reduction, with the
extent of inhibition varying directly with concentration. This likely reflects toxicity of the chlorinated
solvent to perchlorate degrading bacteria.. It is also possible, although unlikely, that some perchlorate
degrading strains also use PCE as an electron acceptor and that the observed inhibition reflects
competiton between the two electron acceptors. More detailed experiments are required to evaluate this
possibility. Unlike PCE, TCE appeared to stimulate perchlorate degradation in the second study in a
dose-dependent manner, even though the solvent was not apparently degraded. The reason for this effect
is unclear, and requires additional experimentation. These studies are important because chlorinated

solvents, including PCE and TCE, are often found with perchlorate at contaminated field sites.

4.3.4 LONGHORN ARMY AMMUNITION PLANT, KARNACK, TEXAS

4.3.4.1 Sample Collection

Aquifer sediments and groundwater containing perchlorate were collected from two locations (Site 16,
Site 25G) at the Longhorn Army Ammunition Plant (LHAAP) in Karnack, Texas. A Geoprobe rig was
used for collection of sediments, and groundwater was taken from existing monitoring wells at the site.
The samples were used for the final set of microcosm studies to be conducted during this project using
natural sediments. Sediments from one of these locations are also being used for initial flow-through
column studies. In addition, samples of a contaminated surface soil (Site 25C) at LHAAP were taken for
testing. A total of seven different aquifer samples were collected from five sites across the country during

the microcosm testing for this project.
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4.3.4.2 LHAAP Site 16 —Landfill Leachate

Methods

Groundwater and sediment samples were collected from Site 16, which is a contaminated groundwater
plume that is downgradient from a capped landfill at LHAAP. Sediments were taken from 22 — 26’
below land surface using a Geoprobe rig and groundwater was collected from an existing monitoring well
(EW-1). The groundwater at the site is bright yellow due to the presence of a tricarbonyl iron compound
[(tetrahydrocyclopentadienone)tricarbonyliron(oxide)] leaching from the landfill. The initial
concentration of perchlorate in the site water was approximately 0.7 mg/L and nitrate was present at 1.0
mg/L. Sulfate was present at 1600 mg/L, chloride at 810 mg/L, the alkalinity was 350 mg/L, and the pH
was 6.7. To evaluate the influence of different electron donors on perchlorate degradation, microcosms
were prepared in an anaerobic chamber using 30 g of sediment and 100 mL of site groundwater in 160-
mL serum bottles. Duplicate bottles received acetate, ethanol, benzoate, molasses, lactate or soybean oil
at 20 mg/L. The bottles also received diammonium phosphate to provide approximately 4 mg/L NH; as
N and 5 mg/L PO, as P. Duplicate bottles were amended with acetate and 1% formaldehyde to inhibit all
microbial activity, and duplicate bottles received no substrate or nutrients. The bottles were incubated at
15°C on a rotary shaker, and subsamples were periodically collected for perchlorate analysis by ion

chromatography.

Results

Perchlorate analysis in the Site 16 samples proved to be difficult, particularly in samples showing
appreciable biodegradation, due to the presence of one or two interfering ions (Figure 18). One of these
compounds may be the tricarbonyl iron molecule causing the yellow color of the water. In some
instances, the perchlorate ion and a second ion did not separate sufficiently during ion chromatography to
allow accurate detection of perchlorate. The water was passed through several filters, including barium,
silver, and humic acid filters, but these did not remove the competing ions or improve detection (the
humic acid filter actually removed perchlorate at low concentrations). During some sample runs,
depending on column pressure and other factors, the perchlorate could be sufficiently separated from the
second peak to allow accurate detection. In instances where perchlorate could not be confirmed, samples

were reanalyzed until accurate analytical results were obtained
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Sample-Analysis Report

Sample Name : 4533-01
Data File Name : c:\peaknet\data\perchlorate\01-02-01-2_040.DXD
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Figure 18. Ion Chromatograph of Perchlorate and Interfering Anions in
LHAAP Site 16 Groundwater.

The average concentration of perchlorate in the samples at time 0 was 0.74 mg/L and nitrate was
0.96 mg/L. Nitrate was degraded in samples receiving all substrates except benzoate to near or below
detection (0.1 mg/L) during the initial 8 days of the study. No loss of perchlorate was observed during
this time. After 21 days of incubation, however, samples receiving molasses, lactate, and acetate showed
appreciable perchlorate degradation (Figure 19). Microcosms amended with ethanol also showed
perchlorate losses by day 33. Soybean oil and benzoate did not enhance perchlorate biodegradation at
this site. On day 36, sample bottles with acetate, molasses, lactate, and no substrate were spiked with
additional perchlorate to a concentration of approximately 5 mg/L to confirm that perchlorate degradation
was occurring. Perchlorate in the bottles without substrate remained near 5 mg/L. However, those with
the three substrates added declined to below detection by day 50 (14 days after perchlorate addition)
(Figure 20). Thus, perchlorate biodegradation by indigenous bacteria was stimulated in the Site 16

samples using several substrates.
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Figure 19. Influence of Different Electron Donors on Perchlorate Levels
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Figure 20. Biodegradation of Perchlorate in LHAAP Microcosms after
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4.3.4.3 LHAAP Site 25 — Propellant Mixing Facility

Methods

Site 25G at LHAAP is near a former perchlorate mixing facility. Soils and groundwater in the vicinity
are heavily contaminated with the propellant. Sediment samples were collected by Geoprobe from a
depth of 12 — 16 feet bls. Groundwater was from a nearby monitoring well (LHS-MW6C). The initial
concentration of perchlorate in a slurry of the sediment and groundwater was 77 mg/L, nitrate was 1.0
mg/L, sulfate was 280 mg/L, chloride was 140 mg/L, the alkalinity was 51 mg/L, and the pH was 5.73.
Microcosms were set up and incubated as described previously for Site 16 using ethanol, acetate, lactate,
and molasses as substrates. The starting concentration of each was 200 mg/L. No interfering anions were
observed in the Site 25G samples. Unlike Site 16, perchlorate was not degraded in any of the Site 25G
microcosm bottles during fthe 33-day incubation period of the study (Table 4). Nitrate, however was
degraded from 1 mg/L to less than 0.2 mg/L in all microcosms receiving ethanol, lactate, and molasses
(but not acetate) after only 8 days of incubation. There are numerous differences in geochemistry
between the two locations at LHAAP that could cause the difference in perchlorate degradation between
the sites. However, one factor previously observed to be inhibitory to perchlorate degradation in samples
from the Indian Head Division Naval Surface Warfare Center (IHDIV) was low pH. Although the pH in
the Site 25G samples is not particularly low, and is appreciably higher than at IHDIV (5.7 vs 4.3,
respectively), an experiment was conducted to determine whether pH adjustment could be used to

enhance perchlorate degradation in the samples.

Results

Initially, a titration with carbonate was performed using slurries of groundwater and sediment from site
25G to determine the amount of alkalinity required to increase the pH of the samples to 7. These data are
shown in Figure 21. On day 36 of the microcosm study, individual microcosm bottles with ethanol and
lactate were amended with carbonate to provide a final pH of 7.2. The duplicate sample microcosm
remained at pH 5.7. After 24 days of additional incubation at 15°C (day 60 of the study), the perchlorate
in the bottle with ethanol at pH 7.2 declined to 1 mg/L and then to 0.024 mg/L by day 33 (day 69 of the
study) (Figure 22). The microcosm with lactate that was brought to a pH of 7.2 also showed appreciably
decline in perchlorate by day 33 (< 5 mg/L). Unlike the pH-adjusted samples, no significant losses of
perchlorate were observed in the microcosms with ethanol or lactate that remained at a pH of 5.7. Thus,
the data clearly show that even a slightly acidic pH (i.e. 5.7), can completely inhibit perchlorate

biodegradation in subsurface environments.
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An additional study was conducted with Site 25G samples in which the pH was adjusted to 7.2 or left at
5.7, and the samples received one of two pure cultures of perchlorate degrading bacteria isolated during
this project (Dechlorosoma suillum JPLRND or Dechlorospirillum sp. FBR2). Duplicate sample bottles
received 15 g of sediment, 30 mL of site water, and one of the perchlorate degrading strains. Carbonate
(4 mg) was added to adjust the pH to 7.2 in some samples, and all bottles were incubated at 15°C. In
bottles brought to pH 7.2, perchlorate was completely degraded by the augmented strains after 5 days for
JPLRND and 15 days for FBR2 (Figure 23). Conversely, no perchlorate degradation was observed at pH

5.7 in any of the samples.

Table 4. Perchlorate Degradation in Sediment/Groundwater Microcosms

from LHAAP Site 25G.
Perchlorate Concentration
(mg/L)'
Electron Donors Day 0 Day 8 Day21 | Day33
Killed Control (Acetate) 77+0 72+0 80+0 79+ 1
No Addition 77+ 0 74+2 81+1 82+4
Nutrients Only 77+ 0 75+1 80+1 80+3
Acetate 77+0 73+ 1 81+1 78
Ethanol 77+ 0 74+ 0 82+0 85+8
Lactate 77+0 74 + 1 80+1 85+9
Molasses 77+ 0 72+ 0 80+1 77+3

" Values are the mean + standard deviation from duplicate microcosms.
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Figure 21. Carbonate Titration Curve for Sediment Slurries
from LHAAP Site 25G.
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Figure 22. Influence of pH Adjustment on Perchlorate Biodegradation in
LHAAP Site 25G Aquifer Microcosms.

100

80

—@— Control-pH 7
—l— JPL-pH7
—¥— JPL-pH5.7

Perchlorate (mg/L)

40 7 | —— FBR2-pH7
] —+f3 FBR2-pH5.7
20
O T T T | T T T I T T I T T T l T T T l T T T ] T T T I T
0 2 4 6 8 10 12 14 16

Days

Figure 23. Influence of pH and Bioaugmentation (Dechlorospirillum sp.
FBR2 or D. suillum JPLRND) on Perchlorate Biodegradation in LHAAP
Site 25G Microcosms.
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4.3.4.4. LHAAP Site 25C - Biodegradation of Perchlorate in Surface Soils

Methods

A surface soil was collected from Site 25C at LHAAP from an area with known perchlorate
contamination in the high mg/kg range. The surface soils taken only had approximately 1 mg/kg
perchlorate upon laboratory testing, so they were spiked with additional perchlorate to an initial level of
about 50 mg/kg. The soil was homogenized and 500-g portions were placed in mason jars (1 qt) and
amended with bulk substrates including corn-steep liquor, molasses, horse manure, and soybean oil at
1000 mg/kg. A control was prepared by adding mercuric chloride and sodium azide to inhibit microbial
activity. The bottles were sealed and incubated at 15°C without shaking. Five-gram subsamples were
removed from the bottles periodically in an anaerobic chamber. The samples were extracted by shaking

for 1 hour with water, centrifuged to remove solids, and analyzed for perchlorate by IC.

Results

Perchlorate degradation was not observed in any of the surface soil samples from Site 25C during more
than 80 days of incubation (Figure 24). An additional set of samples were collected after 198 days, and
some perchlorate biodegradation was evident (levels reduced to 23 mg/kg) in samples amended with
vegetable oil, but not in those with the other electron donors or samples with no electron donor added.
The pH of the surface soil was measured at 4.8. Thus, as was observed previously with two sets of aquifer
samples, it appears that acidic pH is inhibitory to perchlorate reduction in this surface soil. To test this
hypothesis, 200-g subsamples of soil were removed from each sample jar after 21 days of incubation, and
the pH in these samples was adjusted to neutrality using lime (calcium carbonate). As with site 25G, a
titration was conducted to determine the lime required for appropriate pH adjustment. The increase in pH
stimulated perchlorate biodegradation in the samples receiving corn-steep liquor after 20 days and
perchlorate was below detection in the soil by 31 days (Figure 25). Soybean oil also stimulated

perchlorate degradation in the pH-adjusted soil much more rapidly than in the acidic soil.
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Conclusions
The most important finding of the LHAAP microcosm studies is that even a slightly acidic pH

(i.e. 5.7) can significantly or completely inhibit perchlorate degradation in site samples, regardless of
electron donor addition or bioaugmentation. These results confirm initial findings at the IHDIV site in
Maryland and clearly show the importance of evaluating the potential for perchlorate biodegradation
using a variety of samples with differing,geochemistries. If all samples tested during this project were
from the western States where groundwater is usually neutral, this pH effect would not have been
observed. The reason that an acidic pH inhibits perchlorate reduction is unclear. It is obvious from all
data gathered at this time that perchlorate reducing strains are indigenous in acidic aquifers and soils. It is
possible that the perchlorate reductase enzyme or another enzyme in the reduction pathway is inhibited at
acidic pH values. Such inhibition could lead to a complete absence of perchlorate degradation (if
perchlorate reductase is inhibited) or to the release of a toxic partial degradation product (e.g., chlorite) if
a later enzyme is inhibited. This finding may also reflect a less obvious effect of low pH, such as
increased solubility and toxicity of metals. Additional pure culture studies are required to better

understand the influence of pH on perchlorate degradation.

4.3.5 BOEING CORPORATION, SACRAMENTO, CA

In the first year of this project, microcosm studies were conducted with samples from several different
sites, including the Indian Head Naval Surface Warfare Center (MD), the Longhorn Army Ammunition
Plant (TX), Rocky Mountain site (UT), and Jet Propulsion Laboratories (CA) (see previous sections). In
the second year, studies focused primarily on flow-through model aquifers, pure cultures, and modeling.
However, one additional set of site samples were collected for evaluation of perchlorate biodegradation.
These samples were from the Boeing site near Sacramento, CA. The objective of these studies was to
determine if perchlorate biodegradation could be stimulated in samples containing extremely low
concentrations of perchlorate and without appreciable nitrate. In some instances, bacteria are known to
have thresholds below which they will not biodegrade organic substrates (Alexander, 1994). It is unclear
whether this threshold may also occur for electron acceptors such as perchlorate. Because there are many
perchlorate plumes with concentration levels less than 100 pg/L that may have to be reduced further to
less than 4 pg/L, a study was undertaken to evaluate the feasibility of biostimulation for perchlorate

treatment at low initial concentrations.
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4.3.5.1 Sample Collection

Groundwater samples were collected from the Boeing site into sterile 1L jars from two different_
contaminated wells and sent to Envirogen on ice. The starting concentration of perchlorate in these
samples was 49.8 pg/L (Well 58) and 102 ug/L (Well 44A). Nitrate levels were less than 1 mg/L for each
well. During sample collection, the pH of groundwater from well 44A was 7.0, and the redox was -125

mV. The pH of groundwater from well 58 was 6.7, and the redox was -150 mV. Dissolved oxygen was

below detection in each well.

4.3.5.2 Microcosm Studies to Evaluate Biodegradation of Low Perchlorate Concentrations and the
Influence of Different Substrates on Sulfate Reduction

Methods

Groundwater from each well was added in 120-mL volumes to sterile 160-mL serum bottles in a Coy
Environmental Chamber (nitrogen headspace). Duplicate samples were then amended with acetate,
molasses, or lactate at 20 mg/L each or hydrogen gas (5 mL in headspace). Microcosms were also
prepared without added substrate or with 1% formaldehyde (killed controls). Bottles were incubated at
15°C with shaking, and 20-mL subsamples were collected after 9 and 21 days. Samples were filtered, then
analyzed for perchlorate (EPA 314.0) and sulfate (EPA 300.0).

Results

The perchlorate levels in groundwater samples from Well 44A were below 8 pg/L in all bottles that
received a substrate (acetate, hydrogen, lactate or molasses) after 9 days of incubation. (Figure 26). The
concentration in samples without added substrate was 48 pg/L, and that in the killed controls was 38
Hg/L after this time. The level of sulfate in all bottles was near the starting concentration of 9 mg/L. By
21 days, all samples with substrate added had perchlorate below 4 pg/L. The sulfate levels were below
detection (< 0.4 mg/L) in bottles with molasses and lactate, and had dropped to 5.7 mg/L in samples with
hydrogen. The formation of iron sulfide (black precipitate) was also apparent in these samples. Thus,
perchlorate biodegradation preceded sulfate reduction in all samples. Interestingly, however, samples
amended with acetate showed no sulfate reduction; levels remained near 9 mg/L, and were similar to
levels in microcosms without added substrate and in killed controls.

Perchlorate reduction in samples from Well 58 was somewhat variable among replicate
microcosms at day 9. For example, in duplicate microcosms with molasses, perchlorate in one bottle was

below detection, while that in the second was nearly 100 pg/L. However, by day 21, perchlorate was

below 4 pg/L in all sample bottles with organic substrate added. Perchlorate levels in the bottles with




hydrogen averaged 6.2 pg/L.  The starting sulfate concentration in samples from this well was
approximately 2.5 mg/L. After 21 days of incubation, sulfate in all samples with molasses, lactate, and
hydrogen was below detection (< 0.4 mg/L), while that in samples with acetate remained at 2.5 mg/L.
There was also no sulfate reduction in samples without added substrate or in killed controls.

After incubation for 75 days, aqueous samples were taken from each bottle and sulfate levels
were determined. In well 44A, average sulfate levels were 8.7 mg/L and 9.0 mg/L in samples without
electron donor and in killed controls, respectively. These levels were near the initial level of 8.5 mg/L. In
samples amended with molasses, lactate, and hydrogen, sulfate levels were less than 0.4 mg/L and
samples were black, showing that appreciable sulfate reduction had occurred. Conversely, sulfate levels in
bottles amended with acetate averaged 7.4 mg/L. Thus, some sulfate was probably reduced in these
samples (about 1 mg/L) based on control values, but the extent of this process was much less than
observed with other substrates. In samples from well 58, the starting sulfate concentration was 2.7 mg/L.
There was no appreciable loss of sulfate in killed controls (2.7 mg/L sulfate) or those without electron
donor added (3.0 mg/L sulfate) after 75 days. The average sulfate was below detection (< 0.2 mg/L) in
samples re;ceiving hydrogen, lactate, and molasses. The final sulfate concentration in acetate-amended
samples was 0.65 mg/L. Thus, about 2 mg/L sulfate was reduced in these samples. Although there was
some sulfate reduction in acetate-amended samples over 75 days of incubation, the data suggest that
acetate is a much poorer substrate for sulfate-reducing bacteria than the others tested. Sulfate reduction is
not a desired side effect in drinking water aquifers. These data suggest that acetate may be one substrate

that effectively stimulates perchlorate reduction but does not yield reduction of sulfate.
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Figure 26. Biodegradation of Low Concentrations of Perchlorate in
Groundwater Microcosms from Boeing Corp.
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Conclusions

Although there is now appreciable data from this and the two companion SERDP projects showing that
perchlorate reduction can be stimulated in the subsurface by addition of various electron donors, the
results of this study using groundwater samples from Boeing Corp. are significant for two reasons. First,
these are the first data showing that perchlorate treatment to less than 4 pg/L is possible from starting
concentrations as low as 50 ug/L using biostimulation. Second, the data reveal that lactate, molasses, and
hydrogen support rapid and appreciable sulfate reduction after perchlorate is biodegraded, but that sulfate
reduction is much less prevalent with acetate as a substrate. The formation of hydrogen sulfide from
sulfate reduction may not be an acceptable endpoint from in situ perchlorate treatment, particularly in
drinking water aquifers. These data suggest that acetate may be a better choice than several other

substrates for perchlorate bioremediation.

4.4 EVALUATE PERCHLORATE BIODEGRADATION AND TRANSPORT IN PILOT-SCALE MODEL
AQUIFERS

4.4.1 MODEL AQUIFER CONSTRUCTION

A flow-through model system better approximates in situ aquifer conditions than either an aqueous
system or a static microcosm, and being continuous flow, inputs of perchlorate, substrates, and other
groundwater constituents can be controlled and varied. A model aquifer was constructed and flow
characteristics with sand and a natural subsurface sediment were tested. Two photos of the aquifer
column are provided in Figure 27. The aquifer column was constructed from a stainless steel tube 50-cm
long by 7.6-cm diameter (see Figure 28 for details). The bottom and top of the column are set in acrylic
plates with ports for influent and effluent water flow. The two acrylic plates are held together with
threaded rods on each corner. An aluminum diffuser plate is placed just above the influent flow port to
provide mixing of water at the bottom of the column. Several experiments were conducted to determine
the optimal design for the diffuser plate. The columns have sampling ports every 3.5 cm from the bottom
(upward flow) which consist of an 18-gauge steel needle inserted to the center of the column through a
barbed plastic fitting. Each needle is sealed with Norprene tubing to prevent leaks. Every other sample
port is offset by 90 degrees. The entire column is wrapped in copper tubing over which is a layer of foam
insulation. Water at 15°C is run through the copper tubing to maintain the entire column at groundwater
temperature. A peristaltic pump supplies a continuous flow of groundwater from a reservoir (also
temperature controlled) to the influent port at the bottom of the column. An additional syringe pump is
attached in series to allow a slug of aqueous solution (containing substrate, electron acceptors, bacteria,
etc.) to be independently applied to the column. The entire system is airtight so that anaerobic conditions

can be generated within the column.
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Figure 27. Photographs of the 50-cm Model Aquifer Column During Construction (A) and Receiving
Groundwater Flow During Tracer Studies (B).

4.4.2 EVALUATION OF INFLUENT WATER MIXING

The column was initially packed with 3000 g of a silica quartz sand (99.4 % SiO;) of 0.45 — 0.50 mm
diameter. The total pore volume of the sand column was measured at 946 mL, giving a porosity of 315
mL/kg sand. Initial bromide tracer tests were conducted to evaluate mixing of water at the bottom of the
column. To conduct these studies influent water was amended with a pulse of bromide (~ 40 mg/L for 60
min) and passed through the column at a flow rate of approximately 50 mL/hr. Aqueous samples were
removed with time from the sampling port 7 cm from the bottom of the column. The water was sampled
from the center of the column, % the radius of the column, and at column outer edge, to determine the
distribution of bromide (and thus water mixing) through the bottom section of the sand column. In the
initial studies, the aluminum diffuser plate had 16 holes drilled at ¥; the radius of the column. Thus, water
entering the column was forced to distribute through these holes rather than moving in a slug up the
center of the column from a single port. The initial mixing study showed that the water was traveling
preferentially up the side of the column (Figure 29). The data suggested that, although the diffuser plate
was fit tightly into the column, water was moving around as well as through the plate. The diffuser was
sealed into the column with silicone caulk to prevent this flow path. The experiment was repeated and the
results showed a much more equal distribution of bromide across the column, suggesting reasonable
mixing (Figure 30). There was some lag in water flow at the edge of the column with the diffuser design,
so a second diffuser with two rows of holes at 1/3 and 2/3 of the radius of the plate was tested to
determine if mixing at the bottom of the column could be improved further. The results of the second
diffuser were not appreciably different that the first. The mixing at the bottom of the column was deemed

to be adequate for modeling work with either diffuser design.
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Figure 30. Flow of Bromide Through the Model Aquifer with Sealed Diffuser Plate.
Notations are as Follows: C/L = Column Center; 1/2R =% Column Radius; Wall =
Column Wall.
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4.4.3. TRANSPORT OF PERCHLORATE THROUGH SILICA SAND AND AQUIFER SEDIMENT

The transport of perchlorate through the sand column was tested using bromide as a conservative tracer.
To conduct this study, approximately % pore volume (480 mL measured) of tracer containing bromide
and perchlorate at 50 mg/L each was applied to the column in an artificial groundwater (AGW). The
AGW recipe was designed to mimic site groundwater from a location in Virginia. The water was
oxygenated to ensure that perchlorate was not biodegraded during the study. The initial pulse of
perchlorate and bromide was followed by AGW only. Fractions were collected at the effluent port of the
column at 15-min intervals and analyzed for both bromide and perchlorate using ion selective probes.
The effluent data revealed that perchlorate and bromide moved very similarly through the sand column
(Figure 31). Perchlorate breakthrough was slightly more rapid than for bromide, which may reflect
exclusion of perchlorate in some small pores, as bromide is a smaller molecule. There was also a slightly
higher fraction (C/Co) of bromide compared to perchlorate at the peak of the breakthrough curve.
However, studies conducted after this tracer test revealed that the bromide probe was inaccurate (reading
high) at higher bromide concentrations, even after appropriate standardization. ~Additional tracer
experiments were analyzed by ion chromatography to verify probe results.

After the studies with silica sand were finished, the aquifer column was cleaned and packed with
sediment from LHAAP Site 16. The sediments, which were collected from 16 — 26 ft bls, were removed
from core liners, passed through a 4-mm sieve to remove rocks and debris, and thoroughly homogenized.
The column was packed with 3258 g of field moist sediment (2891 g dry wt). The total pore volume in
the column was 988 mL and the porosity was calculated as 303 mL/kg soil. An artificial groundwater
was prepared based on the characteristics of water collected from EW-1 at Site 16 for use in column
studies. A bromide tracer test was initially conducted to evaluate the flow characteristics of water through
the LHAAP sediment core (Figure 32). This test was followed by two tracer studies to characterize the
conservative transport of perchlorate through the column. In the initial test, the transport of perchlorate
was measured at a flow rate of approximately 42 mL/hr. The second test was conducted at approximately
half of this flow rate. As with the sand core, the tracer studies revealed that perchlorate and bromide

moved in a similar fashion through the site sediments.
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Figure 31. Transport of Bromide and Perchlorate Through the
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Figure 32. Transport of Bromide and Perchlorate Through a Model Aquifer
Column Packed with LHAAP Site 16 Sediment.
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4.4.4 EVALUATION OF PERCHLORATE AND NITRATE BIODEGRADATION

After initial experiments to evaluate transport through the column, nitrate and perchlorate were added to
influent groundwater and flow was initiated. For initial conditions in the column, perchlorate was added
at 25 mg/L, nitrate was added at 16 mg/L, and oxygen was present at approximately 8 mg/L. These
additions represent approximately equimolar quantities (0.25 mM) of each of these three electron
acceptors. These values are not the same as those found naturally at LHAAP Site 16, but were used for
laboratory experimentation. The other ions in the groundwater include sulfate at 1700 mg/L, chloride at
933 mg/L, calcium at 241 mg/L, magnesium at 176 mg/L, sodium at 989 mg/L. The alkalinity was 350
mg/L (as calcium carbonate), and the pH was 6.9.

The initial groundwater flow rate to the column was set at 40 mL/hr which equals a residence
time of approximately 24 hrs and a flow of 50 cm/day. Groundwater was passed through the column for
3 days without addition of acetate. The perchlorate and nitrate concentrations in the influent were the
same as in the effluent water when the acetate flow was started (i.e., neither electron acceptor was
degrading in the column). A separate syringe pump was used to add acetate to the influent flow line to
the column. The pump was set initially to supply the electron donor at a concentration of 80 mg/L. This
quantity of acetate is two times that stoichiometrically required to reduce oxygen, nitrate, and perchlorate
in the feed water. The influent feed was also amended with diammonium phosphate to supply
approximately 4 mg/L. ammonia and 8 mg/L phosphate as inorganic nutrients.

The influent and effluent lines were sampled for perchlorate, nitrate, dissolved oxygen, and
acetate 4 to 5 times per week. At least once per week, a profile was collected along the length of the
column to determine the concentrations of each of the electron acceptors and acetate with distance up the
column. The profile was taken by sampling points at 0, 3.5, 7, 14, 21, 28, 35, 42, and 50 cm from the
bottom of the column. Because of the limited sample volume available, dissolved oxygen was analyzed
using a colorimetric test kit (Chemets; Chemetrics, Inc., Calverton, VA). Nitrate was analyzed using ion
chromatography (EPA 300.0) and perchlorate was analyzed using an ion-specific electrode and by ion
chromatography (EPA 314.0) depending on concentration. Acetate was analyzed using gas
chromatography with flame ionization detection (GC-FID). The lower detection limit for acetate was
approximately 5 mg/L using this method. All water samples were passed through a 0.22-micron filter
after collection. A subsample for acetate was collected from the original sample and further preserved
using mercuric chloride.

The column was operated under the conditions described for a period of 48 days after acetate
addition began. Levels of perchlorate and nitrate in the influent and effluent water are provided in Figure

33. The concentration of nitrate in the effluent declined from approximately 20 mg/L when the acetate
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addition began to less than 1 mg/L. (PQL) by day 3 after electron donor addition commenced. The nitrate
remained below detection in the effluent throughout the duration of the 48-day period. The level of DO
in the column influent varied between 7 and 9 mg/L. The effluent concentration prior to acetate addition
was approximately 4 — 4.5 mg/L. This level declined to 2 mg/L by day 3, then to <1 mg/L by day 13. The
oxygen remained at or below 1 mg/L according to the colorimetric assay. Perchlorate biodegradation
began after approximately 2 weeks of operation. The level of perchlorate declined to 14 mg/L by day 17
(from an influent concentration of 25 mg/L), and was below detection by day 24 (PQL: 40 pg/L).
Perchlorate remained below detection in the column effluent for the remainder of the 48-day duration of
this experimental phase.

The target level of acetate in the influent water of the column was 80 mg/L. This level was
expected to provide approximately 40 mg/L excess acetate based on stoichiometric calculations. Acetate
measurements during the initial few weeks of column operation were not reliable because biodegradation
was occurring in some of the samples during storage. Although the samples were filtered and stored at
4°C awaiting analysis, some were apparently contaminated during subsampling for perchlorate and
nitrate. This problem was resolved by taking subsamples for acetate analysis at the time of collection and
preserving them with mercuric chloride. When reliable data were obtained, the influent acetate levels
varied from approximately 66 to 99 mg/L. When the column was in an apparent steady state on days 42 —
44, influent acetate values were 97, 99, and 95 mg/L and effluent concentrations were 23, 28, and 21
mg/L, on days 42, 43, and 44, respectively. Thus, the average acetate consumption during this period was
73 mg/L. This is approximately 30 mg/L greater than predicted from reaction stoichiometry, even taking
biomass growth into account. Although there is a high concentration of sulfate in the groundwater (1700
mg/L), sulfate reduction was not occurring in the column based on periodic sulfate measurements and
based on odor (no hydrogen sulfide was detected during sampling). Greater than expected acetate
consumption has also been noted in previous serum bottle studies as well as in studies with fluidized bed
reactors when nitrate and perchlorate were present. The reason for the extra consumption of acetate is not

yet clear.
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Figure 33. Initial Biodegradation of Perchlorate and Nitrate in
Model Aquifer with LHAAP Site 16 Sediment.

The column profiles were taken beginning on day 14 after acetate addition. Most of the added
nitrate was found to be degrading within the first 3.5 cm of the column in profiles taken from day 14 to
day 48. Occasionally a small amount of nitrate was detected further in the column, but generally all was
degraded by the first sample point. Conversely, perchlorate degradation was observed to begin well after
the nitrate was biodegraded. A representative column profile from day 44 is provided in Figure 34. The
profile of perchlorate degradation slowly moved down the column with time (i.e., the anion was degraded
over a shorter column distance with time in the study). However, perchlorate degradation always
occurred after nitrate, and thus appears to be appreciably slower than nitrate reduction. A series of
perchlorate profiles in the model aquifer column with time (day 16 — day 44) are given in Figure 35.

After 48 days of groundwater flow and acetate addition, the acetate and nutrient feed pump was
turned off. Without addition of electron donor, perchlorate in the effluent from the column increased
from below detection at day 49 to 7 mg/L at day 50 and then to greater than 17 mg/L by day 52. Influent
and effluent concentrations of the anion were the same from day 52 to day 59 (when the acetate feed was
started again). Nitrate was also observed in the effluent water in the absence of added electron donor.
Effluent concentrations of 4 and 13.5 mg/L were recorded on day 49 and day 52, respectively. The
effluent concentration did not increase all the way back to the influent concentration by day 59, but
remained in the vicinity of 14 mg/L, while the feed concentration was about 20 mg/L. Thus, some

residual denitrification, but not perchlorate reduction, occurred during the period when electron donor
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was not supplied. A graph showing perchlorate concentrations in feed and effluent water through greater
than 100 days of operation is given in Figure 36.

The acetate feed pump was restarted at the previous rate on day 59 and the flow and anion
concentrations were the same as before the electron donor was shut off. Perchlorate and nitrate levels in
the column effluent again decreased to below detection within a few days. Between days 76 and 80, the
nitrate concentration was increased from approximately 20 mg/L to 80 mg/L and then greater than 100
mg/L. When nitrate levels reached 100 mg/L, perchlorate biodegradation was no longer occurring in the
column (i.e., influent and effluent concentrations were the same). Nitrate levels in the effluent water were
approximately 25 mg/L during this time. No perchlorate degradation was observed during this time,
rather all of the acetate supplied to the column (~ 80 mg/L) was consumed during reduction of oxygen
and nitrate. In addition, the amounts of oxygen and nitrate consumed during acetate consumption was
very close to that expected based on stoichiometry. Thus, the initial extra use of electron donor during the
first phase of testing appears to reflect increased acetate consumption for perchlorate reduction. A
column profile showing concentrations of acetate, nitrate, and perchlorate after nitrate levels were

increased is provided in Figure 37 (day 84).
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Figure 34. Representative Profile of Perchlorate, Nitrate,
and Acetate Biodegradation in Model Aquifer Column.
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Figure 35. Perchlorate Profiles in Model Aquifer Column as a Function of Time.
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Figure 36. Influent and Effluent Concentrations of Perchlorate in Model
Aquifer Column Packed with LHAAP Site 16 Sediment.
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Figure 37. Profile of Perchlorate, Nitrate, and Acetate Biodegradation in
Model Aquifer Column After Nitrate Levels were Increased.

The feed of electron donor (acetate) was increased from approximately 80 to 100 and then to 125
mg/L to determine if perchlorate reduction could be stimulated when nitrate was depleted, or if some
perchlorate would degrade in the presence of low levels of nitrate. The increase in acetate supply was
achieved by increasing the flow of the syringe pump supplying the electron donor, rather than changing
concentration. The increase in electron donor from 80 to 100 mg/L caused residual nitrate levels to
decline from 25 to approximately 5 mg/L (Figure 38). No reduction of perchlorate was observed after
this increase in acetate (Figure 39), and all of the acetate was consumed within the first 7 cm of the
column (Figure 40). Increasing the acetate feed to 125 mg/L resulted in perchlorate biodegradation.
After this increase, all of the nitrate entering the column was degraded within the first 3.5 cm of the
column and perchlorate biodegradation was then observed from approximately 14 to 28 cm in the 50-cm
column. Thus, at 125 mg/L addition, the quantity of acetate entering the aquifer column was sufficient to
support degradation of all nitrate (100 mg/L) and oxygen (8 mg/L), then approximately 80% of the
perchlorate. Perchlorate reduction was not observed until each of these competing electron donors was
consumed, and enough residual acetate was present to support perchlorate biodegradation.

After this phase of testing, nitrate was removed from the artificial groundwater (prepared in the
laboratory to simulate groundwater at LHAAP), the perchlorate concentration was increased to 50 mg/L,
and the acetate feed was again reduced to 80 mg/L. Perchlorate was present in the effluent water at a
concentration of 11.5 mg/L after 3 days without nitrate (day 125). The concentration then declined to 3.4
mg/L on day 4, and to below detection by day 5. After 12 days, nitrate was again added to the
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groundwater at a concentration of approximately 100 mg/L. A column profile taken 18.5 hrs (1 day) after
addition of nitrate revealed that both electron acceptors (nitrate and perchlorate) were degrading
simultaneously within the column (Figure 41). However, denitrification rapidly replaced perchlorate
reduction as the dominant microbial process within the 50-cm column. Perchlorate, which was below
detection in the column effluent for several days prior to nitrate addition, was present in the effluent water
at 3.7 mg/L 18.5 hrs after addition of nitrate (~ 0.8 pore volumes). The perchlorate concentration in the
effluent increased to 26.4 mg/L two days after addition of nitrate, then to greater than 40 mg/L by day 5
after nitrate addition. The decline in perchlorate reduction after nitrate addition is apparent in column
profiles taken during this period (Figure 42). One of the interesting findings of this phase of column
testing is that biological nitrate reduction occurs preferentially to perchlorate reduction, even though the
thermodynamics of the two processes are similar. The kinetics of nitrate reduction with acetate as
electron donor appear to be favorable to the kinetics of perchlorate reduction. Thus, in general, when
electron donor is limiting, all electron donor is consumed during denitrification, and perchlorate reduction
does not occur. Another possible explanation for this finding is that nitrate actually inhibits perchlorate
reduction through a biochemical mechanism (i.e., competitive or noncompetitive enzyme inhibition).

As described in section 4.5.6, a pure culture study was conducted to evaluate whether the
prevalence of denitrification over perchlorate reduction reflects the relative kinetics of the two processes
or a biochemical inhibition. In this experiment, Dechlorosoma suillum JPLRND (pure culture isolated
from groundwater at the Jet Propulsion Laboratory) was incubated with perchlorate (and acetate as
electron donor) until active degradation of perchlorate was observed. At this time, the culture was quickly
split into several flasks, and these flasks were amended with different concentrations of nitrate. The data
from this study showed that the rate of perchlorate reduction was reduced dramatically by the addition of
nitrate, and that this reduction was directly proportional to nitrate concentration. The results suggest that
nitrate is a biochemical inhibitor of perchlorate reduction, (probably an inhibitor of the perchlorate
reductase enzyme). The data also provide one explanation for the preferential degradation of nitrate

compared to perchlorate in the flow-through columns.
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Figure 38. Profiles of Nitrate in Aquifer Column with
Increasing Levels of Electron Donor (Acetate).

40 i — @— 80 mg/L Acetate (Day 84)
1 —— 100 mg/L Acetate (Day 107)
i —W— 125 mg/L Acetate (Day 118)
% 307
E
o
=
s
= 207
(2]
s R
[-% _
10':
0lIIlllll'[lllllllll]llilill!I
0 10 20 30 40 50 60
Distance (cm)

Figure 39. Profiles of Perchlorate in Aquifer Column with
Increasing Levels of Electron Donor (Acetate).
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Figure 40. Profile of Acetate in Aquifer Column with Increasing
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Figure 41. Profile of Nitrate and Perchlorate in the Aquifer Column 1 Day (18.5
hrs) after Nitrate was Added to Groundwater.
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Figure 42. Profiles of Perchlorate in the Aquifer Column with Time
after Nitrate (100 mg/L) was Added to Groundwater.

4.4.5. INFLUENCE OF pH ON PERCHLORATE REDUCTION

At the conclusion of studies with nitrate, the influence of groundwater pH on perchlorate reduction was
evaluated in the 50-cm aquifer column. Previous microcosm studies with site samples from LHAAP and
THDIV revealed that perchlorate degradation is inhibited below a pH of approximately 5.7, but that
degradation can be quickly stimulated with buffering to pH 7. An attempt was made to explore this effect
further using the model aquifer. To do this, sodium bicarbonate was initially removed from the artificial
groundwater used in the column studies. This reduced the pH from 7 to approximately 5. Prior to this
modification, the starting perchlorate level was adjusted down to approximately 25 mg/L and the nitrate
was adjusted to 16 mg/L (approximately 0.25 mM each). The initial acetate concentration was 80 mg/L.
Prior to pH adjustment, both perchlorate and nitrate were degrading from initial levels to below detection
within the first 7 cm of the 50-cm column. The adjustment in pH did not influence the kinetics of
perchlorate reduction. However, the buffering capacity of the soil in the column was quickly bringing the
pH of the groundwater back up to 7.0. In an attempt to overcome this effect, the buffer MES (2-[N-

morpholino]ethanesulfonic acid; pKa = 6.1) was added to the water at a concentration of 2 mM, and the
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groundwater pH was adjusted to between 4.5 and 5.0. The buffered groundwater was run through the
column for approximately 33 days.

The acidification of the groundwater did not influence denitrification. Nitrate was degraded from
a starting concentration of 16 mg/L to below detection within the first 3.5 cm of the column throughout
the study period. For the first week that the buffered groundwater was added to the column, perchlorate
was also degraded to below detection within the first few centimeters of the aquifer column. However,
profiles collected after 8 and 14 days showed a moderate reduction in the rate of perchlorate degradation.
The column profiles also showed that the groundwater pH was still quickly buffered in the column,
increasing from approximately 4.5 in the influent to 6.2 within 3.5 cm (Figure 43). Because we were
unable to dramatically alter the pH across the profile of the column with buffered water, and did not want
to attempt more rigorous methods (e.g., acid addition), the study was discontinued after 33 days. The data
show some reduction in the rate of perchlorate degradation (but not denitrification) upon moderate

acidification in the first few cm of the column, but because of the high buffering capacity of the

sediments, the results of this phase of the study were inconclusive.

7.5 i LI B S R S B B R | SR | L LA A ] 25
Th 320
65 [ 1 7

C 15 3
C i £
R 6F 1 3
. —&— pH 110 -
55 F ]
r —®&— Perchlorate {mg/L) - g
5 1 1°
4.5 i i i i i i i i i i | 3 ] 9!4_.0
0 10 20 30 40 50

Distance (cm)

Figure 43. Groundwater pH and Perchlorate Levels in Column
Profile.




4.4.6 INFLUENCE OF CHLORATE ON PERCHLORATE REDUCTION

An additional experiment was conducted with the aquifer column to evaluate the influence of chlorate
addition on perchlorate reduction. Chlorate and perchlorate appear to be degraded by the same enzyme
pathway in perchlorate reducing bacteria, therefore the degradation of both of these anions together in a
natural system is interesting. In addition, chlorate has been found experimentally to inhibit nitrate
reduction in some instances. Thus, the presence of chlorate in groundwater could reduce nitrate reduction,
and based on our previous findings, the residual nitrate could then impact perchlorate degradation. To
evaluate the influence of chlorate, the anion was added to the influent groundwater in the column at a
concentration of approximately 80 mg/L (1 mM). The influent perchlorate concentration was
approximately 25 mg/L (0.25 mM), the nitrate concentration was approximately 16 mg/L (0.25 mM), and
the acetate feed was supplying approximately 100 mg/L to the column influent.

Prior to chlorate addition, both perchlorate and nitrate were degrading to below detection within
the first 3.5 cm of the aquifer column. There was approximately 40 mg/L of residual acetate. Within one
day after chlorate addition, perchlorate was detected in the column effluent (50 cm sample). Nitrate,
however, was still biodegrading within the first 3.5 cm of the column. Seven days after chlorate was
added to the influent groundwater, nitrate was still degraded in the first 3.5 cm of the column (Figure 44).
A majority of the chlorate was also biodegraded within this initial zone of the column. The concentration
dropped from 76 mg/L in the influent to 5.8 mg/L after 3.5 cm of transport in the column, a loss of 94 %.
Perchlorate biodegradation occurred throughout the length of the column. The perchlorate concentration
declined from 22 to 15 mg/L in the first 3.5 cm, then to 7.7 mg/L by the middle of the column (21 cm),
and 4.6 mg/L remained in the effluent. Acetate was below detection after 35 ¢cm in the column. The
profile for the three electron acceptors remained approximately the same in additional profiles taken
during the following several days.

The chlorate concentration was increased to 160 mg/L (2 mM) approximately 3 weeks after
chlorate was initially added. This increase did not appear to influence nitrate degradation. Nitrate was
still completely degraded in the initial 3.5 cm of the column sediment (Figure 45). The rate and extent of
perchlorate biodegradation, however, were each further reduced by the increased chlorate concentration.
After 5 days, perchlorate levels were only declining marginally through the column. Most of the chlorate
degradation continued within the initial few cm of the column, but a residual level of approximately 50
mg/L. remained after this initial degradation. Although the acetate profile showed low residual
concentrations of the electron donor in the latter half of the column, it is likely that it was actually all

consumed within the first half of the column. The detection limit for acetate by the GC method employed
is approximately 5 mg/L, but the method has proven not to be reliable below 10 mg/L.




The data from this study showed that chlorate did not influence the biodegradation of nitrate in
the aquifer column. Nitrate was degraded within the first few cm of the column in the absence of chlorate
as well as in the presence of 160 mg/L (2 mM) of the anion. The rate and extent of perchlorate reduction,
however, were dramatically affected by chlorate addition. Perchlorate reduction was not completely
inhibited by chlorate, as was observed for nitrate, but it was decreased substantially. Before chlorate
addition, all of the added perchlorate (~ 25 mg/L) was degraded in the first 3.5 ¢cm of the column. After
addition of 80 mg/L chlorate, perchlorate was observed to be present in the effluent of the 50-cm column
at approximately 5 mg/L. This residual increased to about 20 mg/L after the addition of 160 mg/L
chlorate. Pure culture studies with JPLRND to evaluate the influence of chlorate on perchlorate reduction
were not conducted. However, based on previous findings with other strains, it is likely that both of these
anions are substrates for the (per)chlorate reductase enzyme. Thus, the influence of chlorate on
perchlorate reduction probably results from competitive effects of the two anions at the active site of the

enzyme.
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Figure 44. Biodegradation of Perchlorate, Chlorate, and
Nitrate in Model Aquifer with Acetate as Electron Donor.
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Figure 45. Biodegradation of Perchlorate, Chlorate, and Nitrate in
Model Aquifer After Chlorate Levels were Increased to 160 mg/L.

4.4.7 SUSTAINED BIODEGRADATION OF PERCHLORATE AT LOW CONCENTRATIONS

An additional flow-through model aquifer was constructed to evaluate perchlorate biodegradation at low
concentrations (in the absence of nitrate), and to test the influence of co-contaminants on perchlorate
biodegradation. The second column was constructed as described originally except that the length of the
column was reduced from 50 ¢cm to 30 cm, and the sampling points were placed at 2.5, 5.0, 10.0, 15.0,
20.0, 25.0, and 30-cm from the bottom of the column. After construction, the column was packed with
sediments from the Longhorn Army Ammunition Plant (LHAAP) and a bromide tracer experiment was
conducted to quantify flow characteristics. Artificial groundwater was prepared with similar chemistry as
described for the initial column experiments. The sustained biodegradation of low concentrations of
perchlorate in the absence of nitrate was tested. Initially, perchlorate was added to the influent
groundwater at a concentration of 250 ug/L, and oxygen was present at approximately 8 mg/L. These
conditions are similar to those at the location from which the sediments were originally collected
(LHAAP Site 16 Landfill). The geochemistry of the artificial groundwater is also based on this location.

Unlike the previous column, in which acetate was used as an electron donor, this column received lactic

acid as an electron donor. The target concentration in the influent groundwater was 20 mg/L.




The column was initially packed with 2280 g of sieved, moist sediments from LHAAP Site 16
(1750 g dry wt). These sediments contained much more clay than the sample used to pack the 50-cm
column. The pore volume of the column was estimated at 540 mL. During the initial tracer test, bromide
and perchlorate were added to the column at 50 mg/L each in a 180 mL (~1/3 pore volume) pulse. The
flow rate was approximately 45 mL/hr. The breakthrough curves for bromide and perchlorate are
provided in Figure 46. The two anions moved through the column together, as observed previously for the
50-cm column. The breakthrough curves displayed a more significant tail than was observed for the 50-
cm column, suggesting that there may be some preferential flow in the column.

There was no appreciable reduction in perchlorate through the column for the first 14 days after
the lactate addition was initiated. By day 22, however, perchlorate was below detection in the column
effluent (Figure 47). The minimum detection limit for perchlorate for this phase of testing was 8 pg/L.
The column effluent remained below detection throughout the remainder of the study period. Column
profiles taken on days 36 and 37 showed that most of the perchlorate was degrading within the first 10 cm
of the column (Figure 48). At day 56, the influent perchlorate concentration was reduced to 50 pg/L.
The effluent perchlorate concentration remained below detection after the influent perchlorate was
reduced to this level. The minimum detection limit was 4 pg/L during this phase of testing. The data show
that lactic acid will support biological perchlorate reduction at this site. The data also show that
perchlorate biodegradation can be stimulated and sustained (to < 4 pug/L) even when initial concentrations
of the anion in groundwater are very low (i.e., 50 — 250 pg/L) and nitrate, an alternate electron acceptor
for most perchlorate-respiring bacteria, is not initially present. There are a number of large perchlorate
plumes in which the initial levels of the anion in groundwater are several to several hundred pg/L, and in
which nitrate is not present. The data from this experiment suggest that sustained in situ perchlorate
bioremediation may be possible for these sites. If a lower threshold for perchlorate biodegradation exists,

as has been found for many organic contaminants acting as electron donors, it appears that this level is

below the low pg/L levels which are relevant for current regulatory requirements.
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Figure 46. Transport of Bromide and Perchlorate Through the 30-cm Model
Aquifer Column Packed with LHAAP Site 16 Sediment.
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Aquifer Column with Lactate as Electron Donor.

4.4.8 INFLUENCE OF RDX ON PERCHLORATE BIODEGRADATION AND POTENTIAL FOR
COMBINED TREATMENT

Previous microcosm experiments performed during this project evaluated the influence of chlorinated
solvents (PCE and TCE) on perchlorate degradation. In addition, in one of the companion projects,
Geosyntec researchers have been examining the joint bioremediation of chlorinated solvents and
perchlorate in laboratory and field studies. Therefore, rather than looking at chlorinated solvents in a
column experiment, we decided to examine the influence of a second co-contaminant, the nitramine
explosive hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), on perchlorate degradation. RDX, and a similar
explosive, octahydro-1,3,5,7-tetranitro-1,3,5,7-tetraazocine (HMX) are widespread environmental
contaminants at many current and former military facilities. For example, a recent report suggests that at
least 28 U.S. Army installations and more than 200 facilities in Germany are contaminated with these
compounds (Stahl et al., 2001). The majority of this contamination is the result of historical
manufacturing, handling, and disposal procedures for munitions. However, past and current activities on
military training ranges may also be resulting in releases of these energetics into the environment. For
example, groundwater underlying impact ranges at the Massachusetts Military Reservation (MMR) on

Cape Cod has recently been found to be contaminated with various explosives, including both RDX and

75




HMX (Burt, 1999). This groundwater is also contaminated with low levels of perchlorate from training
activities or from another source (e.g., burn pits). It is likely that other sites also have co-contamination
with perchlorate and RDX.

Based on this information as well as the current interest in RDX treatment methods, we
conducted a column study to examine (1) whether RDX impacts perchlorate treatment, and (2) whether
both RDX and perchlorate can be biodegraded using electron donor addition. There is a growing body of
literature on the biodegradation of nitramine explosives, and although the mechanism by which bacteria
utilize these compounds (i.e., as growth substrates, cometabolites, or terminal electron acceptors) remains
unclear, the preponderance of scientific evidence suggests that the most rapid degradation of RDX and
HMX occurs under anoxic or anaerobic conditions. In addition, the application of a suitable organic
growth substrate is often required to achieve rapid and complete degradation of the nitramine explosives
(Boopathy and Manning, 1998; Boopathy et al., 1993). Therefore, treatment methods to stimulate
perchlorate biodegradation in groundwater may also stimulate RDX biodegradation.

To examine this possibility, RDX was added at ~ 5 mg/L in the influent water of the 30-cm
aquifer column. The explosive was added in crystalline form from a military stock containing 93% RDX
and 7 % HMX. The column used was the same column described previously to evaluate degradation of
low concentrations of perchlorate (previous section). The influent feed of perchlorate remained at
approximately 50 pg/L and lactate addition was continued at 20 mg/L. Subsamples were taken
periodically from the influent and effluent of the column, and from the sampling points along the profile.
The samples were analyzed for perchlorate by IC (EPA 314.0) and RDX by HPLC (EPA 8330).

There was no apparent decline in the rate or extent of perchlorate biodegradation upon adding
RDX to the influent water to the column (Day 70 after column flow was started). The anion continued to
degrade from 50 pg/L to near or below detection within the first 10 cm of the 30-cm column.
Interestingly, RDX levels also declined appreciably during transport through the aquifer column. The
influent concentrations varied from about 2.5 to 5 mg/L, but losses of approximately 70% to 90% were
observed across the column. A profile of perchlorate and RDX in the aquifer column 22 days after RDX
was initially added is given in Figure 49. Perchlorate was reduced from 45 to less than 4 ug/L in the first
2.5 cm of the column, and RDX levels declined from 5.17 mg/L to 1.27 mg/L across the 30-cm column
length.

Because electron donor was being supplied to the column at the time that RDX was added, it is
unclear whether the initial losses of the explosive in the column represented biodegradation or merely
adsorption to aquifer sediments. RDX has a low octanol-water partition coefficient (Log Koy = 0.86) and
does not sorb appreciably to most constituents of soils or sediments (Schumacher et al., 1992; Sheremata

et al,, 2001). However, sorption of nitramines to some clays has been observed. Therefore, to examine




whether the decline in RDX levels in the column was due to biodegradation (supported by lactate
addition) or to sorption only, the electron donor feed to the column was discontinued on day 27 after
RDX addition. Three days after the lactate feed was shut off (approximately 6 pore volumes), perchlorate
was observed in the column effluent. The RDX levels across the column also increased, although far
more gradually than for perchlorate. A profile for both RDX and perchlorate before and after the lactate
feed was shut off (Day 27 and Day 30, respectively) is given in Figure 50. The lactate feed remained off
for 33 days. After several days, influent and effluent perchlorate levels were similar (i.e., biodegradation
no longer occurred). However, levels of RDX in the effluent continued to decline by 60 — 70% across the
column during the period that the lactate feed was off. A column profile for day 44 (17 days after lactate
feed was shut off) is provided in Figure 51. The data suggest that RDX was biodegraded in the absence
of added electron donor, although the extent of degradation was less than in the presence of lactate.

To evaluate whether the extent of biodegradation of RDX could be enhanced by electron donor
addition, the lactate feed was restarted on day 50 at a concentration of 40 mg/L (compared to 20 mg/L in
the previous phase). The addition of lactate did not appear to appreciably influence the loss of RDX
across the column. After 13 days, the flow rate to the column was cut approximately in half from 45
mL/hr to 24 mL/hr in order to increase the hydraulic retention time (HRT) of groundwater within the
column from approximately 12 to 23 hrs. When the retention time was increased, effluent levels of RDX
declined appreciably (Figure 52). The effluent levels of RDX from the column declined to approximately
200 -300 pg/L after the HRT was increased. The degradation across the column was greater than 92% of
the influent RDX after the HRT was increased to 23 hrs, compared to approximately 70% when the HRT
was 12 hrs.

The biodegradation pathway for RDX under anoxic conditions is postulated to proceed by
sequential reduction of the nitro (NO) groups to nitroso (-NO) groups, resulting in the formation of
hexahydro-1,3,5-trinitroso-1,3,5-triazine (TNX) (e.g., Hawari et al., 2000). In addition to monitoring
RDX, the initial nitroso- breakdown products of RDX [hexahydro-1-nitroso-3 ,5-dinitro-1,3,5-triazine
(MNX), hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine (DNX), and TNX] were quantified by HPLC for
some of the column profiles (beginning on Day 58 after initial RDX addition) using appropriate standards
for each metabolite. TNX and MNX were routinely detected throughout the column during analyses.
Conversely, DNX was either below detection or was observed only in a few samples in the column
profiles that were collected. A column profile showing RDX degradation and levels of each of the three
metabolites at an influent flow rate of 45 mL/hr (12 br HRT) is provided in Figure 53 and a similar profile
at a flow rate of 24 mL/hr (23 hr HRT) is provided in Figure 54. The column was being supplied with
lactate at 40 mg/L when each profile was taken. At the more rapid flow rate, the maximum levels of TNX

and MNX in the column were 0.3 mg/L. DNX was not detected. The flow to the column was reduced on
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Day 63. On day 84 when the second profile was collected, levels of MNX exceeded 1.5 mg/L through the
first 10 cm of the column. Levels of TNX increased gradually through the first several centimeters of the
column, reaching a maximum concentration at the 10 cm point, and decreasing thereafter. A small amount
of DNX was detected at the 10-cm sample point, but nowhere else in the column. The metabolite data

clearly show that RDX biodegradation is occurring within the column in conjunction with perchlorate

degradation.
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Figure 49. Profiles of Perchlorate and RDX in Aquifer Column
22 Days after Initial Addition of RDX.
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Figure 53. Biodegradation of RDX and Formation of RDX Metabolites in Aquifer
Column at Flow Rate of 45 mL/hr (12 hr HRT; Day 58).
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4.5 PERCHLORATE BIODEGRADATION MODEL

4.5.1 MODEL DESCRIPTION

A mathematical model has been developed to describe the biodegradation kinetics of perchlorate (an
electron acceptor) in the presence of an electron donor and other alternate electron acceptors. The model
is based on the modeling program RT3D, developed by Battelle Pacific Northwest National Laboratory.
The rate of perchlorate degradation is described as a function of the electron donor (acetate) utilization
rate, presence and utilization of alternate electron acceptors (oxygen and nitrate), and rates of biomass
growth and decay. The kinetics of biomass growth are described using a modified Monod model. To
describe the effect of alternate electron acceptors on perchlorate degradation an inhibition factor is

included as a modification to the Monod model. Specific details of the model are given in the sections
below.

4.5.2 ELECTRON DONOR CONSUMPTION

The model describes sequential degradation of acetate (the electron donor) in the presence of oxygen,
nitrate, and perchlorate (the electron acceptors). Also, the influence of biomass populations on the
utilization of acetate is included in the model (see Section 4.5.3 below). In the model, it is assumed that
the total amount of acetate consumed is equal to the sum of three terms: 1) the amount of acetate
consumed using oxygen as an electron acceptor; 2) the amount of acetate consumed using nitrate as an
electron acceptor; and 3) the amount of acetate consumed using perchlorate as an electron acceptor. The
rate of acetate consumption using each electron acceptor is written as a function of acetate concentration,
electron acceptor concentration, bacterial population, the maximum specific rate of degradation, and the
half-saturation constant for that reaction. For the reaction where nitrate is utilized as an electron acceptor,
oxygen is modeled as a competitive inhibitor to the reaction. Similarly, for the reaction where perchlorate
is utilized as the electron acceptor, nitrate and oxygen are modeled as competitive inhibitors of the

reaction. The complete model equations are provided in Appendix B (section 7.2).

4.5.3 MICROBIAL POPULATIONS

In the model, two primary processes are used to describe changes in the microbial populations: 1) growth
due to electron donor consumption; and 2) indigenous cell decay. The rate of change in the biomass due
to growth is dependent upon the starting biomass concentration, the biomass yield, and the rate of electron

donor utilization. Biomass concentrations are included in the mathematical expression for calculating the

rate of utilization of the electron donor and each electron acceptor.




4.5.4 ELECTRON ACCEPTORS

In the model, changes in the electron acceptor concentrations are directly linked to the consumption of the
electron donor. The change in concentration of each acceptor is calculated as a function of the specific
electron donor utilization rate for that acceptor, the mass of acceptor consumed per mass of substrate
consumed (the donor/acceptor yield coefficient), the biomass concentration, and the concentration of the
other electron acceptors. The donor/acceptor yield coefficients were determined theoretically based upon
the stoichiometric half-reactions for each electron acceptor and compared to observations in the
laboratory. Inhibition among the different electron acceptors was modeled using the assumption that the
electron acceptors are used sequentially as follows: oxygen, nitrate, and perchlorate. Previous
experimental work has demonstrated this sequential electron acceptor use is relatively accurate.

Microcosm experiments were performed during this study to further evaluate this relationship.

4.5.5 MODEL ASSUMPTIONS

Some of the basic assumptions made to develop the model include the following:

1. Maximum specific growth rate and the half saturation constant do not significantly change
with the different electron acceptors.

2. Cell yield does not change with different electron acceptors.

3. Competition among the different electron acceptors is a continuous function, i.e., not based on
“threshold concentrations”.

4. The electron donor and electron acceptors described do not volatilize into air or sorb onto soil.

5. Any lag periods observed during the microcosm studies are due to microbial growth only.

6. Biomass may decay to zero or grow indefinitely.

4.5.6 EXPERIMENTAL DETERMINATION OF MODEL PARAMETERS

Electron Donor Parameters

Experiments were performed to estimate the different input parameters for the model. These studies
utilized a perchlorate degrading strain, Dechlorosoma suillum JPLRND, hereafter referred to as JPLRND,
which was isolated from groundwater underlying the Jet Propulsion Laboratory in Pasadena, CA, during
previous work in this project. A series of batch experiments were conducted with this strain using a range
of starting electron donor (acetate) concentrations where individual electron acceptors (oxygen, nitrate, or
perchlorate) were constant and not limiting (i.e., supplied in excess). The electron donor levels and the
microbial population density were measured over time in each microcosm. Using the biomass versus

time graph, the biomass growth rate for each microcosm was determined from the exponential growth
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stage of each graph. Consequently, a “Monod growth” curve was constructed by plotting the exponential
growth rate of the bacterium versus the starting electron donor concentration for that microcosm. The
maximum specific growth rate (kmax) and half-saturation constant (K,) for JPLRND using acetate as each
electron donor were determined from each Monod curve. These values represent the maximum specific
growth rate (kmax) of the culture on the acetate (donor), whereas K; represents the concentration where the
specific growth rate is half the k. value. These two parameters were determined for each electron
acceptor. As stated in the Model Assumptions (Section 4.5.5), it was assumed that the maximum specific
growth rate (Kms) and the half saturation constant (K;) do not vary significantly among the different
electron acceptors. This assumption was tested by fitting kmax and K values for acetate and each electron
acceptor and comparing the variability in these parameters. The notation for kmax values for the three
electron acceptors is as follows: Kuay ™", ot and Kea P, As discussed below, the average value
of these parameters (designated as ky.x) was used for subsequent modeling of perchlorate biodegradation.
Similarly, three Ks values for acetate, corresponding to the three electron acceptors, were fit to

the data and examined for variability. The notation for these three parameters is as follows: Kg donfoxy g
don/nit"and K 4™, As discussed below, the average of these three parameters, designated as Ks, was

used for subsequent modeling of perchlorate biodegradation.

Electron Acceptor Parameters

Experiments were performed to determine the growth rate parameters for the bacterium when the electron
acceptor concentrations (nitrate or perchlorate only) were limiting to the biodegradation process while the
electron donor (acetate) was present in excess (i.e., did not influence the biodegradation kinetics). The
maximum growth rate and half saturation constant for growth under these conditions were determined.
These parameters were determined for the electron acceptors nitrate and perchlorate only. Experiments
where oxygen was limiting were not performed because of the difficulty of measuring oxygen
concentrations in microcosm experiments. The notations for the maximum growth rate and half
saturation constant for these fits are as follows: Kma" "%, k72", Ks"V4", and K", It is expected
that Kpa™ " and Kua,""®" should equal the values Kpa ™™ and Ky ™*P*". On the other hand, given that
Khivdon represents a nitrate concentration, KsP"®" represents a perchlorate concentration, Kot g glonper
represent acetate concentrations, it is expected that these half-saturation constants will be different in

value.
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4.5.6.1 Experimental Quantification of Model Parameters

Electron Donor Parameters

Methods

Three groups of experiments were conducted to determine the different Kg and kuax values for JPLRND
growing on acetate. In each group, one electron acceptor (oxygen, nitrate, or perchlorate) was tested
using seven flasks initially prepared with basal salts medium (BSM) and supplied with varying acetate
concentrations, ranging from 0 to 600 mg/L. The starting concentration of nitrate or perchlorate in each of
the flasks was 1000 mg/L, while oxygen was maintained at saturation (approximately 8 mg/L). These
concentrations were used to ensure that the electron acceptors did not become limiting during these
experiments. For the nitrate and perchlorate groups, an additional control flask was prepared, to which no
acceptor (nitrate or perchlorate) was added. This control flask was setup to confirm that the culture was
not using oxygen as an electron acceptor in those experiments. All flasks were prepared in a Coy
Environmental Chamber with nitrogen headspace. After preparation of the flasks for each group, two
subsamples (8 mL) were extracted from each flask and added to 10-mL screw-cap spectrophotometer
tubes. These tubes were then inoculated with JPLRND to an initial optical density (OD) of ~0.03. The
tubes were sealed (to prevent oxygen intrusion) and incubated at 22°C. In the experiment in which
growth on oxygen was tested, the culture was inoculated into 250-mL Erlenmeyer flasks rather then the
10-ml spectrophotometer tubes to minimize the potential for oxygen depletion. In addition, the flasks
were placed on a rotary shaker operating at 200 rpm to ensure that oxygen transfer did not become
limiting during the experiment. The OD was used as a measure of the microbial population in each
experiment. For the nitrate and perchlorate experiments, the OD was measured by simply placing the 10-
ml tube in the spectrophotometer. For the oxygen experiment, the OD was measured by collecting a 5-

mL subsample from the experimental flasks and placing it in an OD-tube for OD measurement.

Results

The specific growth rate of JPLRND at each acetate (the electron donor) concentration was determined by
plotting the natural log of the optical density (x 1000) versus time. The rate of change of optical density
(i.e., the slope of the line in the plot) represents the growth rate of JPLRND at that acetate concentration.
The growth of JPLRND on acetate at 250 mg/L with two different electron acceptors, perchlorate and
oxygen, is presented in Figure 55. The slope of each curve shown in the figure was taken from the
steepest portion of the OD versus time curve. Again, the slope value represents the growth rate of the
culture at the donor concentration at the beginning of the experiment. A plot of the growth rate versus
starting donor concentration can be constructed for each electron acceptor (Figures 56, 57, 58). This plot
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represents the Monod growth curve for JPLRND using acetate. Non-linear regression analysis was used
to fit the Monod curves in Figures 56, 57, and 58 using the model presented in Appendix B.

The model was fit to the Monod curve by numerically solving the equations presented in
Appendix B and varying values of the maximum specific growth rate (kmsx) and the half-saturation
constant (Ks) to minimize the difference between data and model. The model fits are shown in Figures
56, 57, and 58. The fitted kmax and Kg values are presented in Table S. The maximum growth rates of the
culture on acetate when it was grown in the presence of perchlorate and nitrate were 0.14 h'and 0.15h",
respectively. The growth rate of the culture in the presence of oxygen was slightly higher (0.21 h'). The
half-saturation constants for acetate with perchlorate, nitrate, and oxygen as electron acceptors were 120
mg/L, 70 mg/L, and 90 mg/L, respectively. The relatively low variability of these parameters among the
different electron acceptors suggests that our assumption that the different electron acceptors do not
significantly influence the biodegradation kinetics is valid.

Electron Acceptor Parameters

Methods and Results

Similar experiments were performed to determine the kinetic parameters for each electron acceptor when
the starting acetate concentration was constant and not limiting (i.e., excess acetate remained at the end of
the experiment), while the electron acceptor was limiting. The parameters were determined from the
experimental data similarly to the method used for obtaining the electron donor parameters. The growth
rate of JPLRND at each electron acceptor concentration was taken as the steepest part in the optical
density (x 1000) versus time graph. A Monod curve for each electron acceptor was made by plotting the
growth rate (i.e., the slopes of the steepest part of the curve) versus the starting electron acceptor
concentration. Non-linear regression was then used to fit of the model presented in Appendix B to the
Monod curve. As described above, the equations in Appendix B were solved numerically and fit to the
data by varying the maximum specific degradation rate and the half saturation constant for the electron
acceptors. The “variable electron acceptor” experiments were performed only for perchlorate and nitrate,
and not for oxygen. The Monod curves for these two experiments are presented in Figures 59 and 60 with
the corresponding fitted model parameters presented in Table 6. The maximum specific growth rates for
nitrate and perchlorate were 0.21 h™* and 0.071 h”, respectively. These values are within a factor of two
of the maximum specific growth rates determined during the electron donor studies above. As discussed
above, it was assumed that the maximum specific growth rate of the culture does not significantly vary
with the electron acceptor being used by the culture. Based upon the fact that the maximum specific
growth rates vary only over a factor of two for all the different experiments conducted (see Tables 5 and
6), this assumptions seems to be valid. The half-saturation constants for nitrate and perchlorate during
these experiments were 180 mg/L and 150 mg/L, respectively.
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Figure 55. Growth of JPLRND on Acetate with Either Oxygen or
Perchlorate as Electron Acceptor.
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Table 5. Growth Rate Parameters with the Electron Donor (Acetate) Varied.

Parameter (units) Value Method of Determination
Determined by measuring OD550 values of the culture
Kanax™"P (h7) 0.140 with acetate (substrate) varied and acceptor in excess,

constructing the Monod curve for acetate, and fitting
the model to this curve (Figure 56). This parameter
represents the “asymptotic” rate value observed in
Figure 56.

] Determined by measuring OD550 values of the culture
K™ (07" 0.145 with acetate (substrate) varied and acceptor in excess,
constructing the Monod curve for acetate, and fitting
the model to this curve (Figure 58). This parameter
represents the “asymptotic” rate value observed in
Figure 58.

Determined by measuring OD550 values of the culture
Kanar™ (h™) 0.21 with acetate (substrate) varied and acceptor in excess,
constructing the Monod curve for acetate, and fitting
the model to this curve (Figure 57). This parameter
represents the “asymptotic” rate value observed in
Figure 57.

Determined as the acetate concentration where the
Ks ©"P" (mg/L) 120 growth rate in the Monod curve for acetate and
perchlorate (Figure 56) is ¥2 Kpax.

. Determined as the acetate concentration where the
Kg ©"™ (mg/L) 70 growth rate in the Monod curve for acetate and nitrate
(Figure 58) is ¥2 K-

Determined as the acetate concentration where the
Ks %™ (mg/L) 90 growth rate in the Monod curve for acetate and
oxygen (Figure 57) is %2 Kmax.

Table 6. Growth Rate Parameters with the Electron Acceptors (Nitrate and Perchlorate) Varied.

Parameter (units) Value Method of determination
Determined by measuring OD550 values of the culture
a7 (071) 0.071 with acetate (substrate) in excess and perchlorate

(electron acceptor) varied, constructing the Monod
curve for perchlorate, and fitting the model to this
curve (Figure 59). This parameter represents the
“asymptotic” rate value observed in Figure 59.

] Determined by measuring OD550 values of the culture
Kmae" 9" (h7) 0.21 with acetate (substrate) in excess and nitrate (electron
acceptor) varied, constructing the Monod curve for
nitrate, and fitting the model to this curve (Figure 60).
This parameter represents the “asymptotic” rate value
observed in Figure 60.

Determined as the perchlorate concentration where the
K P4 (mg/L) 150 growth rate in the Monod curve for perchlorate and
acetate (Figure 59) is ¥2 Kax.

] Determined as the nitrate concentration where the
Kg ™" (mg/L) 180 growth rate in the Monod curve for nitrate and acetate
(Figure 60) is ¥2 Kpax.
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Figure 59. Growth Rate of JPLRND on Acetate with Perchlorate
as Electron Acceptor: Perchlorate Varied; Determination of K, and kp,y.
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Figure 60. Growth Rate of JPLRND on Acetate with Nitrate
as Electron Acceptor: Nitrate Varied; Determination of K, and K;,,,.
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4.5.6.2. Experimental Quantification of Cell Yield and Decay

Cell Yield

To determine the biomass yield on perchlorate, nitrate, and oxygen, flasks were prepared with acetate as
the electron donor and one of these three compounds as electron acceptor. The electron acceptor was
added in excess based on stoichiometric requirements for acetate metabolism. In the case of oxygen, the
culture was incubated aerobically with vigorous shaking to ensure adequate oxygen supply. After
measuring the starting acetate concentration in each flask, the flasks were inoculated with JPLRND, and
growth was measured by periodically taking optical density measurements on subsamples collected from
each flask. When the culture reached the late phase of its exponential growth, the concentrations of
electron donor and acceptor (nitrate or perchlorate) in each flask were quantified. At that point, a 500 —
750 mL volume from each flask was centrifuged to concentrate the bacterial cells. This concentrate was
resuspended in 5 — 10 mL of water and filtered under vacuum through an oven-dry cellulose filter (47 mm
diameter, 0.45 micron pore-size; Gelman Sciences). The filter was oven-dried (at 105°C for 24 hours) to
determine the weight of biomass in each flask. Consequently, the mass of dried biomass produced per
mass of electron donor (i.e., the yield coefficient) was determined.

Dechlorosoma suillum JPLRND was grown on 1250 mg/L acetate and 1750 mg/L perchlorate to
determine the yield of the culture while using perchlorate as an electron acceptor. During this
experiment, JPLRND consumed 1246 mg of acetate and 961 mg of perchlorate, giving a ratio of 1.30 mg
acetate/mg perchlorate utilized. The consumption of acetate by JPLRND was nearly twice that expected
based on stoichiometric calculations (0.69 mg acetate per mg perchlorate). The cell yield on acetate was
0.173 mg dry biomass per mg acetate utilized. This corresponds to 0.225 mg dry biomass per mg
perchlorate consumed.

The yield of JPLRND during growth on acetate while utilizing nitrate was slightly lower than for
perchlorate. The strain metabolized 560 mg of acetate and 682 mg of nitrate to produce 73.3 mg of
biomass. Based on these numbers, the yield of the strain was 0.131 mg biomass/mg acetate and 0.107 mg
biomass/mg nitrate. The ratio of electron donor to electron acceptor was 0.82 mg acetate/mg nitrate |
consumed. This value is close to the calculated stoichiometric ratio of 0.76 mg acetate/mg nitrate
consumed.

Two yield studies were performed with oxygen as the electron acceptor. In the first study,
JPLRND utilized 1030 mg acetate to produce 326 mg of biomass, giving a yield of 0.317 mg dry biomass
per mg acetate consumed. In the second study, the cells consumed 966 mg acetate to produce 313 mg

biomass for a yield of 0.324 mg dry biomass per mg acetate consumed. Oxygen consumption was not
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measured in these studies. Overall, the cell yield varied between 0.131 to 0.324 mg biomass/mg acetate,

with an average value of 0.236 mg biomass/mg acetate.

Cell Decay

Two experiments were conducted to quantify the cell decay rate of D. suillum JPLRND after growth on
acetate with oxygen as the electron acceptor. In the first experiment, the bacterium was inoculated into an
Erlenmeyer flask containing BSM and 500 mg/L acetate. In the second experiment, the bacterium was
inoculated into an Erlenmeyer flask containing BSM and 1,500 mg/L acetate. The flasks were shaken at
22°C and 200 rpm. When the culture reached the stationary phase of growth (acetate was depleted), cell
numbers were measured by optical density (absorbance at 550 nm). Dilution plating was also done at that
point to compare absorbance measurements with actual microbial populations. The decay curves after
growth on acetate and oxygen are shown in Figures 61 and 62. The decay rate obtained from these graphs
were 0.0026 h™' and 0.0213 h™', respectively.

Two experiments were conducted to quantify the cell decay rate of D. swillum JPLRND after
growth on acetate with nitrate as the electron acceptor. In the first experiment, the culture was grown on
750 mg/L nitrate and 500 ppm acetate. In the second experiment, the culture was grown on 750 mg/L
nitrate and 1000 ppm acetate. When the culture reached stationary phase, and the acetate was depleted,
cell numbers were measured by optical density (absorbance at 550 nm). Dilution plating was also done to
verify absorbance measurements. The decay curves after growth on acetate and nitrate are shown in
Figure 63 and 64. The decay rates obtained from these graphs were 0.0066 h™ and 0.0026 h”,
respectively.

One experiment was conducted to quantify the cell decay rate of D. suillum JPLRND after growth
on acetate with perchlorate as the electron acceptor. The culture was grown on 1000 mg/L perchlorate
and 600 mg/L acetate. Measurements were taken as described for the other decay experiments. The
decay curve after growth on acetate and perchlorate is shown in Figure 65. The decay rate obtained from
this graph was 0.0388 h". The decay rates for the D. suillum JPLRND after growth on the three of
electron acceptors ranged from 0.0026 to 0.0388 h™, with an average of 0.014 h™.
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4.5.6.3 Utilization of Competing Electron Acceptors

Laboratory studies were conducted to better understand the relationship among competing electron
acceptors, particularly nitrate, perchlorate, and oxygen. These studies are important as a conceptual basis

for the perchlorate biodegradation model and for a more thorough understanding of factors influencing

perchlorate biodegradation in subsurface environments.

Methods

In one experiment, nitrate and perchlorate were added together in flasks with acetate as the electron
donor. The degradation of the two electron acceptors by three JPLRND cultures grown on nitrate,
perchlorate, and oxygen, respectively, was evaluated. These experiments were conducted to determine
whether the initial growth conditions of the culture (i.e., which electron acceptor was used) influence the
rate or order of degradation of nitrate and perchlorate by the strain. In this study, D. swillum JPLRND
was grown to early stationary phase in media containing acetate as an electron donor and perchlorate,
nitrate, or oxygen as the electron acceptor. Each culture was then centrifuged, resuspended in BSM
media to the same density, then inoculated into sterile 1000-mL Erlenmeyer flasks containing 400 mL of
BSM with acetate (8 mM) and a mixture of nitrate and perchlorate at 2 mM each. The flasks were

incubated with shaking in a Coy Environmental Chamber with a nitrogen headspace. Subsamples were




periodically removed from the flasks, filtered through a 0.22-micron syringe filter, and analyzed for

nitrate, perchlorate, and acetate.

Results

There was a lag period of 20 hrs or more before degradation of perchlorate or nitrate was observed. Then,
in each treatment (oxygen-, nitrate-, or perchlorate-grown cells), the bacterium degraded nitrate prior to
reducing perchlorate. A graph of perchlorate and nitrate degradation by the oxygen-grown strain is
provided in Figure 66. Data for the other two electron acceptors were similar, although the lag periods for
both nitrate and perchlorate reduction were appreciably shorter for the nitrate-grown strain (perchlorate
data are presented in Figure 67). These data show that, regardless of the electron donor upon which
JPLRND initially grows, it will degrade nitrate first, followed by perchlorate. These results are similar to
those observed for a different strain isolated by John Coates at Southern Illinois University (SERDP
Project CU-1162).

3 T T T T T
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Figure 66. Degradation of Nitrate and Perchlorate by an Oxygen-Grown
Culture of D. suillum JPLRND.
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Figure 67. Biodegradation of Perchlorate by D. suillum JPLRND after Growth on
Nitrate, Perchlorate, or Oxygen (Electron Acceptors) with Acetate as Electron Donor.

4.5.6.4. Influence of Nitrate and Oxygen on Perchlorate Biodegradation

Experiments were conducted to evaluate the influence of nitrate and oxygen on perchlorate degradation
by D. suillum JPLRND. Unlike the previous experiments, in which both nitrate and perchlorate were
added to flasks simultaneously, in these studies, the culture was allowed to begin degrading perchlorate,

then the second electron acceptor (oxygen or nitrate) was added.

4.5.6.4.1 Influence of Nitrate on Perchlorate Reduction

Methods

An experiment was conducted to evaluate the influence of nitrate on perchlorate biodegradation.
Dechlorosoma suillum JPLRND was grown in a 1-L flask using 750 mg/L acetate as electron donor and
500 mg/L perchlorate as electron acceptor. Subsamples of the culture media were collected and tested
periodically using an ion specific probe to confirm that the culture was actively degrading perchlorate.
When the perchlorate concentration dropped below 25 mg/L, additional perchlorate (200 mg/L; 2 mM)
and acetate (460 mg/L; 8 mM) were added to the culture. After one hour, the perchlorate concentration
had decreased to approximately 100 mg/L (~ 1 mM). At this point, 100 mL of the active culture was
added to 4 sterile 125-mL flasks, and nitrate was added at approximately 0, 0.5, 2.0, or 4.0 mM. An




initial sample was taken from each flask, and subsequent 20-mL subsamples were taken every 0.5 hours

for 2 hours, then at increasing time intervals for 22.5 hours. These subsamples were collected and filter-

sterilized in the anaerobic chamber and analyzed for perchlorate and nitrate by ion chromatography.

Select samples were also analyzed for acetate by gas chromatography. Data from this experiment are

presented in Figure 68.
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Figure 68. Influence of Nitrate on Perchlorate Degradation by D. suillum

Results

JPLRND.

After the addition of nitrate, perchlorate degradation quickly stopped in the flasks amended with 2 or 4

mM nitrate, and slowed dramatically in flasks receiving 0.5 mM nitrate. No change occurred in

perchlorate concentrations in any of the flasks after 7.5 hrs, therefore, only data prior to that time are

presented. Perchlorate degradation continued in the flask to which no nitrate was added, and the anion

was below detection (< 5 mg/L by probe) by 1.5 hrs. Degradation of perchlorate did not resume in the

flasks spiked with 2 mM or 4 mM nitrate, and nitrate was not degraded in these flasks during the

experiment. In the flask to which 0.5 mM nitrate was added, perchlorate degradation ceased temporarily,

but then continued at a slower rate. Perchlorate concentrations in this flask decreased from approximately

60 mg/L at 2 hrs to 16 mg/L after 7.5 hrs. Interestingly, nitrate was present in this flask at the end of the

experiment at approximately 20 mg/L (the initial nitrate concentration in this flask was approximately 30
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mg/L). About 300 mg/L (5 mM) acetate remained in each of the flasks at the end of the experiment
(acetate data not shown). This indicates that sufficient acetate remained to support nitrate and/or
perchlorate degradation.

The data indicate that, at least for this bacterial strain, nitrate is an inhibitor of perchlorate
reduction at nitrate concentrations as low as 0.5 mM. The mechanism of this inhibition requires further
study, which is beyond the scope of this research project. However, based upon the data collected, it is
likely that nitrate is a competitive inhibitor of perchlorate reduction. Because of the short time required
for nitrate to completely inhibit perchlorate degradation, it is unlikely that nitrate was inhibiting enzyme
synthesis (i.e., of (per)chlorate reductase). It is more likely that nitrate was directly inhibiting enzyme
activity.

4.5.6.4.2 Estimation of a Nitrate Inhibition Factor for Perchlorate Reduction.

Nitrate inhibition of perchlorate utilization was described in the biodegradation model by including a
nitrate inhibition factor (K;™) in the model equations (Appendix B, Equation 1d). This factor was
estimated from experimental data from a flask study in which both nitrate and perchlorate were present
and using all known or experimentally-estimated parameters in the biodegradation model. The known
values included the starting nitrate and perchlorate concentrations (oxygen concentration was < 1 mg/L).
Experimentally-estimated parameters included: the ratio of substrate consumed per mass of acceptor
utilized, kmax, the half-saturation constants for each compound, the starting biomass concentration, the
biomass yield coefficient and the biomass decay rate. Given all these parameters, the K™ value was
varied to obtain the best visual model fit to the data.

Initially, variation of K™ alone did not result in good fits to the data. This indicated that one or
more of the other estimated parameters did not represent conditions in the flasks. Upon investigation of
experimental conditions, it was determined that the estimate for the initial biomass (30 mg/L) was the
least accurate value in the model. This initial biomass value was measured at the start of the experiment,
prior to enzyme induction and biomass growth (i.e., prior to the lag period). In the model, it is assumed
that the biomass immediately undergoes exponential growth and decay. Thus, the initial biomass value
input into the model must represent the biomass concentrations immediately before exponential growth
starts. Consequently, it was determined that the measured initial biomass value (i.e., 30 mg/L) likely
underestimated the actual biomass in the flasks when biodegradation commenced. Thus, the starting
biomass value was increased in the model. This increase greatly improved model fits to the data. The
biomass concentration was increased by an order of magnitude to 500 mg/L. This increase is believed to
be reasonable because, in several experiments, including the one used to evaluate K™ the biomass

increased by 1 to 2 orders of magnitude during the lag phase of the experiments. Given the higher initial
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biomass value, K/ was varied to obtain the optimal fit. The best-fit K, value was determined to be 7
mg/L. This is consistent with experimental data that indicate that nitrate concentrations as low as 0.5 mM
(30 mg/L) inhibit perchlorate degradation. However, the effects of nitrate concentrations below 30 mg/L

on perchlorate degradation were not directly examined.

4.5.6.4.3 Influence of Oxygen on Perchlorate Reduction

An experiment was conducted to evaluate the effect of oxygen on perchlorate utilization. Although
perchlorate degradation is known to be an anoxic process, data related to the minimum oxygen
concentration at which perchlorate reduction occurs are not currently available in the literature. These
values, however, have been reported for denitrification (i.e., inhibition of nitrate reductase enzyme(s) by
oxygen). The experiments for evaluating the effect of oxygen on perchlorate utilization were performed
in a similar fashion to the nitrate experiments described above, except that different amounts of oxygen
(rather than nitrate) were added to a culture that was actively degrading perchlorate.

A culture of Dechlorosoma suillum JPLRND was originally grown on 1000 mg/L each of
perchlorate and acetate. When the perchlorate was degraded to less than 10 mg/L, the culture was spiked
with an additional 500 mg/L of perchlorate. The perchlorate was then degraded to approximately 100
mg/L, at which point an additional 2 mM perchlorate (approximately 200 mg/L) and 8 mM acetate
(approximately 460 mg/L) were added. When the perchlorate concentration reached approximately 200
mg/L, 100 mL of the active culture was added to each of six sterile 160-mL serum bottles. The bottles
were sealed with butyl rubber stoppers and crimp caps. A time-zero sample was taken from each bottle
for perchlorate analysis, and the bottles were then removed from the anaerobic chamber. Differing
volumes of air were added to each bottle based on the assumption that if the headspace of each bottle
were completely filled with air and at equilibrium, the dissolved oxygen concentration in the liquid would
be approximately 8.2 mg/L. Different fractions of the nitrogen headspace in each bottle were removed
and replaced with an equivalent volume of air to establish the following dissolved oxygen concentrations:
0 mg/L, 0.1 mg/L, 0.3 mg/L, 0.6 mg/L, 1.0 mg/L, and 3.0 mg/L. The bottles were shaken vigorously by
hand for approximately 5 minutes to speed dissolution of the headspace air into the liquid phase. The
bottles were then placed on a rotary shaker in the anaerobic chamber for 1.3 h before the next sample was
taken. A colorimetric test method (Chemets; Chemetrics, Calverton, VA) was used to measure the initial
dissolved oxygen concentration in each bottle. However, the results from this test were determined to be
inaccurate based on results from control samples. It is likely that the mineral salts solution used for the
study interfered with measurement of oxygen by this technique. Therefore, the initial oxygen

concentrations in solution could not be experimentally determined.

99




Perchlorate was degraded to below detection (< 5 mg/L by probe) by 1.3 hrs in all bottles except
in the bottle to which the greatest volume of air was added. In this bottle, the rate of perchlorate
biodegradation slightly decreased (Figure 69). This result suggests that oxygen inhibits perchlorate
degradation at 3 mg/L, not at lower concentrations. However, because accurate measurements of
dissolved oxygen concentrations could not obtained, the results of this study may have several
explanations. It is possible that the target levels of dissolved oxygen were not achieved in the 5 minutes
of vigorous shaking, that the range of oxygen concentrations used was too low, or that the culture actually

degraded the oxygen while continuing to degrade perchlorate.
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Figure 69. Influence of Oxygen on Perchlorate Degradation by D.
suillum JPLRND.

4.5.6.5 Model Simulation of Perchlorate and Nitrate Biodegradation by D. suillum JPLRND

Experimental data from a flask study in which both nitrate and perchlorate were initially present were
used for comparison with model simulations. The data were presented previously in Figure 66. Several
simulations of the model were run with varying parameter values to determine the sensitivity of the
biodegradation model to changes in individual parameters. All known or experimentally-estimated

parameters were initially used in the model. After the optimal fit was obtained (by varying the initial
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biomass and K;™), the sensitivity analysis was performed. The sensitivity analysis was performed on the
following parameters: nitrate inhibition factor (K ), biomass decay rate (b), and the starting biomass
concentration (By). The sensitivity analysis included the latter two parameters because each varied by
more than an order of magnitude during the fitting process. All other parameters were held constant
during this analysis. The results of eight simulations are presented in Figures 70 through 77. In each of
these simulations, one of the three parameters is varied, while the other two are kept at their “best-fit”
value. The best-fit values for the three parameters are: K/ =7 mg/L, b =0.014 hr', and B, = 500 mg/L.

In Figures 70 through 73, the starting biomass concentration (Bo) is varied, while the nitrate
inhibition factor (K;") remains constant at 7 mg/L and the decay rate (b) is set at 0.014 hr'. At By=30
mg/L (Figure 70), the biomass curve is linear, and very little nitrate or perchlorate degradation is
observed. Degradation of both compounds improves when By is increased to 100 mg/L (Figure 71), and
the biomass curve remains relatively linear. At By = 300 mg/L (Figure 72), decay begins to déminate
when nitrate and perchlorate are depleted. At By = 500 mg/L (Figure 73), the model fit with the data is
optimal. The model is sensitive to starting biomass concentration, particularly when By is less than 300
mg/L. The starting biomass concentration used in the optimal model simulation (Figure 73) was 500
mg/L.

In Figures 74 and 75, the nitrate inhibition factor (K;) is varied, while By is set at 500 mg/L and
b remains constant at 0.014 hr'. In each of these simulations, perchlorate degradation is affected by a
change in K™, while nitrate degradation does not change. In addition, c