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SUBJECT: FInal Desktop Audit

Summary of Perchlorate at Site 67 — Hog-Out Faclllty
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 Demonsiration
of In Situ Perchlorate Bioremediation at Building 1419.

Actlvity: 2006 Technology Demonstration Plan.

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

Actlvity: 2008 Perchlorate Attenuation Guidance.
Document: ESTCP (2008) Natural Attenuation of Perchlorale 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 resuiting 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
approptiately (NSF-IH, 2006).
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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 (NH,CIQ,), sodium (NaClO,), or potassium perchlorate
(KCIO4) and perchloric acid (HCIO,) dissolve in water (ESTCP, 2008; Motzer, 2001).
Perchlorate has been manufaciured 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).

Chemlcal 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
ranufacturing ordnance fertilizer
cloud seeding tracer bullets laundry bleach
dielectric for transformers solid rocket motor pharmaceutical
electroplating rocket motor diagnosis/treatment
airbags pool sanilizer
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 petriodic 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 waler, 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 resulis 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 agueous
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).”



Destcop Audit' Summacy of Perchiorate Biedegradation ot Sile 87 - Flog-Out Facility
NSF indian Head, Indiain biead, M0
arch 25, 201 ¢ Page 3

Perchlorate biodegradation occurs in a
imi i ®__0
somewhat.sm:llar manner as reQuctlve Sushrste 0 :(. S——
dechlorination,” but through a different ® ooim‘i"ém -
metabolic  mechanism. Indigenous \
chlorate-reducing bacteria and associated Chlorate (©10;) ._.:: Elocion Donor
enzymes in the aguifer utilize a substrate 4 < co,‘ﬁffo'ﬁ?}m
(electron donor) under favorable anaerobic o
. Chiorite (CIOy) @ - @ Chiorke Dismutation
conditions to convert perchlorate to ; Claotron Domr
’ . o ‘ (Reduetian)
chlorate, chlorite, and finally chloride Choide ) miOou §rl @ 05 H.0. Bitmass
(SERDP, 2002; ESTCP, 2006b and @)
2006¢).? From ESTCP (2006a): Perchlorate Blodegradation Pathway (ESTCP, 2006a)

Work by Coates et al. (1999), Chaudhuri et al. (2002), and 8ender 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 perchiorate 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 1120 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 o contribute to the persistence of perchlorate at various sites:

' The ptimary pathway for biodegradation of chlorinated volatile organic compounds (VOCs) occurs under anaerabic conditions via
reductive dechlorination. During this blotic process, the chlorinated VOCs are used as an electron accepior by dechlorinating /
dehalogenating bacteria in the presence of a carbon source (electron donor), and a chiorine atom is removed and replaced wilh 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, 2008c).

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

tnusnorpliLibranyidocumentsiCTO JU f 1\S67TM CTo Juti
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e« Absence of an appropriate substrate (electron donor) for growth of indigenous perchlorate-

degrading bacteria.

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

nitrite in groundwater.

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

s 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), Dechiorospirifium sp.,® 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

<~

effluent

6
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sample ports

e

Pwnp

Aquifer Microcosm (SERDP, 2002)

of active indigenous cultures (and one sample was inoculated with Dechlorospirilum 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 al 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. Perchiorate-degrading bacteria are widely distributed in groundwater aquifers.

2. These organisms can be slimulated to biodegrade perchlorate under anoxic conditions using a

variety of different electron donors, although the most effective donors vary on a site-specitic
basis.

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 perchloralte fluidized bed treatment system (n use In California at the time.

tnusnortp Hlbransdocument@CT0 JUHTSHTTH CTou
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2002 NOSSA PILOT TEST e : ‘ e
Based on the success ‘of the 2000. SERDP Study, the NOSSA field-pilot demonstration:proceeded at
Site 87 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 approxiniatély 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
monitoriing wells (locations were based on ghe perchlorate results from the DPT samples).

[ i ot
1 ¥ &2l

Building 1418 , - ’ .

-2

4 HONIFORMG WELL

1

&g B . i
B o Fu RS

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

i
H

The site geélogy 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.te:13 ft consisted -of mottled,light to elive brown clay te,,
- 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:seenin many of the:boring locations; " - ., .
but these seams were not continuous from boring to boring. At a depth of approximately

Wnusnorfp1iLibrasy\document\CTO JUT1\SB7TM . CTo U
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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 uhdetlain by a gfay clay layer, which extends to a ,
depth of at least 20t bgs, the deepest extent of the [DPT and monitoring well} borings: -

Interpretive crbss—ée,ctions A-A’ and B-B’ are provided below from NOSSA (2004). +

ot s ALY
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Water level gauging wasperformed to detérmine water table conditioris’ and sufficial aquifér groundwater
flow at the site. Groundwater flow-génerally followed topography southeast towatd Mattawoman Creek,
with an average hydraulic gradient of:'0.023.- ‘Dépth 16 'thé water table rariged-from 6.5 10 10.3 ft bgs.
Slug tests were performed on thréeé monitaring wells néarést the planned tést plot area. Using the Bower-

* ERFEH

Wnusnorfp1iLibrary\documentsiCTO JUT1SE7TM . CTO JUM1
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Rice unconfined aguifer method; the average hydraulic conductrvny (K) was clelermmed to be 0 012 ft per
minute. Co

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 16:0.044 ft per mlnute Usihg'a
hydraulic conductivity of "0.02 ft per minute and an assumed effective” poroslty 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 aqurfer could receive 1.2 gpm’ at less thah 3 5 pounds pel' square

inch (p3|) pressure.

The groundwater samples from each of the 17 DPT temporary wells were analyzed for perchlorate,
inltrate sulfate, pH, and dlssolved oxygen. (DO) Perchlorate coneentrations rangéd from less than! (<) 2.5
(nondate \ID]) to. 43{)’*mg/L nitrate (as mtrogen) ranged’*from < 0.2 (ND) to 14'mig/L? suitate ranged
from 56 to 280 mg/L pH ranged from 4.2 to 8.1, and DO ranged from «70:2 (ND) to-1.5 mg/l. The
highest perchlorate and nltrate concentrations occurred al GP- 8 where [io] D’O was detected' aﬁd the pH '
was4.6. B A EE A N T : PR Lo
iy e . ’ oot foeoad N
The groundwater samples from each N .
of the six permanent monitoring wells s @ \ i
were analyzed for perchlorate, pH, vy
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. ro

£
R

-

The results were used to design the o ~
field demonstration. The objectives of ' c)
the demonstration were as follows: ,’
- k73 . seut
1. Demonstrate that the aquifer P,
can be effectively buffered January through February 2002 Groundwater Perchlorate blstrlbution

using a mixture of carbonate

and bicarbonate. 4

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

+3.. Defionstrate that'perchlorate and nitraté can be blodegraded in the buﬂerecl aquifer usmg lactate
o' @s an elgétron don@r With mlnumal reductlon of sulfate : : k

R AT T Lo I

4. Quantify the time requwed l‘or perchlorate blodegradatlon and the levels of degradatlon
achievable. S o t

Wnusnotip1\ibrary\documentstCTO JUT1S67TM : CTC Jut1
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5. ldentify key design .and operational factors. that influence. full:scale. application of in situ

perchlorate bioremediation at this and other sites. o
The test Iot nd control lot layouts of | . . . ' C
p a pi Y UIS. O & e hfgggmgwag ‘j&ﬁ}ffg&e& : Y injection

mjechon e)(tractlon (fqr regnrculetlon) B Rair- pac o, Wl
and momtorlng .wells were initially "

determlned usmg ‘a su‘nple smgle—layer

numeric model,” which was calibrated ~
with the pump test data. The final

layout :0f .each plot consisted,of two

injection, wells and-two extraction- wells.
installed 12t apart in each of the. plots,

with. two sets .of , shallow/deep

monnonng wells ms’talled between the. -

V1T
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injection and extraction wells. The plots were set up 20 ft away from each other The mjec’uon wells were
installed at the clay layer interface while the extraction wells were keyed 4 ft into the clay layer.

O H n +
< B Lo : ¥ ~
_./ T s R LT N 0
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:
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~
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Test Plot {TP) and Control Plot {CP) Recirculation Gell“iﬁayouts FIE S

Prior to t@e 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 aqun‘er

=
S

Durmg the full- scale demonstratlon test plot water was amended with eiectron donor and buffer
periodically {approximately once per week) during the recirculation/reinjection process. Sixty percent (by

YnusnoriptiLibranidocuments\CTO JUTTSE7TM CTO Jutt
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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 variéd throughout
the test. The pH and alkalinity of the test plot water were monitored throughout the study. By the end of
the test, -d'total of- 58 kilogranis (kg) of'lactate (24 gallons of 60 percent lactate) was added to the aquifer
inthetestplot. - - ¢* . o - R Moo T

Over 20000 galloiis of groundwater were récirculated throtigh each plot during the demonstration (140 to
180 gallons per day through each cell). Excessive rainfall during the tést ¢aused ‘élevated water table
conditions, which required an early system shut down at day 111 because the aqmler could not accept
the' m;ected/recrrculated matenal Desprte the' early shut down samples were stlll COlIected at clay 140 to
complete the orlglnally planrted test duratron toE

A S| R L 4 B . B ARV E

Baseline groundwater samplés weére colleéted figin the“test pl6t and control plot mon torlng wells at 10-
weeks and 1 week prior o system startup. During system operation, samples were collected in the test
plot'at 2,3, 7, 10, 15,’and 20 weeks, afidl‘frofi the' ‘control’ plot at2, 7,715, and 20 Weeks: Each sample
was analyzed for pH and alkalinity, lactate, perchlorate, nittate;’ and sulfate. Nitrate and Sulfate levels
were monitored because nitrate reductlon occurs prior to perchlorate reduction and sulfate reduction
occurs after perchlorate reduction’” This, thede' paramiters ‘servéd as aq‘urfer condition arid réduction
lncllcators

- 4 oo : . S A o T
PR B PP Lt E Yy [ U E I T N BN RPN S S TAPRAIE R 1

THé pH'and alkdlinity incréased throughout the tdst duratioh in"the test plot die to"the buiffef- addition.
There was no appreciable increase in these parameters in the control piot. Lactate samples in the test
plot demonstrated effective dlstrlbutlon of the electron donor: The sample data showed initial increases in
lactate concerittations followed by ‘detbreases as the ‘aquifér biota cdonstimed ‘the ‘lactate at ihcreasing
rates

\ . B . (SR v R (RPN . , . ot - o
) ,\“, I,c‘ B N s, B HA \(s.vl . B 3 oA FEER1Y . W

Perchlorate concentratlons within tHe’ test plot showéd a steady declihe throughout the d‘emonstraﬂon,
decreasmg by 95 percent to 99 percent in ‘all' blt'one well "The one well in questlon wds thought to be’
afféctéd by grountlwater flow patterns from ouitside’ the 166t plot ared There was “rio Gondistent reduction
in perchlorate Ievels ll‘l any‘ot the wells in the cohtrdl plot durlng the demonstr’at'ron perlod - Further

3?

“The data from the demonstration cléarly show that'the ‘addition” of buffer ‘and’ electrcbn
dorior to’ the *test plot stimulated the microbial reduction of perchlorate in'thé aqurfer’.
Losses of perchlorate to dillitioh or &hy-other abiotic-process Wotild' have been dbserved
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
freated 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 ireatment 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) Technofogy Demonstraz‘ron Plan prepared by Solutions-IES. Site 67 was selected:

VYinusnorfp Librany\documentsiCTO JU111S67TM CTOJUT
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from: among several candidate- sites. for, the demenstration after: three:- levels of site:evaluation . were
conducted. The overall. goals of the, prorect were ag:follows: .. .. . :

e ‘\ » . »‘»), N 4‘ " i\ ‘1‘ 1 LS
1. Provide managers wrth the tools needed to evaluate wh ether. monrtored natural attenuaﬂon

(MNA) may be appropriate for management of perchiorate releases on their site(s). .

2.. Demonstrate to, regulatory nagencres that perchlorate. MNA is effective for controlling adverse
impacts to the. environment., . R Conm e A . :

The prorect objechves were to evaluete MNA’s effrcacy at remedlatlng perch!orate |n groupdwater and to

evaluate innovative tools to determine if blodegradatlon is occurr;r\g and at. what rates That is, to,

develop lines of evidence for MNA of perchlorate and to test these in the field to verlfy |f they will be
adequate for use in a protocel, The followrng lings of evidence were,defined for evaluation:. b

. , oi‘ ¢
ottt R X

St USIng e)gstrng and new monrtorlng weIIs determlne the honzpntal and vertlca! drstrrbutlon of
4 perchlorate and mass flux with distance. gt e -

) Cox 7

. , 4 s L H
P T o L P A (SRR

&
RS

Qbserve changes in .groundwater p;o geochemxstry as. suppor’ung evldence for aﬁenuatro

s}t

* Confirm and obtain additional microbiological evidence for the in situ activity of perchlorate-
pegr;admg organisms,using an analysis for chiorite.dismutase” and.in sity bigdegradation study.
LT ,resujtg. T R T O T UL PR S m S

. . . LoE ety T 4
. ldentrfyr changes m rsotoprc cornposrtron of perchlorate as an ndlcator of brodegradatron

To support development of the Technology Demonstration Plan, ESTCP collected groundwater samples
from_existing. monitoring wells at.Sjte 67 jn 2005, followed by the installation.of seven new soil borings for.
Irthology col}ectl,on and groundwater Samplmg from te;nporary monitoring welis Site lithology. anq
groundwater flow was determrned to be consistent wrth previous fmdmgs documented An, NOSSA (2004)‘
in addmon specmc capagity, tests were performed on two exrstrng monrtorrng 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 mudfiat
area, extending over,4Q0_ft from the shoreline, submerged ‘under 2 ft. of water.during_ high tide, and
exposed during low tlde,, would be. the focus, of the biodegradation study., -, . . ...

, . N
N i avef " gy s st L e =, 2
L R S et H feR A

4 Thé specificity of chlorite dismutase colild be use?ul as an lndlcator of perchlorate blodegradatibn “and, theref()re provrde
supporting evidence for MINA of pefchlarate.t . : " voooadl RN
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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 perchiorate 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 (“56”CP").

2008 PERCHLORATE ATTENUATION GUIDANCE

Site 67 is presented as a case sludy 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):
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The biodegradation pathways are well understood and the microorganisms involved in
perchlorale 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 perchiorate 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]): "

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

» 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
[ORPY; presence of available organic carbon [electron donor]; methane [reducing, methanogenic
conditions]; nitrate [denitrification conditions]; iron [reducing environment], and increasing
chloride). " ’

s Tier 3 — Microblological 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 Srte 67 is appended to, the ESTCP (2008). gurdance dooument The case study
revrews the 2005 pre- demonstratlon results and presents the subsequent, samplrng results and frndmgs
The study confrrmed general groundwater flow southeast through the. gite, and that groundwater flow
direction offsite varies daily and seasonally accordlng to tide. levels .in Mattawoman Creek. At high tide,
water flows downward through the mudflat sediments into the aqurter whereas at low tide, the
groundwater flows yp through the “organic rich sediments before discharging to the surface as a series of
small springs and seeps.” :

Perchlorate concentratrons were measured as hlgh as 93 mg/L near Burldtng 1419 ahd 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 wvajues
decrease as groundwater migrates upward through the mudflat sediments.

Both macrocosm (rn srtu) and microcosm (laboratory) studles were pertormed The maorocosm 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, indjcating the capability of perchlorate biodegradation by, indigenous microbial communities:

Molecular analysrs ehowed that perchlorate reductase genes were also preseht whigh are involved in the
degradatron of perchiorate to chlorate and chlorite. “In general hrgher numbers of .gene eopies were
reported in locations with lower perchlorate concentrations, suggesting that perchlorate is biodegrading
as a result of perchlorate reductase activity.”
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in summary, the results of-the:three-tier assessment for perchlorate attenuatron at Slte 67 were-as
follows: .o R e L e e e S . o,
‘ ’ .. B oy i N o

. Tler 1- Perchlorate concentratlons decrease wrth time and distance .due to blodegradatlon
dilution, and dlspersmn

[ N oo T . e LRI I i, et Jo ey + ¥ .y

. T|er 2 Most ideal geoohemlcal conditions coincide with greatest ‘perchlotate reduction.

.« Tier 3 —Greatest perchlorate reductlon occurs - where hlghest population of perchlorate reducrngr‘

bactéria indicators are’médsured. ’ S ELI i
Therefore; MNA Tikely:is ar acceptable-final refedy for thie site.: However, additiorial sampling should be
performed to create a more robust temporal dataset for Tiers 1 and 2. Further, additional sampling:
Iocatlons are necessary to fully delineate the perchlorate plume and define the source area.

R e By gl a B e o
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PATH FORWARD FOR SITE 67 e
T PO IR Wt R A T LI

Based on the research, lab results, field results, conclusions, and guidance presented in NOSSA (2004)

and ESTOP (200648 4hd 2008): it i éxpected that Perchidraté” concentrations "at Site67 will ‘continte to’

decline via muitiple natural attenuation mechanisms (e.g., biodegradation and dllutlon) “‘However,”

groundwater concentrations of perchlorate may not reach an appropriate cleanup leyel5 ina, reasonable

timefrairié (not consldermg Iahd use) vid ‘natufal attenuation ‘only.’

A .t
. .

While perchlorate contamination in the surficial aquer is evident at the site, the soil medrum and other
potential contaminants in "all medfra requrre lnvestlgatlon Therefore a Remedlal Invest|gat|on (RI) is
recommended by the Navy 1o’ completely dharacterize the site.” A Feasrblllty Study (FS) llkely ‘will' be
requlred to evaluate remectlal alternatlves for srte cleanup .

o A NP
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