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Positives: Enhzncd fluid recovery (EFR) is bei..,g used to reduce fr~ phase hydrocarbon 
and dissolved conurn.ination to [evds til.ac allow low cost alternative solutions, such as 
monitoring only, risk based site a.ss...-ssrn:nt. or narural attenuation. It has also be=n used 
to iemove fre: prnduct in an e:ner3ency response situation. Tne technique uses existing 
site wells, a single commercial vacul!ITl truck, and PVC manifold and well stingers that are 
bcilt from off-the-shelf materials. Tnere is no pe.-manent i.."15".alfation, r.o czpital co~.., a.,d 
the financial risk of application is primarily the one day rent.al cost of a vacuum tn1ck and 
disposal of :fluids (.orimarily ground,.::;ater-in.the vacuum truck tank). 

Tne technique is likely to be successful in the same siruations in which a combination 
Sv=:Jpur;i?-and-ti::2.t system is likely be succ~L An analysis of a,,.,.i!able data indiczte 
E?R has worked where hydraulic conducfr .. -iries have averaged 1 O~ to 10·1 c:rrilsec and the 
depth to the v.-ater table has generally b~, gT::2.t:r than 10 ft. In most cases, thiclcncss of 
product has irutiaily b~n less than one foot in the :xrrac-.ion monitoring wclls and the 
average recover)' of hydrocarbon pei i,isit -=--as 40 gal (one case of3 l 0 gwvisi_t is not 
i.1duded). Tnus, hydroca.-bon re::overies have been g:nerally good. 

uv~ts: Tne me2.5Ured water t2ble cone of depiession is very steep wd the calculated 
radius of i.i.!luen:::e from the volumes of i.:.c.ter recovered is not gie.at. Tnus; there is a re.al 
co~:!r7t "! ha! th~ t~::~-jau~ is not 'l~~.; ~ff~cr i·.,~ at r~~dI2!in~ disso lved nh2..Se 
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:::0:1:2-1-.iination ve-;y far from the wdfoore. Aciditionally, the re.dial are.a of re::ove11 of 
iesidual product t12.ppd below 1he 'WC.ter '2.b[e may not be as gre.a: as ~ected because 
c2;;.·do'Wll. does noc ::xtend very far. 'fnere have ~:i t\=.·o recent fai lures which were in 
si~atiom in whi:::t a standard SVZ::./P&T S)"S!ern would also have b~-n unsuccessful and 
;;..·o:..:!d nae have been attempted. No method is currently available for choosing a.ri 

optimum schedule for the periodic visits and no data is currently available on the long term 
eEe=-iveness of the te-:hnique (does rebound OCOJr?) . 

R~co;:i;ncnd2tions: Since the cost of piloting the S-R technique is likely less tha,, S2000 
pe:- visit (moie tha., one visit may oe ne--de:d), it is r~mme:ided that the technique be 
a::e~pted . The is.sue is not whether the t~h.-.ique i;i,-iJl recov~ hydro.::2.rbon (the data 
L,,d:c.ates it ..... 111 in good geology), but rather .-=.-ill it achieve the rcduc-..ions n~sary to 
aiio'.;I alternate solutions. Tnis may~ signi.;;cantly i.-Wucnc:::d by sta!: r:gula!ions . 
B~use of strat:gy questions, s.:h:dul!:ig of tr:2tm::its, lack of long t:rm data, and lack 
.of e;;:?erience in cii..:rlcult geo logy, it is requ:::s:::.d tb: a member of th ~ T .~ section be 
i>i·.·oived in the pl:an!'jng and [o:ig t ::iiTl monitoring of the .applicat ion of the t:::hnique. 



Introduction 

E:R. (Enhanc:d F1uid Recov:ry) has evolved from a number of diffe renc buc succ:ssf..: I 
applications of vacuum cedmology co soil and groundwater r:mediacion a..'1d a de.sire co .. 
eli.mjnate capital expenditures. Vacuum de~c:rin3 has long be:n used in the conscruc:"'..ion 
industry and vacuum well point systems have been used to control i.:.~er table gradients z~ 
many sites. Balcer and Gates (1990) showed that vacuum enhancd recovery techniqucs 
could be successfully applied at hydrocarbon conU!Tlin2.ted sites to ttcilita.te increased 
re::.overy of fluids, control groundwater gradient, and recover vapor and residual 
hydrocarbons. EFR uses a vacuum truck that applies a strong vacuum to existing wells 
inducing air and liquid flow (vapor, water, and/or free phase hydrocarbon-F?H) to the 
wells. One of the original purposes was to remedi.ate contamin.ation in abzndoned 
Undc:rgrou.1d Storage Taruc (UST) basins filled with permeable backfill placed in nariv: 
soil. Tnis creates a bathtub effect that tends to re:ain conta.-nination. Since then it has 
proven to be effective in native soil but is dependent upon the type of soil. the vacuu..Til 
zppli:d., the hydrocarbon type, a.id geologic parame!e..rs such as stratiEcarion and depth to 
groundi.i.-ater. 

Theoretically, .r::.r R carries out remediation by s::veral mechanisms. It will directly oaract 
free pfu.s:: hydrnc2rbons (FPH); z.."'ld the equipment czn be adjustd to m:axirnize produ=: 
r~overy versus ~-ater recovery. ErK ca.1 induce air flow i..1 the subsurfacd th.a: -.:.-ill 
rcmediate contaminated soils above the water table, simili.r to a.1 SVE (soil ·vapor 
extraction) sys:~-n, 211d volatilize ·~cared product" and c:xposed residual hyd.roca.-OOns 
wi-Jlln the cone of depr:ssion. Concurrently, fresh air is drav..11 into the conta..-nin:a!d soil 
are.a. The incre2Sed oxygen content enh.anccs aerobic biodegrad2.!.ion. Most of the 
hydrocarbons recovered from the ground, including FPH, are vofa;iF..,.ed by the air ~9._:..· 

a,-,d are e:r.ir.ed through the ex.=-i..:.ust of the '1,'"2.C'..!um truck.. Liquids, prirna.rily Vr""2. ter, are 
co !.l~ed L"'l th:: ! a.-i.'< of the vacuurn truck. A ~gle treau-nent is typically .s.:heduled to l~ 
one d:ay (six to t::n hours) and muitiple tre:atmen~ are gen:rally scheduled at monthly 
L"lt:rvzlS. 

Tne purpos:: of this document is to r--.om.'1end geologic conditions under which Er'"K is 
lik::ly to be succ:ssful. Success is ddined as reducing F?H and dissolved contamination 
to h:vcls that allow the implementation of low cost alternatives such as risk based closure, 
monitoring only, a.1d natural ar.enuation. Tnis "Will lik:dy be dependent upon s-~1:: 

r::gi.Jlations. Tnis docume.m wil! also rev'iew a compilation of da!a obtained from ten %e:s 
a.'ld two cases that w~e not su ...... e:s.sfi..!L Equipment design, ii::ld operations, and a pilo ' 
t::s..i:ig procedure are also pre.se.it:.d . 
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G~ologic 4nd Hydroorbon Ch4r::icteriscics for Applic;;icion 

R.2ce of recovei)' and efficiency of op:rarion ire de?e:idenc on sic: spe=i..-1c conditions such 
z..s depth to 1,;..-arer, hydra:..i lic conducfr .. i t)· of t.1e so il, s-..ntiiicati o::.. and type of 
hy:irocarbQn. 

EFR is best applied in aquifers up to a?prox:ir.lately 50 feet in depth. iiowcv:r, if the 
depth to water is in c:xccs.s of 15 feet, pri-mrily vapor with little or no water will be 
recovered because of the limits of atmospheric pressure (which is appro:ci.4!Z:cty 33 feet of 
wat:r or 30 inch:.s of mercury). Some fit..'1ds mzy be recovered from deptits e:xceeding 25 
fe::.t if the fluids are lighter th.an ""-a:er or if air is e.."ltrai.ied (forms bubbles d~easing the 
specific gravity) in the -water column. : 

If the water table is too .shallow, within three f=t of ground level for ex..a...'Tiple, there may 
be substantial loss of va...--uum to surface bypass. Tne critical depth will va:ry according to 
site conditions such as soil type and the in!eg:riry of cover or pav~e:it over an area. EFR 
h.z..s b~ used s:.icces.sfully with depth to ~'a!e:r Jess than five fe=t below ground level in a 
paved are.?. Tnis sh.al.Jew-depth limitation is best judg:d on a site by site basis. 

:Permeability is r:quired for vapor and liquid flow. Tne construction industry frequ:ntly 
u~ vacuum tech."'liqucs rather th.an water pumps to de,,:,-a.!er low permcabiliry sites. Some 
op~ors have i.1dica:ed L~t EFR can opera!: Vr;th a m!ni..-nu:m hydraulic conductivity of 
10-' cm/sec (or approximately 0.1 gpd/ft~ - a :fine silt). Tnere are insu:Eicicnt d.3:ta to 
comi.-m this at this rime. Soil conductivity greater than 1 a~ crPJsec is desirable beomsc it 
:.ields a larger radius of frriluence for a given well, but conductiviry t..uc is too high ca.11 
yidd too much --;::.-ater a.id i;i..·lll :fill the vacuum truck too quickly. 

s~:..ti.Ecat ion (.1orizomal iayering) of the soil tends to ca.use a reduc-..io ri of ver-..ical 
permeabiliry. In some cases th.is is be::=fici~ because it forces la!:~ Ilow to Ll-ie 
~ • ..-zc...ion well, rather thz..1 v=nical bypass. Howev::, if tiie v2..-i.arion i.1 permeability is 
high, for c:xarnple a clay layer overiyi.13 a sand., then flow may be channe.!d e:xclusivdy 
t.irough the high permeability zone, yiddi.""lg fu-Je or no remedial bene.."'its in the tight zone. 

A similar problem may oCOJr in :fractured 0--..drock and in clay soils -.:.;th cracks, pois or 
fractures. However, ped.s or cracks in soil may also serve to increase EFR's radius of 
ir-..fh..ie:lce and increase the volume of soil matrix aif=ed, which is b-:n:ilcial . In some 
c::.ses, &-"R. operarions may i.iduce fracrure-like :flow i.1 low permeability formations and 
yidd the s.a.-ne b:ne:5ts as soil peds or desic:::ation frae!'..!re.s. 

,... - .{ is most effective i.1 treatin3 volatile hydrocarixm.s such as gasolin: or condcnsa!es 
(sr-cific graviry les.s than 0.80 or .~I g:ra•ity over 45) that are suscept1ole to 
vob.tilization. Mddle distillates, such as keros.e;.e ar.d diesel, are affected by -=FR throug.h 
0XJ·3e:i enhanced biodeg:racfa.t io n., bu t thi s ?recess oc~rs over a longer tii7le frame tha..'1 is 
usually pr2~ i ca.1 for E?R. 

I 
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Equipment D1:.lign 4nd Field Opcr4tion 

Eau ipm en t Tr.is techniqwe ~ imp ler.ient:d by cor.;1ecrin3 ! :o~erci ~ I vac~u:n truck to 
ground1,1,.-ater monitoring wells vfa. a PVC manifold, mor.i•ori.ng w:ll couplings, and 
s-.ingers. Up to four weUs can be c.on.neaed dire::tiy to the r.2.-.ifo ld at on: tl.-:ie (each port 
on the manifold may be alte:-cd to accommodate more wells). Vacuums in excess of 20 
inches of mercury (272 inches of v;ater) \Jrith flow rates in the range of 350 to 700 OJbic 
fe=t per minute (CFM) should be anticipated for optima! removal using .EFR. 
Construction rru.terials for manifolds and sringen consist of standard PVC components 
typically used in well construction. This .>..anda.rdizarion has providd tolerances and 
snugness of fit ad:quate for .l::.r R vacuum operations. 

Tne EFR manifold (Figure l) is c.onstructed of two a..,d four inch schedule 40 PVC ~itii 
quick c.onnect a!u...llnum fu-.ings. The basic manifold has four entry ports for input from 
multiple monitori.,g wells. Each entry port on the manifold has a ball valve to control :flo-;.; 
from wells th.at may produ~ too much fluid . On the monitoring wdl side of the ball 
'nlve, a sight-glass of clear PVC is installed to visually monitor fluid :flow. Tne HR 
operator has the ability io control :flow of :fluids from each wdl \lrith the ball valves on the 
rr.:.nifold . Tne m.anifold ports are connected to the wd..ls via a two i,.,ch diameter vacuu.-;i 
ho~ wi•h quick: connect fating.s and wd..I s-..ingcrs (Figur~ 2) L1at are inserted into the 
monitoring wells. The outlet of the manifold is cor.n~ed by quick-conn~ :fining.s to the 
vacuum t.-ucks four inch vacuum hose that runs directly to the truck tank. The tmk is 
lce?t at 2. vacuum by the truck's vacuum pump. Fluids, mos:ly ¥;atcr, collect in the tank, 
and vapors, rno.>Jy air and hydrocarbons., are emitted from the .>..ack. Every effort should 
0-e w.acie to keep the lines short to .reduce pres.sure drop (loss of vacuum). 

S:iil3ers are incfr.i dually assembled from five foot (or shoner) kngrhs of one inch diameter 
1:2..id-sloned PVC rubing for . two inch monitoring wells, a.""ld one a..1d one-half i,.,ch 
ciia.11e:er rubing for four inch and six inch monitoring wells. Stinger le.;5ui..s are joined by 
th:eaded iir.ings. Tne .s-..ingers c:cte..'ld :from the top of casing :o the product/water 
i.1•:rfa~. or lower depending on the desired cone of depression. Tne sting6-s are 
conn~ed at the top of the monitoring well i;:.-ith a PVC ov~hot or slipovcr coupling. 
Toe slipover couplings consist of the same PVC joi.-.ts that are generally used to glue 
sa.-ne-size pie::es of PVC together end-to-end. Tney are de.signed to fit snugly over the 
monitoring well .>~c:k-ups without the necessity . of any damps or expandable fittings. 
Ob•iously, di.i."i"erent siz:: couplings are required for ~-o, four, or six inch diamet::r wells. 
sr:::..,gers are ge:i:::rally slone:d their entire l:ngth to allow 2ir cntrairun~t to provide 
add.ition2..l fluid IL.~ if n---ss.2ry. (Note: Althou;h the s-..inger my be slotted alon3 the 
entire length, ~ resides inside the morutori.ng well . Tner:fore, vacuum from th::! 
monitoring wells e::Gends into the surrounding soil :, om the s:.~ned L"'lt:rva.1 of the well 
its.di, which is us .. r2Jly .a limited interval W.th scr~l1 2. frw feet above .and below the v.-ater 
ta.b l:.) Addition.ally, each stinger assembly m.ay have a sea12bk surface ·slot that can be 
p~i.ally or fully opend to r:duce v-a.cuum Oil a givei1 well \lriti10ut reducing i.-acuum for 
th:= r:ianifold syst:."71. 
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It is re::or.i.me:ided chat capabilities of the vacui.;m :ruck (air flow :-a•e, and vacuum) be 
obt.ai:ied prior co performing EFR ac a si•e. The vacuum L--uck muse be czpable of 
maintaining l constant vacuum and the curve of airflow race versus v"2ctJU!';1 is needed to 
judge the vac;uum pump perfor.:iance. 

Opentions Tne manifold and stingers should be ass::mbled off site prior to the EFR 
event to ensure thac all pans are present and all fittings arc the correct size a.;d are in good 
working order. Tne assemblies can then be disassembled and transported to the site. If 
the size of fit of the stinger slipovcr couplings are in question, these pcr..s should be 
checked on the actual observation wells prior to the time they ~-ill be used. If monitoring 
wells are consU'lJC!ed of standard materials, there should be no problem with the fie . 

. Wells that will be used for EFR should be checked for mechanical integrity a..,d quality of 
constrUction. Well ris...~s and stick-ups should be checked for cracks or flaws, and the 
surface seal or grout should be inspected. Cracked grout should be s::ald. On flush 
mounted monitorfog wells, the size of the man-hole or key-box should be checked or 
measured to ensure 'the S4inger assembly and slipover coupling .-:.-ill :fit inco the key.,.box and 
over the well stick-up. Tne stick-up must c:aod high enough out of the ground (one or 
t;:,·o i..1chcs) for 4.h: slip-eve: co:.:pli..-1g to be in54.al1~. 

Prior to the E...'t:R operation, vacuum truck ope.razors should be advised to have sufficient 
va..--uum hose (four inch and two inch with quick: conne:ct couplings) to reach the wells and 
the rrunifold. These hoses are ~...a.-idard equipment on most U'l.lclcs. Eowev=r, one should 
never assume the rruck v.-111 have enough. Try and k::ep the length of hose sher. t o avoid 

. loss of vacuum. 

3efore begin.-llng \-acuum operations, each rnonitor..,,g well on-site should be gauged -with 
a...'1 oil 'Water int=rf:ace probe to determine depth to i;ir.u;r or depth to product a.,d product 
thickness. Tne TA & D section has water level data loggers that can be used to determfr1e 
the drawdown at other well locations. Additionally, if any sunolcme:nw vacuum . . . 
monitoring poi..,ts are to be used, such as hand driven soil monitoring probes, they should 
be i.-is-..alled prior to the arrival of the vacuum truck to minimiz: stand-by cha.rg~. 

Tne r..a.nirold and s-...ingers can be as.se.-nbld a,,d in.stalled on site while L;e truck is bmlding 
vaC'..:c..-n.. .-'\11 fir...ings should be snug. Tne truck should build a vacuum of at least 20 
inches of m~cury (show-n on !.2.!'Jc gauge). At this rim~ and prior to oper.i;;g the truck 
.... -a.Ive a..,d the valves on the manifold, the ~FR operator should take a vapor rezdi.,g (ppm 
of hydrocarbon) from the exhaust stack of the vacuurn tank to pro,,.-ide a baseline for 
furure me.asure.-ne.,ts . 

. .\fter tile basdine re.:aciing is taker., the valves on the truck a...,d the manifold may be 
O?e:;ed to app ly \-acuurn to the se!ected we!ls. The &"K operator may wan• to open the 
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valve on each wdl individually while monitoring the s1gnt glass to note the apparent 
volume and rype of recovery (cl:.an water, \lo>-;H:r with product, wa~er \lo>ith vapor, etc.). 

Tne exhaust stack from the 1r-ac.ium tank should be monitored ev:ry fift::n minutes during 
the first hour of operation. and hourly thcre:?..ft:r. Monitoring s..1ould include a measure of 
hydrocarbons vapor in paru per million (ppm) le.aVing the stack, and air flow in CF?vf. · Air 
flow may be cak:i.ll~tcd by measuring the velocity of air in the S"-2ck with an anemometer, 
and multiptying this value in feet per minute times the cross ~anal area of the stack in 
square feet Emissions of hydrocarbons should be measured -with a Bacharach TI. V 
Sniffer-with dilution probe (capable of measuring hydrocarbon vapors to 100,000 ppm). 

Tnese readings can be input into a formula used by the South Coast Air Quality 
Mmzgcme:nt District (SCAQMD) for calOJla~ng the removal rate of gasoline from soil 
using vapor atracrion: 

W:"lere: 

pprnV (60 min/hr)(5CFM)(86Ibnb-mofe) 
(1,000,000) 379 cubic f cct/lb-mole 

ppm V = concentration in pa.-..s per million by volume TPH as gasoline 

SCBvf =flow rate corrected to standard conditions 

86 fo/Ih-rnole = average mo!:::ular weight of g:>....soliri: 

379 cubic fe:t/lb-mol~ = id~ gas co~..ant 

V:-ig =Vacuum in inches of wcrcury 

No•:: To c.alc:ul2.!e other compound rcmov21 rates, use appropriate concenL-ation.s and 
molecular weights as d~t:rmined from fidd and laboratory data. 

Figure. 3 is an example of the data coll:c-..ion sheet used for EFR events. At the 
completion of a EFR event the operator can detennine the approximate voiume cf 
hydrocarbon vapors that has b~, removed from the site. 
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Examples of Applit:2tioos 

Emer;encv Response EFR h.?..S bee:'I used co 17'.J t: ga.ce the ii1 o vemer. ~ of f.-ee-pha.se 
hydrocarbons at scrvi~ su~ ions , termir..a!s, and rennerie.s in a. va.:i e'J of locations around 
the country. fan &'"K team can be mobui.zed to a site in a. manner of hours and can begin 
clanup of the release soon af.erward. A ... i ::..r R t:.a.11 '"'-as mobilized ro a. temll.ial in South 
Dakota to remove fr~-phase hycrocarbor.s th.at were beng rde.:?..Sed to the emi..-onment at 
a.& unknown rate. When a release occurs the free-phase hydrocarvans migrate downward 
due to gravity and capillary attraction. Tne hydrocarbons then collect in the capillary 
fringe a.11d begin to migrate laterally. 

Ecova. a former subsidiary of Amoco, i.-iitiate:d activities at the site in So~u1 Dakota on 
September 15, 1994. Utilizing a single vacul!m :ruck, at multiple wells, Eco;.c. was able to 
recover approximately 11,000 gallons of petroleum hydroe2.-bons from the site wells 
(Table 1). Table 2 summarizes the p:oduct recovery through November 1994. Free­
pha.se hydrocarbon thickness' have sho\1r-n a S!e:arly decline as a result of this work. Table 
3 presents hydrocarbons t.hid::ness' throughout the investigation while Figure 4 is a 
graphical represen!2.tion of product thickness Vei'S".JS time. . _ .. . . . .. 

Frce-ohase Hvdroc2rbons To date most of the &-"R. data has be~ recovered from 
service station a....,d terminals with underground storage ta.;.k.s (USTs). Typicilly USTs 
have lfrnned areas of FPH conta...-ninarion present Li 2.nd around the ta...ik pit. Tnis 
·contamination ca..& be rclat=d to overfilling tanks, corrosion of older tanks, failure of fuel 
lines, or accident~ damage to dispensers (this could also be considered a.& emergency 
response action). Tne USTs are located in pit areas typici!!y filled -..:.1tli grcsel. The FPH 
moves quickly from the are.a of the leak 01 spill through the gravel to ~he underlying soil or. 
·grourniwa!er. The native soil stir7ounding the tank pi t is typica!!y lower in hydraulic: 
conducfr .. it)· !hat the pit are.a. Tnis change in hydraulic conduciv·fry ca.1 C2 !.!~ t he F?H to 
poo1 near tile tank pit are.a. Om:e the rdeas.e FPH h2..S b~ dete:::!ed Li the alarm wells at 
the site, ±:.:-R can be L-ritia!ed to minimize the continued move:41e:H of the release dovm­
gradient. 

Tne A•lanta District has b~n using ER sin~ mid-1994 as a remediation process at 
service stations and terminals. Table 4 is a comoilarion of the d~; '! from nine of those 
sites. The average hydraulic conductivity of th~ saturated zone v.-as greater than 1 O~ 
c:T')se::. · Tne geologic description of the i,-ados.e zone indicated about half tile sites had 
similar geology to the saturated zone ;md about h.alf had slightly lower hydraulic 
condu~..ivity . Tne depth to -water was typici!!y gr~er that 25 feet and the initial 
l!.'1corrected product thickness v.-as less t...~., one fool Good hyd.roca...-bon re:::ovcrie.s were 
obtained for all e-xc:ept service s-..a:ion 98 I ..-:.-her:: tre.aL-nents were halted after two. Tne 
t..-aditional t~hno!ogy for al! t h~ sit~ wou!d likely have been a combi:led SVE and 
?ump :!Ild Treat system. 

s 
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Dissolved HvdrocArbon 2nd Rcsidu~I Bdow the W:Hcr Tab le Th: dissolved phase 
hyd.-ocarbons ar: on a whole the smal lest 9: rcentag: of the hydrocarbons present in a 
re!e.ise yet th~ can be the most mobile . The a;:i91 icat ion o f EFR his been repo rted to be 
higruy suc::::ssful but 3ood data has not been r:v1ewed. 

. . 
Th: recovery is generally anribu:ed to d:wa::ri;1g of the capilla:y fringe and soil pores 
~itilin the radius of influence of EFR. As the dewatering occurs moisrure .in the soil will 
be evacuated and an increased ai.r flow ~-ill be induced that will help to move the liquids 
and aerate the impacted soils. 

TPH Inc. has contracted its service to the Mid-Atlantic District. Tney have pion~ed the 
use of a mobile trailer to recover and treat dissolved hydrocarbons on-site. Th.is technique 
has been typically applied to one or two ;;,·ells at a si!e, and they claim numerous 
"closures .. a..-1er a.bout 12 treaune:tt.s 

W .E.S. Inc. installed semi-permanent proprietary eqwpment to dewater and .ven~-tn~ "5oil 
a• an Arnoco service station. Tne proc:ss v.ra.s applied for approx:frnately 45 days. After 
11 months of rr.ocitoring after shutdown, concentrations remained below monitoring only 
linii!s. 

R:::ently Amoco a."'ld Handex of Illi..•ois pe:for7:!ed EFR at a former Amoco service station 
in South Chicago. Tnree 4 inch EFR w::!Is were instal.led because the area of 
con!mUnation was thought to be quite larg~ and only one other well would otherwise 
have be--n available. The wells were located near, but not in the backfill of the tank piL 
During a six hour period, nearly 3300 gallons of water from three wells were recovered 
from the site. Tne con't2.nlinarion at the site was thought !o be due to residual 
hydrocarbons since no FPH had been observed at the sire. During the .& R proc:ss, it 
;:.-as noted th.at the :x:racted water seemed !o contain some FPH. F...2.ndex rerurned to L~e 
s~: three diys later a.11d noted !he presence ofL.hree inches ofFPH in one of the c:x-uaction 
wells and a few h1.1ndredths of a.~ inch in L1e other !WO_. Tnis would seem to validate the 
pre:.Us.e that residual hydrocari:>ons that cause continued con~-ni..J..2.tion can be freed and 
1he residua.! source of contamination removed. 

Pressure transduc:rs were installed in wells up to 60 fe:t away from the EFR caracrion 
wells. Tne wdls that were monitored were not installed in the tank pit but rather in the 
rotive soil (6.3 • I 0·1, or 180 feet/day). Tne drawdown curve a....~:r six hours of extraction 
is shov.-n in Figure 5. Note th.at a drawdov.-n was observed nearly 60 feet from the EFR 
·..i.·dl.s, but :five fee: from the c::c--Jaction well 6e drawdown v.-as only one foo t. Tnis raises 
a concern that a limited cone of depression may have been presen t that only freed up . 
residual hydrocarbon from a lfrnited radius from the wdl. Tne drawdown noted could 
b v: been due to a lack of integrity of the well bore affecting the drawdown. Tnis is 
fu.-,_her validated by t he fact that the 3300 gallons of water recovered transb.tes to 2 radius 
of influence of about ten feet (ass:.mung a .sat'.J.-ated thicbess of ten fee• ~d a porosity of 
0.30 per cent) around each well. Tnis also raises a quest ion as to the volume of 
con•:.minated wa•er removed versus the size of the plume. 

9 



Vacui.;m monitorin3 points were also i n~alled a~ioss the site. A plo: (Figure 6) of Jog 
(vacuum) versus distance shows that good vacuum was me.a.st:ied 30 {eet from the: 
extraction well. A cot.al of about 70 CF?v! was measured during the test, m:ming about 
20 CFM ":'as dra~ through each ·wdl. Mose of this p~ i.:.i:.hin a radiu..s of 15 f~t of 
the EFR wells . However, since the soil is not contamimted., the air flow \lr"2..S prirnmly to 
recover any smeared residual tlut is pre.sent. 

Pilot Test Procedure 

Tne purpose of pilot testing is to determine if EFR can remove significant hydrocarbons 
and if so, then to determine an initial schedule for treatments. It may be use:fu..l to 
determine the drawdov.n OJrve znd the vacuum inr1uence, but dc:pc;iciing on project goals 
this can Always be done at a later date. 

Tne consultant v.ill review the file on the sire to derennine the: followfr1g information: 

1. Site history (nistorical releases ofhydroczbons, remedial cifor..s or s1scerns that 
were installed, FPH recov~. laboratory results) 

1. Site hydrogeology (ground\l,-ater gradient, hydraulic conducti,.ity, review of 
bori."lg logs, my pilot te.siing inforrn2.tion th.at may be a,.-aiJable conc~Ji.,g ~s . 

of iniluence) 
3. ~ologic layering and heterogeneities wd their relationship to the scre:ned 

interval 
4. Location a.11d volume of contaminated groundwater wd FPH, i..1cludi.,g the 

approx:im2te concentration a.id type of coma.-.llnation 
5 . Monitoring w~ll consJ1.1ction (depth to water, length of sere-en, di2lile ~ er of 

casing, C:!C.) 

6. Review of regufa!ory r~uiremems at t.1-ie site (what does it ta.lee for monitoring 
only, narural ancnuation, closure, etc.) 

Once the files have be:n revi:-wed the consulta.~t will prepare a proposal for the pilot test 
that v.-ill take into consideration the above information. Tne pilot test should be d~gned 
to mm.rnizc: FPH. disso!v-..d hydrocarbons, wd vapor recovery a! the site. 

Tne d.at.a collected during the pilot test will be us..-d to design a trc.at.--nent procedure that 
"1.W be able to r~over the m.a:cimum amount of FPH and hydrocarbon vapor, while 
m.i...·iimizing the a..-:iount of water i::;overed per hour at the site. Tcis procdure v;ill be 
d~dopcd in conjunction v.ith the Amoco Remediation Coordinator and GMS . Tne 
de:sign should take inrn consideration the follo\l,1n3 : 

1. Estimated stinger length a.;d number of wdls neccs.s.a.ry 
2 . Capability of the vacuum pump to maintain a vacuum of20 in:::hes of mero..:ry 
J . Vacuum truck volume proposed (including availability of the truck a.•d the cost) 

10 



4 . Estimate system t1ow race 
5. Anticipated emission race for sizing a.-iy treatment requirements 
6. Reporting frequency . 
7. Conilrm.?.tion th.at the water i.i.111 be t.-ansponed to an approved faciliry, and the 

cost of traiisponation 
8. Establish a system performance and r.ionitorin3 plan. v.-h:H •o monitor and how to 

judge per.ormance 

Good data must be obtained on the foUo"Wing parameters during the pilot test: 

1. Volume of hydrocarbons removed 
2. Volume of water removed 
3 . Vapor flow rate from and the applied vacu_um at the c::cttaction wdls 
4. Vacuum a.4d drawdown as a function of dis'..ance from the caraction wdls 

(opti~:mal) 

Equipment List: 

.. 

.. 
.. 
.. 
• 
• .. 
• 
• 

Interface probe 
Tool kit 
EFR man;-rold and stingers 
Cahora.ted anemometer 
Cahorat:d Bachaiach 1L V Sniffer v.itit dilution probe (reads 1-100,000 ppm) 
Four to six 0-2" of water Magnehclic i,-acuurn gauges 
One or two 0-15" of v.-c.ter Magnehdic vacuum gau3e.s 
One 0-20" of ,,;-ater Magnehdic vaci.ium gauge 
St~! tap~ 

Calculator 

Test Procedures: 

• 

• 
• 
• 

• 

• 
• 

Gauge all monitor wdls to obt,ajn static water levels (locate transduc..-rs in wells 
not involved in test to monitor radius of influence) 
Test truck to determine the mzximum vacuum truck is capable of producing 
R::cord vacuum reading at each monitoring point every 3 0 minutes 
Record 1l V reading every 15 minutes for the first hour and every hour thcre 
after 
Record air flow v.ith anemometer cve-:y 15 mim .. '1es for the first hour and every 
hour there a.i.-1er 
Calculat~ re.'Tloval rate using Enhanced Flu id Re::overy Data Sh~t · 
Determine and record the total a.-not..-n' of fluid recovered 

! I 



·' 
Limi~tions 

Possible reasons for failure : 

1. Short circ:Wting - Does there appcu to be possible short circuit rout~ i.'1 the t:S. 
area such-as 1) grassy areas, 2) holes or cracks in pavement or concrete, 3) poor 
wtll seal, 4) poor surface seal around wd.l, 5) water level too close to surface? 

2. Well inefficiency - Tnere could be a significant vacuum loss betv.·e-..n the sand 
or gravel pack and the formation 

3. Channeling-Arc th~e channels (utility trenches, tank pit badc5.1L etc.) that 
eould cause preferential flow? 

4. Low soil permeability- Vacuum propagation may take a considerable period of 
time 

5. Low volatility hydrocarbons 

6. Shallow depth to water (typically less than iive feet) 

7. Very high saruraced zone hydraulic conductivity 

12 
·1: . . .. 



' . 
TABLE 1. 

Uils:ic:.d Flu.id Re~ 
Wrr.o ?1pc I.ix Com?&nJ' 

• lUpid Gey, So::t!i I>Wu 

?cc:!s of ~· Cll:::d!!ivc 
Vr;cr GaCa::.s Gane:,, 

Da:: Well ~cm::d Pr:x!= P:-oC::: 

09/1$194 ~-1 3:3 61 61 

09/16194 MW-7 642 103 164 
MW-l 103 l6 uo 

09!17194 MW-7 1i3 2S 203 

MW-1 642 1C!3 3 10 

09111194 MW-7 £:31 102 4U 
MW-1 2!9 ~6 45l 

-
09119194 MW-7 4S~ 7J 531 

09/10!S4 MW-7 521 99 £30 

09 l'.2 l.J94 ~-1 581 109 739 

05/.!2/94 . 'MW-7 i - ... , ... 23 757 

.-
091.2384 MW-1 019 39 &60 

09124.54 M:W-7 636 110 ~s 

09~ MW-1 333 ~ l.02X 

09~ MW-7 553 95 1.113 

091:21194 MW-7 516 100 1,.,71 

MW-10 191 31 1).54 

09/2!J94 MW-7.10 520 99 l;35J 
MW-3 579 103 l,46 1' 

lJ 

' :,, 



TABLE 1. (Cont.) 

.. ?c:-.:::is cf ~-:iv. C=·'1::-V: . 
v~ . c-11:::.s c~ 

De:: Wdl ~ ~~ ::=c:t 

QS/29194 MW-7,10 164 1Z2 l.j!3 
MVl-1 jj7 i9 1,572 

09130'94 MW-7,10 631 101 i,m 
MW-J 31 ~ .. o .55 l,J2t 

10/01194 MW-7~1.ICJ _ 143 119 1~1 

MW-3o:1y 132 11 1.963 

l0/02194 MW-7,!,10.IJ l,OXS 173 1.141 

10/03194 MW-7,!,10,.!3 7D 115 1;1.67 

. 
10,!048-4 MW-7.~.10,13 995 159 ., 1"7 , - , .. _ o . :• 

10/05194 1;f'W-7,!, l 0, l3 510 91 1,517 .. 

lQ/06194 MW-7,l ,10I13 997 1.59 1.516" 

10/07154 M'w-1,1,1 o,D n~ 
, ., . 
-~ 2,XO l 

1 010119~ M"W"'-7,l,10,13 i5g - 139 1.,9~ 

10!09154 MW-7.! ,10,13 1.111 195 3,136 
. 

10/10/54 MW-1,t,l 0,13 531 150 3,2i5 

10/1.lfi4 MW-7, i ) 0,13 1,192 . l.90 3.~76 

lC/11194 MW-7,%.lOJ.3 l ,.l:28 2S1 
-_, .. 
-',l':J <> 

10/13194 . MW·-1,i,l0,1.3 1,700:) 272 ~.C40 

I C/14194 

6:~~ 

12/ll.15~ -
~ MW-7.l,IO,lJ +4.132 7,050 ll,Ol9 

l.C. 



TA.l31E 2. 

R:re.!ts of Vac '!rud T~ G~u~cr 
4 D Cl 

W:yco Pipe r.m~ Cot:lputy 
R2pid Oty, Soath Dak.ou 

Total Wazc:r nodua 
Volume Volu::o::ic Volume 

D2.!e (!al) ~-) (gal) 

9/.21194 1~17 511 706 

9!2S/94 662 371 291 
9128194 L217 987 230 -
912!/94 244 106 39 
9(30/94 206 135 71 

1013/94 1,276 S21 455 

1014194 1,394 987 406 

1014194 1:211 987 230 
1016194 244 169 75 

10/9/94 876 560 316 
10/14194 2,108 1,692 416 

10/19/94 714 560 154 

10115194 2,167 1,692 -475 

] 1/4194 l,592 1,.394 198 

11114194 2,396 1,692 705 
1 lf'1:2194 2,.233 1,692 591 

11127194 2,108 l,572 536 

Totals: 16,027 5~993 
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T2bl.e 3. 

S rrrnm ;z ry o ( Produc:r Thicl.':nes.s Mm ""'l!!Ile:i.Il 

WyCtJ Pi~ I.ine Comp2!IY • 
. 

lUpid Ci:ty7 Soctfi DakDt1 

?.'cd1lC:: Ttrid:r.~ (f~) 
D~ MW'-1 MW-7 MW'-8 MW-9 .MW'-10 MW"-13 MW-17 M:"W-11 

9/ lS/94 3.5j 3.78 

9!17/94 2.48 6..18 

9/ l&/94 3..5S 6.74 

9119194 3 • .S3 5.83 
9r.2~ "'3.41 4.9! 

9!2U94 -..,,,. 
~--0 5..53 

9!22194 3.30 5.84 

9!23/94 - .,., 
~- 7.76 5.36 

9f2~4 3.10 ~ 7.37 6.46 6.41 1.10 

9!25194 3.01 1.15 6..32 6~2 

9!1.Y94 3 .07 8.06 5.47 1..13 L~O 

9f27/94 295 7.31 5..24 7.08 1.55 

9!1Y94 2.87 7.35 6.15 639 l.89 
9r2 ~!9-!- 2.72 5 .. ,. 

-~ 5.49 6.74 2.12 -
913 0/54 

., ,. ,, _o..,. 6..22 5.13 6.81 2.32 

lOfl...1$-4 ., .. ---:> 5 .74 4 .83 6.80 . 2.53 
-

10i2J'S4 2.50 6.05 4.06 i .01 280 

1013/"94 210 5.12 3.08 6.49 0-94 

10/:!./94. 1..90 5_73 3..93 6...54 0..99 

1015194 1.2! 6-22 3.19 6.!5 1.15 

10/€194 2.49 6.21 1.$ 6.!7 0.62 

lan$4 1.78 4..93 1.43 5.91 0-18 

l Q/Xf :;,-! 1..52 4..90 2.42 6.1 0 030 

10/9194 1.55 4.30 1.85 6.15 0.47 

10/10/9-4 1.6.5 4.72 L90 5.14 033 

l Of! 1/94 1.69 4 .66 1.61 6.20 0.55 
l Q/12194 1.56 4 .47 LIT 5.85 034 

1Dn3/9~ L36 3.40 0.76 3.37 0.06 

10/1 ~/94 l.53 3.99 1.90 5.90 0 ,, 4 
."'T""T 

11/~4 0.61 2.18 L23 0.0 1 :. 3 .6.5 030 

11/5194 0..59 3.09 1.2 1 0.01 1.16 03.5 0.63 

12'6/94 0.08 0.00 0.01 0.02 2.0 1 0 . .99 0.02 1 .,--~ 

l :5 
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TABLE 4: Compilation of Data From Nine EFR Free Phase Recovery Sites 

Amoco Sorvlco Comlucllvll y lnlllnl Product Tolnl Product Tolol Wnlor 
Slnllon Number Goolooy crn/soc DlW, rt Thickness, fl Rocovored got Rocovorod oril Number or Visits 

6308 Fiii lo 1 O' ,sllly sond 20-37' 2.6 E-4 20 <1 fl 520 1560 10 

723 Siity Sond 2.5 E-3 20 .5 - 5 rt 570 3386 6 

546 Clnyoy Snnd 0.7 E-'1 25 <.33 736 3166 11 

3H Silty Sand 4.0 E-3 35 1 - 6 fl 2793 4740 9 

061 Clnyoy silt, llmostono 4.6 E-4 10-17" Nono 20 400 2 . ... 676 llrnoslono 0.0 E-~ '10 < 1 101 3500 1 t -..J 

161 Clny 7.5 E-'1 17 <.15 217 H37 0 

17{} Snprolllo 9.2 E-~ 25 <.6 224 1607 10 

327 Clnyoy sill 1.0 E~~ 30 <.35 22 3~55 0 

• 
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Eli'lt Dala Shed 

EXTHACTION TIMES CONCEN'l'llA'l'ION(t!U't1) llECOVEllY UATA -
S1a11 Entl Total Initial Eml in& Average Vacuum FPM CFM• lbs/hr POUND 

Time Time Time ppm __ L!.P 111 ppm 111 . He 

l'ou11J1 l'cr llour (lb/hr)- ppm, (60 111ln./hr)J1(CFM)(M .W.) I (lA101
) JI () '19 r11 /lb-111ole) TOTAL 0 .00 

Wheat : 1>1•111,- jlUU 1~r 1111111011 by vol11 1110 
folow - Cubic Peel 11tr Ml11u1c •CFM Conversion Flclor 
t.t .W. - Molecular Wel&hl(lbllb -111olc) Slack Dia. flnctor 
l.G.C. - IJul Oas CoaulJ nl (l79 111 /l li ·molc) 3· 0.0491 

Hole: Fo r Guollnc M.W - 7.1 trtnu/anolc 4· 0 .087 
l'or !'Cl! M.W. - 16' 11u11t.J111olc 6" 0 .19M 

Dale : Total l'ou11tls lle 111ove<l : --- Client: ---
Local ion: --- Project : 
Me1l1od : EF ll Equ iv. Gals. of Protl uct: ___ . System Operator: __ 
Vac . Co111p :i11y : ___ 

Total Gallons of Water: • - --
Operalor : 
Ex1ractio11 Well s: --- Note: Gasoline Is 6.26 ll>/ gal 

.. Tyrtt Drotl1tn Env. Strvlcu 
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FIGURE 5: 
Water Table Drawdown During an EFR Procedure 
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. FIGURE 6: 
Vacuum Distribution During an EFR Procedure to 

· ·Recover Dissolved Hydrocarbons 
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A 
Bal tee 
.A.SSOCLA. TES, INC. 

460 Old Post Road 
o~diord, NY 10506 

914 234-9580 
Fax: 914 234-0564 

Mr. Jo~ph Haas 
l'\-YSDEC · Region 1 
S~"N-Y. Building 40 
Stony Brook. NY 11429 

Ra• -· 

April 03. 1996 

Amoco SIS #60581 
1680 N. Ocean Ave. 
Holtsville, New York 
Spill Number 94-03038 

On February 22, 1996. Baltec .~ociate.s, Inc. (Balec). conducted Enhanced Fluid Recovery 
(EFR) at the above refe~nced site. EFR was perforr:;:ied on the on-sit.! wells '\V-5, W-6, and W-
11. Vacuum-truck services were provided by Tyree Brothers Enviro~enul Services. 

Tne wells chosen OrV-5, W-6, W-11) historically contained Light Non-.~queous Phase Liquid 
(I NAPL) or producl Upon arrival at the site, however. Baltec did not observe the presen~ of 
product in any of.these wells, as gaged with an interface probe. Dep!h to water was observed to 
be 15.57, 14.98 and 15.92 feet below the top of well casing in wells W-5, -6, and -lJ, 
r~?e::tively. A 1-inch dimi.eter stinger pipe was placed to a depth of 16.2 feet in \·V-5. a 2-inch 
di:..:!let.!r stinger pipe to a depth of 15.5 in W-6 and a !-inch diameer stinger to a depth of 16. 7 
fee~ 'below the top of the well casings. Tne stinger assemblies from the th~e wells were piped to 
a o~niiold with 2-inc.h diameter vacuum hoses. allowi..IJ.g simultaneous operation. A 3-inch 
di:.zneter vacuum hose connected the manifold to the vacuum truck. 

EFR was conducted for approximately five hours. at which point the tm.1< on the vacuum truck 
1,;·23 filkd to capacity. During that time, periodic velocity and hydrocarbon concentration 
E1.-:!2.Surements _were ta.\i:en from the exhaust of the v2culliil. pump. Tnese measurements app!2r in 
tb.e an.ached data sheeL A combustible gas indicator. calibrated to the Lower Explosive Limit, 
(GL) was used to measure the gasoline vapor concentration. .~ anemome~r was used to 
De2.Sur= tll-:! vapor velocity from the 3-inch diameter ex..hausc pipe. A technology description is 
a~2c:hed . 

. ..\:1 estimated 1.450 gallons of contamillat.!d ground water were removed, :..s well is 85 pounds of 
g2..Soline vapors. The gasoline vapor mass removed is questionable. as the vacuum truck arrived 
or..-sice containing approximately 600 gallons of an un..."110\vn liquid. It is therefore unknown 
,,·tether the combustible gas vapors observed in the vacuum pump exhaust were from the wells 

Subsurface Re.nediation S~.-vices 



or from the cont:ntS of the truck. Calculations for estimating the mass of gasoline vapors 
removed are attached. 

If there ~ any questions, please do noc hesitat: to cont.ace me . . 
Sincerely, 

--:::?"· ·~ 
Marcis Jansons 
Project Engineer 

cc: C. Wein, Amoco Corporation 
C. Larsen, Tyree Environmental Technologies 

6058 l/efr2-22 
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Enhanced Fluid Recovery 
(EFR) 

Technologv Definition 
Vacuum nuck is utilized to remove contamination as total fluids including 
gasoline vapors, free-phase product and contaminated ground water :from 
monitoring wells lhrough "stinger" or "drop-pipe" placed inside and sealed 
in well. 

Benefits 
• Rapid Response 
• Mobile 
• Capable of High Removal Rates 
• Trenching and Excavating Not Required 
• Addresses "Smear Zone" and Localized Areas of Elevated Contaminant 

Concentrations 
• Introduces Oxygen to Subsurface Accelerating Biodegradation 
• High Vacuum -~ows Use in Low Permeability Form?.tions 

Limitations 
• Vacuum Lift Limited by Depth to Ground Water. Successfully Applied 

at Depth to Ground Water of 44 feet. Limit Unknown. 
• Vacuum Truck Tank Capacity is Limited 
• Not Cost-Effective at· Low Contaminant Concentrations 
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Introduction 
Enhanced Fluid Recovery (EFR) is a technique used to remo v! con,aminacion from the 
subsurface in the liquid. vapor and dissolved phases. le is a modiried for.n of vacuum enhanced 
r!covery. where a vacuum is applied to a well and tot?.! fluids extrac ted. EFR is a mobile method 
capable of quickly remo~ing large quantities of contaminants from Lile subsurface wirhout some 
of the limitations of a permanent remediation system. 

Technologv Description 
lo EFR. a vacuum truck applies a vacuum to a pipe called a "stinger" or "drop-rube", which is 
insered into a standard ground wa~r well and sealed by a fitting at the wellhead. The depth of 
the stinger is si~-spccific, but generally is placed near the water table. A5 vacuum is applied to 
the stinger a pressure gradient is developed relative to the surrounding soil formation. Tne 
resulting inflow of liquid and vapor is removed through the stinger. Wa~r table mounding 
which would otherwise be associa~d with an applied vacuum is prevented because the extracted 
fluid is removed through the opening at the bonom of the stinger. Tnis allows air flow through 
and contaminant volatilization from the "smear-zone", which is oft!n a continuous source of 
ground wa~r conramjnation. All fluids including soil vapors, free-phase hydrocarbons and 
ground wa~r are extracted from the well and accumulated in the ~ of the vacuum truck. A 
dia~-In illustrating a typical EFR serup is shown in Figure 1. 

A stlilger ~an be placed in several wells at one time, with the piping connec~d connected to the 
vac-truck through a marrifold. 1his allows a larger ar-..a of a site to be affec~d at any one time. 
Tne duration of an EFR event is typically a full working day, and mostly limited by the volume 
of the tank on the vacuum truck and the yield of the wdl used. 

·. · 
Tl::! goili of EFR a..-e m remove locilized liquid product, high~r concentration dissolved phase 
hydrocarbons and concen!r2ed soil contamination. Llquid product, ground water and soil gas are 
re2 oved by suction from the well and air movemen~- developed through areas of soil 
co;:.~ation. Product is thus allowed to evaporate from soils which under static conditions are 
submerged. A secondary benefit of EFR is that ambient air is drawn into the subsurface, 
providing oxygen for biological hydrocarbon degradation. 

EFR is a mobile ~chnique, which can be implemen~d in a fraction of the time requir.:d to set up 
a permanent water or soil treannent system. Tnis · all_ows rapid address of on and off-site 
CO!li"'wi,.,ation. limi~d only by piping length and truck access. Tr-..ncb.ing and excavation work is 
no~ required, possibly making this form of remediation more palatable to adjacent property 
o•v":iJ.e!S impacted by on-site releases, over permanent rrearmem system installations. 

EFR Carl be a one-time quick-response treatment to remove contamication from a localized area, 
or can be applied systei:D.atically as an integral part of L1.e site remediation plan. .tu"eas of 
elevated contamination can be periodically treated -.;.ith EFR until contamination levels decrease 
to w.:,_e !eve! at which naQ!ra.l attenuation can be utili!.!d as a remediation technique. 
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Effectiveness 
The benefit gained by performing EFR ac a site is gauged by es timating th! cow mass of 
con ~-ninants recovered during the procedure . This is dace by summing the masses of liquid, 
disso lved and vapor ph2.S! contamination removed. Free-phas! hydrocarbon :nas.s is gaged by 
measuring the thickness of the produce• layer in t.1e tm.'< of the vac-truck after EFR and 
converi.ing this volume to a mas:S based on the density of the contl!Ilinacioa. Tne dissolved mass 
of contaminant is calculated from the total volume of water in the vac-truck tank and laboratory 
analysis of a sample taken from the tan.'<. Due to conwninanc solubilities, however, the fraction 
of contamination in this dissolved phase is small and considered negligible. Tne majority of 
removed contaminants are often in the vapor phase. This mass is exhausted from the tank to the 
aunosphere by the vacuum pump. The cont.am.inane mass removal race is calculated from 
conUl-ninant concentrations and flow rate measurements ta.lc:n from the efrluenc ac the vacuum 
pump discharge. To verify that the vac-truck tan..1< does not contain volatile material prior to its 
application, ambient air is allowed through the piping system while the vacuum pnmp exhaust is 
monirn~d for the presence of combustible gases. 

Limitations 
EFR relies on ';acuum to withdraw fluids from a well. Absolute vacmm1 is equal to 33.9 feet of 
\·.; ::.cer column, the max.imum depth from which water can be lifted by a vacuum, although EFR 
has been performed successfully ac a site where the water table was at a depth of 44 feet. Tnis is 
::.r-1..:.ibuted to the high v~locity of the vapors traveling through the stinger, which can carry 
subsuntfal volumes of entrained water. Ac th~ depths, the length of the stinger becom::s 
critical. Trial and error is required to determine !he stinger length which provides the optimum 
vapor and liquid flow. Tne maximum depm to wa~r at which EFR can be used has not been 
de~errnined . 

Sice corutr.a ints may J i;;i j ~ the locations where EFR C2.!l be applied, as the vacuum truck muse 
h?.ve 2.ccess to the monitoring well. Presumably, though, a vacuum truck will be able to tr2vel to 

where a drilling rig has been to install !.tie well bei!!g trea~a . The volume of the tan...1< on me 
vacuum truck will limit the amount of fluids that can be e:crrac~d during one event if provisions 
for a holding tank have not been made. 
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EFR Contaminant Removal Estimation Calculations 
Tne mass of vapor-phase contaI!l.ination removed during an EFR event is calculated based on 
measurements takeo at the exhaust of the vacuum pump. Contaminant concentrations in the 
e:dlaust s~am and volumetric flow race are monitored and ~corded during the ES event. The 
Ideal Gas Equation is used to estimate the specific volume of the contamination, to which the • 
cont..mllnanc concentration and flow rate is applied co quantify contaminant mass !low races. This 
mass flow rate is then multiplied by the duration of the EFR event to estimat! total mass 
removed. 

Tne contaminant concentrations in the vacuum pump exhaust are measured with a combustible 
gas indicator equipped with a set of dilution probes co ·accommodate the wide range of 
concentrations encountered. Volumeaic flow rate is calculated from exhaust stream velocity as 
measured using an anemometer and the diameter of the exhaust pipe where the 211emometer 
reading was taken. The calculations are shown below. 

Tne Ideal Gas Equation, 

1) 
mRT 

PV=-­
M 

i.s re2IT2D.ged co determine the specific volume of gasolfue vapor: 

2) 
V RT 

rr: PM 

V=volume of gasoline comamim.tion, lil feec3 
m=mass of gasoline con!mlination, in pounds.. 

. . - _ft lhj 
R=umversal C12.S constant, 1::>4::>----

~ lb rr.ol R 
T =temperarure of i;acuum pump exhaust in degrees Rankine, assumed to be 
560"R 

. - . . lbj . 
P=pressu!"! or vacuum pump exnaust 1!l ~, 2.5.sumed ta be 14.7 ps!, or 

;r· 
lb.: 

2, 116.8--!, 
;r· 

M 1 1 . . - 1· . . . lb . . =mo ecu ar we1gnc or gasoillle co:i.tar.i_1....-1auoa, m . a.ssumea co oe 
· lb - rr.ol 

lb 
75---

lb- mo{ 

Vo!umeu.ic flow ra~ is ?..SSUfil!d to be giv!n by: 

·- 9 .. 
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3) Q=Ve!A 

• l 

wh::re : Q=vacuum pump exhaust volumetric flow rat::, in~ 
mm 

• 

Vel=velocicy of vacuum pump exhaust stream, in ~ , as measured with an 
mm 

anemomerer 

A=cross-~ctiooal area of vacuum pump exhaust pipe, in ft 1 

Hydrocarbon concentrations as measured by combustible gas indicators typically give readings in 
P2:rt.S per million by volume or: 

4) Cone. 

where: 

ft 3 gasoline vapor 

(1.000.000).fr3 air 

Conc.=concentration of gasoline vapors in pari.S per million by volume 

Multiplying equation 4) by equation 3) and dividing by 2) yields the mass contaminant flow rare 
or: 

5) m= 

- · -..a-a • 
, .. ~ ..... L. ..... 

(P)(M)(Vel)(A)(Conc.) 

(R)(T)(l,000.000) 

· lbs 
m =m23S cont.a.rnliJ.~t flow rate, fil - .­

Ii:llil 

Recog;i i7 ing that the cross-sectional are.:. of a circular pipe is: 

6) 

where: 

D1 
A:::;r.--

576 

A=cross sectional area in tr 
D=nomonal pipe diame~r. in inches 

S:..!bstimting 6) and the constants above inro 5) yieid.s : 

7) m 
(Vel)(D 1 )(Cone. ) 

1E9 

~·f uldptji!J.g 7) by time in minutes will yield the tm.al mass of g23oline cont2l!lination removed 
over th.:.~ time interval: 
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8) Mass=m c 

where : t=time in minu~s over which mass removal is calculated 

Extracted vapor concentratjons will change over the course of the EFR event:. and tl:lerefore 
anemometer and gas concentrations are ta.lceri periodically throughout the day. Equation 8) abo.ve 
is used over each time in~rval separa~ly, and the masses r-_moved over each m~urement 
interval are summed to de~rmine mass of contamination in the vapor phase removed over the 
course of the event 

To the mass removed in the vapor phase is added the mass of fr:e-floating produce in the vacuum 
truck tan..1< as measured by gauging the volume of the product in the tank. The mass of 
com-:iminant in solution is considered negligible, although can be de~rmined from chemical 
analysis. 
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Silo AJuruss: 1 u UU I ~ . Oi.:'o an Av o. 

City, Slalo: Holl svlllo, NY 

Spill II : Uil -:.10:3 0 

Monltorlnu Woll ILJ Trontod 
MW- 5 IMW- 0 IMW· 111 NIA 

lnltlal DTLNAPL (II) 
Initial DTW (fl) 

Dlarnotor ol Woll (In) 
Doplh ol Sll11901 (fl) 

Dlamotor ol Slln901 (In) 

Tu!!! 
0:40 
!) :00 

!J: i\!.i 
10:36 
11 :45 
12:05 
12:1\0 
13:00 
13:25 
13:30 

Final OTLNAPL (fl) 
Final DTW (II) 

NIA 
15.57 

4 
10.2 

1 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

EN/A 
NIA 

NIA 
14.90 

4 
15.5 

2 

x 
x 
x 
x 
x 
x 
x 
x 
x 

I NIA 
NIA 

. Total Vo lumo LNAPL Rornovod: 
Total Volumo Ground Wntor 11ornovod: 

NIA NIA 
15.92 NIA 

" NIA 
10.7 NIA 

1 NI/\ 

x 
x 
x 
x 
x 
x 
x 
x 

I NIA 1· NIA 
NIA NIA 

0 galloll!l 
t,l\!iO gnllons 

I 

. . . 
Vac -Trnck P1ovido1 : Ty100 Erwlr or11110111 al S~r~ 

Volurno ol Vac-Truck: 2,000 9allo11s -

7r; Assurnod Molecular Wolght of Contnmlnanls:. __ llllll -11101 - -um Tornpdrnluro of Vncuurn Pump Exho~sl:a . __ dO!J F 

Dllunotor ol Vacuum Pump Exhousl:a -----3 lnchos - -
Uackground Vacuum Pun'4J Exhaucl Combustible Gns Conconlrallon: -------NIA •1.LEL 

Co rnl.i us I il.i Io Oii Corroclod Corroclod Ellluonl Vac-Truck Comuusllulo Gas Cornuus1iulu G,,. 

Gas Rt1tlo Coml>ustlblo Gns Colnuustll>lo Gas Voloclly Vacuum Removal Raio Mass l\0111ovud 

Co11co11lmllo11 Conconlrnllon Co11conlrnl1011 

(•/. LEL) (% LEL) (ppm) (IVmln) ("Hg) (lb/min) (I> ) 

100 t 100 11\,000 2,000 20 0.35 

IOU 1 too 14,000 2000 20 0.35 7.0li 

too I 100 14,000 2000 10 0.35 15.60 
100 1 100 14,000 2700 10 0.34 17 .3G 
100 1 100 14,000 2700 to 0.34 2:1 .46 
100 I 100 11\,000 2600 10 0.33 G.55 

uo 1 00 !J,240 2000 10 0.22 "f!jJ 

52 1 52 7,200 2000 10 0. 17 3.41 
40 t 1\0 0,720 2200 to 0.1 :.I J .:13 

40 t i\D 0,720 2200 10 . 0 . 13 O.ti 7 
I 

-
-

Total Cornbuslil>lo Gas Mass Rornovod: 05.3 
Total Moss LNAPL Romovod: 0 

Total Mass Conlarnlnant Romovod: ( O!.i .3 
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fxpl;:urnllons 

11,illlal onNAPL 
Ooplh lo Lktulc.l ·Phu5o Non·Aquuou5 Llqulc.l In Woll prior lo EFR 115 moa5uroll 110111 lof> of Cnslno, k1 loot 

lnlUal DTW 

Ooplh lo wator tablo In Woll J>rlor lo Efn as moasurod lro111 top ol Casing, In loot 

Olamolor ol Wol 

Nomlnol dlamolor of woll upon which EFR Is porlorrnod, In lnchos 

Ooplh of Sllngor 

Longlh ol 'sUnoor' 1u rnoasuroc.l lrorn lho lop of woll cusl119, l11 loot 

Dlnmolor of SUngor 

Nominal dlamotor of 'drop plpo' or 'sllngor', U10 ·plpo which Is lnsortod Into A wolt lrotn lo which n vacuum Is ap11Uod d\J1tng EFA, In lnchu 

Tlino 

Tho limo at wl~d1 n moiuurornonl ls rnndo 

Mo11ltoiln!J Wol ID 

Tho ldonUllor of a woll which b bolng troalod wtU1 EFR 

x 
X kJonUftos wt1lch wolls aro plpod lo vacuum lluck nt Urno monsuro111011ls oro lnkon 

Vac·Truck Provldor 

Namo ol company providing vacuum truck sorvlco • 

Volume of Voe-Truck 

Volurnolllc capacity of hole.Jing lnnk on vacuum lruck, In !Jnllons 

Auurnod Molocular Wolghl of Contaminants 

Auumad molecular wolghl of oxlraclod contaminants, 111 lbAb·mol 

Tornpornluro of Vacuum Pump ExhaU5l 

To1111101alu10ol11ncuum pump oxhnust or lu111purnlu10 of co11ln111l111111t 111111015 who10 111011suro111011ts 1110 lnkon, h1 tlogroos Fnhronholt 

Olnmotor of Vacuum Pui1111 Exhaust 
Nomlnnl c.llnmolor of vncuum pump oxhau51 plpo whoro 1111omomolor voloclly rondln!J 15 lak1111. In lnchos 
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' 

011ck!)1ou11J V11cuu111 l'u111p E xhau~I Cu111hu~li lllu Ga~ Cunconllalion 

CornbuJUblo !JU conco11lli1Uon In 11i\cuu111 pump oxhnust wllh tilnk lnlol opon lo 11111hlo11l, u ~ ud lo 1101ily lank dooJ not hold volatilos 

,.,1or lo EFn. b1 'Y. of tho Lowor Explo,lvo Limit 

ComLuJUblo Ou ConcontmUon 

ConconlrnUon of volnl~o' b1 vacuum 11u111p oxhnu,I, 1u road by cor11bu,tlhlo !J"' Indicator In "· of tho Lowor Exploslvo Umll, auwnocJ to bo t.4% by volumo for 
uasolno vapors, prior lo corrocUon for diluUon probo 

011 Aallo 

DiluUon raUo of probo usod lo moasuro conconlrnUon of volnlllos b1 vncuum pump oxhnust 

Co11oclod Combustiblo Gas ConconlraUon ('Y.LEL) 

Concontradon of volalUos In vacuum pump axhoust. corroclod for dlullon rnllo of probo usod lo lako rnonsurornonl, In .Y. of tho Lowor Exploslvo Umll 

Conoclod CombuJUlilo OAS ConconlrnUon (ppm) 

ConcontraUon of volaUloJ In vacuum pum1> oxhauJI, coiroclod for dlluUon ratio ol probo UJod lo lnko rnouuromonl, b1 parts f>or mHUon by volume 

Elftuonl Voloclly 

Voloclly of vacuum pump Ollhaust, 1u monsurod with nn 1111orno111otor, In fool f>Or mlnuto 

Vnc-T1uck Vacuum 

Lovol of vncuum In vncuu111 truck lank, us 1011d 011 lnnk's vacuum yngo, In lnchos 111orcu1y 

CombusUhlo Gu nomovol nalo 
. I 

Mass Row ralo of !Jnsollno vapo1s horn vacuum pump oxhousl, 4' calculalod hy 111 a(P)(M)( Vo/)(A)(Conc.)/(R)(T)( t EO), who10 m Is most now rolo, r ts 
prouuro of oxhaust vapor, M Is molocular wolohl ol gasollno vapor, Vol ls oxhnust vapor voloclly, A Is cross ,aocUonal aroa of oxhaust 

vapor flow, Cone. 1, !Jllsollno vapor conconlmUon In oxhnusl vapor, R Is tho unlvorsnl QiU constant and T tho 011haust vapor tornporaturo 
In pounds por mlnulo 

ComhuJUblo Ou Mnu Romovod 

Mus of guolino vn11or ollhnush>d hom vncuum pump ovor limo lnlorvul hotwoon 11101Ul110111011IJ, In pounds 

Tolnl CombusUlilo Gau Mou no111011od 

Total summod mass !Jasolino vapors romovod ovor courso of Ef-R ovont, In pounds 

Total Mus LJ.IAPL Romovod 

Total mus ol Light Non·A4uoous Phoso Liquid proso11t l11 vac-huck tonk ollor EFn, os dolo!111lnod by vofumo of product In tank usurnlng spoclllc g111vlly of 0.8, In pounds 

·r utal Moss Co11l11111l111111I no111ovod 

Tho sum· of gnsoUno mass romovod In vapor and liquid phnso, In p~unds 
I 

l-
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