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Determination of the Potential Source Area, 

Contamination Pathway, and Probable Release History of 

Chlorinated-Solvent-Contaminated "~pundwater at the 

Capital City Plume Site, Mlontgomery, ·Alabama, 2008-2010 

·.· .. -~ .. \ 

By James E. Landmeyer1, Scott Miller2, Bruc~:G.Campbell1, Don A1'Vroblesky1, Amy C. GiiP,iand Athena P. Clark3 
· L;,~;w'~·?· ... '· ·.··· i:F· .. · · 

. ~·· .. 

Abstract 

Detection of the £g~ic solvent perchlor~'~fli~i~ne (PCE) ik~ shallow public-supply well in 

/\.:. . ; 

1991 and exposure . .9f. workers 'i#:.l9Q.J:;<tQ;.~pl:v~nt vapors during excavation activities to depths near the 
. .'·;::· ·>. >.,.. ''i'£:;zo:?>'· ·"'···' '"'··:.·, ... ··-:,, .. ·· . · 

water table provided eviden9e tl~at shallow groundwat~r beneath the Capital City of Montgomery, 

Alabama was cop~minated. In~~~tigatioris copducted by state and federal agencies from 1993 to 1999 
: • v·;· .. "'", \·(;:t\~L 

. .:·.-.·:::.:--

confirmed the detecti()~·of PCE in shallow groundwater, as well as the detection of the organic solvent 
.,... -

trichloroethylene (TC~) arid V?-ri,gp~.!Jletals, but the source of the groundwater contamination was not 
,.J; .. ·~?t_?i>'. . 

determined. In May 2000 the United States Environmental Protection Agency n.JSEPA), Region 4, 

Superfund Division, proposed that the site, called the Capital City Plume (CCP) 

1US. Geological Survey, Columbia, South Carolina 
2U.S. Environmental Protection Agency, Region 4, Atlanta, Georgia 
3U.S. Geological Survey, Montgomery, Alabama 
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Site, be a candidate for th.e National Priorities List. Numerous site-investigation activities conducted 

between 2000 and 2007 also did not determine the source of the groundwater contamination. 

In 2008, the USEPA, Region 4, Superfund Division, in cooperation with the U.S. Geo.logical 

Survey Alabama and South Carolina Water Science Centers conducted additional assessments at the 

CCP Site to determine the potential source area, contamination pathway, and the probable release 

history of the solvent-contaminated groundwater. The assessmel}tsiW~luded the collection of ( 1) 

passive-diffusion bag samples from the hyporheic zone of.Cypr~s~!%.f:~ek, a tributary to the Alabama 
-~>.... ·: ..... :• 

River and is located topographically and hydrologic,alry_'~6wngradie~t·6fthe CCP Site and receives 
. .: ..... <.>~~ .. ::'~';' .. 

shallow groundwater discharge, (2) tissue samples cOJlected in 2008 and 2009 from trees growing in 
. >>"-._ . >. . .··. '""' 

areas in downtown Montgomery characterized by gro~hd~&~~r:'tdnt1mination a~d·lfo!ll riparian zones 
<.<::-_ ·:.. . ·"<· / .. 

::-·.·--\~\·:-... . ·: ...... /·.· 

along the Alabama River and Cypress c'fe~k;;(J)'·grpundwate~ ~·amples in 2009 analyzed for 
'; . :.:,'.':<=":/~ •. > ••• • .. 

.. ~\. . ·: ·. ;;::.::; ·· .. ~ .,_ . . ;>~-. 
concentrations of organic andjnorganic consti'fuents.andgroundwate{gtmples in 2010 for 

.· .. < ·_, .•.... · .... ;;. . ' >>·\ .. -(:_.· .<./ :: .... ;tJ·~,. '<!~) . 
concentrations of sulfur.h¢xatluoride·.aq? chlorofluqroc~roons;:·and:('\l) maps ofland uses since 1842 

".:--,.::-..:.... ·=:::,:_·:·:'.\':\ :.:· .. ::_::-_:)' . . .. /· 
·. . ..• :. ·. ,! •. ··l 

within the CCP Site. The datit:Cqllected .Were used to:·(I) determine the potential source area of 
..... " :··>.. . :_:);.·/;_<".):.· :·-.. ,_.,>.,. ·..;<\ 

contaminants·d.e~ected.in gro..,undwat,ef; (2) detei1Jiint:_tne'pathway of groundwater contamination, and 
.,:_:.:::;:.·:··=·:·>;-/ ·.: .. ·, .. · :··~-- ·.. ==:--- .. , .. ·' ··.=:·.·,:·~·:.= 

(3) determi~g<constraints on thepr,obabl~.~~pp.tamina~i~release history. 

·.. ·.r.::·., <:-c.~" 
The data collected betweeh·20.08 and-2010 at the CCP Site as part ofthese additional 

··:..., ·,:,:..- ;\ 
· . .,::-:-.\. .. · .: 

assessments indicate th~lt-PCE- an&T€E-contaminated groundwater bene~th the City of Montgomery 
., .... _ ·' /:·'·::> ... :·-·_;-/ 

most likely resulted from (l)''thftt~st'use of chlorinated solvents and metals by a major commercial 

printing industry located in downtown Montgomery, (2) the disposal of industrial-trade wastewater that 

contained these solvents and metals into the sanitary sewer and stormwater systems and recharged 

shallow groundwater down gradient from the release area after infiltration through pipe joints and( or) 

leaks, and (3) these activities occurred between the 1940s and 1970s. The data also indicate that a 

2 
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source of PCE and TCE contamination exists in the shallow subsurface near the original release area in 

downtown Montgomery and that PCE and TCE have be transported to deeper parts of the shallow 

aquifer. 

Introduction 
.,:: =; ~ .. 

The Capitol City Plume (CCP) Site is characterized.hy;kUailow groundwater contamination 
./" ·./¥/ <~t 

beneath a widespread area of downtown Montgomery,.Al:Jabama. Th~ priwary contaminant is 
__ ,c::ic\1)>;' '<f§~-:~ 

perchloroethylene (PCE), but other volatile organi~-;¢~mpounds (VOCs), sii9n~_a.s trichloroethylene 
. -< >>- .-:··~ . <:_>'0, 
(ICE), and metals, such as chromium, have been deted~cL(Blac}(a~d Veatch 2002~·Malcolm Pimie 

,,._@'l;;b. '·'•;:,!\\~;' t& / .... ··. :. 
2003; Alabama Department of Public Healtp_gqpf!-; Hall 2007)'?P.erchloroethylene is of concern because 

. '•\. "<, ... , ''· ··:. -~+\ttj, 

it was detected at 7.1 micrograms per liter (JJ.g(p iira}\1-ontgomery:j~yblic supply well in 1991 and at 
.. ·_ -_- -_ . •2 •. /~ <.::<,'.\ . . -·Mt· .. > .. ""::<.~0 

160 Jlg/L in 2009-each,~¥t~ctiori.J5'eing above tJl~,P~EifiJaxin;IjJTIJ ~ontaminant level (MCL) of 5 Jlg/L. 
i::-\'.~/~:::{' ·. : \ ·.._::· "'-./: ::"/ ·:.··::·<~·:.;: .... :>i 

Perchloroethylene was syntli\sized as e.ady as 1821·}\bbt widespread usage to meet industrial needs for 

an effective s~lj\\1!1i\YJ\'~~~~~ri)i §{~J'f~~S0:~~~bility did not start until after the 1940s (U.S. 

Enviroruriental Protection Ag~iicy 2000): Perchloroetllylene can cause various human health problems 
"?-;·:=:-:-==·.·::.- ,·.:·=.:.~'·>~ ·-:~0::;>\ 

ranging from dizzi.o,ess and headacli~s to deat~~(Agency for Toxic Substances and Disease Registry 
.... _.:''>}., ·.... . •: ... ' 

1997). The organic ~6'i"%nt TCE was :~ynthesized in the 1920s and also is used as a non-flammable 
'···<·~, /~->};:/ 

solvent. The primary metah'>{'con~,~fu in groundwater at the CCP Site is chromium (Black and Veatch 

2002; Malcolm Pimie 2003; Alabama Department of Public Health 2004; Hall2007) although 

chromium has not been detected in any public supply well above the MCL of 100 JJ.g/L. 

Previous investigations between 1991 and 2008 to delineate the groundwater contamination at 

the CCP Site did not identify the source of the contamination. In 2008, the U.S. Environmental 

Protection Agency (USEPA), Region 4, Superfund Division, in cooperation with the U.S. Geological 

3 
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Survey (USGS) Alabama and South Carolina Water Science Centers conducted additional assessments 

to determine the potential source area, contamination pathway, and the probable release history of the 

organic and inorganic contaminants in groundwater at the CCP Site. The assessments included the 

collection of: 

. ·. ·:,~):,. 

( 1) Passive-diffusion bag (PDB) samples from the hyporh~ldzbne of Cypress Creek, a tributary 
::..· ... :::._p/' 

to the Alabama River and is located topographicany::~~dh~'dr9logically downgradient of the 
. : :.::_/r- '---:i. "',-:....._ 

CCP Site and receives shallow groundwater disch~rge ·' .·•·· _)/ <: ... , 
,/' ·-.·.""'.'.·.·-~~-

(2) Tissue samples in 2008 and 2009 frorritre~~.growing in downtown·Mpntgomery above areas 

characterized by groundwater contamination an;:~~mpl~~:-~gm trees in ~h~~parian zones along 
;_. -~: >···)_ . . . . . -/~ . .>' 
. ._::· ·""-. :., .. '<' 

the Alabama River and Cypress Cr~e~ >·:·:>:>--., ·;·-.~>"'-. 

(3) Groundwater samples. collected iri·}009 for c61lcentraticm~-,of organic and inorganic 
... ··.· ... _·. :_··._.>,, :_ \\ .·.. ·· __ .'>>>.. <.) 

contaminants an¢-.i~;'~-0 10 fo'r_sul~ hexa~uqri~; •. (SF 6) aq~5lorofluorocarbons (CFCs ), and 
.. ·. '·... . .. ~ . ' .:. . . 

"~ -~ . / 

( 4) Maps of land uses;··~in~e 1842\y!thin th~ CCp Site . 
. ··:7 :: ':":+,, - :-. ---~-~ . . :': . ~-- .--·-:,~_., ...... _ :: -~ .... \ 

• A·.... •, ,'>.": ',' ;~;: .. • ..... ~-....... •• • .... 

·.=.,· ... ·:.· .. .-:: .. >·~ 
: . . . ::... . .. . -~=:-.~ ...... ' 

. ·' ··· .. ~ ::- .'(~ 't~. ··: .~ .. ·~: ... 

The'diita{ollected were UsR~,to: ·>,\ 
··:-;i~·h:\,. ··.. . / 

(1) Determine the,potential soutce area of contaminants detected in groundwater 
·.··~.. ,· ..... :·:;:;:::; ' 

. •'\. .. ·-'/ 

(2) Determine the path~a~_of groundwater contamination, and 

(3) Determine constraints on the probable contaminant-release history. 

This report documents the data-collection efforts and presents the results of the potential source 

area, contaminant pathway, and the probable release history at the CCP Site. 

4 



Dn~fi COf!Vji>r rcviel·FJ!UrJ!Oses o1dy. Results crmwined herein musT 1101 be quoted or released i11 (tnl' wm· and that the report 
is reg,orded os preliminary ond suhjcct 10 ,.,~vision wuil approwlf by the Oirecwr. U.S Geological Survcv 

Purpose and Scope 

This report describes additional assessement activities made to determine the potential source 

area, contamination pathway, and the probable release history of chlorinated-solvent contaminated 

groundwater at the CCP Site in downtown Montgomery, Alabama.,_;tpese assessments were performed 

.. :'P.·:~~_.fj?' 
by the Alabama and South Carolina Water Science Centers of;tlie::USGS during 2008-2010 in 

_,-_·.<~-~~£ .. ,,: > ...... ·~-~ 
' :.':>._ 

cooperation with the USEPA, Region 4, Superfund Divisjon:::> ·· " '··>-
.... ~~-· ~ .,_-. -<:=., 

.. · ···.· ::·:;), 
A variety of methods were used during th(;!~e;~4ditional assessmehts::::wAugust 2008, three PDB 

.;.._.-J_ ···;;:;.?\'\~ 

samplers were installed in the hyporheic zone of c]'1Jr~8s,~ree~an<i)analyzed 'fo(tht( presence of 
·-.. ·.···.·., /:cc ... :/' . '· ... _,_ 

... ' '.:.,,_ ... > ·::,::.';_/ .. j 
organic contaminants, and cores were coll¢cted from 69 trees growing in and around downtown · .... ·.:s~~ .. :l@\'4~... . . -:~~- > .. \_ 
Montgomery and analyzed for the presence.qLorga@?~al}d inorgaBi'c.~ontaminants that had been 

... · ... ,.,_ ''<;~~\ . <\: '-·,'-'·-._ ··.;-: ::··~ 
detected in groundwater. Re_s1llts frl>rn this inii:ial~samplirtg.:¢.~~ntwerefysed to further characterize the 

. ··:·' _,/··· ... '< :::.!}\ .· 3\c: .\J?' . : <t~'') 
extent of subsurface conta~,ation as'!J~~ been pr~~i()i:l'sly defined since 1991 by traditional methods of 

<~-+~>·~ } '!., ',~~\ 
sampling monitqring;w_e,lls. II:nan:t-!atx{~O_Q'§fad9-itiori~l cores were collected from trees characterized in 

. ·'·--~:tz~:.Jt: ,~;.:.·'iy;'0t~ .. ~:',G)( ·<::~,,::-::" \~) 
August 2008 by organic ariddb.organic;:co.ntaminahts,·and the annual growth rings analyzed for the time-

(~~>:._ '<;:~~·(~ ., <::·f.~·:,, '•' 
series distribuii(.)q)of metals. In Aifril-May·:f.OP9 thirteen existing monitoring wells in downtown 

'-(· ·_-;~>--. ,1/i\, .<;·;~ 
Montgomery were sa#}p!;d for VO¢s!·:and metals, and in April2010 these wells were sampled for SF6 

"'~;· .... '}\~. ," :-'_'•>J 

and CFCs to determine tb:~c~~:tr~~,~~~e of groundwater across the CCP Site. Histrical maps of the City 
·<··.({_{y 

of Montgomery were used to indicate the spatial and temporal distribution of past land-use activities 

since 1842 within the CCP Site that may have used chemicals detected in groundwater. All methods 

used are applicable to other NPL or Superfund sites characterized by long-term groundwater 

contamination with unknown source areas, contamination pathways, or release histories. Moreover, the 
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multiple line-of-evidence approach strengthens the results of these additional assessments by decreasing 

the uncertainty inherent to individual methods. 

Description of Study Area 

The City of Montgomery is located in the northern part of the,.Eastern Gulf Section of the 
: . :.i-': ... -:];0';' 

Coastal Plain Physiographic Province (Figure 1). The City, iiJ,c()rgczrated on December 3, 1819, is 
. . .. ,·_··:.;>-''<(-'·~~-

located on a bluff near a sharp meander of the Alabama _Rjvef. The· bltif[ is composed of, in ascending 
. . . . . ' 

: . ~ ·. . ·:~ . 

... . -,~~- ....... ~~;:/ . · .. <·-:-1'">· ..... 
order, Upper Cretaceous and younger sands and clay§,tip to 260 feet (ft) abov~ the current c~annel 

···;·····' '· •.. 
.. >->~>-.. ~ . ·· ..... :~·;::··,:,·;., :_}\, 

position of the Alabama River, and was created during:; the Quaterii:~fY by the do~c:;utting ancestral 
. ,,_ .,:: .. ... :i:"-j' "-: . .'.':,:.:., .. 

Alabama River as it adjusted to lower s6~-lf~:Yt:l§ (Robinsori:I~o'o1{- ·:::z:·: 
'<·:_:):<;{'~ .. '" :_i'".:,~ 

. ~\ . ' ... "'?:·; ~>~.... . :, t>·--'\, 
.... · ........ ,....... \ ..... ·\ .. ,'.'.·. ' - .. ' .... ·:•·:·''·' 

.. · .. ·, ·_;·.:·:;/::·:::=;::: __ ::.~>-:-.. .· :~=... =_· .. : ··_.-~--=·,s-'!-, ·~···; 

Figure 1. Location of Montg_qrJ1erY·Couhty•;,th,~ City of M§N981Jl~r-y: the:c;e3pit~l City Plume (CCP) Site, and existing 
=:: .. ·.)._ _:;_~·'·\:.;::~. ,._._= ... :.: .. ·.,_.:-.·. .. ·~" 

public supply and shallow (S) an_d,,intermediate (I) monitoring wells related to the CCP Site (modified from 
··.,=:.f:t/=:. .<= ·:_; :=~.;:.~:=::~.":-=--.. ·:_.···;._ . 

Robinson 2002): ·· 

:.".::: 

. ·.·:· .. > ··.·."· .. ~.:::.~.' :·'\>. .. 
. ';·."·:. . .:. _,.;.·-···~·;·.. . ..... . 

.:/·'_': .. 
.: .. -·~-:· . . "': '·~ 

:'~ 

.'·'\ 

'··< 
-<.: .·-::.~:· .::: ·:. 

... ~.''" 

'" ... , 
·, 
.·.\.~ 

< \,, ''.1:\ '-, 
·. ':·"- ·., ........ , ./ 

The formationHpat characteri~e the subsurface geology beneath the City of Montgomery, 
:·:., :;· . .".': 

< ·: Ol>., ''• ·.·: . 
Alabama include surficiaL's~diment~_.?fthe Quaternary age ontop of sediments of Upper Cretaceous age 

... · .. · .. ;;.:.: 

ontop of Pre-Cretaceous crystalli~{rock (Figure 2; Knowles and others 1963; Robinson 2002). The 

Quaternary and younger-age sediments include the alluvial sediment and terrace deposits of gravel, 

sand, and clay to depths between 30 and 100ft below land surface (bls) in the CCP Site study area. 

Beneath these sediments are the Upper Cretaceous age sediments of the Eutaw Formation at depths 

between 0 and 400ft bls because part of the Eutaw Formation is exposed in downtown Montgomery; 

6 
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most of the Eutaw Formation, however, is covered by younger terrace deposits. The Eutaw Formation 

rests unconformably on the Gordo Formation. The Gordo Formation outcrops in the bluffs along the 

Alabama River or is covered by Quaternary terrace deposits. The Gordo Formation unconformably 

overlies the Coker Formation. The top of the Coker Formation is about 500 to 700ft bls around the City 

ofMontgomery (Knowles and others 1963). The Coker Formation unconformably overlies pre-

Cretaceous crystalline rocks comprised of schist and gneiss . 

.. . ·=~: 

Figure 2. Generalized stratigraphy and hydrogeologic unit$tbhd~~lying Montgom~r}';-Aiabama and the Capital City 
. . h-;~~-~·. . . : .. ·' 

·.=:)[f;"-<,_ -:~.-.. ;~-:;· 

Plume (CCP) Site (modified from Robinson 2002). 

··~ 
'. :_._ -~~---?-:.>:- ... ~.··-- .· .. 

·· .. ·-~¥... : -~·-./>="<. : ··; ' 

<t'\, ~CJ,: , :'h. ::_}[J::.,, 
The Quaternary and younger-age sedin\entsa'rld'tthe. upper'p~itn.eable sediments of the Eutaw 

Formation yield water to•~7[l('~T~~ed, to d~t~tt~~~~>ri}~'.ihdri'~~ls and are used for public 
···-;;:-{.::-/~=!0. .": ·=: ;_ "\",'.~:-"· . 

supply in Montgomery. The$e:sedimentsJare considered the shallow aquifer (Eutaw aquifer) in 
/ .C'>' --~ ·•·.· ... ,· '·,,,, .h.ifi~i"f :·;;~.. . ·. ·· .. ··. 

Montgomery}1Jis .. ~ell~s§r~ened inl?:?t~'sedirrt~pts pave ~j_ytilar water-level elevations (Scott. and others 
~u·,,..-.-·:~,':~~;_.~~ _,.. .. . -~-<v~~k~~-:.~_~=~ . ~ ·.·.~~~ ->_,,__ , .. i.=.\·.:::~::_ :_~t.· -

1987; Robinson 2002; Figuf'e,'2)}Jn general, the deptlfto the water table in the shallow aquifer is about 
£'~ "'"<:~~., ''<:::'~>-

35 ft bls near tbe~P;G_~-contaminat~(i~public Supply wells and about 55 ft bls in downtown Montgomery 
'· . :?G·>·~. ·=t::~~Th, 

upgradient of the loc~iii()bpwhere workers were exposed to solvent vapors during excavation in 1993 
''i;,.,;c~,;-..,. .. . . 

near the water table. Most of the Q
7
CP Site shallow monitoring wells installed as part of previous 

investigations are screened in these shallow-aquifer sediments (Black & Veatch 2002). Some 

monitoring wells within the CCP Site study area are screened between 150 to 240 ft bls across deeper 

parts ofthe shallow aquifer in the Eutaw Formation; these were called intermediate wells in previous 

reports (Black & Veatch 2002) and.the terminology continued in this current report. The Coker 

Formation also yields water to municipal wells in Montgomery, but wells drilled to the Coker 

7 
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· Formation also are screened in the shallower Gordo and Eutaw Formations; these sediments are called 

the deep aquifer (Knowles and others 1963). The crystalline rocks are considered relatively 

impermeable and not tapped by municipal wells in the CCP Site area. 

· The shallow and deep aquifers have been used since the 1880s by the City of Montgomery for 

water supply. The Montgomery Water Works and Sanitary Sewer Board (MWWSSB) has two well 

fields, the north field and west fields. For at least one hundred years'groundwater from these wells was 
.'· .... =,·· 

the sole source of water for Montgomery. During the 1980s, -~~a6e_"~ater resources began to be used 
·.-. .' . \. 

. --., ·. _./ ·. : .. \_ 

and the well fields supplied no more than 34% of the ... c;itj'};s demands. ·siri"<;e,_about 1997, the MWWSSB 
.. ::. . ._:=~===:~:::=.~y;/ .. : . . . .--~ ..... ;. _:·. ·~~ 

has relied almost exclusively on the Alabama and·Tl.i~~~aloosa Rivers for watel"\upply with supplemental 
. ··-·::·)\ ·. :~'·.. . · .. '·- . 

supplies from groundwater from the west;wellfield durirfg.p(!ak' d~rriand and droughts,, 
. ··-~·.-=:-::.~.<f>-. . '·<:-:-:=:-:= .. >;:~:_: __ /·' · .. ·· 

Recharge to the shallow aquifer iri-~hi.ccP. Site study;~iea_ occurs by precipitation, which 
·... ·. . ...... _._,_ 

. \ ·· ... ···-... ·. -.:;~ >>. 
averages about 55 inches pery_~YE~i~./y; Robir~\,n 2002):-~~r~~dwat~f~n the shallow aquifer flows 

.,:: ... .-,·:_-:--::,-,]v.-.-.. :: -'-'·'-"'··"'-· • ... -,,.!·\ ..:"·•.x• . .-··-.}·· ':- -.--;-:_--.__ ...... , . 
north toward the Tallapossa·River and'west toward·the)\hibarria River (Hall2007). Areas that receive 

. : ~--··,, ··-~ .· .. ·\ . :: ~~ ... / ~- ... /' . . 

recharge also are potentially s~!)ceptible tgcontaminatiqn-areas along the Alabama River flood plain 
.... ' . "i,_ -3·.; ""' . \ 

•: .:.:.~;.;=.~>:.{" .:···:··::~:-::-:., • .·;.:~.=;;:.~.:=_. .· • • ~ ·, ,L·.R;:<.-;.._· • • ·.:;.. :~.>;., ·•·. • • .<\ 0 

(such as Mon~ogmery}.are~'-~speciall.y~highlysw;ceptibl~:Jo contamination from the surface" (Scott and 

others 1989).-~:_ :;·'<_;:' '~>-;~ <. iR'··. . -·- ... · ·. ;. > 
. • ~~ • .+::. 

. ::-..... .·. i 

Figure 3. Location of existing Pli.9.1Jc:: ~~PPl~:wells and shallow (S) and intermediate (I) monitoring wells and 

generalized groundwater-flow directihn at the Capital City Plume (CCP) Site, July 2007,.Montgomery, Alabama 

(modified from Hall 2007). 
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Previous Investigations 

Multiple investigations have been performed at the CCP Site since 1991 following the detection 

of PCE in a public supply well (Table 1 ). These initial investigations helped to delineate the extent of 

groundwater contamination. Because some data generated during these previous investigations are used 
.- . .-··.;:. ::,.: 

.... · ~' 

to support conclusions made from data collected during theadd.itiorial assessments conducted by the 
.·'' ·~ 

USEPA and USGS during 2008-2010, a brief review is:warr~nted . 
.. :·:-' 

:2:\ ,;/;·/ . ' 

'·\:) .. ,·\ .. , . ; <-::.(~-~:·--

Table 1. Timeline of previous investigations and events impo~a·AFio the"a:~ahJonal assessm~rl-f$:qf the Capital City . ::.·,;~\()~. . . ': <' \/ 
Plume (CCP) Site, Montomery, Alabama, 181922010.?:- < · ' 

. ''" ''"''!f:J(p.,,. 

. '·:.;t\\ '• 

· ..... ··,·.,_.... .... -__, · .... ··' ·:~~. _;::·>~~~=.. · \- -A>·. ·Jc~¥.:~~;;-;.;·~·-.<-~~ii:.=.-->=-·~ 
In April 1991, the ,N1WWSSB s~mpled pu~lic:·s_upply weH~~iiJ: Montgomery pursuant to the 

. )·~ ·'· . < ,;,-· .•. 

USEPA's Wellhead ProtectioQJ-._Rrogr~il))Qroundwateffrom public supply well9 West (9W; Figure 1) 
........ --~. y·_ ....... ":'":.~ . ·=>_}'.:·;,_;· :->. ~-~::=;:;}::~~·:= .. ::.>:·::;:;_:;,::·::~ '=?··.- ··~. ·.,~ ... \ ·-~~ .... 

contained 7. t:#glbPcli!:rtn,q,~x~~~lf~d:_·the Natib~'*h·I>ri·ill~iy Drinking Water Standard (NPDWS) MCL 
,_;·"< :i:.~>-:.;' ~ ·::···?·:~.\.;~... :~ .. ·~. ... ·~·~< ·. 

of 5 )lg/L. Well.9W is screen~d-·fr9.m 69"'td]9 ft bls in the shallow aquifer and was in use since 1962. In 
··<·2[·-.. _ '"t-:P\_ -,,·\~i>:.~ 

May 1992, weBs 9W;,and 9 East (9E)"both cori:tained 21 )lg/L PCE; well 9E is screened from 64 to 74 ft 
·. -~~~>~ ,::,t~ 

bls in the shallow aquifet;;and also w,a~ drilled in 1962. Well 9W was shut down in 1992 as a result of 
·;~·'::'/_.-~:~0-, _.==··~·:-· .'·~.; 

the PCE detection, and well 9~;-'~§l-S·'~hut down in 1997 due to structural problems and PCE detection. 
·-c;;/ 

In September 1993, workers excavating soil from about 25 ft bls (slightly above the average 

depth to water table at that time) to construct the Alabama Retirement Systems Administration (RSA) 

Energy Plant on the comer of Monroe and McDonough Streets were overcome by acute exposure to 

vapors later determined to be PCE and possibly TCE (Black & Veatch 2002). The excavation site is 
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located about 2,280 ft topographically and hydrologically up gradient of PCE-contaminated public 

supply wells 9W and 9E. In response to this acute exposure, the Alabama Department of Environmental 

Management (ADEM) conducted Phase I and Phase II investigations at the excavation site in October 

and November 1993, respectively. During Phase I, soil samples were collected in the RSA Energy Plant 

area and groundwater samples were collected from a shallow (S) monitoring well (MW) near the 
. ....._ 

excavation (MW-lS) and analyzed for PCE and TCE (Figure 4)ip@ng Phase II, three additional 

.:/ ::·~( . 

monitoring wells were installed (MW-2S, -3S, and -4S) neaf;;~heexca,vation area, and soil-gas samples 
•. ,:·y· ·.' ::?>, 

were collected and analyzed using the PETREX™ tube'9J.ethod (Bia~k:,&.veatch 2002). PCE- and TCE-
··=-··.) • 

_:-' <.-:·:y~;--· . . . ·\ 
contaminated soil was identified, removed, and disposyd ofbetween 1993 and''·1294. During the Phase I 

. ·.·\,.. /'\ "':>;,, 
and Phase II investigations, no obvious of the PCE'or :TGEMas observed (BH:ick & Veatch 

. -:.:-··.-:~=-· .. · .. ::.-:·.:·· . .:.·::/ >/ 
··• ... :·::·. 

2002). 

,.,.._·.:_-r:~~·::·/·?~.._ :.~:·.:\=:--? 

: > ·<. ,?:::\ ' ' / ··, . '·>· ';, 
Figure 4. Locations of existingirnonitoring w~l.l§ and the approximate exterit·of the Capital City Plume (CCP) Site as 

,............ ·:::··! ... 

: ... :\ . \-:··.,.. 
·.~---.~.:=\:) ... ·., .. ·. ": . "\ 

defined by PCE in groundwater, October15l'1993!.f\ll monitoring wells are shown but not necessarily available for 
. . . .. . .. :~~ . 

.. 

. · .. ·,, 

i' .• ·~·,.') 

In February 1995; 1-DEM i~i,ti~ated a Preliminary Assessment (PA) in accordance with the 
.·•. .. ··~ .; ... ,.. 

CERCLA, or Superfund, regul~tiriQ.i::Several temporary monitoring wells were installed and samples 
' ~· / 

-~. · ... :'" 
confirmed that PCE and TCE were present in deep soil and groundwater in parts of downtown 

Montgomery near the RSA Energy Plant. In 1996, the RSA Tower was built west of an~ adjacent to the 

Energy Plant site. At that time, ADEM recommended that the CCP Site be considered for the NPL. 

In 2000, pursuant to CERCLA regulations, the USEPA initiated a Remedial Investigation (RI) to 

collect additional data to evaluate the extent of groundwater contamination at the CCP Site (Black & 

10 
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Veatch 2002). A total of sixteen permanent and sixteen temporary monitoring wells were installed in the 

City of Montgomery using vibracore drilling technology. Most of the wells were installed adjacent to 

the RSA Energy Plant, near the contaminated public supply wells, and between these locations of 

known contamination; one well was located up gradient of the Energy Plant to represent background 

conditions. Thirteen of the sixteen permanent wells consisted of a pair of wells screened to the shallow 
_.-:-;:-,, 

::.· ::!\.. 

and intermediate parts of the shallow aquifer. Samples of soil ancli'aqtiifer sediment were collected 
·. , ··:r 

during well-drilling activities and screened in the field for th~)pte~-~~qe of organic contamination by 
.. _·.···· .. · _.·· . ·•<·_.,t. •.. 

using a hand-held total-gas detector with photo-ioniza:tl~d'detection (PIJ?):. During well drilling, little 
. ~-- : _f. ~-. =~, ·,._:.:\:::-:.. 

.·· :'.•)'' ······ 
visible contaminantion was evident from the soil 'sa-ilip!es retrieved and investigators concluded a source 

.• ::>~ . /•'\ '[>\<~> . 
of PCE in the soil zone did not exist at th~" well-installation.loca~~qrfs (Black & Vea_tch 2002). Slug tests 

. :.~~--~- .. . ·· .. .- .:_;}_~\-F·· .= · ..• :--.;-/ :,~ .. J:./ 
· . ...-::-:> ··:.,.,._ ' 

were performed in the completed monit~rin:g'wens.and used:·.tb dt:termine the hydraulic conductivity of 
.... -. S;_ .. ~rr·?·~--- . ·.::_?'>: •• ,~ 

the shallow and intermediate ~qtJ,(fers. The gr§'Undwatef:·f1qw: rate lri_iht;:,shallow aquifer was determined 
-:·· ·-.; ·;: ... ~._:: ·o;:._.;;f':,. • < >... / · -<)v~w~1-~~~'-·- · <:.{0' 

to be about 100 feet peLyear5(ftly)'(Bla~k & Veatch .. 2002): The:~ells were sampled in May 2000 and 
: .. _ _: (!->, ··= .. ·~·>\·.-. . '· . :· ~-/""' ......... ;~ .. 

indicated PCE and TCE cont~mination (figure 5).In ~~rly 2000 the US EPA proposed to list the CCP 
··<;:\-"·> ·.··. ·'·~ =; c ·.\. 

_.; ...... ·:·. ·- .. / '·-· . .. .. ~ _: .. · .. · .. _.,_/_= ... ·. ··i<~;~-r;r: ... :-~--
site on th~':f~JG(Feuetal_~e?~.~t~r;~¥a~l'•~, 20QQ)~,e?;u~~ public supply wells had PCE at 

concentratioils~greater than the·"tyt<;L an{f_the source area, contamination pathway, and release history of 
·~ .. ·-.~~-"./>·,.,_,~ \~·-=·~· ··~··\ \ ·... .·:~~ 

the PCE were unknown. -~,:%~ '-,~D 
.:-\):·:· ·. 's=,: .. -=:=:·:i~:~ 

"-<·" 

·.:<.~ 

··-······-:f,:?:~-2~7 ·:'::.,. _;/;J'·;····· 

Figure 5. Locations of existing monitoring wells and the approximate extent of the Capital City Plume (CCP) Site as 

defined by PCE in groundwater, May 2000 (modified from data from Black & Veatch 2002). 

The USEPA collected additional soil samples at the RSA Tower and Energy Plant area in 2001. 

Results of these samples supported previous observations of a lack of an obvious source of PCE 
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contamination (Figure 6). In 2002 ADEM collected six water samples from Cypress Creek--one 

surface-water sample collected near the confluence with the Alabama River contained PCE at 7.2 j.!g/L 

(Black & Veatch 2002). In 2002, chromium was detected in 55 of 66 groundwater samples collected at 

the site, although little to no chromium was detected in soil samples (Black & Veatch 2002). 

Figure 6. Locations of existing monitoring wells and the approximate extentof the Capital City Plume (CCP) Site as 
... ·::.--{·,. --~~t~~.'~ 

defined by PCE in groundwater, January 2001 (modified frorn,d~taip'resehtea in B·lack & Veatch 2002). 
<·,·) 

·, .· ·'/" 

·--._·· ... .-.:;_,· .. 

In 2003 the·City of Montgomery initiated a F~~lWhlity st\.lay (FS) at the CCPSite (Malcolm 

Pimie, Inc. 2003). Also in 2003, an Envii:o~eiltal Site Assessment (ESA) was made on behalfofthe 
• y"•Y • 

...... ,_ 

Montgomery County Commissi_on prior to th¥;purchase_ of.';l_piece'of~property located on Washington 
·>·. 

Avenue, because the properiy\Vas''ldtated withirl..the GPH>Sit~:bbtmdary. As part of the ESA, soil 
·. -::: )}:.= . .·· :. <\ '-:~J.· ·::=:·:·:_<'-=:::::/))7' ··:;:=.-i·)\. _ ... 

samples were collected frohi.,tel)1porary Borings, the s~mples screened in the field for organic 
~ ~ . 

contamination b~using'"ii":hand-held total-gas·detectorwith a PID, and temporary wells were installed 
.·v.· .. ."·· 

and sample&(¥MC, Inc. 2003)CSoil ~hd>~~undwat~f:·§amples characterized by high PID readings were 
-~:.:·.-/.:·>. 

sent to a laboratory for analysis but no samples exceeded the method detection limit for PCE, benzene, 

toluene, ethylbenzene,' ahd,xylenesJ~~EX) and methyl tertia~y-butyl ether (MTBE). The source of the 
< -~=···· 

high PID readings, however,:·w~s::;.tibtfurther investigated. (foss:6i 'J ~ J:-c Tc ~) 
In 2007, the City of Montgomery conducted a groundwater monitoring event of the existing 

USEPA wells (Hall 2007). PCE and TCE continued to be detected in wells that previously had PCE and 

TCE, and chromium also was detected (Figure 7). 
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Figure 7. Locations of existing monitoring wells and the approximate extent of the Capital City Plume (CCP) Site as 

defined by PCE in groundwater, July 2007 (modified from Hall (2007)). 

In August 2008, the South Carolina and Alabama Water Science Centers of the USGS in 

cooperation with the USEPA, Region 4, Superfund Division, started,additional assessments at the CCP 
:,:_}f.-t.H>.. 

Site to determine the potential source area, contamination pathway; and probable release history. 
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Methods 

Multiple methods were used to determine the potential source area, contamination pathway, and 

probable release history at the CCP Site. Most of the methods employed had not been used previously at 

the CCP Site and were selected to provide data to help·answer the following questions that had 

remained unanswered at the CCP Site since 1991; 

. ,· .:.~:~-~:;:"':· .. , 
( 1) What is the potential source area of the PCE~. and,TCE~c~t~mination in groundwater? 

' .-: .... : .... ':1 ·· •.. .-:· •. - . 

. · .. ·:::_ . -~-~::·::_:_, ~: . : .. : :~\. 
(2) What is the predominant pathway that r¢.st1lted in groundwater'c'ontamination? 

'/?,:::~_' ··~··::}> .. " 
(3) When did the release and subsequent grourid"'ater contamination oc~ur~ . . >~ ,,(;;, ·} ~. . ·••. ·,, __ ' 

• • "•A ·:. • -~ ;_··: :::.:~-·:·.· 

. ;;;·:·): ··. . ~- "·:·t1' 
. =.-·::~.. ' .... _:>~-:~:.... 

Initial site-assessment activites be~::Jn .. irl·A~st 2008 ~~J1Jsed standard tree-core collection 
·.· '~\ '•>?<~'>':;;,. ' •.;:;,!!~:-~ 

methods to collect cores from.69 trees growirig'in and aroun(kdowntown·Montgomery. These cores 
.·. ··· .. ··.· )-::~ .·.· .. •·J>:.. ..·.· ·:\ . ·,< ··:ie?><:·:·~~.·:'i;-... ' ' ' 

were analyzed in the field· i~mediatel'y after collectldn}or the presen'ce of organic contaminants and 

samples were an~ly,zed in a labora~oryfo~'the,presen't¢<'9f inorganic contaminants. Results of the organic 
.· •:•· :] Mi.;;":'->">,.. :• ·"' .. '}··'"' ·.· .·.·.·.··::~r>:t>">·,c,_ ·•i;_: .. \ 

contaminants:<;letected 'inthe-tree coreS'were usedto:<;onfiim or refine the extent of soil and groundwater 
..... _.;·· 

contaminati~:~. d~~-~neated dunrii:Previo~~·;'irivestigations. Three PDB samplers also were deployed in the 
l ~,.:,}{>~- ·. · ..... =" :. ·_:.~,\ .-:;:· ··? ;,~~,-~ . 

hyporheic zone oityPress Creek d~g the tree-core sampling event and analyzed for organic 
. :: ~- ~':'--, ·•· .. ~ 

. ·. . .. ·: 

contaminants using the ~arlJe:method:.is for the tree cores. In January 2009, additional tree cores were 
·,_.·,.· .. ~--,/>_::=:.:·:-·;/" . 

collected from trees identified in :2'008 to be characterized by high concentrations of metals, such as 

chromium and chloride. Annual growth rings, or sections of tree-cores comprised of multiple adjacent 

annual growth rings, were analyzed for inorganic contaminants by proton-induced X-ray emission 

(PIXE) analyses to determine the spatial and temporal distribution of metals. In April-May 2009 

thirteen existing monitoring wells in downtown Montgomery were sampled for VOCs and metals, and 
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in May 2010 samples of groundwater were analyzed for concentrations of SF6 and CFCs and used to 

determine the age of groundwater since recharge and, therefore, help to establish the probable release 

history of the groundwater contamination. Historical maps of the City of Montgomery since 1842 were 

examined relative to the distribution of groundwater contamination to determine potential source areas. 

Because the City of Montgomery is an active metropolitan area, the site-a~sessment methods were 

selected to be as minimally invasive or disruptive as practicable. '!'11~Yfnethods used are transferrable to 
... <~~--;_:, .... ."::·~ 

· ... -.:,·.-.:·:"i.E~?£\ 

other NPL or Superfund sites characterized by groundwatei'd(:)jltaroin_ation with unknown source areas 
: .. / '-..;~-~~:~>t'-\~, 

or release histories. ,·:\_ift·s,;:, .. 
._;:: 

_:·i~·-=.~ 

·.:'·-~ . 

. . . '"''?;~,../~'~- '': 
Determination of the Potential Source.Ar,e·~ ~nd Contamination Pathway 

' :·:>[0<:.~:. >:"" · .. ·.·.· •. : '. 
One obstacle that inhibited the abil1~-~t:6~0ous inve~tig~tors to determine the source area of 

. . . ·.. . ,,;:: .• ~!;. '<•t\];'~:-~.. . ,_··.::;, 
PCE-contaminated grounc;t~!!¢r.qete_~ted be1We-~B,l991 an<f:;f993 was''t}je singular absence of PCE-

;:{·;~t'>'' '·.··:..£0\ \J)\ .·: -:~/ . . . ,,,;,;;·:~ 
contaminated soils near hind·. surface. ·s_ource-area 'deterfuination was further complicated by the 

presence of (l)~J!ti\1~.~~ and~~·p~~,~~~i~d~~trj}al or commercial sources of PCE within the 

City ofM~Qfg6~ery; (2')'hi4l!iiJJe iai1~ses withlh-th~:dty of Montgomery since its beginning in 1819, 
' ';\}!j~f.'· . '):, '·' ·,j~L .. 

and (3) a lack'ofrecords documenting the 'Usag~ and disposal of hazardous materials prior to the 1980s. · · ~~'f\ <Uv 

Tree-Core Survey 

In general, trees can be used to assess the distribution of subsurface contamination because tree 

roots interact with soil gas, soil moisture, and groundwater (Landmeyer 2001; Landmeyer and others 

2001; Vrobleksy 2008; Landmeyer in press). Downtown Montgomery is cha~acterized by landscape 

trees on City-owned properties such as sidewalks and are managed by Mr. Russell Stringer, the Urban 
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Forester of Montgomery. The trees include laurel oak (Quercus faurifolia), live oak (Quercus 

virginiana), red oak (Quercus ruba), water oak (Quercus nigra), maple (Acer rubnan), giitk:o (Ginko 

biloba) and magnolia (Magnolia grandiflora) and range from about ten to more than 100 y old. The 

grid-like distribution of city blocks and trees that overlie the groundwater contamination provided an 

objective approach to guide the collection of tr.ee cores for contaminant assessment (Figure 8) . 
. ··t-... 

.-.. ~\ . \'3/ 
.//:'-" .:·( 
'.><··: ... =:-}.,_ 

-..... ; .+·;>,.., 
Figure 8. Grid system to guide tree-core collection in downto~n-~ootgomely._·Th~se blocks selected for tree-core 

:·.) '\. 
sampling are located within the City of Montgomery's ]pcaj:grbundwater drainage_b'a~in as inferred from 

-:v·~N-.=::,:?- -<· . ·-~ ... .-:·.::t!: ·.) . 
. =~ 

topographical highs. .. .. ~::·. 

·--·- .... 
,·:· ...... 

·. = .. ~ .. 

...... -\~,_'._)j:j·>p, 

-;· .·: > .... ···-·.-
.. ·:·.:.· .. 

..· .. : 

. ,,_-';)" 

/ 

· ... :-.=·:· . ·:~. 

=.·;.-···· .. ·, ·.:;·_. >·,_\._ ·:._.· :·'>.. . 
Within the CCP Site, 69 trees were cored frorrt•'lanq~cape veget~tion in and around downtown 

. . i,.··.·. ·:_.''>.'- :•:_:;'-·\ ·:·:.P'';-~?J•.,,, · ·'{:\') 
Montgomery (Figure 9) .. Md~f-ofthe frees cored\\f~r~ ~elatively'J(:)l;lllg (<50 y) but a few were greater .•. ·c . , >. . <;•"' v . '>/ 
than 100 y. Not all blocks 'w~re.included\n the surSey~,some blocks had no trees, or had trees but could 

•• •• :·.~.'. • h "'":' .... _ • 

. ..: :: .-·.· ...... - ·\·.> .. ~:.<i· =.·,.· ·.}:~· .. ,:}.:. ·;;;;y> .. ~. ~- ...... \.~ 
not be cored as they-\¥ere located ori private· or state property, or trees were not cored at the request of 

. . ,..-.=::·:·=.':'- : . y :· , ••• ~ • • • .: "':. • ~· • • .: ...... • • ••• ••• :-. •••• • • ·;;-·-

:I :? -~. . . ·-. .·.·.· .... :/'~ 
the Urban Forester (Figure 9)/l'{a.tive veget~tion growing in the riparian zones of the Alabama River 

' .: .. =·~ : :=.-·~·:·."'"- ... -. ·\...._ 

-.:-" .. _.·:·.::· .. }:: · .. '\ . · .. ·.·->,_ 

and Cypress Cr~ek>s~ch as sycamore_ (Platafz_us occidentalis) and cottonwood (Populus heterophylla) 
. ·.·· : .';:·\ · ... ,~.\- .;.:, __ ,. 

.·· . ." ··.:_:_\~ >:".·v·"\ 
also were sampled-these ... ~rees were some of the largest and oldest trees sampled during the tree-core 

,,. 
·~. .. 

. .··. ··r 

survey. Before core collection beg_~'; general information about each tree, such as genus, species, and 

diameter at breast height ( dbh) was documented and the location of each tree mapped with a handheld 

global positioning system (GPS). 
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Figure 9. locations of trees core for volatile organic compounds (VOCs) and metals analysis in August 2008. Also 

shown are the locations of the three Passive Diffusion Bag samplers in Cypress Creek. 

All tree cores were collected using standard forestry practices with an increment auger (Phipps, 

1985; Landmeyer 2001; Vrobleksy 2008) and analyzed for the presepte or absence of organic and 
:··.=:·:_:_._:_.:·:·1:) 

... ·. ,. 

inorganic compounds detected in groundwater, such as P.CE, J§J:;'{and metals. In brief, tree-core 
_.,·:<::::/';?:)_>·: 

samples were collected at breast height from the southefi!·~·i~~~::~i ea-~~1J~ee. A core consists of at least a 
.. <·_._._:.·) ·==.·,:·:.,(\,~ 

2-inch (in.) long cylinder-shaped piece of tissue tha.i iricl~ded the xylem:(t~~1-water-transmitting part of 
~- ';' > .. ·. _,. (>. 

thetree) and bark and represents a composite ofthe:fri··gstrecent a.n.AUal growthrihgs. The core barrel 
,,>,_,_ <.·:'>-•• ~,e;;i::C.:>.:.) · .. ;.~ · 

was flame sterilized between sample colT~cti.op.. Cores were:tfl@sferred as quickly as:possible to 40-
•. -:·~i_,~ ~- .·.· .· ·~, .. < ~ '~>- .. 

millileter (mL) volatile organic analysis (VO~A)'glil.s'S\\!ials, capped'with a screw-on septated cap with a 
··.···· .. . "'"' .. <:1~}-~;·;: . ., ···... .·; .. h. 

Teflon liner to minimize contaill.iilant loss by volatizatiolif~fia· then sftife'd on ice. Tree cores were 
. ">&tij?'*······ ... :.,_~~-~ ••. :\-.. ·.·· ; .. /··•· . .... :.ift~i . ' 

analyzed for organic coin~.()~ds by g~s,:'9hromato'gfap(hy, photo-ionization detection (GC/PIP; Photovac 
· .... ::·f~/:>>-. i"=.:·:< .. ~t. .. \ __ ·.·· '>~-

1 OS Plus) in a_hot~,l·:\f8.P~ neaFt~:e sampJmg·.:a.re~, withiri"~inutes to one day after core collection. The 
•" • ::_.;j)I(~~y: ·" • f.~~:?J .. ·.~, • .' ' .,: ·'··· • •• .· I • • .; ~·.:·· 

method repQrting level (MRL} for PC~\-JCE, cis~ 1;·~.-:I?CE, and benzene was 2, 10, 15, and 10 parts per 
·\'·:1:.:!:.;,, .,,t,~,, . :;:C:-:,_ ·., .. 

billion by volut#~o.(ppbv), respd;;tiv~ly (Vroi:)l~_sky 2008). To increase contaminant volatilization into the 
~- .... ?! :•;·~~ ·:'·:Jf-~1\ 't.'.'." ": 

vial heads pace prior :tb~pC!PID anify~is, the vials were preheated in a microwave for between 15 and 60 
= -.=-t~~>-: ;,\,_ . ·::i}·:r= 

..-.,·.;..,-;.-. :,':~:.... ;/{="·.:·} 

sec as described in Vroble$ky,and gt4ers (2009). A similar tree-core collection method had been used . 

successfully by the USGS at:<~'SJ~!~.md site in Missouri as part of an assessment of subsurface ~ 
contamination by chlorinated solvents (Schumacher and others 2004). 

The three PDB samplers were installed less than 1 ft into the bed sediment of Cypress Creek 

(Figure 9). The PDB sampler consisted of a 40 mL VOA vial wrapped in plastic (Church and others 

2002). After exposure to the porewater in the bed sediment for no more than 6 hours (h), the PDB 
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samplers were retrieved, capped with a screw-ori septated cap with a Teflon liner and analyzed as 

described above. 

A subset of tree cores was shipped overnight to a contract laboratory (Elemental Analysis 

Incorporated (EAI)) for analysis of inorganic constituents by PIXE. Each core was prepared into a 

sample with a thickness greater than 80 microns for thick-target analysis by PIXE. Tree-core analysis 
..... >.. 

for inorganics has been done for many years and is applicable f?t·ll19s't elements in trees (Lewis 1995) . 
. ,.:;( 

Tree cores representative of background conditions of metals/for'an•urban area not characterized by .· >/ ' .<>~ 
solvent- or metals-contaminated groundwater were coll~¢fed near the USGS SC Water Science Center 

. ;;.:·>)/' . :."> 

in Columbia, SC. The PIXE calibration, accuracy, ptt~ision: and detectionli~i~s for individual metals 
:;::~~-~~~-~~-\~. . . 

·=::. ·:· .·~:0._ 

are contained in a Quality Assurance Doc_4ment (EAI 200.8), ··.·· · 
... ·,:.·=:.:=:· ' . y -=::.·.:·.>· 

;'~_!_~~~~"" ;: \ .. 
hr :;:_.:· ......... ..... 

'-.?\ ... "' . ) ·~. . .... _ .. •::·_.:_.>, 
' '\ ~ ~ 

Groundwater Sampling and-Analy$is>. .. . · \>,.,_ <) 
.. :::.:>/- ·~·-... :.·\ .. :'\<:.:.'f!.:;r:1/·'· : ~>>~ 

In April-May 2009f'samples wei~ collected''from thirteen existing monitoring wells in the . ··">. . . :,.t .. ,..._ ·· .. · 
vicinity -of the CCP Sity. plume··as 'identified;'ip~c<;:msultati'qn with the USEPA, Region 4, Superfund 

... ::;~.: .. ::>;= .. · .. : . . . . .......... ~·.. ~-/. .. : ... ~-= ,~~;-.. ··.• 

-:-<- , <;..)=:..-.... . ..... =.=>f.·.':>:-~ ·. . . ' . ...... . :=... :/ 

Division . .Qata-;;collectedat dich_ well irtduded measurement of the static groundwater-level prior to 
·;-'-.:· . .-.. :.:.:->. ·>:· ......... ··~- ;<·::·: ...... . 

sample collection and basic water-cgmlity p~ra_.tneters including temperature, pH, dissolved oxygen, and 
'. ~:\ 

·. ·"· 

specific conductance du.ring sample c~llection with a submersible pump and Teflon tubing using low-
. ..:.·_.!.='?:s,._. _. ·. ! . . 

flow techniques. To reduceth~ possi~ility of cross-contamination, the pump was decontaminated after 
: '>/ 

each sample collection, and the<Teflon tubing discarded. Groundwater samples were filtered and 

preserved in the field when required. Groundwater samples were shipped to and evaluated by the USGS 

National Water Quality Laboratory for concentrations ofVOCs and trace metals. Groundwater samples 

also were collected from the same wells during May 2010 as part of a USEP A-conducted sampling 

event. 
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Chloroform Concen:r .• tions 

All grour: .. vater samples collecklt in April-May 2009 were analyzed for concentrations of 

VOCs that inclu, ;J the compound chlon iorm. In treated (chlorinated) drinking water, chloroform 

concentrations r;: ,;e from 2 to 44 11g/L ( finear and Amy, 1996). ln,~mbient groundwater in the United 

. >p 
States, chlorofo; · is the most frequently· . ktected VOC at a Il1e'diaaconcentration of 0.08 11g/L 

,;y .. \. 
(Zogorski and o: rs 2006). This frequen v of detectionan,g,to'w co~sentration in groundwater is 

'• .>·~·~ ' <:>.\, 
primarily the co; quence of the almost ( ·ntury-lQrig'j~& widespread usag'¢;()fthe chlorination of 

.-· .. -: ··x 

drinking-water s • olies and ~astewater 1:. tt has ~~~entered the global hy~~~{~~c. cycle (Zogorski and 
• • •. • ;:)(N· 

others 2006; Ivai . ;;nko and Zogorski ·20ih);,_ 
.. .}rz:~ .. 
. ·i~t};:,:·?] . ·.. ·'> 

•:-. · .. ·.=··.:· ··._,:~, 

. . . :. :: />.,. ' ·.. ::::'~-':.~.~ ...... _·.·.·~-· 
';· :·. . -~~-~~. -~· .··'·······.·:··.:~.·. : •... ~.::, .. _:~.·,·ti.~.~.:= .•. :.· .. :\ ... ·.· .. : ·.· ... >...;. • :, . 

...
... · .... ·.t.~: .. :·~r.r_ .. :._.·./>"."·' \.~'>,~\ ·· 
,,• . ·{ ·."- ;.~/ < ... /} 

The City . · Montgb'ri:i\:rJ,,has ~l;l?n:: history·~·a' multiple Ia~d uses since incorporation on 
""· ...... {" . ; : .· ·>~ ·.,; .. ~/-,.,..... .·:·.,-· . .:.:··~-: ".~ ·.:_.,,::~-· \ 

Kpo:Wledge (}f ~~fiant: usi?SJ:tQat ~cbtirred within the CCP Site where the 
':,:;: . . •.• ;~::h. 'i· ~l:··· 0{<·· >·~ · .. 

contaminants''det, .:red in ground~ater;''"suc1; as PCB, TCE, and metals, may have been used were used to 

· ... _ . 

Historical City Mr. ., 

December 3,)81. 
. : .. ~..,.~ 

p: •. ~, ·c .. 
assist in the deter mation ofpoteriJiaJ sour·:·esareas. Various types of maps were consulted: USGS 

·:·.. ::(;~, 
topographic map:;: histqt}.~l maps ff§tp the University of Alabama Department of Geography; and 

·-=.-=:.?::?=::e>-.. ). . ~ <~;:-/ ::y 
maps in books ab· ut the Cii}i.§'f¥9ritgomery. The usefulness of these maps in helping to detennine the 

·'·"··· .. /' 

potential source ::c• :a is discussed as part of other sections of this report. 
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Determination of the Probable Release History 

The identification of source areas that contribute to groundwater contamination is essential in 

understanding contaminant-release behavior and to facilitate source-area remediation. Equally important 

is the determination ofwhen the contaminants were released to the subsurface such that well-informed 

decisions can be made regarding the time needed for the contaminants to be remediated. 

Sulfur Hexafluoride and Chlorofluorocarbon Concentrations 

Sulfur hexafluoride is a trace atmospheric gas that has natural andiaJ1t~opogenic sources. The 
' ... :.}.;.:,·>=~- · .... ~- >>...,_ 

detection of SF6 in groundwater indicates the presence·-of:xecharges,ince the 1970s'(Busenberg and 
' .. ·.·. . .. ·. .·J ; :tl 

Plummer 1997; Busenberg and Plummer 2900). Groundwater:samples collected by the USEP A and 
. />' ... \ .·' '; .. : '· ··;[::•;; •.... 

USGS in May 2010 were analyzed for SF6 d)'nceritrations by theUSOS Reston Chlorofluorocarbon 
. .. ·· .. · .;· •.. ·. ''·/j·_~t--

Laboratory. . . •: , .;t .. :fTfX.:y·;>,__ :?;::; .. ·j 

. . . ... .· ... :.;·.:; .. :·, -~=.::;.\.·i.?.·:.-~~_.·;: 
. ·· .. +"(.( . '·:.~ \.. .· ... : ;:.~·.:.;'-/" •,; ... _ ... 

The concentratiolis.ofthe CFCs ·t, I ,2-trichlorq.::'l ,2,2-trifluoroethane (CFC-113) and 
.. · .. : ''· . j . '.·· .• , \" ... :I ... .·. , 

trichlorofluorometh&ne,{CFC-1 1)\vere 111easqred in grotirldwater samples collected in April-May 2009 
. : ·;,y;;c<·-~:~3:-.·->~-, ·.· ·< .· ~. . '·_;·,·,,-..••. ,, ":?J . 

and May 2010Jor two purpo_s\~s; (1) tO ihgicate a potbritiallocalized industrial source of CFC 
· .. ·-~: --~~ -~·-~:~=._·.":~\. ·., ___ ~--~."~}\~:, 

contamination tocgrpundwater ancL(2) using _ambient, uncontaminated levels of CFCs to indicate the 
' . ~>""- \ ·.:. 

presence of recharge,'sili:c_e the 1940s:(Plummer and Friedman 1999) . . >-. .· .·· . 

Dendrochemistry 

. . '-.,, '•' / 
.. :.-·.·. { 

.. ·_._>'. ~-<-.< ..... :: /y 

.···•·. :.~/ 
·:·, __ "j 

The study of annual growth rings of trees is called dendrochronology, and has been used for 

almost 100 y (Lewis 1995). Dendrochronology is based on the fact that for most trees, each year of 

growth is preserved as an annual concentric ring of tissue. Because each growth ring reflects the 
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environmental factors encountered by the tree as it grew, dendrochronological techniques have been 

used to construct past climate history and water resources (Ferguson and Graybilll983). 

The preservation of environmental factors in each growth ring also has been used at 

contaminated sites to investigate the interaction of plants with trace metals (Nabais and others 1999; 

Balouet and others 2009), often referred to as dendrochemistry. Contaminant exposure preserved·in 

.· ::;-9-,., 
annual growth rings can be analyzed to determine the timing o(ex:(>'gslire. This approach was used by 

.. s-t?:.·;:. · .. ·.: -~~// 
Vroblesky and Yanosky (1990) who determined when heay§'theiffl~);had been released to groundwater. 

. -:=:=w.~.=>·,: . . <~ .. ·~ "> ., 

Such retrospective analysis was used to understand the:~feraction ofpi~h~~\ with heavy metals such as 
. ·'·.:'•.:+:·:\.. 

zinc and lead released to the subsurface (Lewis 19'JS)and iron to the air (Bae~:and McLaughlin 1984). 
· ..... ~_ .... :.·::.,":·:·~-- . >. :,· ... · :~.··,~ 

.. ·: ... , ,.'\. ~~:.::. ·=.:::, ... ·.=;:.:~:,_~\. 

Typically, dendrochemical approas~es are not supporMt2''fo{use with organts:sompounds, 
<</ : .. :?:~-. <:,:1·{/r\.·.:· .. . ~ .~ 

because the organic molecules are not pr6serv~~4iiJ,._t,~e plandiss~r after uptake. Organic compounds 
·.·.· . . .... _:,,;,;;·:<<+ .. :.... . ·::;;:~····. 

that are halogenated, however,;sqc~.as PCE ·a~d TCE, caiiB,~.~sedfor:~l~ndrochemistry because the 

chlorine substitution is presf~edi ~;tee (Y .J~sk)'c~~flt'otJl:~ 2~g ~- ~or all dendrochemical 

approaches, older annual rfh~~a,re ass~~:t?flto have l()~t. biological function and, therefore, preserve 

trace eleme;~J~l~}~~~~\t~;i~~~~~~(~;~~liime the element was originally taken up. 

The;ass:1;1mption that tr~~~fings pr~s~rve a record of the past uptake of trace elements is not 
. ·<Y··~}~ .... :_'~,.:.~-~\,. ~<:i~ 

necessarily vali'J i;:all cases. So~J~:~l~ments~'2£-n be translocated after uptake to previously formed rings 
',,<~ ~'i?~ 

(Nabais and others 1999)>1fthe coric;~ptrations within each ring change over time after uptake, then it 
·. :.,h /~.:.i'.'} 

complicates the use of the:~s~t~~e'ki{ to date contaminant releases (Hagemeyer and Schafer 1995). 
>;· .. :·._··· • 

Hagemeyer and Schafer (1995) showed considerable season variability for the metals cadmium, lead, 

and zinc in beech trees, with highest concentrations in rings during dormancy when tree water content is 

higher than during periods of active growth. Hagemeyer and others (1994) also detected seasonal 

variations in nickel concentrations in stem wood of beech trees. Baes and McLaughlin 1984) report that 
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aluminum, calcium, copper, manganese, and zinc are not translocated after uptake whereas lead may be 

(Baes and Ragsdale 1981). 

Dendrochemistry was used at the CCP Site to determine when particular trees were exposed to 

subsurface chlorinated solvents or metals. Trees sampled in August 2008 and determined to contain 

chlorinated solvents and metals were re-sampled in January 2009 using the same field techniques and 

analyses by PIXE as previously described. The detection of metal~ ~p.·'specifc and datable annual growth 
:. ·····~:' j·.; 

rings counting back from the bark was used to constrain prob~!JI6-~t1.h1~s of contaminant uptake and, as a 
' ''./~/' ~:-: • ··,v''·\. 

·= .-:::·: .. >·-... 
consequence, contaminant-release history. " 

Results and Discussion 

. ·-·~-

Tree-Core Survey 

······· 

Organics 
. ·.-.C ·.··.·_. .. >_.,, .... 

·-;~ ~-- . .-.:<~ :\: .. :"-: ):· ..... i;/} . •.· \. . ., 
···::.·:A-. ·-=":i-=;it_·:.f;;, . :"..·>~--~ 

The dilorjnated solvel1ts::PC:E, TCE;;:md cis-1 ,2-dichloroethylene (cis-1 ,2-DCE) were detected 

in the vial headspac~ ~t concentr~ti~d~ above each analytes' MDL for tree cores collected in and around 

Montgomery and ripari.~l1;zones (Tabl~ 2). The detection of cis-1,2-DCE typically indicates the 
. · .. >-~, .·' :.- : ... _.,/ . 

··:: ... ·:-:..-· ... ·· .. >" 
biotransformation of PCE andl'<;E rather than the release of a separate source of cis- I ,2-DCE. Of the 

69 trees cored in August 2008, TCE was the most frequently detected chlorinated solvent and was found 

in 33 cores ( 4 7% ); PCE was the next most frequently detected and found in ten cores ( 10% ); cis-1 ,2-

DCE was detected in two cores (2%; Table 2). PCE and TCE were co-detected in six trees, and TCE 
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and cis-1,2-DCE were co-detected in two trees; cis-1,2-DCE was not detected in any tree that also 

contained PCE (Table 2). 

Table 2. Volatile organic compound (VOC) data for tree cores collected in August 2008. 

The highest vial-headspace concentration of PCE was.jn·T~-2; T32 is located on the same block 
,· 
.. _:, ··::-:~~_....--:~<.-::_· ·:, 

as the RSA Energy Plant where PCE was first detected ip 1Q93 in soi}';,gas and groundwater samples. In 
-• E ,_:) .. J ::-~~h 

adjacent T31, PCE and TCE were co-detected. Dt:;_tecti'On of PCE and TCEHhtree cores from this area of 
~==···· . .. y •.:· . . . .,. 
=:;·.:.... . <-. : .. 

··· .. · ',.., 

known PCE- and TCE-contaminated groundwater validates the us~_of the tree-cort:;.survey approach to 
.· </< ···~:· ,-.: .. 

. -.~-.. >~ . ,;:· .. ·;,~_,. -~~:.:~·-.· .. :· <.·/ ·~ ...... : ... : .. ".-::; 
detect contaminants in groundwater. Tli~;:-l'iigb,~st vial-headspac~ concentration of TEE was in T64, 

\~');;~ ' :: .;:~;:, 
located at the western part of the 200 biod~70'(W~slj~in&t...?n Avell.liei,!l an area of the CCP Site not 

previously characterize~ ~y,qjl~0;:"inatio~.J1ore~~,T~~J~~ &~highest TCE concentration {£) 
the vial headspace of a tfe.e qQre ever'·w~~asured bythe.;authors. The' detection of PCE and TCE in the 

.. @c:j';;,._, ;,· . 1 . : :-., 
headspace ofv~als,*at..~ontairi~~>tr~e::2C>ti~ifrQpl the~~Yo~ations also indicates the presence of 

'~~4t:,··"'·····•·•·• ·t;v. ~.·. (. ··~~~~r .. ";' : .. > 
( 1) a ne~>)~J:Irface residua·K·s9,~rce of PCE and TCE 

·": ,.,, !;>:';,~ . 

(2) a source o~t~;~E and TCrftn shallow groundwater, or 
.... ·.1 :-:,yr:m.~... r>~ "j -

(3) a mixture ofbot~:-~~~fc~_(/ 
'{j.f'•,.::)/ 

·,:·.=,=jj=' 

The spatial distribution of PCE, TCE, and cis-1 ,2-DCE detection in the heads pace of vials that 

contained tree cores confirms the distribution of groundwater contamination by these compounds as 

measured in April 2007 (Figure I 0). In general, PCE was detected in cores from trees that grow near or 

up gradient of monitoring wells that contained PCE in August 2007 (Figure 1 0). PCE also was detected 
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in cores from trees that grow in areas where no monitoring wells were located but the trees are within 

the CCP Site boundaries. PCE also was detected in the heads pace of vials that contained tree cores in 

four trees that grow to the west of Washington and Dexter Avenues, in the block of the RSA Tower 

Energy Plant, near the City waterworks, and the riparian zones of Cypress Creek and the Alabama River 

(Figure 1 0). 

. / ·:>d:i: .,,,;_;.:>,, 
Figure 10. Locations of tree cored in August 2008 and trees show.n·that hadV()G~etections aove the MDL in tree-

.. _.-::-. ·: ~:-) '·. :·:._· ·:-~->~~~-

core headspace. The actual concentrations detected are:sh"6v;;n in Table 4. Th.e loeatlons of a major commercial 
. . ' 

·_..,._ .. ···::{ 

·. -:'.:t>~.. "·<:-·; .. '. 
printing industry since 1828 are shown. The detection ofTCE; •. ip the headspace of vials that contained tree cores 

··.·····:~. .., 
that grow upgradient of the location of previo~sly-identified TC.Fgrhulldwater contamination at; the RSA Energy 

'· _:·· \~·-.:~:/~;}\'=./.~~!. '· . .-· __ ··;~~~----;. 

Plant provides the first evidence of the existence.ofan:up·gra.dient, near~su~ace source of TCE located along 
.. · ·.· ... . . . .. . ·: i:J~~:··,.. . . ·~~-

Washington Avenue. Also shown- ,is the generalized·cjjrection qfgr<)qnqwater-flqw in the shallow aquifer (modified 
., .·>·": ··.,·. ,'.\ ·::.v v:i( ;>"""<::·. •.·"·'>··,1 .. · 

from Hall (2007). TCE and·cis!-1,2-DCE were detected'ohl)i.in'PDB1 located downgradient from PCE- and TCE-
. -. . .. :; ... --~ 

·.· i 
."'~: ..... ~-~~\--::~-:.--

> y•• .: ."·. '<·\:~~,':;:: . :·:. ~..,,~ 
contaminated wells-9W and 9E. 

. .. ! - . ·.~=. 

. -~.·:: .. ·. 

"\,"=:. :·.··(/·2>~. 
;.· .... :~ ... .. _;_\ 

.· . 
. ·.::--.. 

·'\.. . .· ........ 

·\, 

\ 
\ 
j 

In geneial,TCE was detect~d,in cores from trees that grow near or upgradient of monitoring 
";"""'\ ; >:_·•·.:. . 

.: ·~· -· .. 

wells that contained TCE>in August2007 (Figure 10). TCE also was detected, however, in cores from 
,·_. 

multiple trees that grow neaLor .. : .. upgi~dient of wells that did not contain TCE in August 2007 (i.e., MW
.. '<fc 

··;..-· 

9S, -IS, and -5S; Figure 10). TCE also was detected in cores from trees that grow where no monitoring 

wells are located but the trees are within the CCP Site boundaries. TCE was detected in the headspace 

of vials that contained cores from four trees that grow along the 200 block of Washington Avenue, even 

though no TCE was detected in groundwater in July 2007 from nearby MW-9S (Hall2007). TCE also 

was detected in the headspace of vials that contained cores from trees that grow along Dexter Avenue; 
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Monroe Street, McDonough Street, Lawrence Street, and Huh Street, and downgradient in the riparian 
' 

zones of Cypress Creek and the Alabama River. The trees from which cores had TCE detection had a 

wider distribution than for PCE. The highest concentration of TCE in the headspace of a vial that 

contained a tree core was for T(i4 that grows along Washington A venue. Depth to groundwater near T64 

in MW -9S is about 55 ft bls and, therefore, the detection of TCE in the core indicates that a 

predominately shallow source of residual TCE exists near depths<<:)ftHe root zone. Moreover, the 
,.··.-::~=~::_:'\"' 

detection ofTCE in the headspace of vials that contained cort:~}fi"om trees that grow upgradient of the 
.. .. _· .. y' . ·,·.· ... :::·>,_ '"" ... . . ...... •.· ... '""' 

location of previously identified TCE groundwater cor1tamination at the RS,A Energy Plant provides the 
. . ... ::·-::-.·:·/ ·-·· .. · .. :-,\ .. 

first evidence of the existence of an up gradient, near:surface source of TCE19~a~ed along Washington 

. :,_._·};A . 
Avenue (Figure 10). . <.:>\,. :,; .· 

. •:;c.!,~~•'o.. ':C'f.::;;·;,c· 
In general, cis-1 ,2-DCE was deteci~'!i.:b'!\Jy1~ the heads~~;~:~, of vials that contained cores from 

.... ">t-- . ·._>'.'.~~. '·. :_ .:>;._: >:-: 

T64 and from a tree that grow!; in. the riparian'area ofCyfirc;:s_s Creek;'cis-1,2-DCE was not detected in 
~·}· ·:. . ,,,• :---..... ~!'-. :":.: '· .. ' ·: -~--= '\. ·.· .. 

. ,/: .. ",_:.('.. ....... . .. --~ ...... :_·.:·: .,_.,;,\:<-: 'i·:·>~. .... -~ 
the headspace ofvials thaf'c.ontained·'cores fromtrees:that··grow:n~'ar,lwell MW-4S that contained cis-, <':::~?~ < ;_ \ '::;-:•: ': ... )'' .... : ·-
1,2-DCE in August 2007, hd\Vever. ;:: ) ·-·;·' .. )> 

.·_ ·· -:rr . >-.. . ,··->~,-.y~':tLL-~i>:[C>-. __ . \:,ci~tt'--
The high tree'"cort;:,_,l}~adspace::f~sults 'OfTC.E;:foirf64 near Washington Avenue shed light on 

. < . ··>!ft{). ' ·.. . ·. /~, ••. <H·''•'f'o 
results fromthvo.previous i~~~~tiR~tiorl~~~!~?.in the CtP Site near T64. First, during the USEP A Rl in 

2000, elevated s~ifLg(ls vapors ;~~~J:Ileasur~Jin the field during vibracore well-installation activities 

-·.< ·. 

·.··=.::::-·:}~:,L. ·.:·.···.\ 

for MW-9S and -lOS di'6jjg,Washingtdn and Dexter Avenues (Black & Veatch 2002). Soil recovered 
- <:; __ ·~~h ..•• <:C;_.;;: _,- . . 

from above the water table at~Ntw:::.:qs and -lOS was characterized by elevated gas measurements 
-:../ 

(Figure 11 ). Conversley, elevated gas was detected only after the water table was encountered for soil 

recovered for downgradient wells MW -4S, -7S, and -8S (Figure 11; Data from Black & Veatch 2002, 

interpretation by USGS). The elevated soil-gas data for MW -9S and -1 OS and high tree-core headspace 

of TCE for nearby tree T64 indicate the presence of a source of near-surface TCE-soil contamination. 
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Second, in 2003 the Montgomery County Commission had an ESA perforined prior to purchasing 

property located at 200 Washington A venue, the former location of a major commercial printing 

industry (CPI) from 1940 to 1997 in downtown Montgomery. The ESA consisted of soil-sample 

collection and analysis and temporary monitoring-well installation, sampling, and analysis. During the 
s~.,;y~.s? 

ESA, soil samples collected from near 200 Washington Avenue were screened for VOCs in the field 
:~ . :· :. ; ),. 

using a hand-held PID. The samples with the highest screening levels·were submitted for laboratory 
:: .:~,:-:.,;_(:{ 

analysis ofPCE, BTEX, and MTBE. All samples submitted,,boWeve,r, did not exceed the method 
·./ . ·-·.'.'.>,_ 

. >. .. •. >,,, 
detection limits for PCE, BTEX, and MTBE of 5 parts''pei billion (ppb;:;:t;MC Inc. 2003). The cause of 

. .":.>' ·:·=.-:::-: .. -·'-, 

'· 

the high screening levels observed in the field was.fr~t further investigated. ±n:.:lig~t of the high tree-core 
·::·sq, / ... .-.~:1~ ·-., .... ~.,~ .. 

ICE headspace concentration detected in August 2008 for.T.6~.and'T6l near 200'Washington Avenue, . ·> .. :.:·~-.. ,.-~·- . :-
. ·· . ..,-... : .. ~ · ._ .. ..;·-. ·.. ··~:·<.-~:-:~Tf: 

the high screening result measured in 2003(rriay'ha:y_e been caus~~kby ICE . 
. '. . . . ~:~. ·:=:, · . .=..:= ;=--'.".:-.·'}':, 

Figure 11. 

The detection ofPCE, T;~:&'a.nd ci;jii~DCE in trees cores in areas where the depth to the water 
. _..r_:::··J>, . \ .. . 

table is 35-ft bls or greateFand beyond the direct interaction of tree roots indicates that these 
·. ·,· ·. // ·.:-/· .. 

·':::-.. ·:.;.-

contaminants are present ab6~e th~_,w~ter table in unsaturated sediments. Moreover, the dectections of 
. "-: ·-,:.~~-::;~/ 

these contaminants in the tree cores indicate that PCE, ICE, and cis-1,2-DCE were present in the 

subsurface at the time of tree-core collection in August 2008 because the tree-cores analyzed are 

composed of xylem tissues that ·contain recently up taken water and $Oil gas. 

The distribution of trees that contained contaminants in the August 2008 tree-core survey were 

compared to locations of multiple, historical land-use activities in the CCP Site area since 1842 that 
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could have used these chemicals (Figure 1 0). Multiple land uses in the CCP Site area that may have 

used PCE and TCE include dry cleaners, metal shops, gasoline stations, and commercial printing 

industries (CPI). However, only the CPI has occupied multiple locations across the CCP Site in 

downtown Montgomery since 1828 and used PCE and TCE. One CPI, a major newspaper manufacturer, 

has had multiple locations in downtown Montgomery in the CCP Site area from 1833 to 1997 and was 
,··: 

located in areas where tree-cores revealed widespread PCE an~ ;rc5.8ontamination (Figure 1 0). 

Moreover, the location of the CPI between 1940 and 1997.-a:Io;i,Wig;hington A venue represents the 

only potential upgradient source of the contaminants;,9¥~~dt:;~n t~~-;~~e!J,t trees and downgradient 
.. _:~.~~?:~;:;:·~":!?:.·,.' ~<:-:.;;..~[.~:s,_ 

monitoring wells. 

conditions. 

·.·. ·=~=< 
··;.-. 

. : ~'" 

Metals ... · .. '·':r· ·::-\.,. ... · . . . :+~.".-.·.··; .... ~ ..•.•• ~ .... ·_ .... •.~_.·.··"'~·· .. -··.,:···._.• .. · ' >""<>,~.. }1 
The metals chloride~ chromiUJ;ri, lead, sodium, phosphorus, magnesium, sulfur, manganese, iron, 

·.,.>·:.•.:.>/ 
copper, zinc, strontium, rubidium~' silica, potassium, calcium, aluminum, and nickel were detected above 

MDLs in seventeen trees selected to represent subsurface conditions across the CCP Site and 

downgradient riparian zones (Table 3). Each detection represents a composite concentration of the .total 

amount of metal present in the outermost annual growth rings and, therefore, represent the most recent 
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years of growth at the time of core collection in August 2008. Results for the metals detected at higher 

levels and have potential industrial sources are described in detail. 

Table 3. Tree-core inorganic data. 

'· ... -.......... 

Chloride was detected above the average MDL of 5.95 jlgtkg (lJlg/kg is equivalent to 1 part per 
. ;''\:""'·, 

million (ppm)) in all but four samples (Table 3). The dectection o(chloride because elevated levels of 
. .···., . ~ .. 

·.) ~-~-. 

chloride could indicate the past or current interaction.of'trees with chloriiu1ied solvents. Chloride 
. · .... ~:} f, . i,.·c\•,'," 

concentration differed widely among trees cored and''ranged fromA,O to 135.4 ppm; the mean was 31.8 
. ' ··.· );.,_,_ .... . '.·.) ... :>>. 

/' -~· ,;··:·~·-·' 

ppm (Table 3). Chloride concentrations above the mean were detected in four tre.es; T23 (maple), T59 

(oak), T3 (sycamore), and T35 (oak) (se~ F~~;~;~·{or locati~~s~~'qJigure 12a for results). These trees 
·. :y·.·',_ ··. ~ •,, · ... :.:..Z:».. 
,~ .•. ·,·. . • ··t')>. ·.:. ·:··;,·::· • 

. ·:··s,~~~ ...,... v ••• -~:= .... :. ·. ·.· .· ... :. :_~·",'::-.... ··< ."':.S:· ~--~..,~ 
with elevated chloride concen!@ti9n,-.are locate&downgn1dit::I1}from Wa~hington Avenue where TCE 

. . t•·· "'' ._. .. :::.. ' ''· :e' .. ,/ '· ·.·. :>!:•·' .. 
was detected in trees and may indicat~(·therefore, th~t,the chloride· trlay be from exposure of trees to 

· .. ·:. ·._.,_ ;'.~iL.~ . -<"" · 
chlorinated solvents;inthe subsunace. This's(lme relatidnship was reported at another study area by 

.. ··:,·(·': .. ~::;..;:>-,., •:.:, ····::.:· ··•·•••• .'>:~"-. .> 
Yanosky and' others (200 l}, ;@[the 'tfe~s)hat had'higJ:l.:chloride concentrations, TCE was only detected 

:. .. ' . ~ ..... . 
· .... ·.·.·,, 

in T3. It is possil)le_that the chloJ'at:, det~~t~d:>represents a cumulative record of a tree's recent past 
·'/··':· >, ··\~/ 

:~. 

interaction with chlorl.ll~!_ed solventsi A 
.· .. :·'":,._. _;',-.. ·,~> 

Figure 12. 12a-j. Results of PIXE analysis of metals in tree cores, August 2008. Trees are d_epicted that had 

concentrations above the mean concentration reported for each metal. 
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Sodium was detected above the average MDL of67.1 ppm in seven samples (Table 3). The 

sodium concentration was relatively stable among the trees cored, and ranged from 59 to 75 ppm; the 

mean was 66.8 ppm and the average MDL was 67.1 ppm (Table 3). Comparison of the chloride to 

sodium ratio (Cl/Na) of the tree cores indicates that the ratio was greater than one for only one sample, 

that being collected from T23. A ratio greater than one would indicate an imbalance in the sources and 
"'' ,-f)k~l>. 

sinks of chloride and sodium, such as a source of chloride or sink qf}sodium. Hence, the high Cl/Na 

.. -.;n.:;J,(' 
ratio for T23 and its location downgradient from Washing~9n•':Avell.il~.may indicate that the Cl is from 

the uptake by the tree of chlorinated solvents. 

Chromium was detected above the average N1J?L of 1.11 ppm in all btif:.·!>i,?C- samples (Table 3). 
. -- .... ::_·:·r~~~->~ -,..-·_ -~>~\ "=--<~ .. _\,~t;_~:·-~, 

The chromium concentrations ranged fro.m 0.78 to 35.2 !H:itn; the mean was 4.43 ppril;(Table 3). The 
.:-.,i'~?'t: .. __ . '"·:_ ;~jg- . . .·_·.:,.· 

core from Tl5 (Oak, water) had 35.22 pprif~an(_ljt-Tt( (Ginko}up·gr~dient ofT15 had 6.12 ppm (Figure 
·. ·. :·. :·:_;':-,- • . ·, __ ,_~ __ , __ ._._,·_ •. _·_=h .... __ .> • 

. . · ., . </:":~·, . _,,_ -,.;.;: 

12b). Both trees are downgraqient from Washfugto~··•Av6hue, The''6~~r{llllower concentration of 
. ·'.•>':.'>~':~~ ·, , .. · ..• \. .- ::;.>J:;·;;0;c,,, "<Cj~.fti 

chromium in tree cores, ;relative to chloride and sbdiuill,'Jliay"'iJde" a re~ult of chromium translocation after 
~<-!..·~~-~---?\·._,~ ·:·\.:-'·:;4.\ \_~:··:~:-;_·~;>':.- ··..: ... ;· 

uptake that is limited to the' root- :zone O~plford and other,s 2001 ), or that chromium uptake occurs until 

concentra~9-~~h:~~ t~Xic,_~sP::2~;1Jf~~ tiii!~$~!',~~~'ile form of chromium, hexavalent chromium; 

Shanker aria ci'thers 2005; Yti~~d·oth~I"s 2007). .. NiJ 
'<' :;-::::,,,_ ···;··· :'~'\ >:;,·t') . 

Lead was ct"cle~ted above the~average MDL of 1.56 ppm in all but eight samples (Table 3).The 
J:•.···"., . · ... \ 

lead concentrations ofthe:'trees con!ctfanged from 1.25 to 2.06 ppm; the mean was 1.56 ppm (Table 3 ) . 
. .. . :?~~:~ ./·~~:-::·=~~WI 

The overall low concentrati6risi_~{:i~d in tree cores can be explained by the fact that the bioavaiability 
=·-.:~~:.>"' 

of lead to tree roots is low, especially in the oxic subsurface conditions at the CCP Site, and that lead . 
does not have ~vapor phase under near-surface conditions. 

Phosphorus was detected above the average MDL of 10.6 ppm in all samples (Table 3)·. The 

phosphorus concentrations ranged from 42 to 807 ppm; the mean was 235.5 ppm. Tree cores from T29, 
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T64, T31, T2l,and T35 had concentrations above the mean. Magnesium was detected above the average 

MDL of 45.6 ppm in all samples (Table 3). The magnesium concentrations ranged from 136 to I ,790 

ppm; the mean was 523.4 ppm. Tree cores from T32, T29, T25 and T35 had concentrations above the 

mean. Potassium was detected above the average MDL of 4.94 ppm in all samples (Table 3). The 

potassium concentrations ranged from 368 to 2,240 ppm; the mean was 1,481.5 ppm. Tree cores from 

T59, T29, TIS, T64, T25, T47, T17, T21, T35, T32, and T62 had copcentrations higher than the mean . 
. · ·/ 

:· ..... ,,._._, .. :.., 

Calcium was detected above the average MDL of 11.6 ppm·ip_<'a]l:siltpples (Table 3). The calcium 
. ·\··:=:;........ . '· ; '."· -~--

. ·::-=-' .. · ... 

concentrations ranged from 616 to 6,170 ppm; the meati_)hs 1,841.1 pprr)'::"Tree cores from T31, T44, 
:<>/ - .:,~" 

. .:.'·'\ ... :":.... 
.... ~ .. 

. ..:-.:~:'>_ __,_:'::--;:') .,_. ·-. 
Rubidium was detected above th~:average MDL'qfd:_8Tppm in all but eight$_l:lmp1es (Table 3). 

. . ·-~~ . . . ' ... , ; ·. . ..... · .. : _...,~ ./' . . . . 

:·.~ ..... ·:.· y ....... ~ ••• :. ~/ 

The rubidium concentrations in the tree;C:cirbi·yarie,d widely-~(h~anged from 1.50 to 9.00 ppm; the 
. .·'·:•:, ..... · :, 

Tl7, and T35 were higher than the mean. 

··· ... -~~ \ >>-· o, • .,_ . <- .!\;.,_ 
mean was 3.48 ppm. The tree?.with higher thanr.neari'c(>nceptrations·\,ye,re T32 (Oak, Live), T29 (Oak, 

.· .·: . _.·.: .,>\._ .... ::\_ /' :_;:.0.:>:'>. ·:;·-;~ 
Live),T15 (Oak, Water); T}l(Oak;biurel), T32(0ak; Eive), T62(0!lk, Live) (Figure 12c). There were 

. ,:_·.-. ··> ·-~· ··. ,. /y . ~: :-:.-· 
..... . := "/"?- ;:"·.=.~. . . 

as many oaks cored that hadHE:-w:er rub'idi:l}m concentrations, so the high concentrations is not solely 
. ··.·. ,_::.:.. · ... '-, ____ .,: ' .. :.;{,.::·?~:--:-, .. \ 

dependent on~t4e speti~s·.af.Jhe tree~ Rubidium ,was used_ to manufacture inks and paints. The higher 
:··.····;·> . ..-;/ . .. · .. ~. . . . . 

concentratibti~·of rubidium w~n~~detect~cl:in trees that'also contained PCE and TCE and located in hot 
.· ... u~\., ·<·,\\ ,.·._,_):~ .. '•" 

spots of soil and gT()UI?:dwater contamination>The ease of plant uptake of rubidium is shown by the use 
· .. -:_·. 
·:·· .: .. : .. :: .. \ 

of a rubidium stable isotope (86Rb )/as ~n analogure to potassium uptake (Jones and others 1987). 
"':. ' . 

Strontium was detected'::~ib()J~the average MDL of2.47 ppm in all but one sample (Table 3). 
:">' • 

The strontium concentrations in the trees cored varied widely and ranged from 1.90 to 32.70 ppm; the 

mean was 11.93 ppm. The trees with higher than mean concentrations were T59 (Oak, Laurel), T29 

(Oak, Live),T17 (Ginko), T31(0ak, Laurel), T44(0ak, Red), T35(0ak, Laurel) (Figure 12d). There 

were as many oaks cored that had lower strontium concentrations, so the high concentrations is not 
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solely dependent on the species of tree. Stronium was used to manufacture inks and paints. The higher 

concentrations of strontium were in trees that contained PCE and TCE (except T35 and T59) and were 

located in hot spots of soil and groundwater contamination. 

Iron was detected above the average MDL of0.94 ppm in all samples (Table 3). The iron 

concentrations in the trees cored varied widely and ranged from 53.00 to 538.00 ppm; the mean was 

159.08 ppm. The trees with higher than mean concentrations wer!;! 1)2 (Oak, Live), Tl5 (Oak, 
/ 

·,· ( 

Water),T64 (Oak, Laurel), T25(Magnolia), T3(Sycamore);;J'~(C~t~lpa) (Figure 12e). Iron is a naturally 
·. '·. ~~=·:\r:v· ·., "-(~:;~.:-:>· .... 
. .. 

occurring element and an essential trace element fm:,tre~~;:'The higher conc~ntrations of Fe were in trees 
.' ... ;1,l/. ~,::,;;~·; ·. · .. :,·.::::.;\' >-~ 

that contained PCE and TCE. The trees with the liigli~~t iron concentrationwe[e also the trees with the 
.. · ... ·:;.,. 

highest TCE (T64) and the highest PCE(T32). Iron has b~en sh~wn-to be taken up b'y.,trees at sites 
' :)_.': .' .:~ :;~:0...... '\ ,··':_:~: ~=?.i \ .. ·-~ _.y·' ·.=>,/ 

=.=.,: ··-= ....... '. ·~ :~·:..., ''"<·.} ...... ·~:~ .. 

characterized by iron-rich leachate (Snow~a:iid.:gther~ 2008). ·\····:·~··-)., 

. . :-.. ~ y = .=.~wr --~- . ·.· ·:: .. :.~:}:t~·":-~ 
Copper was detected abo.x~ the average:-¥DLbf:9:4l,ppm irii~Jl,but three samples (Table 3) . 

.. · .. :·: .,>;}, :/}\, /(·,;r,;£-)>, '-,'·)' 
The copper concentrations in the trees'c:ored vari~~ ~icl,~ly andrafig~d from 0.40 to 7.30 ppm; the mean 

~~- :;st .. J? - ..-
was 3.85 ppm. The trees with·higher thari mean con~~l1trations were T25(Magnolia), T31 (Oak, Laurel), 

:(:' ~~:,;;: :·'>·;.,., -. - -, ,('', ' -·· .·· ' ?'·>:-:~,), - ' \':\\ 
Tl7 (Ginko)~r~(i',(Catalpa)'(figureJ±f). Copperjs';~ 11atupilly occurring element and an essential trace 

:::;;,&.,11> ··~-· .i··-.. .·.·. '.,\, ··<• ';\ . 
element fofttre¢s but copper also~i~ used:in'many industrial processes including the CPl. The higher 

.. ::• -: . ; ' ' •:--.-~\, \ij·:.~ -
concentrations o'fcopper were in tr~:¢s that contained PCE and TCE. 

· .; n:·t;, ti· •:· 
Zinc was det~~~t~d'al;mve tb¢Y3.Yerage MDL of 0.43 ppm in all samples (Table 3). The zinc 

·-· ... :·-~./·· . .',>/ 
concentrations in the trees cor~:~t,Y,.~ried widely and ranged from 1.80 to 9.30 ppm; the mean was 5.13 

<:~,"fj:"" 

ppm. The trees with higher than mean concentrations were T59 (Oak, Laurel), T29 (Oak, Live), T 15 

(Oak, water), T23(Maple, red), T25(Magnolia), T31 (Oak, Laurel), Tl7 (Ginko) (Figure 12g). Zinc is a 

naturally occurring element and an essential trace element for trees but also is used in industrial 

processes, such as in the CPI to manufacture zinc plates. The higher concentrations of zinc were in trees 
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that contained PCE and TCE. Zinc has been shown to be taken up by trees with translocation to shoots 

(Pulford and others 200 l ). 

Sulfur was detected above the average MDL of7.66 ppm in all samples (Table ·3). The sulfur 

concentrations in the trees cored varied widely and ranged from 94.00 to 264.00 ppm; the mean was 

149.09 ppm. The trees with higher than mean concentrations were T32 (Oak, Live), T59 (Oak, Laurel), 

T29 (Oak, Live), T17 (Ginko), T3(Sycamore) (Figure 12h). Sulftir·i~;~ naturally occurring element and 
.................. / 

an essential trace element for trees but also is used in industrial.prdt~::sses, such as in the manufacture of 
~ ·.- ... ~:._-.j~:)/ ~.<\~.:::\\ 

inks. The higher concentrations of sulfur were in trees th~t contained PCmand TCE. The sulfur contect 
.· ... ·· . 

·\' · c;/' . :·,·:~.,/~ 
of wood has been examined by Fairchild and others·(2909). Manganese was"'cl't:te.cted above the average 

. ">":-. .... ·· ... '" >_':>.,., 
MDL of 0.94 ppm in all samples (Table 3}. The mangaries~,cori.c~ntrations in the'trees, cored varied 

:._·:. ·::>.... . ....... G: ... y;t" ··.·.·/ 
widely and ranged from.to 3.9 to 80 ppm; the me~11.was 16.8ppW,. Silica was detected above the 

."· .. ·. : · .. ~ _: -~·}·::... ·/~-. .=:; :. '· 
' • • · .. ·:~~-, .. : .: :.~-:·: . .-.-:~~~ ~ 'v~. :-L .·.l>~._ 

average MDL of 12.8 ppm in all ~~mples (Table,3). The.sili,c;~ concentr~tions in the trees cored varied 
. •: .·' '·>.. ·. >\ . ' ' ;, ,/,/,:">0--. . c ._) 

widely and ranged from27)to 236 ppw; the me~n,was~z.4 pp~.X~igure 12i). Aluminum was 
'• • • • ;~; ·;~ • <. .· f.Cf. ~ .'J\ :·<::=.·.> .v' '·: ~~_..:·-• 

<·: ... ·:·:·~··\:-._ <· : .;.. . ·=·;/:~/( 
detected above the average MI)l: of 18.9,ppm in on!Y'9ne sample (Table 3). Aluminum was detected at 

.. ,'- :''' /:.";:·",:-,, - ,. >· .. , :· .... ··' •• , .. ,'>.,, . ·· .. ·}\ 

51.9 ppm in. T29)Ahiiriinum wasused:·in the C~tior plates. Nickel was detected above the average 
:·.·.::,, .. . . . ., 2>>. . .··~"'/--- ' < ~) " 

MDL of 0.46' ~P!ll in all samples>(Table'J)~Jhe nickel concentrations in the trees cored ranged from 

0.89 to 1.8 pp:~··th~·~ean wasljj··~pm. (;i~te l2j) . 
. . " ······>·. ..· .·."?!, 

Concentrations'ofmetals were)neasured for trees sampled in Columbia, SC, a similar urban 
·=·: .. :· .......... -·:·, :,~_::~~/ 

capital city in the southeastern l]rijted States (data not shown). Only one tree-core sample (out of eight 

collected) had strontium, and at a concentration of 5.66 ppm, which is half of the mean of the strontium 

concentration at the CCP Site. No trees cored in SC had rubidium. All trees had chloride, but the highest 

was 66 ppm, half what the highest core from the CCP Site had. The average chromium in trees from 

Columbia was similar to the average for the CCP Site. The concentration of sulfur in tree cores at the 
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CCP Site was higher than for Columbia. The concentrations of iron and silica in tree cores at the CCP 

Site was higher than for Columbia. Conversely, the concentration of zinc and aluminum in trees was 

higher in Columbia than at the CCP Site. 

···>:~ 

Groundwater Sampling and Analysis ' .: :.·:·;.':"\:· 

Groundwater samples were collected during April;:-}vf~y;'2b09-,by the USGS to confirm or refute 
-:·-~"-::-)(- ·/ . · .. :" '· >$;.~ ~ 

the contaminant distribution indicated by the tree-core·:stf!'vey in Augus(4008 and to document any 
,,,,, .. / . :· .· 

.. :--_:.:.-. · . .:}{.~-~> .· ~ 
changes in concentrations over time since the mostpreyious groundwater sarrlple_results from previous 

· ..... ·. ~> . ....._ /::'\\ '/< ···~::-.. 

reports. Results for redox sensitive field.p(lrameters ( dissol'yeg· oxygen, sulfide, s'Ulfa}e, nitrate) and 
-:->:=-.·::'::.=:>:·, ::: :~, ·., "< : ::.':.: .. • ••• ,' ;."' '-.3~-

turbidity, specific conductance, and pH cire sfi(J\~p;:;il1 Table 4.:Tiie groundwater samples collected as 
.:=-. ··:··.;=v:·;_· -::-.'9-:-,. ~-- .... 

',- -. ..-. 

part of the May 2010 sampling_.~y~nt condudt~4\by the' U~;EP.A_ will b~·ciescribed in the section on SF 6 

/:(_-:-. ·_.· ·;_··;~·::~-.t~;:i$.~~>:~. '\)'='_ )-~.\ ~-·<<· :· .. = ;:.--;; :. ::· ;;~-:-\~:_~>~.. -:: -~t} 
concentrations. In gene~a!~f.the· grounQ.w1;1ter in the"shal}();'.V part ofthe, shallow aquifer sampled in April-

··-=:~=:·~;\~~-?-·-. . ... ::;:·,:~.<·\ ·\.· .. d~:;d:;Y 
May 2009 was oxic (DO rarig~dJromA,;to 6.4 milligi:ams per liter (mg/L) from the Hach kit, or 2.6 to 

_.;J',!.j:,:;·~,~:'' •·.. ,; :c:·>c<;~':L_, ... ,,j;t•.:.}?J> \~'"\ · 
6.6 mg/L fr.onit!b·d::.ystiB~~e~), coh~<~.ig~d betweep··~ a._f!d: 1:.9 mg/L sulfate, 1.5 and 7.1 mg/L nitrate, 0 

.... : .. ··.·,<tf ").·· .: ·. .'.--;~\ .... ·.:·:?~.~\.. ~~:::~ ,·:.·.:.·_~) 

and 5 mg/L' ferrous iron; 0.1 ariciS1.3 NTIJs of turbidity; 70 and 322 flS/cm conductivity; and pH 
·. .·. "<t>·-~ ', .. 

between 5 and 7.:3 (Ta]Jle 4). In gene~~l, the ~oundwater in the intermediate aquifer is oxic (DO ranged 
. \ t ::-,,, : :,i\ 

from 2.2 to 6.6 mg/L frorri·the Hacli':~it, or 1.8 to 6,9 mg/L from the YSI meter), contains between 1 and 
~"";~· .·. 

'.. ' iipi :,·/ 
6 mg/L sulfate, 0.7 and 6.6 rng!J..•(D,itrate, 0 and 5 mg/L ferrous iron, 0.6 and 1.7 NTUs of turbidity, 60 

<>" 
and 212 flS/cm conductivity, and pH between 5.2 and 6.1 (Table 4). 

Table 4. Field parameters measured in groundwater during sampling in April-May 2009. 
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Results for organic contaminants detected in monitoring wells at the CCP Site are shown in 

Table 5 and the distribution shown in Figure 13. Perchloroethylene was detected above the method 

reporting level (MRL) of 0.04 J..Lg/L in all wells sampled with the highest concentrations in MW -1 S (5.2 

J..Lg/L), MW-2S (25 J..Lg/L), MW-4S (85 J..Lg/L) MW-51 (7.7 J..Lg/L), MW-8S (18 J..Lg/L) and -12S (63 

J..Lg/L). Trichloroethylene was detected above the MRL of0.02 J..Lg/L in eight wells and the highest 

.·· .. :.·-, 

concentration ofTCE at 9.62 J..Lg/L was detected in well MW-4S-thafalso had the highest PCE 
-~ _;:~:.~-.(~> .... 

...... _- ... _.< .... ;<" 
concentration. The transformation byproducts of PCE and~TC"E,'hf'(;is:-1 ,2-DCE and trans-1 ,2-DCE were . . .· ")" . : ....... ; :>.~ 

., ·~, ( 

detected in one and three wells, respectively, with the:·higliest concentrad<::rqs in well MW-48. Also, the 
.. ~ ~~. . .. .. ·:;v. ._.-_- . :· .. 

compound 1, 1-DCE was detected in four wells with the, highest concentrati'611 pf\1.68 J..Lg/L in MW -8S, 
. . . ~=~~::\.. ·.~::::.,, '-·. :~:··?( ·) .. _ 

above the MRL of0.02 J..Lg/L. The solven!"'~iisopropyl etq.~r-(pzy:"$y~as detectedat (>::22 J..Lg/L, above 
.·'t>:-.<::ts•·:,\>- ·. : .. ;~t~ .· 

the MRL of0.06 J..Lg/L, in two wells, M"W~4S>ip.o>J2S. The detection above the MRLs ofCFC-113 and 
'· .. -::.:- '-=.·· ·> ... __ ·.· .... >-..... 

CFC-11 occurred in MW s-4S, .:2S., and -12S,: arici Mwk~2Sie-~.4S, -s·s;·:~nd 9S, respectively. Elevated 
... . •. . ·;..._ \ :. _r .. _._· ·.-.. -..:~ .. ~- ~· :: ···-~=· 

levels of these CFCs in grouJa;~ter:Is':~ommori:.{A'.•w-lJ~rt.;~~a·~· ('i;l~m,~~; and Friedman 1999) as CFCs 
\.. .-.-,... ''·:". t 

were used during many indJ-itria! pro<;es~,(!-~. Chlor~fohp was detected at concentrations above the MRL 
, ·') _:·,.=.;·p=·:-::.=:~,.~1 , • ~ ·;_:.:·.·.·~\:,: .": .. .;.=:· : ... v~:~':.·::~:~&·~;::~:··~.>.::~l. • ·. -·~.::>\ 

of 0.04 Jlg/L,:·and willbe.'discusiMd Hi a following ~(!ctio~-~ Moreover, PCE concentrations above the 
. ''.:-: ?' ··.···-.·~· >-, ·. ; <--("\ .. , .. , :•_:,.·.-;;; . 

MRL were 111~-a~ured in wells· sc'reened to.tqe interm~diate part of the shallow aquifer; MW -1 I, -51 (at 
;.·::.-..,. 

::<:?.::~\. :· ... ·-:· ·, ~ ··_.::·. > ... 
5.5 J..Lg/L, just abov~::tl.}e MCL), -7Ij.",.&I, and :::121 (Table 5). Concentrations ofTCE above the MRL 

''\::.:.-·· .. · >~ ="-·-:· ··<l 

were measured in inte~~~iate wells frw-51 and -121 (Table 5). These detections in the deeper part of 

,.·->\ ... · ': . . · ·.>_),;;/ 
the shallow aquifer imply thaf:~l) •the contaminant release was not recent, as the depth of the screened 

interval implies a lengthy travel time for groundwater and contaminants, and (2) that the upper part of 

the shallow aquifer known to be contaminated ~ince 1993 is not the only part of the aquifer atTected by 

the release. 
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Table 5. Volatile organic compounds in groundwater sampled in April-May 2009. 

Figure 13. Locations of (a) PCE and (b) TCE in groundwater, data from USGS sampling April-May 2009, with former 

locations and dates occupied by a major commercial printing industry. PCE data for 9W are from the MWWSSB. 

;·=i>.\i 

.:.·- .. )"l 
Good agreement between August 2008 tree-core datafor'ypcs with VOC data from 

.-.:~~. ··<~·~,/. -~ <_: :' 

groundwater collected in April-May 2009 (Figure 14.);.,In?general, PCE\vas detected in trees growing 
. . -:~--~~ .... 

· ~~~~::-:.<;I:=~-rr- ·· · 
near or up gradient of monitoring wells that containedPCE. PCE also was detected in areas. where no 

·;., =-·->~. -::._.·. ".:. ;_.'> .. 
.. : .:.:<~ '!'··:·~ .. 

monitoring wells were located, but were within the area:s'ciesignaie&as boundaries<fo.~the CCP Site. 
. ,._- ·.>. ·.·." . <;1J~l:iL> . . .. ,· .)~' 

PCE was detected in four trees to the wes!/0fJY~s~ington arid~R£xter A venues; in the block of the RSA 
•.·· . '. "·.:<·.:::,'::> "· ........... ,,:~),_ 

'."'.'':. ·~.. ''+. . .· , ..... ~ 

Tower Energy Plant, near the City waterwotks;o:,and'rip~ill;QZones·ofCypress Creek and the Alabama 
.,.>_:;-·:·',-:·..... .·.:',\ :,.--·;::r,:·... . :<.(.Yt 

River. The highest concentratioli'of~·R,CE in the\~ial:-4,~~.4$pace'\~as·J<)f T32 near the RSA Energy Plant, 
·-:· .. ..:;_:·:t:;·_;._,+ 

·-.... · ... ·.;,i\ ... = .:··=YS~~~;·/ ·~<H·· 
where the depth to water tabJ~}-is abouf35 ft bls. In'gen~ral, TCE was detected in trees growing near or 

..,,,,:, .. ,:•.>, ··::'""· '. <:'0·{::' "::-;:;.~.'\'.,,, ·, :\ ... 
upgradient ofrrf§JJ.lto'p~g_wells that c()ntaiiied:.J~·Ee::,_TCf;~as detected in multiple trees growing near or 

<:'· .. ;: .. :)/ ... ,,<:.-.··.>:·""' .. >,";., "'<:< .\i~,j;; ... 
up gradient of;wells that did 'nofqontairi;T€E in Augtist 2007 (i.e., MW -9S, -1 S, and -5S). TCE also was 

·.;<·:~~ ·;~.. ···z·=;·}~~--·, ~=.!x~ 
. ·.=.: ... :c-.;·.~ 

detected in area§·'wlwre no monitbring wells;w.ere located, but were within the areas designated as the 
. .. ·.:···~>-. ·':(:.:.:::', .~ 

boundaries of the ccp·:_$ite. TCE \v~$ detected in four trees along the 200 block of Washington Avenue; 
< :":/. >-";-,. /': . : i 

MW-9S had TCE at 0.03 jlg/E:(es,tirriated). TCE also was detected in trees along Dexter Avenue; . -~ 

Monroe Street, McDonough Street, Lawrence Street, and Hult Street, and downgradient in riparian areas 

of Cypress Creek and the Alabama River. As stated previously, the detection of TCE in the headspace 

of vials that contained tree cores from trees that grow up gradient of the location of previously identified 

TCE groundwater contamination at the RSA Energy Plant provides the first evidence of the existence of 

an upgradien~ near-surface source ofTCE located along Washington A venue . @ 
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Figure 14. Locations of (a) PCE and (b) TCE and (c) chloride in tree-core vial headspace, ppbv, data from USGS 

sampling August 2008, with former locations and dates occupied by a major commercial printing iodustry. 

Inorganics also were detected in groundwater (Table 6). Chr<?,inium was detected at much lower 
> .·?, 

concentrations than reported in groundwater during sampling i~July,2007 (Hall 2007). A possibility of 
.·.;=.).·· .. '.)·" ··.. ._-'.:·~-

the lower chromium concentrations in April-May 2009.·i~_:th~ lowerturBidjty relative to the turbidity 
.· . ·>" ·.,; :::·. 

reported during sampling in July 2007 (Figure 15')Y(f~·groundwater sampi~ct',':lu~ng April-May 2009 
. . . ·. ~. . . ·. ·:·.\ .... :~:->.:·:·>, 

by the USGS was done using low-flow m_ethods as describe,d in the..in.ethods sec.timt· .. , 
/.··,· -~.:>· .. : ·... .. ·'>:" ... ·. ·'-;:>' :: .. ::_-;· 

:·-·.··._,.. 

··-· .. · .. ... 

Table 6. Groundwater inorganic,data tromj\prii-MaydOQ9 samp.lir,§}~""'· 
·'' ' ' ,' '0:)>, ' .· ' '\ •• ' (:"(:;' ..... "'· 

. ,;;; ' ' ' , ' / . .',:{';,. / .. C 

~ -~=.>: .. >~ ~<=:t~(=:·;: .~.=.y/ . :.~·;; . 
.. : :~. . .· :. : ·'·. 

·.·.·\~ ~- :·· J 
· .. ·c., L." 

... \. 

\. 
·-· ......... 

Chloroform Concentrations 

Concentrations of chloroform were low in most wells sampled (0.6 to 0.71 11g/L) and were 

representative of ambient chloroform concentrations of groundwater measured in the United States 

(Zogorski and others 2006). However, much higher concentrations of chloroform were detected in 
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groundwater from a cluster of shallow wells-MW-lS at 37.3 !J.g/L and in nearby shallow wells MW-

4S, -2S, and -9S· at concentrations of 1.96, 2.65, and 2.98 !J.g/L, respectively (Figure 16). Chloroform in 

groundwater at concentrations greater than ambient local and regional levels is indicative of recharge by 

treated municipal water in addition to water supplied by ambient precipitation (Ivahnenko and Barbash 

2004). Additional evidence of localized groundwater recharge by municipal water in the vicinity of 

MW -1 S is provided by this well having the highest pH measured' ih.aif wells (7 .3) during April-May 
_ ..... _ ... ,· 

2009. These data indicate that groundwater sampled from th~;{,shallow well-pair at MW-lS, and to a 
; " . . .. -~-

.· ;,~ · ... ."-' ~ ··: <: ·:::?JT\. 
lesser extent MW -4S, -2S, and -9S, contain a significanfcbmponent oT'fr:~<J.ted municipal water. 

·;> 

Figure 16. 

:"·, 

./··· .. \ :. _-_-,;".;":.: 
·.·. ·:.:,·-::-_ .... 

' .. ····>~~~ ·:·._:_·_.:··_:.:, _____ .<.~::;_._~:) .... /" · ... ·.·-~·-, 
CCP Site wells with chloroform plum~:,<April 2009, with forrtterlocations and dates occupied by a major 

'\". . . . . .. ;<·;1~>->. 
commercial printing industry. ·· ... :.~ .... ·.·· 

···.·· :.'::,., . :\ '-: :-f. . 
The presence of a g;eqcP,:micaJ fi.~gerprint (c.~l'?_;oform) in shallow groundwater in a cluster of 

wells MW -1 s;'4S"C2Sf'and -9S ~t~~f~~-lf~~~:~ ;;;hicipal water at depths at least 3 0 ft bls, and 

absence of chloroform in other.~.~P,~ll~:W \~~Us in the"tt'p Site, raises the question of "How did treated 
. :,.::_:t~'.. '<~cf\. ''•.· -,~··,. ~ 

municipal watef'recharge shallow gfqundwat~f;' and in only this area?" The simplest explanation is the 
. ,, \.. .· ::=::-.:,~& ... 

• 0 ":/~J·~ : :-:=.:.=;.:.=t;j • 0 

treated mumctpal water;Q:<l.~ reached sHallow groundwater through leaks, -flat spots, JOints, or decreased 
-0.~?::·:~·~.,. ,:·.{~~··· 

gradients in the pipes of the:Gi:!'Y{~ sanitary sewer system (Figure 17). Any leaks present in the sanitary 
.. ··:·,.= .. · 
·,. 

sewer system were probably exacerbated during times of ii;~.tense rainfall such that storm water runoff 

may have intermittently entered the sanitary sewer system. A recent study reported that sewer systems 

can be a conduit for the migration of subsurface contamination (Vroblesky and others 2009). 

37 



Druti cnJJV/in· rc.C~'inv jJU17i<!S<!s unly. Results cmzwined herein musT not he quoted m· released ill unv 11 <.IV and tho! the report 
is ;·egnrdcd os p1diminorr ondsuhiert 10 rcvision1111lil t1ppi'01'td hy the DireC!or. U.S. Geological Survev 

Figure 17. Locations of monitoring wells, approximate location of the sanitary sewer system, and slopes between 

outfalls with presumed flow directions, and chloroform data. 

(i~e cluster of shallow wells characterized by high chloroform concentrations in April-May. 

2009 also are characterized by PCE and TCE contamination since sampling in 2000. This co-occurrence 

of municipal water, PCE-, and ICE-contamination provides eyi~ence on the contaminant pathway of 
."·.=>:.::·. 

how PCE and TCE detected in groundwater beneath the do\V;ngradientRSA Energy Plant entered the 

shallow aquifer from an upgradient source area. The ptop~sed pathwayrevealed by this co-occurrence 
.. >: +- ·.,·.· . .-: .. ::_.- .. 

is from industrial trade-wastewater that contained Pc~·,·and TCE that entered the sanitary sewer system, 
.· .. :. ·. : ·: .. 

leaked into the subsurface, and then migritecj,;hn:."gh th~'unsa!urated zone to gro~ndwat:JSpecifically, 
industrial trade~wastewater from the CPI loc~~~d along WashintC>h'<_lnd Dexter Avenues between 1940 

. . .. , . . 

.. . _;_': ..... ··. .. .·;_:.:: ... :.·.···;-:.. 

and 1997 was disposed of in.the se~ers, drains;~nd su~p~ 'a.n4.mix~d·tdyer time with regular 
· .... _<:_ .. ·. . . = ·:·:\-.\ . .... ·=;:_.~·-;~: · .. ·'='i=. . .... : .·. ~< L?J. - . 

. ~ ·:;=. ··~ . :.·,~,: ~-: 

municipally derived waste\Y'~ter (U.S. Environmnet~l"Protection Agency 2009 104(e) Information 
·::.,._ 

Requests). The mixed wastew~tetthen:·:f1owed downgi"!ldient and entered the subsurface through leaks, 
:·:\::··\{~,:- :=-=. :t>" .. /''' .. :,=~: .. : ~:.=.-· ~; 

and the reaclibt:f\he watb·t':ful:jJe bell.~ath.the RSAEll.ergy Plant after the relatively slow processes of 

infiltrationt~~ugp the thick~ns<_lturatedzone, 
~.· .. ~> . ·:· . : .= 

The prop:s-ed.contaminatioh pathway between the former location of a major CPI, the presence 
... . . :. 

of drains at the location,-the'sanit~:$ewer system, and groundwater also helps explain why no near
. ···.. :\;~·< .. : ::~··' 

surface soil contamination by i>ci'~r TCE was uncovered during initial site assessments that occurred 

near the RSA Energy Plant since 1993, and why the acute exposure occurred only when the excavation 

reached depths near the water table, as PCE and TCE 
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(1) Were not released at the location of the RSA Enegy Plant, even though groundwater beneath 

was found to be contaminated by PCE and TCE in 1993 

(2) The PCE and TCE were released to the sewer system upgradient along Washington Avenue 

and then migrated after leakage between Washington Avenue and Dexter Avenue to the 

water table, which explains why little near-surface soil contamination was evident during 

previous investigations. 

Determination of the Probable Release History 

Sulfur Hexafluoride and Chlorofluorocarbon Conc.entrations 
'.:~. 

·:·.=.:-

To confirm or refute the potentialcontamination path\vay.of disposal into the sanitary sewer and 

leakage into groundwater as raised by the res~Jts ofthe.gr()undwate.r:$~mpling during April-May 2009, 
·::-~·· .'. =~ . ·,.,~ '=!.<: :. . 

.. ·.. -::<··:·~ ... =.:Y=f/;:~·:·-::.:. .. ·· . .-:·x ... __ ;· 

concentrations ofSF6 an~fCFe's in wblls sample&· .. ?,~ting.ffi~1dt'~~tjvites conducted by the USEPA in 
::'<-·(·':"(·: 

·.\=,W\>-., ·: .·.=·.· 

May 2010 were analyzed by the USGS,,.Groundwat~r).n the shallow wells that had the highest 
.. .·,0;, ': .· . .• ·':' .. . . 

chloroform concentrationsin April-May 2009'were characterized by the youngest groundwater age as 

determined fr~rp. the SF 6 c~ncentrations,(~nd confirrris the presence of a localized source of water that 
.·.·.. ·. .. ~'-"/> ·,. 

contains water thafi·is between 2.4...y.·(MW-2'S) and 22.4 y old (MW-9S) (Figure 18). The presence of 
":···~> 

such young recharge in shallow groJiijwater in this area confirms th~ existence of an ongoing hydraulic 
. . .. ~.. . . 

conne,ction between land suifac{~d>groundwater, as would be required to support the contaminant 

pathway of leakage of municipal water from the sanitary sewer system. 

Figure 18. Monitoring wells a( shallow) and b(intermediate) wells that contained SFs, May 2010. 
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Groundwater sampled in May 201 0 was characterized by detectable concentrations of CFCs 

(Figure 19a,b ). The detection of CFCs in groundwater indicate a local contaminant source of CFCs as 

previously described but wells with ambient atmospheric concentrations were used to determine the 

recharge date of groundwater. The CFC-contaminanted wells were the same four wells that contained 

elevated concentrations of chloroform, or wells MW -1 S, AS, -2S, -9S, and, additionally, MW -1 OS. The 

other wells bad lower CFC concentrations that did not reflect loca.rchntamination but rather the 

interaction of ambient atmospheric levels of CFCs with grq'tfu.~~afeL, 
.· __ ,·i.,,.,,y .. 

·. ::-~ 

. . ~=: . 
··.·.:.. .... ,. 

Figure 19. Monitoring wels a( shallow) and b(intermediate) weiiSwith CFC concentrations; May 2010. 
· .... ~;: 

· ..... __ .)" 

The groundwater with the oldest recharge date wasfrom tli~.\~<lrlY 1940s and collected from the 
:· --~ ~ .=·: .... ' : ' 

most downgradient well sam,pled; MW~l2S. An~pgradi~:nt well((¥W-7S) had a CFC-based recharge 
:: "\ ... ;:-:=,:::·~·) 

d~te of 1948, and farther upkaf!ient, well MW-: 1 I ha(:l:tJ:le youngest CFC-based recharge date of 1960 
.. -~_:;.:. . . .. . . 

.:-::··,..._ 

(Figure 20a,b)'; . . . : . : : . . . : ~ i·t-:-. : 

"::" .·· 

Figure 20. 

~=, · . . -/~ ··~-~-=-- :.' ... : 
-:-:. ·.\. 

CFC-based r~charge age date~, ~ay 2016':: 
: .. .-' .. ·:~ ·: 

The age difference between groundwater from wells MW -1 I ( 1960) and downgradient well 

MW-12I (1940) when used with the distance between them (1,900 ft), enables a groundwater-flow rate 

of about 95 ft/y to be estimated. This is in good agreemen~ with the 100 ft/y determined from slug tests 

in 2002 during the RI (Black & Veatch 2002). 
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The rate of groundwater flow, when combined with the initial detections ofPCE and TCE in 

monitoring wells at the CCP Site over time, was used to determine the approximate time of contaminant 

release. For example, PCE was first detected in well9W in 1991 (Figure 21). The distance between well 

9W and the former location of a major CPI along Washington Avenue between 1940 and 1997 is about 

3,200 ft. If the ambient, unpumped groundwater flow rate is about 100 ft/y from slug tests (Black & 

Veatch 2002) and CFC-age dates (this report), then a potential relea;~ history from that source area to 

arrival in well 9W would be no later than the mid-1970s. "['fl!~!d~~\".,a1ong with the CFC-based recharge 

.__/;.:.:\:.--<> 

dates, constrains the probable release time to betweentli~n~arly 1940s anddate 1970. 
·:·:~,V .. 

·.· .. : .. \.::; 

Figure 21. Well 9W PCE and TCE trends over time; t991 to 2009. 
"(.:: 

. ·::.-·=.:.:=· · ... ~ ... ·.-., <:.-. .... ·~·. 

The trends ofPC~;·and TCE iii well 9Wreve(l1,pptjust{he past release history but also indicate 
.. ···: .. :.-.jp> 

potential future contaminant trends. F%~~xample, since 1991 PCE is always higher in 9W than TCE 

when are b~-~;;11f~.s¢nL·'}%;11,~9E O<?_~ated j~sttq'the;.~~st of9W) was turned off in 1997, which may 
·-.;~·-..:~: .:.·,/ -=,· .. =::'<·: :·;,:- h' ":. ........ ··::· •• ·.;.:= .... : 

explain why prior increase~: ill P~E i~ w~ell 9W stopp~d as pumped-gradient conditions returned to 
. ·. ·.:.:..,~:·":"!: ' . 

ambient-unpumped gradient conditjpns and groundwater flow rates decreased. In well9W, TCE was 
··i·,:::·;=: ~ 

":-:::." ~-

detected in 2000 and ifidreased to ap~~k in 2003, then decreased. Meanwhile, PCE was stable or only 

slightly increasing. One reason for these differences in contaminant concentrations and arrival times is 

not necessarily due to different release times but because TCE is five times more soluble in water than 

PCE (1,000 mg/L compared to 275 mg/L). As a result, PCE and TCE released at the same location at 

the same time would produce a scenario where the plume of TCE would be detected initially at a well 

and then followed by the detection of the less soluble PCE. 
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As PCE in MW -2S has decreased since 1993, a roughly equal increase of PCE has been 

observed in downgradient and nonpuming well 9W (Figure 22a). The distance between these two wells 

is roughly 2,100 ft, and the time difference between peaks is about 16 y. Peak-concentration (PCE at 

120 ug/L) contaminant transport rate would be, therefore, about 131 ft/y. PCE in MW-3S and 9W were 

similar up until1995, when PCE in 9W decreased and PCE ·in well MW -3S slightly increased. Since 
. ·.':·-... 

2003, PCE has increased in both wells, although to a greater ex~eni ·ip.i9W (Figure 22b ). In well MW -4S, 
.. : .. ·. /~ 

.. :.· ·.·:.·.· .. _..,. 
. ~- . . :·:'. . : "\ 

the concentration ofPCE is ten times higher than TCE, and'.IIa$,beeihconsistently high since 1999. 

(Figure 22c ). A probable explanation is that there is an,;d}~~,~:t resid\I~~-SOJ.Irce of PCE close by, such as 
.. ··>·.:5'' . : '•\: •• 

near the RSA Tower Energy Plant. PCE in upgradi~ptwell MW-8S decreased!.between 2000 and 2009, 
... ·. ... ·-~ .·:• . 
. _:;:- .. >,, :·.:·..,_ . · ........ -~ 

and PCE increased in downgradient 9W. Essentially, thi~·.tr~nd·:fe~d~ds the mov~meiitofthe PCE plume 
'_;. ··.·. · .. +c,. L(.:.:;:[' ·. 

downgradient from Washington Avenue (Fi~fe:-}2~). Mu~b like.:.:for contaminant trends in MW-2S and 
.·.·· · ... ·............ ·.· ....... >... 

"), .. : .·:.··· . ~. ·:-·. :-: ......... 

MW -8S, as the concentration?LPS:E in well~~ -1 iS ci§~:r~:~.ses, th~,P.£E in 9W increases (Figure 
· ... : ::·:·:,--·~~---· ___ · .---~~~~\.. ·. -~~-:. -~·:\ .-.·<·~:=~_.-.:::·:;~_::=.:::·~~:-~. -, ·:·::) 

22e )-this trend recordsthe,.ihovemellto,9f PCE fl"oln . .rYfW~2S~ to:Mw.-8S to MW -12S downgradient 
·:.,-· :··:.... · .. · :-.:. ·:-·.:>..-:~: .. :· '.;:::.- ··.~ .. / 

....• -~~ .=-.. ·~ ·. . ... :--: ~;.•·= ...... ~ 

toward, ultimately, well 9W~.~- .· : 
· .. · . ·. ·":·., .· :-:-··:.·,~?>~~, 

. .· : -~· ... · :. ... . :. · .. :;~s,·;y·, .... 

Figure 22. 

·· .. :;-:< .•... , . ··.· .:, 

_: ·:. . ., ·<:wr-, , ),_ 
PCE a·ndT9E in site MWs.-ov~rtime relatiye to 9W (a-g). 

Dendrochemistry 

The results for the tree-core survey conducted in 2008 were used to guide the collection of 

additional and longer tree cores during January 2009 (Figure 23). In some trees, such as T47 and T23, it 

was possible to discern the time of arrival of peaks, or pulses, of high metal concentrations, to between 

1940 and 1970, such as for chloride and chromium, in datable annual growth rings (Figure 24). A 
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similar approach was proven to be successful in the determination of the release history at a site 

characterized by chlorinated-solvent-contaminated groundwater (Yanosky and others 2001 ). 

Figure 23. City map with trees used for dendrochemistry shown with former toc~tions and dates occupied by a major 

commercial printing industry. 

Figure 24. Dendrochronological data for chloride and chromiUi}l,:Jor T47 andJ23. 
,· ... <_;_= .. ··, :···. 

·.::.=· 
;.· 

< ·i'fflP> .. 
' .· . ."··\ . ... '.l ·--~ ... ~. >:tf.:-~-... 

. '?:.{\?>~ ·:::~<:;i:!-'·~1:.>> :· .. · :;·)· ·J·-~> 
The Commercial Printing ltt~y~t_ry:~nd Chlor!ll.~ted-Solvellt-£ontam_inated Groundwater at the 

,.: ._; J)"'~.,-,,: -~:::_;:'\,_ ';':<\,". '.· >/ << :::t;') ,,-/ 

Capital City Plume Site~~\,h \~ ' < :J ', 
The CPI is.oJ:l.~_ofthel~h~e.s!-indl.isiii'esjn the U~ited States (Printers' National Environmental 

'• i· .... '.-.<,:, •• ·--~_,,,_ ·. :~1.~~--- :{)'"" '-" .·.--.,-:>_.:· :.~ '• '''.: .. ·\ 

Assistance Cent~r, www~pQ_~_c.org)~-The. CPI coh.s'i.ilft~s 'iarge volumes of organic and inorganic 
··-.· .. -·. ::·.\ ; . ;-~~ .. 

chemicals used~ln:,<.;hemical read~ici:ns associated with various printing operations from letterpress to 
:·. :,.~~ ·. ·.·.,. ·':\ . · .... 

~-:=:-;:=.-.. ·i=f~. . ·::~;:if-:.\,. 
lithography to offset pri.rlting of eit}jt!f\sheet-fed or continuous-fed presses that print in one to eight 

I .. :: -~)~::~, / :'·~ .·. q 
colors (Table 7) for produ~!i:9~ ~ft~e,-final printed matter. Lithography is the most common of the major 

"> ·;.~j;_::,,;,:.>' 
printing processes (USEP A 2007'). Up to 99% of the chemicals used are released to the air (SIC 1995, 

US EPA National Emissions Inventory, CPI ranks 5th in VOC emissions, one ahead of automobile 

industry), with the balance released to water or land or become part of the final printed product. These 

printing operations involve the use of large volumes of organics and metals. 
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Table 7. List of historic dates of the Commercial Printing Industry. 

Organics 

One of the most commonly used solvents in the printing industry is blanket wash (Sinha and 

Achenie 2001 ). Blanket wash is used for lithographic printing proc;~§~es based on the repulsion of oil 
. ·::.;:: .:;{.-K;>' 

and water where the water-based part is called a fountain soluticirt:/fhe fountain solution cleans the 
:>> <" >.~ . ;. __ ;-, :: .. 

background area of a plate not to be printed and is comprjsed>ofwatet;soluble organics such as alcohols. 
=··:·+~%#) .··/(_=.:··:~\.>\ 

In off-set applications of lithography (Figure 25),.a p~;;tte' that contains th~.i.illage to be printed never 
. '\ . '" 

actually touches the paper but instead comes into contact..~ith a rubber blanket towpich the plate is 
.:.., · .... >""-./: ·. __ -) .. ···'·''>~ 

applied. Plates can be made of zinc, al~tniiil}tn,,or lead, and_oft~n done on site using a l.inotype machine. 
::::·:;;,".;_: .. ·;:·:;';>,"" .. ' ... , 

According to a survey of three blanket wash pr~'du~~rs.ip. 1992'an_d:·estimated to represent 70% of the 
. . .._ ... , . _· \\ '• . . ··~.>--.. . :· ',>'-.., 

CPI, blanket wash (or rollerwasp) can consist of'),,l,l-:.I'C:;'}~·tbh.I.~ne, T9E, and PCE (www.pneac.org) . 
. . ·.·•.· : :· .. ·... ·,'/\,''·/' ·. ·.·':'··. 

Blanket wash is used to cl~a:nresidues:such as old:{h-J5;'paper fibers;;·~nd paper coatings from rubber 
·:··':'-:-/\ 

rollers, called blankets,.used forlithograph.{c\':prjnting Jr~sses. The blanket wash is applied by either 
. . .,. .. .. ' . . ,., .?. "'· .: '. . ... ~· . "' . -:=::; ~y· •• • • ' • • :,, ' • ·: • • : : .... 

:)· .··~< .. . ·.·=r: .. _:=~·-=-· ·~: -·~=· ::-=..;=· ·\,.,./ 

automatic.or, manual method~~ lmving·;heyn primarilY' manual throughout the history of the CPl. The 
. ~.. ... . . . .. . : 

.·.· ·:·:.:._".;=;,_ '>.'-: .•. 

manual meth~d.irtvolved wiping di}-wn th6 b'!1,!pket cylinder with cloth rags dampened with blanket 
.. :·_·; ~".::.~ .... :·::':i} ·:·>. .:·:~:-\ > . 

_.;..,• 

wash, called "rag aridJ)ucket" (Sinba;_~nd Achenie 2001). Blanket wash was typically stored on site in 

55 gal drums. Blankets aret)rpjcallydeaned before each press run or at the end of each shift to ensure 
·-·••:: :·-•:.,.JP' 

excellent print quality (NT MayT999). Prior to the development in the 1970s of industries to handle the 

soiled rags, rag management was the responsibility of each printpress room. The amount of blanket 

wash solution used per pressroom is unknown, but has been estimated at 160 gallons per year (gaVy.; 

United States Environmental Protection Agency 1997a). A list of the chemicals commonly used in the 

printing industry is provided in Table 8 (USEP A 1997b ). Included on the list are the "F" -listed wastes 
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such as spent halogenated solvents, such as PCE, TCE, 1,1,1-trichloroethane (1,1,1-TCA), CFC-113, 

methylene chloride, methyl ethyl ketones, used for degreasing and cleaning, and non-halogenated 

solvents such as toluene. 

Figure 25. Offset printing press. 

Table 8. List ofF-listed wastes that include those used in the Commercial Printing lndustry(USEPA 1997b). 

. /~~:·_:_· .. ·.\/_:·:'\ ,_iJ) . < > .. ·.· 

>· f/:~·~ - ·:•. '/ 
. '\:';,:~~t~. · ... ·<·.~[.:_·._;_:_)._ ... 
-·:)~\ '· ., ... ·: ".'>>-..... :_4-, 

·-~. . .. ~--Metals · .. ~· ........ 
·-<~---... ~-.._ .. 

;•:ZS'.r··. ·•··· '<;2~'), ,<· · <'>,. <(~) . 
Metals are used tp_ tJieera:var:i,~!Y ofneeO.s;i~ ~he.:0.PI:"A.:!thqqgh''§ome organic-based pigments 

··:-·.?<., ·t:·y~ ',<:;t':::;P'/ '\~,:;.)! 
have been used in inks, indrg~.n~c pigments compris·~·q.t?fheavy metals were more often used. Pigments 

--/:;:·.r·-~··. . . --~_:.;;;_· .. :~~:~;- . . :.--· ·: .. ·:·.:_·-~,-.:,:_·.:. --~-- .-~.. ·.· -:_.:-~- ).·\\ 
include the cgl()fs>of~p'i;!e.(titariium);:yelfd\V.(pi~mutl:i;·cllromium, and cadmium; "school-bus" yellow), 

_ _.,·:·:_.=· ·._;_i-~·j·· ·.·.-r:~~1 -:~-~-, _ . .=:.\.:;=:·.-~-"> ·\-L·T;~_::_~--:·.;:}_~·:>·:~;:r_ "··.:/' . 

orange (molyJ>.4enum), iron {Qlllt<), gre:en (<;hromiurri>ot copper), black (rubidium, strontium), red 
· . .-.... _;;.::. 

"<:L·~~ , 

(barium and zint)'.(Buxbaum 1998). Most piwents are metal salts or oxides. Heavy metals such as 
··. -~ ~-

· .... :.:_)'>. 

cobalt and mangans~~ ~lso, are used:-asdriers. Other toxic chemicals used by the CPI are listed in 
:. ':- j~ :-. 

USEP A ( 1997b) and include{~ap~tn;·~hromium, and silver. Inorganics also are used as acids (sulfuric 
·· ... · .. >:~·,>·" 

acid), and plate developers (silver; USEPA 1997b, Appendix F) or silver as a photographic fixer. 

Moreover, fountain solutions also have contained metals such as chromium, magnesium, phosphate, and 

silica. Mixtures of organics and metals also are used in the CPl. For example, solvents are often mixed 

with inks where the solvent acts as the vehicle for the pigments and dyes, much like water is used as the 

vehicle for pigments with watercooler painting. 
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Commercial Printing Industry in Montgomery 

The CPI has been a large part ofthe history ofMontgomery. Mulitple locations of a major 

newspaper have existed since 1828 in Montgomery. Mention various location changes over time (Table 

9). 

Table 9. Timeline of Commercial Printing Industry events at MOntgomery, Alabarn~;,, 
:: :_.~/ .. 
:,,.· 

:,,_ 
... ·/:(:~),. <;:=,~-:-=:- \ . ' 

Responses to USEPA Section l04(e) InformationR~quest~;for the CCP Site',indicate that 
····L, . '· ··. · .. · ·. :; .: "::' 

.;/ ._·:· .: :'. _::·:·;: ~ :=:·i~l:\-,._ 

chemicals used during the CPI operationsat2001WashingtoirAVenue resulted in the generation of trade 
... ·: >:., ··.· ... ,~-~":·.·-~·'> · ..... ,·,>·.~ 

wastewater in the pre-press are.'! !hat was di~p-cised~fct6\vn floor .dr~ifls. or sinks that were connected to 
<"i_:_.:···:>·\" '";.,::··,__ ) .···f·>·... . <.-{[.j 

the sanitary sewer system;by:a··sllirip·'p"ump, or we.I"eJa~dered on. site with discharge to a sump and then 
·-: =-(.,.")~.">..~ ..... , ·.-: .. · .. · .. : ,. 

by pipe to a road surface ancl:into the stqrmwater s;~t~D1, a widespread practice prior to the late 1970s 
. .. ·-··· .,_.. •-····-.. . .. ">:c.··.' .-- .. :r-~~: .. ;, ·. · ...... < . 

when soiled rags werelaunciered"bypff-site vendors_(USJ;:PA 104(e) IR 2009). Moreover, soiled rags 
... • .··._,.·· ···;_~: := ;''.::... = ....... _: ... :~>\.... ·.· -'•• ·· .. ·>·~ .. 

were laundefe<l_..on site or dispos'ed of CitiWn.drains~rig were found in the sewer and stormwater pipes 
....... _:::'.:{>, .. ,... :,'~\~. ·. ··~. 

in downtown Montgomery by MwWSSB erriBibyees (Buddy Morgan, MWWSSB, personal 
. :~ .. ,_ .:· ·-~· · .. "\ 

communication, ll/16/200~). Smallef"'printing operations were conducted at 116 McDonough Street. 
.·...... ~. ·.. . .. .... =" 

There, more than one color prtid~cJ~·were made. Blanket washes were used on rags. Spent fountain 

solutions were drained down a sink .. Plate developers also were disposed of down the sink. 
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Summary 

The data collected between 2008 and 2010 by the USEPA and USGS for additional assessments 

of the potential source area, contamination pathway, and the probable release history at the CCP Site 

support the following determinations (the numbers refer to specifc locations or processes depicted on 

Figure 26: 

Potential Source Area: 

1. The detection ofTCE in trees growing along Washing1;on Avenue in August 2008 

indicates a near-surface residti~l"source of TCE in that iiiliilediate area. The 
··~. .-'.:·.",:-:(,_,):, ;.-.. _;· ... _~->~~ 

. 7~.. . . :_ • . ~>~ -~·.:::~:-~:) .. 1>7 
. : -~<--.\~ 

detection in ApriFf:tvfay 2009 of Tc~;ifl..grO'undwater from adjacent MW -9S 
·"<nr~~~xR~>-. ~ · · · .:!>(··~ 

supports this TCE-~olll"~·6'.af~~'P,tterminatf&~·h,Moreover, the TCE concentration 

·: ·. \ ··c.:.·< •. -J,-. '• ' ' ·•·•·· ' ., . 
detes.~,~4fi~t:f:9~ growingi~!png ~a~~int~~ .. A vern!~. was the highest TCE tree-core 

.= : -:.: -:·:i·:~:~i~?:>>·~="·~=-.. <~~rr~--_,=:.-,. ·--:;.:~;c~:_-~-- .. : -·-.!~-: ._ : .. ·(7 ~>~1.-c:~·-: .· :::;~}:·:·"-<·-.:- -= · 

h'eapspace conc.~_ritration measw:~d by the auth'ors. 
= =-: ;~~~,_ ·:=:· .. ~_(=_ ~ ... _,-,:=_:·:~=:s\ 

2"' .. .. . The pr~~.¢tlc,e ofhigh organic ~~ppr concentrations from sediments cored from the 
.·· ·-·_.'_ ,~,;_:···<~,,jA ·":tj~~:-,:> · ·· .. ·. '''_I;·s)>., '-.c:i11 

.- " so::ffth_i.ck uhsatwated zone during vibracore drilling and installation of MW -9S 
=.:··: ,~· ;-, ., ·."·<~···~i~~~~\. <jp·;f.>>~~ ·-·.;J~~; 

< .:: .. , and MW::los indicated a near-surface residual source of VOC contamination in 
···, :·. ·, -~.. -\ :.-.:.:.. . '• 

.... : :.'. ~·:·.=.~~ \··---.~>>~ .. :" 
~~.tl): vicinity qf~}fashingt~n and Dexter Avenues, respectively, as early as 2000. 

. ·.,, ;;.;;;:A 

( \j ... y"') .Mb~~.+;~'.ad§itional evidence that this is a potential source area was provided by 

\.__ the deted'Hon of PCE in air samplers placed in the basement of a building on 

Washington A venue that was a former location of a major CPI (Scott Miller, 

USEPA, personal communication, 12/14/2010). 

3. The detection of PCE in trees growing at the junction of Perry Street with 

Washington Avenue in August 2008 indicates a near-surface residual source of 
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PCE in that immediate area. PCE bas been detected in MW -4S downgradient of 

these trees since 2000. 

Contamination Pathway: 

4. TCE was detected in trees growing along McDonough Street in August 2008. The 

trees are growing in general alignment witb·ffi,~\anitary sewer system beneath 
~ :· . ·. ·. ·:;;" 

. . . . :. . ... ~-::;: 

McDonough Street that conveys w~steV{:aterfrom upgradient sources that include 
·~ .. • ... ·" ·. : '"'-.. 

the TCE-residual source areaJ.<;)d~t~d ~long Was~iftg!on Avenue described above. 
•7 .. ·. ··.--~ 

These data indicate that CPIHrilde wastewater that contained TCE entered the 
-. < :-:.::·.>""'- . :· ... <;,.~ ... ··:-,'/ <~>~-... 

sanitay sewer system along WashiJi~on·A~~ri:ue, leaked frofrithe sanitary sewer 
. . .. . ·:~"-.. ·.:: :=.:-· .. :.,-.· . .-·:> ,; 

system from bene~tn;McDonpugh Stree(an.~ Dexter A venue, and recharged the 
. .. :'\ .··.· . }'"'::·>·.,, · ... /::, 

water tabl~. along Moru:()e, Street ~-J~is pathway'l~d to the TCE- and PCE-plumes 
.. . ... •'i:f:•;c '·· . i> .. · •••. ,:·:_''·' ~ .. , ...... :.·_?y;) 

. . . :: .·.~~··:,;.~:~. ·': ., . . ·-. . ···. : .. \ · .. ::> .. < .. > ·.:;:." .>~-

beneatK the RSA\Energy Phint:fif~t-·detected'in 1993. 
·. ..~.· ~- .. ·_: .. _.,·_=\ ·::·. ___ :.-. .:·_.<;~·.. . ./ 

;, ·. ··. )0\ . . 
PCE was-(jetectediig trees growin,g along Perry Street in August 2008. The trees 

• · .. :'.... . _.< • .: ... ·---........~.~ .. =-~ --~~ .... )'':\ 

are'.' growing'\~ g~neraf'~ii@un~nL\Yith the sanitary sewer and storm water systems 

. "· ben~at~?~l}shi~~ton·Aven~e -~~~Perry Street. These data indicate that CPI-trade 
• .. = ..... _:_·_;\\·.=·., . "' . ."\, · . 

. : ..... =::.-·., .... · }t\ .. .. ·\~: ..... 

. . ""'·: .. wastewater:th1.t contairi~d PCE entered and leaked from the sanitary sewer 
........ · . .., .. , ·· .. ,. ·:\ 

5. 

sy~tem and( ~r)~as released to the storm water sytem and recharged the water 
:.: . . ' . ~- : 

· .. ·: :. ~-='" 

table atbri~:ti~nroe Street . 
. ' .. : ... <~'""'' 

6. The absence of detectable organic vapor concentrations from sediments cored 

from the 30-ft thick unsaturated zone above the water table during vibracbre 

drilling and installation of well pairs MW-lS,I and MW-4S,I in 200Q and 

presence of high organic vapor concentrations at or below the water table 
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indicate that PCE- and TCE-groundwater contamination detected in thoses wells 

did not occur by downward vertical migration through the unsaturated zone but, 

rather, the groundwater contamination resulted from lateral groundwater flow 

from PCE- and TCE-contaminated groundwater located upgradient along 

Washington A venue. 

7. The detection of chloroform at concentratiort~~i'hdicative of treated municipal 

water in groundwater from MW -1 S .. c()Iififri1s tl:J.e following contaminant pathway: 
·<:-<::·;;· . . ·.,\ 

·..... ......... .·""' 
PCE- and TCE-~ontaminated CPi£thde wastewater .were released to sinks, 

.··· <;)?'' ··. ;···>\ .. 
sumps, and floor drains in buggi.~gs located along Washin~on A venue-this 

" _;;:,:=::-=~··. >\~ ~ /.-;·~· >-. ·;._.:;-:<>:-.. __ 

wastewater entered the sanitary s~w-er syst~:m·-· this wastewater entered the 
~;,·;· :i?··,:"·-. . ·: ·. ~K '.;}?'~ . · ·· 

subsurface _throughJ~~ks ~£i.(~r)joints'· ~)b,,i~ water was then transported through 
< •• •• • • -~.· 

' ·< :>., · ... · .... ~-:.·-:F~:.·:... . -~-v: .. ·=·~~-~ 
the usaturated zone to·»ear MWqSt?Moreover;lllis contamination pathway is 

sup~·()rieJ~~ Si)epend~nt:{~~s;6:rJJi~:·~~fr9m·,:~W -1 S, such as the presenc~f 
-~,: ':: ::·.. :_.. ·. y . 

. ··-~-= .. ·. ;:,. =.:: .. ·.. ::·, = ·:v 

you~
1

~'.'Water as.det~rmined by\de.tection of high SF6 concentrations and the 
'\ ... : < . -:-. / . - ~ :_~- .,~ y ' -.:;:,~-,:~.'. • 

-~~~\>"- ·. ·...... ·... :_f-):-~\··: . /:., 
:·.piesep,ce of);lig}i concentration_s ci(~FC-113. 

~.: . .. ""..,_ '. ' . ').. . : .. ~ ...... · :· 
.. ~.:.;2_;_"_'·.·.·_.~ ..•. _,_ ..... _ ... , ·.·. ;;·.·:.. · .. · •. 

· . . }:.j}, ., ' '. ,; .... /:?·_~,': ... 
=:..:.~~:·:'·· .. "-., '"'·. 

-: ... · .. q, \;~;-~- . '}> 
Probable Release History:· · ··, .. .> 

•:§*1, .\ 
8. :Therelease ~fPCE- and TCE-contaminated CPI-trade wastewater into the 

· ...... -.),,p_,,:,.··.-,1' 
sanitaryi~t':.Wd· system most likely occurred between the 1940s and 1970s as 

' . ·.: -~· 

supported by the SF6- and CFC-calculated groundwater-age dates. This 

timeframe also was when the CPI switched to these solvents. 

9. Dendrochemical results of tree-rings from trees growing along McDonough 

Street downgradient fromWashington Avenue indicate the peak arrival of 
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chlorides (derived from solvents) and chromium (from inks or wash water) during 

the 1960s. 

Figure 26. Depiction of the potential source area, contaminant pathway, and probable release history of PCE- and 
.:.·;;} 

TeE-contaminated groundwater at the Capital City Plume (CCP) Site:i:Mogtgomery, Alabama . 
.. c' ':··':',•}t'': ... ·.".·.. ' .·;,.·-;- ':...=: --. :-... 

,.·_..-·.:· 
·., 

.· .• ·'> 

··., __ 
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Table 1. Timeline of previous investigations and events important to the additional assessments of the Capital City 

Plume Site, Montgomery, Alabama, 1819-2010. 

[
1ATSDR accessed 1011/2008; 28\ack & Veatch 2002; 3Malcolm Pimie, Inc., 2003; 4Envrionmental Materials Consultants, 

Inc., 2003; 5JM Hall SEA, 2007; 6this report; 7Scott and others 1987; 8Knowles and others 1963.] 

Date1 

1819 

1860s 

1885 

1941 

1950 

1962 

1965 

1970 

1980 

1991-92 

1992 

September 1993 

October 1993 

November 1993 

February 1995 

Event 

City of Montgomery incorporated. 

Stonnwater sewer system built in Montgomery'. 

,.r: ... · 
."·.:;;' 

:·~':I, 

k~--.> .. 
. _, : .. : :·'• 

' ...... :•',i.> ·• ,, 

Montgomery municipal water suppli,e_d b;_:Jeu fields, incl~~i~·-,,, 
the Northeast well field 1

•
8

. . ; :;Y - · )+_,, 

The West well field developed. 

·===-:-... 
·,::.,:_, :, 

··r-:-::.: ... :·~-~~ ..... 

-~ ...... ·::·~-~' 

.. ·'··>'·: 

Wel19i,:}'taketj;o*6~service due to PCE. 

Workers overcome at about 25ft bls by vapors during soil 
excavation for RSA Energy Plant2

. Contaminated soil excavated 
and removed2

. 

ADEM Phase I Investigation2
• 

ADEM Phase II Investigation2
. 
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1996 

1997 

2000 

2001 

2002 

2003 

2007 

August 2008 

ADEM Preliminary Assessment (PA) confirms detection ofPCE 
in shallow groundwater near the RSA Energy Plane. 

The RSA Tower is built near RSA Energy Plant. 
ADEM recommends that the CCP Site be considered for the 
Superfund list. 

Well 9E shut down2
. 

USEPA begins a Remedial Investigation (RI)2
. 

USEPA proposes to list the CCP Site on the NPL. 

\ 
· .. • 

USEP A collects additional soil samples':af.the RSA Energy 
Plant. <.:. ·· <. 
USEP A sampling detects PCE in Cyprb~~;Creek. 
. . . ''" . . . . ·::--_r>,v< 

City of Montgomery Qeglf,l~<F,easlbihty Study~<->:> . 
. .,_ .:. \'.~<i>o, · .. ·. 

The Montgomery County·ci:;;gfhi'?sion. initiates ~rt" ·· ... 
Environmental Site Assessment of forriler~~ontgorriery 
Advertiser property on Washington Stree~t .. :,<>,. · >:·:;}·, • 

. . ····jl~?··' .•:<c~-~-- ··: ·:-. .:·· . ,_, .. , :· .. .,··:-~;1:;:~;@~·{,· .. :;-·.;0>;,'< 
City ofMontgomery iriitiates a groiind'wate·r samping'eveilt that 
indic~te~~~RCE remairis~:.·in wells5. '</-.;::_: .. (/ ··.·· 

.":../:-'-~. . . ·· .. .., 
··=·:·.~:): .. . . . .. ·'~ 

<:· . . ·. :. ·.· ... '.:_ .. =;-.·.· •. ·.·."·.··.··'··. ·. . . -~ ·;: .• 

. =:··:-:-~ .·, ... -:-_:~:-: .. · ·' ._.,::;y::~k:··.·::.N.. ··.=::.:::)fl\ . 
.... Tbe.USEPA and·USGS.conducf"an assessnl.ent of the potential 

. · ... ,·: ·· .... ;,·;. : .· . 6 '· "'"-.:)l"" 

source:ofgr?undwater;ontamination.:<: .. \; . 

. ... · <.. . ·.,.:_f_)~.-.*.···*'.··· .. ·' . ._-}to.. ·. ' 
'O:::~.:t~). . ' " ,, .;:':,,, 

" ·· ... The USEPA and USGS conduct an assessment of the probable 
January 2009 <.'~release history o{kt«Jundwat~f·c'ontamination6 . . · 

·-~(_: ... . ..... ,h, 

April-May 2009 

May 2010 

December 2010 

1Table footnote 

~>.;:. ·. 

TheU§~P,A a~q:,tJ~GS con
6
duct an assessment of the 

groundwater contamination . ;....> . ..,.-

The USEP A and USGS conduct an additional assessment of the 
groundwater contamination6

. 

This report6
. 
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Table 2. Concentrations of perchloroethylene (PCE) and other volatile organic compounds in tree-core samples 

collected from downtown and around Montgomery, Alabama, during August 2008. 

[All concentrations in parts per billion by volume of vial headspace; nm, not measured; the method reporting level (MRL) for PCE, TCE, 
cis-1 ,2-DCE, and benzene was 2, 10, 15, and 10 parts per billion by volume (ppbv), respectively; core identifier refers to multiple cores 

Tree 
indentifier' 

T1 

TS 

TS 

T1 

T1 

T2 

T2 

T4 

T4 

T3 

T3 

T3 

T3 

T2 

T7 

T7 

T7 

· collected from a particular tree] 

Tree 
description 

Cottonwood 

Cottonwod 

Sycamore 

Sycamore 

Red maple 

Core 
indentifier 

A 

B 

c 

B 

c 

A 

c 

B 

B 

.:.>.:. c 

A 

A 

AR1 

AR2 

Diameter at 
Breast 
height · 

(inches) 

12 

31 

24 

14 

'\ .• 

Analysis 
date 

8/19/2008 

8/19/2008 

8/19/2008 

8/19/2008 

Core 
collected 
date 

PCE TCE 

·.· ..... 

cis- Benzene 
DCE 

8/18/2008 nm '·"rn·:~;/ nm nm 
· .. ·····4 {' 

8/18/2008 • o ,:.; .···:.::·2o o o 
. ·: ... >·'f·, __ ····.~---·-~::-.,.,. 

8/18/2008 < <() · ~io :: ·:·f o 
. ·"')\ '/ "' 

8/18/2008' 0 <20 ci '"'·· 0 

8/19/2008 '''gy\8boo8 o <20 0 

8/19/2008 

.·8/].!3/2008 
.=:\\:·_.: ;;-:--
. ····.:. ···~::· . =·~. 

.·, 
8/18/2008. 553 /.:9~i 

... ·.. _,:.{"_·,_·.; .... -~· 

8/18/2008 .· 167 ::.. 31 

\ .. 

0 <20 

0 

0 0 

0 

0 0 

0 0 

·· ..... .:::::::--\, : :·:.· .. _::·:>.) 

8/18;2oo8 

12 

<· :'s/19/2008 
.{:·'.'J:::., 
·.;.,:_.;-.-J.-·;· .. 

0 

8/19/2008 8/18/2008 0 

8/19/2008 8/18/2008 0 

8/19/2008 8/18/2008 0 

8/19/2008 . 8/19/2008 0 

8/19/2008 8/19/2008 0 

8/19/2008 8/19/2008 0 

58 

<20 

<20 

24 

0 

0 

68.23 

0 

0 

0 

0 

0 

73.98 0 

0 

0 

0 

0 

0 

0 0 

0 

Heating 
seconds 

30 

30 

30 

30 

30 

30 

30 

30 

30 

Comments 

Microwaved 
for 30 sec. 
Microwaved 
for 30 sec. 
Microwaved 
for 30 sec. 
Microwaved 
for 30 sec. 
Microwaved 
for 30 sec. 
Microwaved 
for 30 sec . 
Microwaved 
for 30 sec. 
Injected 250 
ul. 
Microwaved 
for 30 sec. 
Injected 250 
ul. 
Microwaved 
for 30 sec. 
Injected 250 
ul. 
Microwaved 
for 30 sec. 
Injected 250 
ul. 
Microwaved 
for 30 sec. 
Injected 250 
ul. 

30 Microwaved 

30 

30 

for 30 sec. 
Injected 250 
ul. 
Microwaved 
for 30 sec. 
Injected 250 
ul. 

30 Rerun of T7. 
Injected 100 
ul. 

30 Composite 
sample, 
injected 250 
ul, rerun of 
T7. 
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T8 Sycamore A 12 8/19/2008 8/19/2008 0 243 0 0 30 Composite 
sam pi!!. 
Injected 100 
uL 

T9 Cottonwood A 31 8/19/2008 8(19/2008 0 0 0 0 15 Composite 
sample. 
Injected 100 
uL 
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Table 2. Concentrations of perchloroethylene (PCE) and other volatile organic compounds in tree-core 

samples collected from downtown and around Montgomery, Alabama, during August 2008-Continued. 

[All concentrations in parts per billion by volume of vial headspace; nm, not measured; the method reporting level (MRL) for PCE, TCE, 
cis-1 ,2-DCE, and benzene was 2, 10, 15, and 10 parts per billion by volume (ppbv), respectively; core identifier refers to multiple cores 

collected from a particular tree] 
Tree Tree Core 
indentifier description indentifier 

n1 Elm flower 

Tll Elm 

no Chin~ berry SX2 

no SX2rerun 

no B 

nz Catalpa A 

nz B1 

nz 

nz 

,.·. 
·-,~~ 

nz B4 

nz A2 

T Catalpa Catl 

n3 Pec~n 

Diameter Analysis date Core collected PCE TCE Cis
DCE 

Benzene 
ppbv at 

Breast 
height 

(inches) 

nm 

17 

32 

nm 

nm 

date 

8/19/2008 

8/19/2008 

f __ ::_· 

...... , 

ppbv ppbv 
ppbv 

0 0 0 

8/19/20j)8'. ~· ,0 0 0 0 
: '·; ~--

··-· :-- .. >~ 
>~,, 
:~· ·' :~= -...,_ 

0 0 0 
··:.-·· ·.?}~ ......... 

.·. '\. 

•.•:._,.:; •.. :<\, .". ·.•., 
8/19/2008 "\_ 8/:l,:~.:oo;~:; · '> o 

··.: :'." -~-· ... ·: ."'··~-·· 

8/19/2ooj)::, ..... ,;M:.:,{'fJ9120as;··· .. :i?> o 

. 8/19/2008 

·:· :; .. .-.:··, ·.::··,~::-: 

::.;=.~:: 

8/19/2008 

8/19/2008 

8/19/2008 

8/19/2008 

8/19/2008 

.. ·:.::.:> 
:~ 

-. 

60 

.,> ·::,,;.. 

14 

8/19/2008 0 

8/19/2008 0 

8/19/2008 26 

8/19f2008 0 

8/19/2008 0 

8/19/2008 0 

0 0 0 

0 0 0 

168 0 0 

0 0 

0 0 0 

140 0 

0 0 

2877 0 

0 0 

0 

Heating Comments 
seconds 

15 Flower, 
injected 
100 uL. 

, 15 Composite 
sample, 
injected 
100 uL. 

15 Composite 
sample, 
injected 
100 uL. 

20 Composite 
sample, 
injected 
100 ul. 

15 Composite 
sample, 
injected 
100 uL. 

15 Single 
core, 
injected 
100 uL. 

30 Single 
core, 
injected 
250 uL. 

30 Reinjection 
ofT12Bi 
with clean 
100 ul 
syringe. 
Reinjection 
of T12B1, 
with clean 
250 ul 
syringe. 

20 Reinjection 
of T12B1, 
with 250 
ul syringe. 

20 Reinjection 
of T12A; 
injected 
250 uL. 

20 250 ml 
syringe 
blank 
injected 
200 ml 

15 Composite 
sample, 
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T14 Willow nm 

T15 Oak 44 

T16 Sycamore 14 

T17 Ginko 13 

T18 Oak nm 

T19A Oak A 21 

T19B B 21 

T2 AAA 24 

T20 Ginko A 

T21 Oak A 

T21 

T22 

T22 

T23 

T23 

T20 

T29 Oak A 

T29 B 8 

TCatalpa CATB nm 

8/19/2008 8/19/2008 0 61 

8/19/2008 8/19/2008 0 0 

8/19/2008 8/19/2008 0 0 

8/19/2008 254 

8/19/2008 

• .. :.·· 
_.;_..=. 

8/19/200W>:: , · 8/19/2008 0 

8/19/2008 

8/19/2088\ 
'.:,;.\ 

<. ,' ::.., 
8/19/2oe~. 

'.{!\""' 
.. 8/20/2008 

8/20/2008 

8/20/2008 

8/20/2008 

S/19/2008 
--~<~Ak~:/>,. 

8/19/2008 

8/19/2008 

8/19/2008 

8/19/2008 

8/19/2008 

61 

0 0 

: : ~- .. ::- '' 

39,75"-., 0 0 

0 

38 
-: •· -~·· 

0 84 

0 0 

0 32 

0 0 

0 0 

0 0 

144 

0 301 

0 <100 

0 

0 

0 0 

0 0 

0 0 

0 0 

0 

injected 

200 ul 
15 Composite 

sample, 
injected 

200 ul 
15 Composite 

sample, 
injected 

200 ul 
15 Composite 

sample, 
injected 
200 ul 

15 Composite 
sample, 
injected 

200 ul 
15 Composite 

15 

sample, 
injected 
200 ul 
Composite 
sample, 
injected 

200 ul 

0 

15 Injected 20C 
ul. 

0 

0 

0 

0 

0 

0 

0 

0 
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T Catalpa CATC nm 8/20/2008 8/19/2008 0 <100 

T12B BD 29 8/20/2008 8/19/2008 0 <100 

T24 Oak, lurel A 32 8/20/2008 

T24 B 8/20/2008 

62 

0 

0 

0 

0 
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Table 2. Concentrations of perchloroethylene (PCE) and other volatile organic compounds in tree-core 

samples collected from downtown and around Montgomery, Alabama, during August 2008--Continued. 

[All concentrations in parts per billion by volume of vial headspace; nm, not measured; the method reporting level (MRL) for PCE, TCE, 
cis-1 ,2-DCE, and benzene was 2, 10, 15, and 10 parts per billion by volume (ppbv), respectively; core identifier refers to multiple cores 

collected from a particular tree] 
Tree 
indentifier 

T25 

T25 

T26 

T26 

T27 

T27 

T28 

T28 

Tree 
description 

Magnolia 

Ginko 

Oak. 

Core 
indentifier 

A 

B 

A 

A 

A 

B 

Diameter Analysis Core PCE TCE Cis- Benzene Heating Comments 
at date collected ppbv ppbv DCE ppbv 

Breast 
height 

(inches) 

13 

13 

9.75 

8/20/2008 

8/20/2008 

.:·~-

. 8/~Q/2008 
·: . :: ~; 

date 

8/19/2008 

8/19/2Qo8> . 
·;:.··:-

8/19/2008 
.···--<~-' · ... 

14 8/20/2008 8/19/2008 

8/20/2008 8/19/2008 

63 

ppbv 

0 <100.•'' 0 

0 

0 0 

0 <100 0 0 

0 <100 0 0 

0 <100 0 0 

0 92 0 0 

seconds 

8 Short heat 
because it 
was 
collected 
yesterday, 
Injected 
200 uL 

8 Short heat 
because it 
was 
collected 
yesterday, 
Injected 
200 uL 

8 Short heat 
because it 
was 
collected 
yesterday, 
Injected 
200 uL 

8 Short heat 
because it 
was 
collected 
yesterday, 
Injected 
200 uL 

8 Short heat 
because it 
was 
collected 
yesterday, 
Injected 
200 uL 

8 Short heat 
because it 
was 
collected 
yesterday, 
Injected 
200 uL 

8 Short heat 
because it 
was 
collected 
yesterday, 
Injected 
200 uL 

8 Short heat 
because it 
was 
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130 Oak 

T30 

131 Oak 

131 

131 

131 

132 Oak 

133 Oak 

133 

134 Oak 

A 

B 

A( not 
saved) 

A 

B1 

B2 

A 

A 

B 

A 

..•. 
·; . .j" 

.:=, 

10 

26 

14 

11 

8/20/2008 8/19/2008 

8/20/2008 8/19/2008 

8/20/2008 

8/20/2008 

8/20/2008 

8/20/2008 

8/20/2008 

8/20/2008 ' ·>j 
. ..;, ... 

8;ib}2oo"8 
~ ..... ' . ' . . '· 

8/20/ioos: ·•. 

0 0 

0 0 

307 

29 142 

42 175'\ 0 
.. · ...... 

8/20/2008 
:"-."='-~:::::. 

8/20/2008 .. -~~82 •'' "':461>· 
... ,,. ~::·.· 

a;,;''-~ 
........ 

. ':-. 
257 ·•·, 

0 0 

0 0 

0 

·. o:vt,. o 

collected 
yesterday, 
Injected 
200 ul. 

8 Short heat 
because it 
was 
collected 
yesterday, 
Injected 
200 ul. 

8 Short heat 
because it 
was 
collected 
yesterday, 
Injected 
200 ul. 

12 injected 

_.,._·-~~'~ 12 

200 ul. 
injected 
200 ul. 
injected 
200 ul . 
injected 

0 

0 

0 

. ~ · Q .• >reheated 

0 

0 

0 

ii sec 

•,<./ 12 

200 ul. 
injected 
200 ul . 

12 injected 

. . '->·. 

200 ul . 
12 injected 

200 ul . 
0 

64 

. 0~-. 
··-:! 

0 12 injected 
200 ul . 
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Table 2. Concentrations of perchloroethylene (PCE) and other volatile organic compounds in tree-core 

samples collected from downtown and around Montgomery, Alabama, during August 2008--Continued. 

[All concentrations in parts per billion by volume of vial head space; nm, not measured; the method reporting level (MRL) for PCE, TCE, 
cis-1 ,2-DCE, and benzene was 2, 10, 15, and 10 parts per billion by volume (ppbv), respectively; core identifier refers to multiple cores 

collected from a particular tree] 

Tree 
indentifie 

T34 

T35 

T36 

T36 

T37 

T37 

T38 

T38 

T39 

T39 

T39 

T40 

T40 

T41 

T41 

T41 

T42 

T43 

Tree 
descriptio 
n 

Oak 

Ginko 

Ginko 

Oak 

Oak 

Oak 

Core 
identifie 

12 

A 

B 

A 

B 

A 

B 

Diamete 
rat 

Breast 
height 

(inches) 

833 

12 

24 

17 

16 

Analysis 
date 

8/20/200 
8 

8/20/2008 

8/20/2008 

8/20/2008 

8/20/2008 

Core 
collected 
date 

8/20/200 
8 

8/20/2008 

PCE 
ppbv 

8/20/2008<i· 

8/20/20os<>;;-

8/20J2boa· .•• 

0 

0 

8/20/2008 8/20/2008 . 0 

.. ~.·.·:{:i·,·>-
8/20/2008 : ·~-~/20/2008 . 44 \ 

TCE 
ppbv 

'::·.;.:; 

··:.· ... ~-,; 

0 

0 

0 

0 8/20/20o~':\ · 8J'z6)2oo8, trace(26 ' •.)\"> 

. . 8/20/20o8\.:: __ ~/>~~2oo~ ~:;_'··(:1\~·~6-.. •.· o>, .;·o A 

S/20/2008 8/26/2008.. > 29- --,.,_, 
-':."",": 

B 

B 

c 
::=~ 

B/20/2008 8/20/2008 

8/20/2oo8 8/20/2008 ·· 
·~:. '·;; ..... ::_~:·;~.~~-~ ........ ~ . 

8/ib/2iib8·'iL8/:20/2008 
.-:':1=:. <.: ::.· ~~':3~~\;;-;t_.,, 
S/~0/2008 8/20/200B_";;-

8/20/200S\. 8/20/2oo8 
< .. -·.=· 

i%"8/20/2008 '< 8/20/2008 .. ).(, . ·~ 

. :·.. '> ,)}, 
'·\,;~G:·:~,_ 13 0·:·~Ar'2008 8/20/2008 

A <0c-.. ~4 :. _ ,}'20/2008 8/20/2008 

65 

0 

0 

0 142 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

Cis-DCE 
ppbv 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Benzen 
e 
ppbv 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Heating 
second 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Comment 

injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 

12 injected 
200 ul. 

12 injected 
200 ul. 

12 injected 
200 ul. 

12 injected 
200 ul. 
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Table 2. Concentrations of perchloroethylene (PCE) anq other volatile organic compounds in tree-core 

samples collected from downtown and around Montgomery, Alabama, during August 2008-Continued. 

[All concentrations in parts per billion by volume of vial head space; nm, not measured; the method reporting level (MRL) for PCE, TCE, 
cis-1 ,2-DCE, and benzene was 2, 10, 15, and 10 parts per billion by volume (ppbv), respectively; core identifier refers to multiple cores 

collected from a particular tree] 
Tree Tree Core Diameter Analysis PCE TCE 

indentifier description identifier at date 
Core 
collected ppbv ppbv 

T43 

T44 Oak 

144 

T45 Oak 

T45 

T46 O~k 

T46 

T47 O~k 

T61 O~k 

T62 O~k 

T63 O~k 

164 Oak 

T68 Oak 

T70 Oak'." 

170 
. :.=.-:. ~~·,:=>. 

T68 Oak 

T65 

T65 Oak, live 

159 

T59 Oak, laurel 

T60 

T60 Oak 

166 

166 

Breast date 
height 

(inches) 

B 20 8/20/2008 8/20/2008 

A 19 8/20/2008 8/20/2008 

B 19 8/20/2008 8/20/2008 
......... \. 

8/2o;2oos A/ o 

8/20/,%3~·~:>· 0 
.. ........ , 

8/20/2008 :,.!~' 0 

14. 8/20/2008 A 

B 8/20/2008 

A 14 . 8/20/2008 

B 8/20/2008. 8/20/2008 . ; } '·:. 0 ; 

A 20 

A 25 

~·· ·-~· .. 
A 

: .. :. _:·,-~-

8/2o;2oo8.: '.\B/?-9/.~008 o 

8/20/200~}t;:.~/20/i6tiii·;c~-,-, .. o 

... .. 'n ->· , 8/2o;2oo8 ' B/'fR/2oo8 

A-· i };/ 18 ··. :·~/20/2008 8/i~hoo8 ,::':.y~ . . ... ,., 

A . ··.·. :'(<28 
8l2oqoo8 8/20/2D~.8r:;, o 

A 

B 

A 

B 

A 

B 

. ··~ 

8 .. :;=,. 8/2o;2oiis·,.""8/20/2oo8·:·\ o 
', ;···.r=R- .. :::)·,··= .. ,'•,':::.•.'••.\o:.,, ,',:' :\! 
8/~0/2008 8/20/2008 'c. / 0 

•. . : . ·-=~~ ...... 

. 8/20/2oo?}V 8/2o;2oo8 

12.5 · 8/20/2008 S/20/2008 
· .... · ... ~:. 

0 

0 

0 

s/2o/2008 8/20/2008 o 
".··. / 

·· · · .ii/20/2oo8 8/20/2008 
... ·/ 

0 

.. ':~;/ 8/20/2008 8/20/2008 0 

13 8/20/2008 8/20/2008 0 

8/20/2008 8/20/2008 0 

11.5 8/20/2008 8/20/2008 0 

8/20/2008 8/20/2008 0 

66 

0 

0 

.. o 

68650 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cis- Benzene Heating Comments 
DCE ppbv seconds 
ppbv 

0 

0 

0 

0 

0 

0 

0 

0 

573 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

· ... :,. ... >(). 

-·. : ::~?--. 

/:"• 

a·. >' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 injected 
200 ul. 

12 injected 
200 ul. 

12 

12 

12 

12 

12 

injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul . 
injected 
200 ul. 
injected 
200 ul. 

12 injected 
200 ul. 

12 injected 
200 ul. 

12 

12 

12 

12 

12 

12 

12 

12 

12 

injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul . 
injected 
200 ul. 
injected 
200 ul. 
injected 

200 ul. 
12 injected 

200 ul . 
12 injected 

200 ul. 
12 injected 

200 ul. _ 
12 injected 

200 ul. 
12 injected 

200 ul. 
12 injected 

200 ul. 
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Table 2. Concentrations of perchloroethylene (PCE) and other volatile organic compounds in tree-core 

samples collected from downtown and around Montgomery, Alabama, during August 2008-Continued. 

[All concentrations in parts per billion by volume of vial headspace; nm, not measured; the method reporting level (MRL) for PCE, TCE, 
cis-1 ,2-DCE, and benzene was 2, 10, 15, and 10 parts per billion by volume (ppbv), respectively; core identifier refers to multiple cores 

collected from a particular tree) 
Tree Tree Core 
indentifier description identifier 

T67 B 

T67 A 

T69 Oak C(paper) 

T69 A 

T69 B 

TSS A 

TSS B 

TSB A 

TSB B 

TS7 A 

TS7 B. 

T47 B 

TS6 

TS6 

Air 

T61 

T62 

T63 

TS 

TS3A 

Diameter 
at 

Breast 
height 

(inches) 

13 

6 

Analysis 

date 

8/20/2008 

8/20/2008 

8/20/2008 

Core 
collected 
date 

8/20/2008 

8/20/2008 

PCE 
ppbv 

TCE 
ppbv 

Cis
DCE 
ppbv 

o ~~ve~jfl)>,~ o 

.. · 0. ····.0-:.,%~", .. 0 

8/20/2008 , __ o , - o · ·o 

Benzene 
ppbv 

0 

0 

0 
·<·.;~_\\ '· . :::. 

8/20/2008 0 

8/20/2008 0 

14 8/20/2008 

8/20/2·~-9-'t.'Wt"· o 

8/20/29.9,8' 0 
"\'.\(.:;:=:J~~ 

8/20/2008 ' ':. 0 
:~~ ....... '.· ' .. 

8/2P'.t~~~~>'"- 8/20/2008 · a"···< ._. ifi" 

:::::::~-,:::;~:,>: \8~~~ 
<<" ··. '·., 

. ij!"• >~ 8/20/2008 ' ~lz0/2008 .'•. ~)·:c,, 0 

·''"'· ·'f0:0~72~eoo8 ;t2o}~oo~- ·:).tt~ ""'' b 

20 

. . -·~·· . . . :· . .._ ..... 

·:·r-:2_:_~_-.•'_\._._-,·._.·_··_.·,_ 8/20/fO~~ 8/20/20?~>\ 
. - .-· 8/2<i;ioos·~ .8/20/2oo8<·. "\. o 

·-<~>-~--··· .":'"··~·.. ·.<- ·.:.\ 

0 891 

0 

~1:2.?/2008 8/2p/200.8. 'OJ 
. ..... ·.:. ·,·· .•; ~ ..... 

.... ·. :~:~!f~ :::;::::" 0 

0 0 

0 

0 

23 0 0 

nm / il/20/2008 8/20/2008 

.. ~·~f!IZ"'"" '"''"" 
0 

120.6 37 

0 

10 8/21/2008 8/20/2008 0 0 

67 

a·'. 
.:·.~~ 

0 ·=>;\::.\. 

0 

0 

0 0 

0 0 

0 0 

0 
·.Y 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Heating 
seconds 

12 

12 

12 

12 

12 

12 

•·.· )2 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

8 

Comments 

injected 
200 uL . 
injected 
200 uL. 
injected 
200 uL. 
injected 
200 uL. 
injected 
200 uL. 
injected 
200 uL. 
injected 
200 uL. 
injected 
200 uL. 
injected 
200 uL . 
injected 

200 uL. 
injected 
200 ul. 
injected 
200 uL . 
injected 
200 uL. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
injected 
200 ul. 
Short heat 
because it 
was 
collected a 
few days 
ago, 
injected 
200 uL. 

8 Short heat 
because it 
was 
collected a 
few days 
ago, 
injected 
200 uL. 
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T52 A 38 8/21/2008 8/20/2008 

68 

0 0 0 0 8 Slight TCE 
peak
wave. 
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Table 2. Concentrations of perchloroethylene (PCE) and other volatile organic compounds in tree-core 

samples collected from downtown and around Montgomery, Alabama, during August 2008-Continued. 

[All concentrations in parts per billion by volume of vial headspace: nm, not measured; the method reporting level (MRL) for PCE, TCE, 
cis-1 ,2-DCE, and benzene was 2, 10, 15, and 10 parts per billion by volume (ppbv), respectively; core identifier refers to multiple cores 

collected from a particular tree] 
Tree Tree Core 
indentifier description location 

TS2 

TSl 

TSl 

TS4 

TS4 

TS4 

TS4 

TS3 

TS3 

T7 

T48 

T49 

T49 

TSO 

TSO 

T32 

T64 

B 

A 

B 

A 

AR 

AR2 

B 

B1 

B2 

B 

A 

B \• 

A 

Diameter 
at 

Breast 
height 

(inches) 

38 

12 

28 

Analysis 
date 

8/21/2008 

8/21/2008 

8/21/2008 

8/21/2008 

8/21/2008 

8/22/2008 

Core PCE 

collected ppbv 
date 

8/20/2008 0 

8/20/2008 

8/20/2008 
.:<;:..h 

8/20/20?_8"':}iMo 

8/20/2008/' o 

8/20/20b8::· 0 

TCE 
ppbv 

0 
/. 

0 

0 

0 

Cis-
DCE 
ppbv 

.. ·.):~, 
... _.,, .... _ .. o 

0 

8/22/2Q0.8 8/20/2008 .. 0.!:\__,./·q.;;-: .. ··· 0 
, .... , .• _ .. ··:·:. ··"'?<· 

10 8/22/200~jf 

8/22/200B:t\· 

12.75 8/22/200S': ·\ 

. ;1 ' • 8/22/2008 

. ,· ":;_: . 8/22/2008 
"'• .. ·, 

12 8;2i/zoos 
~~-:, .· .. ~. 

8/:i2/:wo8 

: . . '•.l 

-Ji-z~;~; 
·-c::.,;-y 

69 

0 

0 

4657 

0 

0 

0 

30 

Benzene 
ppbv 

0 

0 

0 

·.;\, 
toluene ahto~,_ 

· •.. :,:;;!;.;, __ 

Toluene at 9S'-':;' . \ 
': =)i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Heating Comments 

seconds 

8 injected 
200 ul. 

16 injected 
200 ul. 

8 injected 
200 ul. 
injected 
200 ul. 

8 injected 
200 ul. 
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Table 3. Concentrations of inorganics in tree-core samples collected from downtown and around Montgomery, 

Alabama, during August 2008, in milligrams per kilogram (equivalent to parts per million). 

Tree 
10 

MDLmean 

T32(R) 

TS9 

T29 

TlS 

T64 

T23 

T25 

T47 

T31 

T44 

T17 

T3 

-T6 

T21 

T3S 

T40 

T32 

T62 

Tree 

dia 
(inches) 

14 

22 

8 

44 

28 

7 

13 

20 

26 

19 

13 

23 

17 

17 

12 

[R, replicate; T, tree; 5.95, mean of 18 sample method detection limits] 

Cl Na CI/Na 

5.95 67.1 

19.718 75 

49.432 63.8 

0.25 

0.77 

0.49 

0.49 

Cr Pb 

1.11 1.56 

3.645 1.481 

0.782 

1.955 

35.228 

1.253 

1.501 

2.069 

p Mg K Ca 

·::.'>. 
:·) .. :.,_ 

Ru Sr Fe Cu Zn 

10.6 45.6 4;94;7' 11.6 1.87 2.47 0.94 0.41 0.43 

204 1790' Wag 1660 5.5 11.s 538 1.6 2.1 

150 . 296 ,. 2~40 >~ 1900 1.6 

422·-. < 91'9 11do> ina 9 

·· s~./ 356 1570 16ao::,._, 7.5 

20 

19 

2.6 

104 2.78 7.3 

113 0.4 7 

198 2.7 

S Mn 

7.66 0.94 

186 27 

166 11.3 

159 4.4 

117 

31.859 63.8 

29.838 60.2 

27.591 . 66.6 0.4 

1.9 

0.06 

0.44 

0.47 

0.06 

0.06 

4.788 

2.778 

.. / : ~-· ....... 

1.324(_:· ·'•\320 552 1450 1460 . L7 7.6 

··,·. i2p 136 609 616 1-f>~. 8 

304 2.4 

1.4 

7.3 

3.8 107 

80 

22.8 

6.4 

9.6 

23.7 

7 

10 

135.401 68 

4 65 3.14 

31.801 70 

32.112 67 

4.2 66 

74 
..... 

5.1 

44.007 65 ·· o:67. 
6.12 

4.713 

12.761 0.18 ·. · .. :2.897 

26.968 i.::····~.s •.. , o.3B . ~-.861 
68.032 71 9.95 ;2,5~1. 

1.625 

1.266 

1.944 

l.S9'-

··. ·' :\.. 

. 77'"- •. 822 .··• '1770\ 1060 

237 ·:- \4ii·• · ii10 1570 

216 ;. 1250 

266 .. ;·230 

2740 

2180 

134. :>.489 1560 . ; "6170 

163 ;· .. 36i >,1270 · .. 9~4 
. ·.·.::-.:<· ) ... .. :·· 

1.584 ··.··.,,g.5);>271.8' ; 3GB· 941 

·· .. ·. 
1.554 807 

511 

1190 

163Cl 1930 

65 
: ~ ... 

1.8 ·.; 7~9"\ 201 

2.1 10.4,.;/ 58 

6.6 

1.6 

15.6 

18.5 

119 

53 

3.6 

2 

3.7 

1.1 

6.2 

8.8 

3.2 

7.4 

3.4 

104 

97 

150 

156 

94 

1.7 32.7 174 5.9 9.3 186 5 

1.9 10 226 2.5 4. 7 264 3.9 

1.5 10.2 235.7 7.3 3.7 135.7 6.9 

2 7.9 94 2.2 3.3 136 19 

1.9 19.4 66.8 1.1 4.1 149 12 

2

1

•

4

2··· .. .' · 4:2 '·"···.·.·.6
6

&

6 

·; o0·~.·~4o63::\;.'•~ 0:.;o_ .. ~9'':'0859 c l1·~.2795s5•.•. 4§·:~\ 
29.2()~\ . ' >>,375 }-' 

: .· .•· ;.= ... ::'~\ 

310 

225 

363 

1910 

881 

1740 

2060 

2860 

1550 

1170 

1.5 9 60 1.6 1.8 107 10.3 

7.3 131 0.4 4.1 240 14.3 

• ' i\('.23 16.98 S9 0.27 OJ:i91 1.534 ·113 
·:· ~ .. ':.:,_ ··. 

70 



Well 
Name 

IS 

I I 

2S 

4S 

51 

7S 
71 

8S 

81 
9S 
lOS 

12S 

12I 

Llrc!ii cnpy.f(Jr revinvpwpt>Scs nnf\', f?esiil!s comuineJ herein must 11111 ht! quoted or released in cmv 1-1:uy w;;l rha1 rlzc< rtji<)i"i is regw·JcJ us pre!imin,vy und 
sl!bjc<:IIO l'<!l>ision 1!11/il uppnll'al b_1' the Dir,~cror. U.S. Geologicul Survty 

Sample 
Date 

05/19/09 
05/12/09 

04/07/09 
04/21/09 
04/08/09 

04/09/09 
04/09/09 
04/20/09 

04/21/09 
04/27/09 
04/27/09 

04/23/09 

04/22/09 

Sample 
Time 

11:35 
11:30 

15:00 
9:30 

13:10 

11:15 
14:40 
11:40 

13:40 
14:00 
10:15 

11:30 

12:35 

Depth 
TOC to 
elevation, Water 

Well ft above from 
Depth MSL TOC 

feet 
feet AMSL feet 

51.96 189.37 39.59 
141.76 190.00 40.52 

59.87 188.59 42.20 
38.75 178.72 32.24 

159.87 210.98 59.52 

96.71 179.65 35.61 
128.85 179.76 35.57 
51.77 173.46 35.92 

.... ::-·.:, 

... ::.·-~·=:::-:. 

Table 4. Field Parameters, groundwater, April-May 2009 
[5, shallow well; I, intermediate well] 

Elevation . , Hac 
of 
groundw 
ater, ft 
AMSL 

feet 

Hach- Hach-
Dissolve Sulfid 
d Oxygen e 

Hac Hac . h-
h- ~·-· ·./ ' Ferr 
Sulf / Nitra ous 

~~~;2~~~:.!~:·: Iron 

Hach
Turbidity 

AMSL mg/L mg/L . mg/L mg/1:. mg/L ntu 

149.78 
149.48 

5.0 
4.4 

146.39 6.3 
146.48 6.4 

71 

0 
0.0 

2 
0.1 

2 

1.7 
0.5 

0.8 
0.2 
0.5 

0.1 

0.8 

YSI YSI Meter 
Meter- YSI Meter-
Temper Dissolve Specific 
ature d Oxygen Conductance 

degrees microsiemens/c 
Celsius mg/L m 

22.35 5.11 266 
20.87 5.55 64 

21.85 5.9 212 
21.54 4.9 322 
21.75 5.4 60 

21.81 2.6 70 
22.06 6.9 212 
22.25 6.6 219 

21.34 3.35 72 
22.99 6 177 
22.69 5.2 249 

22.04 4.9 254 

21.22 1.8 91 

YSI Meter 
-pH 

pH units 

7.3 
7.7 

5.2 
5.6 
5.8 

5.8 
5.2 

5 

6 
5.1 
5.3 

5.5 

6.1 



Well 
name 

1S 
11 

11(R) 
2S 
4S 
51 
7S 
71 
as 
81 
9S 
10S 
12S 
121 

THMs 
37.3 

3 
2 

3 
1 

Dr(!lr c(I{J_r/(w rcrinv jJ/!I[IUSes OII!J. Results CtJ!I!idncd herci11 must nor he quo1ed or rd~·asecl i11 anv '~-'it)' u11d rl!ui rh.; rcpou is regardc·d us prditniiiJI)' aud 
su/Jject to !'<~vision 71111il appnwal f>y the Dir,~ctor, U.S Ceologit·,d Surny 

1,1,1,2-
Tetrachloro 
ethane, water 

0.04 
0.04 
0.04 
0.04 

0.07(E) 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

CFC-
113 

0.04 
0.04 
0.04 
0.04 
0.18 
0.04 
0.04 

Table 5. VOCs in groundwater, April-May 2009 
[Mean reporting levels as shown in black] 

1,2- 1,2- ' 
1,1-DCA 1,1-DCE Dichlorobenzene· \DCA 's~nzene 

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

\"· 
;· .. .-_::=:::. 

0.049(E) 
0.02 
0.02 

0.09(E) 
. o·.qg:_: ' . 
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0.02 
0.02 
0.02 
0.02 
0.02 

cis~ 

1 2> ' . 
Diethyl 

DCE "<..:·· 'Dichloromethane ether DIPE ..:.;, 

0.02 0.04 0.12 0.06 
0.02 0.04 0.1 0.06 
0.02 0.04 0.1 0.06 
0.02 0.04 0.1 0.06 
18.8 M 0.1 0.22 
0.02 0.04 0.1 0.06 
0.02 0.04 0.1 0.06 
0.02 0.04 0.1 0.06 
0.02 0.04 0.1 0.06 
0.02 0.04 0.1 0.06 

0.02(E) 0.04 0.1 0.06 
0.02 0.04 0.1 0.06 
0.18 0.04 0.1 0.22 
0.02 0.04 0.1 0.06 

MTBE PCE 
0.15 5.28 
0.1 0.07(E: 
0.1 0.08(E: 
0.1 25 
0.1 84.8 
0.1 7.77 
0.1 0.07(E: 
0.1 0.06(E: 
0.1 18.8 
0.1 0.01 (E: 
0.1 0.03(E; 
0.1 0.07(E; 
0.7 63.8 
0.1 0.01(E) 



/)r{!li cupvji)/" rel'it'H' ]Jlll'jJOses only. Ncsults con ruined hercill11111SI /WI he quoted or released i11 {tnF way and thar !he report 
is reg,arded as prcliminmy and suhjcct 10 revision 11111il appr01·a/ b)' !he Direuor. U.S. Gcoiogic,J! Survev 

Table 5. VOCs in groundwater, April-May 2009-continued 

trans-
1,2- CFC-

CCI4 Toluene DCE TCE 11 TCM VC 
0.06 0.018 0.018 0.061(E) 0.08 
0.06 0.02 0.02 0.02 0.08 
0.06 0.02 0.02 0.02 0.08 
0.06 0.03(E) 0.02 0.1 0.06(E) 
0.06 0.02 0.18 9.62 0.08(E) 
0.06 0.02 0.02 0.51 0.08 
0.06 0.02 0.02 0.02 0.08 
0.18 0.02 
0.18 0.02 
0.06 0.02 
0.06 0.02 
0.06 0.02 
0.06 0.01 (E) 
0.06 0.02 
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Table 6. lnorganics in groundwater, April-May 2009 
(MRL, mean reporting limit) 

'· .. ·v:. 

Well name 

Depth of well, 
feet below land 
surface datum Ca,mg/L Mg,mg/L K,mg/L Na/mgJL·.·.· •.AI, ug/L As, ug/L Ba, ug/L Be, ug/L 

1S 
11 
2S 
4S 
51 
7S 
71 
8S 
81 
9S 
10S 
12S 
121 

MRL 

51.96 
141.76 
59.87 
38.75 
159.37 
96.71 
128.85 
51.77 
119.73 
71.76 
71.91 
41.88 
104.69 

National Primary 
Drinking Water 

Standard 
National. 

SecondarY,'·; 
Drinking Water 

Standard 

11.8 
4.38 
10.5 
7.09 
4.26 
3.91 
13.5 
12 

5.51 
6.57 
8.73 
16.8 .. 

6.2 
0.04···,··· 

·:.,::": .. 

5.33 4.21 
0.415 1.53 
4.13 3.5 
3.3 13 

.. 

0.58 2.04 
0.512 1.74 
2.71 3.2 
3.61 ··'4.82 
0.61 ">~~- :~=::= ... '1:78· 
3.58 t.~·:· 2.71' 
3.76 <··2.39 

:_.·.=: 

A.34 '4;34 
0.7~!'5,., 2;08' 
O.OOB ... O.Z. 

\;. 
; 

"»: •. 

:. :_ ·. =:·> 

>-··.·.'. 
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-21 
~y· .,. 

10.7 0.14(E) 63 0.2 
4.98 2.1.7 0.21 34.9 0.2 • .. 
18.9 32 0.2 69.4 0.2 
45.1 14 ·.•··· 0.2 55.9 0.13(E) 
4.8 6(E) :0:2 25.4 0.2 
8.5 110 Oc?(E) 17.8 0.2 

.'f6,2 6 0.2 133 0.23 
18.13 ·.· •. 9 0.2 68.1 o: 15(E) 
6.2 -::.:· 15 0.2 35.9 0.2 
14.9 

·.;.,,·: .. 
6.2 <.2 127 <0.2 .. 

-;i" :\~'=":-
.· 25,6 ·~"'•8.4 <.2 56.9 <.2 
·18.5; .:;, . '"":·:4 0.2 106 0.2 .. 11:;;; .. · ... ,=-·., 

220 0.48 18.9 0.2 
0.4 6.0 0.2 0.6 0.2 

10.0 200.0 4.0 

200.0 



Cd, 
ug/L 
0.071 
0.15 

0.04{E) 
0.06 
0.06 

0.05{E) 
0.06 
0.11 
0.06 

0.074 
0.045(E) 

0.13 
0.06 
0.06 
5.0 

[)rcU! cur'Y.f(Jr n.'vieH·' p:.opt.lS<..':·• only. Nesult.s cnnJ~.;incd herein 11/lf:>lllOl he qucJted c)r r~.;-/ci.l.'\.('1..! iii uny 11-·uy iuul rhL:I !ht:. report is rt:~t;.·._lf·ticJ us pn.:li'nlinuty iJnd 

Sl!hject ro r,:\)sionuillil up[>rOI'ol by the Dir,'ctur. C S. Gculo:;hu! Sun·cv 

Table 6. lnorganics in groundwater, April-May 2009, continued 

Cu, Pb, Li, Mn, Hg, Ni, Ag, 
Cr, ug/L Co, ug/L ug/L Fe, ug/L ug/L ug/L ug/L ug/L : MQ, ug/L ug/L Se, ug/L ug/L Sr, ug/L Zn ug/L 

6.1 0.122 2.2(E) 22.2 0.157 1.21 6.67 0.009'""'"'Y 0.11'2· 9.5 2.07 0.06 98.8 4.5 
3.69 0.123 <4 27.9 .077(E) 1.01 3.97 0.·01· 0.186 8.1 0.09(E) <0.06 61.8 <4 
3.5 0.1 218 28 1.13 1 13 0:011' 0.1 "'<:?:::·3 2.6 0.06 74.4 11 
1.2 0.25 101 12(E) 0.18 M 18.7 

:,:::tt!} 
:Q~:01 0.1 ''1.'1 3.3 0.06 54 4 

2.4 0.1 30 9(E) 0.31 2 0.9 0.01 0.1 0.61'<>> 0.12 0.06 73.7 4 
1.4 0.27 4 75 0.34 2 26.7 0.01- 0.2 4.6 '"(;0.06(E) 0.06 87.6 4(E) 
5.1 0.1 98 15 0.45 1 2.7 0.01 OA 2.3 5.6 0.06 146 9 
3.3 0.1 40 20 0.91 2 " 15 0.01 0.1 3.5 1:9 0.06 120 6 :.:: 

" 

9.4 0.24 28 128 0.11 3 .·· .. 6;~,:_; 0.01 .:·.: .. !!) •. 1 18.5 0.09(E) 0.06 97.1 4 
2.45 <.1 <4 10.7(E) 0.103 0.911 7.58' ··;:::: .. · .0.01 ··.~·;1· 3.37 1.69 <0.06 59.6 3.2(E) 
3.13 .053(E) 15.7 12.2(E) 0.131 0.828 4,65 "0.01 ·•. ·'·.,.· .. 

<.1 1.73 3.09 <.06 47.7 2.9(E) 
" 

"¥,~~~. ·. 
3 0.06(E) 50 14 0.16 1:8 0.01 0.1 4.6 2.1 0.06 118 12 

2.1 0.4 14 300 ·0.13 74.5 0.01: o.x 2.9 0.22 0.06 127 4 
0.4 0.1 4.0 14 ·\.~:'q:1 o.oa. ... 0.4 0.01 0.1 0.2 0.12 0.06 0.8 4 

100.0 1,300.0 1tto 
>r~.~ .' .. 

2.0 50.0 
300.0 

•"i-""i: 
····:.·, .50.0 : :·-~-~-=-~~ 100.0 500.0 

.·~-~<< ;.-./,~~·~.:=~.· ·-<=ts_::;:y··,::..-.. ··. .: '·>1:~\i:t.; :::~>·.,~ ... :·, '·'·~·· '· 

. .-,_·,\:.-.. · '\0"':.--·-. ·=-,-:;.':;: .. 
"\(i~\ 

.. ,.,. 
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Table 7. Timeline of events important to ·the Commercial Print Industry, 1436-2010. 

[
1 A TSDR accessed 1 011/2008; 2Black & Veatch 2002; 3Malcolm Pirnie, Inc., :2003; 4Envrionmental Materials Consultants, 

Date1 

200 

1436 

1640s 

1728 

1796 

1875 

1886 

1903 

1960s 

1990s 

1Table footnote:i}/w 

Inc., 2003; 5JM Hall SEA, 2007; 6this report; 7Scott and others 1987.] 

Event 

Woodblock printing. 

Printing press invented by Johannes Gutenberg. : .. =:/-:· 
":::::~ . 

Monotype letterpress invented by Giovanni Castlglig~~:-~· 
.. : :_-::-~_:·:::·;.=;/" . . ... 

. ·•·',_ ... / .. .:.:.>.,__ 
Ben Franklin prints Poor Richard's Alm:iliac)c in Philadelpllla;;. 

. .. --~· . 
·. ": ~-_,.. 

.. ·. ·:.:/· 

Lithography invented by Alois Senefelder. 

Offset printing on metals invented _by Robert Barclay.· . 
... ·:._-~>.\. . . .-_::;'·:, .. _·~ ~~) 

Linotype invented by Ottmar Mergenthal'er: · ···,_ /'· ';; Y'. 
Offset printing on paper. i~~ented by Ira R~b~J-,. {;':'-.:)••' 
Print roller and paper are <#fsetby ft1bber blanketr~!ler. 

.>. . . > . .,. "{.:_=;.;.=,:::;.\. 
~ : .\. ··•. . .. · -~·-· . .-.. : . .. ··, ~-'::. 

Commercial Printing Industrys:witch'es f/0~ f!arnmable~lcphol
based solveQt~·to_non-flammable chlorinated~oly_ents, such as 
TCE and PCE; to accelerate drying. times iri the pressroom . 

. . :. _:· .-_:;: -~-. . <::· ·:-';\, <)-: \. _:-:·:. _.;;-"" . :, .. ::_)~'.<:: .. ·-=~ 
.. : .. · · .. ··. .. . >.--"·. :~··-~·- .. · ··.7 

Corrim.¢rc;jal Printingiridustry switche$ t<fvegetable-oil and 
water-base'd.-solvents arid inks. · _;,~ 

.·::-,. 

._·:.:~~:/.·...,~-~ ..... 
. :::!"\ < >., .,.._ 

. . . /.·· .. : . j -~ .. •·."~·~:. 

...... ' .. _ . .-),_ 

·. ·-··-·· /"'-, ·''.-\ . 
... . :~. -, 

: ...... !., 

.·.: -\ 
_;• 

... :. ~ .... 

. . : .. · .. ·::--.. _ 

·, 
··.:· :~> .. 

·. ·' . .-·! 
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Table 8. Listed Wastes and Toxicity Characteristic Contaminants Found in the Commerical Printing Industry 

(USEPA 1997b) 

Waste Code 

FOOl 

F002 

F003 

F005 

D005 

D007 

DOll 
.,. 

Waste (only major chemicals are listed) 

Spent halogenated solvents 

PCE 

TCE 

1,1,1-TCA 

),-~>-.:r · ... / 
···.:...> 
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Table 9.Timeline of events of the Commercial Printing Industry important to the assessment of the Capital City 

Plume Site, Montgomery, Alabama, 1819-2010. 

[
1 ATSDR accessed 10/1/2008; 2Biack & Veatch 2002; 3Malcolm Pimie, Inc., 2003; 4Envrionmental Materials Consultants, 

Date1 

1819 

1828-29 

1833 

-1850 

1855 

1860s 

1885 

1940--41 

1960s 

1962 

1970 

1970s 

1977 

1991-92 

Inc., 2003; 5JM Hall SEA, 2007; 6this report; 7Scott and others 1987; 8Muskat, 1985.] 

Event 

City of Montgomery incorporated. 

A major Montgomery newspaper founded. 

Major newspaper changed name. 
. · .... ·. ;,;·· :.:.. 

A major Montgomery newspaper 1~2at?fon Commerce Street8
. ,-,i·.~~S: 

·--~ + 

Building constructed at 200 Dexter Avenile~~nd occupieq by a major M~rltgomery 
newspaper. ':-..,~ :;>" .. · ... 

Storinwater sewer syste~\?.>~rif!-~;~~~t~omery i .· <,""-·. 
-;_. "<·\ . ·. :~>'•., ; . ..,, 

Montgomery-municipal water,shpplied by<well·.fields 1• · •. }.,,., 
. . . . . ·~. . . ·\ · .. : . -~:-....,_ · .. -~- ·_=;·.1 

' ~ . <:: :~~:~;?-·':=~::_ .. ,_ .=_-·:·.· ·:-.., ·y·· -~ .... "....... ··· .. >" 
. ·'· <j' ·.·,:.=,::-;'=\ · . . :.·::·.:··. -·~/ :,?/'· · .. ·, ·-~ .· ..... _~) 

A maJorMoptgomery ;·ewspaper ~ov~(from 200 Dexter Avenue to 200 Washington 
Street, the,fo?mer locatiou,,of a competingc11ewpaper. Location used as a press room. The 

.. o;. ;. ~·;I1t:.'c"spaper operates an 8-unit 9oss Headlinf!r letter press and made zinc plates on site. 
-· .. _: ... ·-:·.-i;=:.···_ . ._;:;<· .. i. ~.:._·,_··,r.r·-:·. -·='""- . .. ·:_>J.i 

·· .. .":-··.-.: ;> .. 
. >'... '' .:_.;""" . .:>> ·. 

CommerciaLPJinting'Irl.dustry switches from flammable alcohol-based solvents to non
flammable thliJripated sol,Yrn~s, such as TCE and PCE, to accelerate drying times in the 

:• pressroom. <; ; · • >"> 
... 

··.·._ ..•• ' .-· j\ 2 7 

Public supply well QW drilled in the shallow aquifer, screened from 69 to 79 ft bls · . 
-;-, .. : :.- ~-- ,_· . .=·:_·. ·_-.:v 

Montgomery;sev{a.ge previously discharged to the Alabama River now sent to Econchate 
Waste water:ireMment plant. 

A major Montgomery newspaper made aluminum plates on site at 200 Washington Street. 

A commercial company used to launder soiled rags off site. 

A major Montgomery newspaper operates a 9-unit lithographic offset press, which uses 
an ink and water mixture. 

PCE at 7.1 11g/L detected in public supply well 9W in April 1991 and PCE at 21 11g!L in 
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September 1993 

October 1993 

November 1993 

February 199 5 

1996 

1997 

1999 

2000 

2002 

2003 

2007 

August 2008 

January 2009 

wells 9W and 9E in May 1992, both in the shallow aquifer; MWWSSB . 

Workers overcome by vapors during soil excavation at about 25 ft bls for RSA Energy 
Plant2

. 

(Contaminated soil excavated and removed2
.) 

ADEM Phase I lnvestigation2
. 

ADEM Phase II Investigation2
. 

__ .. ;;·i:~;':::;i':'x•·< .. 
ADEM Preliminary Assessment confirms detectioh of'l;'.§J?)n shallow groundwater near 
the RSA Energy Plant2

. }' · <"'•_:;'>.,\ 
: .. · . ·-· -~ : 

.-</~ .... \":/ ··-=.::.:r: 
The RSA Tower is built near RSA·'•En~fgy Plant. 

··,·.:.:·:' :\ -.. 

·~~ City ofMontg~-~~ry begins Feasibility Study
3

. 

.>.. •-.:-..•: .. · ·•·./ 
·J:The Montgomer)I,C<~unty Coriimission initiates an Environmental Site Assessment of200 

Washington Street-Ptbe former location of a major Montgomery Newspaper4
. 

. . /.-;:~;ey 

City of Mpntgb~e~ initiates a groundwater sam ping event that indicates PCE remains in 
wells5

. <<" ·•:- •· 

The USEP A and USGS conduct an assessment of potential sources of groundwater 
ontamination6

. 

The USEPA and USGS conduct an assessment of the probable release history of 
groundwater ontamination6

. 
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April-May 2009 

May 2010 

December 20 I 0 

USEP A and USGS collect groundwater samples from wells at the CCP Site. 

USEP A collects groundwater samples; USGS analyzes for CFCs and SF 6. 

This report6
. 
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City of 
'ontgomery 

t.XPLANATION. 

• .Publk:IUPPIYMI> 
0 Marlftoliblg Will (S, lhlllow; I, lntlinnldlll8) 

Figure 1. Location of Montgomery County, the City of Montgomery, the Capital City Plume (CCP) 

Site, and existing public supply and shallow (S) and interm.ediate (I) monitoring ~ells related to the 

Capital City Plume (CCP) Site (modified from Robinson 2002). 
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is reg,Drded as prcliminar\' ond suhjed io rcFision 11111il u.ppr(il'(d b_l' the Direcwr. U.S. Geulogical Survey 

M3jor Tbiekrum Hydrogeologic Rt!litnal 
SysiiiiD Stratl!Japlllc lllit 

lithology (loot) unit 
3qliftr 
Syslllfl 

Qunt~rnary Alluvial ond t~rmcc S.. nd. gmvt'l. silt and 30-100+ Shallow aquifer 
deposits day 

C~taOOOU3 "' a. Moorcvill~ Chalk and limestone 0-XO+ Selma confining 
a " Chalk unit - 2 
r}!l,j 

UppCT and lower mari nc ~ 
sru1d scpararrd by clay; " ..... 

Eutaw Formation consists of glru.~conitic 0-·KO+ w ·J\ 

·~ 
w 

·.!:! Sllld interbedded with ·:; ·;; 
"" .:allla.rrous sondstone ,., "" '~ 
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Figure 2. Generalized stratigraphic and hydrogeologic units underlying Montgomery, Alabama and the 

Capital City Plume (CCP) Site (modified from Robinson 2002). 
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Figure 3. Location of public supply and shallow (S) and intermediate (I) monitoring wells and 

generalized groundwater-flow direction at the Capital City Plume (CCP) Site, July 2007, Montgomery, 

Alabama (modified from Hall 2007). 
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Figure 4. -Locations of existing monitoring wells and the approximate extent of the Capitol City Plume 

(CCP) Site as defined by PCE in groundwater,10/15/1993. All wells are shown but not 

necessarily available for sampling in 1993 (data from Black & Veatch 2002). 

84 



Dro/i cn;n·}w r.:vie1v J!UijJOses only. Results cmlfc:tined herein Jmtsl Jlril he quoted or released in anF \1'UV ,md !hot the report 
is re:sorded os prcliminorr and suhiect to r,:vision until appro1·al bl' the Direcwr. U.S. Geological Survc.v 

EXPLANATION 
a PubUcSupptywell 
o · Monttartng _,1 (5.. sblllcM; L lntennedlll'e) 

10 KE, UWL;Ii'l g~5120D0 
~~diiWdlan 
(moc:Med tram Hlll2007) 

Figure 5. -Locations of existing monitoring wells and the approximate extent of the Capitol City Plume 

(CCP) Site as defined by PCE in groundwater, 5/2000 (moditied from data presented in Black & 

Veatch 2002). 
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Figure 6. -Locations of existing monitoring wells and the approximate extent of the Capitol City Plume 

(CCP) Site as defined by PCE in groundwater, 112001 (modified from data presented in Black & 

Veatch 2002). 
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Figure 7. -Locations of existing monitoring wells and the approximate extent of the Capitol City Plume 

(CCP) Site as defined by PCE and TCE in groundwater, 7/2007 (modified from Hal12007). 
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Figure 8. Grid system to guide tree-core collection in downtoWn Montgomery. These blocks selected for 

tree-core sampling are located within the City of Montgomery's local groundwater drainage 

basin as inferred from topographic-al highs. 
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Figure 9. Locations of trees cored for VOCs and metals analysis in August 2008. Also shown are the 

locations of the three Passive Diffusion Bag samplers in Cypress Cre~k. 
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Figure 10. Locations of trees cored in August 2008 and trees shown that had VOCs detections above the 

MDL in tree-core headspace. The actual concentrations detected are shown in Table 4.The locations and 

dates of occupation of a major commercial printing industry since 1828 are shown. 
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Figure 11. Cross section showing PID results for wells installed in 2000 during the USEPA RI (data 

from Black & Veatch 2002; data interpretation by USGS). 

91 



Dr1!/i copvfiw reFieH' JlllljJose.,· oniy. Results contained herein must no/ he quoted or released ill any l<'<1.V and thm the report 
is ,.,_,g,ordcd os prcliminarr ond s11hie,:·t io revision lllliil upprol·{d by the DirecTOr, (JS'. Geolugiccli Survey 

EXPLANATION 

• Pubic supply wei 
o Manttartng .. n (S, shallow;' ~tannec~~~te) 
• TIM. C1CR loatlon 

®· Qlaflcfe, tree an. 8/0I(ar,e NIIINe to ClDftCf!lllrMio .. 
abcMt mHn ~31.14 ppm)) 

Gefteolll:llld~dllet:llon 
OnociJfied ftvm Hill ZG01). 

Figure 12a-. Results of PIXE analysis of chloride in tree cores, August 2008. Trees are depicted that had 

concentrations above the mean for all trees. The locations and dates of occupation of a major 

commercial printing industry are shown on this and all subsequent figures. 
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Figure 12b-. Results ofPIXE analysis of chromium in tree cores, August 2008. Trees are depicted that 

had concentrations above the mean for all trees. 
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Figure 12c-. Results ofPIXE analysis ofrubidium in tree cores, August 2008. Trees are depicted that 

had concentrations above the mean for all trees. 
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Figure 12d-. Results of PIXE analysis of strontium in tree cores, August 2008. Trees are depicted that 

had concentrations above the mean for all trees. 
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Figure 12e-. Results of PIXE analysis of iron in tree cores, August 2008. Trees are depicted that had 

concentrations above the mean for all trees. 
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Figure 12f-. Results ofPIXE analysis of copper in tree cores, August 2008. Trees·are depicted that had 

concentrations above the mean for all trees. 
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Figure 12g-. Results of PIXE analysis of zinc in tree cores, August 2008. Trees are depicted that had 

concentrations above the mean for all trees. 
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Figure 12h-. Results of PIXE analysis ofsulfur in tree cores, August 2008. Trees are depicted that had 

concentrations above the mean for all trees. 
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Figure 12i-. Results of PIXE analysis of silica in tree cores, August 2008. Trees are depicted that bad 

concentrations above the mean for all trees. 
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Figure 12j-. Results ofPIXE analysis of nickel in tree cores, August 2008. Trees are depicted that had 

concentrations above the mean for all trees. 
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Figure 13a. Locations ofPCE in groundwater, data from USGS sampling April-May 2009, with former 

locations and dates occupied by a major commercial printing industry. PCE data for 9W from 

MWWSSB. 
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Figure 13b. Locations ofTCE in groundwater, data from USGS sampling April-May 2009, with 

former locations and dates occupied by a major commercial printing industry. TCE data for 9W from 

MWWSSB. 
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Figure 14a. Locations ofPCE in tree-core vial headspace, ppbv, data from USGS sampling August 

2008, ·with former locations and dates occupied by a major commercial printing industry. 
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Figure 14b. Locations ofTCE in tree-core vial headspace, ppbv, data from USGS sampling August 

2008, with former locations and dates occupied by a major commercial printing industry. 
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Figure 14c. Locations of chloride greater than 30 ppmin tree cores data from USGS sampling August 

2008. 
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Figure 15. Comparison of groundwater sample (a) turbidity and (b) totai chromium for sampling events 

on July 2007 and April-May 2009. 
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Figure 16. Monitoring wells with chloroform plume April-May 2009. 
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Figure 17. Location of sanitary sewer system, slopes from outfalls, and flow direction. 
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Figure 18a. Shallow MWs with groundwater age from SF6, May Jume 2010. 
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Figure 18b. Intermediate MWs with groundwater age from SF6, May Jume 2010. 
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Figure 19a. Shallow MWs with CFC concentrations, May 2010. 
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Figure 19b. Intermediate MWs with CFC concentration, May 2010. 
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Figure 20. CFC-based recharge age, May 2010. 
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Figure 21 . Trends for PCE and TCE in well 9W since 1991. 
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Figure 22a. Trends for PCE in MW-2S and 9W over time. PCE has decreased in MW-2S since 1993, 

and a roughly equal increase ofPCE has been observed in downgradient and nonpuming well 9W. 

116 

(' 



---------- ---- ----

Dr(!li cop_v.fiw l"<~vinv JIUI'lJOses only. Rcslllts crmf,lined herein nws1 Jlrll be quoted or released in anv way <llld tlzar the reporl 
is n'.>;.arded us preliminary and suhiect 10 revision 11111il approi'CI! by the /)irec/Or. U.S. Geulogical Sun:ev 

180 

160 
-------

MW-38, PCE(ug/L) Q 

0 9W, PCE(ug/L) 
140 

120 

.....J 100 -Ol 
::::J 

80 0 
w 
0 
a.. 60 

40 

20 0 

0 
0 Q ........... Q .......... C) 

Figure 22b. Trends for PCE in MW-3S and 9W over time. PCE in 9W decreased as PCE in well MW-

3S slightly increased. Since 2003, PCE has increased in both wells, although to a greater extent in 9W. 
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Figure 22c. Trends for PCE and TCE in well MW-4S since 1997 
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Figure 22d. Trends for PCE in well MW -8S since 1991. 
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Figure 22e. Trends for PCE and TCE in well MW-8S since 1997. 
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Figure 22f. Trends ofPCE and TCE in well MW-12S since 2002. 
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Figure 22g. Trends for PCE in MW-12S and well9W since 1991. 
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Figure 23. Location of trees cored for dendrochemistry, January 2009. Location ofT23 and T47 shown. 
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Figure 24. Peak concentrations of chloride and chromium in T47 and T23 collected January 2009. 
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Figure 25. Offset printing process that uses blanket wash on the offset, or blanket, cylinder. 
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Figure 26. Presentation of the determination of the CCP Site source area, contaminant pathways, and 

probable release history. 
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