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TECHNICAL MEMORANDUM 

DATE: March 25, 2011 

TO: Indian Head Installation Restoration Team 

FROM: Tetra Tech NUS, Inc. 

SUBJECT: Final Desktop Audit 
Summary of Perchlorate at Site 07 - Hog-Out Facility 
Naval Support Facility Indian Head (NSF-IH), Indian Head, MD 
CLEAN Contract No. N62470-08-D-1 001, 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 Securi1y 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, 
Toofs, 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 
19605 to the mid-1990s (Tetra Tech, 2009). Wastewaters at the site now are drummed and disposed 
appropriately (NSF-IH. 2006). 
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PERCHLORATE 

Perchlorate (CI04") 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 (NH4CI04), sodium (NaCI04). or potassium perchlorate 
(KCI04) and perchloric acid (HCI04) 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]. 
2005). Ammonium perchlorate is used as an oxidizing agent for solid propellant 
rockets and missiles. Other common uses tor perchlorate are shown below (ITRC, 

Perchlorate Anion 
(ITRC, 2005) 

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,S-lrizine [RDX]; and octahydro-1.3,S,7-tetranitro-1 ,3.5, 7-tetrazocine [HMX)), 
nitrate, and sulfate (ESTep, 2008; ITRC, 2002). Other contaminants may originate from specific types of 
rocket motors (e.g., polycyclic aromatic hydrocarbons [PAHs) trom jet-assisted takeoff (JATO] motors) 
(Maryland Department of Environment [MOE), 2010). 

Chemical and Electrical Uses 

cathodic protection systems 
brine separation 
chlorate/chlorite 
manufacluring 
cloud seeding 
dielectric for transformers 
electroplating 

Explosive and Propellant Uses 

mil~ary devices 
geoseismic devices 
chemical cutter 
ordnance 
tracer bullets 
solid rocket motor 
rocket motor 
airbags 
ejection seats 
fireworks 

Miscellaneous Uses 

steel plate bonding 
Li-ion batteries 
enamel paints 
tertilizer 
laundry bleach 
pharmaceutical 
diagnosis/treatment 
pool sanitizer 

Perchlorate contamination in soil and groundwater primarlly results from the production of the compound 
tor 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)." 
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Perchlorate biodegradation occurs in a 
somewhat similar manner as reductive 
dechlorination,l 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 
2006c).2 From ESTCP (2006a): 
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Perchlorate Biodegradation Pathway (ESTCP, 20068) 

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 accept.or to nitrogen gas (SERDP, 2002). The other natural attenuation 
mechanisms (advection, dispersion, diffusion. and sorption) also affect (Le., 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: 

1 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 acceplor by dechlorinating / 
dehalogenating bacteria in the presellCe ot a carbon source (electron donor), and a chlorine atom Is removed and replaced wilh a 
hydrogen atom (EPA, September 1998). If the bacteria an'l able to obtain metabolically useful energy from reductive dechlorination, 
the process Is also reterred to as halo respiration (ESTep, 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. 
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• Absence of an appropriate substrate (electron donor) for growth of indigenous perchlorate
degrading bacteria. 

• 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. 

• 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 (1-l9/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 (0C) 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 

0( 

POl" 

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 I 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. 
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2002 NOSS'A PILo.T TEST 
'. 1 1 ~ I , ' 

Based on the success 'of ,tl:ie ,,2000. S'IiRIDP StL!dy,' tt:le, NOSSA f,ield-pilob demonstration ·'prdceeded at 
Site 67 to evaluate'tt:le potential for in situ'.tr~atment,ofperchl.orate in the shallow.aqtlifer: Seventeen 
Geoprobe® (Le., direct push technology [DPT]) borings were installed in January 2002 to collect soil 
lithology and groundwater sample's apprOxirrtately 300'feet (ft) upgradient'of Mattawoman Cteeki; : ,After 
logging the soil, temporary wells were installed to coUect groundwater samples. Six larger sqjJ borings 
also were installed in January through February 2002 to accommodate six new permanent grounawater 
monitoring wells (locations were based on the perchlorate results from the DPT samples). 

I 

Building 1419 

~ 
IIP-G ... • ,. 
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January through February 2002 - DPT Locations, Monitoring Wells, and Cross-Section Trans~s 

The sit~ gedlogy was described as follows in NOSSA (2004): 

i " :rhe ;tO~.21.tO 4.Jt,~j sq,i,LcQIjl$iJ3t,~d. 91, fill material inoluging org!:H)io"mat~rialdJJ'iG\v~I,;,and,' 

1'1 

t 

" siltY sand.; Th~junaerlying<11". to. i1;p ft ;(lOnsist~d -of tYlQt1;led,;light to 0Jive ,brown clay, to 1, 

, sandy silt:s" ThE! C.!AY. E/.I'ld $,I.;u7Id 1rac\ion of .the ,silts vari,e,d; horj;zontaUy and vertically,: FiiAe 
,gra,q~d §and"se,am~ 1, to, 2 inche~ in thic~n.ess were;see.n;in m:a.!lY ~f the; boring.locations:j ' 

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 aqd grl3:vel ~was 
encountered. This layer was found to be continuous throughout the area near the test 
plot. The sand and graveUayer is underlain by a: gray clay layer, whioh extends to a 
depth of at least 20 ft bg5, the deepest extent of the [Df?T and monitoring well] borings,. ' . , 

.'j, <, J':: 

Interpre,tlve cro,ss-section::> A-A' and a~B" .are provided below from NOSSA (2004). )' 

A' 

75 ,.,' '.,., .. ". 

B B' 

Water level gauging Was-performed to detemhine water table oondition's' arid slXfficial aquifer groundwater 
flow at the site, Grour:JdWater flo\i,p'gelie'rally followed topographt southea5t'tbwaftl Mattawoman Creek, 
with an average'hydraulio gradiennjf"0.023: De'pth ta 'the water table ral1geljlfrom 6.5 to 10.3 ft bgs. 
Slug tests were performed on three mon'itoril1g-wells near~sfthe planned,fest 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 steR pump test was performed for 12 hours with sustained pumping rates of 0.15 to 0.2 gallons 
'per minute (gpm). Bas~,d,on the data, K estiJT,lates ranged from 0.011 td'O.044 'ft per minute. USlng'a. 
hydraulic conductivity of '0.02 ft per minute and an assumed effectivEf'porosity: 01 '25 percent, 'the 
estimat~d groundwater velocity at the site is calculated at 970 feet per year. ,The pdltip test wa~ followed 
with an injection test, which $howed the aquifer could receive 1.2' gpm at less thaJ,'3:Spouilds' pl!~t '~'quc1're 
inch (psi) pressure. ' J ! ",ll! • .! I 1 , ,"';'" 

" . , 

The groundwater sampl~s froni each of the 17 DPT temporal)! we'lis were analyzed for perctllorate, 
nitrate, SUlfate, pH, ant! 'dissolved oxygett(i;)C». perchlorate ogncentrations rang~d'frdrrlless tHan' «) 2'.5 i 

(nondetEfctl r!\lO]), to. 4;3ri~mg/l.::i' ri'itratE( (as nlirog~n) ,rangeQ~from < '0.2 (NO) to 14' mgiL;' sulfate 'ranged ' 
'.>., '-"-1: 1,1'''', .' ,,-,,-,".' 'c "; ,- ,,', t < 

from 56 to '280 mg/L, pH ranged from' 4.2 toll: 1, an(j pb ranged from J::JO.'2 (ND) to' 1.5 mgYL. THe 
highest perohlorate and nitrate concentrations occurred at GP-8, where'no DOwasdetected'a~cVthe pH' 
was'4.6. ;' ;, l , ,j',',,'" 

,';), 

The groundwater samples from each 
of the six perr;nanent monitoring wells 
were analyzed for perchlorate, pH, 
and DO. In the monitoring well 
groundwater qamples, perchlorate 
ranged from 1.6 to 142 mg/L, pH 
ranged from 4.1 to 6.8, and DO 
ranged from ~.1 to 6.6. The highest 
perchlorate concentration occurred at 
monitoring well MW-6, where DO was 
1.33 mglL and pH was 5. The 

I 

combined perchlorate results showed 
a shallow, narrow plume of 
perchlorate. , ~' 

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

1. Demonstrate that the aquifer 
can be effectively ,buffered 
using a mixture of carbonate 
and bicarbonate. 

i 

~, : 

, I 1 t.,' 

\ 

\ -, 

\' 
\ 
:\ . \ 

,h, ; 

January through February 2002 Groundwater Perchlorate pistribution 

2. Show that electron dono;" (lactate) "can be effectively distributed'throughout the contaminated 
aquifer using a groundwater eldraction-injeation design., ,,,' 

3·.> Defr!'onstratethatperchlorate andnitrat~ can be biodegraded iM the buffered'aquifer u5ir'ig lactate 
,! as an' ele'etton dorioi', with minimal redUictlon of sllifate~" ',,' , ' 

, " , , 

4. Quantify the time required for perchlorate biodegradation and the levels of degradation 
acHievable. '. " 

'~~ .,' I _ , '., 
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,5. Identify k~y dE?~ign ,and operational flilctQrS thftt infl,u~nce fulbscale: applioatioJllof in situ 
perchlorate bioremediation at this and other sites. 

-:., '. ,'<.'" ; ;" 

lJle)e~t pIQ~,,~nd co~lrpl plot laypyts, of 
injectiQn;!, ~x~rc~ptiOI), (fQr, Je,Circwlliition), 
al]q ,ql9nito.ri~g., wells were" initially 
det~rll1ined, l!sjl1g."a simple"single.,layer: 
nunleric model,'1 whichw'as calibrated" 
with the pump test data. The final 
laYQJ.lt i,QC ~q.oh pJpJ cqnsiste€l", of two 
inje,9tionr,wells a{1d,t~o ~xtr~9.tion, \tV,ell::;. 
ira~t~I!~<;I12J~ ap~rUn ea,ch oOhe, plots, 
with; twgsets' ·of I shallow/de~p 
mpnit9,ring"weU$ ,in~~aUed between tlJ~.' , , 
injection and extraction wells. The plots were set up 20 ft away from eaoh other. The injection wells wer~, 
installed at the clay layer interface while the extraction wells were keyed 4 ft into the clay layer. 

',I 

~ .. 

" , 

" 

,r .' 

.l.I:IIEIm , : '. ';.; 
.. "~lfllLlIO 
.. II!.ID:OON wEtl. 0) 

'. IiIOtlfOftlNC wru. IQ1' (WI:) 
.. Ra:~, lI!I.L 00 

, ' , , 

Test Plot (TP) and Con~rol Plot (CP) Recirculati()n CellUayouts ':, 

Prior tq the full.,scale,q~Jn08stratiQnj Iii tracer ~est using$oqi!J1ll ,brolTJide;,wqs j.!§e,d to.cQnfirm .tbe hydr,q,ulic 
connectivity between the injection, extractio.n"pn,d monitoriI19,weJls",TQe J:e,sultsconfir-med, ponnectivity 
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 d9!19r a,Od 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 percenttfood-grade' 
sodium carbonate and/or sodium bicarbonate.~ 'ifhe ratio' ofcafbonate' 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, ,.ftotal 'of, 58 kilograms (kg) ofilactate (24 gcilldns of 60 percenflactate) was added to the aquifer 
in the test plot.'" ! ' )1,< < " ,) ,', " 

Ove'r 20;000 gallons of groundWater were' recircI.:ilated'tti'rough each plot during'the demonstration (140 to 
180 gallons per day through each cell). Excessive rainfall during the test caused ;elevat~d"'water table 
conditions, which required an early system shut down at day 111 because the aquifer could not accept 
the tfj'ijecfedlrecirculated materral. Des~m~dhe'early shut 'cown, sampfes were s1il(6oll~ctea at day'140 to 
complet~fhe originally 'plarirledt~st duratic)ri. ",', "'" 'I ,> 

,r '/ t;L<! " , ':;r"~ < :.,'~ ,,'1 ·""h'. ",; 11 

Baseline groundwater' samples' were c6l1e6te(j from the'~test 'piot cfrid 'oontroi plot 'moriifoflngwells at 10' 
weeks and 1 week prior to system startup. Durin~ system operation, samples were collected in the test 
p'lot'at 2, '3; i, 10, 15/ahd 20 ~e'eks', :aitH'frorii'ftlei'bontroipI6t'at'2, 1','15, ahd;20 Weeks: lEach sample 
was analyzed for pH and alkalinity, lactate, perchlorate, nltrate;"'ancf 'slllf'~te. Nitrate and sulfate levels 
were monitored because nitrate reduction occurs prior to perchlorate reduction and sulfate reduction 
occurs afferper~hlora'te h~dLi6tion;~'" 1HUs, tlles'ei pa:ram'~ters 'served ~s '~quif~rc'aild(fion antt 'reduction 
indicators. 

. .i, (",". I, - r , 

THe 'pH'"<~nd aIKIliI'ir'lity irldreas'e'd throug~Ol1t the t~st· durali6h' in'th'e 'test' plot' dUEn6:thEj bLJffe'r' 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 concierlttations"fOllowed bYdetteasesas:ithe laq'uifer bibtacbnstJrned"the'lactate 'at ihcreasing 
ratE?s. 

, I,) , 

Perchlora.'t~ 'concentrations within fHe' fest' plot showl3:(j a steady dedlhe th'i6Ubhouf'the dem'onstratioh; 
decl'easirfg by 95 perceht to 99 percent it; "all' bOt~'on~ 'well. "The: one' well ih que~tldn was 'thought to be' 
affected by grounClWater flow fjatternsfrom! bLitside' the i&st plot' area: 'there was "110 8onsi~tent reduction 
iI"p'e'r6tilorafelevels~ih tiny of tlie\ven~ 'in 'the controf plot'dLtring the demoh'stration ·periocf."'Further: ~ . 

l' '_< ~ ,: ;-,"'{' , : ".~~\ '~ " 

The data' from' tlie demoniltration clearly shoW tMfftthe 'additioM' 6f buffe'r 'and' electro'n :' 
donor'to1the"test plbfstimulatett ,the'microbial reaCIctibh 6fperbtildrate in 'the aqJife(i' 
Losses of perchlorate to dil'lltioh or ahy'othefiabiotic,prdCes$'\K;oujd'have·t)een obs'erited 
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 DEMONSTRA1"ION PLAN 

The ~orJ< Rlf!!) and, de;:!i~lIl fW,adpition,f\1 ~ie,ld,. $~!Jpi~~ ard g~i,d~llce dE?y~lopment at pite 67)s presented in 
the ESTCP (2006) Technology Demonstration Plan prepared by SolutiGms-IES. Site 67 was selected' 
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from,.arrlf;>ng.se.~~r:al Cal)didate· site~, for, th.e, d~rTJanstratian aft~r; threEt levels of site ',evall;lat.ion . were 
cQnducteJ;1. The ove.ra!Lg0als,.of the; (i!roje.ct were ;il,~,foll()ws:.. . i' , 

I \ 'i I " I.)) i . .~? i I 

1.. PrQvide,man~g~rs \,o/ith tl;te tQolsne~q~q to, .evf;lluat~ ,wll§theJ, !11oni\~r~l)aturpJ atteruation. 
(MNA) may be appropriate for management of perchlorate releases on their site(s). " 

2" D,e!l:l(~n~trate.toi r~~:n.llatorx:~gel1ci!3s)hat p'~r9.hl.orate,JVlNA. i!3 eff(1)ctivE} for controlling adver~e 
imp'a9~;J,t9 theEU1Virt,;mr;n§,t;lt.. ,. , " i;,le ~ ~.' 

;', r' ;< J"., ",.{ • f~ • t > "! .• ~!.,; {~," ?, .. ! • 

ThEf project QbjE},~tiv~s:w,~re to evall,l~t~,oMNA"~c~e,fficacy' a1 rerr:C?qJ~tin~ perchlpr~t8 in, gXoUndl!~la~~r,[ar:J(;l to 
evaluate innovative tools to determine if biodegradation is RF~4rri(1ganc~ ~ti~,~at rat,~~.. TtH~t i~,. to, 
develop lines of evidence for MNA of perchlorate and to test these in the field fo verify if they will be 
agegl"lat~JQr .us~ ,in .9.. p,rotoco.l: . The, fqllowin9 lin~s 91: eyi9~myE} yvef81 de,filJ!3d fqr !9valuaijpr:1:" ,,', ,. ~ ., .1., 

, 'I: J > 'i ", ' , - l , ~'''.' ~ ;: 'j 1 . i r "-i t ,rA' t , , 

);,:,. ,l,J~AI)~ e.~i~!inQ (and. ne~ imonlto.rtn~, w~II~, get~rmi.l),(jl :t~~,:,h?r.i2;,omql ~Ild VC?l1icpJ. di.stri,b.~ip~ ,:9t 
", p,E!~yplqra~e apd rnas~ :fIMv#it~ <;Iis~~r:1q~. , : ,i '.~t " •. 'f ,:, ':.. " ". 

I,' ;', : "fr"';{c" .• ht:;-', .;1'·~}., ') , _ " "'*'1" ... \,: ,,1,,::')\ -', t..,' ~ 

• }?b~~rve"chi~ngesJn wq\.lndw~t~r,J?io;gC?ocb.e~i~tty as;s~8P<\lrtinQ ~V,iQenp~. I\?r, ~tt~:m~al!oo.; 

• 
f"~ d ~. 

Confirm and obtain additional microbiological evidence for the in situ activity of perchl~rai~~" 
; ,de~r;adlng 9rganl!?m~)!,J.si.r:1g an '\ilr;Jply.eJ~, ,f,?\. chlBrit~ ,di$m,u.t?~e 4 

a,nd,' il;l .. sity bigg~:g.rad,atipl'! :stullY, 

, : resylll?" ,,' ';1:1 ! II, . :.' ,I " .,. '. ,.,.' .'i 

~i),L 'd. :;c, .:,,1, :,1 :\j.'~;' : .. ' 1'" '1 
~ 1.<;I~ntify p~t;l~ge~l!n. i~ot~pic ~,o01RPsitl<l,n ,oI:p~r9hlp,.rat.e a~ ~njn~.iHa!pr .ofJ).ioctegraq?tio~.. , 

To support development of the Technology Demonstration Plan, ESTCP collected groundwater samples 

fr,?m"e?fi~tir:lgmonjtprin~.~~.II~!at.~jte 97 ,!~ fOPS, fo.IIR1!Yf1ct q¥Jh~ in13t91J,atio~,of S~~~fl n~w ~oi,1 );>grlrgs 1or . 
li\ho,lqgYW?Hffctlo~ ,~n~.'"gr,qU(lQ~at~[~~m,l;llin~ f,rOl1)l' .tempprary rnpnitoring \f\'~lIs. ,,~ite lit~olo.gy "ang 
gr~UQ<;IwflteJ floW ~a~, determi[1~9 to be, 90IJsis\en~ w,i~h .p'r;eYipu,~, fj(1dirg~ dOCl,lm!9nt~9'.ir). NOS.~~ (2904) .. 
In addition,· ~pecif:ic,~~RC}~it~.~e.~t~ w,~re p<11WIt1~!l O,n, twq,e~i~'ir;1,Q .rnonjtor,.\nQ .vv~I.I~, GfRY(1,~vi,at~r ~.a,r,T)ple: 
data did not clearly indicate a source area for the perchlorate release, but suggested that perchlorate was 
discharging to. ~he Itjudflat, <;lpjojning fv'!~ttalNOrn.at1 9r~~k In exces~of 10 ,mg/L (1 !;),pqo ,1l9/L). Tre mudflat 
area, extEilP,<;lir;lg ov~r !4QQJ)t:. t~o,m th~ 9I1Qr~lifile, ,~u9m.~rge,Gl Jln,~er ? It;, of· w~ter, duri,ng .,hight/de, and 
exposed dYfiqg 10wJid.e., woYlq.pe.t~~}oqu$lpf th,e ~ioq~gr~<;I~th;~n stu,c;ty.)," , , 

i • 

.,t) 

: ; '" ' • i ~ , 

.. ; 

1 ' 

.1 
I' 

, ,~'" .> 

" 
'.' 

, ,,-:' , 

,"Ii. 

. '; ; , 'I 

i i 

i·- , 

4 the' ~pecifidty' of chlorite dls~utase coOid be osellil' as 'an lndldatbr Of'pe(~hlbra:tg t)i~degrad~tibn and, ther~f6re: proVid~ 
supporting evidence'forJ\l1NA of.parchlorate:! \. : .'; I,' ' ,i • ."'" 
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2005 Perchlorate lsoconcentratlon Contour Map - Shallow Groundwater 

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. SpeciHc capacity tests would be performed on all new 
wells to obtain additional hydraulic conductivity data. 

Soil samples would be collected Irom 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 ("037CI"). 

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 aI. , 2008): 
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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 pf 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]): ' 

• Tier 1 - Spatial and temporal distribution of perchlorate (plume stability and geometry, 
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-reduotion potential 
[ORP]; presence of available organic carbon [electron donor]; methane [reducing, methanogenic 
conditions]; nitrate [denitrification conditions]; iron [reducing environment], and increasing 
chloride). 

• Tier 3 Microbiological indicators of perchlorate biod'egradatlon (similar to evaluating 
biodegradation of chlorinated VOCs, but different daughte~ products [chlorate, chlorite, and 
chloride], bacteria, and specific enzymes [perohlorate reductase and chlorite disfnutase]). 

SITE 67 CASE STabY PRESENTATION 

\ j " i ~, ! , .. ' ) q 

Thec~s.~stuQY for S,i1e ~,7, is append,~d tOit~~ Es.rCp, (2008)"guidanc,e g9cur;n~nt. , Th~cap~ $)tt,~dy, 
r,eviews the 20Q5 pre-demonstratign,resull!3 aod presents the.,$ub!3equent,saIT!PUng results and findings. 
The situ~y ~qnf,irme9 genenll g~o~ndY"aterflow s.qYtheast th;'~u.gh ~ tt)~; ~Jt~, ~nd that gr,oyndwa~er fl~w 
direction offsite varies daily and seasonally according to tide 'Eilve!s ,in M~ttaw9man Greek. At high tide, 
water flows downward through the mudflat sediments into the aquifer, whereas at low tide, the 
gr04t;ldwflter flows, I;1P through th,e "Qrg~nic rich sedin:J~Rts before d(schargipg to the surface as a series of 
smal'l spr,ings and seeps,:: 

.; ,~. 

Perchlo(at~ congentrations werE? r;nE?!;\sured as high as ~3 rx:lg~L, ne~r ~u.ilding 1,41 ~,"and,g\(er 10, m gil.,; ,at 
the bank of the creek. However, concentrations decrease over99iPe,rcen~ fls groundwaM~r migr?tes 
upward through the mudflat sediments. Bio-geochemical conditions showed conducive conditions for 

perchlorate biodegradation. Specifically, TOC,. ?/!lg rn~t~a\1~ ppnce!Jt~q.tio,,!~ i'10r~a~~, aP9 91;1~ ~v~Jl!es 
decrease as groundwater migrates upward through the mudflat sedIments. 

.' , , < > • . • • ,';:" ~ .' ',' OJ . ' ') '. " '. 

Bofh macrocosm (in situ) and microcosm (laboratory) studIes were performed. Tre ,macroco,sm r~csults 
showed 40 percent reduction in perchlorate in 2 weeks. The microcosm results' showed ~erchlorate 
reduction to below detection limits in less than 2 months. First-order biodegradati9n r:,ates ~{eFe!estif!lat~~ 
at 24 to 61 per year. Enzyme analysis showed that chlorite dismutase gene was' present in the 'mudflat 

se9ir;nent~! iQ,d!c~ting th,e" qapabiti~¥ qf, perchlo,rate b.iod~gr~d?tUor;'l l;>y"inc;\igerl9uS microQial COlTlmunitie,s: 
MQI.~pylar al1alysjs .~!1owe(;q.rat perch,LQra!ere,d,uptas~ ~en,~~blwer~ also p'r,es(i!Pt, whi,char,e)n¥plved In th.e 
degradation of perchlorate.to chlor,at~ and chlpri~e: "In .genera,I •. hi9~~r rin,lI;nben? of ig,en~ ~p!es w~r;e 
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" r~sults of"the',three-tier assessment./for. perohlorate attenuati<:>n at Site 67 were· as' 
follows: ,r',.' , " 

1 < 'i , .~ , ,j , \ ' 

• Tier 1 - Perohlorate oonoentrations deorease with time and distance ,due to biodegra€li::itiO'n; 
dilution, and dispersion. 

• I' ,~ . , ~ " ' . " " 

• Tier 2 - Most ideal geoohemioal oonditions ooinoide with greatestFpef.chldrate reduction. 

'. Tier 3 ~'Greatest pel'cl1lorate reauotion occurs'wHere highest populati(!)n of perch'lorate-re-ducing' 
bacteria indicators'are'im'egsured.' :;" ' l' 1 T, . . ,CO" " '\ 

Therefore,; MNAilkelY"is an acceptable,flnal'remedy·'fC)(tHe' site:' However,additlonal samplirtg 'should' be 
performed to create a more robust temporal dataset for Tiers 1 and 2. Further, additional sar'nplil19 
locations are necessary to fully delineate the perchlorate plume and define the source area. 

~,\ }.' ~.~\ \''.1-.,\..>1" ~;;I H>' k' ~{ •. :.' ~.~. ,~(; ~ , ': ~ ,~~, , 

PATH FORWARD ',FCR SITE 67 "l 

Based on the research, lab results, field results, conolusions, and guidanoe presented in NOSSA (2.004) 
anCi ~E'ST(rp (20(f6~\Wr;d" 20(8);' W'is' ~xpeofe'(f1nat pJrchr8fat~· cOrloe'ritratibr\'i' ~f Sitk'~i Will ;do~tiriue to; 
deoline via multiple natural attenuation meohanisms (e.g., biodegradation and ·dlll.lti6~).' 'HbW~{ier, 
gro.undwater ooncentrations 9f perchlorate may not reach an appropriate oleanup leyelS in a,r,e~solJab,le 
timeframe (n(i06nsid~rin~i~hd '~se)~iii'nafur~1 att~nu~tI~n' drily. ' ,. ", ,', , " , 'l ,', ; 

" Ir • • i: ",< 

While perchlorate con,aminatipn in the ,surfioial aquifer is evidel)t at the site, th~ ~oil m,ydil,lll), and o~her 

potential cont<iininarifs iri' allm~d)~ ,~eAufr~',yl~~:~tig~t!~h~:, t~er~fpr.e, 'a ~,~rn~~.ial ,lh,v~~tig~tiO~, (~,I) ,is 
recommended by the Navy to' c'o'mpletely cnarElctefiie tne site. A Feasibility Study (FS) likely 'will' be 

re~W~d .!<? e~~!u~te re~ed,!a! ,?It~.\n~ti.v~s\ foX ~it~?!~!anup. " ," \' , 

~ ',', '- .' <"., ': 
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20 s.rolyn.tmol T_11I16I1I PoInt 
28 Sou\hweaI;om Pistol Renge 
30 Gate S Bumlna Gfwnd 
32 s.:nop YIItCI (AI'" tR SlI6 41) 

Site Loca~on Map 

AppR)l<lm~16 
Slia BoondlllY 

tRSheNumll<lr 

MAl' UXO Nu..oor 

Naval Support Faci,ly Indian Head - ~aln "'ea 
Indion Head. Maryl""d 

1 ThDflum Spll 
2 W_ Clank Ceoe on Appliecllo Tonence Road 
3 NItrogIyl:e~n &,pIooion. Nitration Butldlng Area 
4 Uoyd R<>ad 01 Spll Sit .. 
5 X-Ray Buldlng 731 
6 HWO 8pll~ Radiog.aphlc Fadltv A<:eeleralo. 
? HMX S911~ SIu"Ty Mil< Buldlng 082 
6 r.letIlUry C<lIlI~mlnotion F""" Buldlng 786 
9 _ ..... A ........ OJt Spli 

10 81ngle-baoe Propellant GtGlna SpIll (Aloo UXO 9) 
11 Coff ... Road L.ndllil 
12 Town Gut landfill 
13 PoInt SoIwInts Olopo.ool Gtaund 
14 Wasle Add Dlopo .. 1 Pi 
15 MtlWry ~I. In Marrolo. Fl.lortno Lab 
18 LabGnllary CNomIeal DIapoY 
17 Ol.pooed Metel PartI AlOf1Q ShoAIIlne 
18 Hog Illand 
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