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''••·•" 

INTRODUCTION 

This:!:~~report presents the results of a Corrective Measures Study (CMS) conducted 

as the second part of a Corrective Action Plan (CAP) for the Spartan Technology, Inc. 

(Spartan) facility located at 9621 Coors Road, NW, in Albuquerque, New Mexico. 

This CMS is based on the results of the RCRA Facility Investigation (RFI) submitted 

to the U.S. Environmental Protection Agency (U.S. EPA) May 14, 1992 and subsequently 

approved by U.S. EPA on July 1, 1992, in correspondence received by Spartan 

Technology, Inc., on July 8, 1992. A draft eMs report Was submitted toU.s. EPA on 

November;~n992I~~TF1Ef'Hraft :eMs report has been/ revised . in ;response fo. comments 

feceivea·trC>ilfQ.s:·t:F>A aa£ea· March'l'and ·March .. 29;·199s: 

This CMS was conducted under the conditions of an Administrative Order on Consent 

entered into by Spartan and U.S. EPA which became effective October 1, 1988. This ·~~

finalCM~ report is being submitted in accordance with the provisions of that Consent 

Order. 
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II BACKGROUND 

The Spartan facility is sited on an approximate twelve-acre parcel of land located on 

the northwest side of Albuquerque, on State Highway 448, known locally as Coors Road, 

approximately 0.75 miles north of the intersection of Coors Road and Paseo del Norte (See 

Figure 1 )(RFI Figure 1 ). 

The Spartan facility began operation in 1961. thf6Ughi994;?electronic components, 

including printed circuit boards were manufactured af the slfe:"" Since 1994, Spartan has 

c6nfinue8tcfopef~f~thermachlrie shop af the facility in sUpporfof manufacturing conducted 

allhe company's~Ri(fRancn6'planfar1a ·ather locations: The manufacturing process 

generated two waste streams which W:efe managed as hazardous wastes: an aqueous 

metal plating waste stream and a solvent waste stream. The plating wastes were stored 

in an in-ground concrete basin until approximately 1975. This basin was replaced by a 

lined surface impoundment in 1975, termed the "West Pond". A second lined surface 

impoundment was installed circa 1977. This pond was termed the "East Pond". 

Accumulated wastewater was periodically removed from the ponds via vacuum truck for 

off-site disposal at a permitted facility. Figure 2 (RFI Figure 2) shows the facility layout. 

After the installation of the East Pond, the West Pond was not used again until January 

1981. At that time, the West Pond was refurbished by providing a new liner and by 

constructing concrete sidewalls for liner support. From 1981 through August 1983, use of 

the two ponds was alternated so that each pond could be regularly inspected. No 

significant liner damage was identified during any of these inspections. In August 1983, 
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Spartan ceased discharging to either pond and removed the plating wastes which were in 

the ponds at that time. The ponds have not been used since that time. Plating wastes 

W~·rtr;sUffsequeijt,ry '?ccOmllla!~a in drums in an on-site .. less than ninety day .. storage 

facility prior to shipment to a p'ermitted off-site disposal facility. 

Waste solvents were accumulated in an on-site concrete sump and allowed to 

evaporate. Use of this sump was discontinued in 1980, at which time Spartan began to 

accUinUiaf~ the waste solvents in drums prior to off-site disposal at a permitted facility. 

In 1983, several groundwater monitoring wells were installed around the pond and 

sump area to determine whether there had been a release of hazardous constituents from 

the ponds or the sump. Analytical results from groundwater samples taken from these 

wells indicated concentrations of several constituents above state standards. 

Since this initial finding in 1983, investigation of the nature and extent of the 

contamination has continued through 1992. The wastes which were stored in the pond and 

sump area were typical of electronic manufacturing facilities. The waste stream stored in 

the ponds was an aqueous stream from the metal plating process which contained a 

variety of metal ions. The sump was used to store a mixture of waste solvents from 

process and degreasing operations. Historical analyses of the contents of either the ponds 

or sump are not available; however, the predominant constituents can be inferred from 

subsequent sampling and analysis of subsurface soils and groundwater. Based on 

groundwater analyses, the primary hazardous constituents appear to include 

trichloroethylene (TCE) and 1,1, 1-trichloroethane (TCA), with lesser amounts of methylene 

chloride (MeCI), acetone, and 1, 1-dichloroethylene (DCE). Based on these analytical 
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results from groundwater samples taken from on-site monitoring wells, it is apparent that 

the contaminant release originated primarily from the solvent storage sump. 

Various metals have also been detected in both soil and groundwater samples. 

Historically, chromium has the highest frequency of occurrence at elevated concentration. 

Aromatic petroleum hydrocarbon constituents including benzene, toluene, ethyl-

benzene, and xylene (BTEX) have been detected in a single well. The source of the BTEX 

constituents is unknown; however they are inconsistent with, and potentially anomalous to, 

the historical operation at this site and the constituent data base of all sampling and 

analysis conducted to date. 

During the period 1983 to 1987, Sparton worked closely with the New Mexico 

Environmental Improvement Division (EID). Also during this period, the ponds were closed, 

and the entire pond and sump area was capped under a state-approved closure plan. 

In 1987, when it became apparent that contaminants had migrated beyond facility 

boundaries, the EPA commenced negotiations with Sparton to develop an Administrative 

Order on Consent. This Order was signed and became effective on October 1, 1988. 

Under the provisions of this Order, Sparton implemented an Interim Measure (IM) 

consisting of a groundwater recovery and treatment system in December, 1988. The 

purpose of the IM was to remove contaminants from the more concentrated areas of the 

contaminant plume in the uppermost flow zone. 
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Since 1983, the results of the ongoing investigation have been published in a number 

of reports, copies of which have been previously furnished to EPA and EID. A list of these 

reports is included in Figure 3. The most recent of these reports, the RFI and the Interim 

Measure Effectiveness, are the basis for the Corrective Measure Study (CMS). 

As described earlier, the ponds were used from approximately 1961 until August 1983, 

at which time discharge to the ponds ceased, and the ponds were emptied. The sump was 

originally closed in October 1980 by removing the remaining wastes and filling the sump 

with sand. Final pond and sump area closure was conducted in December 1986 under a 

State-approved closure plan. This closure consisted of backfilling the ponds, and the 

construction of an asphaltic concrete cap over the entire area to divert rainfall and surface 

water run on, thus minimizing infiltration of surface water into the ground in this area (See 

Figure 4) (RFI Figure 4). 

Sparton is committed to preserving environmental quality. Sparton has demonstrated 

its commitment at this facility by undertaking voluntary corrective actions and by working 

with U.S. EPA and the State of New Mexico to mitigate the effects of contaminant release. 

Sparton has further demonstrated its commitment by expending over $5~3 million at this 

facility for various corrective actions and investigative work from 1983 to the present time. 
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Ill DESCRIPTION OF CURRENT SITUATION 

A. Physiography. Geology. Hydrogeology. Climatology 

1 . Regional Setting 

a. Physiography 

The Sparton Technology facility is centrally located within the Albuquerque 

Basin of central New Mexico and is in the middle part of the Rio Grande Valley which 

extends through the length of New Mexico. The site is situated on the edge of a terrace 

next to the river flood plain at about elevation 5050 feet. The Rio Grande is located 

approximately 3000 feet east of the site at an elevation of approximately 4990 feet. Also, 

the Corrales Main Canal, a man-made hydraulic structure, is located approximately 300 feet 

east of the site and contains flowing water (Rio Grande source water) eight months out of 

the year. The canal is used primarily for irrigation. West of the facility, the elevation 

increases to about 5300 feet. 

b. Geology 

The Albuquerque Basin fill is estimated to be approximately 1 0,000 feet thick 

along the axis with sediment thickness varying throughout the basin boundaries. A 

generalized description of the sediments in the basin is presented in ascending order by 

age as follows: 

• The Precambrian bedrock is overlain by Paleozoic and Mesozoic age 
sedimentary rocks which are comprised primarily of sandstones, shales, and 
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• 

• 

• 

marine limestones. The upper section consists mainly of continental and 
marine shale, and of sandstone with some gypsum, coal, and conglomerate. 
Both Paleozoic and Mesozoic rocks outcrop east of Albuquerque in the 
Sandia and Manzano Mountains. Only Mesozoic age rocks outcrop to the 
west in the Rio P.uerco Valley. 

Sedimentary rocks of the Tertiary and Quaternary age sequence 
unconformably overlie the rocks of pre-Tertiary age. They are generally 
composed of unconsolidated to loosely consolidated fluvial deposits of gravel, 
sand, and silt interbedded with some volcanic basalts and tuffs. 

The Galisteo Formation consists of Eocene and Oligocene(?) age beds of 
variegated sandstone, sand, clay, shale, minor amounts of conglomerate, tuff, 
and limestone. 

The Miocene-Pliocene basin fill consists of up to 1 0,000 feet of sandstone, 
mudstone, and gravel of the Santa Fe Formation or Group. Facies changes 
of the Santa Fe occur throughout the area and are, in some cases, divided 
into different units within the Santa Fe Formation. The Santa Fe Group is 
divided into two formations, both of which underlie the surficial deposits in the 
Rio Grande Valley. Before the Santa Fe was raised from formation to group 
status, Bryan and McCann (1937) had divided it into three members -- the 
Lower Gray, the Middle Red, and the Upper Buff. The units within the Santa 
Fe Formation were later reclassified as the Ceja Member (upper Pliocene), 
Middle Red Member (Pliocene), and the Zia Member (Miocene). All units are 
overlain by the Pleistocene age Ortiz gravel, (Kelly 1977). 

:fhirfo"egoing aescflpHoh Is consistent with information from Hawley & Haase, 1992; 

Ne.W~Mexicg~WRRl'1995; and the USGS Albuquerque Basin Model (USGS, 1995) A 

g~fjicflorf5[si.i6'sUfface geofogyis'glverl along Paseo bel Norte' BoUlevard west:easfcross 

[E[§I[gn~ffp[roxim~tery one Half mHef soUth of the facilitY in FigUfes' s ana sA (Hawley· & 
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Figure.5A 

key 10 stl'aH9raf3hic Units 

TABLE L HYDROSTRA TIGRAPHIC UNITS AND THEIR RELATIONSHIP TO LITHOFACIES SUBDIVISIONS 

Unit Description 

RA River alluvium; channel, floodplain, and lower terraces deposits of inner Rio Grande and Puerco valleys; as much as 120 ft thick. Map 
unit ''Qf' (Kelley 1977). Fonns upper part of the "shallow aquifer" system. Hydrogeologic (lithofacies) subdivision Iv'. Age: Holocene 
to late Pleistocene. 

VA Valley-border alluvium; tributary-arroyo; and thin eolian deposits in areas bordering inner Rio Grande and Puerco valleys, with locally 
extensive river-terrace deposits, as much as 200 ft thick. Includes older, sandy to silty, valley fill in the vicinity of Calabacillas Arroyo 
and the Atrisco area. Map units "Qa" and "Qt" (Kelley 1977), and "Edith, Menaul, and Los Duranes'' (alluvial-terrace) units (Lambert 
1968). Includes hydrogeologic (lithofacies) subdivisions Iv, II, and V. Most of unit is in the vadose (unsaturated) zone. Age: Holocene 
to m1ddle Pleistocene 

PA Piedmont-slope alluvium; coarse-grained alluvium, mainly deposited as coalescent fans extending basinward from mountain fronts 
on the eastern and southwestern margins of the basin; as much as 150ft thick; includes surficial deposits mantling piedmont erosion 
surfaces (including rock pediments). Includes deposits of ancestral Tijeras Arroyo system in the depression between I-40 and the SE 
Central-Ridgecrest Blvd. area (Lambert et al. 1982). Map units "Qfa" and "Qp" (Kelley 1977), and hydrogeologic (lithofacies) 
subdivisions Vf, Vd, and VI. Most of unit is in vadose zone. Age: Holocene to middle Pleistocene 

SF Santa Fe Group- undivided; fill of intermontane basins of the Rio Grande rift in New Mexico and adjacent parts of Colorado, Texas, 
and Chihuahua (Mexico). Includes alluvial, eolian and lacustrine deposits; and interbedded extrusive volcanic rocks (basalts to silicic 
tuffs). In the Albuquerque Basin, the Santa Fe is as much as 15,000 ft thick. It is mapped both as a formation (member subdivisions) 
(Kelley 1977), and as a group (formation and member subdivisions) (Hawley 1978; Machette 1978a, b; Lozinsky and Tedford 1991). 
Sand and gravel facies form the major aquifers in Albuquerque basin (and elsewhere in basins of the Rio Grande rift). The group is 
subdivided into three (informal) hydrostratigraphic units: 

USF 
USF-1 
USF-2 
USF-3 

MSF 
MSF-1 
MSF-2 
MSF-3 

LSF 

Reference 

Upper Santa Fe !.:nit; coarse- to fine-grained (fluvial) deposits of ancestral Rio Grande and Puerco systems that intertongue toward 
basin margins with piedmont-allu\ial facies; volcanic rocks (including basalt, andesite and rhyolite !low and pyroclastic units) and 
thin, sandy eolian deposits are locally present Unit is Jess than 1000 ft thick in most areas, but locally exceeds 2000 ft in thickness. 
Subunit USF-1 is primarily coarse-grained fan alluvium derived from the Sandia, ~fanzanita and ~fanzano uplifts. USF-2 includes 
ancestral-Rio Grande and interbedded fine- to medium-grained sediments of diverse (alluvial-lacustrine-eolian) origin deposited in 
a rapidly aggrading basin-floor environment Thick alluvial and thin eolian deposits capping the Llano de :\lbuquerque (West Mesa) 
between the Rio Grande and Puerco Valleys form subunit USF-3. These gravelly to sandy, piedmont and basin-floor facies are mainly 
derived from the Southern Rocky ~fountain and southeastern Colorado Plateau provinces. 

Unit includes Ceja ~!ember ofthe Santa Fe "Formation" (Kelley 1977), and Sierra Ladrones Formation (~lachette 1978a, b; Lozinsky 
and Tedford 1991); and locally, upper Cochiti and Popotosa Formation correlatives (~fanley 1978). It fonns lower part of"shallow 
aquifer" below river-floodplain areas, and main part of basin-fill aquifer system in City of Albuquerque well fields. Includes 
hydrogeologic (lithofacies) subdivisions lb. II, Ill, V, Vd. \'f, VI, VIII and LX. ~fuch of this unit is in vadose zone. Age: Early 
Pleutocene to late Jfrocene, marnly Pliocene 

Middle Santa Fe Cnit; alluvial. eolian, and playa-lake deposits; partly indurated. coarse- to fme-grained piedmont alluvium th~t 
intertongues basinward with fine-grained to sandy basin-floor facies, including playa-lake and local braided-stream deposits. Basalltc 
to silicic volcanics are also locally present The Rio Grande rift region extending from central New ~lexico into south-central Colorado 
is a major sediment source area for Albuquerque Basin Fill. The unit is as much as 10,000 ft thick near the Isleta volcanic center, and 
corrunonly is at least ~.000 ft thick in central basin areas. Subunit MSF-1 is primarily coarse-grained fan alluvium derived from early
stage Sandia, Manzanita and ~lanzano uplifts including the ancestral Tijeras Canyon drainage basin. ~ISF-2 comprises sandy to fmc
grained basin-floor sediments of mixed (alluvial-lacustrine-eolian) origin that intertongue eastward with subunit ~ISF-1, and westward 
and northward (beneath the Llano de Alburquerque) with subunit ~ISF-3. The latter subunit includes coarse- to fme-grained alluvium 
derived from the southeastern Colorado Plateau and :>lacimiento-Jemez Mountain area. Includes much of the Popotosa Formation 
(Machene 1978a, b; Lozinsky and Tedford 1991) in southern Albuquerque Basin, and part of Cochiti Formation (Manley 1978) and 
"middle red" formation (Spiegel 1961; Lambert 1968; Kelley 1977) in nonhem part of basin. Fonns lower part of main aquifer system 
in the nonh-central part of basin. Includes hydrogeologic (lithofacies) subdivisions II, Ill, IV, V, Vd, Vf, VI, VII, VIII and IX. Age: 
Late to mrddle Miocene 

Lower Santa Fe Unit; alluvial, eolian, and playa-lake facies. Sandy to fine-grained basin-floor sediments, including thick dune san.ds 
and gypsiferous sandy mudstones, grade to conglomeratic sandstones and mudstones near basin margins (early-stage piedmont alluvial 
deposits). The unit is as much as 3500 ft thick in the central basin areas, where it is locally thousands of feet below sea level. Includ~ 
lower part ofPopotosa Formation (~fachene 1978a, b; Lozinsky and Tedford 1991) in southern Albuquerque (Belen) Basin, and Z1a 
(Sand) Formation (Galusha 1966·, Kelley 1977) in nonhern part of basin. Eolian sand facies of the Zia Formation are an important p~ 
of the deep aquifer system beneath the Llano de Alburquerque in nonhwestem Rio Rancho. Due to deep burial and abundance of slit
clay, the unit is not known to form a major part of the aquifer system in other parts of the basin. Includes hydrogeologic (lithofacies) 
subdivisions IV, VII, VIII, IX and X. Age: Middle Miocene to late Oligocene 

•Lithofacies subdivisions illustrated on Figure 6. 
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c. Hydrogeology 

Regional water table fluctuations occur as water is added to or withdrawn 

from the groundwater reservoir in the Albuquerque area. Long term water level declines 

may be attributed to heavy pumping from industrial and municipal wells in the Albuquerque 

area. Seasonal fluctuations are due to heavy precipitation and irrigation by surface water 

diverted from streams which tends to raise the water table. High water levels occur during 

the summer months in the inner valley when land is irrigated by water diverted from the Rio 

Grande or where inundation by flood runoff is common. The lowest water levels in the 

area typically occur in the early spring before the first application of irrigation water. 

d. Groundwater Flow Direction 

The shape and slope of the water table throughout the valley fill, in most 

instances, is not uniformly planate. The irregularities in the surface occur as a result of 

lithologic facies changes which directly affect permeabilities and saturated thickness. This 

may cause mounding, coning, or troughing with the addition or withdrawal of water. 

Because of groundwater extraction through municipal wells, it is estimated 

that the regional water table has declined forty feet in the last fifty years in this area. 

However, the influence that these wells have on the water table does not extend to the 

region around the Sparton facility. Groundwater pumping does not affect the water table 

in this area because large municipal and industrial wells are infrequent and widely spaced. 
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groundwater movement is generally to the southwest. The contour lines in Figure '6 (RFI 

Figure 9) show the configuration of the water table and the direction of movement of 

groundwater. 

e. Groundwater Recharge 

The groundwater reservoir in the Albuquerque area is recharged from many 

sources which include precipitation, underflow of groundwater from adjacent areas, applied 

irrigation water, seepage from streams, springs, seeps, drains, and canals. 

Discharge from the groundwater reservoir in the Albuquerque area occurs by 

means of evapotranspiration, springs and seeps, drains, water wells, and as base flow of 

the Rio Grande. 

2. Site-Specific Conditions 

a. Geology/Hydrogeology 

Several reports have been issued since 1983 describing various aspects of 

the site geologic and hydrogeologic regimes (See Figure 3). Copies of these reports 

have been previously furnished to EPA. Figure 7 (RFI Figure 11) shows the locations 

of all on- and off-site groundwater monitoring wells installed to date. 
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Figure 6A 
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b. Site Stratigraphy 

The Spartan RCRA facility investigation area is situated within the 

Albuquerque Basin, a fault trough defined by Bryan (1938) as a component of the Rio 

Grande depression. Several structural benches are delineated within the basin; fault 

scarps striking north-south face the trough. 

Geologic materials of the Albuquerque Basin are Precambrian to Holocene 

(Recent age). The bulk of the basin fill, estimated to be as much as 10,000 feet in depth, 

is represented by the Santa Fe Group of Tertiary age overlain by Quaternary fill deposits. 

These deposits together comprise the local aquifer relevant to the Spartan facility. 

Kelley (1977) characterized the Santa Fe Group as three stratigraphic members; 

the lower Zia Sandstone Member, the middle Red Member, and the Ceja Member 

(uppermost part). Monitoring wells of the RCRA facility investigation area are estimated 

to be completed above the top of the Ceja Member. Lambert (1968) described the upper 

part of the Ceja as being 11dominantly yellowish to grayish sandy pebble gravel 

and pebbly sand with lesser amounts of interbedded clay, mud, and sand 11
• Two major 

sediment types were encountered in borings at the Spartan facility. These sediment types 

include clays and sandy muds interbedded with gravelly sands. The gravelly sands 

predominate in the upper and lower flow zones. Both sediment types are found in every 

boring; however, correlation from boring to boring is not consistent because the 

depositional environment changes vertically as well as horizontally. Even at cluster well 
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locations, where borings are in close proximity, significant lithologic variation has been 

observed. 

tilE;'5~!E;~f;l9~fl~i!Y7,lJna''"~ffi~~~fof5V'6Bservem.'6rrslte is':~~nslslen£WWrtH'Fe9lonal 

Hes"'ri'#fion"'1H'¥ewT~r:~Fiaaselt19§'4f'"Ufa11$%fTrrenrusC3sMoaertor::me'.A.I&U'%%ner"ueBasiH ,//", .. ~,.- C "·· p .:4., .. :·,--·:\ .-:/.~./;,t;ix""~Y&:;&:,..__,-,:::tt;.&f<·--u.-'-'''""·'/·':!i· / ·'·.,,,.:,It ' ... '//· //,.,p_Lt. ., . . ~Jn.: . -~-. / .· ·'-':-:;;./,:~ .. · /, q . :q , . . _ 

C:9fiCIUCfl~ffY:ar~rl?99Xr>Fif1e:Ha-rmonlc'~lneanJcof'tn'e ',horlz&ntaU:nvaratiilc'conauctivHY: 
~nomaRerqs~aYp~~e'n~ive'~'9l36iJflyslcarlo99ln~flnfOrmanon'lcrs[qvt'a'"1o4 ·otf6UfJ>rder 

rrl'agnimaerraf19e]l;f~FrVBraUIIcrconaucuvi£Y'occurrlnifovef'sf1oFrveffipal·'alslancesJ 

Figure ~ (RFI Figure 13) provides a characterization of site specific stratigraphy 

by section through the project vicinity. For complete details on the description of Site 

Stratigraphy refer to the Final RCRA Facility Investigation Report {f!Fl Report), dated May 

14, 1992. 

c. Project Hydrogeology 

E[ff9 reports for this project have used three flow zones to describe site-

specific hydrogeology. These flow zones were identified as the upper, lower, and third flow 

zones. The lower flow zone was divided into two members; the upper lower flow zone and 

the lower lower flow zone. These flow zone divisions were based on stratigraphic and 

potentiometric differences observed on site. HoWe~~rTas:i~vE!~flg~~911~~conHnUecCQ'ff7$itel 
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Investigative work to date indicates that all of the referenced flow zones are 

hydraulically connected and constitute a single groundwater unit. However, due to the 

saturated thickness and the heterogeneous; anisotropic nature of this single groundwater 

unit, retention of this flow zone 1dentification is very useful for vertical location purposes and 

assisting in three-dimensional descriptions of the hydrogeology. For this reason and to 

maintain continuity with the previous reports and correspondence, the flow zone distinctions 

have been retained. 

An evaluation of the extent of interconnection of the upper and lower flow 

zones was conducted in late 1989 and the results were issued in a report titled "Areal 

Extent of the Zones of Relatively Lower Permeability" (Figure 3). This report evaluated the 

presence of various fine-grained layers at the facility. These fine-grained layers, described 

as the "zones of relatively lower permeability" or ZORLP, generally range from clays to 

compacted silty sands that act somewhat like a barrier between the upper and lower flow 

zones. The ZORLP is thought to be the cause for the difference in potentiometric surfaces 

between the upper and lower flow zones observed on site. The ZORLP was not 

encountered off site. 

Asn5fe9UnC!~fi'site'strangraLSnv; si§niffcarlffletero9eHeifYlanlso£ropy 6ccUfs over sllolt 
~ertrcar'ancrn9ri~o~f~l(:lisf~nper:r:ru~"lo]flErfayerecf:'llefmcolar namre· of thEfaeposltlonal 

Draft Final CMS-Sparton 

May 6, 1996 

OGC-003526 

111-13 



The depth to groundwater varies from approximately 65 to 75 feet at the facility 

to approximately 200 feet in the hills to the west. On site, groundwater elevation varies as 

much as two to three feet as a result of recharge from irrigated fields and the Corrales 

Main Canal which is located approximately 300 feet east of the facility. '~~-Potentiometric 

contour map§ illustrating the groundwater elevations and gradients for the ~:vafiofis1floW 

Zf)ffEf'S;during highest1fi19:f3'W:Efs~water levels~are presented on Figures 9A~91= (RFI Figures 

2s1ao). smc:rrJFJ!1fEJB~P9fl7J>oJe5Uome£rJ9JeveJ~l1Ervrr'fopf>ealmtrtotvo'feeroverlne 

~ntirErsffe1!~osr~ar:r;walef1level]JlUacrs~rncllJBelrnr;a:-" 
7'"e'nCffx';:n 

',,,,_,,_-, &•,,_,,/.'4''/>-,''-M>#rZ"'M'fLV-ft, .. ,,,,Jz•,c{-, ',,_,,,,, "''"' ,,,, __ ,, ,,,;,PP '-- ,, 

To the west of Irving Boulevard, hydraulic gradients are relatively flat and vary 

from 1 :350 to 1 :780 in a generally westward direction. Under the Sparton facility, gradients 

range from 1 :50 to the southwest in the upper flow zone to 1 :200 to 1 :350 to the northwest 

in the lower flow zone. 
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Based on the results of field work and interpretations of pumping tests and 

water level data, the following aquifer parameters have been calculated for the Sparton site: 

!~ 

~~ 

~::~ 

Aquifer Parameters; 

T = 12,000-18,000 gpd/ft 

K = 0.0075-0.011 em/sec 
160-240 gpd/ft2 

s = 0.002-0.003 

N = 0.25-0.40 

T = Transmissivity 
K = Hydraulic Conductivity 
S = Storativity (dimensionless) 
N = Porosity (dimensionless) 

Only one well boring, MW-49, has been drilled into the third flow zone, 

consequently there is limited data for the third flow zone. Between the lower flow zone and 

the third flow zone, a stratum of clayey sand is present from a depth of 120 feet to 129 

feet. Silty sands with clay lamination underlie this clayey sand layer to a depth of 138 feet. 

Below 138 feet are medium- to coarse-grained sands and sandy gravels to a depth of 148 

feet. Monitoring well MW-49 is screened from 138 to 148 feet. 

Monitoring wells MW-34, 35, 36, 37, 47, 48, 50, 51, 52, 53, 54, 57, 58, 61, 

62, 63, and PZ-1 are screened in the upper flow zone. Monitoring wells MW-44, 45, 46, 

Draft Final CMS-Sparton 

May 6, 1996 

OGC-003534 

111-21 



56, 59, 60 and 64 are screened in the upper lower flow zone. Monitoring well MW-55 is 

the only off-site well screened in the lower lower flow zone (See Figure 7) (RFI Figure 11 ). 

tHe aqUifer hydraunc: cofloUcfivify'ran9e reported in the RFi .is··· both · consfstent 

~an;~ano''coBs~fYaUye:Ja~yt:698ragua··cqff84ctlvlfYlls~a·rn·'lhe'fatest····usds:"AibUquefClUd 

J:3a~trfM6de[{USGs·1995f;~~;fhe.f\FffiyaratmcconducitivifY value of 21.4• td''a2:lteel/daY 

comparesweHlothe·ls feef/oayUsed 5ylHe'Usds to rei5resenra large areaJeXlenr of U1e 

aqDUetwesf"oflRe Rio GraHaa··nnciuCJII19 tHe spartan plume·area) m the upr)ersaoteef 

oHhe satufateOzone: fhe USGS lndl6i:ited thaflocallzed areas with hydraUHc conductivity 

()f '25 feet/day·;are also presen[ Since the layered, heterogeneous and anisotropic 

coHditlons occuFoveflhe entlre pfume area; eXlension of aquifefparameters from detaiietJ 

orl~site purnplngtests is reasonable, valid, arid consistent with all available documented 

Information. ;fhE3,ref6ra:· aql.Jifer parameters reported in the RFI are .. adequate for eMs 

pUrposes! 

d. Summary of Recent Groundwater Levels and Flow Direction 

Figures 9A~9F'J(RFI Figures 25-30) are potentiometic contour maps for the 

upper, Gpperfower ancrlowe!ik>we~flow zones based upon November 13, 1990 data. This 

data is representative of bofffhighest groundwater conditions corresponding to the end of 

the irrigation (recharge) season andlowesfgrdundwatefconditions. Maximum water levels 

occur to the north of the Spartan facility. Gradients are generally to the southwest across 

the Spartan property. Between the facility and Irving Boulevard, the gradients are generally 
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to the west and northwest. Beyond Irving Boulevard the gradients begin a gradual arc 

back to the established southwestward regional gradient. 

The effect of irrigation results in a two- to three-foot change in potentiometric 

elevation to the south of the facility. However, west of Irving Boulevard the potentiometric 

elevation is relatively unaffected. 'J\r59fegJft:Jne;pr[vfO:OS:'s~l9n:·,wa:IefJevefs]1ave 

co'nclilsions''rem:arrrYa.na:~:r,A'I'sUmmary'ot wate~JeVer FEia.ding§'for the'.posi:Rf=i paHoa 

lfirou§n:·J~nu~rv::r~~~····is·· given lrrAppenalxfJ 

No gradient direction can be determined for the third flow zone as only one 

well has been set in that zone. 

3. Surface Waters 

Surface waters in the vicinity of the Spartan facility include the Rio Grande, Las 

Calabacillas Arroyo, and Corrales Main Canal. The Rio Grande is located approximately 

3,000 feet east of the Spartan facility. Las Calabacillas Arroyo, located approximately 

1,200 feet north of the site, is an ephemeral stream. The Corrales Main Canal, a man-

made hydraulic structure, is located approximately 300 feet east of the site and contains 

flowing water (Rio Grande source water) eight months out of the year. The canal is used 

primarily for irrigation. 

The level of the Rio Grande through most of the Albuquerque area is controlled 

by levees which maintain the river level above the level of the inner valley floor and the 
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surrounding water table. The natural buildup of sediment which raises the river level allows 

some~recharge of the water table through downward movement. As the water table rises 

under the riverbed, the water spreads out to the surrounding water table. This recharge 

by surface waters contributes to the irregularities of the gradient and flow direction of the 

4. Climate 

Albuquerque is located in Bernalillo County. The Rio Grande flows southward 

through the county, which is in the central part of New Mexico. The land rises on both 

sides of the river and forms mesas that have elevations of about 5,500 feet. The valley 

and mesa areas are arid, having average annual precipitation near eight inches. Summer 

is the rainy season. An average of 44 storms occur each year, mostly during this period. 

The average number of days having 0.1 0 inch or more precipitation is 22. 

The average annual temperature in Albuquerque is 5rF. The temperature 

reaches 90°F on an average of 75 days a year, and freezing temperatures occur on an 

average of 105 days a year. The average frost-free season at Albuquerque is 190 days, 

from mid-April to late October. Average annual relative humidity in Albuquerque is 43 

percent, but ranges from near 60 percent early in the morning to nearly 30 percent in the 

afternoon. 
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The average annual windspeed is 9 miles per hour. Spring is the windy season. 

Winds blow most frequently from the north in winter, and from the south along the river 

valley in summer. 

B. Contamination Characterization 

By their approvarof lfiirRFfReporl on JulY 1, 1992, U.S.WEPA approved both the 

fiydrogeologicrcharaCferlzaHon aHd .. contamination charaderlzaHon'6ontalned in the RFI 

Report. In accOrdance wiH1§1.3:·of the Consent Order, approVal of the RFI Report 

Incorporated the document irito fhe Consent Order. However, almosffive years have 

elapsed since the final sampling and analysis (June i 991) used to complete the approved 
. . ... .... . ' . .. . . '.·. . .. . . . . .. .. ... ·.·. . / 
RFI Report. In accordance with Task VII of Exhibit I to the Consent Order, sampling and / 

analysis conducted in lhEfpost-RFI period is being used to update the characterization 

lr1formaHon .. irf]he RFI··· ReporCf~r.lnformation .. on post-RFf chariges to contamination 

chara6feHzatlon1s basecfon mi.Jifiple resUlts ffom 43 groundwater monitoring Wells, receht 

results ffomlwo·vadditioriaT Wellsvri'6t samplecf since the RFI,··and recent 'deep soil-gas 

resUlts from 1 :ruF=z monitoring wells screened across the top of fhEfsaturafed zone: 

In the grearmajorify (75%) ofgrouridwatersampling locationsWith detection histories, 

conHimiriaHon is·aacreasing; hoWever; the leading edge of the colltamh1ant plume has 

moved pasfseveral aovvn::gradienfwells showing non-detedioff lff'fhe RFI Report. With 

Ule exceptionof]~ighf Weirs neaflHe leading edge 'of the plume:'tne remaining 37 wells 
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shoWeiffieFHecreasln9 timerfirsi()fJE!s .. (24Wells)··or'co6Hnmng:/non=aetecf{ra~wensr:J\tlne 

currenrmne~···foUf'hyafauirca:rrvaowf1"'9raolent.wellS"contrnUEflo'sf1oWRon='aeiecfl 

Ali ·an~sife"'montt6fln9'Wens···sfioW ·alm~r·a aecrease·!~·'coniaminaliorrof··cormnueto 

~11oW"ncra!aeh3c£fY:Zt=urther;·:·r:ecenl~Heep
71

soil-9as:.iffvesH§atiOrl':inoicafea·aravafea•···Voc // 

~of1centE~1i§n""0.9£qr:rrng··Q~I~rQHaerrn~nijfefl9rqfJ.n~:sf5afff5rrr=aciiiWJ 

An inf<JfmafioB'Cieverop~Hto·aan~··Irraicateslnafi'WiUime·excepUon Of'thfffeacrtn9lm9e 

orureF plUme,· me·coniamlnafforrcmaFaeterizaH<:>n contalnea·lrrfheRFT Report is·snll va.rra: 
EverfwlttiJhe movement oHhe plume leading·· eCJgEfnoted since the At= I Repoffi. the plu.me 

rs· adequately cflafaeteHzeCJ tor eMs purposes: 

1 . Soil Contamination 

a. Vadose Zone Investigation 

The results of PID field screening during the 'R:F{drilling program, ariaiYflcal 

testlng''oCB6refl0le'/s6H'samples';P':miJitlple surface soil gas screenings, and recently 

ponoucl~p~qee'(S'.~cmijas'analyses' indicate that contaminants migrated downward from the 

ponds and sump. The vertical migration was influenced by the relative location of fine 

grained silt and/or clay lenses and the presence of more porous coarse-grained sand and 

gravel layers. Interpretation of the results indicates both sorption and some lateral 

spreading occurred due to silt/clay layers. Based on available results, ;mosfof the 

contaminant release has completed its migration to the water table, leaving behind only 

scattered residual levels primarily in the vadose zone underneath the pond and sump area. 
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Soil gas screening {RFI borehole screening) indicated a general increase in 

soil gas concentrations of volatile organic constituents {VOC) with depth with the highest 

concentrations observed under the sump/pond area. Isolated occurrences of higher soil 

gas concentrations were also observed at depths corresponding to clay/silt lenses. These 

localized soil gas concentrations are believed to be related to residual VOC sorbed onto 

the finer-grained soil materials. Recent deep soH gas analyses conducted In April1996 

indicate fhaf,'WiU1H1eexcepticin of the immediate source' area, Vbc were in the low single

digifpprri (volumlfor ppmv)rangefo no defect. In the immediate s61.Jrce ara (lJFZ monitor 

well MW-f7),· VbC Were 'elevated With i 84 ppmv fCE and i 22 ppmv TCA. 

With the excepfidri of tCA concentration lri MW-i 7, deep soil gas results included In 

Appendix '2 'are ;'bef6w';equiiibrium concentrations ... with respect to groundwater 

c6nCenfrafi6n§ pfedleted by published Henry1s Lawcohstarits. Based on the deep soil gas 

results, Henry1s Law talcufatlons and considering vapor densities for TCE arid tCA are 
• • . 7 •• • 

approxlmately·;~Fi/2Jirriesv air density,· the soil gas concentrations indicate that ·any 

remaining sourcEfmaleflalirHhe imsatllrated ibne is nof migrating to al1y degree to the 

ground water. iilJaet,"theobserved soli gas coricentridlons maY~·in fact, be the result of 

dissolution· fforri'9rotrod Watet-1 

Total metals analyses were conducted to assess concentrations of cadmium, 

chromium, lead, and nickel. Analytical results on several samples indicated that chromium 

exceeded nominal background levels (2-3 milligrams per kilogram (mg/kg)). Maximum 

chromium concentration exceeded 3000 mg/kg underneath the sump/pond area. Evaluation 
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of the data indicates sorption onto silts and clays is probably the dominant process 

affecting chromium concentration. 

b. Surface Soil Gas Investigations 

Three S:Cfff~q~ soil gas investigations have been conducted at the Spartan 

facility. The first soil gas investigation was conducted in 1984, and involved primarily on-

site locations. The second investigation was conducted in 1987, and involved both on-site 

and off-site locations for soil gas measurements. The third investigation was conducted 

in June l99i, and covered both on-site and off-site locations (See Figure 3for Report 

idehtiticaHon). 

The purpose of these investigations was to obtain an estimate of the areal 

extent of the contaminant plume and to examine the impact of the Interim Measure (IM) on 

soil gas VOC concentration. All soil gas samples were taken in the shallow subsurface, 

approximately five to six feet below ground surface. CdrlfoU?pfols ()f'soil '"gas 
concenfratiOns]f9In~E!ICJFi~We]nv~str9ati()5sJire';91vei1'1h'AJ5Pe'ndi}rg~ 

Based on these ;sliRac~r;soil gas surveys, it appeared that the contaminant 

plume had moved a short distance beyond the facility boundaries. The shape of the 

[Offape~soil gas plumes also seem to suggest dispersion and diffusion as the predominant 

plume transport mechanisms with a lesser advection influence. 

Based on the results of the 1987 and 1991 surrac~ soil gas surveys, TCA and 

TCE were detected in the 'Silrface;soil gas over approximately the same area. However, 
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within the facility boundary, the 1991 TCE concentration dropped approximately an order 

of magnitude with only a single sampling point south of the building above 1 0 micrograms 

per liter (llg/1). The 1991 TCA concentration also decreased approximately thirty to fifty 

percent within the property boundary to a single peak level above 1 0 11g/l. Comparison of 

1991 data to 1984 on-site data indicate over a thirtyfold decrease in TCA and a fiftyfold 

decrease in TCE. The sllilace soil gas results indicate a significant change in soil gas 

concentration due to both source removal and initiation of the upper flow zone IM in 1988. 

c. · oeep sorfGas Investigation 

In April 1996, soil gas samples were obtained from a number of upper flow 

zone :Weffs scfeenec.f acfoss the fop of the saturated zone. Soil gas was purged frolll the 

Wells"UnHfsfable; repllcafe"soil gas· concentrations were Indicated on a phot6ionization 

CJetecfdr field screening instrument. calibrated to TCE. Negative pressure and purge tate 

Wereralsotecorded:'After purgingWasFcompfeted, soil gas samples were collected using 

Jedlaf-®·Bags Installed ln·a·vacuum box."· the soil gas samples were anaJyzed ofl the 
f()liowlng Hay ala local rabofalory using EPA Method 8o1 0/8020 procedures. Results are 

§iven In Afii:>enalx 2; 

Jhe.ffeep~soiigas'fesulfs'"afeconslsfeRfwith lhefearliefsurface soli gas resUlts: 

fJ ··;r,JUghesfsoll.gas'concenffaHorroccUfs' inlhe.'soUfce areal 

i" ·:~~son gas~concentrafioh Is ·negligible off-site~ 
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fhEr'(Jeep''soirgarfesPifswalso"liialcafefnaf;wfth the' possible exception offCA iiltfle 

pona sufilp'areaJ7~oirgasis·nofifsoUrce'ofcOnstifUehts to the groUnd water and,'H1 facti 

9"r<Ig5aWafer~ff!~VB.·e:mer~oufceJ?>ra~~rr-solr·ga:s·vac··aetecttcins: 

2. Surface Water and Sediment Contamination 

There are three surface water bodies in the vicinity of the Sparton facility. The Rio 

Grande is located approximately 3,000 feet east of the Spartan facility, the Las Calabacillas 

Arroyo is located approximately 1,200 feet north of the facility and the Corrales Main Canal, 

an irrigation channel, is located approximately 300 feet east of the facility. 

Based on regional and site-specific groundwater gradients, each of these surface 

water bodies is either upgradient or cross-gradient from the source area at the Sparton 

facility. In addition, the elevations of the water bodies are well above groundwater 

elevations beneath the Spartan facility and hence would not be affected by the contaminant 

plume. 

3. Air Contamination 

Soil gas concentrations measured in 1991 , approximately five to six feet below 

ground surface, indicated average TCE and TCA soil gas concentrations of less than 

10 ~g/1 (2:2.ppf!lvf~on-site at the Spartan facility, tapering off to 0.001 !Jg/1 (0.00022ppmvJ 

approximately 1/2 mile away. The mass flux rate of these constituents into the 
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atmosphere, while not measured, is believed to be minimal due to the low concentrations 

of soil gas measured during the 1991 survey. 

4. Groundwater Contamination 

a. Definition of Plume 

A total of fifty-six groundwater monitoring wells have been installed to assess 

groundwater elevations and to collect representative groundwater samples for chemical 

analyses in an effort to evaluate the horizontal and vertical limits of the contaminant plume. 

Figure i 0 (RFI Figure 53) presents pertinent well screen data for the wells. TCE and TCA 

concentration values have been used to define the plume configuration because they 

represent the major constituents of the groundwater contamination. Based on 

concentration 'Cia~a'rand plume contouring given In: the RFf Report, an average tCE 

concerifraHorfofJ344~g/IWascalcUiated foftheUFZ.and an aVerage concentration of 666 

U9/rconsiderln~r·a.u H1fee'flow.zones. Usli1g.fesi.Jits'of the'i996 sampling h1formati6n 

(lriCiudecfln App~palx ·1) . and'.l996 plume contOUHHg lncliJdeO In Ulls report;' the ave rag~ 

ut=:zrc~::·concefi£raHorn~ra72'1i9JI and thetfiree~ffaw=zonetce·avenige concentration ls 
366~U971:':;;rcA]1~s·1oeen

7

oosefVea·to occuF"afconcermaHons"olaflpfoximateiyone·thlrd 

of 'TCE 'concel1ffiHion:''"'Anafyticai··resuUs'flhrougfl'YJanuary] 996 are siUnmarlzed ln 

Appendlxr~ 
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WELL 
lfUMB!R ZONE * 

PM-1 orz 
7 orz 
9 OP'Z 

12 orz 
13 OP'Z 
14 orz 
15 OFZ 
16 OPZ 
17 OP'Z 
18 UFZ 
19 OLFZ 
20 LLrZ 
21 OFZ 
22 OFZ 
23 OFZ 
24 OFZ 
25 OFZ 
26 OFZ 
27 OFZ 
28 OFZ 
29 OLFZ 
30 OLFZ 
31 OLP'Z 
32 LLP'Z 
33 OP'Z 
34 OP'Z 
35 OP'Z 
36 OP'Z 
37 OFZ 
38 LLP'Z 
39 LLP'Z 
40 , LLP'Z 
41 OLP'Z 
42 ULP'Z 
43 LLP'Z 
44 ULP'Z 
45 OLP'Z 
46 OLFZ 
47 OP'Z 
48 OP'Z 
49 3rdFZ 
50 orz 
51 OFZ 
52 OFZ 
53 OP'Z 

{**) 54 OFZ 
55 LLFZ 
56 ULrZ 
57 urz 
58 orz 
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MEASORIIIG 
POilfT 

ELEVATIOI 
-------
5044.54 
5044.80 
5044.11 
5042.58 
5043.25 
5041.91 
5047.49 
5047.50 
5049.28 
5045.58 
5046.25 
5045.79 
5048.36 
5048.06 
5048.51 
5048.70 
5049.00 
5045.71 
5045.50 
5042.69 
5044.51 
5044.70 
5043.53 
5048.05 
5044.29 
5034.49 
5042.50 
5059.35 
5091.66 
5044.32 
5044.06 
5043.35 
5046.77 
5057.33 
5057.74 
5058.71 
5090.11 
5118.98 
5155.83 
5168.31 
5043.67 
5211.51 
5058.86 
5165.81 
5164.24 
5097.64 
5168.61 
5168.61 
5103.54 
5168.89 

FIGURE~ 

WELL SUMMARY 

DEPTH 'l'O DEPTH TO ILIVATIOI ELEVATION AT 
'l'OP or BOTTOM AT 'l'OP OP BOTTOM or LDGTB OF 
~CR!!lf 01' SCR!D SCR!D SCRID SCR!D 
(".) (".) (". ,MSL) (n. ,MSL) (n.) ------- -------- -------- ------- --------· 

60.0 70.0 4984.54 4974.54 10.0 
63.5 68.5 4981.30 4976.30 5.0 
62.5 67.5 4981.61 4976.61 5.0 
64.0 74.0 4978.58 4968.58 10.0 
60.0 70.0 4983.25 4973.25 10.0 
61.5 71.5 4980.41 4970.41 10.0 
60.0 70.0 4987.49 4977.49 10.0 
68.0 73.0 4979.50 4974.50 5.0 
67.0 72.0 4982.28 4977.28 5.0 
68.0 78.0 4977.58 4967.58 10.0 
97.0 107.0 4949.25 4939.25 10.0 

125.0 138.0 4920.79 4907.79 13.0 
64.5 69.5 4983.86 4978.86 5.0 
72.0 77.0 4976.06 4971.06 5.0 
72.0 77.0 4976.51 4971.51 5.0 
68.4 73.4 4980.30 4975.30 5.0 
67.7 72.7 4981.30 4976.30 5.0 
73.0 78.0 4972.71 4967.71 5.0 
67 .o 72.0 4978.50 4973.50 5.0 
65.0 70.0 4977.69 4972.69 5.0 

103.0 113.0 4941.51 4931.51 10.0 
97.0 107.0 4947.70 4937.70 10.0 
96.0 106.0 4947.53 4937.53 10.0 

108.0 118.0 4940.05 4930.05 10.0 
63.0 73.0 4981.29 4971.29 10.0 
56.5 66.5 4977.99 4967.99 10.0 
63.2 73.2 4979.30 4969.30 10.0 
82.3 92.3 4977.05 4967 .OS 10.0 

115.0 125.0 4976.66 4966.66 10.0 
126.5 136.5 4917.82 4907.82 10.0 
123.0 133.0 4921.06 4911.06 10.0 
117.0 127.0 4926.35 4916.35 10.0 

92.0 97.0 4954.77 4949.77 5.0 
105.0 115.0 4952.33 4942.33 10.0 
127.0 137.0 4930.74 4920.74 10.0 
106.0 116.0 4952.71 4942.71 10.0 
143.0 153.0 4947.11 4937.11 10.0 
170.0 180.0 4948.98 4938.98 10.0 
180.0 195.0 4975.83 4960.83 15.0 
192.0 207.0 4976.31 4961.31 15.0 
137.7 147.7 4905.97 4895.97 10.0 
235.0 250.0 4976.51 4961.51 15.0 
75.0 85.0 4983.86 4973.86 10.0 

190.8 206.0 4975.01 4959.81 15.2 
189.8 204.0 4974.44 4960.24 14.2 
117.0 132.0 4980.64 4965.64 15.0 
255.0 265.0 4913.61 4903.61 10.0 
220.0 230.0 4948.61 4938.61 10.0 
126.0 141.0 4977.54 4962.54 15.0 
194.0 209.0 4974.89 4959.89 15.0 
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FIGURED 

WELL SUMMARY (confd) 

DEPTH '1'0 DEPTH '1'0 EL!VA'l'IOI 
MEASURIMG TOP or BOTTOM A'l' 'l'OP or 

WELL POII'l' ·sCREE~ OF SCREEI SCUD 
NUMBER ZOliE * !LIVA'l'IOll (".) (".) (". ,NSL) 

------- ------- -------- --------
59 ULFZ 5059.18 104.5 115.0 4954.68 
60 ULFZ 5133.62 185.0 195.0 4948.62 
61 UFZ 5133.98 158.0 173.0 4975.98 
62 UFZ 5075.00 95.0 110.0 4980.00 
63 UFZ 5065.74 83.0 98.0 4982.74 
64 ULFZ 5097.84 138.8 149.0 4959.04 

PZ-1 UFZ 5144.22 182.7 198.0 4961.52 

(*) UFZ = UPPER FLOW ZOfil! 
ULFZ : UPPER LOWER FLOW ZOll! 
LLFZ = LOWER LOWER FLOW ZOll! 

3rdFZ = 'l'HIRD FLOW ZOKE 

'**) WELL I 54 IS MOliFUMCTIOMAL 

T'1F ti'Q!'..Ll'lWING 1oEU.S HAVE BEEN KJDIFIED CR c:xH>IZI'ELY PLUXE>: 

i?lot-1 

P-1 
1 
2 
3 
4 
5 
6 

Status 

Pluqged baclt to upper flow zone+ -
Converted to recovery well 
Plugged 
Plugged 
Pluqged 
Plugged 
Pluqged 
Pluqged 
Pluqged 
Plugged 
Plugged 
Plugged 
Plugged back to upper flow zone+ 
Plugged back to upper flaw zone+ 
Plugged back to upper flaw zone+ 
Plugged back to upper flaw zone+ 
Converted to recovery well 
Converted to recovery well 
Converted to recovery well 
Converted to recovery well 
Converted to recovery well 
Converted to recovery well 
Converted to recovery well 

ILIVA!'IOI .l'f 
BOftOM or 
SCRDI 

(". ,NSL) 
-------
4944.18 
4938.62 
4960.98 
4965.00 
4967.74 
4948.84 
4946.22 

8 
10 
11 
12 
13 
14 
15 
18 
23 
24 
25 
26 
27 
28 
54 Used only for 1o11ter level llll!liiiSurl!llleflts 

+ CRIGINALLY CP~ TO t.FZ, ULFZ, AND u.FZ 
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LEIG!B OP 
SCUD 
(n.) 

---------
10.5 
10.0 
15.0 
15.0 
15.0 
10.2 
15.3 



Acetone, DCE and MeCI have also been detected, but are not as prevalent 

as TCE and TCA. Physical and chemical data for these constituents are given in Figure 

;jJ; (RFI Figure 70). 

In addition to solvents, elevated concentrations of barium, chromium, lead, 

and manganese have been identified. Historically, chromium has the highest frequency of 

occurrence of elevated concentration. The elevated chromium detections are exclusively 

within the boundaries of the TCE plume and restricted to the upper and upper lower flow 

zones. 

The New Mexico Gr6undwafef8MndaFa Mrudmurri Allowable Concentration and the 

U.$. EPA' groundwater protection Maximum Concentration Limit of 0.05 milligrams per liter 

(mg/1) have been used as the Level of Significance for chromium. A comparison of results 

from thirty-nine wells Included in tHe RF( Report indicated that, out of thirteen chromium 

detections, eight samples exhibited concentrations above 0.05 mg/1. HoweVer, the RFI 

Be par£ ''fiofec[lHarme aefebflon'·-aata:was''fr&m- total :{6oth suspended- and 'dlssofvea) 

~RfomiUm anarys~§'oblalnea fromUftfl!fE~rea groUndw~Hefsampies. -·lnadditiofi, tfle.samples 

WereJ>otaihed'fEQ'f!rWelrs wiHrstarnress'~steerweu screens whictfcoora impacnneaccuracy 
pfJnetaranalyses If an\Fsfeefwas'pfesent hi' samples, all of which Were preserved with 

fiiftlc~aciC:[{p8~2}J~!~Accordingly, comparison of these total metals results to groundwater 

protection standards, whlcheare''rexpressed Jas dissolved metals concentrations is 

inappropriate. 
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~ 0 
~ ~ 

0 
GJ n 
I 

0 
0 
w 
Vl 
.1=:> 
co 

9' , 
~ :r 
~ !!!. 

"' () 
~ 
en 
(n 

"0 
0> 

I 

w 
(J1 

g 
NAME CAS# 

Acetone 
67-64-1 

(2-Propanone) 

Benzene 71-43-2 

1 , 1-Dichloroethylene 
75-35-4 

(VInylidene Chloride) 

Dlchloromethane 
75-09-2 

(Methylene Chloride) 

Ethyl benzene 100-41-4 

1, 1,2,2-
Tetrachloroethane 79-34-5 
(Tetrachloroethane) 

Tetrachloroethylene 
127-18-4 

(Perchloroethylene) 

Toluene 108-88-3 

1 , 1 , 1-T rlchloroethane 
71-55-6 

(Methyl Chloroform) 

Trichloroethylene 79-01-6 

VInyl Chloride 
75-01-4 

(Chloroethylene) 

Xylene (mixed) 1330-20-7 

CONSTITUENT PHYSICAL AND CHEMICAL DATA 

MOLECULAR WATER VAPOR HENRY'S LAW Koc 
WEIGHT SOLUBIUTY PRESSURE CONSTANT (ml/g) 
(gfmole) (mg/1) (mm Hg) (atm-m3/~e) 

58 1.00E+06 2.70E+02 2.06E-05 2.2 

78 1.75E+03 9.52E +01 5.59E-03 83 

97 2.25E+03 600E+02 3.40E-02 65 

85 2.00E+04 3.62E+02 2.03E-03 8.8 

106 1.52Et02 7.00E+OO 6.43E-03 1100 

168 2.90E+03 5.00E+OO 3.81E-04 118 

166 1.50E+02 1.78E+01 2.59E-02 364 

92 5.35E+02 2.81Et01 6.37E-03 300 

133 1.50E+03 1.23E +02 1.44E-02 152 

131 1.10E+03 5.79E+01 9.10E-03 126 

63 2.67E+03 2.66E+03 8.19E-02 57 

106 1.98E+02 1.00E+01 7.04E-03 240 

SPECIFIC VAPOR BOIUNG 
GRAVITY DENSITY POINT 

@200 (air= 1.0) fC) 0 
0 z 

0.7880 2.00 56.5 en 
-1 
=i 

0.8787 2.80 80.1 c 
m z 

1.2129 3.40 31.70 -1 
""C 
::I: 

1.3255 2.90 39.75 

0.8660 3.90 136.25 

1.5866 5.80 146.5 

-< en !! 
0 C) 

)> c 
r- :c 
)> m 
z ..,...,, 

c 
...... 

0 
::I: 
m 

1.6230 5.80 121.0 :s: -0 
0.8660 3.90 110.6 

)> 
r-
c 

1.3376 4.60 113-114 
)> 

~ 
1.4049 4.53 86.7 

0.9106 2.20 -13.4 

0.86-0.88 3.66 137-144 
----------- L....__------~-



subseqfl~ftlifriReJ~~rraaamonarsampUn9~'~nd'an~rtyses forooth totar cffroh1fum ana 
Rexav111enr~~o:r~mrgm'2f1~ver"l?eerr~conauaeaJ~flJA'r{sOmmafY, 'ofJresUits'····ls ~:?rncruaeamiH 

fnir!~l~~l?i~Jiromiqm~a~tealorr~Jesmts·~rnave!lncr:'ai5f>arene{cotrelation" wittl 'teE: 

cf>f1c~nff~frQrn~IgsJ3Ili!ff~I§~~~io~riMoi~:ovet?nJ~fre]>I;,Ine
7

samples"WeTErllltereo ·11na 

lnalcafe'a'to9~f19[ffiaCBi~frl6Uflon'WHFC.an·avefaglfHefectiorr conqenfraHori of· o.o93 mg/L 

WI1fcRls .. o~l§WJfJ~S~fe~o,rrRl<ifl9'WaferA"cr(soWA}Mrudrrmilrconfamh1anttevei .. (McLJ 

of o:1'mg/[?t7Ass(1ffilng a'concenfraHofi" ol 0.009 mg/L fof aU non-defect results;' an avsrage 

fofalchr6miU:fQ'~o11§efiffafioffofo.o26mg/L Is Corfservatlvely obtained whichlsbelow the 

NeW MexicoM~c~5fo.oS"'m97Clor cfissorved cRrommm {NevrMexido wacc Regulations 

b. Horizontal Extent of Contamination 

As indicated under site-specific hydrogeology in previous Section Ill A.2.c. 

of this report, only a single groundwater unit has been investigated beneath the site. 

Previous reports and correspondence subdivided this groundwater unit into flow zones--

the upper, the upper lower, the lower lower, and the third flow zones. Due to the saturated 
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thickness of the groundwater unit, this subdivision has been retained to simplify three 

dimensional description and to maintain continuity in reporting. Use of these zone 

subdivisions is a convenient method to provide horizontal planes of reference at different 

depths within the groundwater unit. 

(1) Upper Flow Zone 

TCE concentration data collected from twenty-two upper flow zone wells 

were contoured to illustrate the general configuration of the contaminant plume (Figure 12) 

(RFI Figure 55). TCE concentrations were obtained from sampling and analysis conducted 

during June 1991. Comparison 6Hhe Jl.ine i 991 datawifh dafa obtained in i 989 and 1990 

ir}alcated aBecfease lff'.fCE"coficerlffaHorf. The less than 5 j.lg/1 isopleth or contour 

represents the detection limit of the perimeter of the plume. Based on this boundary, the 

length along the longitudinal axis of the plume was approximately 21 00 feet northwest from 

the facility's western property line. The longitudinal axis of the plume closely paralleled the 

implied direction of groundwater flow given on Figure 9A (RFI Figure 25). Transverse width 

of the plume Wa~ approximately 1400 feet. 

Flgur~;~ 2A:was· pfepafg<fUsln9 · JariUaryT996 aafifinciUded 111· Appendix 1: 

r(n~7f5osii[9rr·o~;m:~~:f1C>flFiwesr edgeofJReff>lume ywas'Mestlmate<FUsln~fHisiom~al plUms 

iilformatlorrincrg:c~rB~rm9~emenrrafe',':'concenfratiorl gfadients;~pofenH&meltlc· information, 
~ffa'geologT<raafaiJ:eiuinEfcflmen~toHswnave·Jncreased ·to 2, sooJeer(otf:sife' longltudinaij 
a,nc[approximate11I,5oo feef'(fransvefse):"I56Wn-graaient ·noh-defe6flons· afErstill occurring 
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CompafisOn 9Ufie January i 996 data to the RFI Report information indicates that the 

arearextenf9Hh~~,QFZ tcE'piume has iricreasedappfoxlmatelyfitteen percent; however; 

~verage'"'TJ)E 'coljce'ntraHon 'cropped almosffiffy pefcent. Of. the twenty-two lJ FZ wells 

~afflpleCf iff;J~niil,ry}996,'f6Urteein wells (all elghfofEsite and six off-site) show decreasing 

[c~JreR,asJ~fllr~er·off-siteWeus··neafHlifleadln~f ~d9ef.6f Hie plume· show an lncrease ·ln 

lnHleRFT R~port, the TCA plume had a similar alignment to the TCE plume with a 

slight increase in width. However, off site concentrations of TCA were generally over an 

order of magnitude less than the TCE plume. Analytical results obtained since the RFI 

Report lridiciite a~feady decrease in teA concentration (up to 5)() in all eight on-site wells. 

As·orJanTiafY'1996; maximum'tCA concentration on-site was less than 2,ooo ~g/1. Three 

off~sife WeHs'.(MW,'3?: MW 61 ,·Mw 62) show an Increase with levels still below action 

lfifeslldi(Js; ~o\Vey9,t;·Jhese~wellsare randomlyloc~HeJ:f with'fespeCf t6 eleven off-site wells 

9:5nUnufng"fcr·soowl16'defectiOnof tcA:···aa:sedOrf'resurtstHfoGghJanuafY i996,tcA 

~~eragifcon9e'fitrE3JI.on and 'afearexfeht ln lhe OFt has slgriiflcanHydecreased; 

W,lfij:If1e'~~xcepfiof[of me movemenrofthe~leadin9 eCJge'of the plume, the RFJ 

~oijctusions"Felaflxe:t9 aecFeaSin9 concantraHon are smrvalia ana the horizontal limits of 

ma·;zf5Jume"'Fare:/suu ~'deflnea 6Y'Oown=9radlenfhon~aetecHon'Wens: the UF=z plume ··Is 

aaequatel}taefinea"andcharaeterlzed tor eMs pUrpOses: 
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' .. 

(2) Upper Lower Flow Zone 

Figure~ (RFI Figure 57) presents the general configuration of the TCE 

plume based on analytical results from thirteen wells screened in the upper lower flow 

zone. The isopleth contours are based on June 1991 data . .,.----_-gj!.,J&~((I 

The length of the plume along the longitudinal axis is approximately 1900 feet northwest 

from the west side of the facility. The longitudinal axis of the plume parallels the implied 

direction of groundwater flow. Width of the plume is approximately 1400 feet. Overall, the 

areal coverage is similar to the upper flow zone plume. 

~~•ar~BJr«fW~~,(!f«tfn~J~1I~t!~~f~r~.rl'l~~~ 

~~~"•~J~:~ft'••ff~SI'•f'c~;J~llrfi~~~~~~(!ff(IJrffttr•fz(•~rr~r~/ 

~A~•~,.,s•~~"fi'S~f~fi~~~·t'~~~ta~~~~~~m~Jr~ 
~~~~~W~R~~~B~df.W.WR~~f(%-W,~~R~7~1t~;4f1WAW(~~ff~Ar81~~e~~t'~f'{jw~~ W~Ai»IP~~~~~~~~/~~~-~EJ~~SA9lJ!~'!:,J1M~0J~1~~~&1h~~~~MlJ~E~~-~h~~JJ~tJ~~~//~fl,~~//~~ 

ftf~.4W~W~~W~R.,..WR..W~~H~f~AW'~f'~~[(~~~~tf€'~£~~~~11>~~R.,PM~ff~l(f~ 
~~~~,;;)~~JW~JY'~~~~H,ff~~1~1#»);%t~~~~);/~~JJ")!f~~~WJ////;B~~~~~~~»~~)(!;~/.·,/,/////)t~ 

~~~~~~-gr~~{(SJri:t'ff~·~t~Bf1(~Jg. 
WP..W&!f~"7WR~.R~~tf/'R~H~...WffR..WAff:W~~~~~_Rm-);f~~m"~B,~~~~R&'t"~~.:.P.@'~H~I'egfW~ 
~~~»»»~~JY~~~JW~»8JJ»~J~B~~J%~1~ID~Jk~~~E~L~~~M~~~M&~///,;~,&~~ 

~~g.he general configuration of the TCA plume ~~similar to the TCE 

plume; however, TCA concentrations !"G. on the average, over an order of magnitude 
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-~AJiflifaBf~~~·~~~(CJI~Ar,~~ 

~ .. ~~ff·jlf-~~~$Sf·!~~Jfffjfill 
.,~Air~.-~~~~..,~~,.,~~~··~.,._ 

•~ ... ~~rr~"•••--~~A8f••.,.r~• 
~JJJJf66Ar'41'~ff·~~Sf5r8~WABIEIJTJS!~~6ff!·S·fl'· 
~A"~~R~Mf(;W~~~~A't'ft'V~~F~~ff%t:%~~~~..WAPR~~f~{W~ff(~~~w~~F~f'~~~ 
~~)~/~W'~~~y~~~~J/~~~!8~!_W~~~_t~~~f51~~%~$~~~J:J»JJ?~~~~J~~/;:;/~~,!YJY~~~~~Y.J 

~~~~A'f@'~IAWR&7~v~$H~faiff<W~~:~M"~¥~~~H'RRe«~~~t~~dgff~~A"~~(~~ 
~»P:~.W~J.W~JA~~F~19~J);~)J~YM~~-~///////~~!//~~~!J-J?'l~~!;/~;J;~~E;/~/////~)/~M~//~~~t/,~»~~Jf*~)~'ft/~~~~ 

(3) Lower Lower Flow Zone 

The TCE plume for the lower flow zone -,(<l!lf~~~~~is 

shown on Figure~ (RFI Figure 59). The TCE plume configuration!'~ based on June 

1991 concentration data obtained from 6 wells and November 1991 data for well MW-32 

screened in the lower flow zone. Comparison of the June 1991 data with data from 1989 

and 1990 !f',l"_.. over an order of magnitude decrease in TCE concentration with no 

measurable change in areal extent or plume location. The plume alignment.,~ the 

implied groundwater flow direction for the lower flow zone. Off-site length B 1800 feet 

and width Bj approximately 700 feet. 
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Using ancHYIIcal datac obtained through January. 1996, the lLFZ .. teE plume was 

r~contoufed asyshoWn In Figure l4A. :the plume arearextenfoecreased slightly. tn the 

S,everi [[FZ welfs'sample'Cf U1fougR.Jant.J~uy 1996, only ·a singlifwell {MW 55) is showing / 

~lfli16rease·lif'tPI;7~oncelltraU6ns.··· three wellsare"sHowlng steaay 'decrease and three 

Wells continUe lcf'snow flo:aetecfiorr: 
,. ' " ' '' ,.,,/' .,. ' ,'· . . / 

The TCA plume glven"Tn the' RFf Report had ..... the same basic configuration and 

alignment as the TCE plume; however, it was much shorter and narrower than the TCE 

plume. The TCA concentrations Were also lower. Comparison of June 1991 data with 

previous data lriCIIcafed no significant change in either areal extent of the plume or TCA 

concentration. 

AnafYficaltJataJrom sevehLLFZ wells sarhpledfhrough JahUal)f 1996 indicates teA 

oefecHoriJri.only{\;jo on:site Werls''(MW ~2 and MW 43).· l=lve WelfsmconHnue to show nori

Cieteet: :there''aftfn'Crr[t=z·wells sHOwing·fncreases]rrtcA· concentration: 

Withlhe'excepUOfl'ofinGreasing 60ncentraH6n lnasingle;welfatthe leading edgefof 

fij~~]>lum~;(M~~§§)r'coQCiusion's"ln tfle' RFI···RepOft;afe'sHU ,.yallcf.''''i Dowfqjradlent n6n

~~fectlon:was"~9f:avallabfefo7lhEfRFf."1However, ccl'mparlsorrormerlLFt plume.with .. the 

QF'ziinCf,LLt=z:f9otpHnfsand trends: (ana ·recognHI66 ofthe slgfllflcanf vettlcar anisotropy 

~Daverucarproximrty);:Jnolc'ates· mat theiLI=z ph.Jme]s·aaeqUafely'charaeteflzea'for ·eMs 

JSUfpOsesJ 
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( 4) Third Flow Zone 

Only a single well has been constructed in the third flow zone 

(Well No. 49). June 1991 analyses from this well did not detect volatile organic 

constituents. Previous analyses in January 1990 detected trichlorofluoromethane at 

concentrations slightly above detection limits of 5 j.Jg/1. .,~j(J\f"~~~---

~~··J'Bf~%H_,~~BI~~f'({f'JI:f,_B'!a&'~ 

-~·~~---~~~~~X.II~~E~~ 

c. Vertical Extent of Contamination 

Vertical extent of contamination has been demonstrated using groundwater 

analytical results from ten well clusters. The location of the ten well clusters (five on-site 

and five off-site) is shown on Figure ~ (RFI Figure 11 ). Analytical data used to evaluate 

the vertical extent of contamination was obtained from the ~J:~~~,S~Sa 

~~~~,.·Jir'~ft~. Figure~ (RFI Figure 63) is a 

key for identifying the wells, screen elevations, and flow zones monitored at each of the 

ten well clusters. 

1"~~~6,8'.af'IIDI.I! .. lll'llr~llftlm 

~~~~·~~14fKii'__,,lf6~,.f«G~~·

-~~ABr~K~Iar~~1fJJI~·JlC!&'"'C'•8Jiltr('~ 

~~~.rlf§ljf'/81fl~6~1~-ftr'·SIJI$!·~ 

~ff6~JJJrJJr,.st6~.,4f~AtJ#jjJJ'Imf~•.r•~aa~ 
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FIGURE fj 

WELL CLUSTER SUMMARY 

Screened Interval 
Well Cluster No. Well No. Elevation, Ft (MSL) 

Note: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

UFZ 
ULFZ 
LLFZ 
TFZ 
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13 4983.35- 4978.35 
29 4941.57- 4931.57 
38 4917.85- 4907.85 

33 4981.36 - 4971.36 
30 4947.70- 4937.70 
39 4921.07 - 4911.07 

14 4980.94 - 4970.94 
31 4947.57- 4937.57 
40 4926.46- 4916.26 
49 4905.88 - 4895.88 

15 4987.51 - 4977.51 
41 4954.79- 4949.79 
32 4940.08 - 4930.08 

42 4952.28 - 4942.28 
43 4930.69 - 4920.69 

36 4977.0 - 4967.0 
44 4954.68 - 4944.68 

37 4976.66 - 4966.66 
45 4949.35 - 4939.35 

51 4983.86 - 4973.86 
59 4954.68- 4944.18 

48 4976.31 - 4961.31 
56 4948.61 - 4938.61 
55 4913.61 - 4903.61 

61 4975.98 - 4960.98 
60 4948.62 - 4938.62 

= UPPER FLOW ZONE 
= UPPER LOWER FLOW ZONE 
= LOWER LOWER FLOW ZONE 
= THIRD FLOW ZONE 

111-49 

Row Zone 

UFZ 
ULFZ 
LLFZ 

UFZ 
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LLFZ 

UFZ 
ULFZ 
LLFZ 
TFZ 

UFZ 
ULFZ 
LLFZ 

ULFZ 
LLFZ 

UFZ 
ULFZ 

UFZ 
ULFZ 

UFZ 
ULFZ 

UFZ 
ULFZ 
LLFZ 

UFZ 
ULFZ 
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d. Plume Movement 
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grain diamefef,''Jind .tllE:r 'ffioleculaf diffusion coefficient. /, FroffiF' the average hydraulic 

coHductivity' givefi inlhe RFI RepOrt; an average graih size of lJ:425 mm can be obtain eo 

oY'avefaglrig 'fheP'f~si.Jfts'' of Fnumerous reported correlations''orgraln 'size'· to hydraulic 

conducflvlfY~~MoJ~c[llafF8iffLisl6nJ~oefficient was averaged fromlhe] Xi Cr9 to 2x1 o-9 range 

reponed in mrrntera:tufe1 
Using the aoove parameter values, an average Peclet Numbefof o. i 62 is calculated; 

With reference'fCHhe relationship reproduced in Figure 16 (U.S. EPA, 1989), the calculated 

Peclet Numbefls il1 the low end of the transition zone and diffusion-dominated plume 

cftafacterisHcs would be expected: Peclet Number' calculations Gslng otheFreference 

methods {EPRI, 1984, and Freeze and Cherry, 1979) result in Peclet Numbers ranging 

from· 1.24x1 Q-3 {EPRI)to 4J36x1 cr1 (Freeze and Cherry): .. All 6ffflese are clearlY below the 

advection:ddmlnarlHfiresflold of 6 as shown in Figure i 6: 

A review oflfie plume 'geometry also confirms that 66ncehfrafion-related mechanics 

exeF£ed fafgef'¥1Hffuence·tfiarrvelocitY related mecharilcs:'c this Ts'"feadlly ·apparent in . the 

plUme lengtfl:..fo~widftlfalios of 2: f (UFZ and ULFZ) and 3.5: f([[J=Z) ana the upgradient 

spreading~ orthe"fllumel 

Because·orHlErrelatlv(My flafQfadiehts and the bohsistet1rl:Jegree of hydrogeologic 

fieterogeHemy·'ancf anisotropy~ plum~ mOvemenf should-cC>ntinuefaHafesless than or equal 

to U1ose ooserved to cafe:' Sinct3lhe source has been removed; 'CJIHuslon and/or dispersion 

wHI'cbntlnUelo'plaY"an'eveu1 greater role In plume movement: Extrapolations of plum~ 
movemenfafef'cliscussea frf8ecU6n lH.b.2 relative fofhe down;:gradienf New Mexico 

otnmeswelr servln9lhe'f5aracilseHIIIsarea. 
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DL • Longitudinal Dispersion Coefficient 
D 

0 
• Molecular Diffusion Coefficient 

v • Solute Velocity 
d • Average Grain Diameter 
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Reference: USEPA Seminar Publication- September 1989 
Transport and Fate of Contaminants in the Subsurface 
Document :. EP A/625/4-89/0 19 
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e. Presence of Appendix IX Constituents 

The predominant Appendix IX constituents found consistently throughout the 

study area are TCE and TCA. DCE and MeCI were detected on a less frequent or 

consistent basis, but still with some regularity. ~4f~-~(£1LC~('4J"tmf~ 

-~~ll~~-~!JK«t.,l'af'!(.Wmt'leyf{((C:((~fffJmr«tff'9r~d 

Bfll 
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Previous analysis in March 1989 and re-analysis of MW-32 (lower lower flow zone) in 

November 1991 indicted low levels of benzene, toluene, ethyl benzene, and xylene (BTEX). 

The presence of BTEX seems anomalous and isolated to this well; however, in early 

sampling (1983-1984) of upper flow zone wells MW-9, MW-14, and MW-16, BTEX 

constituents were also encountered. Occurrences of other Appendix IX constituents were 

random and inconsistent. A complete listing of all analytical results IJS~,ais 
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• UPPER FLOW ZONE WELL 
• UPPER LOWER FLOW ZONE WELL 
• LOWER LOWER FLOW ZONE WELL 
• THIRD FLOW ZONE WELL 

WELLS Vv1TH A HISTORY OF CHROME DETECTIONS ABOVE 
NEW MEXICO MAXIMUM ALLOWABLE CONCENTRATION (MAC) OF 0.05 mg/1. 
NOTE: SDWA MAXIMUM CONSTITUENT LEVEL (MCL) = 0.10 mg/1. 

WELL FLOW 
ZONE 

MW-14 UFZ 
MW-16 UFZ 
MW-30 ULFZ 
MW-33 UFZ 
MW-34 UFZ 
MW-35 UFZ 
MW-36 UFZ 
MW-37 UFZ 
MW-39 LLFZ 
MW-45 ULFZ 
MW-46 ULFZ 
MW-47 UFZ 
MW-48 UFZ 
MW-51 UFZ 
MW-53 UFZ 
MW-55 LLFZ 
MW-56 ULFZ 
MW-58 UFZ 

• PZ·1 

DETECTION 
RANGE(mgJI) 

0.60-1.53 
0.19-0.57 
ND-0.09 
ND-4.11 
ND-0.55 
0.02-0.25 
N0-0.26 
ND-0.23 
ND-0.13 
0.03-0.57 
0.11-0.34 
0.05-0.25 
0.13-0.60 
ND-0.06 
0.019-0.109 
ND-1.04 
0.028-0.421 
ND-0.165 

COMMENTS 

ERRATIC DETECTION 
ERRATic DEnecnoN 
ERRATIC DETECTION 
ERRATIC DETECTION 
ERRATIC DETECTION 
ERRATIC DETECTION 
ERRATIC DETECTION 

ERRATIC DETECTION 
ERRATIC DETECTION 
ERRATIC DETECTION 
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Chromium Detection Above MAC/MCL 

SEE ATTACHED TABLE 

FIGURE 17 

SPARTON TECHNOlOGY, INC. 
COORS ROAD FACIUTY 

ALBUQUERQUE. NEW MEXICO 



provided in Attachments 3, 9, and 11 of the RFI Report-,8",8"~f!ll'fl[tf~ 

~~~~afla't'af8 

Due to elevated levels of TCE in many of the samples, dilution of the samples 

prior to analysis was necessary to lower the TCE concentration to within the limits of 

the analytical instrument. Because of this dilution, the detection limits for other VOC 

compounds included in the analytical suite were raised to levels which in most cases, 

exceeded either federal or state standards. All such instances occurred in wells which are 

inside the plume boundaries and which are therefore considered to be contaminated. 

C. Previous and Continuing Corrective Action 

1. Closure of Solid Waste Management Units 

The facility operation produced two waste streams--an aqueous metal plating 

waste stream and a spent solvent waste stream. The aqueous plating wastes were stored 

on site in one of two adjacent lined ponds approximately nineteen feet by twenty-eight feet 

in surface dimension and approximately five to six feet deep. The spent solvent waste was 

stored in a sump approximately five feet by five feet and two feet deep. The ponds and 

sump were periodically emptied by vacuum truck for off-site disposal at a permitted facility. 

The solvent sump was removed from service in October 1980 and the solvent 

waste stream diverted to drums K'(~Jr- in a "less-than-ninety-day" on-site storage 

area. All residues in the sump were removed and the sump was then backfilled to prevent 

water accumulation and/or continued use. 
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The metal plating waste ponds were removed from service in 1983 and all waste 

residues were removed. The metal plating waste stream was diverted to a "less-than-

ninety-day" on-site drum storage area. 

2. Final Closure of Solid Waste Management Units 

Final pond and sump closure was completed in December 1986 under a state-

approved closure plan. Spartan had worked closely with the New Mexico Environmental 

Improvement Division (NMEID) since 1983 to investigate possible releases from the Solid 

Waste Management Units (SWMU's) and to develop a final closure plan for the SWMU's. 

The State-approved closure plan included removing the ponds and sump and capping the 

entire pond/sump area with an asphaltic concrete cap approximately seventy feet by ninety 

feet in areal extent to eliminate surface infiltration. 

3. Interim Measure 

In 1987, Spartan determined that contaminants had migrated beyond the facility 

boundary and commenced negotiations with U.S. EPA Region VI to develop an 

Administrative Order on Consent. This Consent Order was signed and became effective 

on October 1, 1988. Less than three months later, in December 1988, a groundwater 

recovery well network was installed in the upper flow zone as an Interim Measure (IM). 

The purpose of the IM was to mitigate the spread of the shallow contaminant plume off-

site. In order to maximize contaminant removal, the recovery well network utilized eight 
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on-site wells located in the higher constituent concentration portions of the contaminant 

plume. The recovery network was designed and constructed according to the provisions 

of the Interim Measure Work plan approved by EPA on March 1, 1989. 

The pumping network consists of eight wells installed in the upper flow zone at 

the site. Compressed-air-operated pumps remove groundwater from the wells. 

Groundwater extracted simultaneously at each well location is piped to an air stripper 

system for treatment and ultimate use in the Spartan facility. 

Operation of the IM continues through the present date. Operation of the IM 

continues to reduce the source of contamination to the groundwater. Specific details and 

documentation of performance are contained in the draft IM Effectiveness Report (HDR, 

1992). Over~~~ million gallons of groundwater have been recovered, treated and used 

beneficially in the Spartan Facility ~Jr'~C~~~~ The IM treatment has reduced 

effluent constituent concentrations to less than one microgram per liter (IJg/1) from an 

incoming influent concentration exceeding 1000 j.Jg/1. 

D. Potential Receptors/Exposure Pathways 

1. General 

BJJrB'6JBjflf,8'~~-llr·IESf~~~J8P~ 

lfJrr~ar•lf~~~~~!lr~•t•~er~•~,• 

~~S'f~K{fffS'if .. i&J's:ISI"~f~---~~~~~~lj 
f8'~$!S.,B' __ ,~IIr~,S'f' .. S'!~, .. ~~~~ 
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sUggested nl.Jmari'exposUfeJo ~contamlnatea groundwater be evaluated (USEPA 1996): 

EPA's"~fequesf is";'apparenf1y oaseCf"orl'lfie Incorrect belief that Hie 'Impacted groundwater 

is"Welfher cifffenfly ·useBJfof"&hUman"'"tonst.lmption or has some potential for future 

oevelopmenf: lnfact, the'curferltlylmpacted groundwater is not presently Used for humari 

consumption fiofistflefefa'reasonabfe likelihood of such use in lhe fuhire1 

2. Groundwater 

The nearest downgradient municipal well (New Mexico Utilities) is approximately 

2.1 miles from the leading edge of the plume. There are currently rio specific plans by the 

City of Albuqiierqueor'New Mexico UHIIties(11NMUt the only two entities that might be 

interested 'in"lftstalling ··a'l>t.iblic water supply well in the general plume area, t6' do so. 

AlthoUgh .. the ':Spart6ri . site and the general plume .. area are located in . the City of 

,A.ibuqi.Jerque;lh~y;are arsolllthe iiservice area,'1 forNMU. Under current conditions, the 

CitY' cannofproy!aewate(iri 'New Mexico Utilities' (NMU") service area. N.M. Stat. Arirf 

1978§§ 62-9=r~ 62-9=1 :r;·MarnirigstafWater Users Association v: New Mexico Public UtliifY 

cOmmission, 9o4 P.2d 28, 12o N.M. 579 (i 995). Additionally, it Is highly unlikely thatthe 

Plt}rcoUid fecelve~~-permlsslon fO Install a well in the general plume areai' e.g., NMUis 

§eiVice area;"in~orOerto pUmfi"wafer t() customers outside of NMU's service afea.'' To drill 

fequirements and PUeFegulafions.: the SEO requires that ariy cifY well in NMU's service 

flrea Hor impal(exisHngpJJiells ana 'thaffhe F well ncR .. be . contrary to ... c6nservaflori nor 
~-emmentalt5Ule]5lJBliCWelfareJ 
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For the City to receive such'a finding~· it will have to file a request with the SEQ's' office 

tnarcan' be protested by anyone, induoin~j'Sparton ·and NMlJ. ·sparton could challeng~ 

Ule'fequesHo the extent thafwafer qUality Issues are triggered, for instance, If the City's 

proposed well location wouldlend IdpuU 111 surrounding groundwater contamination: NMlJ 

~oUid, and Undoubtedly Wot.Jia; profesfflle City's action as a potential impairment to water 

iil_lts ser\/ice'iuea. lr1 short, everilrf the unlikely evenfthat the City chose to construct a 

Welffi1sldeNMU'sser\/lce area;lflere is no reaJisHcexpectatlonfhat the SEQ orthe PUC 

Would grant sl.Jch a request. 

Apart from the institutional conshalnts, there are numerous hydrogeologic reasons that 

n5''f)ublicWater supply weli will be drilled iri the' vicinity of the Sparton plume. Until quite 

f~ceritly, 'If was believed that over time wafer in the Rio Grande served. to recharge most 

removal frcimfhe regional aqlllfef. '(Ci{y ()f Albuquerque Public Works Department, Water 

ResoUrces 1996). ltis'now accepted 6y the Citythat such recharge is much more limited 

lfjan.prevloUSiythought, and that the regional aquifer Is much less productive on the west 

side of tfie Rio Grande. It is how estimated that ci{y pumping, by itself, is depleting the 

r{qi.iifefaraCt.ffremt rate of41 ;ooo acre feelperyeaf: this depletion has several negative 

l{npacfsprFr~aaaition to~cat.Ising ~rross ·arwater,~Hamely.subsldence and ··lncreash19 the 

go~nceflfratrorl'of vaiiot.Jsmetars:;sUch ·a.g arseniC,~ln'thEffecovefea groundwater: In sam~ 
qases.lnexcess of drinking watefstandards.~ In response to this riew understanding of the 

felatronshlpbetWeem the dvefandlhe aquifer,the state Engineefhas effeCtively Imposed 

l!"bah on fhe drilling of new wells 6n most of the West side of the river, and has Indicated 
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ffiaf all well applications on the west side will be heavily scrutinized. Additionally, the Cify 

iscUrrenU{ffiovlng toward a policy of replaCing the Use of groundwater on the west side 

olffie'flvefWifhsurface wafer; or possibly pumping groundwater across the river. It is not 

surprfsii1g''lnen~"tfiarJhe .. City's' caplfalbl.Jdgef to' tile year 2004 does hot include tile 

aevelopm~nfolanywells within several miles of the Spartan facility. (City of Albuquerque 

capital Improvements Program March 1995): 

All ()f the nydrogeologic concerns of the City also apply to NMU, but on a much smaller 

scale. Thaf utilitY is projected to have only 32,000 meters at full build out, which is 

eslimiltea lo Occut lri approximately the year 2036. ·~ the currenf thinking of NMU Is to 

install any heW wells It heeds to meet demand as far from the river as practicable, because 

NMU has bnly limiteo rights to river water. (Communication with Robert Swartout March 

1996): Even Under the. most recent models of the relationship between the river and the 

aqUifer,pUmpin~fof the aquifer does resulf'in some loss of watet from the fiver. The 

geneFafj)JUme··area Is Close enough tolhe riverthafanyemtitypufting in a public water 

sUpply well arofneaf that 166iHIOn Would be required to have wafer rights In the river that 

eqUal wHaffhe:sE:o finds is Cleplefion of the river assoCiated with removal of water from 

fne aqulfef.'?'NMUhas' a very limited consumptive useHghfwith respect to the river that will 

probably be ~xceeded soon. "Although NMU has a return flow credit, which it has yet to 

invoke, tfiaf"rigfiris'also limited .. therefore;·· future NMU wells will probably be drilled at 

fETfasfeighrmiles from the'Hver,, and. that area ooes' hof inClude the genera( plume area. 
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Everf in tnellnllkely'"event lhat NMU were to install a well In lhe plume area, wellhead 

ffeafmenHo ensafepotable Wafer quality could be effectively provided: 

A i 982 ffiasfefpfan by.tHe City does identifY the posslbilltyofnumerous public water 

sUpply wells"" betng"lfisfaUed in .. the . vicinity 6f the general plume area. The City has 

recognlzeO'lnaCsfilayyls no longer valid, as evldencecf by Hew/~md contrary planning 

oocumenfs. Buleverllf lfwere,11ot all of the prOposed wells would ever be built, and those 

fhafwer(flrlstaHed would not be Impacted by the Sparton plume: 

The 19a2·mastef plan must be read in conjunction with the most recent USGS reports 

about the relationship between the river and the aquifer, as well as the i 995 CH2MHill 

Wafer Manageffiel1fSh1dy, conducted for the City. The essence of the 1995 CH2MHill 

Walef Management study is that the manner in which the City· Has been using ground 

water, arid fhefway if previously planned to use groundwater, Is ho longer a viable option. 

bbvi6usly;lf11s concll.Jsioh directly impacts prior thinking about the placement and number 

of wells. ThEfi982 masfef plan Is an update of the City's brlglnarmaster plan developed 

iil i 963:T.,fhafJ982 plan was tcf aid the City in ''logically and efficiently developing the 

sYstem l6'ffieerfatufe demands of the system. il Accordingly I fhe 1982 update was only for 

Ule purpose 6foefermh11ng how the City could besfutilize exlsHng Infrastructure to provide 

Waleffolfs'"servlcearea:'sy:'definltion then,'lfcould nbf and clid not address the NML.l 

Service area;'wllerelhi:fSpartoil facility and Impacted groundW~iler associated with that 

operafi6n'are'located:~:'ft1e '1982 plaff'does not, and couid"n6f,'fake info account the 
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myriad factors arid' new lnfOrmafiori which have come to lighf slhce 1963 -- Information 

which necessarily' affecls/the'~vei)i underpinnings of tfle'1982 smay: 

Additionally;f'e:\I~Jr'a":cuf"soi)i' review of the proposed Well'placements in the 1982 

master plan; fndlcafe~Jflarnofalrof lhose wells ·could Belnsfalled.Without lf1terlering witH 

one another:'' Mofeoyer,'fhe depfh bftllose wells woUld be expeCted to be approximately 

2,ooo feet bel6w"'tfiersurla5Er' At that depth, as Is dem6nsfrafed In recent work by 

Shomaker inv61vlng":lrifei1s monitoring of drawdown effeCts:'': contaminated shallow 

grol.mdwater such as that associated with Sparton's operations, WOuld not impact the water 

recovered from deeper Wells. Finally, rnany of the wells in the'1982 study are located 

outside of the h6rlz6rHafextent of the plume, either tO the side ofdown-gradient, and again 

could nof'be impa.ctedby the corltaminanfs found in the shallow groundwater affected by 

Sparton•s operations; 

H1 short;'lhel982 study cannot he Used to predicf wHerelhe''tity may install future 

welfs"on lhe wesfsideL c Even If lfsfili was a competent plannin?ffoof, the wells if Identified 

womcrnotBe affecteab~Flfllfsh«iJiow groundwater lmpactEia b}rsparton•soperaflons: 

Anothefreasorl public 7

Watef'sl1pply'wells would n6f be Instaliea in the general plume 

area is tHe absence of necessary lnfrasfh.icture for eithef the City 'orNMU. New demands 

for Watef in the vlch1ity ofthe Spartori operation will be fd the West;' which Is uphill. Both 

fnef'City ancfNMU 'shoulcfwanf fo avoid, ·as far as possible,'fHe cost of pumping water 

Uphill.~ thetefcire,-newWeflswouiCf be most likely located tO the West of the Sparton facilitY 

and outside of the general plume area: 
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No relevant documeH1fs shovtthe City has pipelines, easements, orWell sites in the 

gefle"Farpfume area.'the"'nearesrcityaistflbutioh Hne'ends 0.75 mlfes" from the site. there 

Is also il6 pumping station of'feser\lolicapacity In the' water planning area' of the City thaf 

IncliJaes the Spartan facility: UnderscoHng the c6nch.lsion that the area in,lnEf vicinity of 

lfie Spartan operation is nOf oelng considered to sl.Jpply any futl.JfEf'Watefneed for the City 

Is the faet thaHhe i 995 cH2MHill WatefManagemenf study does'notCJisCLiss the planning 

area in \~hich the Spartan 'facilitY is located, even though all other planning areas are 

reviewed in detail. This omission manifests the City1s intent to limit its service area to its 

cufrenfboundaries, or affheveryi least/to forego developmenf5f lnfrastfl.Jblure in the 

general 'area of the Spartan facilitY: 

Likewise, NMU has no infrastruCtUre for a public water suppi{Weli In the general plume 

are~f.'' fhe absence 'oHhafinfrashiletufe Is conslstenf wtth NMU's~CUffent thinking about 

15catln~fluture public,. wafer suppi}Fwells af least .. 8 miles from lne river,' ana generally 

!!uphlllii of the Spartan site: 

In short, none of the wafer sl.Jppfy Infrastructure fof the City aricfNMU Is consistent with 

fOe'C:onstruction of a public water sUpply well within the genercfl pli.ImE:r area ()r eveh a few 

miles from' thif outside edges of thaf plume; 

fheo/absence or any City lnfrasfruCfur~rls not surprising, glven]nat the general plume 

afea'is'l1ot in its' sefVIce''area,''ancflnaffhe CifY:appafehtly'hasvcurrenl 'and planned 

capacity;Withol.lt entering the general pii.Jme area, to recover enoiJgnwater from the aquifer 

fcf'meefCfemand on the wesr side through approximately the year 2020. Given the clty1s 
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cUff~nf.moveffiem awayfroffi]eUanca··on groUnCfwafer; the mosflikely meH1oCfl5f:meeting 

aaamon:a.r·aemand affer:·tha~·vaar2o2o'Warna ISa···uia··use of srrrrace·wafer"of'reicyclin9 

1\s''fner:foregoing···aemoiislrafe§;r~lnlf'City•s··pulillc· statemer1fs ana alr·orits''abfions 

'{qUfsi8e]3ffflewconfexfof th~fHevelopmenfofa femedy afSpartonl, read tolnEfco'f161usi6n 

marir·aoes'norintena·m lnsfaJI a pliolic'Waterysupply well in tHe gene far plume vicinity. 

Evefrif 'IfCftCJ;':such wells woUicfnofbe"'lmpaaea by the shallow groundwater affected bY 

Span&n1s.operaflons. 

There are no identified private wells in the plume area and the nature of cumHit 

development over the plume area, irisHfufional controls (such asJhe common pfaetice of 

reqU1fh1~ffesidentli:il developm~nffcf'lncliide deeo restdctions preventing the completion of 

gfOTlfldwalefweUs"as a·~condltlon'lo··subdivlsion approvaJ), and the ·presence and ready 

avallabilifYof'pU6IlcsUpplies$HoUid preclude their existence. 

Draft Final CMS-Sparton 

May 6, 1996 

OGC-003582 

111-69 



Because of the absence of wells within the immediate plume area and for ail e><fended 

aisJalfc~raowngfacHefil, groundwater is not currently an exposure pathwayj· nof"Js'''U 

exPW~£Efc£Io'6e]rpnef6reseeabie futufErr/ZNOneffiel~ss:birra.n ·a.Hemr>t.lo quanHfy potential 

expgsUrEf1~ffom:~r>atl1way thai aoes norrealistically'exist;·a simJ3HS,tlc grounowafef model 
WasifrQo[~frQJ~f~~Jo·evaluate possibleimpaetslcfUiirnearest receptor (the New MexiCo 

QHJ!IIes~werrrsoTffe2:t~mlles
4

Wesrot trurprume):"'~fr=ora:·worsrcasa···basls;·7a"'numoer·Bf 

irnlfD'Uo~an~rurr~eansucassumpHOnsWE~fre·usea:·•.rftes~inauaea: 

• The shallow aquifer is homogeneous and isotropic although the aquifer is actually 
heterogeneous and anisotropic. 

• A continuous source of 1 0,000 ~g/1, although no current analytical results are that 
high. 

• A continuous, constant gradient of 0.002 to the west toward and past the New 
Mexico Utilities well site, although recent published models indicate flow to the 
south and southwest. 

• New Mexico Utilities well is assumed to be in the shallow, uppermost portion of 
the aquifer, although it is actually screened at a depth of 350 to 800 feet below 
ground surface. 

• No retardation or degradation effects, although both of these exist. 

~R~;maaerw~s calloratea £o]fle"l991.:fcE ··prume'as"'CJeflnecrnrthe RFrRepor[ A 
aerarrecrsummtr·t·<r:'C>J.ffiermaderresmt~·isiricluaea lrrA··Hwenai>ra:··sased.onmaworst case 

·., ., .. ,. "••r.'M•.·,,,,, ''"~ • • '" . "·· . • ., •' pp ""' • "'" 

maSJ~r~F~sPff~ir;;tc6IconcentratiOns''aD,oWnnErcurre·nrMAoof'o:o5~m9/L'wnr ·onry·extena 
[un~;soq;fffe£~ffom"JhEr·soufce·'of 1 appfoxlmately·"one :miiEfshorr;of ··the·· Well, ;: ana·· tee 

cofiqEfnffafiC?fis"aoovenhe MAc would neverreach U1e~werr ncoFre~rrealistlc assumptions 
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3. Surface Water 

Surface water in the area includes the Rio Grande and its associated canals and 

drains to the east of Sparton and the ephemeral Las Calabacillas Arroyo to the northwest 

of Sparton. These surface water bodies are a source of recharge to the groundwater. ~~ 

rJr,.sJJNJ.r~.rm«(fnlqB'(fYJ"if((ftr,•••(trracf•(g,r(~mr~mr~ 

~(~••s,l'•~"•tt'•~'•m:mt[tf'~rr~~'~~~r~•JH.r•.r(~!~~,.-r(~~~ 

B!(lff~!ff~6·SSKutr«f£{~~~WI'(a!.~l-BBm:~1~(f~flffil 

r~~lS',I'C~~"•••~!D~ll~«ct~~r(tlt:(((mJ~J:~ff'(•~~ 

W~M'&r~f~~~W;@7.4W,{i"~RR~g((f'RI'~f'«•HR.,{~..Wtw~~R(f'~~·~R.it.W6R.f.~~~.%f(Qfg 
~Y,J;~~//~~~~)J#J-~j);t:~~%~R0~L//~~~~»)~~%/~~~~'//J~Y~W.J'JJ~IM~~~~J~~Ji{,f;l~~~//,;~~t)/,/Y/,//k·/. 

r~J~r,_.,~.-,..,"f'1~mrJ"j"~f(~fC'•.-••t:cr~ 

~~B&"f~£f'A!W.ft~..W~~..W6A'~~ft~~W·~·~~RA'~WRd~AW'tf'~~AI9'if~Rpw..W~{(~ 
~.»J~~~~~~~~~~~~/~/~~~!~?///~~J~~_s///~~W~~~JSWM~JP~W$/~~~~~dJ~/~M/~~/~~~/~-////. 

~·~~JD"~-~-tlf~-
m:a:c_.,.,~~JW.(8ff~~f:~·~~·~~·Jrt(~J:C'({~ 

~~~Rtf~6~~B&"Af(fr~-f(Pe~tf~~~{~,~~~~Efff~~$'4~f>WtpR«"Ar~R~fW~R.f({~ ~kff~~~l'W~~H~N~»J~~~51x~~~%~/~~~k~~L~///////)/,///;~~~~~_sf~~~~~S;////;;~~~M/W~f~~J1~E~"t%/fr 
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~g~~~~~p~~~~A~.«~~~~R~tW~~fi/~ftW~~Rtf~W,{P~t'!W~~<f~~~~§~W~I~.t'~ 
~~JJ%.5!~;Y~JP~~~~~P»J~~;J~~~~~.lY',J1JE~~fJPJ»~~1/~J~1ff~r?J;o/.-f~~Jj1-~~~»~~~»~J~~~B"~~ 

ltf1Jiff(.l'!~1f~~~~-~~~-[({{gtf'.~m:~..:t~JJ~~ 

~~R'~W~1f(f%~~@'~$'R~,NR~W~~~RR£f(~(~tW..@'.,it(~~~f~~A&i 
~Ml:i~A?_w~J~;J~_)};J~~~p~~~#];,9~~W~~_$~J~~/~~~~JMJ~/~JJl:!:JtJ~~ 

~~~~t'~6~~~R~..@"~1PA'W$£~~R~f'fWHRg'.f@'(f('E:fgf..WRAW~~R~oPS'~W~,;iftf£P~ 
WJ'h~~~~~~PJ/~~~J~~»~~J#~~~M~~l:1~/-~~tr~l~,y~~///;f~W~~F~~-'dY~P~~~/~-1~ 

~JBr8JiJJmfSf{~~lB:B~f(f!f4rL•~mtr~~JBr~~-

fiJIJBJ§I'~S'~-f'~·jtJr•r•gJrtl'fl[(fl 

I'!!~J(~ffiiiE~··~Jf-~ifpf(({(~~~tr~~Jfg:GJr(C!4r:ll'!'·£r~l~ 

~~~(~@'R(~Wd{~R~tf~~('$'At'~~fWa~tw~.Wcfflt$'~~faf'~~WOtlfp;f~~~W~R~Mq~~'{t~~ ~~~~~));t;~~/~///:Y,&~;fJ~~~;:Jf~/~~/~~1-~b'l~~/0mJP~~~~,~J,~/"'/,'/////,///~~;J;/~//~/////,////.-,///./////~~i:JM~~»k~J>~Mt~~J~~//,/,//// 

~R~~@'~f1if,RR~W$~~}V~~qf"~t?r~lff~«1Tf~~~ef"«~.:W-tW~_;;~AY~..@"~Q'(~RRf~~ ~M~PJ:J!~Jg~y~JJJ~~~;~~~~~~~!~/~~M9JJ1«~J;l~/:////~~J~!J~~//JJ~~JJ!--~P~UJ;~J:~~J~~JJ:J~~y~ 

Ktl'ff£•K(•»•,,_..,frtml'afa~«:(!f'~{(((~ffi'S'{~!fft!~r~:trtrfl~ 

lf(f.66!JI~(f(i!'Cff~··-«4f~sft~ 

4. Residential 

~(8,:~§'·-~he plume. Due to the topographic rise west of the facility,-~ 

residences are ~ at least 200 feet above the groundwater surface. .J!_,i8f. 
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residences ~ln[~all are served by municipal water supplies. ,"SiJff~ce:soil gas surveys did 

not detect any VOC in or near the residential area at a method detection limit (MDL) of 

o.oo1 11 1rr:o:oo~~.,mv". Bec€3nrael!~WM!r6lrY"as'invesfr'wauonJarmerola'neraetecr'afr
1 

ll9 \ ,M,>H«'M##>ffMJ:~Jt&cH" ,,(,,,,"'''',K'''''''J:t ' "g ,' ''''""''"" g ' >'''"''''"''' ,, , ' ' y 

§"19nifrc~li~m!t~H~JmiJTI~Ut:fsat[Tf~War~one'>:t1Tflf>m2'~rcr~n6"~11erecr:rqe7rAnd'tcAJ; 

Residential development is therefore not considered a potential receptor. 
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5. Commercial/Industrial 

The Sparton Facility is located within an area zoned for manufacturing. Adjacent 

land to the north along Coors Road is also zoned for manufacturing. To the west and 

south of the facility, zoning is for commercial development. Land to the east is zoned for 

agriculture. Continuation of current zoning is expected under future land planning. As 

occurred over the plume area. Existing facilities are on public water supply. In addition, 

surface soil gas studies indicate VOC concentrations well below permissible r!{tlrr~~ 

~.rr•~G[(s~Irr~-•«~••~-,~~t=JJ•n 

Br~S'~~J)Jif'l«~•·JJJr-·i[--·.,1~(-,.~ll 

r,.current conditions indicate the absence of potential for ~exposure 1[(1'~~ 
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E. Groundwater Protection Standards 

1 . Maximum Concentration Limits 

Maximum concentration limits for groundwater protection have been established 

by EPA in 40 G~"tt 264.94 relative to releases from solid waste management units. These 

limits are shown in Figure J9 (RFI Figure 82). 

2. Maximum Contaminant Levels (MCL's) 

Maximum contaminant levels (MCL's) for drinking water are promulgated under 

the Safe Drinking Water Act (SDWA) and can be found in 40 CFR 141.61 and 141.62. 

MCL's may be considered as appropriate standards for groundwater protection if the 

groundwater is, or could be potentially, used for drinking consumption. Current MCL's (July 

f;] 995) are given in Figure 20. 

3. New Mexico Groundwater Standards 

The New Mexico Water Quality Control Commission (WQCC) Human Health 

Standards for groundwater quality, as defined in Subpart Ill,, §''31()3 :of the becembEk 1 ; 

l995;''wacc regulations, are shown in Figure 21 (ReViseCJ RFI Figure 84). 

4. Other Standards 

For constituents not covered by regulatory protection standards, alternate 

concentration limits (ACL's) or action levels can be developed using constituent data 
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FIGURE~ 

MAXIMUM CONCENTRATION OF CONSTITUENTS FOR GROUNDWATER 

Constituent 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

Endrin 

Lindane 

Methoxychlor 

Toxaphene 

2,4-D 

2,4,5- ~P Silvex 

Source: 40 CFR 264.94 
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PROTECTION 

Maximum Concentration mg/1 

0.05 

1.0 

0.01 

0.05 

0.05 

0.002 

0.01 

0.05 

0.0002 

0.004 

0.1 

0.005 

0.1 

0.01 
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FIGUREB 

SAFE DRINKING WATER ACT- MAXIMUM CONTAMINANT LEVELS 

Type of 
Name of Contaminant Contaminant 

Inorganic Antimony 
Chemicals Asbestos 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cyanide 
Fluoride 
Mercury 
Nickel 
Nitrate (as N) 

Nitrite (as Nl 
Total Nitrate/Nitrite 
Selenium 
Sulfate 
Thallium 
Lead, Copper 

Organic Pesticides 
Chemicals Alacnlor 

Aldicarb 
Aldicarb sulfoxide 
Aldicarb sulfone 
Atrazine 
Carbofuran 
Chlorodane 
Dalapon 
Oibramochloropropane (OBCP) 
Dinoseb 
Diquut 
Endothall 
Endrin 
Ethylene dibromide (EOB) 
Glyphosate 
Heptachlor 
Heptachlor epoxide 
Lindane 
Metlloxyclilor 
Oxamyl (Vydatel 
Pentachlorophenol 
Picloram 
Sirnazine 
Toxaphene 
2, 4, 5 - TP (Silvex) 
2, 4- D 
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Maximum Contaminant Level (MCL) 
(mg/1, unless noted otherwise) 

0.006 
7 MFL (million fibers per liter longer than 10 microns) 
0.05 
2 
0.004 
0.005 
0.1 
0.2 
4 (secondary MCL of 2 triggers public notice) 
0.002 
0.1 
10 

1 
10 
0.05 
500 
0.002 
See comments 

0.002 
0.003 
0.004 
0.002 

~' ~-
.. 

0.003 
0.04 
0.002 
0.02 
0.0002 
0.007 
0.02 
0.1 
0.002 
0.00005 
0.7 
0.0004 
0.0002 
0.0002 
0.04 
0.2 
0.001 
0.5 
0.004 
0.003 
0.05 
0.07 
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FIGURE Jj 

SAFE DRINKING WATER ACT- MAXIMUM CONTAMINANT LEVELS 

Continued 

Type of 
Contaminant 

Organic 
Chemicals 

Name of Contaminant 

Volatile Organic Chemicals 
Benzene 
Carbon tetrachloride 
para-Dichlorobenzene 
ortho-Dichlorobenzene 
1, 2- Dichloroethane 
1, 1 - Dichloroethylene 
cis - 1, 2 - Dichloroethylene 
trans- 1, 2- Dichloroethylene 
Dichloromethane 
1, 2- Dichloropropane 
Ethyl benzene 
Monor.hlorobenzene 
Styrene 
Tetrachloroethylene (PCEJ 
Toluene 
1, 2, 4 - T richlorobenzene 
1, 1, 1 - Trichloroethane 
1, 1, 2- Trichloroethane 
Trichloroethylene (TCEJ 
Vinyl chloride 
Xylenes 

Synthetic Organic Chemicals 
Benzo (a) pyrene 
Di (2 - ethylhexyl) adipate 
Di (2 - ethylhexyl) phthalate 
Hexachlorobenzene 
Hexachlorocyclopentadiene (HEX) 
PCBs 
2, 3, 7, 8 Tetrachlorodibenzo- p- dioxin 

Maximum Contaminant Level (MCL) 
(mg/1, unless noted otherwise) 

0.005 
0.005 
O.o75 
0.6 
0.005 
0.007 
0.07 
0.1 
0.005 
0.005 
0.7 
0.1 
0.1 
0.005 
1 
0.07 
0.20 
0.005 
0.005 
0.002 
10 

0.002 
0.5 
0.006 
0.001 
0.05 
0.0005 
3 X 10 8 

Proposed Regulations/Expected Date/Comments 

EPA promulgated the Lead and Copper Rule on June 7, 1991. Major points in the regulation are: 

1. Action levels (Als) measured at the tap have been set instead of MCLs. Action levels are: 
leads 0.015 mg/L and coppers 1.3 mg/L. Both must be met in at least 90% of samples 
taken during either sampling period. 

2. Two initial sampling periods, each six months long and to be consecutive. Sampling periods 
must begin by: January 1, 1992 for systems> 50,000; July 1, 1992 for systems 3,301 to 
50,000; and July 1, 1993 for systems s. 3,300. 

3. Systems> 50,000 must optimize corrosion control. 
4. Systems < 50,000 not meeting action levels must provide corrosion control treatment and 

public education. 
5. Systems not meeting action levels that are providing corrosion control treatment must 

initiate lead service line replacement. 
6. Systems consistently meeting action levels can reduce monitoring to annually, and then to 

every 3 years. 
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FIGURE~,.; ~J§ 

NEW MEXICO GROUNDWATER STANDARDS 

Parameter 

Arsenic 

Barium 

Cadmium 

Chromium 

Cyanide 

Fluoride 

Lead 

Total Mercury 

Nitrate as N 

Selenium 

Silver 

Uranium 

Radioactivity: Combined 
Radium-226 and Radium-228 

Benzene 

Polychlorinated Biphenyls 

Toluene 

Carbon Tetrachloride 

1,2-Dichloroethane 

1, 1-Dichloroethylene 

1, 1,2,2-Tetrachloroethylene 

1, 1,2-Trichloroethylene 

Ethylbenzene 
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Maximum Allowable Concentration 

100 j.Jg/1 

1000 j.Jg/1 

10 j.JQ/1 

50 j.JQ/1 

200 j.JQ/1 

1600 j.Jg/1 

50 j.Jg/1 

2 j.JQ/1 

10000 j.Jg/1 

50 j.Jg/1 

50 j.JQ/1 

5000 j.Jg/1 

30.0 pCi/1 

10 j.Jg/1 

1 j.JQ/1 

750 j.Jg/1 

10 j.Jg/1 

10 j.Jg/1 

5 j.Jg/1 

20 j.Jg/1 

100 j.Jg/1 

750 j.Jg/1 
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FIGURE ~j (Continued) 

NEW MEXICO GROUNDWATER STANDARDS 

Parameter Maximum Allowable Concentration 

Total Xylenes 620 f.JQ/1 

Methylene Chloride 100 f.JQ/1 

Chloroform 100 f.JQ/1 

1 I 1-Dichloroethane 25 f.JQ/1 

Ethylene Dibromide 0.1 f.JQ/1 

1 I 1 I 1-Trichloroethane 60 f.JQ/1 

1 I 1 ~2-Trichloroethane 10 f.JQ/1 

1 I 112 12-Tetrachloroethane 1 0 f.JQ/1 

Vinyl Chloride 1 f.JQ/1 

PAHS: total naphthalene plus 30 f.JQ/1 
monomethylnaphthalenes 

Benzo-a-pyrene 0. 7 f.JQ/1 

Secondary Standards 

Chloride (CI) 

Copper (Cu) 

Iron (Fe) 

Manganese (Mn) 

Phenols 

Sulfate (S04) 

Total Dissolved Solids (TDS) 
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Zinc (Zn) 

Ph 

250 mg/1 

1000 f.JQ/1 

1000 f.JQ/1 

200 f.JQ/1 

5 f.JQ/1 

600 mg/1 

1000 mg/1 

10 mg/1 

between 6 and 9 
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FIGURE ~(Continued) 

NEW MEXICO GROUNDWATER STANDARDS 

Parameter Maximum Allowable Concentration 

Irrigation Standards 

Aluminum (AI) 5000 ~g/1 

Boron (B) 750 ~g/1 

Cobalt (Co) 50 ~g/1 

Molybdenum (Mo) 1000 ~g/1 

Nickel (Ni) 200 ~g/1 

Source: New Mexico Water Quality Control Commission Regulations, 
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obtained from the Integrated Risk Information System (IRIS) updated on a continuous 

basis by U. S. EPA's Office of Health and Environmental Assessment. Using the 

constituent data and standardized human intake assumptions, ACL's can be 

calculated. Constituent data is given as carcinogen slope factors (CSF's) for 

carcinogenic effects and as reference doses (RfD's) for systemic toxicants. For those 

constituents identified at this site, CSF and RfD data is included in Figure ~ (RFI 

Figure 85). 

F. Purpose for Response 

The contamination characterized in the RFI ((~~ minimal threat or risk to 

~S~Elfff4f~(8'1Df-61~C1(Sif~(l'-r.r•ffi§J!Ji .,. 
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FIGURE e 
CONSTITUENT DATA FOR HEALTH RISK ASSESSMENT 

CONSTITUENT NAME 

Acetone 

1 I 1-Dichloroethylene 

Methylene Chloride 

1 I 1 ~2~2-Tetrachloroethane 

Tetrachloroethylene 

1 I 1 I 1-Trichloroethane 

Trichloroethylene 

Chromium (VI) 

Benzene 

Ethylbenzene 

Toluene 

Xylenes 

* Inhalation slope factor 
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CLASS 

D 

c 

B 

c 

82 

D 

82 

A 

A 

D 

D 

D 
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ORAL ORAL 

REFERENCE CARCINOGEN 

DOSE SLOPE 

(mg/kg/day) FACTOR 

(mg/kg/dayy1 

1.0E-01 NA 

9.0E-03 6.0E-01 

6.0E-02 7.5E-03 

NA 2.0E-01 

1.0E-02 5.1E-02 

9.0E-02 NA 

NA 1.1E-02 

S.OE-03 4.1E+01* 

NA 2.9E-02 

1.0E-01 NA 

3.0E-01 NA 

2.0E+OO NA 



IV ESTABLISHMENT OF CORRECTIVE ACTION OBJECTIVES 

The objectives of a Corrective Action Program (CAP) are: to evaluate the nature and 

extent of a release of hazardous constituents to the environment; to evaluate the site 

characteristics of the facility and surrounding area; and to identify, develop, and implement 

the appropriate corrective measure(s) necessary to protect human health and the 

The RCRA Facility Investigation (RFI) identified the sources of the releases and 

characterized the nature and extent of contamination resulting from the releases. Further, 

the RFI identified potential receptors and assessed short- and long-term threat to these 

receptors. An updated review of potential receptors and exposure pathways was given in 

previous Section Ill. D. As part of the CAP, various corrective measures have already been 

undertaken at this facility since 1983. These measures included closure of the Solid Waste 

Management Units (SWMU's) responsible for the releases; capping of the closure area; 

and source removal through operation of an Interim Measure (IM) consisting of 

groundwater recovery and treatment implemented in 1988. Details of these corrective 

measures are given in previous Section III.C. Continuing analyses of soil gas and 

groundwater samples since implementation of these corrective measures indicate that, with 
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V SCREENING OF CORRECTIVE MEASURE TECHNOLOGIES 

Corrective measure technologies (CMTs) are defined as specific processes, 

systems or actions that may be utilized to remediate or mitigate chemical problems. 

CMTs may be used singly or combined ~,JJJf8o form Corrective Measure 

Alternatives. 

A screening of known corrective measure technologies applicable to groundwater, 

soil and soil gas remediation is summarized in Figure ~· General categories of 

corrective measure technologies include no further action, containment, disposal, in situ 

treatment and ex situ treatment. 

The CMTs in this figure were screened according to three general criteria. The 

first criterion is the ability of the process option to be effective for the affected medium 

(site characteristics). Technologies inappropriate for groundwater have been eliminated. 

The second criterion is the ability of the GMT to be effective for the waste type. The third 

criterion is the stage of development of the GMT (i.e, whether the GMT is past bench-

scale, pilot-scale, or full-scale development for the particular medium and type of 

chemical). CMTs can be eliminated if they are not past bench-scale development, if they 

have failed at pilot- or full-scale development, or if they cannot be implemented without 

extensive technology transfer or development. 
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GENERAL 

RESPONSE PROCESS 

ACTION OPTION 

NO FURTHER ACTION Not Applicable 

CONTAINMENT Slurry Walls 

Subsurface Drains 

Extraction Wells 

Infiltration gallery 

FIGURE 23 

SCREENING OF CORRECTIVE MEASURE TECHNOLOGIES 

IMPLEMENTATION/ 

EFFECTIVENESS/ WASTE MANAGEMENT 

APPLICATIONS LIMITATIONS ISSUES 

S~es without and/or Effective where receptors lmplementable due to 
lim~ed potential and exposure pathways are moderate size of plume. 
receptors. limited. Applicable to slow-
Exposure is lim~ed moving plumes where No waste management 

groundwater can be issues 
monitored. Can be 
impacted by change in 
demographicsnand use. 

Sites w~h relatively level Varies with chemicals and Difficult to implement in 
grade, and shallow concentrations. areas of deep bedrock and 
impermeable zones (i.e. access constraints. 

bedrock) The limitation is the deep 
bedrock and areal extent of Contaminated slurry must 
plume. be removed or treated on-

srte. 

Intercept shallow Varies/applicable to depths Easy to implement 
contamination in areas less than 40 feet. contaminated soil and 
with low hydraulic water must be removed or 
conductivity. treated on-site. 

Flat hydraulic gradient, Varies, depending on the Easy to implement 
moderate conductivrties, intergranular hydraulic contaminated water must 
immiscible contamination. conductivity of the be removed or treated on-

aquifer/steep gradients, site. 

high conductiv~y. miscible 
contamination, limrted to 
high concentration areas, 
requires disposal of 
produced water. 

Applicable to organic and Effective in areas of highly Implementation requires 
inorganic wastes after permeable surface soils sufficient access. Permit 
treatment and moderately high from the State of New 

groundwater Mexico is required. 
table/infiltration depends on Additional treatment 
homogeneity of subsurface needed to meet no-
soil impermeable zones degradation requirement. 
impede flow. Permit difficult to obtain. 

STATE OF RESULT OF 

DEVELOPMENT SCREENING 

Not Applicable Retained. VOC:C)()ftl 
centractfOO~IUl! 
c!llllr!'ll~!ng,~ No signifi-
cant potential threat or 
risk. 

Conventional: readily Eliminated: due to deep 
available bedrock and areal extent 

of plume. 

Conventional: widely Eliminated due to depth 
accepted. lim~ations and areal 

extent of plume 

Conventional: commonly Retained for potential 
used; However, will not use with treatment 
get contamination levels option. S~e hydraulic 
to MCL. gradients and 

conductivities are wrthin 
those required to achieve 
adequate effectiveness. 

Conventional: not widely Retained per consent 
used. order. 
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GENERAL 

RESPONSE 

ACTION 

CONTAINMENT cont'd 

DISPOSAL 

- L__ ___ --

FIGURE 2~ 

SCREENING OF CORRECTIVE MEASURE TECHNOLOGIES 

IMPLEMENTATION/ 

PROCESS EFFECTIVENESS/ WASTE MANAGEMENT 

OPTION APPLICATIONS LIMITATIONS ISSUES 

Injection wells Applicable to organic and Effective in high hydraulic Implementation requires 
inorganic wastes after conductivity sufficient access. Permit 
treatment aquifers/groundwater from the State of New 

cannot be pumped back Mexico is required. 
Into the aquifer at the same Additional treatment 
rate it was extracted. needed to meet no-

degradation requirement. 
Permrt difficult to obtain. 

Discharge to publicly Applicable to organic and Effective for low Normally easy to 
owned treatment inorganic wastes after concentrations in implement; however, must 
works (POTW). treatment and in areas conventional WWT process. meet EPA effluent criteria 

where extraction wells or Limrtations are distance to POTWs may restrict the 
other methods of POTW and concentrations amount that can be 
removing GW can be of chemicals POTW can accepted. 
used. accept. Capacrty of 

POTW. 

Discharge to surface Applicable to organic and Effective if NPDES lmplementable due to 
water. inorganic wastes after discharge standards are close proximity of the Rio 

treatment. mel/requires constant Grande. Must obtain 
monitoring. NPDES permit and meet 

New Mexico Water Qualrty 
Standards. 

Infiltration gallery Applicable to organic and Effective in areas of highly Implementation requires 
inorganic wastes after permeable surface soils sufficient access. Permit 
treatment and moderately high from State of New Mexico 

groundwater is required. Additional 
table/infiltration depends on treatment needed to meet 
homogeneity of subsurface no-degradation 
soil impermeable zones requirement. Permrt 
impede flow. difficult to obtain. 

STATE OF RESULT OF 

DEVELOPMENT SCREENING 

Rarely used due to Retained per consent 
regional prohibitions order. 

I 

Conventional: widely Eliminated: POTW 
I 

accepted unavailable because of 
capacity overloads. 

I 

Conventional: widely Retained for potential 
accepted use wrth treatment 

option. 

I 

Conventional: yet not Retained per consent 
widely used. order. 
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ACTION 

DISPOSAL 
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IN SITU TREATMENT 

FIGURE 23 

SCREENING OF CORRECTIVE MEASURE TECHNOLOGIES 

IMPLEMENTATION/ 

PROCESS EFFECTIVENESS/ WASTE MANAGEMENT 

OPTION APPLICATIONS LIMITATIONS ISSUES 

Infiltration bed Applicable to organic and Effective in areas of highly Implementation requires 
inorganic wastes after permeable surface soils sufficient access. Perm~ 
treatment and moderately high from State required. 

groundwater Minimal additional 
table/infiltration depends on treatment needed. Perm~ 
homogene~y of subsurface difficult to obtain 
soil impermeable zones 
impede flow. 

injection wells Applicable to organic and Effective in high hydraulic Implementation requires 
inorganic wastes after conductivity sufficient access. Perm~ 
treatment aquifers/groundwater from State of New Mexico 

cannot be pumped back is required. Additional 
into the aquifer at the same treatment needed to meet 
rate it was extracted. no-degradation 

requirement. Perm~ 

difficult to obtain. 

Calabacillas Alroy() Applicable to organiC and Effective in areas of highly implementation requires 
Recharge inorganic wastes after permeable surface soils sufficient access.. Perm~ 

treatment and moderately high from State of New Mexico 
groundwater is required,. Additlonal 
table/infiltration depends on treatment needed to. meet 
homogene~ of subsurface no-degradation 
soil impermeable zones requirement." Permij 
impede flow. difficult to. obtain; 

Evaporation Ponds Applicable to organic and Effective if area is large lmplementable. Must 
inorganic wastes after and climate suitable. obtain NPDES permit for 
treatment Lim~ed during certain times storm release and possibly 

of the year. air emissions permit. 

Vapor Extraction VOC contaminated Effective on shallow water Implemented by 
groundwater in permeable soils. conventional means, off 

gas air emissions must be 
collected and treated. 

In situ air stripping Applicable to volatile 95-97% removal in sandy lmplementable, requires 
(air sparging) organic compounds soil less effective in clay VES 

(VOCs) soil/maximum depth of 
groundwater 140 feet. 

STATE OF RESULT OF 

DEVELOPMENT SCREENING 

Conventional; yet not Retained for potential 
widely used. use. 

Rarely used due to Retained per consent 
regional prohiMions order. 

Conceptual stage; Retained per EPA; 1996; 

Conventional, proven Eliminated: insufficient 
technology. area for use, excessive 

water quantity for 
application. 

Commercially available Retained for potential 
use with other treatment 
options. 

Innovative technology Retained for potential 
use with other treatment 
options. 
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GENERAL 

RESPONSE 

ACTION 

IN SITU TREATMENT 
cont'd 

EX SITU TREATMENT 

FIGURE 23 

SCREENING OF CORRECTIVE MEASURE TECHNOLOGIES 

IMPLEMENTATION/ 

PROCESS EFFECTIVENESS/ WASTE MANAGEMENT 

OPTION APPLICATIONS LIMITATIONS ISSUES 

Bioremediation VOC contaminants 97% reduction in Difficult to implement in 
contaminant low permeability soils or 
concentration/Will not treat deep aquifers/biological 
metals, pesticides, and clogging of aquifers and/or 
chlorinated hydrocarbons. wells may occur. 

Lining of Corrales Potential reduction of Minimal effectiveness since lmplementable, 
Main Canal recharge to groundwater/ large Irrigated fields are 

elimination ,pi seasonal adjacent to canal; 
fluctuation; 

Aerobic biological Applicable to non- 96% removal/cannot be Easy to 
treatment halogenated organics and used with high implement/remaining 

certain halogenated concentrations of metals. biosludge requires 
organics disposal. 

Activated sludge Applicable to dilute non- 99% removal/subject to Requires major design and 
halogenated organics breakdowns from varying construction/output sludge 

influent. requires further treatment. 

Anaerobic digestion Aqueous wastes with low Effective widely used at Requires major design and 
to moderate level of POTWS/Will not treat construction/no mobile 
vocs inorganics and subject to units available/sludges 

breakdowns from varying require further treatment. 
influent. 

White rot fungus Aqueous organic wastes 97% reduction on Laboratory scale only 
laboratory scale/will not 
treat inorganics 

Chemical Aqueous wastes Effective for Conventional 
oxidation/reduction containing Cr, Hg, Pb inorganics/cannot be used process/waste composition 

for organics and reactions must be well 
known to prevent 
inadvertent production of a 
more hazardous end 
product 

STATE OF RESULT OF 

DEVELOPMENT SCREENING 

Technology is Retained for potential 
commercially available use with other treatment 

options. 

N/A Retained per EPA 1996 
large irrigated fields 
render ineffective/ 
seasonal flucuation 
beneficial to.existing)Ml 

Conventional, broadly Retained for potential 
used technology use with other treatment 

options 

Conventional, proven Eliminated: lacks 
technology flexibility to treat varying 

influent. Extensive 
design and construction 
time. 

Conventional, proven Eliminated: lacks 
technology flexibility to treat varying 

influent. Extensive 
design and construction 
time. 

Bench scale Eliminated: technology is 
not commercially 
available and not proven 
In field applications. 

Commercially available, Eliminated: influent 
lull scale stream contains organics. 
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GENERAL 

RESPONSE 

ACTION 

EX SITU TREATMENT 
cont'd 

FIGURE 23 

SCREENING OF CORRECTIVE MEASURE TECHNOLOGIES 

IMPLEMENTATION/ 

PROCESS EFFECTIVENESS/ WASTE MANAGEMENT 

OPTION APPLICATIONS LIMITATIONS ISSUES 

Ultraviolet oxidation Low level aqueous 79% reduction in Requires clear aqueous 
organics contaminant solutions/no further 

concentration/Will not treat treatment of residues is 
in organics required 

Chemical precipitation Aqueous wastes Eff4lctiveJor;_removal of Difficult to implement for 
containing metals m~!als; more than one metal if 

pH's required to precipitate 
are different/sludges may 
be hazardous 

Advanced oxidation Aqueous organics Effective on waste streams Easy to implement mobil 
(Ozonation) which contain less than units are available/no 

1.0% oxidizable residues or sludges are 
compounds/Will not be generated 
effective on sludges and 
solids 

Carbon adsorption Low concentration 99% reduction in Easy to implement mobil 
(GAC) aqueous organics contaminant units are available/carbon 

concentration/cannot be must be replaced or 
used if concentrations are regenerated periodically 
greater than 10,000 ppm. 
suspended solids >50 ppm 
alcohols, ketones. 

Filtration Suspended solids Can reduce suspended Easy to 
solids to between 1 and 10 implement/residues may 
mg/1 will not affect be hazardous - no 
dissolved contaminants reduction of toxicity 

disposal required 

Steam stripping Aqueous wastes Effective for VOCs/cannot May be difficult to 
contaminated with VOC's be used on VOC with BP implement depending on 
boiling point at 1so•c >1so·c availability of steam/air 

emissions 

ion Exchange Aqueous. wastes Effective for removal of Easy to implement/ 
containing metals metals residues may be 

hazardous 
------ .. - ------ --·--- -·-----

STATE OF RESULT OF 

DEVELOPMENT SCREENING 

Commerlcally available Retained for potential 
use with other treatment 
options. 

Commercially available Retain&d/as. part Of 
treatment traiJY. {o~ !]leta~ 
('!!JIOilliiiiJill 

Commercially available Retained for potential 
use with other treatment 
options. 

Commercially available Retained for potential 
use with other treatment 
options. 

Best Demonstrated 
Available Technology 
(BDAD 

Commercially available Retained for part of 
trtilatment train; 

Commercially available Eliminated: insufficient 
steam available. Not 
appropriate for current 
conditions. 

Commercially available Retained as part of 
treatment train. for metals 
(chromium; 
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GENERAL 

RESPONSE 

ACTION 

EX SITU TREATMENT 
cont'd 

NO FURTHER ACTION 

IN SITU TREATMENT 

FIGURE 23 

SCREENING OF CORRECTIVE MEASURE TECHNOLOGIES 

IMPLEMENTATION/ 

PROCESS EFFECTIVENESS/ WASTE MANAGEMENT 

OPTION APPLICATIONS LIMITATIONS ISSUES 

Air stripping Aqueous VOC 99.99% reduction in Conventional equipment 
(Packed Tower contaminated wastes contaminant and mobile units air 
Aeration) concentration/cannot treat emissions must be 

metals or semi-volatiles monitored 

Catalytic oxidation Aqueous organic wastes 99.99% reduction in May be difficult to 
contaminant implement due to 
concentration/in organics permitting/no residues 

Wet air oxidation Aqueous organic wastes 93% to 99% reduction in Implementation is not 
contaminant difficult but may be 
concentration{inorganics costly/no residues 

Thermal destruction VOC contaminated 99.99% reduction in Conventional equipment 
groundwater contaminant dependent on and mobile units, air 

VOC concentrations and emissions must be 
volumes of water to be monitored. 
treated. 

Not applicable Sites without and/or Effective where receptors lmplementable. No waste 
lim~ed potential and exposure pathways are management issues. 
receptors. Exposure is limited. 
limited. 

Bloremediation Organics Effectiveness waries with Implemented by 
chemical contaminant, conventional 
concentration, and soil means/biological clogging 
type. Will not treat metals. may occur 

Vapor extraction VOC contaminated soils 99.9% reduction in Implemented by 
contaminant conventional means/off 
concentration/cannot be gas air emissions must be 
used on sludges, liquids, collected 
and in dense clays. 

Air injection VOC contaminated soils 99.9% reduction in Implemented by 
contaminant conventional means/off 
concentration/not effective gas air emissions must be 
in soils containing clay collected 
layers. Must be used with 
VES. 

STATE OF RESULT OF 

DEVELOPMENT SCREENING 

Commercially available Retained for potential 
use w~h other treatment 
options BOAT 

Commercially available Eliminated. Other 
BOArs available. High 
costs. 

Commercially available Eliminated. Other 
BOAT's available. High 
costs. 

Commercially available. Eliminated. High costs. 
May be difficult to Other BOAT's su~able for 
implement due to site. 
permitting/no residues. 

Not applicable Retained. Soil 
concentrations confined 
to site. No immediate 
threat to any potential 
receptors. 

Commercially available Retained for potential 
use with other treatment I 

! 
options. 

I 

Commercially available Retained for potential 
use with other treatment 
options BOAT 

Commercially available Retained for potential 
use with other treatment 
options 

L____ ___ 
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GENERAL 

RESPONSE PROCESS 

ACTION OPTION 

IN SITU TREATMENT Soil fltislling 
conrd 

NO FURTHER ACTION Not applicable 

IN SITU TREATMENT Soil flushing 

Vapor Extraction 

FIGURE 23 

SCREENING OF CORRECTIVE MEASURE TECHNOLOGIES 

IMPLEMENTATION/ 

EFFECTIVENESS/ WASTE MANAGEMENT STATE OF RESULT OF 

APPLICATIONS LIMITATIONS ISSUES DEVELOPMENT SCREENING 

Organic and inorganic 79% to 99% reduction in Implemented by Pilot scale/emerging field Retained for potential 
contaminated soils contaminant conventional scale use. 

concentration/Will not be means/effluent must be 
effective in heavy clays. treated 

SHes wHhout and/or Effective where receptors lmplementable. No waste Not applicable Retained. Soil gas 
limited potential and exposure pathways are management issues. concentrations low and 
receptors. Exposure is limited. areal extent limHed to on 
limited. site. 

Organic and inorganic 79% to 99% reduction in Implemented by Pilot scale/emerging field Retained for potential 
contaminated soils contaminant conventional scale use. 

concentration/Will not be means/effluent must be 
effective in heavy clays treated 

' 

VOC contaminated soil 99.99% reduction in Implemented by COil]ffi!!f!1jally, available Retained for potential 
gas contaminant. conventional use 

I 
Concentration will not be as means/effluent must be 
effective in heavy clay treated. 

V-8 



A. General 

VI IDENTIFICATION OF THE CORRECTIVE MEASURE 
ALTERNATIVE OR ALTERNATIVES 

Each corrective measure technology is identified by its applicability to the containment 

or remediation of three phases of the contaminants, which include the (i) dissolved 

groundwater phase (saturated zone), (ii) soil sorbed or residuaJNAPL phase (saturated and 

unsaturated zone), and (iii) soil gas vapor phase (unsaturated zone). TCE and TCA in the 

free product or non-aqueous phase in the saturated zone (if any) or the soil pore water 

dissolved phase (unsaturated zone) can be remediated as part of the three phases 

described above. A combination of several methods, or treatment train, should be 

evaluated to address the successful remediation of the specified contaminants. 

Fi.lftf\e[infoffTi~JIOnonlechri616gyJmethodo16gy.dlscussedinthis Section can be foUnd 

r~wrefere·~~~sJis~e,a'lJAdefHlafspeclfiC.IleaalngTrf the Reporfis Bibliography. As a general 

refefence:I>lJ\Vl1H?BIEflecllologies: the publication Remedkition technologies Screening 

Matrix ancr:Refefence·Gulae (EPA/USAF, ·1993) has been'appended to this Report. 

(Appenaix:~n 

RefefeJ:tC:~§:IQ:~c~ffaif(technola9les·:seln~r:the·~~·besi·wavaHable'1 ··· or· sA r··ar as·· "best 

aemonsfrareaJV~JiaBJefecnnology11 oFsoAt are based offdeierminaHons made by EPA 

unaertha··safe]Jfint<rn·9warerAct (EPA 19as, 1987; 1988, .. , 995). 

otheFinfofffla!lonlrflhlsehapferlsbased on institutional knowledge, developed from 

qf~et]>roJe~f~'§f;m:er?utH()rs ·and· thelrwprofessiorial experience: 
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B. Retained Alternatives 

Based upon the results of the screening, the alternatives for this site are summarized 

below. Each of these retained alternatives is discussed in greater detail in Section VII. 

Groundwater Phase (Saturated Zone) 

• No Further Action. 

• Continuation of Interim Measure Corrective Action 

• Expansion of Interim Measure 

• Infiltration gallery or injection wells to contain plume (per consent order). 

• Large-scale groundwater extraction combined with either air stripping, granular 

activated carbon, advanced oxidation, or aerobic bioreactors to treat the 

groundwater organic~confamlnation arid. chemical precipitation/ion exchange to 

femoVe'iflorganics\(pump and treat system). 

• Vapor extraction to remove soil gas and eventually VOC from groundwater 

through phase equilibrium. 

• In situ bioremediation to treat the groundwater in place. 

Soil Sorbed Phase (Unsaturated Zone) 

• No Further Action. 

• Soil flushing to remove contaminants adhered to soil particles. 
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• In situ bioremediation to treat the soil in place. 

• Vapor extraction to remove soil gas and eventually VOC from soil through phase 

equilibrium. 

Soil Gas Vapor Phase (Unsaturated Zone) 

• No Further Action. 

• Vapor extraction to remove soil gas for treatment. 

C. Non-Retained Alternatives 

The alternatives that were judged as not being suitable for the Sparton facility are 

described in the following paragraphs: 

1 . Slurry Wall 

tf1"ifaJ£~fBatlverwasw:nort:~faiRe~rfJecaUse.JnEl: excessi\l~epUfJcfWatef~'ar the 
l~aqingeffge'ofJfieplUmef~mal(es]fJecn~icaJ1y'impracUca6fe! Furthermore, the lack of an 

impervious strata to tie a slurry wall into, the overall extent of the contaminant plume off 

the Sparton site, and the possible creation of contaminated slurry wall material render this 

option non-feasible. 
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2. Subsurface Drains 

This alternative was not retained because'(:,;,)· groundwater and bedrock are too 

deep for economic installation and the areal extent of the plume is too large. r{:7i) 

3. Discharge to POlW 

This alternative is not appropriate because the quantity and rate at which 

groundwater would be removed is too large for the capacity of the publicly owned treatment 

works (POlWs) in the vicinity. Adding POlW capacity is very expensive and time 

consuming relative to the remediation of groundwater from the Sparton site. 

4. Activated Sludge 

This technology is used to dilute non-halogenated organics and make them inert. 

This technology requires extensive design and construction time that will increase costs 

substantially, making it less cost effective than other best demonstrated available 

technologies (BOAT). Furthermore, this process creates another medium to have to treat 

or dispose which further increases costs. This alternative was not retained because it is 

not appropriate methodology for treatment of halogenated VOC, such as TCE and TCA, 

present at this site. 
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5. Anaerobic Digestion 

This technology utilizes anaerobic microorganisms to reduce halogenated 

compounds into compounds that are generally less toxic and less likely to bioaccumulate. 

The reducing process consists of removing halogen from the halogenated compound 

through electron exchanges between the halogenated compound and the microorganisms. 

Once the reduction process is completed, the compound can undergo further reductions 

and transformations by aerobic microorganisms. 

This alternative was not retained because it involves extensive design and 

portable units are not available to make this a feasible methodology. In addition, this 

process may break down the constituents and form vinyl chloride (VC) which is a toxic 

compound. Additional treatment of VC will be required which would increase costs. 

6. White Rot Fungus 

This alternative was not retained because it has only been used in laboratory 

testing and has not been proven in field applications. There is uncertainty in the reliability 

of this technology on a large scale. 

7. Chemical Oxidation/Reduction 

This technology involves changing the chemical form of a hazardous material in 

order to create a less toxic compound for handling or disposal purposes. The oxidation 

process involves the transformation of organics to various compounds such as carbon 
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dioxide and water. The function of chemical oxidation is to change the chemical form of 

the molecular structure for the purposes of detoxification. Chemical reduction essentially 

converts inorganics to less toxic forms so additional treatment processes can be applied. 

This alternative was not retained because this technology will not work on organic 

waste streams that contain VOC such as TCE and TCA. In addition, chemical reactions 

may be explosive and must be monitored carefully to avoid creating a more hazardous by-

product. 

c;;.) 

r.;~.J 

8. Steam Stripping 

This technology involves the injection of steam into the selected medium for the 

purpose of volatilizing VOC and various non-soluble constituents. For soil, the steam is 

injected directly into the subsurface soils through selective well locations and then the 

volatilized constituents are removed from the subsurface by vacuum extraction wells. For 

aqueous waste streams the process is similar; however, the application of the steam is 

conducted in a controlled environment (i.e., pressure chamber). The volatilized constituents 

are then thermally destroyed or vaporized. 

This alternative was not retained because a steam source is not readily available 

at the site and there are better BOATs for the Sparton Facility. This technology is also not 

effective on VOC with boiling points greater than 150°C. TCA and TCE both have boiling 

points greater than 150°C. 
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9. Catalytic Oxidation 

This technology involves destruction of contaminants by oxidizing the constituents 

in the presence of a catalyst in order to detoxify the compound. The process involves 

removing electrons from the constituent (oxidizing) to alter the molecular structure of the 

constituent. 

cafalyUc()xldaflOn was considered for three purposes .:_ as a prlrTiat}i treatment 

fof''ofganlc?cohfamlnated aqueoUs waste streams, as part of a·freafnient train to "polish•1 

gas effluent froni an air stripper or as the primary treatment fof a gas effluent produced 

from a 5611 Vap6r.eXfra6tion system. it should be noted that treatment of halogenated 

hydrocarbon constituents wm progressively deactivate the catalyst and reduce the 

aesfrudl'le eHICieflCy~ FreqUent catalyst replacement would be required. 

fhls alternativef'Was' nof refa]ned for the following reasons: . with respect fd 

aqiTeoUsWaste~stfeanis,~recognlzed BOATs would be mote appropriate and cost effective. 

~ar~vapor~pnas~v;v'waste stfe'ams, 'other treatments offer better reliability 'and cost 

effectiveness:~ff(addifion;long term performance for halogenated hydr6d1rb6h freatnienf 

is norwell aocunientea; 

1 0. Wet Air Oxidation 

This technology involves generally the same principals as catalytic oxidation 

except the process uses air with high moisture content to effectively oxidize the 

contaminants into less toxic compounds. 
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This alternative was not retained because costs can be excessive and this 

technology has not been used widely enough to evaluate its effectiveness. 

11 . Thermal Destruction 

This technology essentially destroys contaminants by direct application of intense 

heat. Thermal destruction is an oxidative process which is used for detoxification and 

sterilization, volume reduction, energy recovery, and by-product chemical recovery. The 

thermal destruction process can be used to destroy organics in liquids, solids/sludges, soils 

and gases. For liquids, several types of thermal destruction methods such as liquid 

injection furnaces, plasma arc units, and rotary kilns can be used to effectively treat liquids 

containing organic compounds. For solids, methods such as rotary kiln, fluidized bed, 

circulating bed, and infrared are typically used for treatment. 

This alternative was not retained because residuals are produced such as ash and 

solids that will require additional treatment before disposal. Furthermore, this process 

generates off-gas emissions which would require treatment before releasing them to the 

atmosphere. This technology is;very costly because a( energy requirements. Because 

@Io9enaf~OcofJ~ijm~fjtsJ"fe"'p~E[se5Tl'U1erff1at·aesfrucUon···sysfeffl:~areRC5RA''~"fe9Uiaiea 

as'arRazardol1sWasteinciHeratcm 
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VII EVALUATION OF THE CORRECTIVE MEASURE 
ALTERNATIVE OR ALTERNATIVES 

A. General 

As specified under Task VIII of Exhibit I, Corrective Action Plan (CAP), of the Order, 

each corrective measure alternative passing through the Initial Screening identified under 

Task VII has been evaluated using specific criteria. The evaluation of each alternative 

considered for potential implementation has been evaluated based on 1) technical, 

2) environmental, 3) human health, and 4) institutional concerns. In addition, cost 

estimates for each corrective measure alternative have been prepared. Specific evaluation 

procedures are discussed in the following paragraphs. 

lf~~~Jr{.~S'ff!lf~Jf'~fl'lC'~~l«ct;~~:~4it(~~Rf(l~ 

.,~m-AW~RR~~R~.Wr<rpw~WU'..WR~I~~RR~N~·~~F~R,~J~'f6f'$"1ff~~~DIR€'~Rf8t ~~~~~~~~~~,e~~~~t~~~~JJP,J~~~~»JJ::I~l!WA~J?~~fa~fik~J~~~,/////////YJ//,;Y~~~,m.J:"~~RYAr0J:J/~;~y~J~) 

l'f'JjJ'~GJ•~~~•strst~l'•llr~Jr~lfatrr~ell~ti~l~ 

m"~~R~AW~~~_f'RC·~-~~Iir·Ar~-~~~~~.£Afft~~('~W~AWR~D~.R..r0~ -s~s ____ ( ~~~~$MYJP~~J%»~t~H~~J.J~~//~~)?b~F~~~~~~~~-1/-

~·~ 
W8'1R~~~ffi'RR~AV64/R~R~..W..VD&r~~~~~-.Eff~#~aff.@'~f6,%f'~~~fi"'H.R~~Er.fl 
-~k~~JW~~Ji}~,W,)~~Wl?~J~lit~J»l~~~ ~//~;E~~~~---,S~~y~~~JJWd?A%~1it~~ 

~'R~U~~~R.:WAW~.~fW~~~~.R@'I!f~.R~~R..Vdfff'@'«f'efEfr'fl~~..W...W~~~~~rfff~ 
~~JJ~J1~~~~Mh~~}f-YY~~AIW~~~Y~&M~~~~~///////)~J!.,9;~M~J!,J~~~~_w~ 

~~Sfff~~~~~JISS:~~ 

~~d'RfH~~~..W~t'.:ff~«~N~~'..WR#AWRRB#'f('t(f'_f'~W.:W~tf<r~A'~FR~R~(""l~ ~!Y~!J~»JJ~J~»~Mif»J&)J~kS~J~~~~~~~k~/~/~~/~~YJPJf:!~~J~~»?~,,~%~~~J-M~~~J~~M! 

•~lftf•Kt'~~•£«c•rff~t.r•~ 
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1. Technical Evaluation Criteria 

Each retained technology or corrective measure technology has been evaluated 

relative to a set of technical criteria. Technical evaluation criteria included: effectiveness, 

useful life, reliability and implementability. Application of these criteria to the evaluation 

process is outlined in this section. 

• Effectiveness has been evaluated with respect to accomplishing K~ff1fL~~ 

source control and/or restoration of groundwater quality and with respect to 

specific application to conditions characterized at the Spartan facility. Any 

specific waste or site characteristics which could reduce effectiveness of a 

given technology have also been considered. 

• Useful life has been evaluated with respect to the ability of a given 

technology to be successfully operated for a sufficient length of time 

• Evaluation of reliability has been based on previous demonstrated 

performance under similar conditions to those found at the Spartan facility. 

Particular emphasis has been placed on operation and maintenance costs 

as evidence of reliability. Evaluation of the retained alternatives and 

appropriate treatment trains has determined if failure of any one technology 

has an immediate effect on potential receptors and whether the technology 

has the flexibility to deal with uncontrollable changes at the site. 
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• lmplementability has been evaluated relative to the ease with which a given 

technology can be installed and operated. This evaluation included how well 

a given alternative matches site characteristics, existing facility operation, 

institutional requirements, and time requirements. Time requirements 

included both time for implementation and time required to achieve beneficial 

results. 

In addition to evaluating individual technologies or alternatives under these criteria, 

combinations of technologies or treatment trains have also been evaluated. The synergism 

resulting from combining technologies into a treatment train may result in higher evaluation 

relative to these technical criteria. 

2. Environmental Evaluation Criteria 

Each retained technology or alternative has been evaluated in terms of 

environmental risk and/or threat resulting from construction and operation. This includes 

short- and long-term beneficial and adverse effects on the environment from application 

of the technology. The potential of a given technology to transfer or create additional 

problems, such as creating a residual waste, have also been examined. The evaluation 

has also considered whether any adverse effects created by the technology can be 

successfully mitigated. 
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3. Human Health Criteria 

Each retained corrective measure alternative has been evaluated relative to 

minimizing potential adverse effects on human health, both short- and long-term, and to 

mitigating potential-exposure. Potential exposure pathways and level of exposure resulting 

from construction and operation of a given technology have also been evaluated. 

4. Institutional Criteria 

Each retained technology has been evaluated with respect to institutional 

concerns including: esthetics; community acceptance; and compliance with city, county, 

state, and federal requirements. Included in this evaluation criteria is the number and 

types of permits required for implementation of a given technology and the time and 

difficulty associated with obtaining the necessary permits. 

B. Containment of the Dissolved Groundwater Phase (Saturated Zone) 

1. No Further Action 

Further Action (NFA) 8 .,.-~ould be discontinued and no additional treatment 

technology would be implemented at the site. The NFA alternative has been retained 

because the RFI~f~,Jff~Af·lf'_j"Jf(~identified no significant risk or threat 

to human health or the environmen~!Rf,..-~8 Existing land use and 

probable future development of this area minimize both potential receptors and exposure 
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pathways with respect to the contamination characterization for the Spartan Facility. ~ 

.,.~~~~~-···6~··.,-ff-fi§~Ji&Jr~l'~({G' .... ~~
-IBI'~§JJJ'W~LIIE6m:(•(~(-~,.,~~ 

~~gm~,·-·~·~lll'~~lltf~~~tl:«i<t(tf~~-~~68'ff£«111 

r,..S((f.riJir.,IKGr~IS'Jil(~~~,[frft(~llflftfffJllt~$[f!Cife 

~.r~~pt~1t~~tW~~~~~~~~~iffa@t;a~~'1W%lf2lfa~liOF~Rcr~~Rm~~'\waffi~ ~~,/~;J;-~&~///,-:~~W~~~:!~PJJd~ff~~J?JJ~_!~~~~:-t/;;///?/,:-~'J/t<~~//-~//JJL//:0,;»~~~//~~Mt/////,//~gl~;;/;//;lJt 

Under the NFA alternative, quarterly monitoring of selected wells would continue. 

JS'~-~~-·..--~~f!flr~~-~-~-~·~~IS'itl 
rl$111~$~§if'6£181,..~111'61r~!(fr«~fir(1--fll'~-·~1 
~£r..WCiiw..~~m'~~~~IW.~.<~tl~~~ffA'iiW~4YRM'~Jftf$t}~~~·~~t'~ir~~~~.ff~~l"~tj 
~~p~jJ!tW~~!{~J~~,J1~Jb~~J!~~YAY~9J~&~~~Jt~kkJJ~1!5/,/-h///'//~~~~Yff_J~~/~JPPP~~~E~:~ 

~ii!P~H~~Af'!Wa¥8,:;?~66~~WR6f~~A?'~JG~t'~tf~m~~(f'..WA"~~WH'R~~..Wif: ~~~»~~~~~)JJJ~~~~~~~~)W'~~}!ls-/////;ij~~/~~k~£;~.//~~-///////~A"~~~~~~%~1J~t~ 
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The results of the continued ~_a((8monitoring and changes in land 
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.,~ ... 
Costs on an annual basis for quarterly monitoring of approximately twenty wells 

and providing an annual report is as follows: 
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$22,500 
40,000 
15,000 

$77,500 annually 



2. Infiltration Gallery/Injection Wells 

This alternative has been retained for consideration as required under provisions 

of the Consent Order (Exhibit I, CAP Scope of Work, Task VII. D.). 

In many instances, the function of injection wells and infiltration galleries during 

a groundwater remedial program are as follows: 

• Dispose Bgroundwater after treatment. 

• Utilize ~as injection devices for nutrients to operate a bioremediation 

system. 

• Force a contaminant plume toward a recovery point to facilitate groundwater 

restoration. 

However, in most cases the primary function or purpose of injection wells and 

infiltration galleries is to provide containment for a contaminant groundwater plume while 

other processes are used to provide groundwater restoration. The proper use of injection 

wells and infiltration galleries is to install them just beyond the downgradient edge of a 

plume. 

Under the current set of geologic/hydrogeologic conditions at the Spartan facility, 

infiltration galleries and injection wells are not considered appropriate corrective measure 

alternatives to accomplish the corrective action objectives. However, in order to comply 

with the Consent Order, infiltration galleries and injection wells have been retained from 

the screening process to select the appropriate corrective measure alternatives. Under an 

objective screening process, neither infiltration galleries and/or injection wells would have 
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been retained due to site-specific application, technology constraints, and institutional 

issues. Specific reasons why these technologies would not have been retained are as 

follows: 

• Infiltration galleries are usually constructed under shallow groundwater 

conditions (generally less than forty feet in depth). Infiltration galleries are 

generally constructed to just above the receiving body of water. Groundwater 

at the Sparton facility ranges from sixty-five to seventy-five feet below ground 

surface to over 200 feet off site toward the northwest and downgradient edge 

of the contaminant plume. Under these sets of hydrogeologic conditions, an 

infiltration gallery could not be constructed using conventional 

equipmenUtechnology because of the depth to groundwater and the instability 

of the soil during construction. 

• Because of the areal extent of the downgradient edge of the contaminant 

plume, numerous injection wells or a significant length of infiltration gallery 

would need to be installed to provide a reasonable possibility of dealing with 

the plume. Because of the areal extent of the plume and the depth to 

groundwater along the downgradient edge of the plume, capital costs for 

injection well installation could easily exceed several million dollars. 

Infiltration galleries, assuming that equipmenUtechnology could be developed 

to meet site requirements, would be prohibitively expensive. Note that these 

costs do not take into account the operation and maintenance costs to 
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service such a system. Given the magnitude of such a program and the 

objective of the corrective measure, this type of corrective measure 

alternative would not be cost effective and would not adequately deal with 

the problem. 

• Injection wells and infiltration galleries may create a mounding of the water 

table and cause the groundwater contaminant plume to disperse and spread 

over a larger area. 

• Because the contaminant plume extends off site, most of the construction for 

injection wells and infiltration galleries would have to take place on private 

property. Gaining access to private property for construction could be 

difficult. In addition, numerous political and technical issues would need to 

be addressed. 

• Installation of infiltration galleries and injection wells requires a permit from 

the State of New Mexico. Obtaining required permits is a long process. In 

addition, the State of New Mexico has a no degradation policy for 

groundwater protection. Consequently, the issuance of a permit may require 

a change in the level of treatment above that required for remediation. 

• As discussed earlier, infiltration galleries and injection wells are viewed 

primarily as a containment technology to inhibit or slow the advancement of 

a groundwater contaminant plume. ·-' the groundwater gradient off

site near the leading edge of the plume is ~lat. ---jthe 
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groundwater gradient S"lf:mr~in the vicinity of the downgradient edge 

may cause the plume to disperse over a larger area and spread the 

contamination. 

• Infiltration galleries and injection wells are used primarily for small 

groundwater plumes. The areal extent of the plume makes the use of these 

alternatives infeasible. Furthermore, these alternatives require a steady flow 

of water to be effective. Under typical groundwater extraction plans, wells 

are pumped in a pulse format, i.e., a several week pumping period followed 

by a similar recovery period. This type of pumping scheme will not supply 

either sufficient quantities, or a continuous supply, of water to the injection 

wells or infiltration galleries for them to be effective . 

.--~~m 
~~R~~~$AWMf~~~Rt'if1f~~Rdf.f~IR~.,f~~.Jp'A~.WRN.,~~Rf~~~tf~ 
~~~~~J?~~;,_~};fff~J9.J%9~~~g:~!~Jf~~~~H~EJ~~;E~~!PJ1~!~J~'l~W~~);J,i}~~pg~,/~~ 

rf~~~··~ff~4f6.1ZI·~-1SII'Aff6tt'AB!f~ 

~~~~-~~·~~~~~6lf~~...,,.-~ 

.,..,,.,AJJII!B'~Alf·.:t'~-(~~~~·· 

-~~~~t'.-1'61ftciaf~Aifl~·~~~~~ 

-.~~~·~•~~'••flrsaJ1fK•iff.rl~lf'•~'•a 
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C. If'~ of the Dissolved Groundwater Phase (Saturated Zone) 

Groundwater remediation alternatives for this project would include no further action, 

groundwater extraction and treatment system, vapor extraction system, in situ air stripping, 

and in situ bioremediation. Treatment of the water effluent pumped from the ground may 

utilize air stripping, granular activated carbon (GAC), advanced oxidation, aerobic 

bioreactors, or a combination of all the above ~~~-~~J«"~I· 

~~~_(~~~·-~fS"~C{(fJBJ Vaporobtained 

from vapor extraction and/or in situ air stripping may be treated with granular activated 

carbon (GAC) or thermally destructed. Bioremediation provides total treatment in place. 
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1. No Further Action 

Further Action ~ IJS.IM would be discontinued and no additional treatment technology 

would be implemented at the site. The NFA alternative has been retained because the RFI 

B"'Jr(!ff'(<tl'(~fl~f"41!f6_f(~identified no significant risk or threat to human health 

or the environment~6,.ft~(~~Rif~A- Existing land use and probable future 

development of this area minimize both potential receptors and exposure pathways with 

respect to the contamination characterization for the Spartan Facility. ~f~l(fl'~tilf~ 

IB'6«~~~-lf·jf·[((G~(~t~~lfi'Sf1A[C~~~~-f'(!llg~ft'~ 

•~r~BirJYI~~t:~r&it~~fg~u~rf'f~t!~r~•~t~rmmwrtl"ifJt•g~m:~ 

~~Jf~!W6S'~~afS'!~Jf~!Piv~f!f({(fS:Cf!GJsr~f(f0!11G~~f~~~ 

i!ftf~df~..r~&P~.if.w~~~R~.4r~~~~aetrfa~«~:Cf~~~P't~.w~t~f'R(twe~~gr.,~ ~~»f~~)~,W~~y~~~M):IbW,l9P9~)YJ~~~h~////~lt//,~/~/h////,),~~~;~·~$S~E%b~,%g~_/,//~~L-~~,/~-~~:Y~E@!»%J1~~ 

l"lf{ftr••,r•••r•.:m(Cftf'ml~~~rr~•-"t~••~•r~•t.:[a 
;w~efP,~f~~~~(f(' .. ~#'~~~ar1f~6Gfffttf(F~~AW~R:'(WAWRt({~~-~~~H?if~ ~~~~_!~~MM~~>t~~~~~~YA~~~~~~~~////~)!%t~#kt~/////L///~JM~~~~J~WJ~M~/,///////////h///,,~/!?J;!tl~?~~~~%~ 

Under the NFA alternative, quarterly monitoring of selected wells would continue. 

JKff~BS.S'B'Iff!tl'.lif!C:(~E:~ff§Jm~f!r.~rtl!8f(~EiftnJ!I'l'~!¥8 

WRRR~~(fWt'<PRAP~..®:ilW"~$~~~AW~.f~_fW~~(f{f~~Mr~~~W"~~lP~ArfiXf~LWcf'~~f~~~ 
~~~~J:.!J~J~~~Y~I$~Mh:1~~~~;~)~1-~~~t~~~/~//,Y~J~~W~~~)ffi~~~~~~~,~//»1~m.~~;3:/~,~~~~~,~~ 
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The results of the continued Jf((£1:~~((.monitoring and changes in land 

use/development would be lfmif(~~C((((~{(f~~({~{S'!af('4r~~ 

rts~r~.:<rtE~BJ«'(~~tr•sifGfr(~tt~~~~~r~JB:~t..,•~~'trl~ 

~f!C~ffmltffC'~(tf£aC(~f~('~fi:tf(G'f(~to determine the need, if any, for other 

~JJJr<r-~~•NI'Jrl~~.:~nrL~~•••~~'-•Jrtrff•~ 

-~!f~6~1lf~ff • ._f~~§fifft{tff!fl((f(«'~SI:-§.,.6K~f~J 
WR~~t?r~.$"~~~Rif'~~~.4WR~~~£4?APRAVR~R.~(ftW~f~~ff~~R~i(~~A"~e"&'~(f(~ 
~~~~~e~~·~,F,d)~~~,W~~J~~~j!,~~~~p~/r~~,,~~~/J;JJ~ffi~ht~~PYD~~~W~~!J~~~/~~/~YJ~ 

~R~t".fif'~~H'~AWIA9'~A9'D~.Rf~f.r~·~.@'~~~~~~~~A"t'~~~~~~"6~~~~~~ 
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B'~ff8"SJT6~~~SPAIJf6·~~4~Sf6-

IJ6S5! •• JJar66ff~~,61~6a~~~~~~~~~ 

DJJJ'I8-~~~~~~~,.~~~~· 

-· Costs on an annual basis for quarterly monitoring of approximately twenty wells 

and providing an annual report is as follows: 

Sampling $22,500 

VOC Analyses 40,000 

Evaluation, Annual Report 15,000 

$77,500 annually 

2. Continuation of Interim Measure Corrective Action 

Continuation of the Interim Measure (IM) groundwater recovery and treatment 

system has been retained as a corrective measure alternative at the Sparton Facility. The 

IM consists of eight groundwater extraction wells located on-site. The recovery wells were 

installed in the upper flow zone. Compressed-air-operated pumps are installed in each 

well. Produced water is routed through double-walled piping to the treatment building. The 

water is treated in a packed tower aeration (PTA) unit to remove VOC. After treatment the 

produced water is used in the Sparton plant as cooling and flushing water and then 

discharged into the sanitary sewer system. The total system capacity is twenty gallons per 

minute (gpm). Since start-up in December 1988, the IM system has successfully treated 
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over 3.56 million gallons of recovered groundwater with a treatment efficiency of over 

ninety-nine percent. ThEFIM has achieved a "reduction in voc concentration in 

groundwater anahaslimlfea;"if iiorprevented, ft.lHtiet migratlori.ffofri on=srte.';Hbweveri 
~veil affeF'ove!f's~venyeafsolpUmpingi·yoc con·centrations artfs£111. orders.'of magnih.iae 

Under this alternative, the IM would continue to be operated to obtain the 

maximum practicallimitaHorfof off-site/'migfation and removal aridreCfLictlon ofVoc on-site 

in'afeasmost heavll{impa6tecf1 Reliability has been demonstrated by almost sevenaiid 

one~fi~ir[years of successful operation. Use of this alternative poses little risk to human 

population or the environment. All operating equipment is located on-site and treatment 

facilities are located in a secure, fenced area. Performance will be monitored by quarterly 

sampling and analysis of selected wells. 

There are no additional capital costs for continuing operation of the IM system. 

However, design and capital costs of approximately $200,000 were incurred in 1988. 

Current annual operation and maintenance (O&M) costs for the system are approximately 

$2s,ooo.T~~apl~~r::cos£s'fo£"aadltlonarmonr,orlri9Wens·asdiscuss~a inVIr:c; 1 ·woUld be 

$7s;·ooo'l()r-!9o;rJ:qQJ Quarterly sampling and analysis would bring the total O&M costs for 

this alternative to '$fo2;soo annually. 

sasea·anwcomm~nts···recelvecrarme 'F=ebFt.iafY·:r;· 1 sse,' Puoflc· Meeting; EPA has 

cfire6tedfnat linli1'Q'' ofUleCc>"rralesMain Canal easfof the 'SpaHonJacility be evciluated lri 
me confexrof ·i~~feaslng~;:JHe'effeetiveness of tlle']M···(u~s;·EPP;f7l99ar£TAs noted lri 
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J:lgUfe 23 Scfeeiling of C6rre6five'Measure'fechn51ogles, this tachnology;·lf 'previously 

consioeretrwanra··nave heeffellmlnateffforseverarreasons. ·Flrst:··nnln9 oflHe canal Woull:i 

rJl(felati~~ryif1~«e9live·sincelne"'majo:trwonnerecllar9e ls"cOmlng"frorn ma··irrtgatea fielas 

~Upf51teBJV!ff[~anar:· .. rf1E[EanarreJJresefils'Jfnt~~"~r~fl1ali faction ·anhe recmirge·areifand 

lfPifl9""WCfUJcf])JfY:e3JI!fle.lrt1J5acr·~.~.~po5oiVrs~asonaiJIUauafion oflfiErgrounawatef levels 
UiTne'UFZonslfeprobably'enfiancesoolh tfie 'performance' Of fhelM and.ln'sltlibldremedl

afiorf'i:iy aiternafivel}/' safUraHng anCltHeHr exposing and· aeratlrlg a portion ofHie.UFz: 

3. Expansion of Interim Measure 

This alternative is similar to the previous discussion in Item 2 with the exception 

of adding a single groundwater recovery well to the existing IM system. On-site lower 

lower flow zone well 32 would be added to the IM to address the anomalously high 

concentrations of VOC in this well. The current IM system has sufficient remaining capacity 

to accommodate the inclusion of well 32. Capital costs would be approximately $1 0,000. 

Operation and maintenance costs would be unchanged from Item 2. 

4. Large-Scale Groundwater Extraction and Treatment System 

Extracting groundwater with pumped wells on a large scale and treating it at the 

surface has been retained as a corrective measure alternative at the Spartan sitefor 

§ronrtaw:atert{flf~~~afion7~Use forvcontalnmentWas~f5revioUslyalsctlssed lrrVIt:s.a. This 

technology is vm:Ofe suitable in high permeability materials such as the subsurface gravelly 

sands ana]ess:eHecllve"iry]lieclays''anCislfls"'at the Sparton site. It should be noted that 

groundwater extraction and treatment is limited in its ability to reduce groundwater 
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contamination to low levels approaching groundwater protection standards. In the extensive 

revieW of"~pUmp'~:and treaf system perlormanc~ given ih Evaluation of Groundwater 

EXfraC:Hon~~Rsmeofes: Phase ll , (Us EPA 1 992)~ the EPA reported that groundwater 

eX£racUorrcoUJd'/pf(5duce approximatelY an order ofmagnitude decrease in contaminant 

concenfraflorfrfHoWever, after several Years of p't:imping; c6ntamh1imt concentrations 11tail" 

off ofreac~"a'""pJateau'•corlcentration Well aboveMCL. ''The plateau concentration is 

cyplcall~i'afl'Pofaefofmagnitude less than the Initial concentratiorC Further pumping does 

nof'CJecreasEr'confalnmenf revels to any significant degree. .. A, second study (National 

Resear6ftn'C6Uncil;:1994) also found that pump and treat was Ineffective in restoring 

aqUifers to Health-based standards within a reasonable time. the study found restoration 

coUld hike hlu1dreas if not thousands of years at sites with heterogeneous, anisotropic 

condiH6n~:'afld';adsotbed chlorinated solvents sucH as at ther Spartan facility. This 

technology is therefore most appropriate for reducing high concentrations of contaminants 

in an expedient manner and not fof achieving health~basecfsfandards. Achievement of low 

contaminant concentration in groundwater may be inordinately difficult, if not impossible. 

EPA DlrecHvs9234~2:2s Guidance for Evaluating thefechnicallmpracticabliity Qf Ground

Wafer ResfOrafiOn'(U.S. EPA 1993) discusses a number of factors that impact groundwater 

res£oration'
0

'ana~may;;~l'endefif'fechnically .. lmpracHcable.'?;.fhesE.rfadors· applied to .the 

Spaff6ri'laciHfYTirersummarized In Figt.i~e 25. DuelcHhe Spartonsite-specific conditions; 

reSforatlorl'llr:aHnklhg water,standaras using a pump and ]reaf"system Is fechriicaily 

impfaetlc~IJre:}zA]nore realistic ana achievable alternative concentration limif(ACL) based 

on'p'fevailing«experlei]ce could provlde attainable goals lri an effiCient and timely manner. 
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r,4WfrifJK8JBif(~·~~~has been demonstrated by the successful 

performance of the Interim Measure (1M) pump and treat system over the past ~-1/2 years. 

lf,.,..,~r.:f(_«_ftJM'eatr•~~~tff,~trt:Tf;fraBfli~ratr~rn 

lr#~~~Jjf'~(«<f~fCilf.j'!~C('€~~ftr(~ff~r(t~J:tf!frir.-LfB!Jf~~ 

lfl~f~~f surfactant use, this technology was not reviewed further. It should be 

noted that State regulations may also prohibit or restrict the use of surfactants as another 

form of contamination. 

For maximum efficiency in contaminant removal from the groundwater, intermittent 

or pulse pumping would be required. Continuous pumping removes a constant volume of 

water which can result in an initial rapid decrease in contaminant concentration. 

Continuous pumping, however, often cannot decrease the contamination level below a 

certain minimum concentration level, also called "tailing phenomenon", because the rapid 
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pore velocities do not provide sufficient time for contaminant levels to build back up to 

equilibrium levels. Pulse or intermittent pumping provides greater efficiency in contaminant 

removal by allowing sufficient time for dissolved contaminants to diffuse out of less 

permeable zones and sorbed contaminants to reach equilibrium concentrations with 

groundwater prior to removal for surface treatment. Using pulse pumping, several years 

of operation would be required to obtain a maximum reduction in contaminant 

On-site pump testing has established aquifer parameters. These parameters 

include a 600-foot radius of influence and a specific capacity of 7.5 to 9 gallons per minute 

per foot of drawdown. lfiffM~~~f(~(if(q«(<[C~~ff·,Sfajfffj"(,f{jf(g~ 

I"~~~~CE'·,(g Based on the present groundwater plume 

characterization, this alternative could involve anywhere from one to three groundwater 

extraction wells. A single on-site well would effectively cover the high contaminant 

of three wells would be required to cover the entire area of the plume. Off-site wells, if 

any, would be located in public rights-of-way to minimize off-site access problems. It 

should be noted that off-site wells pose some risk to the general public and off-site 

landowners. This risk is the result of bringing contaminated water to the surface and then 

conveying it through a buried pipeline to the Spartan facility for treatment. Both the well 

head and buried pipeline are subject to possible malfunction, inadvertent destruction and 

possible vandalism. 
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Wells should not be screened more than thirty to thirty-five feet into the aquifer 

to prevent the migration of higher concentrations of constituents into lower portions of the 

aquifer. Based on drawdown limitations posed by this screen depth, BJ!ff!lpumping 

rates in the order of 180 to 200 gallons per minute (gpm) would be utilized. This pumping 

rate would require eight- to ten-inch wells with pump size ranging from ten to twenty 

horsepower depending on depth to groundwater. Costs for extraction wells have been 

estimated in Figure ~· Costs for both a single on-site groundwater extraction well and a 

three well system (one on-site well and two off-site wells) are given for comparison 

purposes. 

The groundwater extraction and treatment alternative is conventional in concept. 

Operation will be similar to the current Interim Measure pump and treat system. Because 

this alternative is self-explanatory, preliminary process flow diagrams have not been 

included in this report. 

Time required for implementation of this alternative will be a function of season, 

chosen treatment option, required permits, and whether groundwater wells are located on-

site or off-site. Assuming a single on-site well, this alternative could be fully operational 

in approximately one year. Once operation in a pulsed mode is begun, it is estimated that 

two to three years of operation will be required to produce a significant reduction in VOC 

concentration in groundwater. The useful life of the equipment is much longer (in excess 
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FIGURE[~ 

I GROUNDWATER EXTRACTION WELL COSTS 

CAPITAL COSTS 

Item One On-Site Well Three Wells Total 
(200 gpm) (600 gpm) 

Well Installation [~!~ $ /-;.;'///~///. z:> ;.-:: rf~&~~ $~'l,-/. a/////)///% 

Submersible Pump liS /~//,-///, /~ (QfQ6f0 
'////a/ .. ;///////: 

Controls 1:(~ -~[~ 
Electric Service 1,000 (l:(g~g 

Wellhead Protection N/A 10,000 

Double Contained Piping To N/A 60,000 
Spartan Facility 

Contingency (25%) ~""~ rf~~G ;/;////J;.-///'//:i'l/):: ~~~~(fl -~v. ,: 
'l%%-t,///n/// 

Total Capital Cost Dl~ $ /;////~" /"Nh/:h -~ $ ~//;,M //,:;;"//;/% 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item 

Electricity (4380 hr) 

Maintenance, Depreciation 

Effluent Monitoring 

Annual 0 & M 
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One On-Site Well Three Wells Total 
(200 gpm) (600 gpm) 

$3,285 $14,785 .. r~~ 
3,000 9,000 
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After treatment, effluent ('~~ be routed along public right-of-way to Las 

Calabacillas Arroyo and then along the Arroyo to the Rio Grande. Discharge would require 

a National Pollutant Discharge Elimination System (NPDES) permit. • 
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Estimated costs for disposal of extracted groundwater are given in Figure 2~. Costs for 

handling discharge from both a single well system and a three well system have been 

estimated to show the effect of disposal quantity. 

~~4!f"~ 
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~dflf~M_$~tfi9~Jt~~Jk~BS~)/~l~!!~;~~t~~SJJ:>P~~~~J.SY~~JW·S~,}~~-t!:%%~J;;~J~;~~)JJ 

•ffif•tf'8"~t~t••5!!tf.r•«.rmtr•ifki'Cf'~~Jar~r«{{ff§!~(t~ 

lfE!I:!--tft)fS~ifS'l!C((atC.:~~-K~!~f~~--JII'rtii:~Jif~cft~ 

rf6Y4f~l'~f~&'~-~BWD.~drfr~~(P~~'f~/'R.,W~MV~.W~.tf~B~st'(1r~~4W~(~~[i ~~!JWj_~J_$l!%.WJ~»J~~~~J~~~~J,;)~~~/!!~I~!MS~J~~~~,$~~~//////,/~~////,~J;!~~7/~ffiFJ/~~k~!J~ll~,; 

F~~tw~~f.wR~R~¥P~efr'AW'R~~¥.w~.~~w•rw~uM'f~ff~'alt~J?'APAtJVreM'ttw~•lr~('1 ~~~~%~~~~~P~~~~&B-W'~J~~/,St%#.J1L~~/~~P~~//~~)JE:-~/,,/;1t~~,~l////~~////j(/,tt»~/;;//~:~~//~~ 

~ilr8rB'tlf·ffi$~£!~BrK.rG!ff'(~Sif'{iif5B:!.tll(~~l'~lfl~ 

r~,r~,._.«mrAff•J:(.,.,.,~"•-"~~~ler~JI'I'~trr~f'(fralr~i! 

JK.rSIF~·~Jil!f~~«•~·Jfl~~L~(f·~~~flfa~~ 
.,4W..wrP~WJ'§'~&'f'~~~t4/'APB'Af~~~~R~If;W'.R£WR~~~A'WD'R~dW~,~r~~AfiWi(,MiWat8'~t'~G~ 
~_;;ffJ»~.!1_J~~~kk~~~~~~»»m»-»B~~~»~~~~/~~WH1~~~~~~~//~s~/7m~~~//////:1/////~ 

Draft Final CMS-Sparton 

May 6, 1996 

OGC-003642 

VII- 25 



~~JJ Ill ~&JoJt.M~ 

CAPITAL COSTS 

Item One On-Site Well Three Wells Total 
(200 gpm) (600 gpm) 

Transfer Pump and Surge Tank $5,000 $10,000 

Controls 4,500 4,500 

Pipeline 50,000 50,000 

Coors Road Crossing 10,000 10,000 

Discharge Structure 5,000 5,000 

Contingency (25%) 18,600 20,000 

Total Capital Cost 93,000 99,500 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item 

Electricity ( 4380 hr) 

Maintenance, Depreciation 

Effluent Monitoring 

Annual 0 & M 
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One On-Site Well Three Wells Total 
(200 gpm) (600 gpm) 

$3,285 $8,212 

9,300 9,950 

3,000 3,000 

$15,585 $21 J 162 
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Treatment options for extracted groundwater pumped to the surface at the Spartan 

site would include a number of technologies which may be used individually or in 

combination with one another. These options are discussed in detail in subsequent 

sections. 

~- Air Stripping 

Air stripping is a mass transfer process in which volatile contaminants in 

water or soil are transferred to gas. Generally, organic chemicals such as TCE and TCA 

with Henry's law constants greater than 0.003 can be effectively removed by air stripping. 

Air stripping is considered one of several best demonstrated available technologies 

(BOATS) for removal of volatile contaminants such as those present at the Spartan site. 

Air stripping is frequently accomplished in a packed tower aerator (PTA) equipped with an 

air blower. 

In packed tower aeration, loosely packed material is placed within a vertical 

cylindrical tower. Water cascading through the packing breaks into small droplets providing 
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a large surface area to enhance mass transfer. Air forced upward through the packing 

from the tower base promotes the transfer of VOC from the water to the air. 

Air stripping is suitable for this site because of its high effectiveness in 

removing VOC and its moderate cost. Capital cost for a packed tower aeration treatment 

unit is a function of treatment capacity. Estimated costs corresponding to the range of 

flows anticipated from the groundwater extraction system are given in Figure ~- For the 

200-gpm capacity, a 36- to 42-inch diameter packed column will be required. For 600 

gpm, a 72-inch packed column will be used. Operation and maintenance (0 & M) costs 

will be in the range of $0.15 to $0.22 per 1000 gallons. 

Air stripping technology has been used on site at the Spartan Facility for~~~ 

~~ears as an Interim Measure (IM). The effectiveness of this method has been 

demonstrated by pumping and treating over~·~ gallons of water_.,~ 

~ith a contaminant removal efficiency of ninety-nine per cent. Assuming an average 

-influent concentration of 2 mg/1 VOC (1.5 mg/1 TCE and 0.5 mg/1 TCA), the air 

stripping will produce five to fifteen pounds of VOC in the air effluent fr~M~ 

---~111'~- It is understood that city of Albuquerque air quality regulations 

may require treatment or "polishing" of the air effluent to remove VOC. Polishing of the 

air effluent can be most efficiently achieved by the use of granular activated carbon (GAC) 

treatment. GAC treatment costs are estimated in Figure ~- Operation and maintenance 

costs would be in the range of $0.34 to $0.43 per 1000 gallons. 
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FIGURE~ 

I PACKED TOWER AERATION COSTS I 
CAPITAL COSTS 

Item 200-gpm Capacity 600-gpm Capacity 

Packed Tower $30,000 $70,000 

Control Building 5,000 5,000 

Miscellaneous Electric and Plumbing 2,500 2,500 

Controls 5,000 5,000 

Tower Foundation 2,500 2,500 

Contingency (25%) 11,250 21,250 

I Total Capital Cost I $56,250 1 $106,250 1 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item 

Electricity (4380 hr) 

Maintenance, Depreciation 

Monitoring 

I Annual 0 & M 
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200-gpm Capacity 600-gpm Capacity 

$3,450 $9,850 

5,000 10,000 

3,000 3,000 

I $11,4501 $22,850 1 
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FIGURE H 

I GAC AIR POLISHING COSTS I 
CAPITAL COSTS 

Item 200-gpm Air Stripper 600-gpm Air Stripper 

GAC Unit With Heater $30,000 $50,000 

Miscellaneous Electric and 5,000 5,000 
Plumbing 

Shelter Unit 5,000 5,000 

Contingency (25%) 10,000 15,000 

I Total Capital Cost I $5o.ooo 1 $75,000 1 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item 

Electricity ( 4380 hr) 

Maintenance, Depreciation 

Carbon Replacement 

Effluent Monitoring 

I Annual 0 & M 
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200-gpm Air Stripper 600-gpm Air Stripper 

$4,380 $13,140 

5,000 7,500 

10,000 30,000 

3,000 3,000 

$22.380 1 $53.640 1 
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Thermal destruction of the contaminants in off gas is also feasible using 

mobile incineration units. A catalytic operation, which costs less than thermal destruction, 

may be considered using lower temperatures. Thermal destruction has been successfully 

used in the Albuquerque area at petroleum hydrocarbon remediation sites. 

~- Granular Activated Carbon (GAC) Treatment 

This process consists of passing the water through packed beds of granular 

activated carbon. Contaminants are absorbed in the internal pores of the carbon granules. 

The activated carbon is an effective method for removing volatile organic constituents 

(VOC) and it is not sensitive to flow rate changes, concentration changes, or toxic 

materials. It is sensitive to suspended solids and oil and grease concentrations. This 

method is also considered a best demonstrated available technology (BOAT) for treatment 

of VOC and is widely used in the treatment of hazardous waste streams. 

The primary limitation of GAC treatment is the high cost of carbon disposal 

and/or regeneration. Because of the relatively low concentrations of VOC in extracted 

groundwater produced at the site, carbon exhaustion is estimated at 250 to 750 pounds 

of carbon per day. This rate of exhaustion can be economically handled by either off-site 
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disposal or off-site regeneration. On-site regeneration is not cost effective until carbon 

exhaustion exceeds 1500 to 2000 pounds of carbon per day. Estimated costs for GAC 

treatment of the produced groundwater are given in Figure ~· 

~· Advanced Oxidation 

This technology involves the complete destruction of organic compounds such 

as TCE and TCA by using ozone and the generation of hydroxyl radicals (OH). By 

combining hydrogen peroxide (H20 2) and 0 3 to the ozone stream, decomposition of 0 3 

occurs, which in turn helps the formation of OH radicals. The process involves the 

exchange of electrons. Advanced oxidation essentially destroys the organic compound by 

oxidation and the compounds become mineralized. The advanced oxidation process can 

be accelerated by combining ultraviolet (UV) light with H20 2 and 0 3• The absorption of UV 

energy results in a molecule's cleavage, which increases the ease of subsequent oxidation 

of the molecule. Varying doses of H20 2 and 0 3 with UV in the reaction process controls 

the effectiveness of the treatment. The dosage ratios of H20 2 and 0 3 is dependant upon 

the contaminant concentrations. In addition, contact time of the waste stream in the 

reactor is critical to assure complete mineralization of the compound. 

Advanced oxidation has been demonstrated to be an effective treatment 

process for groundwater contaminated with VOC such as TCE and TCA. The process has 

been found to be more effective in low alkalinity waters that are softened before treatment 

and by applying UV light to the waste stream. 
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FIGURE~ 

I GAC TREATMENT COSTS I 
CAPITAL COSTS 

Item 200-gpm Capacity 600-gpm Capacity 

Parallel Treatment Unit $125,000 $250,000 

Carbon 25,000 50,000 

Shelter Unit 10,000 15,000 

Miscellaneous Plumbing 5,000 5,000 

Contingency (25%) 41,000 80,000 

I Total Capital Cost I $206,000 1 $40o,ooo 1 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item 

Electricity /Water 

Maintenance, Depreciation 

Carbon Replacement 

Effluent Monitoring 

I Annual 0 & M 
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200-gpm Capacity 600-gpm Capacity 

$3,000 $6,000 

20,600 40,000 

100,000 200,000 

3,000 3,000 

$126,600 1 $303,ooo 1 

VII- 42 



Costs for advanced oxidation vary depending on factors such as 

contaminant concentrations, treatment volume, dosage ratios, treatment levels, contact or 

residence time in the reactor, and energy consumption. Estimated costs for advanced 

oxidation are presented in Figure ~- The costs include generating ozone on-site. 

~- Aerobic Bioreactors 

This technology also destroys volatile organics instead of mass transfer to 

other mediums. This process uses aerobic biodegradation to convert VOC into non-toxic 

constituents. Pilot scale studies have achieved effective removal of TCE in groundwater. 

Similar technology has also been used on industrial wastewater streams. 

At this site, fixed-film bioreactors would be appropriate. The bioreactor vessel 

would be covered to prevent any VOC emission to the atmosphere. Bioreaction units 

would be vented through a GAC polishing unit similar to that used for treatment of air 

stripper emissions. 

Although the low concentration of VOC in the extracted groundwater would 

result in a minimal biosolids production rate, a sedimentation tank would be included to 

capture biosolids during sloughing events. Costs for aerobic bioreaction treatment are 

given on Figure ~- Note that costs for disposal of biosolids has not been included. 
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FIGURER 

I ADVANCED OXIDATION TREATMENT COSTS I 
CAPITAL COSTS 

Item 200-gpm Capacity 600-gpm Capacity 

Treatment Unit $800,000 $2,000,000 

Miscellaneous Plumbing and Electric 5,000 5,000 

Shelter Unit 10,000 15,000 

Installation/Start-up 16,000 20,000 

Contingency 207,750 510,000 

Total Capital Cost $1,038,750 $2,550,000 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item 200-gpm Capacity 600-gpm Capacity 

Electricity ( 4380 hr) $350,000 $900,000 

Maintenance, Depreciation 103,875 255,000 

Hydrogen Peroxide 21,000 63,000 

Effluent Monitoring 3,000 3,000 

I Annual 0 & M I $477,8751 $1,221,000 1 

Draft Final CMS-Sparton 

May 6, 1996 

OGC-003661 

VII- 44 



FIGURE~ 

I AEROBIC BIOREACTOR TREATMENT COSTS 

CAPITAL COSTS 

Item 200-gpm Capacity 600-gpm Capacity 

Fixed-Film Treatment Units $335,000 $890,000 

Covers 24,000 72,000 

Sedimentation 45,000 275,000 

Sitework, Piping, Building 191,000 583,000 

Nutrient Feed Systems 12,000 15,000 

Air Polishing System 50,000 75,000 

Contingency (25%) 164,250 477,500 

Total Capital Cost $821,250 $2,387,500 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item 

Electricity (4380 hr) 

Maintenance, Depreciation 

Effluent Monitoring 

Annual 0 & M 
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200-gpm Capacity 600-gpm Capacity 

$7,400 $22,200 

82,125 238,750 

3,000 3,000 

$92,525 $263,950 
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Reference: USEPA Manual 
Ground-water and Leachate Treatment Systems 
Document: EPA/625/R-94/005 
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5. Vapor Extraction System 

Vapor extraction systems (VES), also known as vapor recovery systems (VRS), 

soil vapor extraction (SVE) systems or forced air venting, remove existing soil gas by 

placing a partial vacuum on the unsaturated or vadose zone. The partial vacuum is 

obtained through a series of vapor extraction wells connected to a suction fan. Soil, gas 

and vapor-phase VOC are removed from the subsurface. The resulting decrease in VOC 

concentration in the soil gas often results in the desorption or off-gassing from VOC 

adsorbed into fine-grained soils or dissolved in shallow groundwater. This off-gassing 

results from phase-equilibrium requirements. 
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For highly porous subsurface conditions with high VOC concentrations observed 

in the uppermost portion of r~ aquifer, operation of vapor recovery systems installed 

immediately above the water table can significantly impact the groundwater dissolved-

phase VOC concentrations. Removal of soil gas from above the water table reduces the 

vapor phase VOC concentrations resulting in off-gassing (dissolution) from the groundwater 

in accordance with Henry's Law. To be most effective, vapor recovery systems should be 

operated in a pulsed mode similar to groundwater extraction systems. Vapor extraction 

is also useful in removing adsorbed phase VOC from soil materials dewatered during 

groundwater extraction. 

Soil gas surveys and groundwater sample analyses indicate highest soil gas (and 

groundwater) VOC concentrations occur under the facility. ~~f~,~(~ 

~Siftf·~~--Based on the characterization discussed in the RFI, an 

average radius of influence of approximately 150 feet is also anticipated. 
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Depending on the overlap between vapor extraction wells, -----ff~· 

_-JI'8',!'Gbetween ten and twenty wells will be required IJS~f~~~~ 

~6R+"'~H'.#"£g~R~~~~~6~R~~~-W~R~~tff".::<~fgp~Rrt'WRRWH~~~8~~A"~~~ 
~k~~.JW'~W.-S~~~$~~~~~~6~_$~~~~»J1~/////~~~~~/~~~l*~~~Jf~~~~~ 

•.r~-.,~-~,.,~~~{(ffB!~AJ'~·~~~~ 

Combined extraction rate would thus range from~ standard cubic feet per minute (scfm) 

to g scfm (or~ to ~ scfm per well). Extracted vapor would be routed to a central 

vacuum unit. The effluent from the vacuum unit would then be treated using GAC air 

polishing or thermal destruction ~f."'G'fGrPJf~~-{~f'G'ff'ato remove VOC. 

Estimated costs for VES installation and operation are given in Figure ~~-

The benefits of using vacuum extraction include: 

• Implementation can be conducted in situ and requires relatively little 

disturbance to existing facilities or operations. 

• The process reduces contaminant concentration and mobility at the treated 

area. 

• Implementation can be flexible, allowing for adaptation to changing site 

conditions or as additional analytical and subsurface data is developed. 

• In situ installation and operation requires little handling of contaminated 

materials, limiting the risk of exposure to workers and the public. 

• Vacuum extraction has few secondary impacts. 
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FIGURE It 

I VAPOR EXTRACTION SYSTEM COSTS I 
CAPITAL COSTS 

Item Ten-Well System Twenty Well System 

Well Installation $17,500 $ 35,000 

Buried Piping 13,000 25,000 

Blower Unit 10,000 20,000 

Miscellaneous Electric and 5,000 5,000 
Plumbing 

Controls 5,000 5,000 

GAC Air Treatment Unit 7,500 15,000 

Shelter Unit 10,000 15,000 

Contingency (25%) 17,000 30,000 

I Total Capital Cost I $8s.ooo 1 $15o,ooo 1 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item 

Electricity (4380 hr) 

Maintenance, Depreciation 

Carbon Replacement 

Effluent Monitoring 

I Annual O&M 
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Ten Well System Twenty Well System 

$2,465 $4,928 

8,500 15,000 

2,500 5,000 

3,000 3,000 

$16,4651 $27,9281 
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Vacuum extraction is only applicable to VOC. Vacuum extraction will be costly 

and may require prohibitive operation times to achieve cleanup at sites where soil is 

heterogeneous with significant clay/silt content and has very low air permeability. In 

addition, off-gas treatment may produce RCRA-regulated wastes, which may require 

special handling and disposal practices. 

A process~8fagraffi fofaVES iscsHOwn oft FigUre '4 r:~ Individual extraction wells 

woma Be manifotaim l8'pa~~c6H1mon location cc:>nt~ilning lher negathle pressure blower and 

V.oc]reafm~nC§ysfem:·sii1ce·anlyon-slte lnsfallaHon.is anticipated, all piping would be 

routed wifflin'Si)anarrproperlY:' It is estimated that approximately one year will be required 

to place a VES into full operation. Approximately one to three years of pulsed extraction 

will be required to improve groundwater quality. VES equipment has a useful life of 

approximately ten years. 

VES can6e:com6ine'CJwifh gf6Undwatefextractldn.':thls·tsUseful in fefndvirig sorbed 

pnase confami~~nfs~ from·"aewatared soils locatea wlthiri'the conEf of depression of tHe 

9roanawaler'eXfrapUon¥ffwen.···vE:s maY also oe usefUl ir1 appHcaUol1s with pulse-pumped 

9Foaodwafere><rra:cncrrr';:systeQ1s::wftere tfllf'f>erlaalc''oewiiteflng"andlor.·cHan9lfln flow 

O.H'"~etlan::iflusFtEfs~.J5tif s{)rbed consfifuents: Funflef,CVES may also'assisi .,,.offgassin9 and 

~coveHnfr:raiss()rvea:pnasev::constffuenfs''Xcollecfeaw:'C3r''/concenfrafed · o{M~fFoUndwafer 

exffactionJ 
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6. In Situ Air Stripping (Air Sparging) 

An innovative technology for treatment of volatile organic compounds in 

groundwater is in situ air stripping or sparging. This technology is an enhanced version 

of vapor recovery and utilizes air injection wells installed in the aquifer in addition to the 

vapor extraction system (VES). Dissolved-phase VOC are stripped from the groundwater 

by the mechanics of the rising air bubbles around the air injection wells. The vapor-phase 

VOC are then removed by the VES. Typical operation utilizes standard VES operation 

until a tailing phenomenon is observed in soil-gas VOC concentrations. Air injection is then 
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begun to increase efficiency of removal. Air injection quantities are on the order of ten 

percent (1 0%) of the VES recovery rate. Injection wells should be located in the vicinity 

of the r.rarecovery wells to obtain maximum removal efficiency and to avoid spreading 

of the soil-gas plume. ~~~1.,-6,&'!~~~ 

~,.,.,~~~,~~~~~J~ 

-~~~6,1'~~,..,~~tmf§L~-

Air sparging also increases the dissolved oxygen content which greatly enhances 

natural biodegradation. Injection of air also causes a "mounding" of the groundwater near 

the injection well; however, this mound is the result of reduced water density from 

entrained air bubbles and does not represent a dispersing factor. It should be noted that 

air sparging wells are often subject to biofouling and periodic treatment with hydrogen 

peroxide may be required to maintain performance. 

Recent studies have indicated that air sparging enhancement may increase VES 

performance to a significant degree. Estimated costs for air sparging enhancement are 

given in Figure ~-

7. In Situ Bioremediation 

~~~~~·(-~8_, • .,.,. 
-.,.,·~·~~18'~~f~~·ff·.,~ 
~~AJ~...,JJJ~···~·~~~,. 
~~~~~~,f.,,.S'_, • ..,~.,·~ff~ 
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FIGURE~ 

I AIR SPARGING COSTS* 

CAPITAL COSTS 

Item .,,. Well Systeml Bf!l Well System 

Well Installation $mf§J,m ~-·tl ~~-;; ;,-; $ '//% //////f////0'////;_ 

Buried Piping ~~~~€1 B'tf~~ ':? . % ,' ' 
';,w.-~):~%!"~//.1. Y///;,i>//:x/; ,;::.-;: 

Blower Unit ~J~ ;./;:.-; //~/////,:;: 
(~{~{j'Q 
/./////,}:"////-·,////. 

Miscellaneous Electric and r~•~€1 % ·~ • 
%/;/// /'//////:///, ~~[~~~ 

Plumbing, Controls 

Contingency (25%) ~~G '),'i:~k///}~:~ ~~(Q~ /~////X-,,/1'////,/-

Total Capital Cost ~0 $%Y..--;:.--////- %/,///h 
% ;.; ~£i•ga $~ /?tJfi;/ //////. 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Item IC'~ Well System 

Electricity (4380 hr) $500 

Maintenance, Depreciation ltf!ISJ /:i/h ~/.~ 
Bifouling Treatment f~~ ?"M,..~ /:::Y///, 

Annual O&M r-$ :///:;?fi /.% ;:;/)'; 

*In addition to VES Capital and O&M Costs 
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Before implementation of an in situ bioremediation system, the concentration of 

VOC in the groundwater should be reduced as much as possible using other technologies. 
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Bioremediation can be utilized as the final part of a treatment train or used as a separate, 

later technology application. 

The benefits of in situ bioremediation include: 

• Excavation of contaminated materials is not required. 

• It may result in complete degradation of organic contaminants to non-toxic 

byproducts (carbon dioxide, methane, water, etc.). 

• There are minimal mechanical equipment requirements. 

The limitations of in situ bioremediation include: 

• There is a potential for partial degradation to equally toxic, more highly 

mobile byproducts - particularly under anaerobic conditions. 

• It may be difficult to contain volatile organic compounds emitted during 

remediation. 

• The process is highly sensitive to toxins and environmental conditions. 

The advantage of this method is that contaminated materials can remain in place, 

even outside the Spartan site. The limitations are the ability to achieve adequate contact 

between microbes and the VOC and the degree of degradation that can be obtained. 

Aerobic biodegradation would be the preferred technology due to the complete 

degradation of the target VOC to non-toxic products. Aerobic bioremediation of 

groundwater (using either indigenous or introduced microorganisms) will require injection 

wells to introduce oxygen (usually air) and nutrients. Permitting of these injection wells 

may be difficult under New Mexico groundwater regulations. In addition, a vapor extraction 
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system (VES) may be needed to remove carbon dioxide produced by the aerobic 

degradation. 
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Implementation of in situ bioremediation may require up to one year to install 

equipment and obtain the necessary permits. Because of the somewhat experimental 

nature of the alternative, it is believed that up to three years of operation may be required 

to produce beneficial results. 
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D. lr'tf'C~ of the Soil-Sorbed Phase (Unsaturated Zone) 

Potential technologies for removing the soil-sorbed phase of contamination includes no 

further action, soil flushing, in situ bioremediation, and vapor extraction systems. 

1. No Further Action 

Further Action (NFA) ~no additional treatment technology for soil would be implemented 

at this site. This alternative has been retained because characterization in the RFI 

identified only scatteredrmc,m~(~~f[~~ of voc and heavy metals rlf~Jflunder the 

sump/pond area. The entire sump/pond area~(~ been capped, thus minimum potential 

.jB for further migration of ~soil contamination down to groundwater. ~~~ilflg~ 

~~-,~~••~••tr••~mtr{tf91Jt'f:.-•~•~tr(•tr!~Cn~ 
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2. Soil Flushing 

Soil flushing is used for removal of a number of organic and inorganic materials 

from vadose zone soils. A variation of soil flushing, referred to as chemical extraction, may 

be used to remove non-water soluble organics from the saturated zone. 

Soil flushing involves the addition of a solvent or surfactant to contaminated soil 

to enhance contaminant mobility. The contaminants are then recovered in the ground 

water by strategically placed extraction wells and pumped to the surface for treatment. Soil 

flushing is most applicable when soils must be remediated but other technologies such as 

vacuum extraction, bioremediation, or physical removal (i.e. excavation) are not feasible. 

The addition of chemicals to the flushing solution that will increase contaminant mobility 

are necessary if strongly adsorbed, hydrophobic contaminants are present in the soil. The 

extraction of strong adsorbed contaminants may not be desirable for a corrective action 

unless there is an imminent threat to human health and the environment. The more 

permeable the soil and the more water that can be flushed through the soil, the more 

practicable is this technology. Soil flushing strategies can be incorporated into pump and 

treat or containment systems to accelerate the contaminant removal processes. Soil 

flushing can be accomplished using sprinkling systems or, more aggressively, by flooding 

the contaminated area. Chemical extraction involves extracting ground water, amending 

it with solvents and/or other chemicals, and reinjecting it at strategic locations into the 

aquifer. With any soil flushing system, proper controls must be incorporated to prevent 

migration of extractant-contaminant mixtures. 
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The flushing solution to be used at a site depends on the type of contamination 

present. Flushing solutions may include water, acidic aqueous solutions (i.e., sulfuric, 

hydrochloric, nitric, phosphoric, and carbonic acids), basic solutions (i.e., sodium 

hydroxide), surfactants (i.e., alkylbenzene sulfonate), chelating agents, oxidizing agents, 

or reducing agents. Water can be used to extract water-soluble or water-mobile 

constituents. Acidic solutions are used for metals and certain organic constituents 

(including amines, ethers, and anilines) that are soluble in an acidic environment. 

The level of treatment that can be achieved will vary depending on the contact of 

the flushing solution with waste constituents, the appropriateness of the solutions for the 

wastes, the soil adsorption coefficients of the waste, waste partitioning coefficients, and the 

unsaturated hydraulic conductivity of the soil. This technology should produce the best 

treatment results in highly permeable soils with low organic content. 

Soil flushing may be used as a pretreatment for, or in combination with, 

bioremediation. As a pretreatment step, soil flushing may be used to remove inhibitory 

compounds or reduce contaminant levels, making the soil media more amenable to 

biological activity. In combination with bioremediation, the flushing solution can be 

amended with nutrients to enhance biological activity. 

The benefits of using soil flushing include: 

• Removal of contaminants is permanent. 

• Removal of soils is not necessary. 

• The technology is easily applied to permeable soils. 
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The limitations of soil flushing technologies include: 

• The State of New Mexico may not permit soil flushing under its no 

degradation policy. 

• The technology introduces potential toxins (the flushing solution) into the soil 

system. Therefore, containment may be needed. 

• Physical/chemical properties of the soil system may be altered because of 

the introduction of the flushing solution. 

• A potential exists for solvents to transport contaminants away from the site 

into uncontaminated areas. Therefore, containment may be needed. 

• A potential exists for incomplete removal of contaminants due to 

heterogeneity of soil permeability. 

• Contaminants are not destroyed. On-site treatment is required to remove 

contaminants from extracted flushing solvents. 

• Flushing agents usually cannot be recycled. 

• It may take a long period of time for remediation below cleanup standards to 

be achieved. 

Assuming that the State of New Mexico would ~~permit a soil flushing 

alternative, r•SI'~·!~~~f-fim'~~-~%'6~ 

-·~llf'i~J~Sff.r•.r~~~~~·~ 
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Implementation time for this alternative will be approximately one year assuming that 

permits can be obtained. Beneficial results will require multiple treatments over several 

years. 
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3. In Situ Bioremediation 

In situ bioremediation is the process of using bacteria to biodegrade organic 

compounds in soils. Under favorable conditions, microorganisms may be capable of 

completely degrading many organic compounds into carbon dioxide, methane, water and/or 

organic acids. Both aerobic and anaerobic processes can be used to degrade TCE and 

TCA and other volatile chlorinated organics. lr,8!~{§'6JIIf~~~ 

.,~~~ 

In situ bioremediation of soils generally involves the stimulation of naturally 

occurring, or indigenous, microorganisms to degrade organic contaminants. Transplanted 

and/or genetically engineered microorganisms can be utilized as well. Aerobic processes 

will dominate in the shallow, unsaturated zone where oxygen is available and in deeper 

zones if oxygen can be successfully introduced. Microorganisms are stimulated by the 

addition of nutrients such as ammonia, methane, nitrate, and/or orthophosphate. 

Very often bioremediation is used as part of a treatment train, such as post 

treatment following soil flushing or vacuum extraction. 

The benefits of in situ bioremediation include: 

• Excavation of contaminated materials is not required. 

• It may result in complete degradation of organic contaminants to non-toxic 

byproducts (carbon dioxide, methane, water, etc.). 

• There are minimal mechanical equipment requirements. 

The limitations of in situ bioremediation include: 
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• There is a slight potential for partial degradation to equally toxic, more highly 

mobile byproducts--particularly under anaerobic conditions. 

• It may be difficult to contain volatile organic compounds emitted during 

remediation. 

• The process is highly sensitive to toxins and environmental conditions. 

In situ bioremediation could be appropriate to treat VOC contaminated soils 

occurring within the general boundaries of the facility. 

~JVAI'~·~~.-Jr•Jir~~~'IIJ{~•r•ift-lff•ctr<r••gr.r£<t(~ 

!mf·~·~·!~·f-({f"Jllflrt(--·~-8'(({.-J:~(-(~~-····~ 

~·~ifiilfSt:C~~I'Caf.II'K~J'·§'Ir{{!f({{mlf~fl:tr•Jrl.mS~(~ 

fr~~~,.~~-~-~~~-~~ssuming that the State of New Mexico will 

allow the injection of nutrients into the subsurface, the estimated costs for bioremediation 

The advantage of this method is that contaminated materials can remain in place, 

even outside the Spartan site. The limitations are the ability to achieve adequate contact 

between microbes and the sorbed VOC and the degree of degradation that can be 

obtained. 
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4. Vapor Extraction System 

Vapor extraction systems (VES), also known as vapor recovery systems (VRS), 

soil vapor extraction (SVE) systems and forced air venting, consists of the removal of 

existing soil gas by placing a partial vacuum on extraction wells installed in the unsaturated 

zone. Contaminants desorb from the soil and are carried away with the exhausted air. 

Continued flushing with clean air brought in from outside the contaminated area can result 

in a significant decrease in the concentration of volatile compounds in soil. 

The basic components of a vacuum extraction system are extraction wells and a 

separation and off-gas treatment will also be required in order to meet air discharge 

requirements. Recharge wells, an impermeable cover, conditioning of recharge air, flow 

control and measurement instrumentation, vapor concentration monitoring, and other 

enhancements are also frequently added in order to improve system performance and 

flexibility. 

The physical basis of the technique rests on the tendency of many volatile organic 

compounds to diffuse from the soil matrix to the air in pore spaces as result of the 

concentration difference between the soil and the clean air that is introduced. Once the 

contaminants have become entrained in the soil gas, they are carried out of the soil 

through the circulation of fresh air. The effectiveness of vacuum extraction is therefore 

related to those properties that determine the extent to which contaminants diffuse into the 

soil atmosphere and the effort required to remove the contaminant-laden air from the soil. 
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Vacuum extraction is most likely to be successful at sites where highly volatile 

contaminants are present in homogeneous soils of high permeability and porosity. The 

benefits of using vacuum extraction include: 

• Implementation can be conducted in situ and requires relatively little 

disturbance to existing facilities or operations. 

• Contaminant concentration and mobility is reduced in the treated area. 

• Implementation can be flexible, allowing for adaptation to changing site 

conditions or as additional analytical and subsurface data is developed. 

• In situ installation and operation requires little handling of contaminated 

materials, limiting the risk of exposure to workers and the public. 

• Vacuum extraction has few secondary impacts. 

Vacuum extraction is only applicable to VOC. Vacuum extraction will be costly 

and may require prohibitive operation times to achieve cleanup at sites where soil is 

heterogeneous with significant clay/silt content and has very low air permeability. In 

addition, off-gas treatment may produce RCRA-regulated wastes, which will require special 

handling and disposal practices. 

• Soils must be permeable and fairly homogeneous for the technique to be 

efficient; impermeable lenses may adversely affect the results of the process. 

• Cleanup to low levels can be difficult and require lengthy remediation time 

with the potential for greater than anticipated operation and maintenance 

costs, particularly in heterogeneous soils. 
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• Verification of complete cleanup effectiveness can be difficult, particularly in 

heterogeneous soils. 
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E. --~of Soil Gas Vapor Phase (Unsaturated Zone) 

1. No Further Action 

Further Action (NFA) .no additional treatment technology for soil gas would be 

implemented at this site. This alternative has been retained Jl'.r~,.,·-
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2. Vapor Extraction Svstem 

Vapor extraction systems (VES) as previously discussed in Sections VII. C.~. and 

VII.D.4. are also directly applicable to remediation of soil-gas contamination. VOC existing 

in the vapor phase in interstitial pore space in the unsaturated zone can be removed by 

VES. As vapor phase VOC is removed, phase equilibrium mechanisms result in off-

gassing from the soil-sorbed phase and the dissolved groundwater phase. Continued 

operation of the VES results in remediation of all three phases. -~~·-
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VIII JUSTIFICATION AND RECOMMENDATION OF THE CORRECTIVE MEASURE 

A. General 

F:r'COperation of an'~nnaflcecf~lnterim Measure (IM) groundwater recovery and 

treatment system~coUpl~cJwiU1tne'insfaiiaHorf·of··flve ilewmonifofin{fWells·anff a phased 

approacnlosolfvapof'e){ffactlorf, has been selected as the recommended corrective action 

alternative. This recommendation was based on the following: 

• Lack ofT,'risk frOm curfenf<coilaitidns 'considering both current and potential 

receptors and exposure pathways identified at the site. 

• Ulck of lmpacfori useoffhe'affected groundwater considering potential use of 

Ulat resomcei 

• Inability of available technologies to restore groundwater quality to Maximum 

Contaminant Levels (MCLs) Within anyreasonable time period ofanrreasonable 

cost. 
• lJonstituent concentrations in much of the plume area have already dropped 

below technology application levels. 

• Effectiveness of previous corrective actions (i.e., closure and capping of the 

ponds/sump). 

• Effectiveness of the currently operating IM system lori'revenfmigraU<5n off-site. 

• Cost effectiveness of the I M system relative to other alternatives retained from the 

Initial Screening. 
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B. Description of the Recommended Alternative 

Based on the characterization presented in the RFI, r~G(((~-f~~J~~ 

Bf'ilillf~~~corrective action in the form of operation of an enhanced IM 
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~i"iW~•D'.R~~~~~Ar~H••rRef"Ktf~--~~·R~£'~R~Mr~~~iWQef'ifi'~~ 
~~~~~F~~~~J~~~~J~~J~»l~~~JJ_JJJ?~~jjY~_M»JY~~tf~~ft~,$J&1%YiJW~#)}J~~J;~JM!0~B 

rf~Jf!W~~~~··f"€(,81'._,.~-~.,~--• .,ir~~~~~j[(·~~-·(1'·~~-
As part of this recommendation, groundwater monitoring wells at selected locations 

would be sampled and analyzed on a quarterly basis to confirm plume §tf~6§!{~. The 
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results ofg~r~~monitoring and evaluations of any changes in land use/development 

-rE:•~•~•~••~tfiDI••~~E~rc(tB'e~~•tr9rtftr(:tfilr~ 
~~B$gtff'~~ff%/R$.:WAr~~..@f~K'~ffff~R~frf''l((f~(~~.,R$AW~~~f'F€'~ff%~~~~:~ ~9.M=YA~~~:L:~/YY~~JJ•:S~~/~l~~~~f/7~~~~Ji~!%g~/~h////~//!!!!~~,/W~~~~~~)~/)~~~~7/~~~11J~~~-0~ 
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The IM consists of groundwater extraction wells and treatment in a packed tower 

aeration unit. The lr'.JIM groundwater recovery network is comprised of eight wells 

(PW-1, MW-18, MW-23, MW-24, MW-25, MW-26, MW-27, and MW-28) installed in the 

upper flow zone at the on-site locations shown on Figure ~ (Figure 5, Effectiveness 

Report). The wells are set in the upper flow zone (UFZ) with screened interval depths 

ranging from 60 to 78 feet below the existing ground surface. Figure ~ (Table 1, 

Effectiveness Report) lists the pertinent construction details for each of the eight wells. 

Compressed-air-operated, positive-displacement pumps were installed at or near the 

bottom of each well. The compressed air is supplied by an air compressor located in the 

central control building. Air is pumped through piping to the well pumps and pump 

controllers. Four controllers are provided to control pump operations. Two pumps are 

controlled by each controller. Each well pump is equipped with a remote well operator to 

allow independent adjustment of pumping rates for each well. Each well pump discharges 

through flexible tubing into a common gravity drain or header. Each discharge line is 

equipped with a two-way sampling valve for sample collection and flow measurement. 

~~~~~~J"··~~·!~dri'Aif.Cj 

~~,.,~~SjJJD'jfjlf~·-!GriJJ'-.~·· .. 
~~~~~,..--~~jf'llf1B~Jff,f'lfjfj 

--..~ • .,--~1'-~l,...fr,~-·~-
~~~~~~~~~jf..,Zif~ 

Draft Final CMS-Sparton 

May 6, 1996 

OGC-003700 

Vlll-4 



.-------·-------------------------------~ 

FIGURE 47 

LEGEND 

MW-23 
.... RECOVERY WELL LOCATION AND NUMBER 

HDR ENGINEERING, INC. 
DALLAS, TEXAS 
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FIGURE g 

IM GROUNDWATER RECOVERY NETWORK 

Well 
Well Diameter 
No. (inches) 

PW-1 10 

MW- 4 
18 

MW- 2 
23 

MW- 2 
24 

MW- 2 
25 

MW- 2 
26 

MW- 2 
27 

MW- 2 
28 

~- ~ " ~ ' 

(1) Polyvinyl chloride 
(2) Stainless Steel 
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WELL CONSTRUCTION DETAILS 

Depth of Elevation 
Well Screened at top 

Screen Riser Interval of Screen 
Material Material (feet) (ft., MSL) 

PVC <1> PVC 60-70 4984.54 

PVC PVC 68-78 4977.58 

ss<2> PVC 72-77 4976.51 

ss PVC 68.4-73.4 4980.30 

ss PVC 67.7-72.7 4981.30 

ss PVC 73-78 4972.71 

ss PVC 67-72 4978.50 

ss PVC 65-70 4977.69 

• ;;;:,% ~ ·- -% ;.-:; ~ ;/, 
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Construction 
Date 

9/84 

5/86 

8/86 

12/86 

12/86 

5/88 

5/88 

5/88 

Ej 
'//,~~////,~ 



Groundwater extracted simultaneously at each well location is piped to an air stripper 

system for treatment and ultimate beneficial use in the Spartan Facility. The collection 

piping system consists of discharge lines encased in secondary piping to provide leak 

detection and containment. Figure ~ (Table 2, Effectiveness Report) describes the 

pumping flow rate for each recovery well as of late February 1992. 

The produced groundwater is collected in a 550-gallon fiberglass-coated steel tank. 

The double wall tank has a leak detection system with a visual and audible alarm in the 

control building. A centrifugal transfer pump, which is controlled by the water level in the 

collection tank, transports water from the collection tank to the top of the packed tower (air 

stripper). 

The twenty-gallon-per-minute packed tower aeration unit receives untreated water from 

the transfer pump and discharges to the storage tank. A 400-cfm blower provides a 

counter-current flow of air through the packed tower to remove volatile organic constituents 

(VOC) from the water. A recirculation line is provided on the packed tower discharge to 

allow a portion of the flow to be recirculated to the collection tank. The recirculation 

shortens the time between pumping cycles of the transfer pump. This procedure maintains 

the tower packing in a wet condition, thus improving treatment efficiency. The rate of 

recirculation may be adjusted by setting the butterfly valve on the recirculation line. 

Effluent from the packed tower is discharged to a 15,000-gallon fiberglass-coated steel 

tank for storage. The double-walled tank has a leak detection system with a visual and 

audible alarm in the control building. Water from the storage tank is used in the main plant 

building as cooling and flushing water and eventually discharged into the sewer system. 
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CURRENT RECOVERY WELL 
NETWORK FLOW RATES 

Well Flow Rate 
No. (gal/hr) 

PW-1 3.7 

MW-18 10.0 

MW-23 21.3 

MW-24 1.0 

MW-25 1.8 

MW-26 2.0 

MW-27 13.4 

MW-28 2.9 

TOTAL 56.1 
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To date, approximately -~million gallons of water have been treated in the packed 

tower. The air stripping system has demonstrated an average VOC removal efficiency of 

99 percent for the measured indicators, which include 1,1-dichloroethylene (DCE), 

methylene chloride (MeCI), 1,1,1-trichloroethane (TCA), and trichloroethylene (TCE). Total 

influent concentrations have exceeded 1000 micrograms per liter (l-Jg/1). Air stripper 

treatment is producing effluent concentrations in the range of one l-Jg/1 for each constituent 

being monitored. Demonstrated reliability and performance to date indicate a remaining 

useful life of at least ten years. 

C. Justification of Recommended Corrective Measure 

1. Human Health/Environmental 

The recommended alternative of corrective action through continuation of the 

existing IM is consistent with the requirements of 40 CFR 264.100. The RFIIr~~ 

~·~~···indicates that the groundwater plume is ~~j 

-~·~·~~~~~JIIj'lf~~-onstituentconcentrations 

are decreasing. Highest concentrations of TCE and TCA are present in the immediate 

vicinity of the ~ .. ~Spartan Facility. 

~£l~lla&JJ~f'~-~6E~•..r•~·~~~~ 

~Ai1'66~,~,~~~~~~J'ff'efll~~·~ 

,..,.,.~,ar,,~.,~,_,.,, •• SJB'~.,A!B'll 
~~~z~••c_,.,,,~~ff~~-..,~6•~ 

I8JIISJf~~~~!f{8 
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Even if restoration was']lecess~ry to protect public health'6r the envifonmerif, which 

lf~is"'J16f 1 lhar· goarcanno[oe'0

acnievecr.· ,, GiveFf the' condiHons··~of lhls··sae·;··;the ·most 

feasonaofe techn,icarcondusforraoouf file effectiveness of a pUmp 'ano freaHemedy is tHat 

ifffiighfachieve nealtn:Bas[a:"stanaardswlfhln.hiindreos of years:~~NMED Ra~rconcurred 
------· --· 

------------· 

2. Performance 

Groundwater extraction in the source area,''combined with PTA treatment, is 

considered a best demonstrated available technology (BOAT) for volatile organic 

constituents (VOC) such as TCE and TCA. Further, over 7-1/2 years successful 

experience with the current IM consisting of groundwater extraction and PTA treatment 

confirms the applicability of this technology to the Spartan site. theiM has achieved a 

reoucHon In 9roUndwa£er:voc'·col1centraHdn andhasrllmitea;~u ·nor·preventea;···further 

The ability of this system to achieve significant reduction in contaminant 

concentration coupled with the location in the area of maximum constituent concentration 

should provide an effective source removal/groundwater remediation tool. As previously 

demonstrated, the IM system performance can also be easily monitored through the 

numerous available sampling points existing at the Spartan site. 
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Soli ~vapof eXtraction '(SVE:);-: uslngY'a Vapof':eXtfacfion sysfemi. (VES), is a Well] 

~sfaBiisfteo~Inefnoaorogy fof7reroedia:ting··ooursan;soroea (fesiOual NAPL) pnaserand 

gf5UnawaJe(~tJiss0fveH phasefVoe c6Hfamlnatl6rr'·F'or fhEfsi.JI)suRace conditions existing 

a[''tHe""SpaffOn sHe;;;rsvE .Would be cOnsidered' a~8t>Ar;f6F'linsaturated zone Voe 

f~i!fealafl()fff~.svE~pefformartc~rn~s beerrconfiffileaJHrcSU9h r~c~nf lmplementaHon··rn the 

3. Reliability 

The recommended alternative consists of proven, state-of-the-art technologies that 

have been designated BOATS. It should be noted that the IM has been operated for over 

7,-1/2 years without any signlflcanfdifficulty or breakdown. There has been no evidence 

of any decrease in system performance. 

SVE filis' l>eefl'Widely lmplemenfecf and proveHJo be reliable:,. Components of a VE:s 

lirErgenerally 11off:f11e::shelf11 and c6mmoi11{availableras:fftoch.ilarUhits. Operation can be 

easlly~fftonlforea: 

4. lmplementability 

Since the IM system is already in operation'ahdiLF:ZWeHMW-3215 on:slte, there 

are no implementability concerns or restrictions foHheenhancecflM. 'fflifanticlpatedHiaf 

[ny]mplemenfafron:9rVEs'YJorna··Be"o~:slte··nrlocalizea areas'"neaffhe oH9Inarsource: 
J:'ne'c5m6Irranon:9ron:sit~rrocaflorranawlaeJjocuff1ehteCJT1sa9lfconffrms·rmprementabillfY 

ofVt=s::::soA f B~si§natiarnor fechnologtes incorporafea in lne'f'ecommended alternative 

rurtner coriflfffis'fheJmplemenfaBHifYl 
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5. Summary 

The recommended corrective measure alternative is a synergistic combination of 

proven technologies capable of achieving reductions in contaminant levels h1fhefsolirce 

effective manner. Continued operation of the enhance(:{,IM will meet the requirements for 

source control and reffiovalalicfredUcHon''orVoGlfilhermosf heaviry impacted areas on: 

sifei Howevert~ponUri'uea ope'faJiorroflfle' enfiancedfMwill riofacnleve MAC/MCL within 

arifreasonaofe::HiTJe'~])erioai Continued monitoring over the operation period of this 

alternative will provide ample opportunity to assess the need, if any, for additional 

measures beyond the recommended system. Any new development in off-site areas will 

also be periodically evaluated during the operational period relative to potential 

receptor/exposure pathways. Any significant increase in risk or threat resultant from 

unexpected off-site development may require additional corrective measure studies. 
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a) Post-RFI Water Level Data 



• . 
SPARTCN 

SPAR'TCN TECJ-INOL;OGY 

March 25, 1996 

lVIr. Robert Pine 
Hydrologist 
Ground Water Protection Bureau-Remediation Section 
New lVfexico Environment Department 
1190 St. Francis Dr. 
Santa Fe, New lVfexico 87503 

Re: Static Water Level Elevation Data 

Dear ~fr. Pine: 

In response to your request of:Vf.arch 15, 1996 I am forwarding static water level elevation data for 
your review. Enclosed is one floppy disk containing 2 Quattro Pro files and a hard copy of this 
data. Commencing in February of 1993 we s'Witched from biweekly water level detenninations to 
quarterly. Sampling dates are approximate as water levels for individual wells were determined 
over several days during sampling events. Water level elevations on 12-8-93 are not reported for 
all wells, only for those wells that were sampled during an STI-EP.\ Sampling event. 

If you have any questions please contact John Wakefield or me at (505) 892-5300. I trust that this 
information is sufficient for your needs. 

Sincerely, 
SP ARTON TECHNOLOGY, INC. 

Richard D. lVlico 
Vice President and General .Manager 

Enclosures: 

cc: lVIr. Jan Appel 

tMrill~~~d 
Yir. John Wakefield 

OGC-003749 
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WELL 
No. 

PZ-1 
MW-34 
MW-35 
MW-36 
MW-37 
MW-44 
MW-45 
MW-46 
MW-47 
MW-48 
MW-50 
MW-52 
MW-53 
MW-54 
MW-55 
MW-56 
MW-57 
MW-58 
MW-59 
MW-60 
MW-61 
MW-62 
MW-63 
MW-64 

Date: 
To: 

Page: 

WLE WLE 
09/30/92 10/13/92 

4961.88 4962.06 
4977.99 4978.14 
4975.24 4975.35 
4973.67 4973.77 
4972.18 4972.28 
4973.74 4973.87 
4972.21 4972.32 
4971.07 4971.16 
4970.82 4970.96 
4970.12 4970.24 
4965.22 4965.35 
4967.98 4968.10 
4969.40 4969.52 
4969.95 4970.06 
4969.61 4969.71 
4970.11 4970.22 
4969.55 4969.62 
4969.79 4969.91 
4973.36 4973.45 
4969.76 4969.90 
4969.79 4969.90 
4971.49 4971.62 
4979.01 4979.13 
4969.95 4970.03 

-

SPARTON TECHNOLOGY, INC. 

03/25/96 
R. Pine NMED-GWPRB 
1 of 2 

WLE WLE 
10/28/92 11/11/92 

4962.17 4961.96 
4978.05 4977.50 
4975.42 4975.15 
4973.86 4973.65 
4972.32 4972.18 
4973.94 4973.73 
4972.37 4972.21 
4971.23 4971.08 
4971.01 4970.83 
4970.28 4970.10 
4965.37 4965.11 
4968.15 4967.93 
4969.55 4969.38 
4970.02 4970.01 
4969.76 4969.56 
4970.27 4970.08 
4969.64 4969.57 
4969.96 4969.77 
4973.50 4973.25 
4969.94 4969.76 
4969.94 4969.75 
4971.66 4971.55 
4979.23 4979.26 
4970.07 4969.96 

Re: 
From: 
File: 

WLE WLE 
11/25/92 12/10/92 

4961.84 4961.97 
4977.04 4976.63 
4974.87 4974.58 
4973.44 4973.22 
4972.01 4971.88 
4973.51 4973.29 
4972.04 4971.90 
4970.97 4970.88 
4970.75 4970.66 
4970.03 4969.99 
4964.94 4965.00 
4967.81 4967.82 
4969.27 4969.28 
4969.96 4969.91 
4969.47 4969.41 
4970.01 4969.96 
4969.52 4969.04 
4969.68 4969.66 
4973.08 4972.93 
4969.70 4969.68 
4969.71 4969.69 
4971.42 4971.30 
4979.25 4979.14 
4969.89 4969.85 

~ 

Static Water Level Sounder Wells 
J. Wakefield 
SRDBF.WQ1 

WLE WLE WLE 
12/22/92 01/07/93 01/20/93 

4962.10 4962.38 4962.08 
4976.37 4976.09 4975.90 
4974.38 4974.16 4972.70 
4973.08 4972.94 4972.75 
4971.78 4971.74 4971.57 
4973.13 4973.00 4972.80 
4971.81 4971.77 4971.61 
4970.83 4970.86 4970.70 
4970.63 4970.60 4970.50 
4970.00 4970.06 4969.91 
4964.82 4965.06 4964.74 
4967.89 4968.04 4967.80 
4969.34 4969.46 4969.27 
4969.89 4969.87 4969.81 
4969.42 4969.47 4969.29 
4969.97 4970.03 4969.88 
4969.49 4969.55 4969.39 
4969.71 4969.80 4969.62 
4972.83 4972.73 4972.62 
4969.70 4969.75 4969.61 
4969.73 4969.76 4969.65 
4971.23 4971.14 4971.03 
4979.01 4978.82 4978.69 
4969.86 4969.93 4969.76 

WLE WLE 
05/18/93 07/30/93 

4961.95 4961.43 
4976.60 4977.66 
4974.17 4974.60 
4972.77 4973.28 
4971.52 4971.71 
4971.84 4973.38 
4971.56 4971.80 
4970.61 4970.66 
4970.25 4970.43 
4969.61 4969.64 
4964.76 4964.58 
4967.60 4967.57 
4968.96 4969.10 
4969.62 4969.57 
4969.15 4969.18 
4969.61 4969.71 
4969.25 4969.17 
4969.34 4969.51 
4972.76 4972.85 
4969.37 4970.24 
4969.36 4969.37 
4970.83 4971.17 
4976.13 4977.74 
4969.59 4969.57 

~· 



Page 2 of 2 

WELL WLE WLE WLE WLE WLE WLE WLE WLE WLE WLE WLE 
No. 10/08/93 12/08/93 03/28/94 04/07/94 07/19/94 10/31/94 02/15/95 04/24/95 08/03/95 10/13/95 01/17/96 

PZ-1 4961.47 4961.65 4961.47 4960.74 4960.28 4960.83 4960.87 4960.20 4959.79 4959.34 
MW-34 4977.39 4975.76 4974.74 4975.40 4977.03 4977.12 4975.09 4975.36 4976.88 4976.02 4974.88 
MW-35 4974.83 4973.97 4972.80 4973.03 4974.26 4974.30 4972.93 4973.08 4974.07 4973.42 4972.66 
MW-36 4973.28 4972.52 4971.83 4971.97 4972.68 4972.65 4971.73 4971.82 4972.41 *1 *1 
MW-37 4971.78 4971.42 4970.78 4970.82 4971.04 4971.05 4970.40 4970.57 4970.83 *1 *1 
MW-44 4973.39 4972.58 4971.92 4972.00 4972.70 4972.73 4971.89 4971.87 4972.47 4972.03 4971.54 
MW-45 4971.78 4971.42 4970.83 4970.81 4971.13 4971.11 4970.63 4970.54 4970.82 4970.82 4970.18 
MW-46 4970.60 4970.48 4970.00 4969.91 4969.96 4969.95 4969.51 4969.62 4969.71 4969.35 4969.15 
MW-47 4970.46 4970.11 4969.84 4969.71 4969.81 4969.64 4969.41 4969.30 4969.40 4969.16 4968.83 
MW-48 4969.61 4969.68 4969.31 4969.18 4969.05 4968.85 4968.86 4968.68 4968.73 4968.50 4968.26 
MW-50 4964.57 4964.48 4964.34 4963.90 4963.17 4963.37 4963.44 4963.11 4962.82 4962.28 
MW-52 4967.62 4967.31 4967.29 4967.25 4966.89 4966.55 4966.60 4966.53 4966.43 4966.16 4965.85 
MW-53 4968.96 4968.92 4968.78 4968.66 4968.33 4968.02 4968.17 4968.00 4967.97 4967.77 4967.52 
MW-54 4969.44 4969.06 4969.01 4966.67 4968.84 4968.79 4968.62 4968.54 4966.31 4967.97 
MW-55 4969.06 4966.67 4966.68 4968.61 4966.43 4968.32 4968.23 4968.15 4966.13 4967.79 4967.44 
MW-56 4969.63 4969.58 4969.31 4969.19 4969.01 4968.66 4968.83 4968.69 4968.71 4968.49 4966.22 
MW-57 4969.06 4966.94 4966.62 4966.67 4968.49 4968.35 4968.36 4968.26 4968.17 4967.61 4967.67 
MW-58 4969.37 4969.44 4969.12 4966.99 4966.74 4968.50 4968.55 4968.40 4968.39 4968.18 4967.98 
MW-59 4972.82 4972.26 4971.76 4971.98 4972.23 4972.43 4971.83 4971.73 4972.00 4971.59 4971.02 
MW-60 4969.25 4969.25 4969.07 4969.01 4968.73 4968.54 4968.60 4968.37 4968.37 4968.13 4967.82 
MW-61 4969.43 4969.40 4969.11 4969.07 4968.80 4968.55 4968.62 4968.40 4968.41 4968.19 4967.87 
MW-62 4971.13 4970.84 4970.22 4970.13 4970.39 4970.36 4970.08 4969.96 4970.15 *1 *1 
MW-63 4978.48 4978.60 4977.35 4977.12 4976.44 4980.08 4981.20 4979.29 4979.28 4978.72 4977.75 
MW-64 4969.46 4969.52 4969.19 4969.04 4966.90 4968.77 4968.94 4968.62 4968.64 4968.37 4968.14 

*1 Airlines Installed In these wells see AR Report for WLE. 
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WELL 

No. 

MW-7 
MW-9 

MW-12 
MW-13 
MW-14 
MW-15 
MW-16 
MW-17 
MW-19 
MW-20 
MW-21 
MW-22 
MW-29 
MW-30 
MW-31 
MW-32 
MW-33 
MW-38 
MW-39 
MW-40 
MW-41 
MW-42 
MW-43 
MW-49 
MW-51 

Date: 
To: 

Page: 

WLE WLE 

09/30/92 10/13/92 

4980.44 4980.77 
4976.99 4976.99 
4975.81 4975.81 
4976.45 4978.45 
4974.79 4975.04 
4976.55 4976.71 
4960.89 4981.14 
4981.13 4981.22 
4975.63 4975.63 
4975.37 4975.37 
4980.58 4980.66 
4980.83 4980.83 
4977.45 4977.45 
4975.91 4976.16 
4975.04 4975.13 
4974.74 4974.82 
4976.21 4976.21 
4977.52 4977.52 
4976.31 4976.31 
4975.01 4975.17 
4974.97 4974.97 
4974.36 4974.44 
4974.18 4974.35 
4974.70 4974.87 
4981.63 4981.71 

SPARTON TECHNOLOGY, INC. 

03/22/96 
R. Pine NMED-GWPRB 
1 of 2 

WLE WLE WLE 

10/29/92 11/11/92 11/25/92 

4980.77 4980.27 4979.85 
4976.99 4976.65 4976.24 
4975.81 4975.48 4975.14 
4978.45 4978.03 4977.70 
4975.04 4974.87 4974.37 
4976.80 4976.63 4976.63 
4961.05 4981.05 4960.80 
4981.22 4981.13 4980.88 
4975.63 4975.29 4974.96 
4975.28 4975.03 4974.62 
4980.58 4980.49 4980.41 
4980.99 4980.66 4980.33 
4977.37 4976.87 4976.53 
4975.99 4975.57 4975.32 
4975.04 4974.79 4974.54 
4974.82 4974.57 4974.32 
4976.29 4975.96 4975.79 
4977.36 4977.02 4976.52 
4976.22 4975.89 4975.47 
4975.09 4974.84 4974.59 
4974.97 4974.64 4974.47 
4974.53 4974.28 4973.61 
4974.35 4974.10 4973.85 
4974.79 4974.54 4974.29 
4981.79 4961.71 4981.71 

Re: 
From: 
File: 

WLE 

12/10/92 

4979.52 
4975.99 
4974.61 
4977.28 
4974.29 
4976.36 
4980.64 
4980.80 
4974.79 
4974.45 
4980.49 
4979.99 
4976.28 
4974.99 
4974.29 
4974.16 
4975.46 
4976.27 
4975.22 
4974.34 
4974.22 
4973.86 
4973.68 
4974.12 
4981.54 

Static Water Level Airline Wells 
J. Wakefield 
ARDBF.WQ1 

WLE WLE WLE WLE 

12/22/92 01/07/93 01/20/93 05/18/93 

4979.19 4978.94 4976.77 4979.19 
4975.74 4975.49 4975.32 4975.72 
4974.56 4974.39 4974.14 4975.41 
4977.03 4976.76 4976.78 4977.10 
4974.21 4973.87 4973.87 4974.18 
4976.30 4975.96 4975.71 4975.60 
4980.47 4980.47 4980.55 4980.36 
4980.63 4980.47 4980.38 4980.28 
4974.63 4974.46 4974.29 4974.61 
4974.28 4974.20 4974.03 4974.26 
4980.41 4980.24 4980.16 4979.94 
4979.83 4979.58 4979.41 4979.72 
4976.03 4975.78 4975.62 4976.31 
4974.82 4974.66 4974.57 4974.99 
4974.13 4973.96 4973.88 4974.09 
4973.99 4973.82 4973.74 4973.88 
4975.29 4975.13 4974.96 4975.31 
4976.02 4975.86 4975.69 4976.33 
4975.06 4974.89 4974.72 4975.21 
4974.17 4974.01 4973.84 4974.06 
4974.14 4973.97 4973.81 4974.04 
4973.78 4973.61 4973.44 4973.74 
4973.60 4973.43 4973.35 4973.57 
4973.87 4973.79 4973.62 4973.86 
4981.46 4981.29 4981.21 4980.96 

WLE 

07/30/93 

4960.27 
4976.22 
4976.08 
4977.93 
4974.34 
4976.20 
4980.61 
4980.86 
4975.11 
4974.68 
4980.19 
4980.39 
4976.89 
4975.41 
4974.50 
4974.29 
4975.72 
4976.99 
4975.71 
4974.56 
4974.29 
4973.99 
4973.82 
4974.36 
4981.29 

' ,; 
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WLE 

07/30/93 

4960.27 
4976.22 
4976.06 
4977.93 
4974.34 
4976.20 
4960.61 
4960.66 
4975.11 
4974.66 
4960.19 
4960.39 
4976.69 
4975.41 
4974.50 
4974.29 
4975.72 
4976.99 
4975.71 
4974.56 
4974.29 
4973.99 
4973.62 
4974.36 
4961.29 

WLE 

10/06/93 

4960.02 
4976.22 
4975.91 
4977.93 
4974.26 
4976.16 
4960.66 
4960.66 
4974.66 
4974.60 
4960.26 
4960.31 
4976.72 
4975.32 
4974.42 
4974.29 
4975.72 
4976.74 
4975.63 
4974.46 
4974.37 
4973.91 
4973.73 
4974.26 
4961.46 

WLE 

12/06/93 

4975.22 

4976.60 
4973.59 
4975.60 
4960.27 

4974.11 
4973.76 
4960.11 
4979.39 
4975.39 
4974.16 
4973.42 
4973.46 

4975.74 
4974.63 
4973.46 
4973.54 
4973.24 
4973.23 
4973.36 
4961.36 

WLE 

03/26/94 

4977.69 
4974.36 
4973.91 
4975.43 
4973.34 

DRY 
4979.52 
4979.45 
4973.02 
4972.93 
4979.19 
4976.56 
4974.47 
4973.32 
4972.75 
4972.71 
4974.06 
4974.16 
4973.46 
4972.73 
4972.67 
4972.56 
4972.46 
4972.66 
4960.71 

WLE WLE 

04/07/94 07/20/94 

4976.27 4979.77 
4974.30 4975.55 
4974.50 4975.56 
4975.93 4977.52 
4973.26 4973.93 

DRY 4975.16 
4979.52 4960.44 
4979.45 4960.36 
4973.11 4974.27 
4972.93 4973.65 
4979.19 4960.76 
4976.72 4979.72 
4975.14 4976.14 
4973.91 4974.62 
4973.09 4973.92 
4972.79 4973.71 
4974.22 4975.22 
4975.33 4976.24 
4974.21 4975.13 
4973.06 4974.06 
4973.12 4973.79 
4972.66 4973.16 
4972.57 4973.23 
4973.19 4973.69 
4960.46 4961.29 

WLE WLE WLE 

10/31/94 02/14/95 04/21/95 

4979.61 4976.23 4978.39 
4976.07 4974.40 4974.56 
4975.56 4974.06 4974.25 
4977.63 4975.60 4975.97 
4973.93 4972.65 4972.65 
4975.76 4975.11 4974.45 
4960.75 4960.34 4979.90 
4961.21 4960.46 4980.04 
4974.81 4973.56 4973.64 
4974.27 4973.02 4973.10 
4980.44 4980.43 4979.85 
4980.37 4978.96 4978.87 
4976.76 4975.09 4975.26 
4975.08 4973.66 4973.83 
4973.77 4972.69 4972.69 
4973.84 4972.84 4972.84 
4975.32 4973.82 4973.99 
4976.51 4974.84 4974.92 
4975.31 4973.73 4973.81 
4974.06 4972.91 4972.91 
4974.08 4972.91 4972.91 
4973.62 4972.79 4972.70 
4973.51 4972.66 4972.59 
4973.64 4972.64 4972.64 
4982.18 4981.65 4961.26 

WLE WELL WLE 

08/04/95 No. 10/13/95 

4979.64 MW-7 4979.07 
4975.73 MW-9 4974.63 
4975.16 MW-12 4974.75 
4977.22 MW-13 4976.26 
4973.60 MW-14 4973.06 
4975.36 MW-15 4974.60 
4980.76 MW-16 4960.03 
4980.96 MW-17 4980.36 
4974.48 MW-19 4973.58 
4973.85 MW-20 4973.32 
4980.43 MW-21 4980.09 
4980.12 MW-22 4979.47 
4976.51 MW-29 4975.57 
4974.75 MW-30 4974.31 
4973.60 MW-31 4973.39 
4973.42 MW-32 4972.79 
4974.99 MW-33 4974.53 
4976.09 MW-38 4975.64 
4974.81 MW-39 4974.47 
4973.66 MW-40 4973.43 
4973.58 MW-41 4973.04 
4973.20 MW-42 4972.51 
4973.01 MW-43 4972.31 
4973.39 MW-49 4972.99 
4961.60 MW-510S 4981.29 

MW-36 OS 4971.86 
MW-37 OS 4970.40 
MW-62 OS 4969.94 

WLE 

02/09/96 

4977.99 
4973.99 
4973.75 
4975.34 
4972.72 

DRY · 
' 4979.70 

4979.69 
4973.16 
4972.74 
4979.68 
4978.64 
4974.41 
4973.31 
4972.48 
4972.37 
4973.61 
4974.47 
4973.47 
4972.60 
4972.54 
4972.09 
4971.98 
4972.24 
4980.96 
4971.52 
4970.24 
4969.61 

.. 
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Spartan Monitoring Results 
TCE Concentrations 

Date I Year I Otr.l Qtr.l MW-9 rMW-131MW-141MW-15,MW-16,MW-19IMW-20,MW-21,MW-221MW-291MW-301MW-31[MW-32 MW-33 MW-34 
# · UFZ I UFZ UFZ . UFZ UFZ ULFZ I LLFZ UFZ UFZ ULFZ ! ULFZ . ULFZ LLFZ UFZ UFZ 

Oct-831 1983 I 41 :1 21000 I I I I I I I I I I I I I I 
I 

Oct-84 i 19841 41 'I 9600 I I 12000 I 4400 I 37000 I I I I I I I I I I 
Jul-85 i 1985 1 31 •! 73001 I I I I I I I I I I i I I I 

Jan-86 I 1986 1 1 101 6100 I I I i I 
I I I I I I I 

Apr-86 i 21 11. 8300! I I I I I I 

Jul-861 3 12 1, 50001 I I 200001 I I I 
Oct-861 4 1311 50001 I 49001 940 I 360001 3600 171 2300 I 2301 I 

Jan-87 1 1987 1 I 14q 4500! 50001 6301 210001 2700 121 1700 I 170 I I 
Apr-87L 21 15~· 36001 18001 580 23000 29001 32 14001 2701 
Jul-87 L 31 16i 64001 2100 I 650 25000 4600 35 21001 3701 i 

Oct-871 4 17 7100 I 2700 I 480 I 28000 I 3400 25! 20001 2401 I I 
Jan-881 1988 1 i 18 11 5500 i 6200 370 26000 2900 101 1800 I 1501 I I 
Apr-881 2 19i 4800 1 5000 10 25000 5 28 1100 I 2301 I I 
Jul-881 3. 20 I 3300 i 5200 380 26000 1800 19 1200 I 631 I I 
Oct-881 4 21 ;I 4200! 5600 250 220001 3600 I 151 13001 1201 I I I 
Jan-891 1989 1 1 22'.1, 4000; 3300 I 180 160001 32001 121 900! 110! I I 
Feb-891 1 22:1 I 610 1100 I 210 i I i I 5T 320! 1201 4800 7500 
Mar-89! 1 I 22'1 I 650! 3700 I 210; I I i I 5.4' 3201 120 3400 7000 
Apr-891 2! 23·! 4400 I I 4900! 200: 14000 I 3700 141 520 I 150 I I I I I 
Aug-891 31 24; 2500 1 3000 I 2001 130001 2400 201 460 I 1201 I I I I <5 I I 

Aug-89 1 I 31 24 i I I I I I I I I I I I <5 I 
Nov-891 41 25; 2300' I 2200; 260 16000' 1500 i 5i 1100 91 I I I I I I 
Nov-891 I 41 25 I I I I ! i I i I I I I I ! I 

Jan-90 ·ggol 1 I 26' 2800 I I 2100' 190· 130001 880 17! 1000• 110 I I \ i 
Jan-90 1 I 26 I I I I I I I I i I I I 

Apr-901 21 27 2400 i 1800 1· 160 200001 1000; 21 i 4001 130 i ! I i I I 
Apr-90 1 I 21 27: I I I I : I I \ I I I I 
Jun-90 1 I 21 27 ! I I I ! I I I I I 
Auq-90 ·~ 31 28 i 2200 I I 2100 230 19000 1 8501 151 670 i 140 i I I I i 
Auq-90' I 31 28 I I I I I i I ' I ! I I I 

Sep-901 I 31 28 I I i ! I I ! I I 
Oct-901 I 4i 2911 1600 I 1500 i 140 I 16000' 590 I 101 850! 83 1 I I 
Oct-901 I 41 29.i I I I ·, ! I I I ! I I i 
Oct-901 I 41 29ii I I i I I I i I I I I I 
Jan-91 1 1 991 1 1 I 30·1 1700 I I 1700! 110 i 16000! 680 I 281 910 i 751 I i 
Apr-91 i I 2! 31 .i 1600· 1400 I 51 120001 6901 5.4. 400! 92 1 I I 
Jun-91 i I 21 311 1400 i 1100 I 91 ' 17000' 5701 12! 500' 110 i <5 I 180 I 601 57 7300 I <5 

Jul-91 · I 31 321 13001 3301 1400 I 110 I 16000 I 190 i 12! 4401 110 I I I I 
Oct-91 I 4 33:1 10001 I 1100 I 80 I 12000: 1701 16i 88o: 931 ! I 51001 I 

Nov-91 · I 41 33! I I I I I I i I I 2400 I 
Dec-91 i I 41 33·1 I I I i I I I I I I I 2400 
Jan-921 1992 1 1 34!\ 1200 i 1300 641 13000 130 I 51 680! 651 I I 5100 
Apr-921 2i 351[ 1400 I 14001 54 120001 230 I 5 360 I 901 I 6000 
Jul-921 3 36: 930 i 860! 49 15000 I 140 5 3901 721 I 7500 

Seo-92! 4, 37' 10001 1100 I 661 140001 1201 30 4601 481 I I 2600. 
Jan-93 i 1993 11 38,,, 690! 850 i 521 13000 I 571 31 430, 51 I 830 
Apr-931 2 391 8201 850 I 1.91 12000! 1101 31 2401 55! 1500 
Jul-93l 3 401 730 720 I 561 11000 I 62, 71 350 i 47: 4400 

Oct-93\ 4 41 I 680! 700i 44: 13000 I 451 231 4801 41 I 780 
Dec-93' 41 4111 680 I 3301 640 i 391 13000 391 6 4901 41 ! 1 I 47 101 490 <1 

Jan-94 1 1 994 11 421 790: 6801 36: 12000! 481 1.1 I 3801 501 I I 5801 
Apr-94! 2 431 740 I 730 i 11000 I 81 I 0.21 280 I 62' I 1700 
Jul-94 i 31 441 750 i 730 I 52 11000 I 61 I 81 210 I 44\ 4001 
Oct-941 41 451 7501 700 311_ 11000 i 471 441 3601 45! I 1700 
Oct-941 41 451 I I I I 
Feb-95 1 1 995 1 I 46il 850 I I 690 I 45' 87001 72 1 51 270 I 72; i 2000 
Apr-951 2 47! 790! 1000 I I 7100 I 92: 0.21 160 I 1001 I 1600 

AU!l-95: 31 481 490 I 4701 21 j 9100: 39 i 11 ' 200 i 32! I 4200 
Oct-95, I 41 491 650 I 4701 15i 74001 481 261 280 I 34i I I 2800 
Jan-96 1 1996 1 1 50: 570 I 380 290 1 L 76001 24: 1.3\ 2201 461 0.91 19 2.71 760 2000 <0.3 

Cluster#1 = 13,29,38 Cluster #f3 = 36,44 NOTES: 
Cluster #2 = 33,30,39 Cluster#?= 37,45 1.)ND =None Detected 

c/''"- File : ailweils.wk.t Cluster#3 = 14,31,40,49 Cluster #8 = 51,59 2.)J value indicates an estimation by lab 

~ 
F'r1n!Od . 02/09/98 Cluster#4 = 15,41,32 Cluster #9 = 48,56,55 

11:0SAM Cluster #5 = 42,43 Cluster #10 = 61,60 "-a• 1 of 3 

B&V Fie: 028802.0100 

OGC-003755 
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il 
I Spartan Monitoring Results I 

I TCE Concentrations 
1: 

,! 

Date i Year i Qtr., Qtr. 1 MW-35 MW-36 MW-37,MW-38JMW-39,MW-40 MW-41 MW-421 MW-431 MW-441 MW-45 j MW-46: MW-471 MW-481 MW-4.., 
# I UFZ UFZ UFZ LLFZ • LLFZ LLFZ ULFZ ULFZ LLFZ ULFZ ULFZ · ULFZ ' UFZ UFZ 3rd FZ 11 

Oct-83 1 1983 1 4 1 :1 1 1 1 1 1 1 I I I I I I I 

I 
Oct-84 1 1984 1 41 1\ I I I I I I I I I I I : I I I 
Jul-85' 1985 i 31 II I I I I I I I I I : I I I 

Jan-861 1986 11 101 I I I ! I 
Apr-86' 21 11i I I I ! I 
Jul-86i 31 12\ I \ I I I 
Oct-861 4 13 I I I 

Jan-87 19871 1 I 14! I I I I 

Apr-87! 2 151 I I I 
Jul-87: 31 16i I I I 
Oct-87· 41 171 I I I I I 
Jan-88 1 1988 1 18 I I I 
Apr-88: 2 191 I 
Jul-881 3 201 I I I 

Oct-88' 4 21 I I ! 
Jan-89 I 1989 1 1 I 22! I I I I I 
Feb-89: 1 221 I I I I I 
Mar-89 · 1 I 22! I I I i I I 

Apr-89• 21 23 I i. I I I I I : I I 
I 

Auq-89' 3 241 <5 7.91 1100: I I I i I I I I I 
Aug-89 3! 24!1 <5 11 18001 i I I I I I 

Nov-89' i 4: 2511 I <5 I <5 i <5 1100 i 1100 I 270 1 ! : I 
Nov-89 ! 41 251 I <5 i <5 I <5 ! 960 1 1200 I 1601 I 
Jan-90 1990 I 1 I 261 ! I I I I I I I I <5 : 1400 4200 3101 820 <5 
Jan-90 1 ' 261 I I i I I I <5 I 1400 2300. 3301 830 <5 I 

A_pr-90 I 211 27'i i I I I I i I I I 

Apr-90 21 27 I I I I I i i I I I I 

Jun-90 I 2! 271 i i I I I I I '_ I 2201 820 I 

Auq-90 I 31 281 I I I I I I i I 600 I 
Aug-90 I 31 28 1\ 1. I I I I I I I I 1100 
Sep-90 I 31 281 i I I I I : I 930 I 
Oct-90 I 41 291 I I I I I I I I i 

l) 
' 

Oct-90 · 41 291 I I I I i I I I I I I 
Oct-90 I 4: 291 I I I I I I I i I ! 

Jan-91 19911 1 I 30· I i I I I I I I 
Apr-91 I 21 31 i I I : I I 

Jun-91 I 2! 31 i <5 221 20001 <5 I <5 <5 6201 1000! 280! <5 I 7701 1300 I 120 410 <5 I 

Jul-91 · I 31 32! I I I I 
Oct-91 4i 331 <5 19 1400 I 930! 4401 I ! 52001 220 i 
Nov-91 41 331 I I I 2600 I I 
Dec-91 · I 41 331 I I I I I I I 
Jan-92 1992 1 1 34i <5 15 1200 I I I 740 I 2601 I I 23001 280 I 

Apr-92 21 35 <5 14 960 i 690 3401 I I 1300 2901 
Jul-92: 3 36 <5 10 8001 640 2001 I I 960 340 I 

Sep-92' I 41 371 <5 I 8.3 8101 5101 600 1801 I I 42001 240 
Jan-93 : 1993 1 381 <1 7 510 I 6801 2001 1200 360 
Apr-93 · 2. 39! <1 4 340 320\ 130\ 12001 310 
Jul-93: 31 401 <1 25 8001 370 620 850 <1 14001 330 

Oct-93, 41 41 <1 3 600 I 600 160 21001 420 
Dec-93i i 41 41 I <1 31 980 <1 <1 <1 3501 6201 1501 <1 1601 18001 93 350 <1 
Jan-94 1 1 994 : 1 I 421 <1 3 860! I 5701 1501 I 2500 3501 
~r-94 21 431 <1 2 8501 4901 1201 I 2700 3401 
Jul-941 I 31 44 <1 3 370! 5301 1601 3200 370 

Oct-94 i i 4 451 NO 2 9401 4201 510 110 I I 2100 300 
Oct-941 I 4 451 I I I 
Feb-95 1 1995 1 1 46! <5 31 770 I 3401 791 I 2600 253 
Apr-95 · I 2! 471 <5 3 750 I 3401 981 I 2400 300 
Aug-95 I I 31 481 21 750 3401 1001 I 3000 250 
Oct-951 I 4 491 21 750 I I 3501 1101 I 3300 270 

_:.:.-. 
Jan-961 1996: 1 50! <0.3 1.9 720 <0.3 <0.3 ! <0.3 I 290 470 I 951 <0.3 59 3200 361 350 <0.3 

-· ' 
t.r 

I 

File: allweilo.wk4 
., 

Pnnted : Q2JOg/98 

11:08AM "-ae 2 of 3 

B&V l"lo: 028802.0100 
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' 
Spartan Monitoring Results 

I TCE Concentrations 
Date I Year j Qlr., Otr.fMW-51!MW-52\MW-53 MW-551MW-56fMW-57 MW-58jMW-59jMW-601MW-611MW-621MW-63fMW-641 Comments 

! 
i 

I # UFZ , UFZ UFZ LLFZ ULFZ UFZ UFZ ULFZ ULFZ I UFZ ' UFZ UFZ ULFZ 
Oct-83, 1983 I 41 I 

' ! I I I I I I I I I I I 

Oct-84 19841 4: I ! I I I I I I I I I I I 

Jul-85 1985 1 31 •I I I I I ! I I I I ' I I ! I 

Jan-86 1 1986 ; 1 i 10 II I 

I 
I 

I 
I 

I I I 

I I 

I I 
I 

I 
Apr-86 1 I 21 

11 'i i 
I I I i I 

Jul-86: I 31 12 1 I 
Oct-86' I 4• 13:1 I I I I I i I 

Jan-87: 1987 · 1' 

~:'I 
I 

I I I 
I I I I 

I I 
I 

I 

I 

i 
Apr-87' I 2, I I I I 

I I 
I 

Jul-87' I 31 i 16t 
Oct-87 I I 41 17 I I I I I I I I 

Jan-88 , 1988 1 1 i 1811 

I ! I I I I i I I 
I 

I I I I 
Apr--38 2 

19 'I I Jul-88' I 31 201 
Oct-881 I 4 i 21 I I I I I I I I 
Jan-a9 1 1989 1 1 I 22 'i I I I L I I I I I 
Feb-89 I I 1 I 22 'I I I I I I I I I 
Mar-89 1 I 1 i 22'1 I I I I I I I I I 
Apr-89 I 21 231 ' I ! ! I I I I I ' 
Aug-89: : 3: 24' I I I I l I I I I I 
Aug-89 I 3! 24 i I I I 'I I I I I I I I I I 
Nov-89' I 41 25 I I I I I I I I I i I 1#42&43 actual12-12-89 I 

Nov-89 I 4 25 i I I I i I I I I i 1#42&43 actual12-21-89 •I 
Jan-90 1990: 1' 26 I I I I I I I I I I I !#49- actual 01-25-90 

li Jan-90, I 1 26: I I i I I I I I I ' I 1#49- actual 01-31-90 
2 27 I 8.5 

6.2 
2 27 6.7 <1 <1 1#S1 -actual 05-07-90 
3' 28 13 

' 
II Seo-90 3 28 I i I I 12 98 <1 I 20 I <1 I I i I I ' i 

I Oct-90 I 4 29: ! I I I i I I <5 I <1 I <1 I <5 i <1 I <5 

II 
Oct-90 I 4 29 I I I I I I 22' I <5 I <5 \ 2.21 <5 I <1 'I I 

Oct-90 I 4: 29 I I I I 22' ! <5 ! <5 I <5 : <5 I <5 I 

Jan-91 1991 I 1 ' 30 I I I I I I I I I I I I 

I 
I ·I 

Apr-91 ! 21 31 '.'· I I I I I I I I i I I 
:I 3111 

I 
Jun-91 I 21 <5 <5 ! <5 L 45i 200 I <5 I 291 <5 i <5 I <5 I <5 ! <5 i <5 ·EPA split sample 
Jul-91 I 3i 32 'I I I i i I ' I I I ! 

:I 

I 

Oct-91 : 4! 33! <5 I <5 I 74 i 210 I 31 I <5 <5 I I <5 i I I 
Nov-91 I 41 33, I ! I j I ! I I I I ! 
Dec-91 I 4 33: I I I I I I I I I I I 

,, 

Jan-92 1992 i 1 I 34·1 11 ' 6.81 I 96! 260! I 34 I <5 I I <5 I I I ii 
~-92 ! 21 35 I <5 I 9.81 I 120 I 290 i I 37: I <5 I I <5 I I I I 

3 I 28 92 

Jul-92' ! 31 36 II <5 14 i I 130 I 290 i I 37 1 I <5 I I <5 I I I 

Seo-92 41 37 <5 16 I I 120 I 240 I I 39! I <5 I I <5 ! I I 
I 

Jan-93 1993 1 38 'I <1 211 190: 370 I I 481 1 I I 21 tl 
Apr-93 2' 39 ,, ,, 231 110 I 230 I I 431 <1 I I 21 II 
Ju:-93 I, 31 40•.1 <1 I I 331 240 I 320 i I 621 4! 490: 31 I 

Oct-93: I 41 41 i 1 I I 30 I 310 I 430 I I 64! 21 500 i 31 #61 - actual 09-03-93 I 
Dec-93' 4 41 2! <1 I 321 380 I 410 I <1 I 74! <1 71 610 31 <1 I <1 I EPA selit samele I 

Jan-94 1 1994 : 1 ! 42 <1 I 381 370 I 430 I I 851 31 530 i 21 I 
Apr-94 1 I 21 431 0.6 i 341 390! 370 I I 931 61 I 21 #51= J value 
Jul-94 I 31 44, <1 I 431 550 I 370 I I 1101 I 91 8001 31 I 

Oct-94. I 4 i 451 <5 I <5 40 l 580 I 420: <5 I 97! J 24' 870 I 21 10 1#62,36 = J value. EPA sJllit samj)le 
Oct-94 41 451 381 I I I ! J I I I #53 duellcate samele I 

Feb-95, 1995 I 1' 46 I <5 I I 21 I 580 I 340' I 100 i I 16' 960 I 2! 11 #36 & 62 = J values I 
Apr-95 I 21 47'! 1 I I 41 I 640 I 370 I I 120 I I 441 1400 I 21 18 #36, 51 & 62 = J values II 
A~~g-95 · i 3i 48'•1 <5 ! I 42L 680 I 360 I <5 I 130 I I 66 i 1700 I 31 17 #36 & 62 = J values !j 
Oct-95, I 4' 4911 <1 i I 481 130 I 350 I <1 I 1401 I 100 I 2000 I 2! 81 i 

Jan-96 1996' 1 I so i <0.3 <0.3 I 100 I 940' 430' <0.3 ' 270 i <0.3 _L 170 'I 1900 I 1.81 <0.3 15 tEPA split sample I 

Fie : ;~fwela.wtc4 

Prinlltd : 02/0MI8 

11:08AM "" .. '"'' 
B&V F=i1e: 026602.0100 

OGC-003757 



SPARTON TECHNOLOGY, INC. 

Date: 2-26-96 
To: J. Appel, 'lt:~andlel R. Mico, G. Richardson 
Re: Final results for STI-NMED 1st Q 1996 event. 
From: J. Wakefield 
File: MWALL.WQ1 
Page: 1 of 11 

I Well 10 Sample Date 1 

I 

TCE 

ug/L 

1,1-DCE 

ug/L 

I 
I 

I 
I 

PZ-1 
UFZ 

MW-7 
UFZ 

MW-9 
UFZ 

MW-12 
UFZ 

MW-13 
UFZ 

MW-14 
UFZ 

OGC-003758 

I 
I 

I 
I 
I 
I 
I 
i 

04/24/90 
01/11/96 

4th Q 1983 
4th Q 1984 
3rd Q 1987 

01/16/93 

01/11/93 
04/14/93 
07/29/93 
10/06/93 
11/29/93 
01/19/94 
04/06/94 
07/20/94 
10/27/94 
01/08/95 
04/19/94 
08/01/95 
10/11/95 
01/16/96 

3rd Q 1984 
3rd Q 1987 

01/17/96 

02/14/89 
03/13/89 
07/17/91 
11/29/93 
01/16/96 

01/11/93 
04/14/93 
07/29/93 
10/06/93 
11/29/93 
01/19/94 
04/06/94 
07/20/94 
10/27/94 
02/08/95 
04/19/95 
08/01/95 
10/10/95 
01/12/96 

I 
I 
I 
I 
I 

i 
I 
! 
I 
! 
I 
I 

I <1 
<0.3 <0.2 I 

83 17 
530 110 
370 34 
340 14 

690 71 
820 69 
730 42 
680 35 
680 35 
790 34 
740 22 
750 50 
750 51 
850 57 
790 39 
490 43 
650 30 
570 25 

61 <5 
3700 380 
1000 29 

610 47 
650 48 
330 26 
330 20 
380 14 

850 42 
850 41 
720 31 
700 31 
640 31 
680 27 
730 19 
730 34 
700 50 
690 33 
1000 17 
470 29 
470 18 
290 4.6 

1 , 1, 1-TCA l Cr Total 

ug/L i mg/L 
I I I 
I 

i 
I 

<1.0 I <0.01 I ; 

I 
i 
I 

14 I 180 0.021 
110 I <0.01 
92 I 0.04 

200 
190 
110 
84 
110 
120 
71 
91 <0.01 0 
a~ 
~I 

120 
91 
52 <0.01 
71 
82 <0.01 

<5 <0.005 
1700 <0.01 

61 0.02 

250 <0.01 
220 <0.01 
80 <0.010 
59 
54 <0.01 

20 
19 
14 
16 
14 
6.3 
13 

<25 0.573 
16 
12 
10 
9 1 
11 
5.8 1.53 

! 
I 
I 
I 

I 

I 
I 

I 
I 
! 
i 

Cr +6 
mg/L 

0.02 
<0.01 

<0.02 

<0.05 

<0.005 
<0.01 

0.6 

0.91 

i 

i 
; 

I 

I 

I 

I 

i 

I 

i 
i 



W II ID s I D t TCE I DCE I TCA I c ~ t I c e ampe ae; 1 ~- I, I, 1-

I 
r 10 a r +o 

I 

I I ! ug/L I ug/L 
I 

ug/L mg/L mg/L I 

MW-15 01/12/93 52 
; 

5 16 
UFZ 04/15/93 1.9 <0.2 <0.2 

07/27/93 56 3 23 <0.010 I 

10/06/93 44 2.7 18 : 
12/07/93 39 2 14 ' 
01/19/94 36 1.8 14 
04/06/94 DRY DRY DRY 
07/20/94 52 2 15 <0.010 <0.02 
10/28/94 31 0.8 11 

I 

02/08/95 45 2 13 
04/20/95 DRY DRY DRY i 

08/02/95 21 1 J 7 <0.01 ' <0.05 
10/11/95 15 

I 
<0.2 2.4 i 

01/17/96 DRY DRY DRY 
I 

: 

MW-16 01/11/93 13000 400 5900 
UFZ 04/14/93 12000 470 5900 

07/29/93 11000 310 4200 
10/06/93 13000 360 6200 I 

11/29/93 13000 360 5100 I 

01/19/94 12000 360 4400 
04/06/94 11000 190 3200 ; 

07/20/94 11000 230 3700 
I 

0.376 0.4 ' I 

10/28/94 11000 280 4000 i 

02/08/95 8700 340 3100 ' 
04/21/95 7100 200 2100 ; 

08/01/95 9100 280 2700 i 
' 

10/11/95 7400 140 i 2200 i 0.57 i 0.52 I 

I 01/16/96 7600 93 i 1900 I 0.19 ' I 
I 

' I MW-17 4th Q 1984 4300 260 2300 0.27 t 
<0.01 

UFZ 3rd Q 1987 4200 430 4000 0.32 <0.01 I 

01/17/96 3800 <100 1100 
i 

I I 
! ' 

MW-19 01/11/93 57 3 2 
ULFZ 04/15/93 110 11 0.8 

07/29/93 62 3 1 <0.02 <0.02 
10/06/93 45 2.6 <0.2 
11/29/93 39 2 <1 
01/19/94 48 2.4 <0.2 I 

04/06/94 81 2.8 0.8 I 
i 

I 07/20/94 61 <4 <4 <0.01 I <0.05 
' I 

i 10/27/94 47 2.5 1 . 1 I I I 

I 02/08/95 72 4 2 I ! 
I 04/19/95 92 3.1 

I 

<1 
I 

t 

08/02/95 39 3J 1 J <0.01 <0.05 
I 10/11/95 48 1.7 i 1.3 

' ' 24 i 0.7 ~ < 1.0 <0.01 

OGC-003759 



i 

I 
I 
I 

I 
i 

i 
I 

! 

I 

WeiiiD 

MW-20 
LLFZ 

MW-21 
UFZ 

MW-22 
UFZ 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 

I 
I 
I 
i 

OGC-003760 

01/11/93 
04/15/93 
07/29/93 
10/06/93 
12/02/93 
01/19/94 
04/06/94 
07/20/94 
10/27/94 
02/08/95 
04/19/95 
08/02/95 
10/11/95 
01/17/96 

01/11/93 
04/14/93 
07/29i93 
10/06/93 
11/29/93 
07/20/94 
07/20/94 
07/20/94 
10/27/94 
02/08/95 
04/19/95 
08/02/95 
10/10/95 
01/12/96 

01/11/93 
04/~ 5/93 
07/29/93 
10/06/93 
12/07/93 
01/19/94 
04/06/94 
07/20/94 
10/28/94 
02/08/95 
04/21/95 
08/02/95 
10/11/95 
01/16/96 

I 
i 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
i 
I 

I 
I 

TCE 

ug/L 

3 
31 
7 

23 
6 

1 .1 
0.2 
8 

44 
5 

0.2 
11 
26 
1.3 

430 
240 
350 
480 
490 
380 
280 
210 
360 
270 
160 
200 
280 
220 

51 
55 
47 
41 
41 
50 
62 
44 
45 
72 

100 
32 
34 
46 

I 

i 
I 
! 

I 
I 

I 

! 
! 

1,1-DCE 

ug/L 

<1 
1.6 
<1 
1 .1 
<1 

<0.2 
<0.2 
<1 
1.1 
<1 

<0.2 
<5 
1.2 

<0.2 

38 
21 
17 
30 
33 
23 
11 
17 
32 
19 
6.0 
13 
12 
10 

26 
22 
13 
22 
20 
22 
14 
18 
16 
20 
10 
8 

6.9 
6.2 

I 
I 
I 
I 

I 

1, 1, 1-TCA i Cr Total 

ug/L i mg/L 

<1 
13 
<1 <0 02 

i 
1.0 i 

<1 
<0.2 
<0.2 
<1 <0.01 0 
1.4 
<1 
<1 
<5 
2.1 I <0.01 

<1.0 <0.01 
I 

330 i 
! 
! 

190 I 
I 

210 <0.02 
330 i 
290 I 

I 

240 
I 

150 I 

110 <0.01 0 
210 
140 
70 
92 <0.01 
120 

I 95 <0.01 

I 
75 

I 68 
47 I <0.02 

I 51 I 
I 

51 I 

57 I 
52 I 
50 I <0.01 0 
31 I 
54 I 
48 j 
23 <0.01 I 

I 
23 I 

29 <0.01 

I 
i 

I 
I 
I 

I 
I 
I 

i 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 

I 

I 
I 

I 

I 
I 

I 
I 
I 

I 
I 

I 
I 

Cr +6 

mg/L 

<0 02 

<0.02 

<0.05 

<0.02 

<0.02 

<0.05 

<0.02 

<0.02 

<0.05 

I 
I 

! 
I 
I 
I 
! 
I 
! 
I 

i 
I 

i 

I 
I 
I 
I 

i 
! 
i 

! 

I 
I 

I 
i 
I 

I 

I 
I 

I 
I 
I 
I 

I 
j 



I 
I 
I 
I 
I 
I 

I 
i 
I 
I 

I 

I 
i. 

l 

WeiiiD 

MW-29 
ULFZ 

MW-30 
ULFZ 

MW-31 
ULFZ 

MW-32 
LLFZ 

MW-33 
UFZ 

MW-34 
UFZ 

OGC-003761 

! 
I 

I 
I 

I 
! 

I 

I 

Sample Date I 

02/15/89 
02/22/89 
03/13/89 
06/19/91 
12/06/93 
01/16/96 

02/14/89 
03/14/89 
06/18/91 
12/06/93 
01/17/96 

02/13/89 
03/15/89 
06/19/91 
12/07/93 
01/12/96 

01/12/93 
04/14 '03 I~ 

07/27/93 
10/06/93 
12/07/93 
01/18/94 
04/05/94 
07/19/94 
10/25/94 
02/07/95 
04/18/95 
08/01/95 
10/10/95 
01/11/96 

02/14/89 
03/14/89 
06/17/91 
01/16/96 

08/16/89 
03/15/89 
06/14/91 
12/07/93 
01/10/96 

I 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

i 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
i 

I 
I 
I 
I 

TCE 

ug/L 

5.7 
5.4 

<5.0 
1 

0.9 

320 
320 
180 
47 
19 

120 
120 
60 
10 
2.7 

830 
1500 
4400 
780 
490 
580 
1700 
400 
1700 
2000 
1600 
4200 
2800 
760 

7500 
7000 
7300 
2000 

<5.0 
<5.0 
<5.0 
<1 

<0.3 

I 

I 
! 

I 

I 
I 
I 
I 
I 
I 

i 

1,1-DCE 

ug/L 

<5.0 
<5.0 
<5.0 
<1 

<0.2 

19 
19 
13 
3 

0.5 

<5.0 
<5.0 
<5.0 
<1 

<0.2 

130 
470 
1000 
140 
80 
98 
250 
58 

310 
430 
320 
810 
420 
110 

750 
730 

1000 
200 

<5.0 
<5.0 
<5.0 
<1 

<0.2 

I 
I 
I 
I 

I 
I 
I 

I 
I 

' I I 
I 

I 
I 

I 
! 

I 
I 
I 
I 

1,1, 1-TCA 

ug/L 

<5.0 
<5.0 
<5.0 
<1 

<1.0 

11 
<12 
5.8 
1 

<1.0 

<5.0 
<5.0 
<5.0 

2 
<1.0 

74 
200 
380 
71 
40 
45 
110 
62 
88 
99 
82 
170 
120 
36 

2500 
2500 
1800 
160 

<5.0 
<5.0 
<5.0 
<1 

<1.0 

I 

I 
I 
I 
I 

I 
I 

I 

I 
I 
I 

I 

I 

Cr Total I Cr +6 
I I mg/L mg/L 

I I <0.01 ! 
I 

<0.01 
<0.010 

<0.01 
; I 

0.09 I 
I 

0.06 
0.070 

<0.01 
I I I 
I 

I <0.01 i 

<0.01 I I 

<0.01 0 I ! 
i 

0.09 
I 

I 

I 

<0.01 0 I 
I , 
i 

I 
I 

I 
I 

I 
<0.01 0 

! 

<0.01 I 
I I 

I 

0.14 I 

<0.01 I 0.48 I 
4.11 I 

0.09 i 0.55 
<0.01 0 

<0.01 



I Well 10 I Sample Date I TCE 

I 
1~1-DCE I 1~1~1-TCA Cr Total I Cr +6 I 

I ug/L ug/L I ug/L mg/L I mg/L ! 
I I 

! I 

MW-35 01/14/93 <1 <1 <1 ' 

I 
I 

UFZ 04/14/93 <1 <1 ! <1 

I 
07/28/93 <1 <1 I <1 I 

I 
10/05/93 <1 <1 I <1 i 

12/02/93 <1 <1 <1 ' 

I 
I ' 

01/18/94 <1 <1 I <1 
I 
i 

04/05/94 <1 <1 
I 

<1 
07/19/94 <1 <1 <1 

I 02/07/95 <5 <5 I <5 
; 

04/18/95 <5 <5 
I 

<5 : 

I 
I : 

3rd Q 95 Not Sampled MW-57 Substituted. ' 

I 4th Q 95 Not Sampled MW-57 Substituted. 
01/11/96 <0.3 <0.2 <1.0 0.02 ' 

I 

! 

MW-36 01/14/93 7 <1 <1 
UFZ 04/13/93 4 <1 <1 I 

07/27/93 25 5 2 0.052 
: 

10/05/93 3 <1 <1 
12/07/93 3 <1 <1 

I 01/17/94 3 <1 <1 
04/04/94 2 <1 <1 ! 

07/18/94 3 <1 <1 
i 

02/07/95 3J <5 <5 I 

04/18/95 3J <5 <5 
08/01/95 2J <5 <5 ! 

10/10/95 2 <1 <1 I 
; 

01/10/96 1.9 <0.2 <1.0 0.03 I 

I I ! : 
MW-37 01/14/93 510 19 4 

UFZ 04/13/93 340 18 4 
07/28/93 800 28 8 

I 10/04/93 600 <10 <10 I 

I 
11/30/93 980 46 <20 
01/18/94 860 38 <10 
04/05/94 850 37 <25 

I 07/19/94 370 9 3 
02/07/95 770 40 5 

I 04/18/95 750 42 6 I 

I 
08/01/95 750 37 6 
10/10/95 750 31 5 
01/10/96 720 25 <10 <0.01 

I 

MW-38 11/06/89 <5.0 <5.0 <5.0 <0.01 
LLFZ 11/20/89 <5.0 <5.0 <5.0 <0.01 

06/18/91 <5.0 
I 

<5.0 <5.0 <0.01 0 
11/29/93 <1 I <1 <1 
01/16/96 <0.3 

I 
<0.2 <1.0 0.02 ; I ! I 

OGC-003762 



I 

I 
' 

I 

I 
I 
I 
I 
I 
I 
I 

WeliiO 

MW-39 
LLFZ 

MW-40 
LLFZ 

MW-41 
ULFZ 

MW-42 
ULFZ 

MW-43 
LLFZ 

OGC-003763 

I 
I 

I 

I 

I 

I 
I 

I 
I 

I 

Sample Date I 

11/06/89 
11/20/89 
06/18/91 
12/06/93 
01/17/96 

11/07/89 
11/21/89 
06/19/91 
12/02/93 
01/12/96 

11/07/89 
11/20/89 
06/19/91 
09/21/92 
07/27/93 

' ' 12!07!93 
10/25/94 
01/11/96 

I .f-

01 /12i93 
04'14.'03 
07/28/93 
10/05/93 
11/29/93 
01/18/94 
04/05/94 
07/19/94 
02/07/95 
04/19/95 
08/01/95 
10/10/95 
01/10/96 

01/12/93 
04/14/93 
07/28/93 
10/05/93 
11/29/93 
01/18/94 
04/05/94 
07/19/94 
02/07/95 

4 0/0-0 /L,~'o 
08/01/95 
10/10/95 
01/10/96 

' I 

I 

! 

I 
I 
I 
I 

I 
I 
' I 
I 

: 

I 

I 
I 
I 
I 

TCE 

ug/L 

<5.0 
<5.0 
<5.0 
<1 

<0.3 

<5.0 
<5.0 
<5.0 
<1 

<0.3 

1100 
960 
620 
510 
370 
350 
420 
290 

680 
320 
620 
600 
620 
570 
490 
530 
340 
340 
340 
350 
470 

200 
130 
850 
160 
150 
150 
120 
160 
79 
98 
100 
110 
95 

I 

I 

I 
! 

1 ,1-0CE 

ug/L 

<5.0 
<5.0 
<5.0 
<1 

<0.2 

<5.0 
<5.0 
<5.0 
<1 

<0.2 

150 
110 
70 
59 
59 
46 
58 
15 

100 
100 
79 
93 
100 
97 
79 
97 
84 
71 
80 
56 
55 

41 
38 
150 
31 
32 
38 
25 
46 
28 
32 
27 
25 
23 

I 

I 
I 
I 

i 

I 
I 
I 

I 
I 
I 

I 
I 

I 
I 

I 
I 
i 
I 
I 
I 
I 

1,1, 1-TCA 

ug/L 

<5.0 
<5.0 
<5.0 
<1 

<1.0 

<5.0 
<5.0 
<5.0 
<1 

<1.0 

310 
290 
190 
130 
95 
80 
68 
20 

100 
a-:J 

80 
84 
91 
84 
77 
76 
60 
49 
52 
43 
57 

61 
54 
200 
41 
48 
49 
31 
39 
23 
4 2. 

26 
28 
29 

' ' I 
I 
I 

! 
: 
I 
: 

i 
i 
I 

I 
: 
i 
i 

Cr Total 

mg/L 

<0.01 
<0.01 
0.020 

0.13 

<0.01 
<0.01 

<0.010 

<0.01 

0.02 
0.02 

0.016 
<0.01 0 
<0.010 

<0.01 0 
<0.01 

<0.01 

<0.01 

I Cr +6 

I mg/L ! 

I 
I 
I 

I 

I 
I 

I 

I 
' I 
I 
' 
I 
i 
I 
! 

I I 

<0.02 

: I i 

I 

I i 
I 
I 

/. 

I 
I 
I 

! 

I 
I 
I 
I 

I 
I I 

I 
I 



I 

I 
I 

I 
i 

Well 10 Sample Date j 

MW-44 
ULFZ 

MW-45 
ULFZ 

MW-46 
ULFZ 

MW-47 
UFZ 

MW-48 
UFZ 

I 

OGC-003764 

01/04/90 
01/16/90 
06/14/91 
07/27/93 
12/07/93 
01/10/96 

01/04/90 
01/17/90 
06/14/91 
11/30/93 
01/09/96 

01/14/93 
04/13/93 
07/28/93 
10/05/93 
~ 2/01/93 
03/14/94 
04/05/94 
07/19/94 
02/07/95 
04/18/95 
08/01/95 
10/10/95 
01/09/96 

01/03/90 
01/16/90 
06/11/91 
12/01/93 
01/09/96 

01/13/93 
04/12/93 
07/28/93 
10/04/93 
12/01/93 
01/17/94 
04/04/94 
07/18/94 
02/06/95 
04/17/95 
07/31/95 
10/09/95 
01/08/96 

I 

I 

I 
I 

I 
I 
I 

I 

I 

I 

I 
I 
I 
I 
I 

I 
I 
I 
I 

TCE 

ug/L 

<5.0 
<5.0 
<5.0 
<1 
<1 

<0.3 

1400 
1400 
770 
160 
59 

1200 
1200 
1400 
2100 
1800 
2500 
2700 
3200 
2600 
2400 
3000 
3300 
3200 

310 
330 
120 
93 
36 

360 
310 
330 
420 
350 
350 
340 
370 
253 
300 
250 
270 
350 

I 
I 
I 
I 
I 

I 

1 '1-DCE I 1 '1 '1-TCA I 
ug/L I ug/L 1 

<5.0 
<5.0 
<5.0 
<1 
<1 

<0.2 

<100 
<50 
<50 
<10 
<4.0 

22 
7 

44 
73 

<100 
60 
120 
230 
120 
190 
130 
230 
220 

<25 
<12 
<6.0 

3 
0.7 

7 
8 
12 
12 
12 
10 
12 
16 
13 
11 
10 
8 

7.0 

I 
I 

I 

<5.0 
<5.0 
<5.0 
<1 
<1 

<1.0 

<100 
<50 
<50 
<10 
<20 

75 
17 
76 
68 

<100 
110 
69 

<100 
65 
80 
76 
88 
96 

<25 
<12 
<6.0 
<1 

<1.0 

1 
<1 
<5 
2 

<10 
<10 
<10 
<10 
1 J 
<5 
<5 
<2 

<1.0 

I 
I 
I 
I 

i 
( 

l 
I 

Cr Total Cr +6 I 
mg/L mg/L i 

: 

<0.01 i ; 
i 

<0.01 
<0.010 
<0.010 

<0.01 

i i 
I 

0.53 I 
! 

0.57 ! 

0.16 
i 
' 
I 

l 
0.03 

I 

., 

I 
i 
I 
I 

: 

I 

0.19 i 

0 

0.25 
0.27 
0.14 

0.05 

: 

0.13 



WeiiiD Sample Date 1 TCE 1,1-DCE 1,1,1-TCA I Cr Total Cr +6 

I ug/L ug/L ug/L mg/L mg/L ' J .. 

' .; 
MW-49 01/25/90 12 <5.0 <5.0 <0.01 
3rdFZ 01/31/90 6.9 <5.0 <5.0 <0.010 

06/20/91 <5.0 <5.0 <5.0 <0.010 
12/07/93 <1 <1 <1 
01/12/96 <0.3 <0.2 <1.0 <0.01 

MW-51 01/14/93 <1 <1 <1 
UFZ 04/13/93 <1 <1 <1 

07/28/93 <1 <1 <1 
10/05/93 1 <1 <1 
11/29/93 2 <1 <1 
03/14/94 <1 <1 <1 
04/05/94 0.6 J <1 <1 
07/19/94 <1 <1 <1 
02/07/95 <5 <5 <5 
04/18/95 1 J <5 <5 
08/01/95 <5 <5 <5 
10/10/95 <1 <1 <1 
01/11/96 <0.3 <0.2 <1.0 <0.01 

06'05'00 <1 MW52 i - I /v l i I 
I UFZ 

I 
06/07/90 <1 I I 
06/13/91 <5 <5 <5 <0.01 0 

i 
I ! i 
! 

I 
12/01/93 <1 : <1 <1 i 

I 
I 

10/25/94 <5 i <5 <5 0.010 I 
I 

01/09/96 <0.3 ! <0.2 <1.0 0.01 i 1 

' I I i 

MW-53 01/14/93 21 I <1 <1 
I I UFZ 04/13/93 23 <1 <1 I 

07/26/93 33 <1 <1 0.109 I I 

I 
I 

10/04/93 30 <1 <1 I I I 
12/02/93 32 <1 <1 I 
01/17/94 38 <1 <1 I I I 

I 
I i 04/04/94 34 0.6 J <1 i 

07/18/94 43 <2 <2 I 

10/25/94 40 <5 <5 0.087 
Bid. Dup. 10/25/94 38 <5 <5 0.086 

02/06/95 21 <5 <5 I 04/17/95 41 <5 <5 I 
I I 07/31/95 42 <5 <5 I 
f I 

I 10/09/95 48 1 <1 I i 
! 01/09/96 100 1 . 1 <1.0 0.06 i I 

OGC-003765 



I 
WeliiD I 

I 
I 

I 
MW-55 I 

I 

LLFZ I 
i 

I I 
I 

I 
I 
I 

I I 
I 

I 

MW-56 
ULFZ 

MW-57 I UFZ 

MW-58 
UFZ 

I 
I 

I 

I 
I 
I 
i 

I 
i 
I 

OGC-003766 

Sample Date 

01/13/93 
04/12/93 
07/26/93 
10/04/93 
12/01/93 
01/17/94 
04/04/94 
07/18/94 
10/24/94 
02/06/95 
04/17/95 
07/31/95 
10/09/95 
01/08/96 

01/13/93 
04/12/93 
07/26/93 
10/04/93 
11/30/93 
01/17/94 
04/04/94 
07/18/94 
10/24/94 
02/06/95 
04/17/95 
07/31/95 
10/09/95 
01/08/96 

08/31/90 
06/13/91 
12/01/93 
10/24/94 
07/31/95 
10/10/95 
01/10/96 

01/14/93 
04/13/93 
07/26/93 
10/04/93 
12/02/93 
01/17/94 
04/04/94 
07/18/94 
02/06/95 
04/17/95 
07/31/95 

01091 5 1 ' ,9 
01/08/96 

TCE 

ug/L 

I 190 I 
110 I 

I 
240 I 
310 
380 
370 
390 
550 
580 
580 
640 
680 
130 
940 

370 
230 
320 
430 
410 
430 
370 
370 
420 
340 
370 
360 
350 
430 

I <1 
<5.0 
<1 
<5 
<5 
<1 

<0.3 

48 
43 
62 

I 
64 

i 74 
I 

I 
85 
93 

I 110 I 

I 
i 100 
I 

! 120 
I 130 
I, 140 

270 

1,1-DCE 11,1,1-TCA Cr Total 
I 

Cr +6 I 

I 
ug/L 1 ug/L mg/L I mg/L I 

I I 

i I 
I 

<1 <1 I : I I 

<1 <1 I i 
<1 <1 0.129 ! 

2 <1 I 

<10 <10 I 
I 

I 

I 
I 

<10 <10 I 

l 
! 

<10 <10 I 

! 

<20 <20 I 

5 <5 I 0.422 0.50 I 
6 <5 
8 <5 
8 <5 

<10 <I 
I 

I 8.4 <1.0 I 1.04 

4 <1 
! 
! 

<2 <2 I 

I 

9 <1 0.421 i 
: 

7 <1 : 
i <10 <10 i 

<10 <10 
8J <10 I 

10 <10 i 

9 <5 0.391 
8J <25 
13 <5 
11 <5 
9 <4 
11 <1.0 0.26 I ! 

I i 
<5.0 <5.0 0.044 
<1 <1 
<5 <5 0.020 <0.02 
<5 <5 
<1 <1 

<0.2 <1.0 0.02 

<1 <1 
<1 <1 
<1 <1 0.165 
<1 <1 
2 <1 
2 <1 
3 <1 
4 1 

4J <5 
4J <5 
4J <5 
4 <4 i 

3.4 <1.0 0.15 



WeiiiD 

I 

I MW-59 I 
I ULFZ 

I 

I 
I 

MW-60 
ULFZ 

i 
I 

I 
MW-61 I 

UFZ ! 

MW-62 I 
UFZ 

I 

i 

I 

OGC-003767 

Sample Date j 

09/21/90 
10/04/90 
10/15/91 
06/14/91 
12/07/93 
01/12/96 

01/14/93 
04/12/93 
07/27/93 
10/05/93 
11/30/93 
01/17/94 
04/04/94 
07/18/94 
10/24/94 
02/06/95 
04/17/95 
07/31/95 
10/09/95 
01/08/96 

07/27/93 
09/03/93 
12/02/93 
01/18/94 
07/18/94 
10/25/94 
02/09/95 
04/17/95 
07/31/95 
10/09/95 
01/08/96 

01/13/93 
04/12/93 
07/26/93 
10/04/93 
12/06/93 
01/17/94 
04/04/94 
07/19/94 
02/09/95 
04/17/95 

; 1 /0 0810 .~5 
10/09/95 
01/09/96 

I 

: 

I 
I 
I 

I 
! 

I 
I 

I 

I 
I 
I 
I 

I 
I 
I 
I 

! 
I 

j 

I 
I 
i 
I 

TCE 

ug/L 

<1 
<5 
<5 
<5 
<1 

<0.3 

1 
<1 
4 
2 
7 
3 
6 
9 
24 
16 
44 
66 
100 
170 

490 
500 
610 
530 
800 
870 
960 
1400 
1700 
2000 
1900 

2 
2 
3 
3 
3 
2 
2 
3 

2J 
2J 
3J 
2 

1.8 

I 

I 
I 
I 
I 
I 

I 

I 
I 
I 

I 
l 
I 

i 
I 

j 

I 
f 
I 
I 
I 
I 
I 

I 
I 

I 

1,1-0CE I 1,1,1-TCA 

ug/L I ug/L 

<5 
<5 
<5 
<1 

<0.2 

<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
<5 
<5 
<5 
3J 
4 

4.8 

15 
20 
24 
18 
36 
32 
52 
55 
70 
54 
34 

6 
6 
18 
9 
8 
8 
8 
15 
10 
8 
9 
7 

7.0 

I 

i 
I 
I 

i 
I 
I 
I 
I 

I 
! 
I 
I 

I 
I 
i 
I 
I 

l 
I 

I 

I 
I 
I 
I 

I 
! 
I 
i 
i 
I 

<5 
<5 
<5 
<1 

<1.0 

<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
<5 
<5 
<5 
<5 
<1 

<1.0 

7 
6 

<20 
<10 
<25 

8 
I 1 
13 
17 
20 
13 

9 
9 
14 
10 
10 
9 
10 
13 
9 
8 
8 
7 

7.2 

Cr Total 

! 

Cr +6 

mg/L mg/L 

<0.01 0 
i <0.010 I 

i 

<0.010 
I 

<0.01 I 
I 

! I 
I 
! 
I 

<0.010 i 
i 
I 
I 

<0.01 0 <0.02 I 
i I 

I 

: 
I 

<0.01 
I 

i ! 
I <0.01 0 I 

I 
I 
i 
I 
I 

I 
<0.01 0 

I 

<0.02 

I 

I 0.04 
I 
I 

I 
I 

I 
<0.010 

I I 
I 
I 
I 

I 
I 

I i 

l i i 

I I 
I 

! I 
I 

<0.01 



WeiiiD Sample Date I TCE 1 ,1-DCE 1,1, 1-TCA i Cr Total Cr +6 

i ug/L ug/L ug/L I mg/L mg/L 

MW-63 10/04/90 I <5 <5 <5 
I 

<0.010 ! 
UFZ 10/15/90 I <5 <5 <5 <0.010 

06/14/91 
I 

<5 <5 <5 <0.010 I 
11/30/93 

I 
<1 <1 <1 

01/12/96 <0.3 <0.2 <1.0 <0.01 

MW-64 10/08/90 
I 
I 

<5 <5 <5 <0.010 
ULFZ 10/15/90 <5 <5 <5 <0.010 

06/14/91 <5 <5 <5 <0.010 
11/30/93 <1 <1 <1 
10/24/94 10 <5 <5 <0.010 <0.02 
02/06/95 11 <5 <5 
04/18/95 18 <5 <5 
07/31/95 17 <5 <5 
10/09/95 8 <1 <1 
01/10/96 15 0.6 <1.0 <0.01 

J= Estimated value, analyte concentration below detection lim1t. 
Blanks indicate that the parameter was not analyzed. 

OGC-003768 



Date: 2-26-96 
To: ~ .. ,,A.ppel 

PJ·Chandl er t 
R. Mico 
G. Richardson 

WeiiiD Sample Date 
Row Zone 

MW-32 02/16/89 
LLFZ 03/16/89 

04/08/91 
06/20/91 
10/04/91 
11/06/91 
12/12/91 
01/29/92 
04/22/92 
07/22/92 
09/21/92 
01/12/93 
04/14/93 
07/27'93 
10/06,93 
12/07/93 
01/18/94 
04/05/94 
07/19/94 
10/25/94 
02/07/95 
04/18/95 
08/01/95 
10/10/95 
01/11/96 

MW-35 08/15/89 
UFZ 08/28/89 

06/14/91 
10/04/91 
01/08/92 
04/02/92 
07/21/92 
09/24/92 
01/14/93 
04/14/93 
07/28/93 
10/05/93 
12/02/93 
01/18/94 
04/05/94 
07/19/94 
10/26/94 
02/07/95 
04/18/95 
3rd Q 95 
4th Q 95 
01/11/96 

OGC-003769 

SPARTON TECHNOLOGY, INC. 

TCE 

ug/L 

4800 
3400 
4900 

57 
5100 
2400 
2400 
5100 
6000 
7500 
2600 
830 
1500 
4400 
780 
490 
580 
1700 
400 
1700 
2000 
1600 
4200 
2800 
760 

<5.0 
<5.0 
<5.0 
<5.0 
<5.0 
<5.0 
<5.0 
<5.0 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
<1 
<5 
<5 
<5 

Re: SGMP Data 
From: J. Wakefield 

Rle: MWSGMPN.WQ1 
Page: 1 of 8 

1,1-DCE 1,1,1-TCA 

ug/L ug/L 

<500 <500 
340 300 
720 
7.2 <5.0 
540 <420 
350 <250 
380 200 
850 440 
1100 510 
870 540 
550 260 
130 74 
470 200 
1000 380 
140 71 
80 40 
98 45 
250 110 
58 62 

310 88 
430 99 
320 82 
810 170 
420 120 
110 36 

<5.0 <5.0 
<5.0 <5.0 
<5.0 <5.0 
<5.0 <5.0 
<5.0 <5.0 
<5.0 <5.0 
<5.0 <5.0 
<5.0 <5.0 
<1 <1 
<1 <1 
<1 <1 
<1 <1 
<1 <1 
<1 <1 
<1 <1 
<1 <1 
<5 <5 
<5 <5 
<5 <5 

Not Sampled MW-57 Substituted. 
Not Sampled MW-57 Substituted. 

I <0.3 I <0.2 1 <1.0 

Cr Total 

mg/L 

0.02 
0.03 

<0.010 

<0.010 

<0.010 

<0.010 

<0.01 

0.25 
0.02 

0.02 
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Well 10 Sample Date TCE 1,1-DCE 1,1,1-TCA Cr Total 

Row Zone ug/L ug/L ug/L mg/L 

MW-36 08/15/89 7.9 <5.0 <5.0 0.26 
UFZ 08/28/89 11 <5.0 <5.0 0.07 

04/17/91 22 <5.0 <5.0 
06/14/91 22 <5.0 <5.0 <0.010 
10/02/91 19 <5.0 <5.0 
01/08/92 15 <5.0 <5.0 
04/02/92 14 <5.0 <5.0 
07/21/92 10 <5.0 <5.0 
09/22/92 8.3 <5.0 <5.0 
01/14/93 7 <1 <1 
04/13/93 4 <1 <1 
07/27/93 25 5 2 0.052 
10/05/93 3 <1 <1 
12/07/93 3 <1 <1 
01/17/94 3 <1 <1 
04/04/94 2 <1 <1 
07/18/94 3 <1 <1 
10/26/94 2J <5 <5 
02/07/95 3J <5 <5 
04/18/95 3J <5 <5 
08/01/95 2J <5 <5 
10/10/95 2 <1 <1 
01/10/96 1.9 <0.2 <1.0 0.03 

MW-37 08/15/89 1100 <50 <50 0.23 
UFZ 08/28/89 1800 67 <50 0.05 

04/17/91 710 <50 
06/14/91 2000 <120 <120 <0.010 
10/04/91 1400 <85 <85 
01/08/92 1200 52 <50 
04/02/92 960 <85 <85 
07/21/92 800 37 <25 
09/24/92 810 38 <33 
01/14/93 510 19 4 
04/13/93 340 18 4 
07/28/93 800 28 8 0.052 
10/04/93 600 <10 <10 
11/30/93 980 46 <20 
01/18/94 860 38 <10 
04/05/94 850 37 <25 
07/19/94 I 370 9 3 
10/26/94 

I 
940 40J <50 

02/07/95 770 40 5 
04/18/95 750 42 6 
08/01/95 750 37 6 
10/10/95 750 31 5 
01/10/96 720 25 <10 <0.01 

OGC-003770 
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Well 10 Sample Date TCE 1,1-DCE 1,1,1-TCA Cr Total 

Row Zone ug/L ug/L ug/L mg/L 

MW-42 12/12/89 1100 140 200 <0.01 
ULFZ 12/21/89 1200 130 200 <0.01 

04/04/91 880 130 
06/14/91 1000 160 220 <0.010 
10/04/91 930 120 170 
01/29/92 740 120 130 
04/22/92 690 120 120 
07/21/92 640 100 110 
09/24/92 600 95 110 
01/12/93 680 100 100 
04/14/93 320 100 85 
07/28/93 620 79 80 
10/05/93 600 93 84 
11/29/93 620 100 91 
01/18/94 570 97 84 
04/05/94 490 79 77 
07/19/94 530 97 76 
10/27/94 510 81 70 
02/07/95 340 84 60 
04/19/95 340 71 49 

I 
08/01/95 340 80 52 
10/10/95 350 56 43 

I 01/10/96 470 55 57 <0.01 

MW-43 12/12/89 270 55 100 <0.01 
LLFZ 12/12/89 160 46 86 <0.01 

04/04/91 300 58 
06/20/91 280 59 79 <0.010 
10/04/91 440 93 120 
01/29/92 260 68 88 
04/22/92 340 58 69 
07/21/92 200 37 59 
09/24/92 180 41 46 
01/12/93 200 41 61 
04/14/93 130 38 54 
07/28/93 850 150 200 
10/05/93 160 31 41 
11/29/93 150 32 48 
01/18/94 150 38 49 
04/05/94 120 25 31 
07/19/94 160 46 39 
10/27/94 110 30 34 
02/07/95 79 28 23 
04/19/95 98 32 24 
08/01/95 100 27 26 
10/10/95 110 25 28 
01/10/96 95 23 29 <0.01 

OGC-003771 
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WeiiiD I Sample Date TCE 1,1-DCE 1,1,1-TCA Cr Total 'Ill 

Row Zone ! ug/L ug/L ug/L mg/L 
,, 

MW-46 01/04/90 4200 <250 <250 0.11 
ULFZ 01/17/90 2300 <100 100 0.17 

09/04/90 4800 
04/05/91 1200 <120 <120 
06/13/91 1300 <50 86 0.34 
10/02/91 5200 <250 <250 
11/06/91 2600 90 80 
01/08/92 2300 <100 <100 
04/02/92 1300 <160 <160 
07/21/92 960 41 77 
09/24/92 4200 170 <170 
01/14/93 1200 22 75 
04/13/93 1200 7 17 
07/28/93 1400 44 76 
10/05/93 2100 73 68 
12/01/93 1800 <100 <100 
03/14/94 2500 60 110 
04/05/94 2700 120 69 
07/19/94 3200 230 <100 
10/26/94 2100 110 70 J 
02/07/95 2600 120 65 
04/18/95 2400 190 80 
08/01/95 3000 130 76 
10/10/95 3300 230 88 
01/09/96 3200 220 96 0.18 ) 

MW-48 01/03/90 820 <50 <50 0.14 
UFZ 01/16/90 170 <5.0 <5.0 0.16 

06/19/90 820 
08/20/90 1100 <50 <50 0.32 
09/04/90 930 <50 <50 0.26 
04/03/91 400 <25 
06/11/91 410 <25 <25 0.27 
10/02/91 220 <25 <25 
01/08/92 280 <10 <10 
04i01/92 290 <25 <25 
07/20/92 340 <12 <12 
09/22/92 240 <20 

I 
<20 0.59 

01/!3/93 360 7 1 
04/12/93 310 8 . I <1 
07/28/93 330 12 <5 
10/04/93 420 12 2 
12/01/93 350 12 <10 
01/17/94 350 10 <10 
04/04/94 340 12 <10 
07/18/94 370 16 <10 
10/26/94 300 10 <10 
02/06/95 253 13 1 J 
04/17/95 300 11 <5 
07/31/95 250 10 <5 
10/09/95 270 8 <2 
01/08/96 350 7.0 <1.0 0.13 

OGC-003772 
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WeiiiD Sample Date TCE 1,1-DCE 1,1,1-TCA Cr Total 
Row Zone ug/L ug/L ug/L mg/L 

MW-51 04/25/90 8.5 <5.0 <5.0 <0.010 
UFZ 04/26/90 6.2 

05/07/90 6.7 <5.0 <5.0 0.062 
04/03/91 5.0 <5.0 <5.0 
06/14/91 5.0 <5.0 <5.0 <0.010 
10/02/91 <5.0 <5.0 <5.0 
01/09/92 11 <5.0 <5.0 
04/22/92 <5.0 <5.0 <5.0 
07/21/92 <5.0 <5.0 <5.0 
09/24/92 <5.0 <5.0 <5.0 
01/14/93 <1 <1 <1 
04/13/93 <1 <1 <1 
07/28/93 <1 <1 <1 
10/05/93 1 <1 <1 
11/29/93 2 <1 <1 
03/14/94 <1 <1 <1 
04/05/94 0.6 J <1 <1 
07/19/94 <1 <1 <1 
10/26/94 <5 <5 <5 
02/07/95 <5 <5 <5 
04/18/95 1 J <5 <5 
08/01/95 <5 <5 <5 
10/10/95 <1 <1 <1 
01/11/96 <0.3 <0.2 <1.0 <0.01 

MW-53 06/20/90 <1 
UFZ 04/04/91 <5.0 <5.0 

06/11/91 <5.0 <5.0 <5.0 0.019 
10/01/91 <5.0 <5.0 <5.0 
01/07/92 6.8 <5.0 <5.0 
04/01/92 9.8 <5.0 <5.0 
07/21/92 14 <5.0 <5.0 
09/22/92 16 <5.0 <5.0 
01/14/93 21 <1 <1 
04/13/93 23 <1 <1 
07/26/93 33 <1 <1 0.109 
10/04/93 30 <1 <1 
12/02/93 32 <1 <1 
01/17/94 38 <1 <1 
04/04/94 34 0.6 J <1 
07/18/94 43 <2 <2 
10/25/94 40 <5 <5 0.087 

Bid. Oup. 10/25/94 38 <5 <5 
02/06/95 21 <5 <5 
04/17/95 41 <5 <5 
07/31/95 42 <5 <5 
10/09/95 48 1 <1 
01/09/96 100 1.1 <1.0 I 0.06 

OGC-003773 
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WeiiiD Sample Date TCE 1,1-DCE 1,1,1-TCA 

I 
Cr Total 

Row Zone ug/L ug/L ug/L mg/L 

MW-55 08/20/90 13 <5.0 <5.0 <0.010 
LLFZ 09/04/90 12 <5.0 <5.0 <0.010 

04/16/91 31 <5.0 
06/10/91 45 <5.0 <5.0 <0.010 
10/01/91 74 <5.0 <5.0 
01/07/92 96 <5.0 <5.0 
04/01/92 120 <10 <10 
07/20/92 130 <5.0 <5.0 
09/22/92 120 <8.5 <8.5 
01/13/93 190 <1 <1 
04/12/93 110 <1 <1 
07/26/93 240 <1 <1 0.129 
10/04/93 310 2 <1 . 
12/01/93 380 <10 <10 
01/17/94 370 <10 <10 
04/04/94 390 <10 <10 
07/18/94 550 <20 <20 
10/24/94 580 5 <5 0.422 
02/06/95 580 6 <5 
04/17/95 640 8 <5 
07/31/95 680 8 <5 
10/09/95 130 <10 <1 
01/08/96 940 8.4 <1.0 1.04 

MW-56 08/20/90 50 <5.0 <5.0 0.028 
ULFZ 09/04/90 98 <5.0 <5.0 0.049 

04/16/91 160 <10 
06/10/91 200 <10 <10 0.18 
10/01/91 210 <5.0 <5.0 
01/07/92 260 <10 <10 
04/01/92 290 <25 <25 
07/20/92 290 <12 <12 
09/22/92 240 <20 <20 0.34 
01/13/93 370 4 <1 
04/12/93 230 <2 <2 
07/26/93 320 9 <1 0.421 
10/04/93 430 7 <1 
11/30/93 410 <10 <10 
01/17/94 430 <10 <10 
04/04/94 370 8J <10 
07/18/94 370 10 <10 
10/24/94 420 9 <5 0.391 
02/06/95 340 8J <25 
04/17/95 370 13 <5 
07/31/95 360 11 <5 
10/09/95 350 9 <4 
01/08/96 430 11 <1.0 0.26 

OGC-003774 
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vvell 1 u ;:,ample uate I r__;t: 1, 1-UCt: 1 '1 I 1 -I c...;A c...;r 1 ora1 
Flow Zone ug/L ug/L ug/L mg/L 

MW-57 08/31/90 <1 
UFZ 06/13/91 <5.0 <5.0 <5.0 0.044 

12/01/93 <1 <1 <1 
10/24/94 <5 <5 <5 0.020 
07/31/95 <5 <5 <5 
10/10/95 <1 <1 <1 
01/10/96 <0.3 <0.2 <1.0 0.02 

MW-58 10/05/90 22 <5.0 <5.0 <0.010 
UFZ 10/15/90 22 <5.0 <5.0 <0.010 

04/03/91 34 <5.0 
06/11/91 29 <5.0 <5.0 0.017 
10/01/91 31 <5.0 <5.0 
01/08/92 34 <5.0 <5.0 
04/01/92 37 <5.0 <5.0 
07/20/92 37 <5.0 <5.0 
09/24/92 39 <5.0 <5.0 
01/14/93 48 <1 <1 
04/13/93 43 <1 <1 
07/26/93 62 <1 <1 0.165 
10/04/93 64 <1 <1 
12/02/93 74 2 <1 
01/17/94 85 2 <1 
04/04/94 93 3 <1 
07/18/94 110 4 1 
10/26/94 97 3J <5 
02/06/95 100 4J <5 
04/17/95 120 4J <5 
07/31/95 130 4J 

I 
<5 

10/09/95 140 4 <4 
01/08/96 270 3.4 <1.0 0.15 

MW-60 10/04/90 <5.0 <5.0 <5.0 <0.010 
ULFZ 10/15/90 <5.0 <5.0 <5.0 <0.010 

04/05/91 <5.0 <5.0 
06/10/91 <5.0 <5.0 <5.0 <0.010 
10/01/91 <5.0 <5.0 <5.0 
01/08/92 <5.0 <5.0 <5.0 
04/01/92 <5.0 <5.0 <5.0 
07/20/92 <5.0 <5.0 <5.0 
09/24/92 <5.0 <5.0 <5.0 
01/14/93 1 <1 <1 
04/12/93 <1 <1 <1 
07/27/93 4 <1 <1 <0.010 
10/05/93 2 <1 <1 
11/30/93 7 <1 <1 
01/17/94 3 <1 <1 
04/04/94 6 <1 <1 
07/18/94 9 <1 <1 
10/24/94 24 <5 <5 I <0.010 
02/06/95 16 <5 <5 
04/17/95 44 <5 <5 
07/31/95 66 3J <5 
10/09/95 100 4 <1 
01/08/96 170 4.8 <1.0 <0.01 

OGC-003775 
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WeiiiD 
Row Zone 

MW-61 
UFZ 

MW-62 
UFZ 

' 

MW-64 
ULFZ 

OGC-003776 

Sample Date TCE 1,1-DCE 1,1,1-TCA 

ug/L ug/L ug/L 

10/04/90 <5.0 <5.0 <5.0 
10/15/90 <5.0 <5.0 <5.0 
06/10/91 <5.0 <5.0 <5.0 
07/27/93 490 15 7 
09/03/93 500 20 6 
12/02/93 610 24 <20 
01/18/94 530 18 <10 
07/18/94 800 36 <25 
10/25/94 870 32 8 
02/09/95 960 52 11 
04/17/95 1400 55 13 
07/31/95 1700 70 17 
10/09/95 2000 54 20 
01/08/96 1900 34 13 

10/04/90 11 6.8 <5.0 
10/15/90 12 7.2 <5.0 
06/10/91 <5.0 9.6 12 
10/01/91 <5.0 8 10 
01/08/92 <5.0 7.3 11 
04/01/92 <5.0 7.2 10 
07/20/92 <5.0 9.5 15 
09/24/92 <5.0 8.3 11 
01/13/93 2 6 9 
04/12/93 2 6 9 
07/26/93 3 18 14 
10/04/93 3 9 10 
12/06/93 3 8 10 
01/17/94 2 8 9 
04/04/94 2 8 10 
07/19/94 3 15 13 
10/27/94 2J 8 9 
02/09/95 2J 10 9 
04/17/95 2J 8 8 
08/01/95 3J 9 8 
10/09/95 2 7 7 
01/09/96 1.8 7.0 7.2 

10/08/90 <5 <5 <5 
10/15/90 <5 <5 <5 
06/13/91 <5 <5 <5 
11/30/93 <1 <1 

I 
<1 

10/24/94 10 <5 <5 
02/06/95 11 <5 

I 

<5 
04/18/95 18 <5 <5 
07/31/95 17 <5 <5 
10/09/95 8 <1 <1 
01/10/96 15 0.6 <1.0 

J=Estimated value, analyte concentration below detection limit. 
Blanks indicate that the parameter was not analyzed. 

Cr Total 

mg/L 

<0.010 
<0.010 
<0.010 
<0.010 

<0.010 

0.04 

0.012 
<0.010 
<0.010 

<0.010 

<0.01 

<0.010 
<0.010 
<0.010 

<0.010 

<0.01 
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APPENDIX 1 

GROUNDWATER MONITORING 

c) TCE Concentration Time-History Plots for 
Well Clusters and Other Selected Wells 

Draft Final CMS - Sparton 
May 6, 1996 

OGC-003777 



I Spartan Monitoring Results 
I 

TCE Concentrations 
.. '"''~''·· Date Year Qtr.\ 0:· MW-9 MW-13 MW-14 MW-15 MW-16 MW-19 MW-20 MW-21 MW-22 MW-291 MW-30 MW-31 MW-32 MW-33 MW-34 

UFZ UFZ UFZ UFZ UFZ ULFZ LLFZ UFZ UFZ ULFZ ULFZ ULFZ LLFZ UFZ UFZ 
Oct-831 19831 4 21000 I I I I I 
Oct-84 I 1984 41 I 9600 12000 I 4400 I 37000 I I I I I I I 
Jul-851 1985 31 7300 I ! I I I I I I I I I I 

Jan-86 1986 1 10 6100 I I 
Apr-86 2 11 8300 i 
Jul-86 3 12 5000 . 20000 I 
Oct-86 4 13 5000 4900 940 I 36000 3600 17 2300 230 I 
Jan-87 I 1987 1 141 4500 5000 630 I 21000 I 2700 I 12 1700 170 I 
Apr-87 2 15 3600 1800 580 I 23000 2900 32 1400 270 
Jul-871 3 16 6400 2100 6501 250001 4600 35 2100 370 I 
Oct-871 4 17 7100 2700 480! 28000 3400 251 2000 240 I 
Jan-88 1988 1 181 5500 6200 370 I 26000 2900 10 1800 150 I I 
Apr-88 2 19 4800 5000 10 25000 5 28 1100 230 I 
Jul-88 3 20 3300 5200 380 26000 1800 19 1200 631 i 
Oct-881 4 21 I 4200 5600 250 220001 3600 15 1300 I 1201 I I 

I 

Jan-89 I 1989 1 22, 4000 3300 180 16000 3200 12 900 110 I 
Feb-89 1 22 610 1100 210 1, I 5.7 3201 120 4800 1 7500 
Mar-89 I 1 22 650 3700 210 5.4 320 120 34001 7000 
Apr-891 2 23 4400 4900 200 i 14000 I 3700 14 520 150 I 
Aug-89! 3 24 2500 3000 I 200 I 13000! 2400 20 460 120 i ·, <5 
Aug-891 3 241 I I ' <5 
Nov-89i 4 25i 2300' 22001 260, 16000 I 1500 I 51 1100: 91 I 
Nov-89i 4 251 ! I I I I i ! 

Jan-90 ' 1990 ' 1 i 26: 2800 2100 I 190 • 13000 I 880 I 17 1000 i 110 I I I 
Jan-90 1 1 261 ! I I ! I I 

Apr-90 I 2 27! 2400 1800 160 i 20000' 1000! 21 4001 1301 I I 
Apr-901 2 27; I I 

I I : I 
Jun-90! 2 27i I I I I ! I ' I 
Aug-90 I 31 28ir 2200 I 2100 I 230: 19000! 850 15 6701 1401 I I I I 
Aug-901 3 281 I I i I i 
Sep-90 I 3 28! I i i I 
Oct-901 4 29 1600! 15001 140 I 16000 I 590 10 850\ 83 I 

I 

Oct-90 I 4 291 i ! I 
Oct-901 4 291 I I I I I ! 
Jan-91 ' 1991 · 1 30! 1700 I 1700 I 1101160001 680! 28 910 I 75 I 
~-91i 2 31 I 1600 I 1400 5! 12000 I 690 5.4 400 I 92 ! 
Jun-91 i 2 31\L 1400 1100 91. 17000 i 570 12 soo I 110 <5 1801 60 57! 7300 <5 
Jul-91 3 32!1 1300 330 1400 1101, 160001. 190 I 12 440 110 I 

Oct-91, 4 3311 1000 1100 80 12000 1 170 16 880 93 5100 I 
Nov-91 4 331 24001 
Dec-91 i 4 331 I i 2400 
Jan-92 1992 1 341L 1200 1300 64 130001 130 5 680 65 51001 
Apr-921 2 35\l 1400 1400 54 120001 230 I 5 360 90 6000 
Jul-921 3 361 930 860 49 15000, 140 5 390 72 7500 

Seo-92 1. 4 37• 1000 I 1100 66r 140001 120 I 30 460 48 2600! 
Jan-93 1 1993 1 3811 690 850 52' 13000 57 3 4301 51 I 830i 
Apr-93 2 391 820 850 1.9 120001 110 31 240 I 55 1500 
Jul-93 r 3 40\l 730 720 561 110001 62 71 350 47 4400 
Oct-93 i 4 41 I 680 700 44 i 13000 I 451 23 480 41 780 
Dec-93! I 4 41 I 680 330 640 391 13000 391 61 490 41 1 47, 10 490! <1 
Jan-94 r 1994 1 42 790 I 680 361 12000: 481 1.1 I 380 50 580 
Apr-941 2 43 740 730 11000 I 81 0.21 280 62 17001 
Jul-94 ~, 3 44 750 730 52\ 11000\ 61 81 210 44 400 
Oct-94 4 45 750 700 31 I 11000 i 47 44 360 45 1700 
Oct-941 4 451 I 
Feb-95 I 1995 1 46, 850 690 i 451 87001 72 5 270 721 2000 
Apr-95r 2 47 790 1000 I 7100 I 92 0.2 160 100 1600 
Aug-95r 3 48 490 470 21 i 9100 I 39 11 2001 32 4200 
Oct-95, I 4 49 650 470 15i 74001 481 261 280 341 2800 
Jan-96 i 1996 I 1 50 570 380 2901 76001 241 1.31 220 46 0.9 19 2.7 760 2000 <0.3 

Cluster #1 = 13,29,38 Cluster #6 = 36,44 NOTES: 
Cluster #2 = 33,30,39 Cluster #7 = 37,45 1.)ND =None Detected 

File allwells.wl<4 Cluster #3 = 14,31,40,49 Cluster#8 =51 ,59 2.)J value indicates an estimation by lab 
Printed · 02/09/98 Cluster#4 = 15,41,32 Cluster #9 = 48,56,55 

~ 
11:08AM Cluster #5 = 42,43 Cluster #10 = 61,60 PIIG• 1 at 3 

B&V File: 028602.0100 

OGC-003778 



Spartan Monitoring Results 
TCE Concentrations 

,, 

Date !Year Qtr. O:·l MW-35 MW-36 MW-37 MW-38 MW-39 MW-40 MW-41 MW-42 MW-43 MW-44 MW-45 i MW-461 MW-471 MW-48 MW-4S 
UFZ UFZ UFZ LLFZ LLFZ LLFZ ULFZ ULFZ LLFZ ULFZ ULFZ ULFZ I UFZ UFZ 3rd FZ 

Oct-83 I 1983 i 41 I I ' I 
Oct-84 I 1984 I 41 I i I I I I 
Jul-851 1985 31 I I I I I 

Jan-861 1986 1 I 10 
Apr-861 2 11 I 
Jul-861 3 12 

Oct-861 4 13 I 
Jan-87 i 1987 1 14 
Apr-871 2 15 
Jul-871 3 16 

Oct-871 4 17 I 
Jan-881 1988 1 18 
Apr-88! 2 19 
Jul-881 3 20 

Oct-881 4 21 
Jan-89i 1989 1 22 I I 
Feb-891 1 22\ 
Mar-891 1 22 I 
Apr-89i 2 231 I 

I 

Aug-891 I 3 24 <5 7.9 1100 I I I 
Aug-89' I 3 24 <5 11 1800 I I I i I 
Nov-891 4 251 <5 <5 <5 1100 I 1100 2701 i I 

Nov-89i 41 25i I <5 <5 <5 i 960 1200 160 I 
Jan-90 1 1990 1 1 i 261 i I I I I I <5 1400! 4200' 310 I 820 <5 
Jan-90' 1, 261 i <5 14001 2300' 330 830 <5 
Apr-90' I 2 27' \ I 
Apr-90 I 2! 271 I i I 
Jun-90 1 21 27'1 I I I 220 820 
Aug-901 i 31 281 I I I 600 
Aug-9o·, 31 2811 I 1100 
SeP-901 31 281 I 930 
Oct-901 41 291 I 

I 

Oct-90 I 41 291 I 
Oct-901 I 41 291 I I 
Jan-91 1991 I 1 301 I I 
Apr-91 , 2 31 i I 
Jun-91; I 2! 31 i <5 22, 2000 <5 <5 <5 I 620 1000' 280 <5 770 1300 120 410 <5 
Jul-91 1 31 321 

Oct-91 41 33 11 <5 19 1400 9301 440 5200 I 220 
Nov-91! 41 331 I 26001 
Dec-91: 41. 331 I 
Jan-92 1 1992 1 34i <5 15 1200 I 740 I 260 2300 280 
A_pr-92', 21 35 <5 14 960 690 340 1300 290 
Jul-921 31 36 <5 10 800 640 200 960 340 

SeQ-92 1 4 37. <5 8.3 810 I 510 I 600 180 42001 240 
Jan-93 I 1993 1 I 38 <1 7 510 680 200 1200 360 
Apr-931 21 39 <1 4 340 320 130 1200 310 
Jul-931 3 40 <1 25 800 370 620 850 <1 1400 330 
Oct-93 i 4 41 <1 3 600 600 160 2100 420 
Oec-931 41 41 <1 3 980 <1 <1 <1 I 350 620 150 <1 160 1800 93 3501 <1 
Jan-94 ' 1994 1 421 <1 3 860 570 150 2500 350 
Apr-94' I 2 431 <1 2 850 490 120 2700 340 
Jul-941 3 44 <1 3 370 530 160 3200 370 

Oct-941 I 4 451 NO 2 940 4201 510 I 110 2100 300 
Oct-941 I 4 45 I I 
Feb-95 1 1995 1 1 46 <5 I 3 770 340 I 791 2600 253 
Apr-951 2 47 <5 3 750 340 I 98 2400 300 
Aug-951 3 481 2 750 340 1001 3000 250 
Oct-951 4 491 2 750 I 350 110 I 3300 270 
Jan-96 1 1996 1 1 5011 <0.3 1.91 720 <0.3 <0.3 <0.3 290 470 951 <0.3 59 3200 36 350 <0.3 

Fila : allwolls.wk4 

Prtntod . 02/09198 

11:08AM "-ue2of3 
B&VF;ia: 028802.0100 

OGC-003779 



I 

Spartan Monitoring Results 
TCE Concentrations 

Date I Year 1 Qtr.l Qtr.,MW-511MW-52 MW-53 MW-551MW-56 MW-57 MW-58 MW-59 MW-60 I MW-611 MW-621 MW-631 MW-64 Comments I I # I UFZ UFZ UFZ LLFZ ULFZ UFZ UFZ ULFZ , ULFZ 11 UFZ UFZ I UFZ ULFZ i 

Oct-83 , 19!13 1 41 il I I I I I I I I I I I I 

Oct-84 I 1984 I 41 I I I I I I I I I I I I 
Jul-85 1 1985 I 3 !I I i I I I I I I I I I 

Jan-861 1986 I 1 101 I i I I 

A(lr-86 I 2 11 I I I I I I 

Jul-86' I 3 12! I I I _l I 

Oct-86 I 4i 13 I I I I I I I 
Jan-87 1 1987' 1 ' 141 I I I I 
Apr-87 I 2 151 ! I 
Jul-871 I 3 161 i i 

Oct-871 I 4. 171 I I I I _I 
Jan-88 ' 1988 1 1 181 I I I 
Apr-88 I 2 191 I I 
Jul-881 3 2011 I I 

Oct-881 I 4 21 I I I I I I 
Jan-89 1 1989 1 22 I I I 
Feb-891 1 22' I I 
Mar-89! 1 22 1 I I I I 

Apr-89 '1 2 231 I I I I I 
Aug-891 3 24; I I i I I 
Aug-89' 3 24 i I I I I I 

Nov-891 4, 25· ! I ! I I I 1#42&43 actual 12-12-89 
Nov-891 4 25 I i I I I i I I 1#42&43 actual12-21-89 
Jan-90 1 1990 1 1 I 26·' I I i I 1#49- actual 01-25-90 

I 
I I i I 

Jan-90 I l 1 2611 I I ! I I I I I #49 - actual 01-31-90 
Apr-90 1 I 21 27 i 8.5 I L I I I ! I I I 

Apr-90 I ! 21 27 I 6.2! I I I I I 

Jun-90 1 I 2! 27 i 6.7. <1 I <1 I I i I I I '#51 - actual 05-0 7-90 
Aug-90: 31 28 I i I 13! 50 I i I I I I I 
Aug-90 I 31 28·! I I 9.2: 291 I I ; I I I ,I 
Sep-90 I i 31 28:1 I I 12' 981 <1 20 <1 I I I I : I 
Oct-90; I 41 291, ' I <5 <1 I <1 I <5 I <1 ! <5 I ,I 
Oct-90 I I 41 29·! i I 22 J <5 l <5 I 22 1 <5 <1 I II 

Oct-90' I 41 29 >I I I I 221 I <5 I <5 I <5 <5 I <5 I 
Jan-91 1991 I 1 I 3011 I I I I I I I I I I 
Apr-91 I 21 3111 I I I I i I I ! 
Jun-91 i 21 311. <5 'I <5 <5 45! 200 I <5 29 <5 <5 <5 I <5 ! <5 I <5 ,EPA split sample 
Jul-91 • 31 3211 I I I I I i I I li 

Oct-91 i 41 331 <5 I <5 i 74 I 210 I 31 <5 I <5 I <5 i I I 

:I 
Nov-91 1 I 41 331 I I I I I l 
Dec-91 1 I 41 33', I I I I I I I I 

Jan-92 1 1992 1 11 341 11 ' 6.81 I 96 I 260 I I 341 <5 I <5 I I I I 

Apr-92! I 21 35 i <5 I 9.8 120 290 I 37 <5 I I <5 I 1 I 
Jul-92 1 I 3! 36 <5 ! 141 130 I 290 I 37 <5 I I <5 I i I 

Sep-921 41 37 <5 I 16 120 I 240 I 39 <5 I <5 I I I I 

Jan-93 i 1993 1 1 I 38· <1 I 21 190 370 48 1 I 21 I I I 

Apr-931 21 391 <1 23 110 I 230 I 43 <1 i 21 
Jul-931 I 3\ 40 I <1 I 33 240 320 1, 62 4 490 I 31 

Oct-93 1 4 41 I 1 I 30 310 I 430 64 2 500 i 3\ #61 - actual 09-03-93 I 
Dec-93: I 41 41' 2! <1 I 32 i 380 I 410 <1 74 <1 7 610 I 31 <1 I <1 EPA SPlit sample 
Jan-94 1 1994 1 I 42 <1 38 370 430 85 i 31 530 i 21 
Apr-94 i 2 431 0.6 i 34 390 I 370 93 61 I 21 #51= J value 
Jul-94 1 31 441 <1 I 43 550 370 110 91 800' 31 

Oct-94, 4, 45: <5 I <5 40 580 420 <5 97 24 i 870 I 21 10 1#62,36- J value, EPA split sample 
Oct-941 4 45• I I 38 I I I #53 duPlicate samole 
F eb-95 1 1995 1 I 46! <5 i 21 I 580 I 340 100 I 16 I 960! 2! 11 #36 & 62 = J values I 
Apr-95, 2 47' 1 41 I 640 I 370 120 441 1400 I 21 18 #36, 51 & 62 = J values 
Aug-951 3 481 <5 ! 42! 680 360 <5 130 66 i 1700 I 31 17 #36 & 62 = J values 
Oct-95: 4, 491 <1 48_1 130 I 350 <1 140 100_L 2000 I 21 8 
Jan-96 · 1996 1 so: <0.3 <0.3 100 I 940 430 <0.3 2701 <0.3 170 I 1900 i 1.81 <0.3 15 EPA split sample 

File: . ..twell:!.wk" 

I Printed : 02109196 

tt:08AM Pl .. 3al3 

B&V F~e: 026802.0100 

OGC-003780 
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MW# 38 - ALL SAMPLES - NO DETECT (<5ug/L) 

F ilo : allwells wk4 Prinled: 02109/96 0906AM 
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BI.V Project : 02 ~ too ~ole : alwels.IM<4 Pointed: oM 09:01AM 
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F ilo : allwells. wk4 Prinled: 02109/96 09:08AM 
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Spartan Technologies, Inc. 
Soil Gas to Groundwater Comparison 

NOTES: 
1 ). Predicted soil gas concentrations obtained using gas constants from Henry's Law (HL). 

gas concentration (ppmv) = HL • water concentration (ug/1) 
HL gas constant for TCE 0.072 
HL gas constant for TCA 0.030 

2). Soil gas concentrations (ppmv) were calculated from laboratory data using the following conversion 
(Albuquerque conditions, P = 621 mm Hg; T = 20 deg. Centigrade) 

C (ppmv) = 0.224 • C (ug/1) (TCE) 
C (ppmv) = 0.221 • C (ug/1) (TCA) 

3). Onsite location indicates Monitor Well is on Spartan Property. 
4). Offsite location indicates Monitor Well is not on Spartan Property. 
5). Source location indicates Monitor Well is on Spartan Property in the vicinity of the original source. 
6). Groundwater data not available. 
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SPARTON TECHNOLOGY, INC. 

Monitor Well Vapor Sampling 

Introduction: This test procedure was initiated to collect vadose zone soil gas data immediately 
above the water table. Several UFZ wells screened across the water table were selected for the 
test, see attachment 1 for all UFZ wells elevation data. Initially 21 wells were selected for testing 
with two in reserve pending analytical results, MW-7, 13, 14, 15, 17, 21, 33, 36, 37, 47, 48, 52, 
53, 57, 58, 61, also recovery wells MW-18, 24, and 27, and wells in reserve MW-51 and 63. 
MW -16, in the source area was rejected as the water level elevation was above the top of the well 
screen. Recovery well MW-24 in the source area was substituted for MW-16. As analytical data 
became available other wells were rejected The final count was 13 wells sampled, MW-7, 13, 14, 
15, 17, 18, 21, 27, 33, 37, 48, 57 and MW-61 with 2 samples rejected as invalid, :tv!W-24 and 
MW-25, see text. 

Procedure: Calibrate PID at the start of each day. Test and/or calibrate PID between wells. 
Unlock and open well, take an initial PID reading, determine water level elevation and casing air 
volume. Pull dedicated sampling equipment and install test plug. Install approximately 3 feet of 
vinyl tubing to test plug via 118 in. brass hose barb and a Parker Quick-Connect fitting. The other 
end of the vinyl tubing was run through the pressure wall of the Xitech sampler and connected to 
the vacuum line via a brass hose barb. The rest of the purging apparatus was connected as 
illustrated on the attached drawing, see photographs also. The end of the air discharge line was 
taped to the sampling port of the PID and this was inserted and sealed with tape into a 50 gal 
plastic bag. The plastic bag was inserted into a 3 2 gal steel drum to approximately measure 
evacuated air volume. The portable vacuum pump was started and PID (ppm TCE), flowrate 
(SCFH), and vacuum (in. of Hg) readings were taken see field notes in attachment 2. When at 
least 3 casing volumes of air were purged and some semblance of stability achieved for PID 
readings the vinyl sampling tube was pinched near point 3, the sample tube was disconnected from 
the vacuum line at point 3, see illustration. The sample tube was then connected to a SKC tedlar 
bag, the crimp in the vinyl tubing was released, the tedlar valve was opened and the sample bag 
was sealed inside the Xitech Box. Xitech vacuum pump turned on and well vapor sample drawn 
into the bag When the bag was full the vacuum pump was turned off, Xitech vent valve opened 
allowing access to sample bag. The tedlar bag valve was closed, sample tube disconnected, tedlar 
bag was labeled and placed in a cooler, see photographs. All equipment was disconnected. The 
test plug and brass hose barb fittings were decontaminated via an Alconox wash and DI water 
rinse. Vinyl sample tube was disposed after each use. 

Results: See enclosed tables and data summaries. 
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SPARTDN TECHNOLOGY) II\Jt=. 

EquipMent Illustro. tion For 
Monitor well Vo.por So.r~pling 

April 

Not 

10) 1996 

to Sco.le 

Noshok Vocuu~ Gouge 
/ 0 to -30 in of Hg. 

4 

ITIJ~ 
TXitech 1 liter bo.g so~pler. 32 gol. steel dru~ to opproxi~otely 

deter~ine purge oir volu~e. 

f-- UFZ ~onitor well screened across wo ter 
toble, 2 or 4 in. PVC casing with SS screen. 

QED Model 3111 Portable Driver with gos 
powered Tho~os Ind. oil-less co~pressor/ 
vocuu~ pu~p. Two vocu~~ ports ond one 
co~pression port. 

1. Porker bross quick connect with 1/BH hose bnrb. 

2. Excelon lob grode vinyl tubing, 118" ID 114u DD. run 
thru pressure woll of Xitech So~pler. 

3. Porker bross 1/8" hose borb to 114 u hose adopter. 

4. Vncuu~ Line of Speedoire Corp. 250 psi rubber/nitrile 
hose 114" ID 112• DD by 35 ft. 

5. Steel ond bross Tee 

6. Air discharge Line of Speedoire Corp. 12 ft. by 114H ID 
retracting Nylon o.ir hose 200 psi. 



TABLE 1 
Summary of Sampling Data and TCE Gas Concentration 

Well Date Bev top WLE PID* Vacuum Rowrate TCE 
No. Sampled of scrn ppm TCE in of Hg SCFH mg/m3 

MW-7 04/10/96 4981.30 4977.82 2.2 14.2 47 0.25 
MW-13 04/10/96 4983.25 4975.26 2.3 12.9 58 14 
MW-14 04/12/96 4980.41 4972.39 2.5 11.5 45 15 

MW-15 04/11/96 4987.49 DRY 1.0 14.0 55 1.4 
MW-17 04/10/96 4982.28 4979.20 96.5 12.0 59 820 

MW-18 04/10/96 4977.58 4967.81 39.3 13.0 70 170 

MW-21 04/12/96 4983.86 4978.84 0.0 9.5 39 6.2 

MW-24 04/12/96 4980.30 4973.30 4.3 16.5 10 NS 

MW-25 04/12/96 4981.30 4975.36 2.9 9.0 7.5 NS 
MW-27 04/11/96 4978.50 4972.59 1.1 7.0 36 5.6 

MW-33 04/11/96 4981.29 4973.42 0.0 11.5 68 1.3 
MW-37 04/15/96 4976.66 4969.70 0.0 15.5 48 4.6 

MW-48 04/15/96 4976.31 4967.65 0.3 12.0 36 <0.03 

MW-57 04/15/96 4977.54 4967.12 0.3 15.0 14 <0.03 
MW-61 04/12/96 4975.98 4967.47 0.3 I 11.5 46 0.59 

*PID reading at sampling time. 
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Summary of Data During Monitor Well Gas Sampling 

Day 1 04/10/96 

MW-7 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 1 47.6 14.2 

Maximum 2.3 47.6 14.2 

Average 1.9 47.6 14.2 

Final 2.2 47.6 14.2 

MW-13 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 1.5 58 12.9 
Maximum 3 58 12.9 

Average 2.4 58 12.9 
Final 2.3 58 12.9 

MW-17 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 25 59 12 
Maximum 99.5 63 13.2 
Average 96.3 59 12 

Final 99.5 59 12 

MW-18 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 0.9 62 11 
Maximum 42.7 70 13.5 
Average 33.1 66.7 12.3 

Final 39.3 70 13 
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Day2 04/11/96 

MW-33 Readings PID Rowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 0 68 11 

Maximum 0.5 73 12.5 

Average 0.3 69.7 11.7 

Final 0 68 11.5 

MW-15 Readings PID Flow rate Vacuum 
ppm TCE SCFH Hg In 

Minimum 0.1 55 14.5 

Maximum 1.2 58 15 

Average 0.8 55.8 14.6 

Rnal 1 55 14.5 

Honda Driver Briggs & Stratton Driver 
MW-27 Readings PID Flowrate Vacuum Rowrate 

ppm TCE SCFH Hg In SCFH 

Minimum 1.5 52 12.2 36 
Maximum 7.7 62 15 40 

Average 4.0 60 14 37 

Final 6.5 62 15 36 

Comment QED portable driver failed on this well switched from Honda 
powered to a Briggs and Stratton powered driver with same 
model pump for rest of sampling. 
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Day3 04/12/96 

MW-21 Readings PID Flow rate Vacuum 
ppm TCE SCFH Hg In 

Minimum 0.0 39 9.5 
Maximum 0.0 39 9.5 
Average 0.0 39 9.5 

Final 0.0 39 9.5 

MW-14 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 0.1 38 9.5 
Maximum 3.2 45 11.5 
Average 1.9 41.6 10.6 

Final 2.5 45 11.5 

MW-24 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 1.5 10 12 
Maximum 9.9 30 16 
Average 5.0 18.3 14.3 

Final 4.3 10 16 

Comment This sample was rejected as the water was drawn above the 
top of the screen. WLE after sampling = 4980.86 vs. WLE 
prior to sampling = 4973.30 with Top Scrn = 4980.30. 

MW-61 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 0 43 10.5 
Maximum 2.4 46 11.5 
Average 0.4 45 1 1 

Final 0.3 46 11.5 
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oGC-003829 

MW-25 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 1.7 7.5 7 
Maximum 11.9 7.5 7 
Average 5.5 7.5 7 

Final 2.9 7.5 7 

Comment This sample was rejected as the water was drawn above the 
top of the screen. WLE after sampling = 4981.850.86 vs. WLE 
prior to sampling= 4975.36 with Top Scrn = 4981.30. 

Day4 04/15/96 

MW-37 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 0.0 48 14 
Maximum 0.1 48 15.5 
Average 0.0 48 14.9 

Final 0.0 48 15.5 

MW-48 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 0 26 10 
Maximum 1.2 36 15.2 
Average 0.2 35 12 

Final 0.3 36 12 

MW-57 Readings PID Flowrate Vacuum 
ppm TCE SCFH Hg In 

Minimum 0 10 12 
Maximum 1.3 14 15.1 
Average 0.3 13.0 14.2 

Final 2.3 14 15 

l~ 

t J 



Attachment 1 
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April 15, 1996 

Spartan Technology Inc. 
4901 Rockaway Blvd SE 
Rio Rancho, NM 87124-4469 

AEN I.D. 604338 

Project Name/Number: SVS-2Q96 41096-AIR 

Attention: John Wakefield 

on 04/l0/96, American Environmental Network (NM), Inc., (ADHS 
License No. AZ0015) (formerly ATI-NM), received a request to 
analyze air samples. The samples were analyzed with EPA 
methodology or equivalent methods. The results of these analyses 
and the quality control data, which follow each set of analyses, 
are enclosed. 

If you have any questions or comments, please do not hesitate to 
contact us at (505) 344-3777. 

Kimberly D. McNeill 
Project Manager 

MR:jt 

Enclosure 

OGC-003831 

~M~~~~ 
Laboratory Manager 

2709-D Pan American Freeway, NE • :\.lbuquerque, NM 87107 • (505) 344-3777 • Fa.-.; (602) 344-4413 



tA"merican Environmental iYetwork, Inc. 

CLIENT 
PROJECT # 
PROJECT NAME 

AEN # 
01 
02 
03 
04 

:SPARTON TECHNOLOGY INC. 
:41096-AIR 
: SVS-2Q96 

AEN ID: 

CLIENT DESCRIPTION 
MW-7 2.2PPM 
MW-13 2.3PPM 
MW-17 96.5PPM 
MW-18 39.3PPM 

DATE RECEIVED 

REPORT DATE 

604338 

MATRIX 
AIR 
AIR 
AIR 
AIR 

---TOTALS---

MATRIX 
AIR 

#SAMPLES 
4 

AEN STANDARD DISPOSAL PRACTICE 

: 04/10/96 

: 04/15/96 

DATE 
COLLECTED 
04/10/96 
04/10/96 
04/10/96 
04/10/96 

The samples from this project will be disposed of in thirty (30) days frc > 
the date of this report. If an extended storage period is required, please 
contact our sample control department before the scheduled disposal date. 
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cAlneric.zn En:imnmcnra! iYetwork, Inc. 

GAS CHROMATOGRAPHY RESULTS 
TEST : PURGEABLE HALOCARBONS/AROMATICS (EPA 8010/8020) 
CLIENT : SPARTON TECHNOLOGY INC. AEN I. D.: 604338 
PROJECT # 41096-AIR 
PROJECT NAME : SVS-2Q96 
SAMPLE 
ID. # CLIENT I.D. 
01 MW-7 2.2PPM 
02 MW-13 2.3PPM 
03 MW-17 96.5PPM 
PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON TETR;CHLORIDE 
CHLORCBENZE~TE 

CHLOROETF .. AJ.'E 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
1,2-DIBROMOETH&~E (EDB) 
1,2-DICHLOROBENZL~E 

1, 3-DICHLOROBE~IZENE 
1,4-DICHLOROB~~ZENE 

1,1-DICHLORCE~HANE 

1,2-DICHLOROETH&~E (EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROP&~E 

CIS-1,3-DICHLOROPROPENE 
T~~S-1,3-DICHLOROPROPENE 

ETHYLBENZENE 
METWIL-t-Bu~YL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SUR..~OGATES : 
BROMOCHLOROMETHANE (%} 
TRIFLUOROTOLUENE (%) 

DATE DATE DATE 
ANALYZED MATRIX SAMPLED EXTRACTED 

AIR 04/10/96 NA 04/11/96 
04/11/96 
04/10/96 

AIR 04/10/96 NA 
AIR 04/10/96 NA 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/l'P 
MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

01 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 

02 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 

<0.05 <0.05 
0.03 1.9 D(10) 

<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 

<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 

<0.05 0.05 
<0.05 <0.05 
<0.10 5.9 D(10) 
<0.02 <0.02 

0.25 1-4 D(10) 
<0.02 
<0.05 
<0.05 

96 
97 

<0.02 
<0.05 
<0.05 

87 
85 

D(lO)=DILUTED lOX, ANALYZED 04/10/96 
D(500)=DILuTED 500X, ANALYZED 04/12/96 
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OIL. 
FACTOR 

550 

820 

1 
1 

100 
03 

<5.0 
<2.0 
<5.0 

<10 
<2.0 
<5.0 
<5.0 
<5.0 

<10 
<2.0 
<2.0 
<5.0 
<5.0 
<5.0 
<3.0 
<S.O 

100 
<2.0 

<10 
<2.0 
<2.0 
<2.0 
<5.0 

<25 
<20 

5.3 
25 
<5.0 

D(SOO) 
<2.0 

D(SOO) 
<2.0 
<5.0 
<5.0 

87 
93 



L/fmericmz Enuiro;wzenu! i'v'r:twork, Inc. 

GAS CHROMATOGRAPHY RESULTS 
TEST PURGEABLE HALOCARBONS/AROMATICS (EPA 8010/8020) 
CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. AEN I.D.: 604338 
41096-AIR 
SVS-2Q96 

SAMPLE 
ID. # CLIENT I.D. 
04 MW-18 39.3PPM 
PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETH&'l'E 
CHLOROFORM 
CHLOROMETH&'l'E 
DIBROMOCHLOROMETHANE 
1,2-DIBROMOETHANE (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 
1,2-DICHLOROETHANE (EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETRENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

OGC-003834 

MATRIX 
AIR 

DATE 
SAMPLED 
04/10/96 

UNITS 

MG/M3 

MG/M3 

MGjM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGfM3 

MG/M3 

MGjM3 

MG/lfl 
MG/M3 

MG/M3 

MGJM3 

MG/M3 

MGJM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGJM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGjM3 

DATE DATE 
EXTRACTED ANALYZED 

NA 04/11/96 
04 

<5.0 
<2.0 
<5.0 

<10 
<2.0 
<5.0 
<5.0 
<5.0 

<10 
<2.0 
<2.0 
<5.0 
<5.0 
<5.0 
<3.0 
<5.0 
33 
<2.0 

<10 
<2.0 
<2.0 
<2.0 
<5.0 

<25 
<20 

<2.0 
<5.0 
<5.0 
33 
<2.0 

170 
<2.0 
<5.0 
<5.0 

87 
98 

OIL. 
FACTOR 

100 



l./Vneric.m Ezviromnen:.z! .\"etwork, Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 
041196 BLANK I. D. 

CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. 
41096-AIR 
SVS-2Q96 

PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFOR..'1 
CHLOROMETHANE 
DIBROMOCHLOROME~~E 

1,2-DIBROMOETHANE (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETH&~E 

1,2-DICHLOROETHANE (EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-JICHLOROETHENE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 
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UNITS 

MG/M3 

MG/M3 

MGJM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MGJM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGJM3 

MG/M3 

MG/M3 

MGJM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGJM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

AEN I. D. 
MATRIX 

: 604338 
:AIR 

DATE EXTRACTED : NA 
DATE ANALYZED : 04/11/96 
OIL. FACTOR : 1 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 
<0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0.05 

96 
98 



lA"merican Enuiromnenta! 1Vetzuork. Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 
041096 BLANK I.D. 

CLIENT 
PROJECT # 
PROJECT NAME 

SPA~:::'ON TECHNOLOGY INC. 
41096-AIR 

: SVS-2Q96 
PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETK~E 

1,2-DIBROMOETHANE (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 
1,2-DICHLOROETHANE (EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHu~E 

1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETH&~E 

VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMETFJlliE (%) 
TRIFLUOROTOLUENE (%) 
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UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/W 
MGfM3 

MG/M3 

AEN I.D. : 604338 
MATRIX :AIR 
DATE EXTRACTED : NA 
DATE ANALYZED 04/10/96 
OIL. FACTOR 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 
<0.02 
<0.02 
<0.10 
<::. 02 
<:. 02 
<C 02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0.05 

85 
96 

: 1 

) 



<.A'merican Ewiromnt:nta! LVerwork, Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 
041296 BLANK I. D. 

CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. 
41096-AIR 
SVS-2Q96 

PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMO METHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
1,2-DIBROMOETHANE (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 
1,2-DICHLOROETa~E (EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROP.~E 

CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYL&~E CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETa~E 

1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROG.;l.TES: 
BROMOCHLOROMETK~~E (%) 
TRIFLUOROTOLUENE (%) 

OGC-003837 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

AEN I.D. 
MATRIX 

: 604338 
:AIR 

DATE EXTRACTED : NA 
DATE ANALYZED 04/12/96 
OIL. FACTOR : 1 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 
<0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0.05 

89 
94 



t.A"meric.zn Environmcnttd LVctzuork, Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 
040996 BLANK I.D. 

CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. 
41096-AIR 
SVS-2Q96 

PARAMETER 
BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMO METHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLORO ETH.A.'l'E 
CHLOROFOR.'1 
CHLOROMETHANE 
DIBROMOCHLOROMETH&'l'E 
1,2-DIBROMOETHANE (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 
1,2-DICHLOROET~~E (EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-Bu~YL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

OGC-003838 

UNITS 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MGjW 
MG/W 
MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MGjM3 

MG/M3 

MG/M3 

AEN I.D. : 604338 
MATRIX :AIR 
DATE EXTRACTED : NA 
DATE ANALYZED 04/09/96 
OIL. FACTOR : 1 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 
<0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0.05 

94 
97 

) 



l/fmeriazn Environmental iVetwork, Inc. 

GAS CHROMATOGRAPHY - QUALITY CONTROL 

MSMSD 

TEST : PURGEABLE HALOCARBONS/AROMATICS (EPA 8010/8020} 
MSMSD # 040996 AEN I.D. : 604338 
CLIENT SPARTON TECHNOLOGY INC. DATE EXTRACTED : NA 

PROJECT # 41096-AIR DATE ANALYZED : 04/09/96 

PROJECT NAME SVS-2Q96 SAMPLE MATRIX :AIR 

REF. I.D. 040996 UNITS : MGJM3 

SAMPLE CONC SPIKED % DUP DUP 
PARAMETER RESULT SPIKE SAMPLE REC SPIKE % REC RPD 
BENZENE <0.05 1.00 1.05 105 0.94 94 11 

CHLOROBENZ&'iE <0.05 1.00 1.04 104 1.05 105 1 

1,1-DICHLOROETHENE <0.02 1.00 0.75 75 0.77 77 3 

TOLUENE <0.05 1. 00 1. 04 104 0.96 96 8 

TRICHLOROETHENE <0.03 1.00 1.00 100 1.04 104 4 
~ 

(Spike Sample Result - Sample Result) 
% Recovery = ------------------------------------- X 100 

Spike Concentration 

(Sample Result - Duplicate Result) 
~ RPD (Relative Percent Difference) = ---------------------------------- X 100 

Average Result 

OGC-003839 
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April 15, 1996 

Spartan Technology Inc. 
4901 Rockaway Blvd SE 
Albuquerque, NM 87124-4469 

AEN I.D. 604346 

Project NamejNumber: SVS-2Q96 041196-SV 

Attention: John Wakefield 

On 04/~~/96, American Environmental Network (NM), Inc., (ADHS 
License No. AZ0015) (formerly ATI-NM), received a request to 
analyze air samples. The samples were analyzed with EPA 
methodology or equivalent methods. The results of these analyses 
and the quality control data, which follow each set of analyses, 
are enclosed. 

If you have any questions or comments, please do not hesitate to 
contact us at (505) 344-3777. 

Kimberly D. McNeill 
Project Manager 

MR:jt 

Enclosure 

OGC-003841 

~~~~~D. 
Laboratory Manager 

2709-D Pan American Freeway, NE • Albuquerque. NM 87107 • (505) 344-3777 • Fax (602) 344-4413 



l./fmericmz Environment.:zl Network, Inc. 

CLIENT 
PROJECT # 
PROJECT NAME 

AEN# 
01 
02 
03 

:SPARTON TECHNOLOGY INC. 
: 041196-SV 
: SVS-2Q96 

DATE RECEIVED 

REPORT DATE 

AEN ID: 604346 

CLIENT DESCRIPTION 
MW-33 0.0 
MW-15 1.0 
MW-27 1.1 

MATRIX 
AIR 

---TOTALS---

#SAMPLES 
3 

MATRIX 
AIR 
AIR 
AIR 

AEN STANDARD DISPOSAL PRACTICE 

: 04/11/96 

: 04/15/96 

DATE 
COLLECTED 
04/11/96 
04/11/96 
04/11/96 

The samples from this project will be disposed of in thirty ( 3 0) days frC!i" ~ 1 the date of this report. If an extended storage period is required, plea~ ' 
contact our sample control department before the scheduled disposal date. 

oGc-oo3842 



Wmeric,zn Ezz•iroilinr:nt,z! "Vawork, lnGAS CHROMATOGRAPHY RESULTS 

TEST : PURGEABLE HALOCARBONS/AROMATICS (EPA 8010/8020) 
CLIENT SPARTON TECHNOLOGY INC. AEN I.D.: 604346 
PROJECT # 041196-SV 
PROJECT N&~E SVS-2Q96 
SAMPLE 
ID. # CLIENT I.D. MATRIX 
01 MW-33 0.0 AIR 
02 MW-15 1.0 AIR 
03 MW-27 1.1 AIR 
PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHA...'iE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
1,2-DIBROMOETIDL~E (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZ&'iE 
1,1-DICHLOROETHA...'iE 
1,2-DICHLOROETHANE (EDC} 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETH~'iE 

TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BL~YL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMET~~E (%) 
TRIFLUOROTOLUENE (%) 

DATE 
SAMPLED 
04/11/96 
04/11/96 
04/11/96 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/~ 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGjM3 

MG/M3 

MG/M3 

MG/~ 
MG/M3 

MG/~ 
MGjM3 

MG/~ 
MG/M3 

MGjM3 

MGjM3 

D(10)=DILUTED lOX, ANALYZED 04/12/96 

OGC-003843 

DATE 
EXTRACTED 

NA 
NA 
NA 

01 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 

0.07 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 

0.13 
<0.02 

1.3 
<0.02 
<0.05 
<0.05 

88 
85 

DATE 
ANALYZED 
04/11/96 
04/11/96 
04/11/96 

02 

OIL. 
FACTOR 

1 
1 
1 

03 

<0.05 <0.0 
<0.02 <0.0 
<0.05 <0.0 
<0.10 <0.1 
<0.02 <O.Oc 
<0.05 <0.0 
<0.05 <0.0' 
<0.05 <o.o: 
<0.10 <0.1 
<0.02 <0.0 
<0.02 <0.0~ 

<0.05 <o.o: 
<o.o5 <o.o: 
<0.05 <o.o: 
<0.03 <O.O: 
<0.05 <o.o: 

o.oa 1.0 
<0.02 <0.0~ 
<0.10 <O.lC 
<0.02 <O.O: 
<0.02 <0.0~ 

<0.02 <0.02 
<0.05 <o.o: 
<0.25 <0.25 
<0.20 <0.2C 
<0.02 <0.02 
<0.05 O.OE 
<0.05 <0.05 

0.43 3.4 D(10) 
<0.02 <0.02 
1.4 5.6 D(10) 

<0.02 <0.02 
<0.05 <0.05 
<0.05 <0.05 

82 
95 

91 
95 



L/fmeric~.zn Enviromne;u,zf N'"cnuork. Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 
040996 BLANK I.D. 

CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. 
041196-SV. 
SVS-2Q96 

PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
1,2-DIBROMOETHANE {EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 
1,2-DICHLOROETHANE {EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TR~S-1,2-DICHLOROETHENE 

1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TR!CHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMETHANE {%) 
TRIFLUOROTOLUENE (%) 

oGc-oo3S44 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

AEN I.D. 
MATRIX 

: 604346 
:AIR 

DATE EXTRACTED : NA 
DATE ANALYZED : 04/09/96 
DIL. FACTOR : 1 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 
<0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0.05 

94 
97 



r..Americmz Em.:iromnentLZi A~nuork, Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 
041196 BLANK I.D. 

CLIENT 
PROJECT # 
PROJECT NAl1E 

SPARTON TECHNOLOGY INC. 
041196-sv· 
SVS-2Q96 

PARAMETER 

BENZENE 
BROMODICHLOROMETa~E 

BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFOR...'1 
CHLOROMETHANE 
DIBROMOCHLOROMETH&~E 

1,2-DI3ROMOETHANE (EDB) 
~,2-~:Cn~OROBENZE~E 

1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 
1,2-DICHLOROETHANE (EDC) 
1,1-DICHLOROETH&~E 

CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROP.~~E 

CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZE..~E 

METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETF~E 

VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMETH&~E (%) 
TRIFLUOROTOLUENE (%) 

oGC-003845 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGJM3 

AEN I.D. 
MATRIX 

: 604346 
:AIR 

DATE EXTRACTED : NA 
DATE ANALYZED : 04/11/96 
OIL. FACTOR : 1 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 
<0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0.05 

96 
98 



v1"meric.m En7.Jiromncilt£Zi :.v-;;nuork, Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 
041296 BLANK I.D. 

CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. 
041196-SV 
SVS-2Q96 

PARAMETER 
BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
1,2-DIBROMOETHANE (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 
1,2-DICHLOROETHANE (EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETH&~E 

1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

St:.i"RROGATES : 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

OGC-003846 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

AEN I.D. : 604346 
MATRIX :AIR 
DATE EXTRACTED : NA 
DATE ANALYZED : 04/12/96 
OIL. FACTOR : 1 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 
<0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0.05 

89 
94 



-~"" 

C/fmerican Environmental JVetwork, Inc. 

GAS CHROMATOGRAPHY - QUALITY CONTROL 

MSMSD 

TEST PURGEABLE HALOCARBONS/AROMATICS (EPA 8010/8020) 

MSMSD # : 040996 AEN I.D. : 604346 

CLIENT SPARTON TECHNOLOGY INC. DATE EXTRACTED : NA 

PROJECT # 041196-SV DATE ANALYZED : 04/09/96 

PROJECT NAME SVS-2Q96 SAMPLE MATRIX :AIR 

REF. I.D. 040996 UNITS : MG/M3 

SAMPLE CONC SPIKED .!!.-0 DUP DUP 
PARAMETER RESULT SPIKE SAMPLE REC SPIKE % REC RPD 
BENZENE <0.05 1.00 1.05 105 0.94 94 11 

CHLOROBENZENE <0.05 1.00 1.04 104 1.05 105 1 

1,1-DICHLOROETHENE <0.02 1.00 0.75 75 0.77 77 3 

TOLUENE <0.05 1.00 1.04 104 0.96 96 8 

TRICHLOROETHENE <0.03 1.00 1.00 100 1.04 104 4 

(Spike Sample Result - Sample Result) 
% Recovery = ------------------------------------- X 100 

Spike Concentration 

(Sample Result - Duplicate Result) 
RPD (Relative Percent Difference) = ---------------------------------- X 100 

Average Result 

OGC-003847 
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April 16, 1996 

Spartan Technology Inc. 
4901 Rockaway Blvd SE 
Rio Rancho, NM 87124-4469 

AEN I.D. 604356 

Project Name/Number: SVS-2Q96 041296 

Attention: John Wakefield 

On 04/12/96, American Environmental Network (NM), Inc., (ADHS 
License No. AZ0015) (formerly ATI-NM), received a request to 
analyze air samples. The samples were analyzed with EPA 
methodology or equivalent methods. The results of these analyses 
and the quality control data, which follow each set of analyses, 
are enclosed. 

If you have any questions or comments, please do not hesitate to 
contact us at (505) 344-3777. 

Kimberly D. McNeill 
Project Manager 

MR:jt 

Enclosure 

r. J!!t+!&&f:~ 
Laboratory Manager 

OGC-003849 
2':"'09-D Pan :\rneri= Freeway, ~E • Albuquerque, ~,\r[ 87107 • (505) 344-3777 • Fax (602) 344-4413 



cA"merican Environmental JVetwork, Inc. 

CLIENT 
PROJECT # 
PROJECT NAME 

AEN # 
01 
02 
03 

:SPARTON TECHNOLOGY INC. 
: 041296 
: SVS-2Q96 

DATE RECEIVED 

REPORT DATE 

AEN ID:. 604356 

CLIENT DESCRIPTION 

MW-21 0.0 
MW-14 2.5 
MW-61 0.3 

MATRIX 
AIR 

---TOTALS---

#SAMPLES 
3 

MATRIX 

AIR 
AIR 
AIR 

AEN STANDARD DISPOSAL PRACTICE 

: 04/12/96 

: 04/16/96 

DATE 
COLLECTED 

04/12/96 
04/12/96 
04/12/96 

The samples from this project will be disposed of in thirty (30) days from 
the date of this report. If an extended storage period is required, please 
contact our sample control department before the scheduled disposal date. 

OGC-003850 



L/fmeric:zn EnvironmentailVetzuork, Inc. 

GAS CHROMATOGRAPHY RESULTS 
TEST PURGEABLE HALOCARBONS/AROMATICS (EPA 8010/8020) 
CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. AEN I.D.: 604356 
041296 
SVS-2Q96 

SAMPLE 
ID. # CLIENT I.D. 
01 MW-21 0.0 
02 MW-14 2.5 
03 MW-61 0.3 
PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMO METHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
1,2-DIBROMOETHANE (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 

-~"1, 1-DICHLOROETH..-;.NE 
1,2-DICHLOROE~:{ANE (EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETH..;.NE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLORCMETHANE (%) 
TRIFLUOROTOLUENE (%) 

DATE 
MATRIX SAMPLED 

AIR 04/12/96 
AIR 04/12/96 
AIR 04/12/96 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGJM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGjM3 

MG/M3 

MG/M3 

MGJM3 

MGjM3 

MG/M3 

MG/!tf 
MG/!tf 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/!tf 
MGJW 
MG/M3 

MG/M3 

D(lO)=DILL~ED lOX, ANALYZED 04/13/96 
".J:) (25) =DILUTED 25X, ANALYZED 04/13/96 

OGC-003851 

DATE 
EXTRACTED 

NA 
NA 
NA 

01 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 

0.84 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 

0.13 
<0.05 

3.6 D(l.O) 
<0.02 

6.2 D(10) 
<0.02 
<0.05 
<0.05 

92 
96 

DATE 
ANALYZED 
04/13/96 
04/12/96 
04/12/96 

02 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<J.05 
<0.05 
<0.05 
<0.03 
<0.05 

0.93 
0.02 

<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 

0 .1.4 
<0.05 

0.29 
<0.02 

15 0(25) 
<0.02 
<0.05 
<0.05 

100 
81 

OIL. 
FACTOR 

1 
1 
1 

03 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 

0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 

0.59 
<0.02 
<0.05 
<0.05 

89 
91 



r_Alnaican Environmental Network, Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 AEN I.D. : 604356 
BLANK I. D. 041296 MATRIX :AIR 
CLIENT SPARTON TECHNOLOGY INC. DATE EXTRACTED : NA 
PROJECT # 041296 DATE ANALYZED : 04/12/96 
PROJECT NAME SVS-2Q96 OIL. FACTOR : 1 
PARAMETER UNITS 

BENZENE MG/M3 <0.05 
BROMODICHLOROMETHANE MG/M3 <0.02 
BROMOFORM MG/M3 <0.05 
BROMOMETHANE MG/M3 <0.10 
CARBON TETRACHLORIDE MG/M3 <0.02 
CHLOROBENZENE MG/M3 <0.05 
CHLOROETHANE MG/M3 <0.05 
CHLOROFORM MG/M3 <0.05 
CHLOROMETHANE MG/M3 <0.10 
DIBROMOCHLOROMETHANE MG/M3 <0.02 
1,2-DIBROMOETHANE (EDB) MG/M3 <0.02 
1,2-DICHLOROBENZENE MG/M3 <0.05 
1,3-DICHLOROBENZENE MG/M3 <0.05 
1,4-DICHLOROBENZENE MG/M3 <0.05 
1,1-DICHLOROETHANE MG/M3 <0.03 
1,2-DICHLOROETHANE (EDC) MG/M3 <0.05 1 

MG/M3 I 

1,1-DICHLOROETHENE <0.02 
CIS-1,2-DICHLOROETHENE MG/M3 <0.02 
TRANS-1,2-DICHLOROETHENE MG/M3 <0.10 
1,2-DICHLOROPROPANE MG/M3 <0.02 
CIS-1,3-DICHLOROPROPENE MG/M3 <0.02 
TRANS-1,3-DICHLOROPROPENE MG/M3 <0.02 
ETHYLBENZENE MG/M3 <0.05 
METHYL-t-BUTYL ETHER MG/M3 <0.25 
METHYLENE CHLORIDE MG/M3 <0.20 
1,1,2,2-TETRACHLOROETHANE MG/M3 <0.02 
TETRACHLOROETHENE MG/M3 <0.05 
TOLUENE MG/M3 <0.05 
1,1,1-TRICHLOROETHANE MG/M3 <0.10 
1,1,2-TRICHLOROETHANE MG/M3 <0.02 
TRICHLOROETHENE MG/M3 <0.03 
TRICHLOROFLUOROMETHANE MG/M3 <0.02 
VINYL CHLORIDE MG/M3 <0.05 
TOTAL XYLENES MG/M3 <0.05 

SURROGATES: 
BROMO CHLOROMETHANE ( %) 89 
TRIFLUOROTOLUENE (%) 94 

" 

' 

OGC-003852 



l./fnzeric.zn Elwiromnental iVetwork, Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 
041296B BLANK I.D. 

CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. 
041296 
SVS-2Q96 

PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMO METHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLORO~~TFJlliE 

1,2-DIBROMOETHANE (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 

,2-DICHLOROETHANE (EDC) 
,1-DICHLOROETHENE 

CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMETa~E (%) 
TRIFLUOROTOLUENE (%) 

OGC-003853 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MGjM3 

MGJM3 

MG/M3 

MG/M3 

MGjM3 

MG/M3 

MG/M3 

MGJM3 

MGfM3 

MGJM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGfM3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGJM3 

MG/M3 

MGJW 
MGJM3 

MG/W 

AEN I.D. 
MATRIX 

: 604356 
:AIR 

DATE EXTRACTED : NA 
DATE ANALYZED 04/13/96 
DIL. FACTOR : 1 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 
<0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0. 05 

99 
100 



<.A"merican Environmental Network, Inc. 

GAS CHROMATOGRAPHY - QUALITY CONTROL 

MSMSD 

(Spike Sample Result - Sample Result) 
% Recovery = ------------------------------------- X 100 

Spike Concentration 

(Sample Result - Duplicate Result) 
RPD (Relative Percent Difference) = ---------------------------------- X 100 

Average Result 

oGc-oo3S54 
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AEN I.D. 604358 

April 19, 1996 

Spartan Technology Inc. 
4901 Rockaway Blvd SE 
Rio Rancho, NM 87124 

Project Name/Number: SVS-2Q96 041596 

Attention: John Wakefield 

on 04/15/96, American Environmental Network (NM), Inc., (ADHS 
License No. AZ0015) (formerly ATI-NM), received a request to 
analyze aqueous samples. The samples were analyzed with EPA 
methodology or equivalent methods. The results of these analyses 
and the quality control data, which follow each set of analyses, 
are enclosed. 

If you have any questions or comments, please do not hesitate to 
contact us at (505) 344-3777. 

Kimberly D. McNeill 
Project Manager 

MR:jt 

Enclosure 

OGC-003856 

.. 

stein, Ph.D. 
Laboratory Manager 



<..A"mericmz Em·iromnenta! .f\letwork, Inc. 

CLIENT 
PROJECT # 
PROJECT NAME 

AEN # 
01 
02 
03 

OGC-003857 

:SPARTON TECHNOLOGY INC. 
: 041596 
: SVS-2Q96 

DATE RECEIVED 

REPORT DATE 

AEN ID: 604358 

CLIENT DESCRIPTION 
MW-37 
MW-48 
MW-57 

---TOTALS---

MATRIX 
AQUEOUS 

#SAMPLES 
3 

MATRIX 
AQUEOUS 
AQUEOUS 
AQUEOUS 

AEN STANDARD DISPOSAL PRACTICE 

: 04/15/96 

: 04/19/96 

DATE 
COLLECTED 
04/15/96 
04/15/96 
04/15/96 

The samples from this project will be disposed of in thirty (30) days from 
the date of this report. If an extended storage period is required, please 
contact our sample control department before the scheduled disposal date. 



l/fmerican Em·:ronnu::zr,d ~vc:work, Inc. 
GAS CHROMATOGRAPHY RESULTS 

TEST PURGEABLE HALOCARBONS/AROMATICS (EPA 8010/8020) 
CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. AEN I.O.: 604358 
041596 
SVS-2Q96 

SAMPLE 
ID. # CLIENT I.D. 
01 MW-3 7 
02 MW-48 

03 MW-57 
PARAMETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETH.:i\NE 
CHLOROFORM 
CHLOROMETH.ll,.'fE: 
DIBROMOCHLOROMETHANE 
!,2-DIBROMOETHANE (EDB) 
1,2-DICHLOR03ENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 
1,2-DICHLOROETHANE (EDC) 
1,1-DICHLOROETRENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

MATRIX 
AIR 
AIR 
AIR 

DATE 
SAMPLED 
04/15/96 
04/15/96 
04/15/96 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

D(l)=DILUTED lX, ANALYZED 04/15/96 
D(lO)=DILUTED lOX, ANALYZED 04/16/96 

OGC-003858 

DATE 
EXTRACTED 

NA 
NA 
NA 

01 

DATE 
ANALYZED 
04/15/96 
04/16/96 
04/15/96 

02 

<0.05 <0.05 
<0.02 <0.02 
<0.05 <0.05 
<0.10 <0.10 
<0.02 <0.02 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.10 <0.10 
<0.02 <0.02 
<0.02 <0.02 
<0.05 <0.05 
<0.05 <0.05 
<0.05 <0.05 
<0.03 <0.03 
<0.05 <0.05 
0.066 <0.02 
<0.02 <0.02 
<0.10 <0.10 
<0.02 <0.02 
<0.02 <0.02 
<0.02 <0.02 
<0.05 <0.05 
<0.25 <0.25 
<0.20 <0.20 
<0.02 <0.02 0(1) 

0.13 <0. 05 
<0.05 <0.05 
<0.10 <0.10 
<0. 02 <0. 02 

4.6 D(10) <0.03 
<0.02 <0.02 
<0.05 <0.05 
<0.05 <0.05 

93 
97 

97 
98 

OIL. 
FACTOR 

1 
1 
1 

03 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0. 03· 
<0.05 
<0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0.05 

92 
104 



OGC-003859 



r__A"merican Em·ironm::nr,'ZIJ.\c;work, Inc. 

GAS CHROMATOGRAPHY RESULTS - QUALITY CONTROL 

TEST EPA 8010/8020 
041596 BLANl< I. D. 

CLIENT 
PROJECT # 
PROJECT NAME 

SPARTON TECHNOLOGY INC. 
041596 
SVS-2Q96 

PA..~ETER 

BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
1,2-DIBROMOET~~E (EDB) 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,1-DICHLOROETHANE 
1,2-DICHLOROETHANE (EDC) 
1,1-DICHLOROETHENE 
CIS-1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRANS-1,3-DICHLOROPROPENE 
ETHYLBENZENE 
METHYL-t-BUTYL ETHER 
METHYLENE CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHENE 
TOLUENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
TOTAL XYLENES 

SURROGATES: 
BROMOCHLOROMETHANE (%) 
TRIFLUOROTOLUENE (%) 

OGC-003860 

UNITS 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/W 
MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MG/M3 

MGJM3 

MGJM3 

MGJM3 

MGJM3 

MGJM3 

MGJM3 

MGJM3 

MG/M3 

MGJM3 

AEN I.D. 
MATRIX· 

: 604358 
:AIR 

DATE EXTRACTED : NA 
DATE ANALYZED 04/15/96 
DIL. FACTOR : 1 

<0.05 
<0.02 
<0.05 
<0.10 
<0.02 
<0.05 
<0.05 
<0.05 
<0.10 
<0.02 
<0.02 
<0.05 
<0.05 
<0.05 
<0.03 
<0.05 
<0.02 
<0.02 
<0.10 
<0.02 
<0.02 
<0.02 
<0.05 
<0.25 
<0.20 
<0.02 
<0.05 
<0.05 
<0.10 
<0.02 
<0.03 
<0.02 
<0.05 
<0.05 
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GAS CHROMATOGRAPHY - QUALITY CONTROL 

MSMSD 

TEST PURGEABLE HALOCARBONS/AROMATICS {EPA 8010/8020) 

MSMSD # 041596 AEN I.D. : 604358 

CLIENT SPARTON TECHNOLOGY INC. DATE EXTRACTED : NA 

PROJECT # 041596 DATE ANALYZED : 04/15/96 

PROJECT NAME SVS-2Q96 SAMPLE MATRIX :AIR 

REF. I.D. 041596 UNITS : MG/M3 

SAMPLE CONC SPIKED % DUP DUP 
PARAMETER RESULT SPIKE SAMPLE REC SPIKE % REC RPD 
BENZENE <0.05 1.00 1.04 104 0.87 87 18 

CHLOROBENZENE <0.05 1.00 1.05 105 0.95 95 10 

1,1-DICHLOROETHENE <0.02 1.00 0.81 81 0.69 69 16 

TOLUENE <0.05 1.00 1.05 105 0.88 88 18 

TRICHLOROETHENE <0.03 1.00 1.05 105 0.94 94 11 

{Spike Sample Result - Sample Result) 
% Recovery = ------------------------------------- X 100 

Spike Concentration 

(Sample Result - Duplicate Result) 
RPD (Relative Percent Difference) = ---------------------------------- X 100 

Average Result 
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Date: 

To: 
From: 

Well 
No. 

MW-7 
MW-9 

MW-12 
MW-13 

MW-14 
MW-15 
MW-16 
MW-17 

MW-21 
MW-22 
MW-33 

4-26-96 

File 
J. Wakefield 

Flow 
Zone 

UFZ 
UFZ 
UFZ 
UFZ 

UFZ 
UFZ 
UFZ 
UFZ 

UFZ 
UFZ 
UFZ 

Well 

No. 

PW-1 
MW-18 
MW-23 

MW-24 

MW-25 
MW-26 
MW-27 
MW-28 

OGC-003863 

SPARTON TECHNOLOGY, INC. 

Case 
Dia 

2 
2 
4 
2 

2 
2 
2 
2 

2 
2 
2 

Flow 

Zone 

UFZ 
UFZ 

UFZ 

UFZ 

UFZ 

UFZ 
UFZ 
UFZ 

Re: 

Page: 
File: 

WLE vs. Top Screen Elevation 

1 of 2 
SOILVAPAR.WQ1 

ONSITE WELLS 

Bev top WLE Scr Ele- WLE 
of scrn 04/24/95 WLE4/95 02/09/96 

4981.30 4978.39 2.91 4977.99 
4981.61 4974.58 7.03 4973.99 
4978.58 4974.25 4.33 4973.75 
4983.25 4975.97 7.28 4975.34 

4980.41 4972.85 7.56 4972.72 
4S87.49 , 4974.45 13.04 DRY 
4979.50 4979.90 -0.40 4979.70 
4982.28 4980.04 2.24 4979.69 

4983.86 4979.85 4.01 4979.68 
4976.06 4978.87 -2.81 4978.64 

4981.29 4973.99 7.30 4973.61 

PRODUCTION WELLS 

Case Top of Pump WL Scr Ele-

Dia Scr Elev 03/28/96 WLE3/96 

10 4984.54 4965.04 19.50 
4 4977.58 4969.32 8.26 
2 4976.51 4976.42 0.09 

2 4980.30 4975.56 4.74 

2 4981.30 4977.23 4.07 

2 4972.71 4966.88 5.83 
2 4978.50 4972.73 5.77 
2 4977.69 4972.20 5.49 

Scr Ele-
WLE 2/9 

3.31 
7.62 
4.83 
7.91 

7.69 

-0.20 
2.59 

4.18 
-2.58 
7.68 



Page: 2 of 2 

OFFSITE WELLS 

Well Flow Case Top of WLE 
No. Zone Dia Scr Elev 04/24/95 

PZ-1 UFZ 2 4961.52 4960.87 

MW-34 UFZ 2 4977.99 4975.36 

MW-35 UFZ 2 4979.30 4973.08 
MW-36 UFZ 2 4977.05 4971.82 
MW-37 UFZ 2 4976.66 4970.57 

MW-47 UFZ 4 4975.83 4969.30 
MW-48 UFZ 4 4976.31 4968.68 
MW-50 UFZ 4 4976.51 4963.44 
MW-51 UFZ 2 4983.86 4981.26 
MW-52 UFZ 4 4975.01 4966.53 

MW-53 UFZ 4 4974.44 4968.00 
MW-54 UFZ 4980.64 4968.62 
MW-57 UFZ 4 4977.54 4968.26 
MW-58 UFZ 4 4974.89 4968.40 
MW-61 UFZ 4 4975.98 4968.40 

MW-62 UFZ 2 4980.00 4969.96 
MW-63 UFZ 2 4982.74 4979.29 

OGC-003864 

Scr Ele- WLE 

WLE4/95 01/17/96 

0.65 4959.34 

2.63 4974.88 

6.22 4972.66 

5.23 4971.52 

6.09 4970.24 

6.53 4968.83 

7.63 4968.26 

13.07 4962.28 

2.60 4980.96 

8.48 4965.85 

6.44 4967.52 

12.02 4967.97 

9.28 4967.67 

6.49 4967.98 

7.58 4967.87 

10.04 4969.91 

3.45 4977.75 

Scr Ele-

WLE 1/9 

2.18 

3.11 

6.64 

5.53 

6.42 

7.00 

8.05 
14.23 
2.90 

9.16 

6.92 

12.67 

9.87 
6.91 

8.11 

10.09 

4.99 

i 
i 
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(PARADISE HILLS) 
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In order to determine if the TCE plume from the facility will reach the Paradise Hills (New Mexico 
Utility) well, a groundwater computer model was run looking at the plume movement over a 200 to 300 

year period. The computer model was based on a Department of Energy semianalytical model named 
AT123 (Analytical Transient, One, Two, or Three-Dimensional). The model allows the user to specify 

both aquifer and source parameters 

The model was run under two scenarios. The first scenario assumed that a 10,000 microgram per liter 

(ug/1) source remains constant throughout the entire time frame modeled. The second scenario assumes 

that the source is removed after 20 years. 

Four major assumptions were made for running the model. These assumptions took a very conservative 

view of the depositional environment and groundwater flow characteristics of the area. It was assumed 

that (1) a constant gradient of 0.002 ft/ft is present toward the Paradise Hills (New Mexico Utility) well 
(though this doesn't agree with the USGS Regional Model), (2) the Paradise Hills (New Mexico Utility) 

well is withdrawing groundwater from the shallow, uppermost portion of the aquifer (when it actually is 

much deeper), (3) no retardation of the chemical constituents in the plume exists, and ( 4) no degradation 
of the chemical constituents in the plume is taking place. 

The aquifer input parameters from the RFI were as follows: 

Hydraulic Conductivity = 32.1 feet per day 
Hydraulic gradient = 0.002 

Effective porosity = 0.25 

The model presents the log of the concentrations. For example, a plume contour of 0 is equal to 10° or 

1 ug/1 or the .5 contour is equal to 10·5 or 3.16 ug/1. 

To calibrate the model, the dispersive effects of the groundwater flow regime were varied until the 

horizontal boundary of the plume were similar to those presented in the RFI. In all cases, the vertical 

dispersion was at least one order of magnitude less than the horizontal dispersion. 

To calibrate the model, it was initially run for a 30 year period with dispersion in the transverse (x-axis) 
and lateral (y-axis) directions being equal to one. This essentially means that dispersion plays no role in 
movement of the plume. The plume generated by the model is shown on Figure 1. This run gave a 

long narrow plume. Additional computer runs were made varying the dispersion in both the transverse 

and lateral directions until a plume with similar dimensions to the plume presented in the RFI was 

observed. Figure 2 shows the best fit generated by the groundwater model. The numbers used for 

transverse and lateral dispersion were then input into the model to forecast plume movement in the 

future. 

1 
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Figures 3 through 7 show the distances the plume (for 1 ug/1 and 3.16 ug/1) should move for the next 50 
to 300 years with a continual input source of 10,000 ug/1. The plume appears to reach equilibrium with 
a maximum downgradient extent (for the 3.16 ug/1 contour) of about 9,500 feet after 150 years. This is 
about 5,000 short of the Paradise Hills (New Mexico Utility) well. 

Figures 8 through 11 show the movement of the plume after the source is removed. For these computer 
runs, it was assumed that the 10,000 ug/1 source was removed after an input period of 20 years. Several 
observations were noted from this computer run. First, between 100 and 150 years the maximum 
concentration in the plume is less than 3.16 ug/1. Second, after 100 years, the width of the plume 
remains fairly constant while the length of the plume begins shrinking. Figure 10 indicates that the 
1 ug/1 portion of the plume reaches the Paradise Hills (New Mexico Utility) well after 150 years. 

2 
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FIGURE 1 
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FIGURE 7 
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FIGURE 8 
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Reference Guide: Remediation Technologies Screening Matrix 

REMEDIATION TECHNOLOGIES 
SCREENING MATRIX 

Reference Guide 

Version I 

A Joint Project 
of the 

U.S. Environmental Protection Agency 
Office of Solid Waste and Emergency Response 

Technology Innovation Office 
Washington, DC 20460 

and 

U.S. Air Force 
Environics Directorate 
Armstrong Laboratory 

Tyndall Air Force Base, FL 32403 

July 1993 



Reference Guide: Remediation Technologies Screening Matrix 

NOTICE 

Preparation of the Remediation Technologies Screening Matrix Reference Guide has been funded by the 
United States Environmental Protection Agency (EPA) under contract number 68-W2-0004. The 
document is the result of a joint project by EPA and the U.S. Air Force and is intended to be used in 
conjunction with the Remediation Technologies Screening Matrix developed under the same project. 
Both documents were developed with extensive input from professionals in the field and have been 
subjected to administrative review by the sponsoring agencies. Mention of trade names or commercial 
products does not constitute endorsement or recommendation for use. 
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Reference Guide: Remediation Technologies Screening Matrix 

FOREWORD 

The development of the Remediation Technologies Screening Matrix and accompanying Reference 
Guide was jointly sponsored by the U.S. Air Force and the U.S. Environmental Protection Agency (EPA). 
Both the Air Force and EPA are conunitted to encouraging funher development and use of innovative 
technologies that offer efficient and cost-effective alternatives for site remediation. 

The Matrix and Reference Guide support this effort by summarizing the strengths and limitations 
of innovative, as well as conventional, technologies for the remediation of soils, sediments, sludges; 
groundwater. and air emissions/off-gases. They provide information that will assist Air Force and EPA 
site project managers responsible for screening technologies for potential use at their sites. 

The Matrix and Reference Guide were developed with extensive input from professionals in the field. 
More than 30 technical experts-site remediation technology researchers, technology developers, and 
technology users from Federal agencies, State governments, universities, and the private 
sector-participated in the process. This included attending a two-day workshop at Tyndall Air Force 
Base, Florida, in March 1993, to identify appropriate technologies and processes to be included in the 
Matrix and to evaluate them based on the participants' collective experience and expertise. 

The Air Force and EPA gratefully acknowledge the significant contribution these professionals, who 
are listed at the end of Chapter 1, have made to this important project. 

The selection and use of innovative technologies to clean up hazardous waste sites is increasing 
rapidly and new technologies continue to emerge. The Air Force and EPA plan to issue periodic updates 
of the Matrix and Reference Guide to help site project managers keep pace with the ever changing range 
of technology options available. 

OGC-003882 
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Director, Environics Directorate 
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Reference Guide: Remediation Technologies Screening Matrix 
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CHAPTER 1: INTRODUCTION 

This Reference Guide provides additional information to increase the usability of the Remediation 
Technologies Screening Matrix. Together, the Reference Guide and Matrix can help site remediation 
project managers narrow the field of remediation alternatives and identify potentially applicable 
technologies for more detailed assessment and evaluation prior to remedy selection. In addition, the 
documents can be used to guide the selection of focused technology field demonstrations and specific 
technologies to highlight in subsequent technical data sheets, design manuals, and cost studies. 

The Reference Guide and Matrix are intended as general references only. Additional information 
to suppon identification of potentially applicable technologies can be obtained by consulting published 
references, contacting technology experts, and conducting treatability studies. The Matrix and Reference 
Guide are not designed to be used as the sole basis for remedy selection. 

Most of the technologies and processes included are innovative. Most have been developed to full
scale-commercial units are available or are expected shortly. However, many have had limited full-scale 
application, and comprehensive cost and performance data may not be available. In addition, site-specific 
factors-such as geology, depth to contamination, panicle size, organic content, pH, moisture content, 
and soil-solvent reactions-may be critical in determining the potential effectiveness of a technology. 
In addition, Federal, State, and local laws may affect the applicability of technologies at some sites. 

Depending on site-specific requirements, more than one technology or process may be needed to 
achieve remediation goals at a site. Many of the remedial technologies in the Matrix and Reference 
Guide may be used in combination with others in "treatment trains" to accomplish site cleanup. For 
example, "treatment trains" may be used to reduce the volume of contaminated material, to prevent the 
release of volatile contaminants during excavation and mixing, or to address multiple contaminants within 
the same matrix. Following are examples of "treatment trains" that have been selected for use at 
Superfund sites: 

• Soil washing, followed by bioremediation, incineration, or solidification/stabilization of soil fines; 

• Thermal desorption, followed by incineration, solidification/stabilization, or dehalogenation to 
treat PCBs; 

• Soil vapor extraction, followed by various processes to remove semivolatile organics; 

• Solvent extraction, followed by solidification/stabilization, soil washing, or incineration of 
extracted contaminants and solvents; and 

• Bioremediation, followed by solidification/stabilization of inorganics. 

Fony-eight technologies-including in situ and ex situ biological, thermal, and physical/chemical 
processes-have been chosen for inclusion in the Matrix and Reference Guide (see Table 1). In addition 
to treatment technologies, processes designed to be used primarily for containment, waste separation, 
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and enhanced recovery have been included to provide a broad range of remedial options. The Matrix 
and Reference Guide do not include every technology option available. Many other innovative 
technologies have been developed. Depending on site-specific conditions, some of these may provide 
additional options for site project managers. As a general rule, technologies included in the Matrix are 
commercially available or are likely to be within a year. 

The technologies in the Matrix are evaluated against 13 factors that address specific cost, 
performance, technical, developmental, and institutional issues (see Table 2). These screening factors 
were chosen to assist site project managers identify applicable technologies for media and contaminants 
of concern at their sites. 

It is important to recognize that information about innovative technologies is rapidly evolving. After 
using the Matrix and Reference Guide to identify potentially applicable technologies, it is essential that 
site project managers consult qualified professionals, who can evaluate each in light of the most up-to
date information and site-specific conditions prior to remedy selection. 

Participation of Technical Experts 

The Matrix and Reference Guide were developed with extensive input from technical experts. They 
included professionals representing all segments of the remediation community-site remediation 
technology researchers, technology developers, and technology users from Federal agencies, State 
governments, universities, and the private sec~:Jr (see Table 3). 

More than 30 experts participated L.i an intensive workshop, March 2-3, 1993, at Tyndall Air Force 
Base, Florida. Based on their collective experience and expertise, they selected appropriate technologies 
and processes to be included in the Matrix, identified the contaminant groups addressed by each 
technology, and developed the list of factors against which the technologies are evaluated. 

Workshop participants then separated into three small groups and focu~::d on the technologies in their 
individual areas of specializatio~ological processes, themal processes, physicaVchemical processes-to 
develop the ratings for each of the technologies shown on the Matrix. Each technical expen had the 
opportunity to review draft documents independently and provide written comments as well. 

In light of the rapidly growing range of innovative technologies, workshop participants identified 
a number of full- and pilot-scale technologies, in addition to those in the Matrix, that may provide 
additional options for project managers to consider, depending on site-specific conditions. Among the 
full-scale technologies are air-phase resin adsorption, reverse osmosis/ultra membrane filtration, kerfing, 
cavitation/oxidation, melting/smelting, and high-temperature halogenated reduction. At the pilot and 
bench scale are molten salt, molten metal, electrokinetics, fungal remediation, solar soil detoxification, 
biocunains, and elec.tron beam technology. As these technologies are applied in the field and more 
information about thern becomes available, they may be included in future editions of the Remediation 
Technologies Screerzbtg Matrix and Reference Guide. 

Contents 

This chapter describes the development and limitations of the Matrix and Reference Guide. It also 
contains definitions for each of the technologies and processes rated in the Matrix (see Table 1). The 
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13 factors applied to technologies in the Matrix are defmed in Table 2. The participation of technical 
experts in developing the Matrix and Reference Guide also is described in this chapter, and all participants 
are listed in Table 3. 

Chapter 2 describes the system used to evaluate technologies, including an explanation of each 
possible rating (see Table 4). 

Chapter 3 provides information about each of the technologies and processes evaluated in the Matrix. 
Included is a discussion of the contaminant groups treated by the technology and other issues that should 
be considered in determining its potential applicability and eff~ctiveness. The ratings for each technology 
are presented and supplemental information is provided, as needed. For example, factors that could limit 
the suitability and effectiveness of each technology are discussed. 

Two Appendices provide additional information. Appendix A contains a list of reference materials, 
including field demonstration reports and case studies, that site project managers may wish to consult 
for more detailed information about various technologies. Appendix B lists examples of contaminants 
included in each contaminant group used in the Matrix. 
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TABLE 1: DEFINITION OF MATRIX TECHNOLOGIES/PROCESSES 

Soils, Sediments, Sludges 

Technology Status Description 

In Situ Biological Processes 

Biodegradation Full-scale/ The activit) of naturally occurring microbes is stimulated by 
hmovative circulating water-based solutions through contaminated soils to 

enhance in situ biolggical degradation of organic contaminants. 
Nutrients, oxygen. or other amendments may be used to enhance 
biodegradation and contaminant desorption from subsurface 
materials. 

Biovenung Full-sea• · Oxygen is delivered to contaminated unsaturated soils by forced 
hmovauvc: air movement (either extraction or injection of air) to increase 

oxygen concentrations and stimulate biodegradation. The system 
also may include the injection of contaminated gases, using the 
soil system for remediation. 

in Situ Physical/Chemical Processes 

Soil Vapor Extraction Full-scai~·. Vacuum is applied through extraction wells to create a pressure 
hmovative gradient that induces gas-phase volatiles to diffuse through soil to 

extraction wells. The process includes a system for handling off-
gases. This technology also is known as in situ soil venting, in 
situ volatilization. enhanced volatilization. or soil vacuum 
extraction. 

Soil Flushing Pilot-scale/ Water, or water containing an additive to enhance contaminant 
hmovative solubility, is applied to the soil or injected into the groundwater to 

raise the water table into the contaminated soil zone. 
Contaminants are leached into the groundwater, which is then 
extracted and captured/treated/removed 

Solidification/Stabilization Full-scale/ Contaminants are physically bound or enclosed within a stabilized 
Conventional mass (solidification), or chemical reactions are induced between 

the stabilizing agent and contaminants to reduce their mobility 
(stabilization). -

Pneumatic Fracturing Pilot-scale/ Pressurized air is inJect~ beneath the surface to develop cracks in 
hmovative low permeability and over-<:onsolidated sediments, opening new 

passageways that increase the effectiveness of many in situ 
processes and enhance extraction efficiencies. 

In Situ Thermal Processes 

In Situ Vitrification Pilot-scale/ Electrodes for applying electricity, or joule heating, are used to 
hmovative melt contaminated soils and sludges, producing a glass and 

crystalline structure with very lo~ leaching characteristics. 

Thermally Enhanc~; :ioil Full-scale/ Steam/hot air injection or electric'' ..Jio frequency heating is :osed 
Vapor Extraction hmovative to increase the mobility of volatiles and facilitate extraction. The 

process includes a system for handling off-gases. 
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Technology Status Description 

Ex Situ Biological Processes (assuming excavation) 

Slurry Phase Biological Full-scale/ An aqueous slurry is created by combining soil or sludge with 
Treatment Innovative water and other additives. The slurry is mixed to keep solids 

suspended and microorganisms in contact with the soil 
contaminants. Nutrients, oxygen, and pH in the bioreactor may be 
controlled to enhance biodegradation. Upon completion of the 
process, the slurry is dewatered and the treated soil is disposed. 

Controlled Solid Phase Full-scale/ Excavated soils are mixed with soil amendments and placed in 
Biological Treatment Innovative above-ground enclosures that have leachate collection systems and 

some form of aeration. Processes include prepared treatment beds, 
biotreatment cells, soil piiCS';"1md composting. Moisture, heat. 
nutrients, oxygen, and pH may be controlled to enhance 
biodegradation. 

Landfanning Full-scale/ Contaminated soils are applied onto the soil surface and 
Conventional periodically turned over or tilled into the soil to aerate the waste. 

Ex Situ PhysicaUChemical Processes (assuming excavation) 

Soil Washing Full-scale/ Contaminants sorbed onto soil particles are separated from soil in 
Innovative an aqueous-based system. The wash water may be augmented 

with a basic leaching agent. surfactant. pH adjustment. or chelating 
agent to help remove organics and heavy metals. 

Solidification/Stabilization Full-scale/ Contaminants are physically botmd or enclosed within a stabilized 
Conventional mass (solidification), or chemical reactions are induced between 

the stabilizing agent and contaminants to reduce their mobility 
(stabilization). 

Dehalogenation Full-scale/ An alkaline polyethylene glycolate (APEG) reagent is used to 
(Glycolate) Innovative dehalogenate halogenated aromatic compounds in a batch reactor. 

Potassium polyethylene glycolate (KPEG) is the most common 
APEG reagent. Contaminated soils and the reagent are mixed and 
heated in a treatment vessel. In the APEG process, the reaction 
causes the polyethylene glycol to replace halogen molecules and 
render the compound non-hazardous. For example, the reaction 
between chlorinated organics and KPEG causes replacement of a 
chlorine molecule and results in a reduction in toxicity. 

Dehalogenation (BCD) Full-scale/ Contaminated soil is screened. processed with a crusher and pug 
Innovative mill, and mixed with sodium bicarbonate. The mixture is heated 

in a rotary reactor to decompose and partially volatilize the 
contaminants. 

Solvent Extraction Full-scale/ Waste and solvent are mixed in an extractor, dissolving the 
(Chemical Extraction) Innovative organic contaminant into the solvenL The extracted organics and 

solvent are then placed in a separator, where the contaminants and 
solvent are separated for treatment and further use. 

5 

nr-.r.-003890 



Reference Guide: Remediation Technologies Screening Matrix 

Technology Status Description 

Chemical Reduction/ Full-scale/ Reduction/oxidation chemically converts hazardous contaminants 
Oxidation Innovative to non-hazardous or less toxic compounds that are more stable, 

less mobile, and/or inert. The reducing/oxidizing agents most 
connnonly used are ozone, hydrogen perc .ide, hypochlorites, 
chlorine, and chlorine dioxide. 

Soil Vapor Extraction Full-scale/ A vacuum is applied to a network of above-ground piping to 
Innovative encourage volatilization of organics from the excavated media. 

The process includes a system for handling off-gases. 

Ex Situ Thermal Processes (assuming excavation) 

Low-Temperature Thermal Full-scale/ Wastes are heated to 200°-600°F (93°-3l5°C) to volatilize water 
Desorption Innovative and organic contaminants. A carrier gas or vacuum system 

transports volatilized water and organics to the gas treatment 
system. 

High-Temperature Full-scale/ Wastes are heated to 6QOO-l,000°F (315°-538°C) to volatilize 
Thermal Desorption Innovative water and organic contaminants. A carrier gas or vacuum system 

transports volatilized water and organics to the gas treatment 
system. 

Vitrification Full-scale/ Contaminated soils and sludges are melted at high temperature to 
Innovative form a glass and crystalline structure with very low leaching 

characteristics. 

Incineration Full-scale/ High temperatures, l,6QOO- 2,2000f (87l0 -l,204°C), are used to 
Conventional volatilize and combust (in the presence of oxygen) organic 

constituents in hazardous wastes. 

Pyrolysis Pilot-scale/ Chemical decomposition is induced in organic materials by heat in 
Innovative the absence of oxygen. Organic materials are transformed into 

gaseous components and a solid residue (coke) containing fixed 
carbon and ash. 

Other Processes 

Natural Attenuation Natural subsurface processes-such as dilution, volatilization, 
Conventional biodegradation. adsorption. and chemical reactions with subsurface 

materials-are allowed to reduce contaminant concentrations to 
acceptable levels. Sampling and sample analysis throughout the 
process are required. 

Excavation and Off-Site Contaminated material is removed and transponed to permitted 
Disposal Conventional off-site treatment and disposal facilities. Pre-treatment may be 

required. 
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Groundwater 

Technology Status Description 

In Situ Biological Processes 

Oxygen Enhancement Full-scale/ A dilute solution of hydrogen peroxide is circulated throughout a 
with Hydrogen Peroxide hmovative contaminated groundwater zone to increase the oxygen content of 

groundwater and enhance the rate of aerobic degradation of organic 
contaminants by naturally occurring microbes. 

Co-Metabolic Processes Pilot-scale/ Water containing dissolved methane and oxygen is injected into 
hmovative groundwater to enhance methanotrophic biological degradation. 

Nitrate. Enhancement Pilot-scale/ Solubilized nitrate is circulated throughout groundwater 
hmovative contamination zones to provide electron acceptors for biological 

activity and enhance the rate of degradation of organic contaminants 
by naturally occurring microbes. 

Oxygen Enhancement Full-scale/ Air is injected under pressure below the water table to increase 
with Air Sparging hmovative groundwater oxygen concentrations and enhance the rate of 

biological degradation of organic contaminants by naturally 
occurring microbes. 

In Situ Physical/Chemical Processes 

Slurry Wails Full-scale/ These subsurface barriers consist of a vertically excavated trench 
Conventional filled with a slurry. The slurry, usually a mixture of bentonite and 

water, hydraulically shores the trench to prevent collapse and forms 
a filter cake to reduce groundwater flow. 

Passive Treatment Wails Pilot-scale/ A permeable reaction wall is installed across the flow path of a 
Innovative contaminant plume, allowing the plume to passively move through 

the wall. The halogenated compounds are degraded by reactions 
with a mixture of porous media and a metal catalysL 

Hot Water or Steam Pilot-scale/ Steam is forced into an aquifer through injection wells to vaporize 
Flushing/Stripping Innovative volatile and semivolatile contaminants. Vaporized components rise 

to the unsaturated zone where they are removed by vacuum 
extraction and then treated. This variety of processes includes 
Contained Recovery of Oily Waste (CROW), Steam Injection and 
Vacuum Extraction (SIVE),In Situ Steam Enhanced Extraction 
(ISEE), and Steam Enhanced Recovery Process (SERP). 

Hydrofracturing Pilot-scale/ Injection of pressurized water through wells cracks low penneability 
(enhancement) Innovative and over-consolidated sediments. Cracks are filled with porous 

media that serve as avenues for bioremediation or improve pumping 
efficiency. 

Air Sparging Full-scale/ Air is injected into saturated matrices creating an underground air 
Innovative stripper that removes contaminants through volatilization. 

Directional Wells Full-scale/ Drilling techniques are used to position wells horizontally, or at an 
(enhancement) Innovative angle, in order to reach contaminants not accessible via direct 

vertical drilling. 
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Technology Status Description 

Dual Phase Extraction Full-scale/ A high vacuum system is applied to simultaneously remove liquid 
Innovative and gas from low permeability or heterogeneous formations. 

Vacuum Vapor Pilot-scale/ Air is injected into a well, lifting contaminated groundwater in the 
Extraction Innovative well and allowing additional groundwater flow into the well. Once 

inside the well, some of the volatile organic compounds in the 
contaminated groundwater are transferred from the water to air 
bubbles which rise and are collected at the top of the well by vapor 
extraction. The partially treated groundwater is never brought to the 
surface; it is forced into the unsaturated zone, and the process is 
repeated. Contaminant concentrations gradually are reduced with 
each repetition of the process. 

Free Product Recovery Full-scale/ Undissolved liquid-phase organics are removed from subsurface 
Conventional formations, either by active methods (e.g., pumping) or a passive 

collection system. 

Ex Situ Biolo~1:::.! Processes (assuming pumping) 

Bioreactors Full-scale/ Contaminants in extracted groundwater are put into contact with 
Innovative microorganisms through attached or suspended biological systems. 

In suspended systems, such as activated sludge, contaminated 
groundwater is circulated in an aeration basin where a microbial 
population aerobically degrades organic matter and produces new 
cells. In attached systems, such as rotating biological contactors 
and trickling filters, microorganisms are established on an inert 
support matrix to aerobically degrade groundwater contaminants. 

Ex Situ Physical/Chemical Processes (assuming pumping) 

Air Stripping Full-scale/ Volatile organics are partitioned from groundwater by increasing the 
Conventional surface area of the contaminated water exposed to air. Aeration 

methods include packed towers, diffused aeration, tray aeration, and 
spray aeration. 

Carbon Adsorption Full-scale/ Groundwater is pumped through a series of canisters ;,:•_,,taining 
(Liquid Phase) Conventional activated carbon to which dissolved organic contamin;..:; ,s adsorb. 

Periodic replacement or regeneration of saturated carboa is required. 

UV Oxidation Full-scale/ Ultraviolet (UV) radiation, ozone, and/or hydrogen peroxide are 
Innovative used to destroy organic contaminants as water flows into a treatment 

tank. An ozone destruction unit is used to treat off-gases from the 
treaanent tank. 

Other Processes 

Natural Attenuation Natural subsurface processes such as dilution, volatilization, 
Conventional biodegr::. .... jon, adsorption, and chemical reactions with subsurface 

material:- are allowed to reduc:: contaminant concentrations to 
acceptab! .evels. Sampling a;o · qmple analysis throughout the 
process ar·~ r-P.c·.1ired. . -· 

8 

OGC-003893 



Reference Guide: Remediation Technologies Screening Matrix 

Air Emissions/Off-Gas Treatment Processes 

Technology Status Description 

Carbon Adsorption Full-scale/ Carbon, processed into hard granules or pellets, is used to capture 
(Vapor Phase) Conventional molecules of gas-phase pollutants. The granulated activated carbon 

(GAC) may be contained in a packed bed through which 
contaminated emissions/off-gases flow. When the carbon has been 
saturated with contaminants, it can be regenerated in place, removed 
and regenerated at an off-site facility, or disposed. 

Catalytic Oxidation Full-scale/ Trace organics in contaminated air streams are destroyed at lower 
(non-halogenated) Conventional temperatures, 842°F (450°C), than conventional combustion by 

passing the air/VOC mixture through a catalyst designed for non-
halogenated compounds. 

Catalytic Oxidation Full-scale/ Trace organics in contaminated air streams are destroyed at lower 
(halogenated) Conventional temperatures, 842°F (450°C), than conventional combustion by 

passing the air/VOC mixture through a catalyst designed for 
halogenated compounds. 

Bioflltration Full-scale/ Vapor-phase organic contaminants are pumped through a soil bed 
Innovative and sorb to the soil surface where they are degraded by 

microorganisms in the soil. Specific strains of bacteria may be 
introduced into the fllter and optimal conditions provided to 
preferentially degrade specific compounds. 

Thermal Oxidation Full-scale/ Organic contaminants are destroyed in a high temperature 1,832°F 
Conventional (l,OOO"C) combustor. 
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TABLE 2: DEFINITION OF SCREENING FACTORS 

Factor Definition 

Overall Cost Design. construction. and operation and maintenance (O&M) costs 
of the core process that defmes each teclmology, exclusive of 
mobilization, demobilization, and pre- and post-treatment costs. 
(For ex situ soil, sediment, and sludge technologies, it is assumed 
that excavation costs average $50/ton ($55.00/metric ton). For ex 
situ groundwater technologies, it is assumed that pumping costs 
average $0.25/1,000 gallons (S0.07/1,000 liters).) 

Capital or O&M Intensive? Is this technology capital (Cap)-intensive, with significant costs for 
design and construction; O&M-intensive, with significant costs for 
labor, operation, maintenance, and repair; both; or neither? 

Commercial Availability Number of vendors that can design, construct. and maintain the 
technology. 

Typically Part of a Treatment Train? Is additional treatment necessary, after the use of this technology, to 
clean up the contaminated media? (Excludes treatment of off-
gases.) 

Residuals Produced <§.olid, !Jquid, Vapor)? If use of the technology produces residuals th ~equire 

management, are they solids, liquids, or vap· 

Minimum Contaminant Concentration Minimum contaminant concentration achievable by the tecbn .. :y, 
Achievable measured in milligrams per kilogram (mglkg) for soil technc· g1es, 

• micrograms per liter (Jlg/L) for groundwater, and mglkg and 
micrograms per kilogram (}lglkg) for air emissions/off-gases. 

Addresses Toxicity, Mobility, or Volume? What paramet.er(s) of the contaminated media- toxicity, mobility, 
or volume - is the technology primarily designed to address? 

Long-Term Effectiveness/Permanence·: Does use of the technology rr.~tain protection of human health and 
the environment, over time, after cleanup objectives have been met? 

Time To Complete Cleanup Time requiree · :' clean up a "stmdard" site using the technology. 
("Standard" sit>! l'! 20,000 tom !)8,200 metric tons) for soil and 1 
million gallons e.785,000 liters) for groundwater.) 

System Reliability/Maimamability Degree of system reliability and level of maintenance required when 
:.~-;ing the technology. 

Awareness of Remediation Consulting Degree to which the technology is known to remediation 
Community consultants. 

Regulatory/Permitting Acceptability Degree to which use of the technology is acceptable to regulating 
and permitting agencies. 

Communi•v Acceptab.!ity Degree to whicl-: Jse of the technology is acceptable to the public. 
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TABLE 3: DEVELOPMENT PROCESS PARTICIPANTS 

I Federal: 

Maj. Richard A. Ashworth 
OC-ALC/EMR 
Tinker AFB, OK 73145 
405n34-3058 

Carl Enfield 
Kerr Environmental Research Laboratory 
U.S. EPA 
P.O. Box 1198 
Ada, OK 74820 
405/332-8800 

Frank Freestone 
U.S. EPA 
Edison Laboratory 
2890 Woodbridge Ave. 
M-104, Building 10 
Edison, NJ 08837-3697 
908/321-6635 

Vance Fong 
U.S. EPA Region IX 
75 Hawthorne Street, H-9-3 
San Francisco, CA 94150 
415n44-2311 

Robert Furlong 
HQAF/CEVR 
Bolling AFB, DC 20332 
202{767-4616 

Mark Hampton 
U.S. Army Environmental Center 
ATTN: ENAEC-TS-D 
Aberdeen Proving Ground, MD 21010 
410/671-2054 

Jack Hubbard 
SITE Demonstration and Eval. Branch 
U.S. EPA 
26 W. Martin Luther King Dr. 
Cincinnati, OH 45268 
513/569-7507 
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Richard Karl 
U.S. EPA Region V 
77 W. Jackson Blvd. 
Chicago, n.. 60604 
3121353-5503 

I.gpn. Kingscott 
Technology Innovation Office 
U.S. EPA 
401 M Street, SW, OS-llOW 
Washington, DC 20460 
703/308-8749 

Donna Kuroda 
U.S. Army Corps of Engineers 
CEMP-RT 
20 Massachusetts Ave., NW 
Washington, DC 20314 
202/504-4335 

Maj. Robert LaPoe 
ALIEQW 
139 Barnes Dr. 
Tyndall AFB, FL 32403 
904/283-6035 

Mike Malone 
U.S. OOEJERWM 
Trevion II, EM-551 
Washington, DC 20585 
301/903-7996 

Capt. Edward G. Marchand 
ALIEQW 
139 Barnes Dr. 
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Tyndall AFB, FL 32403 
904/283-6023 

John Martin 
SITE Demonstration and Eval. Branch 
U.S. EPA 
26 W. Martin Luther King Dr. 
Cincinnati, OH 45268 
513/569-7696 
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Federal: 

Maj. Ross Miller 
AFCEE/EST 
Brooks AFB, TX 78235 
210/536-4331 

David W. Neleigh 
U.S. EPA Region VI 
1445 Ross Ave., Suite 1200 
Dallas, TX 75202 
214/655-6785 

Wayne Ratliff 
AFMC/CEVR 
Wright-Patterson AFB, OH 45433 
513/257-7053 

Hank Sokolowski 
U.S. EPA Region ill 
841 Chesblut Building 
Philadelphia, PA 19107 
(215) 596-3163 

Allen Tool 
U.S. Army Corps of Engineers 
601 E. 12th Street 
CEMRK-ED-G 
Kansas City, MO 64106-2896 

Christine Psyk 
U.S. EPA Region X 
1200 Sixth Avenue 
Seattle, WA 98101 
206/553-1748 
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John Quander 
Technology Innovation Office 
U.S. EPA 
401 M Street, SW, OS-llOW 
Washington, DC 20460 
703/308-8845 

Capt. Catherine Vogel 
AL/EQW 
139 Barnes Dr. 
Tyndall AFB, FL 32403 
904/283-6036 

Dennis J. Wynne 
U.S. Army Environmental Center 
ATTN: ENAEC-TS-D 
Aberdeen Proving Ground, MD 21010 
410/671-2054 
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Non-Federal: 

Richard Brown 
Goundwater Technology, Inc. 
301 Horizon Center Drive 
Trenton, NJ 08691 
609/587-0300 

Roben Foster 
PRC Environmental Management, Inc. 
233 N. Michigan Ave., Suite 1621 
Chicago, n.. 60601 
312/856-8724 

Herb Gaskill 
Boeing Aircraft 
20015 72nd Ave., South 
Kent, WA 98032 
2061395-0322 

Dick Jensen 
Corporate Remediation Group 
Dupont Central Research 
Exp. Station 304 
Wilmington, DE 19880-0304 
302/695-4685 

Linda KausHagen 
BDM, Inc. 
139 Barnes Dr. 
Tyndall AFB, FL 32403 
904/283-6027 

Val J. Kelmeckis 
National Environmental Technology 

Applications Corporation 
615 William Pitt Way 
Pittsburgh, PA 15238 
412/826-5511 

Eric J. Klingel 
lEG Technologies Corporation 
1833/D Crossbeam Drive 
Charlotte, NC 28217 
7041357-6090 
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Richard Magee 
Hazardous Subs. Management Research Center 
New Jersey Institute of Technology 
138 Warren Street 
Newark, NJ 07102 
201/596-3006 

Jim Rawe 
Science Application International Corp. 
635 West 7th Street, Suite 403 
Cincinnati, OH 45203 
513n23-26oo 

Diane Saber 
Fluor Daniel, Inc. 
200 W. Monroe Street 
Chicago, n.. 60606 
312/368-3875 

Michael P. Scott 
Pollution Control Agency 
State of Minnesota 
520 Lafayette Rd. 
St. Paul, MN 55155 
612/296-7297 

Michael L. Taylor 
IT Corporation 
11499 Chester Rd. 
Cincinnati, OH 45246 
513n82-47oo 

Paul B. Trost 
Waste-Tech Services, Inc. 
800 Jefferson County Parkway 
Golden, CO 80401 
303/279-9712 
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John Wesnousky 
Dept of Toxic Substances Control 
State of California 
P.O. Box 806 
Sacramento, CA 95812-0806 
916/322-2543 
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CHAPTER 2: RATING SYSTEM 

The purpose of the Rating System is to provide the framework and factors for screening the 
technologies included in the Remediation Technologies Screening Matrix. 

The system is comprised of 13 factors that address specific cost, performance, technical, 
developmental, and institutional issues (see Table 2). The intention is to give site project managers an 
overview of a range of factors for use in identifying potentially applicable technologies and processes. 

It is important to remember that the Matrix provides basic, representative information only. The 
impact of site-specific conditions cannot be reflected. For example, the cost of a technology may depend 
on the size of the cleanup and physical and chemical characteristics of the waste. 

Five of the factors in the system pose performance-related questions. Answers to these questions 
are shown in the Matrix and are presented in Chapter 3 in the discussion of each technology or process. 

The remaining eight factors-Overall Cost, Commercial Availability, Minimum Contaminant 
Concentration Achievable, Time To Complete Cleanup, System Reliability/Maintainability, Awareness 
of Remediation Consulting Community, Regulatory/Permitting Acceptability, and Community 
Acceptability-involve a comparative rating. Technologies are assigned one of four possible ratings: 
Better, Average, Worse, or Inadequate Information. Table 4, which begins on the next page, identifies 
the rating levels for these eight factors. The levels were defined by the technical experts who participated 
in the Matrix development workshop, based on their collective experience and expertise. 

Three of the rating levels are differentiated in the Matrix by shape, as well as color, to facilitate 
black-and-white reproduction: 

Better 
Average 
Worse 

= Square = Blue 
= Circle = White 
= Triangle = Yellow 

The letter "I'' indicates there is Inadequate Information with which to rate the technology or process; 
"NA" is used if the factor is Not Applicable to the technology or process. Ratings for individual 
technologies and processes are discussed in Chapter 3. 
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TABLE 4: DEFINITION OF RATING LEVELS 

FACfORS INADEQUATE 
AND INFORMATION WORSE AVERAGE BETTER 

DEFINITIONS (I) (Triangle) (Circle) (Square) 

Overall Cost 

Design. construction. and operations There is More than $300/ton $100-$300/ton Less than 
and maintenance (O&M) costs of the insufficient ($330/metric ton; ($110-$330/metric $100/ton 
core process that defmes each information with for soils; ton); ($110/metric 
technology, exclusive of mobilization. which to rate the ton); 
demobilization, and pre- and post- technology in this 
treatment. category. More than $10/ $3.00 -$10.00/1,000 Less than 
(For e:c situ soil, sediment, and sludge 1,000 gal. ($2.64/ gal. ($0.79-$2.64/ $3.00/1,000 
technologies, it is assumed that 1,000 liters) for 1,000 liters); gal. ($0.79/ 
excavation costs average $50/ton groundwater; 1,000 liters); 
($55.00/metric ton}. For e:c situ 
groundwater technologies, it is assumed More than S25nb. S7-S25nh. <S3.17- Less than $7 I 
that pumping costs average $0.25/1,000 ($11.33/kg) for air $11.33/kg) lb. ($3.17/kg) 
gallons ($0.07/1,000 liters).) emissions and off-

gases 

Commercial A vailabillty 

Number of vendors that can design. There is Less than 2 2-4 vendors More than 4 
construct, and maintain the technology. insufficient vendors vendors 

information with 
which to rille the 
technology in this 
category. 

Minimum Contaminant 
Concentration Achievable 

Minimum contaminant concentration There is More than 50 mg/ 5-50 mg/kg; Less than s 
level achievable by the teclmology, insufficient kg; mg/kg; 
measured in milligrams per kilogram information with 
for soil technologies, micrograms per which to rille the More than 100 pg/ 5-100 pg/L; Less than 5 pg/ 
liter for groundwater, and milligrams technology in this L; L; 
per kilogram and micrograms per category. 
kilogram for air emissions and off- More than 250 mg/ 250 mg/kg-250 Not detectable 
gases. kg pg/kg, but 

detectable 
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FACTORS INADEQUATE 
AND INFORMATION WORSE AVERAGE BETTER 

DEFINITIONS (I) (Triangle) (Circle) (Square) 

Time To Complete Cleanup 

Tune required to clean up a "standard" There is More than 3 years 1-3 years; Less than 1 
site using the teclmology. (The insufficient for in situ soil year 
"standard" site is 20,000 tons (18,200 information with teclmologies; 
metric tons) for soils and 1 million which to rate the 
gallons (3, 785,000 liters) for teclmology in this More than 1 year 05-1 year; Less than 0.5 
groundwater. Chapter 3 contains a category. for ex situ soil years 
more detailed definition.) teclmologies; 

More than 10 years 3-10 years Less than 3 
for groundwater years 
technologies 

System ReUabiUty/MalntalnabUlty 

The degree of system reliability and There is Low reliability and Average reliability High reliability 
level of maintenance required when insufficient high maintenance and average and low 
using the teclmology. information with maintenance maintenance 

which to rate the 
teclmology in this 
category. 

Awareness of Remediadon Consulting 
Community 

Degree to which the teclmology is There is Generally Moderately known; Generally 
known to remediation consultants. insufficient unknown; little some information known; 

information with information available in information 
which to rate the available in technical literature readily 
technology in this technical literature available in 
cateogry. technical 

literature 
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.. 

FACI'ORS INADEQUATE 
AND INFORMATION WORSE AVERAGE BETTER 

DEFINITIONS (I) (Triangle) (Circle) (Square) 

R.;~ <.&&tory/Permitting 
Acceptablllty 

Degree to which use of the There is insufficient Below average Average Above average 
technology is acceptable to the information with which 
regulatory and permitting to rate the technology in -

community. this category. 

Community Acceptability 

Degree to which use of the There is insufficient Serious public Public Minimal 
technology is acceptable to the information with which involvement is likely involvement opposition 
public. to rate the technology in and the outcome is usually occurs, from the 

this category. uncertain. but the community is 
technology is likely. 
generally 
accepted. 
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CHAPTER 3: TECHNOLOGY RATINGS 

This chapter provides information about each of the technologies and processes evaluated in the 
Matrix. Included is a discussion of the contaminant groups treated by the technology and other issues 
that should be considered in determining its potential applicability and effectiveness. The ratings on the 
Matrix for each technology are presented in this chapter, and supplemental information is provided, as 
needed. For example, factors that could limit the suitability and effectiveness of each technology are 
discussed. 

Conventions 

The following conventions were used in preparing the Remediation Technologies Screening Matrix: 

1. Contaminants identified in the Matrix are grouped as follows: (1) halogenated volatiles; (2) 
halogenated semivolatiles; (3) non-halogenated volatiles; (4) non-halogenated semivolatiles; (5) fuel 
hydrocarbons; (6) pesticides; and (7) inorganics. These groupings were developed based on a review 
of EPA's Technology Screening Guide for Treatment of Soils and Sludges and Superfund Treatability 
Clearing House Abstracts and with guidance from the technical experts who participated in the 
development of the Matrix. Appendix B contains a list of selected contaminants in each group. 

2. While all contaminant groups to which the technology or process is applicable are indicated on the 
Matrix, each technology is evaluated based on the contaminant group(s) that it is primarily designed 
to treat If appropriate, additional information on the technology's performance against other 
contaminants is noted. 

3. "Standard" site profiles were developed to provide a baseline for rating the soil and groundwater 
technologies consistently against the "Time To Complete Cleanup" factor. A calculation of the time 
required to clean up the "standard" site is shown in the text only when the technology's processing 
rate was generally known. No "standard" was developed for air emissions/off-gas technologies, 
because cleanup time is dependent on the primary technology or process they support. Air emissions/ 
off-gas treatment technologies are not rated against the "Time To Complete Cleanup" factor. 

• The "standard" for soil is a normalized site of 1 acre, 10 feet deep (.41 hectare, 3.04 meters 
deep). Site volume is 20,000 tons (18,200 metric tons). 

• The "standard" for groundwater is a normalized site of 1 acre, 10 feet deep (.41 hectare, 3.04 
meters deep) with an average porosity of 30% and a shallow aquifer. Site volume is 1,000,000 
gallons (3,785,000 liters). 

4. For ex situ soil, sediment, and sludge technologies, the ratings in the Overall Cost category include 
an assumption that excavation costs average $50/ton ($55.00/metric ton). For ex situ groundwater 
technologies, it is assumed that pumping costs average $0.25/1,000 gallons ($0.07/1,000 liters). 

The discussion of each technology and process included in the Matrix begins on page 21. 
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Soils, Sediments, Sludges 

IN SITU BIODEGRADATION: 

The activity of naturally occurring microbes is stimulated by circulating water-based solutions through 
contaminated soils to enhance in situ biological degradation of organic contaminants. Nutrients, oxygen, 
or other amendments may be used to enhance biodegradation and contaminant desorption from subsurface 
materials. Generally, the process includes above-ground treatment and conditioning of the infiltration 
water with nutrients and an oxygen (or other electron acceptor) source. In situ biodegradation is a full· 
scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Extensive treatability studies and site characterization may be necessary. 
• The circulation of water-based solutions through the soil may increase contaminant mobility and 

necessitate use of an above-ground system for treating water prior to re-injection or disposal. 
• The injection of microorganisms into the subsurface is not recommended. Naturally occurring 

organisms are generally adapted to the contaminants present. 
• Preferential flow paths may severely decrease contact between injected fluids and contaminants 

throughout the contaminated zones. 
• The system should be used only where groundwater is near the surface and where the groundwater 

underlying the contaminated soils is contaminated. 
• The system should not be used for clay, highly layered, or heterogeneous subsurface environments 

due to oxygen (or other electron acceptor) transfer limitations. 
• Bioremediation may not be applicable at sites where there are high concentrations of heavy metals, 

highly chlorinated organics, or inorganic salts. 

Target contaminants for in situ biodegradation are non-halogenated volatile and semivolatile organics 
and fuel hydrocarbons (groups 3, 4, and 5). Halogenated volatiles and semivolatiles and pesticides (1, 
2, and 6) also can be treated, but the process may be less effective and may only be applicable to some 
compounds within these contaminant groups. 

1. Overall Cost Rating: Average 

2. Capital (Cap) or O&M Intensive? O&M 

Various quantities of nutrients or other amendments must be obtained and circulated through 
contaminated soils, and their concentrations and effects on contaminant degradation rates must be 
monitored. 

3. Commercial Availability: Rating: Better 

4. Typically Part of a Treatment Train? No 

S. Residuals Produced (Solid, Liquid, Vapor)? None 
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6. Minimum Contaminant Concentration Achievable: Rating: Average 

In situ soil biodegradation systems are capable of transforming contaminants into non-hazardous 
substances. However, the extent of contaminant degradation depends on a variety of parameters, 
such as the specific contaminants present and their concentrations, and adequate electron acceptors. 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

b: .itu biodegradation can permanently destroy selected organic contaminants. 

9. Time To Complete Cleanup: Rating: Worse 

Remediation times are often 4-6 years, depending mainly on the degradation rates of specific 
contaminants. Less than one year may be required to cleanup srme contaminants with relatively short 
half-lives, but higher molecular weight compounds have muci: .Jnger half-lives and thus take longer 
to degrade. 

10. System Reliability/Maintainability: Rating: Worse 

11. Awareness of the Remediation Consulting Community: Rating: Average 

12. Regulatory/Permitting Acceptability: R~ting: Worse 

There is a risk of increasing contaminant mobility and leaching of contaminants into the groundwater. 
Regulators often do not accept the addition of nutrients and other amendments to contaminated soils. 
In situ biodegradation has been selected for remedial and emergency response actions at only a few 
Superfund sites. 

13. Community Acceptability: Rating: Better 

Communities generally prefer technologies that result in contaminant destruction and that do not 
require excavation. 
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BIOVENTING: 

Oxygen is delivered to contaminated unsaturated soils by forced air movement (either extraction or 
injection of air) to increase oxygen concentrations and stimulate biodegradation. The system also may 
include the injection of contaminated gases, using the soil system for remediation. Unlike soil vapor 
extraction, bioventing employs much lower air flow rates that provide only the amount of oxygen 
necessary for biodegradation while minimizing volatilization and release of contaminants to the 
atmosphere. The advantages of gas-phase (as opposed to liquid phase) introduction of oxygen into soils 
are that gases diffuse more rapidly than liquids into less permeable subsurface formations and much less 
gas is required to deliver oxygen at levels needed to stimulate biological degradation of contaminants. 
Bioventing is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Tests should be conducted to determine soil gas permeability. 
• Bioventing is not recommended where there is a high water table (within several feet of the surface), 

saturated soil lenses, or impermeable soils. Areas with a high water table can be successfully treated 
by combinging bioventing with a dewatering process. 

• Vapors can build up in building basements within the radius of influence of air injection wells. This 
can be alleviated by extracting air near the structure of concern. 

• Low soil moisture content may limit biodegradation and the effectiveness ofbioventing, which tends 
to dry out the soils. 

• Monitoring of off-gases at the soil surface may be required. 
• Aerobic biodegradation of chlorinated compounds is not very effective unless there is a co-metabolite 

present. 

Bioventing is primarily designed to treat non-halogenated volatile and semivolatile organics and fuel 
hydrocarbons {3, 4, and 5). Halogenated volatiles and semivolatiles and pesticides {1, 2, and 6) also can 
be treated, but the process may be less effective and may only be applicable to some compounds within 
these contaminant groups. 

1. Overall Cost Rating: Better 

Costs for operating a bioventing system typically are $15 per yard3 ($19.50 per meter). This 
technology does not require expensive equipment and can be left unattended for long periods of time. 
Relatively few personnel are involved in the operation and maintenance of a bioventing system. 
Typically, quarterly maintenance monitoring is conducted. 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability: Rating: Better 

Bioventing is becoming more commonplace, and most of the hardware components are readily 
available. 

4. Typically Part of a Treatment Train? No 
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5. Residuals Produced (Solid, Liquid, Vapor)? None 

6. Minimum Contaminant Concentration Achievable. Ratina: Better 

Bioventing is capable of completely transfonning contaminants into non-hazardous substances. One 
of the advantages of bioven: : is its c.bility to biodegrade the non-volatile organics that other vapor 
extraction technologies tha; ,yon volatilization cannot address. 

7. Addresses Toxicity, Mobility, or Volume? 

8. Lona-Term Effectiveness/Permanence? Yes 

Bioventing can permanently destroy selected organic contaminants. 

9. Time To Complete Cleanup: Ratina: Average 

As with all biological technologies, the time required to remediate a site using bioventing is highly 
dependent upon the specific soil and chemical properties r' the contaminated media. The Air Force 
considers three years as the typical time required for cleOJ ring up most sites. 

10. System Reliability/Maintainability: Rating: Better 

Generally, downtime is minimal and repair parts are readily available. 

11. Awareness of the Remediation Consulting Community: Rating: Average 

Although relatively new, bioventing is receiving increased exposure to the remediation consulting 
community, particularly its use in conjunction with soil vapor extraction. The Air Force is sponsoring 
bioventing demonstrations at more than 100 sites. 

12. Regulatory/Permitting Acceptability: Rating: Average 

13. Community Acceptability: Rating: Better 

The public generally prefers destruction technologies that do not require excavation. In addition, 
bioventing can eliminate the risks of volatilization of contaminants into the atmosphere. 
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SOIL VAPOR EXTRACTION (SVE): 

Vacuum is applied' through extraction wells to create a pressure gradient that induces volatiles to diffuse 
through the soil to extraction wells. The process includes a system for handling off-gases. This process 
also is known as in situ soil venting, in situ volatilization, enhanced volatilization, or soil vacuum 
extraction. In situ SVE is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• High humic content of soil inhibits contaminant volatilization. 
• Heterogeneous soil conditions may result in inconsistent removal rates. 
• Low soil permeability limits subsurface air flow rates and reduces process efficiency. 

The target contaminant groups for in situ SVE are halogenated and non-halogenated volatile organic 
compounds, and fuel hydrocarbons (1, 3, and 5). The technology is applicable only to volatile compounds 
with a Henry's law constant greater than 0.01 or a vapor pressure greater than 0.5 units. In situ SVE 
generally applies only to the vadose zone. Treatment of the saturated zone is only possible by artificially 
lowering the water table. Since SVE is an in situ remedy and all contaminants are under vacuum until 
treatment, the possibility of release is greatly reduced. 

1. Overall Cost Rating: Better 

Data indicates the overall cost for in situ SVE is typically under $50/ton, excluding treatment of off
gases and collected groundwater. 

2. Capital (Cap) or O&M Intensive? O&M 

3. Commercial Availability Rating: Better 

4. Typically Part of a Treatment Train? No 

While SVE is considered a stand-alone technology, it also can be used as part of treatment trains 
to address semivolatiles. 

5. Residuals Produced (Solid, Liquid, Vapor) Rating: Liquid 

6. Minimum Contaminant Concentration Achievable Rating: Average 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Rating: Volume 

25 

OGC-003910 



Reference Guide: Remediation Technologies Screening Matrix 

8. Long-Term Effectiveness/Permanence? Yes 

Assuming the characteristics of the treated soil allow for the effective use of in situ SVE, !1-te 

remediation of the targeted contaminants is permanent. 

9. Time To Complete Cleanup Rating: A verat _. 

The time required to remediate a site using in sic;, SVE is hi~ ·y dependent upon the specific so 
and chemical properties of the contaminated media. The "s: .dard" site of 20,000 tons (18,20u 
metric tons) of contaminated media generally would require i .:-36 months. 

10. System Reliability/Maintainability Rating: Better 

Generally, most of the hardware components arc: readily available. Typical in situ SVE systems can 
be left unattended for long periods of time. The technology has been successfully operated during 
severe weather conditions. 

11. Awareness of Remediation Consulting Community Rating: Better 

12. Regulatory/Permitting Acceptability Rating: Better 

In situ SVE has been used at many Superfund and other hazardous waste sites. 

14. Community Acceptability Rating: Better 
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SOIL FLUSHING: 

Water, or water containing an additive to enhance contaminant solubility, is applied to the soil or injected 
into the groundwater to raise the water table into the contaminated soil zone. Contaminants are leached 
into the groundwater. The process includes extraction of the groundwater and capture/treatment/removal 
of the leached contaminants before the groundwater is re-circulated. Soil flushing is a pilot-scale 
technology. 

The following factors may limit the applicability and effectiveness of the process: 

• The technology is applicable only to sites with favorable hydrology, where flushed contaminants 
and soil flushing fluid can be contained and recaptured. 

• Low permeable soils are difficult to treat. 
• Surfactants can adhere to soil and reduce effective soil porosity. 
• Solvent reactions with soil can reduce contaminant mobility. 

The target contaminant groups for soil flushing are halogenated and non-halogenated volatile organic 
compounds, and inorganics (1, 3, and 7). The technology can be used to treat halogenated and non
halogenated semivolatile organic compounds, fuels, and pesticides (2, 4, 5, and 6), but it may be less 
effective and may only be applicable to some compounds in these contaminant groups. The addition 
of compatible surfactants may be used to increase the solubility of some compounds effectively. The 
technology offers the potential for recovery of metals and can clean a wide range of organic and inorganic 
contaminants from coarse-grained soils. Soil flushing does introduce potential toxins (e.g., the flushing 
solution) into the soil, which also may alter the physical/chemical properties of the soil system. 

1. Overall Cost Rating: Inadequate Information 

2. Capital (Cap) or O&M Intensive? O&M 

3. Commercial Availability Rating: Better 

4. Typically Part of a Treatment Train? No 

Soil flushing can be used as a stand-alone technology for some applications and is capable of 
reducing contaminant concentrations in the soil to acceptable levels. However, it also can be used 
in combination with other technologies, such as in situ bioremediation. 

5. Residuals Produced (Solid, Liquid, Vapor) Rating: Liquid 

It is important to ensure that the site has favorable hydrology so that flushed contaminants and soil 
flushing fluid can be contained and recaptured. 

6. Minimum Contaminant Concentration Achievable Rating: Worse 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Rating: Volume 
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8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Worse 

10. System Reliability/Maintainability Rating: Average 

11. Awareness of Remediation Consulting Community Rating: Average 

12. Regulatory/Permitting Acceptability Rating: Worse 

13. Community Acceptability Rating: Average 
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IN SITU SOLIDIFICATION/STABILIZATION: 

Contaminants are physically bound or enclosed within a stabilized mass (solidification), or chemical 
reactions are induced between the stabilizing agent and contaminants to reduce their mobility 
(stabilization). In situ solidification/stabilization is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Depth of contaminants. 
• Environmental conditions may affect ability to maintain immobilization of contaminants. 
• Some processes result in a significant increase in volume (up to double the original volume). 
• Certain wastes are incompatible with variations of this process. Treatability studies may be 

required. 

The target contaminant group for in situ solidification/stabilization is inorganics (7). The technology 
has limited effectiveness against halogenated and non-halogenated semivolatile organic compounds, and 
pesticides (2, 4, and 6). However, systems designed to be more effective in treating organics are being 
developed and tested. In situ solidification/stabilization is relatively simple, uses readily available 
equipment, and has high throughput rates compared to other technologies. 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Capital 

3. Commercial Availability Rating: Better 

4. Typically Part of a Treatment Train? No 

In situ solidification/stabilization is generally considered a stand-alone technology. 

5. Residuals Produced (Solid, Liquid, Vapor)? Solid 

Depending on the original contaminants and the chemical reactions that take place in the in situ 
solidification/stabilization process, the resultant stabilized mass may still have to be treated as a 
hazardous waste. 

6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Mobility 

In situ solidification/stabilization processes have demonstrated the capability to reduce the mobility 
of contaminated waste by greater than 95%. 

8. Long-Term Effectiveness/Permanence? Inadequate Information 

9. Time To Complete Cleanup Rating: Better 
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10. System Reliability/Maintainability Rating: Bette"' \) 
I 

11. Awareness of Remediation Consulting Community Rating: Average 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Average 
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PNEUMATIC FRACTURING: 

Pressurized air is injected beneath the surface to develop cracks in low permeability and over-consolidated 
sediments. These new passageways increase the effectiveness of many in situ processes and enhance 
extraction efficiencies. Pneumatic fracturing is a pilot-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• The technology should not be used in areas of high seismic activity. 
• Investigation of possible underground utilities, structures, or trapped free product is required. 
• The potential exists to open new pathways for the unwanted spread of contaminants (e.g., dense 

non-aqueous phase liquids). 

Pneumatic fracturing is applicable to the complete range of contaminant groups (1-7) with no particular 
target group. The technology is used primarily to fracture clays and bedrock, but has applications in 
aerating sand. Normal operation employs a two-person crew, making 25 - 40 fractures per day with a 
fracture radius of 15-20 feet (4.6-6.1 meters) to a depth of 50-100 feet (15.2-30.5 meters). 

1. Overall Cost Rating: Better 

The normal cost range for pneumatic fracturing is $5-$1 0/ton ($5.50-$11.00/metric ton). 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Worse 

The technology is currently available from only one vendor. Pneumatic fracturing was tested with 
hot gas injection and extraction in EPA's SITE Demonstration Program in 1992. Results are expected 
to be published in mid-1993. A phase IT demonstration is planned for 1993. 

4. Typically Part of a Treatment Train? Yes 

Pneumatic fracturing is an enhancement technology, designed to increase the efficiency of other in 
situ technologies in difficult soil conditions. The technology is most commonly integrated with vapor 
extraction, bioremediation, thermal treatment, or soil flushing. 

5. Residuals Produced (Solid, Liquid, Vapor) None 

6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Mobility 

Pneumatic fracturing is designed to increase the mobility through difficult soil conditions. The 
passageways enhance extraction efficiencies and increase contact between contaminants and soil 
amendments. 
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8. Long-Term Effectiveness/Permanence? Yes 

For longer remediation programs, refracturing effons may be rcq;jJ.Ied at 6-12 month intervals. 

9. Time To Complete Cleanup Rating: Not Applicable 

Pneumatic fracturing is designed to enhance the efficiency of other technologies. 

10. System Reliability/Maintainability Rating: Better 

11. Awareness of Remediation Consulting Community Rating: Worse 

The technology has been demonstrated in the field, including the one under EPA's SITE program. 
In addition, numerous bench-scale and theoretical studies have been published. 

12. Regulatory/Permitting Acceptability Rating: Inadequate Information 

13. Community Acceptability Rating: Inadequate Information 
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IN SITU VITRIFICATION: 

Electrodes for applying electricity, or joule heating, are used to melt contaminated soils and sludges, 
producing a glass and crystalline structure with very low leaching characteristics. In situ vitrification 
is currently in pilot-scale development. Most of the current work is being sponsored by the Department 
of Energy (DOE). 

The following factors may limit the applicability and effectiveness of the process: 

• The process requires homogeneity of the media. 
• In situ vitrification is only effective to a maximum depth of approximately 30 feet (9 meters). 
• Organic and inorganic off-gases must be controlled. 
• In situ vitrification is limited to operations in the vadose zone. 

While in situ vitrification is used primarily to encapsulate non-volatile inorganic elements (7), 
temperatures of approximately 3000°F (l600°C) achieved in the process destroy organic contaminants 
(1-6) by pyrolysis. The vitrified mass resists leaching for geologic time periods. A vacuum hood placed 
over the treated area collects off-gases, which are treated before release. The entire process is conducted 
under a vacuum, greatly reducing the possibility of contaminant release. The high voltage used in the 
in situ vitrification process, as well as control of the off-gases, present some health and safety risks. 
Recent operational problems involving a sudden gas release at a large-scale test pose some additional 
technical concerns. 

1. Overall Cost Rating: Worse 

The cost of in situ vitrification has been estimated to be approximately $790/ton ($870/metric ton). 
In situ vitrification is a relatively complex, high-energy technology requiring a high degree of skill 
and training. 

2. Capital (Cap) or O&M Intensive? Both 

3. Commercial Availability Rating: Worse 

Only one vendor, Battelle Memorial Institute, is licensed at this time by the DOE to perfonn in situ 
vitrification. Geosafe Corporation, primarily owned by Battelle, holds the exclusive sublicense to 
perfonn in situ vitrification commercially. 

4. Typically Part of a Treatment Train? No 

In situ vitrification is normally considered a stand-alone technology. 

5. Residuals Produced (Solid, Liquid, Vapor) Liquid 
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6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

In situ vitrification is designed to encapsulate target contaminants rather than reduce contaminant 
concentration levels. However, destruction of the organic contaminants present in the treated media 
does occur because of temperatures achieved in the process. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Mobility 

In situ vitrification is designed to reduce the mobility of the contaminated wastes within the media. 
The vitrified mass has high resistance to leaching and has strength properties better than those of 
concrete. The monolith formed has hydration properties similar to those of obsidian, which hydrates 
at rates of less than 1 millimeter/1 0,000 years. 

''· Long-Term Effectiveness/Permanence? Yes 

Studies indicate that the glass and crystalline product of in situ vitrification permanently immobilizes 
hazardous inorganics and will retain its physical and chemical integrity for geologic time periods. 

9. Time To Complete Cleanup Rating: Better 

The time to complete cleanup of a 20,000-ton (18,200-metric ton) site using in situ vitrification would 
be approximately 7 months. 

10. System Reliability/Maintainability Rating: Worse 

During a recent large-scale test, a sudden gas release pressurized the containment hood and splattered 
molten soil on the stainless steel hood. 

11. Awareness of Remediation Consulting Community Rating: Average 

In situ vitrification has been used in 22 pilot-scale and 10 large-scale tests on media contaminated 
with in organics, organics, and/or radioactive wastes. However, dissemination of technical information 
outside of DOE, Battelle, and Geosafe has been limited to date. 

12. Regulatory/Permitting Acceptability Rating: Worse 

13. Community Acceptability Rating: Worse 
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THERMALLY ENHANCED SVE: 

This process uses steam/hot-air injection or electric/radio frequency heating to increase the mobility of 
volatiles and facilitate extraction. The process includes a system for handling off-gases. Thermally 
enhanced SVE is a full-scale technology. It is designed to treat halogenated and non-halogenated 
semivolatile organic compounds (2 and 4). Some thermally enhanced SVE technologies also are effective 
in treating some pesticides (6), depending on the temperatures achieved by the system. The technology 
can also be used to treat some halogenated and non-halogenated volatile organic compounds and fuels 
(1, 3, and 5), but effectiveness may be limited. 

The following factors may limit the applicability and effectiveness of the process: 

• Debris or other large objects buried in the media can cause operating difficulties. 
• Use of the technology is limited to a 5° slope or less. 
• Performance against certain contaminants varies depending upon the process selected because 

of the maximum temperature achieved. 
• The soil structure at the site may be modified depending upon the process selected. 

The thermally enhanced SVE processes used by each vendor are notably different and should be 
investigated individually for more detailed information. Since thermally enhanced SVE is an in situ 
remedy and all contaminants are under a vacuum during operation, the possibility of contaminant release 
is greatly reduced. 

1. Overall Cost Rating: Average 

Available data indicates the overall cost for thermally enhanced SVE systems is approximately $50-
$75/ton ($55-$82/metric ton), excluding treatment of off-gases and collected groundwater. 

2. Capital (Cap) or O&M Intensive? Both 

3. Commercial Availability Rating: Average 

4. Typically Part of a Treatment Train? No 

Thennally enhanced SVE is most commonly used as a stand-alone technology. 

s. Residuals Produced (Solid, Liquid, Vapor) Liquid 

6. Minimum Contaminant Concentration Achievable Rating: Average 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 
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8. Long-Term Effectiveness/Permanence? Yes 

Assuming the soil characteristics allow for the effective use of thermally enhanced SVE, the 
remediation of the target contaminants is permanent. 

9. Time To Complete Cleanup Rating: Better 

As with SVE, remediation projects using thermally enhanced SVE systems are highly dependent ·u ~Jon 
the specific soil and chemical properties of the contaminated media. The "standard" site con , .· · :g 
of 20,000 tons (18,200 metric tons) of contaminated media would require approximately 9 n' ::15. 

10. System Reliability/Maintainability Rating: A . .:ge 

11. Awareness of Remediation Consulting Community Rating: Average 

Although thermally enhanced SVE systems have only seen lirnitec 1se to date, the concept of soil 
vapor extraction, which is its basis, is well recognized. 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Al·.:rage 
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SLURRY PHASE BIOLOGICAL TREATMENT: 

An aqueous slurry is created by combining soil or sludge with water and other additives. The slurry is 
mixed to keep solids suspended and microorganisms in contact with the soil contaminants. Nutrients, 
oxygen, and pH in the bioreactor are controlled to enhance biodegradation. Upon completion of the 
process, the slurry is dewatered and the treated soil is disposed. Slurry phase biological treatment is 
a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• A slurry phase process is much more complex than a controlled solid phase system. 
• Excavation of contaminated soils is required. 
• Sizing of materials prior to putting them in the hopper can be difficult and expensive. Non

homogeneous soils can create serious materials handling problems. 
• Contaminant loading rates can be slow, depending on the compounds to be treated. 
• Dewatering soil fines after treatment and prior to ultimate disposal is part of the process and is very 

expensive. 
• An acceptable method for disposing of wastewaters is required. 
• Slurry phase biological treatment systems are still under design to include a broader spectrum of 

contaminants. 

Slurry-phase biological treatment is primarily designed to treat non-halogenated volatile organics and 
fuel hydrocarbons (3 and 5). Halogenated volatiles and semivolatiles, non-halogenated semivolatiles, 
and pesticides (1, 2, 4, and 6) also can be treated, but the process may be less effective and may only 
be applicable to some compounds within these contaminant groups. Many chlorinated organics and 
pesticides are not very biodegradable and this technology would not be very applicable. Aerobic co
metabolism using methanotrophic bacteria and phenol-degrading bacteria can degrade TCE and the lower 
chlorinated aliphatics, but do not work well for PCE and higher chlorinated compounds. Anaerobic 
reductive dechlorination is being investigated to treat the higher chlorinated compounds. Higher ringed 
polynuclear aromatic (PNA) compounds (greater than 5 rings) are very difficult to degrade. 

1. Overall Cost Rating: Average 

Costs are highly dependant on the extent of preparation required for contaminated material prior to 
slurrying, the need for post-treaonent (such as dewatering), and the need for addition of air emission 
control equipment 

2. Capital (Cap) or O&M Intensive? Both 

3. Commercial Availability: Rating: Average 

Commercial-scale units that are complete cleanup systems are in operation. Most of the advances 
in this technology are related to the development of materials handling equipment and nutrient 
formulations. 

4. Typically Part of a Treatment Train? No 
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5. Residuals Produced (Solid, Liquid, Vapor)? None 

6. Minimum Contaminant Concentration Achievable: Rating: Average 

This is highly dependent upon the biodegradability of the contaminants, which is affected by the mix 
of contaminants in the matrix, initial concentrations, and matrix desorption characteristics. 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

Slurry phase biodegradation can pennanently destroy selected organic contaminants. 

9. Time To Complete Cleanup: Rating: Average 

Slurry phase biological treatment is relatively rapid compared to other biological treatment processes, 
particularly for contaminated clays. However, as with other biological technologies, this is highly 
dependent upon the specific soil and chemical properties of the contaminated media. This technology 
is particularly applicable where the quantity of material containing recalcitrant compounds is small, 
and time to complete remediation is a high priority. 

10. System Reliability/Maintainability: Rating: Average 

11. Awareness of the Remediation Consulting Community: Ratmg: Average 

A substantial amount of information is available on slurry phase bioremediation in the published 
literature and from vendors. 

12. Regulatory/Permitting Acceptability: Rating: Better 

The technology has been selected to treat soils and sludges at one Superfund site and has been 
selected to treat the fines from soil washing at four Superfund sites. 

13. Community Acceptability: Rating: Average 

Communities generally prefer technologies that do not require excavation, although this technology 
usually meets with little opposition because it destroys contaminants. 
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CONTROLLED SOLID PHASE BIOLOGICAL TREATI\1ENT: 

Excavated soils are mixed with soil amendments and placed in above-ground enclosures that include 
leachate collection systems and some form of aeration. Controlled solid phase processes include prepared 
treatment beds, biotreatment cells, soil piles, and composting. Moisture, heat, nutrients, oxygen, and pH 
can be controlled to enhance biodegradation. Controlled solid phase biological treatment is a full-scale 
technology. 

The following factors may limit the applicability and effectiveness of the process: 

• A large amount of space is required. 
• Excavation of contaminated soils is required. 
• Treatability testing should be conducted to determine the biodegradability of contaminants and 

appropriate oxygenation and nutrient loading rates. 
• Solid phase processes have questionable effectiveness for halogenated compounds and may not be 

very effective in degrading transformation products of explosives. 
• These processes require more time to complete cleanup than slurry phase processes. 

Solid-phase biological treatment is most effective in treating non-halogenated volatile organics and fuel 
hydrocarbons (3 and 5). Halogenated volatiles and semivolatiles, non-halogenated semivolatiles, and 
pesticides (1, 2, 4, and 6) also can be treated, but the process may be less effective and may only be 
applicable to some compounds within these contaminant groups. 

1. Overall Cost Rating: Better 

2. 

3. 

4. 

5. 

6. 

Costs are dependent on the contaminant, procedure to be used, need for additional pre- and post
treatment, and need for air emission control equipment. Controlled solid phase processes are 
relatively simple and require few personnel for operation and maintenance. 

Capital (Cap) or O&M Intensive? Neither 

Commercial Availability: Rating: Better 

Typically Part of a Treatment Train? No 

Residuals Produced (Solid, Liquid, Vapor)? None 

Minimum Contaminant Concentration Achievable: Rating: Average 

As with other biological treatments, under proper conditions controlled solid phase processes can 
transform contaminants into non-hazardous substances. However, the extent of biodegradation is 
highly dependent on the initial concentrations of the the contaminants and their biodegradability, the 
properties of the contaminated matrix, and the particular treatment system selected. 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 
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8. Long-Term Effectiveness/Permanence? Yes 

Controlled solid phase biodegradation can permanently destroy selected organic contaminants. 

9. Time To Complete Cleanup: Rating: Average 

Time to complete cleanup for these systems is primarily a function of the degradation rates of the 
contaminants being treated. A prepared bed system is mainly limited by available space and the size 
and cost of the treatment beds. 

10. System Reliability/Maintainability: Rating: Better 

Solid phase systems are relatively simple systems that are easy to operate and maintain. 

11. Awareness of the Remediation Consulting Community: Rating: Better 

12. Regulatory/Permitting Acceptability: Rating: Better 

Tanks or containers must meet RCRA standards, including requirements for secondary containment 
NPDES permits are required for wastewater disposal. 

13. Community Acceptability: Rating: Average 

c... 

Communities generally prefer technologies that do not require excavation; however, this technology 
usually meets with little opposition due to its low cost and destruction of contaminants. 
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LANDF ARMING: 

Contaminated soils are applied onto the soil surface and periodically turned over or tilled into the soil 
to aerate the waste. Although landfarrning usually requires excavation of contaminated soils, surface
contaminated soils may sometimes be treated in place without excavation. Landfarrning systems are 
increasingly incorporating liners and other methods to control leaching of contaminants. Landfarming 
is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• A large amount of space is required. 
• Excavation of contaminated soils usually is required. 
• Conditions advantageous for biological degradation of contaminants are largely uncontrolled, which 

increases the length of time to complete remediation, particularly for recalcitrant compounds. 
• Reduction of contaminant concentrations may be caused more by volatilization than biodegradation. 

Landfarming is most effective in treating non-halogenated volatile organics and fuel hydrocarbons (3 and 
5). Halogenated volatiles and semivolatiles, non-halogenated semivolatiles, and pesticides (1, 2, 4, and 
6) also can be treated, but the process may only be applicable to some compounds in these groups. 

1. Overall Cost Rating: Better 

Landfarrning is a very simple process and does not require control of moisture, oxygen, pH, or other 
parameters. Most of the system operations, such as tilling, can be done by relatively unskilled 
personnel. 

2. Capital (Cap) or O&M Intensive? N~ither 

3. Commercial Availability: Rating: Better 

Numerous full-scale operations have been used, particularly by the petroleum industry. 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor)? None 

6. Minimum Contaminant Concentration Achievable: Rating: Average 

As with other biological treatments, under proper conditions, landfarrning can transform contaminants 
into non-hazardous substances. However, removal efficiencies are a function of contaminant type 
and concentrations, soil type, temperature, moisture, waste loading rates, application frequency, 
aeration, volatilization, and other factors. 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 
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8. Long-Term Effectiveness/Permanence? Yes 

Landfarming can permanently destroy selected organic contaminants. 

9. Time To Complete Cleanup: Rating: Worse 

Tills is primarily a function of the degradation rates of the contaminants being treated. 

10. System Reliability/Maintainability: Rat :tg: Better 

These systems require regular tilling to aerate the soil and periodic chemical analyses of waste 
constituents in the soil Potential for failure is minimal unless there is excessiVf .1fall or 
degradation rates are not achieved. 

11. Awareness of the Remediation Consulting Community: Rating: Better 

Numerous full-scale landfanning applications have been operated over the last ten years. 

12. Regulatory/Permitting Acceptability: Rating: Average 

The acceptability of this technology varies by State. Permitting of landfarm operations is becoming 
more difficult 

13. Community Acceptability: Rating: Average 

Communities generally prefer technologies that do not require excavation; however, this technology 
usually meets with little opposition due to its low cost and destruction of contaminants. 
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SOIL WASHING: 

Contaminants sorbed onto soil particles are separated from soil in an aqueous-based system. The wash 
water may be augmented with a basic leaching agent, surfactant, pH adjustment, or chelating agent to 
help remove organics or heavy metals. Soil washing is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Fine soil panicles (silts, clays) are difficult to remove from washing fluid. 
• Complex waste mixtures (e.g., metals with organics) make formulating washing fluid difficult. 
• High humic content in soil inhibits desorption. 

The target contaminant groups for soil flushing are halogenated and non-halogenated semivolatile organic 
compounds, fuel hydrocarbons, and inorganics (2, 4, 5, and 7). The technology can be used but may 
be less effective against halogenated and non-halogenated volatile organic compounds and pesticides (1, 
3, and 6). The technology offers the potential for recovery of metals and can clean a wide range of 
organic and inorganic contaminants from coarse-grained soils. As an ex situ remedy, the excavation 
associated with soil washing poses a potential health and safety risk to site workers through skin contact 
and air emissions. Personal protective equipment, at a level commensurate with the contaminants 
involved, is normally required during excavation operations. 

1. Overall Cost Rating: Average 

Average cost for use of this technology, including excavation, is approximately $120-$200 per ton 
($132-$220/metric ton), depending on the target waste quantity and concentration. 

2. Capital (Cap) or O&M Intensive? Both 

3. Commercial Availability Rating: Average 

4. Typically Part of a Treatment Train? Yes 

Soil washing is most commonly used in combination with the following technologies: bioremediation, 
incineration, and solidification/stabilization. 

5. Residuals Produced (Solid, Liquid, Vapor) Rating: Solid, Liquid 

Depending on the process used, the washing agent and soil fines are residuals that require further 
treatment 

6. Minimum Contaminant Concentration Achievable Rating: Average 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 
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8. Long-Term Effectiveness/Permanence? Yes 

When contaminated fines have been separated, coarse-grain soil can usually be returned clean to the 
site. It should stay clean unless re-contaminated. 

9. Time To Complete Cleanup Rating: Better 

The time to complete cleanup of the "standard" 20,000-ton (18,200-metric ton) site using soil washing 
would be less than 3 months. 

10. Sysiem Reliability/Maintainability Rating: Average 

11. Awareness of Remediation Consulting Community Rating: Average 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Better 
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SOLIDIFICATION/STABILIZATION: 

Contaminants are physically bound or enclosed within a stabilized mass (solidification), or chemical 
reactions are induced between the stabilizing agent and contaminants to reduce their mobility 
(stabilization). Ex situ solidification/stabilization is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Environmental conditions may affect the long-term immobilization of contaminants. 
• Some processes result in a significant increase in volume (up to double the original volume). 

• • Certain wastes are incompatible with different processes. Treatability studies may be required. 

The target contaminant group for ex situ solidification/stabilization is inorganics (7). The technology 
has limited effectiveness against halogenated and non-halogenated semivolatile organic compounds and 
pesticides (2, 4, and 6). However, systems designed to be more effective against organic contaminants 
are being developed and tested. Ex situ solidification/stabilization is relatively simple, uses readily 
available equipment, and has high throughput rates compared to other technologies. As an ex situ 
remedy, the excavation associated with solidification/stabilization poses a potential health and safety risk 
to site workers through skin contact and air emissions. Personal protective equipment, at a level 
commensurate with the contaminants involved, is normally required during excavation operations. 

1. Overall Cost Rating: Better 

Ex situ solidification/stabilization processes are among the most mature remediation technologies. 
Representative overall costs from more than a dozen vendors indicate an approximate cost of under 
$1 00/ton ($11 0/metric ton), including excavation. 

2. Capital (Cap) or O&M Intensive? Capital 

3. Commercial Availability Rating: Better 

4. Typically Part of a Treatment Train? No 

Ex situ solidification/stabilization is generally considered a stand-alone technology. However, it is 
often used in combination with other technologies, such as solvent extraction, bioremediation, soil 
washing, and soil vapor extraction. 

5. Residuals Produced (Solid, Liquid, Vapor) Solid 

Depending upon the original contaminants and the chemical reactions that take place in the ex situ 
solidification/stabilization process, the resultant stabilized mass may have to be handled as a 
hazardous waste. 

6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 
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7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Mobility 

Ex situ solidification/stabilization processes have demonstrated capability to reduce the mobility of 
contaminated wa~ .. ;.: by greater than 95%. 

8. Long-Term Effectiveness/Permanence? Inadequate Information 

9. Time Tn Complete Cleanup Rating: Better 

Remcc; Jlion of the "standard" site consisting of 20,000 tons ( 18,200 metric tons) would require less 
than : .. to nth. 

10. System Reliability/Maintainability Rating: Better 

11. Awareness of Remediation Consulting Community Rating: Better 

12. Regulatory/Permitting Acceptability Rating: Average 

While CERCLA includes preference for treatment of contaminants, solidification/stabilization 
technologies generally face minimal difficulty in obtaining the necessary regulatory/permitting 
approvals and have been selected for use at many Superfund sites. 

13. Community Acceptability Rating: Average 

Public resistance to most solidification/stabilization technologies has been minimal and the technology 
is normally accepted. 
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DEHALOGENATION (GLYCOLATE): 

An alkaline polyethylene glycolate (APEG) reagent is used to dehalogenate halogenated aromatic 
compounds in a batch reactor. Potassium Polyethylene Glycolate (KPEG) is the most common APEG 
reagent. Contaminated soils and the reagent are mixed and heated in a treatment vessel. In the APEG 
process, the reaction causes the polyethylene glycol to replace halogen molecules and render the 
compound non-hazardous. For example, the reaction between chlorinated organics and KPEG causes 
replacement of a chlorine molecule and results in a reduction in toxicity. Dehalogenation (glycolate) 
is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• The technology is generally not cost effective for large waste volumes. 
• Media water content above 20% requires excessive reagent volume. 
• Concentrations of chlorinated organics greater than 5% require large volumes of reagent. 
• The resultant soil has poor physical characteristics. 

The target contaminant groups for glycolate dehalogenation are halogenated semivolatile organic 
compounds and pesticides (2 and 6). The technology can be used but may be less effective against 
selected halogenated volatile organic compounds (1). APEG dehalogenation is one of the few processes 
available other than incineration that has been successfully field tested in treating PCBs. The technology 
is amenable to small-scale applications. As an ex situ remedy, the excavation associated with 
dehalogenation (APEG/KPEG) poses a potential health and safety risk to site workers through skin contact 
and air emissions. Personal protective equipment, at a level commensurate with the contaminants 
involved, is normally required during excavation operations. 

1. Overall Cost Rating: Worse 

2. Capital (Cap) or O&M Intensive? Both 

3. Commercial Availability Rating: Average 

4. Typically Part of a Treatment Train? No 

Dehalogenation (APEG/KPEG) is generally considered a stand-alone technology. However, it can 
be used in combination with other technologies. 

5. Residuals Produced (Solid, Liquid, Vapor) Liquid 

Treatment of the wastewater generated by the process may include chemical oxidation, 
biodegradation, carbon adsorption, or precipitation. 
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6. Minimum Contaminant Concentration Achievable Rating: Better 

Dehalogenation (glycolate) has been used to successfully treat contaminant concentrations of PCBs 
from less than 2 mg/kg to reportedly as high as 45,000 mg/kg. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Rating: Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Worse 

10. System Reliability/Maintainability Rating: Worse 

11. Awareness of Remediation Consulting Community Rating: Average 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Average 

The technology has greater public acceptance than incineration. 
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DEHALOGENATION (BASE-CATALYZED DECOMPOSITION): 

Contaminated soil is screened, processed with a crusher and pug mill, and mixed with sodium 
bicarbonate. The mixture is heated at 630°F (333°C) in a rotary reactor to decompose and partially 
volatilize the contaminants. Dehalogenation (BCD) is a full-scale technology. However, it has had 
very limited use. 

The following factors may limit the applicability and effectiveness of the process: 

• If the influent matrix includes heavy metals and certain non-halogenated volatiles, they will not 
be destroyed by the process. 

• High clay and moisture content will increase treatment costs. 

The target contaminant groups for dehalogenation (BCD) are halogenated semi volatile organic compounds 
and pesticides (2 and 6). The technology can be used to treat halogenated volatile organic compounds 
(1), but may be less effective and applicable to only some compounds within this group. The 
dehalogenation (BCD) process was developed by EPA's Risk Reduction Engineering Laboratory (RREL), 
in cooperation with the Naval Civil Engineering Laboratory (NCEL), as a clean, inexpensive way to 
remediate soils and sediments contaminated with chlorinated organic compounds, especially PCBs. As 

. an ex situ remedy, the excavation associated with dehalogenation (BCD) poses a potential health and 
safety risk to site workers, through skin contact and air emissions. Personal protective equipment, at 
a level commensurate with the contaminants involved, is normally required during excavation operations. 

1. Overall Cost Rating: Inadequate Information 

Use of this technology has been so limited that no reliable data on cost are available. 

2. Capital (Cap) or O&M Intensive? Rating: Inadequate Information 

3. Commercial Availability Rating: Worse 

As of November 1992, no U.S. vendors were licensed to use the technology. 

4. Typically Part of a Treatment Train? No 

Dehalogenation (BCD) is generally considered a stand-alone technology. However, it can be used 
in combination with other technologies. 

S. Residuals Produced (Solid, Liquid, Vapor) Vapor 

6. Minimum Contaminant Concentration Achievable Rating: Inadequate Information 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 
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9. Time To Complete Cleanup Rating: Inadequate Information ,, .. 
' .,, 

10. System Reliability/Maintainability Rating: Inadequate Information 

11. Awareness of Remediation Consulting Community Rating: Worse 

12. Regulatory/Permitting Acceptability Rating: Inadequate Information 

13. Community Acceptability Rating: Inadequate Information 

OGC-003935 
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SOLVENT EXTRACTION: 

Waste and solvent are mixed in an extractor, dissolving into the solvent. The extracted organics and 
solvent are then placed in a separator, where the contaminants and solvent are separated for treatment 
and further use. Solvent extraction is a full-scale technology. 

The folloWing factors may limit the applicability and effectiveness of the process: 

• Organically bound metals can be extracted along with the target organic pollutants, which restricts 
handling of the residuals. 

• The presence of detergents and emulsifiers can unfavorably influence the extraction performance. 
• Traces of solvent may remain in the treated solids; the toxicity of the solvent is an important 

consideration. 
• Solvent extraction is generally least effective on very high molecular weight organic and very 

hydrophilic substances. 
• Some soil types and moisture content levels will adversely impact process performance. 

The target contaminant groups for solvent extraction are halogenated and non-halogenated semivolatile 
organic compounds and pesticides (2, 4, and 6). The technology can be used to treat halogenated and 
non-halogenated volatile organic compounds, and fuels (1, 3, and 5), but it may be less effective and 
may be applicable to only some compounds in these groups. As an ex situ remedy, the excavation 
associated with solvent extraction poses a potential health and safety risk to site workers through skin 
contact and air emissions. Personal protective equipment, at a level commensurate with the contaminants 
involved, is normally required during excavation operations. 

1. Overall Cost Rating: Worse 

2. Capital (Cap) or O&M Intensive? Both 

3. Commercial Availability Rating: Average 

4. Typically Part of a Treatment Train? Yes 

Solvent extraction is commonly used in combination with other technologies, such as 
solidification/stabilization, incineration, or soil washing, depending upon site-specific conditions. 
It also can be used as a stand-alone technology, in some instances. 

5. Residuals Pr(]duced (Solid, Liquid, Vapor) Liquid 

Organically bound metals can be extracted along with the target organic contaminants, thereby 
creating residuals with special handling requirements. Traces of solvent may remain within the 
treated soil matrix, so the toxicity of the solvent is an important consideration. 

6. Minimum Contaminant Concentration Achievable Rating: Average 
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7. Addresses Toxic: ·. (T), Mobility (M), or Volume (V)? Volume 

Solvent e;~ ;tio· 
reducing tl volt: 

'eS no .estray wastes, but is a means of separating the contaminants, thereby 
of hazardous waste to be treated. 

8. Long-Term Effectiveness/Permanence? Yes 

The treated media is usually returned to the site after having met Best Demonstrated Available 
Technology (BDA 1) and other standards. 

9. Time To Complete Cleanup Rating: Worse 

10. System Reliability/Maintainability Rating: Average 

11. Awareness of Remediation Consulting Community Rating: Average 

12. Regulatory/Permitting Acceptabilit,;· Rating: Average 

13. Community Acceptability Rating: Average 

With enclosed systems and dust control measures during soil (feed) preparation, solvent extraction 
appears to pose little threat to the community. 
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CHEMICAL REDUCTION/OXIDATION: 

Reduction/oxidation chemically converts hazardous contaminants to non-hazardous or less toxic 
compounds that are more stable, less mobile, and/or inert. The reducing/oxidizing agents most commonly 
used for treatment of hazardous contaminants are ozone, hydrogen peroxide, hypochlorites, chlorine, and 
chlorine dioxide. A combination of these reagents, or combining them with ultraviolet (UV) oxidation, 
makes the process more effective. Chemical reduction/oxidation is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Incomplete oxidation or formation of intermediate contaminants may occur depending upon the 
contaminants and oxidizing agents used. 

• The process is not cost effective for high contaminant concentrations due to the large amounts 
of oxidizing agent required. 

• Oil and grease in the media should be minimized to optimize process efficiency. 

The target contaminant group for chemical reduction/oxidation is inorganics (7). The technology can 
be used but may be less effective against non-halogenated volatile and semivolatile organic compounds, 
fuel hydrocarbons, and pesticides (3, 4, 5, and 6). As an ex situ remedy, the excavation associated with 
chemical reduction/oxidation poses a potential health and safety risk to site workers through skin contact 
and air emissions. Personal protective equipment, at a level commensurate with the contaminants 
involved, is normally required during excavation operations. 

1. Overall Cost Rating: Average 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Better 

4. Typically Part of a Treatment Train? Yes 

5. Residuals Produced (Solid, Liquid, Vapor) Solid 

6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

7. Addresses Toxicity (1'), Mobility (M), or Volume (V)? Toxicity, Mobility 

Oxidation chemically converts inorganics to non-hazardous or less toxic compounds that are more 
stable, less mobile, or inert. 

8. Long-Term Effectiveness/Permanence? Inadequate Information 

9. Time To Complete Cleanup Rating: Better 

10. System Reliability/Maintainability Rating: Better 
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11. Awareness of Remediation Consulting Community Rating: Average 

Chemical reduction/oxidation is a well established technology used for disinfection of drinking water 
and wastewater, and is a common treatment for cyanide wastes. Enhanced systems are now being 
used more frequently to treat hazardous wastes in soils. 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Average 

oGC-003939 
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SOIL VAPOR EXTRACTION (SVE): 

A vacuum is applied to a network of above-ground piping to encourage volatilization of organics from 
the excavated media. The process includes a system for handling off-gases. The process is very similar 
to in situ SVE. Ex situ SVE is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• High humic content of soil inhibits volatilization. 
• The technology is incompatible with certain soil types. 

The target contaminant groups for ex situ SVE are halogenated and non-halogenated volatile organic 
compounds (1 and 3). An advantage of the technology over its in situ counterpart is the increased number 
of passageways formed via the excavation process. However, as an ex situ remedy, the excavation 
associated with SVE poses a potential health and safety risk to site workers through skin contact and 
air emissions. Personal protective equipment, at a level commensurate with the contaminants involved, 
is normally required during excavation operations. 

1. Overall Cost Rating: Better 

2. 

3. 

4. 

s. 

6. 

7. 

8. 

The overall cost for ex situ SVE is under $100/ton ($110/metric ton), including the cost of excavation, 
but excluding treatment of off-gases and collected groundwater. 

Capital (Cap) or O&M Intensive? Neither 

Commercial Availability Rating: Better 

Typically Part of a Treatment Train? No 

Residuals Produced (Solid, Liquid, Vapor) Liquid 

Minimum Contaminant Concentration Achievable Rating: Average 

Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

Long-Term Effectiveness/Permanence? Yes 

Assuming the characteristics of the treated soil allow for the effective use of ex situ SVE, the 
remediation of the targeted contaminants is permanent. 
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9. Time To Complete Cleanup Rating: Average 

The time required to remediate a site using ex situ SVE is highly dependent upon the specific soil 
and chemical properties of the contaminated media. Cleanup of the "standard" site consisting of 
20,000 tons (18,200 metric tons) of contaminated media wuuld require 12-36 months. 

10. System Reliability/Maintainability Rating: Better 

Generally, most of the hardware components are relatively well developed with repair parts readily 
available to minimize downtime. Typical ex situ SVE systems can be left unattended for long periods 
of time. 

11. Awareness of Remediation Consulting Community Rating: Better 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Average 
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LOW TEMPERATURE THERMAL DESORPTION: 

Wastes are heated from 200°-600°F (93°-315°C) to volatilize water and organic contaminants. A carrier 
gas or vacuum system transports volatilized water and organics to the gas treatment system. Low 
temperature thermal desorption systems are physical separation processes and are not designed to destroy 
organics. The bed temperatures and residence times designed into these systems will volatilize selected 
contaminants, but typically not oxidize them. Low temperature thermal desorption is a full-scale 
technology. 

The following factors may limit the applicability and effectiveness of the process: 

• There are specific feed size and materials handling requirements that can impact applicability 
or cost at specific sites. 

• Dewatering may be necessary to achieve acceptable soil moisture content levels. 
• Highly abrasive feed potentially can damage the processor unit. 

The target contaminant groups for low temperature thermal desorption systems are halogenated and non
halogenated volatile organic compounds and fuels (1, 3, and 5). The technology can be used to treat 
halogenated and non-halogenated semivolatile organic compounds and pesticides (2, 4, and 6) but may 
be less effective. As an ex situ remedy, the excavation associated with low temperature thermal 
desorption poses a potential health and safety risk to site workers through skin contact and air emissions. 
Personal protective equipment, at a level commensurate with the contaminants involved, is normally 
required during excavation operations. 

1. Overall Cost Rating: Better 

Approximate overall cost is less than $1 00/ton ($11 0/metric ton). Low temperature thermal 
desorption is relatively labor intensive. The skill and training level required for most of the operating 
personnel is minimal. 

l. Capital (Cap) or O&M Intensive? Both 

3. Commercial Availability Rating: Better 

There are at least five vendors actively promoting the technology and most of the hardware 
components for low temperature thermal desorption systems are readily available off the shelf. The 
engineering and configuration of the systems are similarly refined, such that once a full-scale system 
is designed, little or no prototyping is required. 

4. Typically Part of a Treatment Train? Yes 

Low temperature thermal desorption is frequently used in combination with incineration, 
solidification/stabilization, or dechlorination, depending upon site-specific conditions. 

5. Residuals Produced (Solid, Liquid, Vapor) Liquid 
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6. Minimum Contaminant Concentration Achievable Rating: Better 

The technology has proven it can produce a final contaminant concentration level below 5 mg/kg 
for the target contaminants identified. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

8. Long-Term Effectiveness/Permanence? Yes 

Treatment using low temperature thermal desorption is considered to be permanent. 

9. Time To Complete Cleanup Rating: Better 

Cleanup of the "standard" site consisting of 20,000 tons (18,200 metric tons) would require less than 
2 months. 

10. System Reliability/Maintainability Rating: Average 

Daily maintenance checks are required for all thermal desorption technologies. Generally, most of 
the hardware components are relatively well developed with repair pans readily available to minimize 
downtime. Normal maintenance concerns include temperature control, waste feed system, dust and 
particulate collection, and fouling of the heat transfer surfaces with polymers. 

11. Awareness of Remediation Consultin~.: Community Rating: Better 

Low temperature thermal desorption systems have been demonstrated in the EPA SITE Demonstration 
Program. 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Average 
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HIGH TEMPERATURE THERMAL DESORPTION: 

Wastes are heated to 600°-l,000°F (315°-538°C) to volatilize water and organic contaminants. A carrier 
gas or vacuum system transports volatilized water and organics to the gas treatment system. High 
temperature thermal desorption systems are physical separation processes and are not designed to destroy 
organics. Bed temperatures and typical residence times will cause selected contaminants to volatilize, 
but not oxidize. High temperature thermal desorption is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• There are specific feed size and material~ !1andling requirements that can impact applicability 
or cost at specific sites. 

• Dewatering may be nece~sa.r; :-u achieve acceptable ~oil moisture content levels. 
• Highly abrasive fe~;d can potentially damage the proc(.~5-~~r unit. 

High tem~erature thermal desorpticn systems have varying degrees of effectivenes's against the fu!l 
spectrum of organic contaminants. The target contaminants are halogenated and non-halogenated 
semivolatile organic compounds, a~d pesticides (2, 4, and 6). Halogenated and non-halogenated volatiles 
and fuels (1, 3, and 5) also may be treated, but treatment may be less effective. As an ex situ remedy, 
the excavation associated •,vith high temperature thermal desorption poses a potential health and safety 
risk to site workers thr~ skin contact and air emissions. Personal protective equipment, at a level 
commensurate with the contaminants involved, is normally required during excavation operations. 

1. Overall Cost Rating: Average 

Approximate overall cost is between $100 and $300/ton ($110 and $330/metric ton). 

2. Capital (Cap) or O&M Intensive? Both 

3. Commercial Availability Rating: Better 

There are at least five vendors actively promoting the technology and most of the hardware 
components for high temperature thermal desorption systems are readily available off the shelf. The 
engineering and configuration of the systems are similarly refined, such that once a full-scale system 
is designed, little or no prototyping is required. 

4. Typically Part of a Treatment Train? Yes 

High temperature thermal desorption is frequently used in combination with incineration, 
solidification/stabilization, or dechlorination, depending upon site-specific conditions. 

5. Residuals Produced (Solid, Liquid, Vapor) Liquid 
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6. Minimum Contaminant Concen· ~arion Achievable Rating: Better 

The technology has proven it can ::·oduce a final contaminant concentration level below 5 mg/kg 
for the target contaminants identified. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

8. Long-Term Effectiveness/Permanence? Yes 

Treatment using high temperature thermal desorptiqn is considered to be permanent. 

9. Time To Complete Cleanup Rating: Better 

·' 

The time to complete cleanuB 'l.)t.the "standard" 20,000-ton (18,200-metric ton) site using high 
te~.p~;;: · ~.!nal desorption is just over 4 months. 

10. System Reliability/Maintainability Rating: Average 

Daily maintenance checks are required for all thermal desorption technologies. Generally, most of 
the hardware components are relatively well developed with repair parts rea.y available to minimize 
downtime. Normal maintenance concerns include temperature control, waste feed system, dust and 
particulate collection, and fouling of ihe heat transfer surfaces with polymers. 

11. Awareness of Remediation Consulting Community Rating: Average 

High temperature thermal desorption has been demonstrated in the EPA SITE Demonstration 
Program. 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Average 

oGC-003945 
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VITRIFICATION: 

Contaminated soils and sludges are melted at high temperature to form a glass and crystalline structure 
with very low leaching characteristics. Non-volatile inorganic elements are encapsulated in a vitreous 
slag while organic contaminants are destroyed by pyrolysis. Ex situ vitrification is a full-scale 
technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Organic and inorganic off-gases need to be controlled. 
• Use or disposal of the resultant vitrified slag is required. 
• Accessibility to a sufficient power supply is needed. 

Ex situ vitrification is applicable to the full range of contaminant groups, but inorganics (7) is the target 
contaminant group. Metals are encapsulated in the vitrified mass, resisting leaching for geologic time 
periods. The excavation associated with ex situ vitrification poses a potential health and safety risk to 
site workers through skin contact and air emissions. Personal protective equipment, at a level 
commensurate with the contaminants involved, is normally required during excavation operations. The 
high energy required for the ex situ vitrification process also is a health and safety concern when using 
the technology. 

1. Overall Cost Rating: Worse 

Approximate overall cost is $700/ton ($770/metric ton). Ex situ vitrification is a relatively complex, 
high-energy technology requiring a high degree of specialized skill and training. 

2. Capital (Cap) or O&M Intensive? Both 

3. Commercial Availability Rating: Average 

Five vendors are known to be actively promoting their own proprietary ex situ vitrification technology 
processes. 

4. Typically Part of a Treatment Train? No 

Ex situ vitrification is normally considered a stand-alone technology. However, its potential for use 
in treating the solid residuals from other technologies, such as incinerator ash, is receiving increasing 
attention. 

5. Residuals Produced (Solid, Liquid, Vapor) Liquid 

6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

Vitrification is designed to encapsulate target contaminants, rather than reduce contaminant 
concentrations. However, destruction of.the organic contaminants present in the treated media does 
occur because of temperatures achieved in the process. 
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7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Mobility 

Ex situ vitrification is most effective in reducing the mobility of the contaminated wastes within the 
media. The vitrified mass has high resistance to leaching and possess strength properties better than 
those of concrete. The monolith formed has hydration properties similar to those of obsidian, which 
hydrates at rates of less than 1 mrn/1 0,000 years. 

8. Long-Term Effectiveness/Permanence? Yes 

Studies indicate that the glass and crystalline product of ex situ vitrification permanently immobilizes 
hazardous inorganics and will retain its physical and chemical integrity for geologic time periods. 

9. Time To Complete Cleanup Rating: Average 

10. System Reliability/Maintainability Rating: Average 

11. Awareness of Remediation Consulting Community Rating: Average 

12. Regulatory/Permitting Acceptability Rating: Worse 

13. Community Acceptability Rating: Worse 
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INCINERATION: 

High temperatures, 1,600°-2,200°F (871°-l,204°C), are used to volatilize and combust (in the presence 
of oxygen) organic constituents in hazardous wastes. Four common incinerator designs are rotary kiln, 
liquid injection, fluidized bed, and infrared incinerators. The destruction and removal efficiency (DRE) 
for properly operated incinerators often exceeds the 99.99% requirement for hazardous waste and can 
be operated to meet the 99.9999% requirement for PCBs and dioxins. All four incinerator types have 
been used successfully at full scale. 

The following factors may limit the applicability and effectiveness of the process: 

• There are specific feed size and materials handling requirements that can impact applicability 
or cost at specific sites. 

• The presence of volatile metals and salts may affect performance or incinerator life. 
• Volatile metals, including lead and arsenic, leave the combustion unit with the flue gases or in 

bottom ash and may have to be removed prior to incineration. 
• Metals can react with other elements in the feed stream, such as chlorine or sulfur, forming more 

volatile and toxic compounds than the original species. 
• Sodium and potassium can attack the brick lining and form a sticky particulate that fouls heat 

transfer surfaces. 

The target contaminant groups for incineration are all halogenated and non-halogenated semivolatile 
organic compounds and pesticides (2, 4, and 6). The technology also may be used to treat halogenated 
and non-halogenated volatile organics and fuels (1, 3, and 5) but may be less effective. As an ex situ 
remedy, the excavation associated with incineration poses a potential health and safety risk to site workers 
through skin contact and air emissions. Personal protective equipment, at a level commensurate with 
the contaminants involved, is normally required during excavation operations. If an off-site incinerator 
is used, the potential risk of transporting the hazardous waste through the community must be considered. 

1. Overall Cost Rating: Worse 

Incineration costs are highly dependent upon the size of the contaminated site and the type of 
incinerator technology used. The cost to incinerate approximately 20,000 tons (18,200 metric tons) 
of contaminated media would be greater than $300/ton ($330/metric ton). 

2. Capital (Cap) or O&M Intensive? Both 

. The capital expenditures associated with incinerators is relatively high. Materials handling, control 
of bed temperatures and residence times, and system maintenance make the technology O&M
intensive as well. 

3. Commercial Availability Rating: Better 

Incineration is one of the most mature remediation technologies and its use at Superfund sites is 
increasing. There are well over a dozen mobile, transponable, or off-site incinerator vendors, and 
as many or more incinerator manufacturers. 
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4. Typically Part of a Treatment Train? No 

Incineration is normally considered a stand-alone technology. However, incineration can be used 
in combination with other technologies, such as soil washing, thermal desorption, and solvent 
extraction, depending upon site-specific conditions. 

S. Residuals Produced (Solid, Liquid, Vapor) Liquid, Solid 

6. Minimum Contaminant Concentration Achievable Rating: Better 

The technology has proven it can produce a final contaminant concentration level below 5 mg/kg 
for the target contaminants identified. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

Incinerate: primarily reduce toxicity by destroying the contaminants, but the process also 
accomplishes volume reduction. 

8. Long-Term Effectiveness/Permanence? Yes 

The result of incineration is the destruction of organic wastes, permanently reducing the risk to human 
health and the environmenL 

9. Time To Complete Cleanup Rating: Better 

The time to complete cleanup of the "standard" 20,000-ton (18,200-metric ton) site using incineration 
would be less than 3 months. 

10. System Reliability/Maintainability Rating: Average 

Daily maintenance checks are required for all incinerator designs. Generally, most of the hardware 
components are relatively well developed and repair parts are readily available to minimize downtime. 
Normal maintenance concerns include temperature control, waste feed system, dust and particulate 
collection, and fouling of the heat transfer surfaces. 

11. Awareness of Remediation Consulting Community Rating: Better 

12. Regulatory/Permitting Acceptability Rating: Average 

Incineration. primarily off-site, has been selected or used as the remedial action at more than 150 
Superfund sites. Incineration is subject to a series of technology-specific regulations, including the 
following federal requirements: CAA (Air Emissions), TSCA (PCB Treatment and Disposal), NEPA 
(HW Generation, Treatment, Storage and Disposal), NPDES (Discharge to Surface Waters), NCA 
(Noise), and RCRA (Emissions). 

13. Community Acceptability Rating: Worse 
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PYROLYSIS: 

Chemical decomposition is induced in organic materials by heat in the absence of oxygen. Organic 
materials are transformed into gaseous components and a solid residue (coke) containing fixed carbon 
and ash. Pyrolysis is currently pilot scale. 

The following factors may limit the applicability and effectiveness of the process: 

• There are specific feed size and materials handling requirements that impact applicability or cost 
at specific sites. 

• The technology requires a low soil moisture content. 
• Highly abrasive feed can potentially damage the processor unit. 

The target contaminant groups for pyrolysis are all halogenated and non-halogenated semivolatile organic 
compounds and pesticides (2, 4, and 6). The technology also may be used to treat halogenated and non
halogenated volatile organics and fuels (1, 3, and 5) but may be less effective. As an ex situ remedy, 
the excavation associated with pyrolysis poses a potential health and safety risk to site workers through 
skin contact and air emissions. Personal protective equipment, at a level commensurate with the 
contaminants involved, normally would be required during excavation operations. 

1. Overall Cost Rating: Worse 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Overall cost for remediating approximately 20,000 tons (18,200 metric tons) of contaminated media 
is expected to exceed $300/ton ($330/metric ton). 

Capital (Cap) or O&M Intensive? Both 

Commercial Availability Rating: Worse 

Pyrolysis is in the early stages of development. 

Typically Part of a Treatment Train? No 

Residuals Produced (Solid, Liquid, Vapor) Solid, Liquid 

Minimum Contaminant Concentration Achievable Rating: Better 

Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

Pyrolysis primarily reduces toxicity by destroying the contaminants. 

Long-Term Effectiveness/Permanence? Yes 

The result of pyrolysis is the destruction of the target contaminated wastes, which permanently 
reduces the risk to human health and the environment 
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9. Time To Complete Cleanup Rating: Better 

10. System Reliability/Maintainability Rating: Inadequate Information 

11. Awareness of Remediation Consulting Community Rating: Worse 

Pyrolysis is still relatively unknown due to its early stage of development. 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Worse 
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NATURAL ATTENUATION: 

Natural subsurface processes-such as dilution, volatilization, biodegradation, adsorption, and chemical 
reactions with subsurface materials-are allowed to reduce contaminant concentrations to acceptable 
levels. 
Natural attenuation is not a "technology" per se, and there is significant debate among technical experts 
about its use at hazardous waste sites. Consideration of this option requires modeling and evaluation 
of contaminant degradation rates to determine feasibility, and special approvals may be needed. In 
addition, sampling and sample analysis must be conducted throughout the process to confirm that 
degradation is proceeding at rates consistent with meeting cleanup objectives. It has been included in 
the Matrix and this Guide for completeness only. 

Natural attenuation is not the same as "no action," although it often is perceived as such. The 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) requires evaluation 
of a "no action" alternative, but does not require evaluation of natural attenuation. Natural attenuation 
is considered in the Superfund program on a case-by-case basis, and guidance on its use is still evolving. 
It has been selected at Superfund sites where, for example, PCBs are strongly sorbed to deep subsurface 
soils and are not migrating; where removal of dense non-aqueous phase liquids (DNAPLs) has been 
determined to be technically impracticable (Superfund is developing technical impracticability (11) 
guidance); and where it has been determined that active remedial measures would be unable to 
significantly speed remediation time frames. Where contaminants are expected to remain in place over 
long periods of time, as in the fiiSt two examples, 11 waivers must be obtained. In all cases, extensive 
site characterization is required. 

The attitude toward natural attenuation varies among agencies. The Air Force carefully evaluates the 
potential for use of natural attenuation at its sites. However, EPA accepts its use only in certain special 
cases. 

Natural attenuation involves no excavation or handling of contaminated materials. Therefore, site workers 
require no protective equipment and there is no risk to the community from excavation and transportation 
of contaminated materials. There are potential risks, however, from migration of contaminants to areas 
where groundwater is being used. 

The following factors may limit the applicability and effectiveness of the process: 

• Data must be collected to determine model input parameters. 
• Although commercial services for evaluating natural attenuation are widely available, the quality of 

these services varies widely among the many potential suppliers. Highly skilled modelers are 
required. 

• Intermediate degradation products may be more mobile and more toxic than the original contaminant 
• Natural attenuation should be used only where there are no impacts on potential receptors. 
• Contaminants may migrate before they are degraded. 
• The site may have to be fenced and may not be available for re-use until contaminant levels are 

reduced. 
• If free product exists, it may have to be removed. 
• Some inorganics can be immobilized, such as mercury, but they will not be degraded. 
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Target contaminants for natural attenuation are non-halogenated volatile and semivolatile organics and 
fuel hydrocarbons (groups 3, 4, and 5). Halogenated volatiles and semivolatiles and pesticides (1, 2, and 
6) also can be allowed to naturally attenuate, but the process may be less effective and may only be 
applicable to some compounds within these contaminant groups. 

1. Overall Cost Rating: Better 

There are no capital or O&M costs associated with natural attenuation. However, there are costs 
for modeling contamination degradation rates to determine whether natural attenuation is a feasible 
remedial alternative, and there are costs for subsurface sampling and sample analysis (potentially 
extensive) to determine the extent of contamination and confirm contaminant degradation rates and 
cleanup status. Skilled labor hours are required to conduct the modeling, sampling, and analysis. 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability: Rating: Better 

Many potential suppliers can perform the modeling, sampling, and sample analysis required for 
justifying and monitoring natural attenuation. However, the quality of services provided varies 
widely. 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor)? None 

6. Minimum Contaminant Concentration Achievable: Rating: Inadequate Information 

The extent of contaminant degradation depends on a variety of parameters, such as contaminant types 
and concentrations, temperature, moisture, and availability of nuaients/electron acceptors (e.g., 
oxygen, nitrate). 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup: Rating: Worse 

Natural attenuation does not involve active remedial measures. Subsurface environments are often 
oxygen limited in regards to the needs of microorganisms that can degrade organic contaminants. 
Without active measures to increase the oxygen supply (or supply of other electron acceptors), 
biodegradation can be slow. 

10. System Reliability/Maintainability: Rating: Better 

Natural attenuation requires no equipment to maintain. 
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11. Awareness of the Remediation Consulting Community: Rating: Average 

A large amount of infonnation is available on subsurface processes that affect contaminant transpon 
and transfonnation. In addition, subsurface transpon and fate models are available to estimate times 
required for natural attenuation to attain cleanup goals. However, natural attenuation is considered 
a viable alternative only for a limited number of contaminated sites. 

12. Regulatory/Permitting Acceptability: Rating: Worse 

Because it involves no active remedial measures, natural attenuation is not well accepted by the 
regulatory community. However, regulatory/permitting acceptance may be possible where alternative 
remedial options are technically or economically infeasible and where a very strong scientific case 
can be made predicting its success and protectiveness. 

13. Community Acceptability: Rating: Worse 

The public generally prefers active remedial alternatives. 
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EXCAVATION AND OFF -SITE DISPOSAL: 

Contaminated material is removed and transported to pennitted off-site treannent and/or disposal facilities. 
Some pre-treatment of the contaminated media usually is required in order to meet land disposal 
restrictions. Excavation and off-site disposal is applicable to the complete range of contaminant groups 
(1-7) with no particular target group. Although excavation and off-site disposal alleviates the contaminant 
problem at the site, it does not treat the contaminants. 

The following factors may limit the applicability and effectiveness of the process: 

• Generation of fugitive emissions may be a problem during operations. 
• The distance from the contaminated site to the nearest disposal facility will affect cost and may 

affect community acceptability. 
• Depth and composition of the media requiring excavation must be considered. 
• Applicable Land Ban Restrictions must be considered. 

The type of contaminant and its concentration level will impact off-site disposal requirements. Most 
hazardous wastes must be treated to meet either RCRA or non-RCRA treatment standards prior to land 
disposal. Excavation poses a potential health and safety risk to site workers through skin contact and 
air emissions. Personal protective equipment, at a level commensurate with the contaminants involved, 
is nonnally required during excavation operations. Additionally, transportation to the off-site facility 
introduces a potential risk to the community via accidental releases. 

1. Overall Cost Rating: Worse 

Cost estimates for excavation and disposal range from $272 to $463/ton ($300 to $510/metric ton). 
These estimates include excavation/removal, transportation, and disposal at a RCRA pennitted facility. 
Excavation and off-site disposal is a relatively simple process, with proven procedures. It is a labor
intensive practice with little potential for further automation. 

2. Capital (Cap) or O&M Intensive? Neither 

No capital investment is required and once disposal is completed, no O&M costs are incurred. 

3. Commercial Availability Rating: Better 

Several manufacturers produce heavy equipment and hazardous waste transport containers. 

4. Typically Part of a Treatment Train? No 

Excavation and off-site disposal is considered a stand-alone remediation option. Excavation also is 
an integral first step in the use of many treatment technologies. 

5. Residuals Produced (Solid, Liquid, Vapor) Not Applicable 
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6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

This process does not treat the contaminants. However, some pre-treatment of the contaminated 
media usually is required before approval is granted for off-site disposal. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Mobility 

The mobility of the contaminated media is reduced. This is accomplished by moving the media from 
the unsecured site to a disposal facility that will physically contain it. 

8. Long-Term Effectiveness/Permanence? No 

Since excavation and off-site disposal does not treat the contaminants, no long-term effectiveness 
or permanence is achieved without some other additional treatment. 

9. Time To Complete Cleanup Rating: Better 

The excavation of 20,000 tons (18,200 metric tons) of contaminated soil would require about 2 
months. Disposal of the contaminated media is dependant upon the availability of adequate containers 
to transport the hazardous waste to a RCRA permitted facility. 

10. System Reliability/Maintainability Rating: Better 

Adequately maintained heavy earth moving equipment has a minimal probability of failure. 

11. Awareness of Remediation Consulting Community Rating: Better 

Prior to 1984, excavation and off-site disposal was the most common method for cleaning up 
hazardous waste sites. Excavation is the initial component in ex situ treatments. As a consequence, 
the remediation consulting community is very familiar with this remediation option. 

12. Regulatory/Permitting Acceptability Rating: Worse 

CERCLA includes a statutory preference for treatment of contt. ·-.:,ants, and excavation and off-site 
disposal is now less acceptable than in the past. The disposal '?:ardous wastes is governed by 
the Resource Conservation and Recovery Act (RCRA) (40 .,arts 261-265), and the U.S. 
Department of Transportation regulates the transport of hazardo, ~rials ( 49 CFR Pa~-: , 172-179, 
49 CFR Part 1387, and DOT-E 8876). 

13. Community Acceptability Rating: Better 
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Groundwater 

OXYGEN ENHANCEMENT WITH HYDROGEN PEROXIDE: 

A dilute solution of hydrogen peroxide is circulated throughout a contaminated groundwater zone to 
increase the oxygen content of groundwater and enhance the rate of aerobic degradation of organic 
contaminants by naturally occurring microbes. For best results, factors that must be considered include 
redox conditions, saturation rates, presence of nutrient trace elements, pH, temperature, and permeability 
of the subsurface materials. Oxygen enhancement with hydrogen peroxide is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• A groundwater circulation system must be created so that contaminants do not escape from zones 
of active biodegradation. 

• Where the subsurface is heterogeneous, it is very difficult to circulate the hydrogen peroxide solution 
throughout every portion of the contaminated zone. Higher permeability zones are cleaned up much 
faster because groundwater flow rates are greater. 

• High iron content of subsurface materials can rapidly reduce concentrations of hydrogen peroxide. 
• Amended hydrogen peroxide can be consumed very rapidly near the injection well, which creates 

two significant problems: biological growth can be limited to the region near the injection well, 
limiting adequate contamination/microorganism contact throughout the contaminated zone; and 
biofouling of wells can retard the input of nutrients. 

• A surface treatment system, such as air stripping or carbon adsorption, may be required to treat 
extracted groundwater prior to re-injection or disposal. 

Oxygen enhancement with hydrogen peroxide is primarily designed to treat non-halogenated volatile and 
semivolatile organics and fuel hydrocarbons (3, 4, and 5). Halogenated volatiles and semivolatiles and 
pesticides (1, 2, and 6) also can be treated, but the process may be less effective and only applicable to 
some compounds within these groups. 

1. Overall Cost Rating: Average 

2. Capital (Cap) or O&M Intensive? O&M 

O&M costs can be significant because a continuous source of hydrogen peroxide must be delivered 
to the contaminated groundwater. 

3. Commercial Availability: Rating: Better 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor)? None 
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6. Minimum Contaminant Concentration Achievable: Rating: Better 

As with other biological treatments, under proper conditions, oxygen enhancement with hydrogen 
peroxide can completely transform contaminants into non-hazardous substances. 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

Enhancement of biological degradation with hydrogen peroxide can permanently destroy selected 
organic contaminants. 

9. Time To Complete Cleanup: Rating: Average 

As with all biodegradation processes, remediation projects are highly dependent upon the specific 
soil and chemical properties of the contaminated media. 

10. System Reliability/Maintainability: Rating: Worse 

Maintenance of sufficient hydrogen peroxide concentrations to promote biological activity throughout 
contaminated zones has proven to be very difficult. 

11. Awareness of the Remediation Consulting Community: Rating: Better 

12. Regulatory/Permitting Acceptability: Rating: Average 

13. Community Acceptability: Rating: Better 

Communities generally prefer in situ remedies because the possibility of contaminant releases is 
greatly reduced. In addition, this technology can permanently destroy groundwater contaminants. 
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CO-METABOLIC PROCESSES: 

Water containing dissolved methane and oxygen is injected into groundwater to enhance methanotrophic 
biological degradation. This class of microorganisms can degrade chlorinated solvents, such as vinyl 
chloride and TCE, by co-metabolism. Co-metabolism is one form of secondary substrate transformation 
in which enzymes produced for primary substrate oxidation are capable of degrading the secondary 
substrate fortuitously, even though the secondary substrates do not afford sufficient energy to sustain the 
microbial population. Development of co-metabolic processes is at the pilot scale. 

While development of ex situ bioreactors for methanotrophic TCE biodegradation is progressing well, 
in situ application has not yet been demonstrated at a practical scale. A field demonstration project has 
been conducted at DOD's Moffett Naval Air Station and another is being conducted at DOE's Savannah 
River Site. 

The following factors may limit the applicability and effectiveness of the process: 

• This technology is still under development. 
• Where the subsurface is heterogeneous, it is very difficult to circulate the methane solution throughout 

every portion of the contaminated zone. Higher permeability zones are cleaned up much faster 
because groundwater flow rates are greater. 

Target contaminants for co-metabolic processes are halogenated volatile and semivolatile organics (1 and 
2). Non-halogenated organics, fuel hydrocarbons, and pesticides (3, 4, 5, and 6) also can be treated, but 
the process may be less effective and only applicable to some compounds within these groups. 

1. Overall Cost Rating: Average 

2. Capital (Cap) or O&M Intensive? O&M 

O&M costs can be significant because a continuous source of methane solution must be delivered 
to the contaminated groundwater. 

3. Commercial Availability: Rating: Worse 

The development of this technology is still at the pilot-scale level. 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor)? None 

6. Minimum Contaminant Concentration Achievable: Rating: Better 

As with other biological treatments, this is highly dependent upon the biodegradability of the 
contaminants. Under proper conditions, co-metabolic processes can remove virtually all of selected 
contaminants. 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 
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8. Long-Term Effectiveness/Permanence? Yes 

Co-metabolic biodegradation can pennanently destroy selected contaminants. 

9. Time To Complete Cleanup: Rating: Average 

10. System R. ·ability/Maintainability: Rating: Worse 

This technology has not yet been demonstrated to be effective at full commercial scale. 

11. Awareness of the Remediation Consulting Community: Rating: Worse 

12. Regulatory/Permitting Acceptability: Rating: Inadequate Information 

13. Community Acceptability: Rating: Inadequate Information 
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NITRATE ENHANCEMENT: 

Solubilized nitrate is circulated throughout groundwater contamination zones to provide electron acceptors 
for biological activity and enhance the rate of degradation of organic contaminants by naturally occurring 
microbes. Development of nitrate enhancement is still at the pilot scale. 

The following factors may limit the applicability and effectiveness of the process: 

• This technology has been found to be effective on only a narrow spectrum of contaminants to date. 
• Where the subsurface is heterogeneous, it is very difficult to circulate the nitrate solution throughout 

every portion of the contaminated zone. Higher permeability zones will be cleaned up much faster 
because groundwater flow rates are greater. 

Target contaminants for the process are non-halogenated volatile and semivolatile organics and fuel 
hydrocarbons (3, 4, and 5). Nitrate enhancement has primarily been used to remediate groundwater 
contaminated by BTEX. Halogenated volatiles and semi volatiles and pesticides (1, 2, and 6) also should 
be treatable, but the process has had only limited use and the potential effectiveness and applicability 
to specific compounds in these groups is not known. 

1. Overall Cost Rating: Better 

2. 

3. 

4. 

5. 

6. 

The costs of supplying solubilized nitrate is less expensive than similar costs for hydrogen peroxide 
or methane solutions. 

Capital (Cap) or O&M Intensive? Neither 

Commercial Availability: Rating: Worse 

Typically Part of a Treatment Train? No 

Residuals Produced (Solid, Liquid, Vapor)? None 

Minimum Contaminant Concentration Achievable: Rating: Better 

As with other biological treatments, this is highly dependent upon the biodegradability of the 
contaminants. Under proper conditions, nitrate enhancement can remove virtually all of selected 
contaminants. 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

Nitrate enhancement can permanently destroy selected contaminants. 
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10. Time To Complete Cleanup: Rating: Average 

As with other in situ biodegradation processes, the success of this technology is highly dependent 
upon soil and chemical properties. 

10. System Reliability/Maintainability: Rating: Average 

11. Awareness of the Remediation Consulting Community: Rating: Worse 

12. Regulatory/Permitting Acceptability: Rating: Worse 

Many states prohibit nitrate injection into groundwater because nitrate is regulated through Drinking 
Water Standards. 

13. Community Acceptability: Rating: Average 

Communities generally prefer in situ remedies because the possibility of contaminant release is 
minimal, and they prefer technologies that permanently destroy contaminants. 
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OXYGEN ENHANCEMENT WITH AIR SPARGING: 

Air is injected under pressure below the water table to increase groundwater oxygen concentrations and 
enhance the rate of biological degradation of organic contaminants by naturally occurring microbes. Air 
sparging increases mixing in the saturated zone, which increases the contact between groundwater and 
soil. The ease and low cost of installing small·diameter air injection points allows considerable flexibility 
in the design and construction of a remediation system Oxygen enhancement with air sparging is 
a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• A permeability differential, such as a clay layer, above the air injection zone can reduce the 
effectiveness of air sparging. 

• Where vertical air flow is restricted due to the presence of less permeable strata, sparging can push 
contaminated groundwater away from the injection point. In these cases, a groundwater recovery 
system may be needed. 

• Vapors may rise through the vadose zone and be released into the atmosphere. 
• Since air sparging increases pressure in the vadose zone, vapors can build up in building basements, 

which are generally low pressure areas. 

Oxygen enhancement with air sparging is primarily designed to treat non·halogenated volatile and 
semivolatile organics and fuel hydrocarbons (3, 4, and 5). Halogenated volatiles and semivolatiles and 
pesticides (1, 2, and 6) also can be treated, but the process may be less effective and only applicable to 
some compounds within these groups. 

1. Overall Cost Rating: Better 

The technology employs the same concepts as bioventing, except that air is injected below the water 
table to promote the remediation of groundwater. 

2. Capital (Cap) or O&M Intensive? Neither 

Equipment is readily available and the process is simple to operate. It does not require maintaining 
concentrations of chemical solutions in the subsurface to provide adequate electron acceptors for 
biological activity. 

3. Commercial Availability: Rating: Better 

4. Typically Part of a Treatment Train? No 

S. Residuals Produced (Solid, Liquid, Vapor)? None 
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6. Minimum Contaminant Concentration Achievable: Rating: Better 

As with other biological treatments, this is highly dependent upon the biodegradability of the 
contaminants. Under proper conditions, air sparging can remove virtually all of selected 
contaminants. 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

Air sparging can permanently destroy selected contaminants. 

9. Time To Complete Cleanup: Rating: Average 

10. System Reliability/Maintainability: Rating: Better 

11. Awareness of the Remediation Consulting Community: Rating: Average 

Although oxygen enhancement with air sparging is relatively new, the related technology, bioventing, 
is rapidly receiving increased attention from remediation consultants. 

12. Regulatory/Permitting Acceptability: Rating: Average 

13. Community Acceptability: Rating: Better 

Communities generally prefer in situ remedies because the possibility of contaminant release is 
minimal, and they prefer technologies that permanently destroy contaminants. 
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SLURRY WALLS (containment only): 

These subsurface barriers consist of a vertically excavated trench that is filled with a slurry. The slurry, 
usually a mixture of bentonite and water, hydraulically shores the trench to prevent collapse and forms 
a filter cake to reduce groundwater flow. Slurry walls often are used where the waste mass is too large 
for practical treatment and where soluble and mobile constituents pose an imminent threat to a source 
of drinking water. Slurry walls are a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• The technology only contains the contaminants to a specific area. 
• Soil-bentonite backfills are not able to withstand attack by strong acids, bases, salt solutions, and 

some organic chemicals. 
• There is the potential for the slurry walls to degrade or deteriorate over time. 

Slurry walls are applicable to the full range of contaminant groups ( 1-7), with no particular target group. 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Capital 

3. Commercial Availability Rating: Better 

Slurry walls have been used for decades, so the equipment and methodology are readily available 
and well known. The process of designing the proper mix of wall materials to contain specific 
contaminants is relatively new, however. 

4. Typically Part of a Treatment Train? Not Applicable 

S. Residuals Produced (Solid, Liquid, Vapor) Not Applicable 

6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

The technology does not treat the contaminants. It is a containment system only. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Mobility 

Slurry walls are most effective in reducing the overall mobility of the contaminated media. The 
technology has demonstrated its effectiveness in containing greater than 95% of the contaminated 
groundwater. 

8. Long-Term Effectiveness/Permanence? Inadequate Information 

Slurry walls have been used for decades as long-term solutions for controlling seepage of 
uncontaminated water. In contaminated environments, however, their long-term effectiveness is very 
dependent on contaminant types and concentrations, and has not been proven. 
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9. Time To Complete Cleanup Rating: Better 

The only time involved in employing this technology is the excavation and backfilling of the trench, 
and some monitoring activities. 

10. System Reliability/Maintainability Rating: Better 

11. Awareness of Remediation Consulting Community Rating: Better 

Slurry walls have been used for decades, so the methodology is well known. 

12. Regulatory/Permitting Acceptability Rating: Worse 

13. Community Acceptability Rating: Average 
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PASSIVE TREATMENT WALLS: 

A permeable reaction wall is installed across the flow path of a contaminant plume, allowing the plume 
to passively move through the wall. The halogenated compounds are degraded by reactions with a 
mixture of porous media and a metal catalyst. Development of passive treatment walls is at the pilot 
scale. 

The following factors may limit the applicability and effectiveness of the process: 

• The technology is applicable only in relatively shallow aquifers because the trench must be 
constructed down to the level of the bedrock or an impermeable clay. 

• Passive treatment walls are often only effective for a short time because they lose their reactive 
capacity, requiring replacement of the reactive medium 

The target contaminant groups for passive treatment walls are halogenated volatile and semivolatile 
organic compounds, and in organics (1, 2, and 7). The technology can be used, but may be less effective, 
in treating some non-halogenated volatile and semivolatile organics and fuel hydrocarbons (3, 4, and 5). 

1. Overall Cost Rating: Inadequate Information 

2. Capital (Cap) or O&M Intensive? Capital 

3. Commercial Availability Rating: Worse 

This technology currently is available from only one vendor, Envirometal Technologies (Canada). 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor) Solid 

6. Minimum Contaminant Concentration Achievable Rating: Inadequate Information 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

Passive treatment walls are most effective in reducing the overall toxicity of the contaminated media. 

8. Long-Term Effectiveness/Permanence? Inadequate Information 

Theoretically, passive treatment walls are a destructive technology capable of meeting or exceeding 
maximum concentration limits (MCLs) for drinking water. This would permanently reduce the risk 
to human health and the environment from the treated groundwater. However, there has been 
insufficient field data available to confirm its long-term effectiveness and permanence. 

9. Time To Complete Cleanup Rating: Worse 
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11. System Reliability/Maintainability Rating: Inadequate Information 

The system requires consistent control of pH levels. When the pH level within the passive treatment 
wall rises, it reduces the reaction rate and can inhibit effectiveness of the wall. 

11. Awareness of Remediation Consulting Community Rating: Worse 

Data has been developed by the U.S. Air Force, University of Waterloo, and Envirometal 
Technologies but has received limited dissemination in the technical literature to date. 

12. Regulatory/Permitting Acceptability Rating: Inadequate Information 

13. Community Acceptability Rating: Inadequate Information 
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HOT WATER OR STEAM FLUSHING/STRIPPING: 

Steam is forced into an aquifer through injection wells to vaporize volatile and semi volatile contaminants. 
Vaporized components rise to the unsaturated zone where they are removed by vacuum extraction and 
then treated. This variety of processes includes Contained Recovery of Oily Waste (CROW), Steam 
Injection and Vacuum Extraction (SIVE), In Situ Steam Enhanced Extraction (!SEE), and Steam Enhanced 
Recovery Process (SERP). Hot water or steam flushing/stripping is a pilot-scale technology. 

The following factor may limit the applicability and effectiveness of the process: 

• Soil type will significantly impact process effectiveness. 

The target contaminant groups for hot water or steam flushing/stripping are halogenated and non
halogenated semivolatile organic compounds and fuels (2, 4, and 5). The technology can be used to treat 
halogenated and non-halogenated volatile organic compounds (1 and 3), but may be less effective. 

1. Overall Cost Rating: Average 

2. Capital (Cap) or O&M Intensive? Capital 

3. Commercial Availability Rating: Average 

Four vendors are promoting hot water or steam flushing/stripping processes. The CROW system 
appears to be the most developed of the four. 

4. Typically Part of a Treatment Train? Yes 

5. Residuals Produced (Solid, Liquid, Vapor) Liquid, Vapor 

6. Minimum Contaminant Concentration Achievable Rating: Average 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Better 

10. System Reliability/Maintainability Rating: Worse 

11. Awareness of Remediation Consulting Community Rating: Worse 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Average 
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HYDROFRACTURING (enhancement): 

Pressurized water is injected through injection wells to crack low permeability and over-consolidated 
sediments. Cracks are filled with porous media that serve as avenues for bioremediation or improved 
pumping efficiency. Hydrofracturing is a pilot-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• The technology should not be used in areas of high seismic activity. 
• Investigation of possible underground utilities, structures, or trapped free product is required. 
• The potential exists to open new pathways for the unwanted spread of contaminants (e.g., 

DNAPLs). 

Hydrofracturing is applicable to the complete range of contaminant groups (1-7) with no particular target 
group. The technology has seen widespread use in the water-well construction industry, but is relatively 
new at remediating hazardous waste sites. 

1. Overall Cost Rating: Average 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Inadequate Information 

4. Typically Part of a Treatment Train? Yes 

Hydrofracturing is an enhancement technology, designed to increase the efficiency of other in situ 
technologies in difficult subsurface conditions. 

5. Residuals Produced (Solid, Liquid, Vapor) None 

6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

7. Ad~resses Toxicity (T), Mobility (M), or Volume (V)? Mobility 

Hydrofracturing is designed to increase the mobility through difficult soil conditions. The 
passageways create enhanced extraction efficiencies and allow for a more thorough distribution of 
in situ remediation technologies. 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Better 

10. System Reliability/Maintainability Rating: Better 
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12. Awareness of Remediation Consulting Community 

The technology has been used in three EPA SITE Program demonstrations. 

12. Regulatory/Permitting Acceptability 

13. Community Acceptability 
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AIR SPARGING: 

Air is injected into a saturated matrices creating an underground stripper that removes contaminants 
through volatilization. The technology is designed to operate at high air flow rates in order to effect 
volatilization (as opposed to the lower air flow rates used to increase groundwater oxygen concentrations 
to stimulate biodegradation). Air sparging must operate in tandem with SVE systems that capture volatile 
contaminants stripped from the saturated zone. Air sparging is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Depth of contaminants and specific site geology must be considered. 
• Pressure levels must be designed for site-specific conditions. 
• Channeling of the air flow can occur. 
• Using air sparging without SVE could create a net positive subsurface pressure that could induce 

contaminant migration beyond the contaminated zone. 

The target contaminant groups for air sparging are halogenated and non-halogenated volatile organic 
compounds and fuels (1, 3, and 5). Only limited information is available on the process. 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Better 

4. Typically Part of a Treatment Train? Yes 

Air sparging must operate in tandem with SVE systems that capture volatile contaminants stripped 
from the saturated zone. 

S. Residuals Produced (Solid, Liquid, Vapor) Vapor 

6. Minimum Contaminant Concentration Achievable Rating: Average 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Better 

10. System Reliability/Maintainability Rating: Better 

11. Awareness of Remediation Consulting Community Rating: Average 
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12. Regulatory/Permitting Acceptability 

13. Community \.cceptability 
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DIRECTIONAL WELLS (enhancement): 

Drilling techniques are used to position wells horizontally, or at an angle, to reach contaminants not 
accessible via direct vertical drilling. Directional well technology is at full-scale development. 

The following factors may limit the applicability and effectiveness of this technology: 

• Well failures are possible during system installation. 
• Potential exists for the wells to collapse. 

Directional well technology is applicable to the complete range of contaminant groups (1-7) with no 
particular target group. 

1. Overall Cost Rating: Inadequate Information 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Worse 

4. Typically Part of a Treatment Train? Yes 

5. Residuals Produced (Solid, Liquid, Vapor) Solid, Liquid 

6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Rating: Not Applicable 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Better 

10. System Reliability/Maintainability Rating: Average 

11. Awareness of Remediation Consulting Community Rating: Average 

12. Regulatory/Permitting Acceptability Rating: Better 

13. Community Acceptability Rating: Better 
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DUAL PHASE EXTRACTION: 

A high vacuum system is applied to simultaneously remove liquid and gas from low permeability or 
heterogeneous formations. The vacuum extraction well includes a screened section in the zone of 
cOntaminated soils and groundwater. As the vacuum is applied to the well, soil vapor is extracted, and 
groundwater is entrained by the extracted vapors. Once above grade, the extracted vapors and 
groundwater are separated and treated. Dual phase extraction is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Depending upon the specific site geology, the technology may have limited effectiveness. 
• Dual phase extraction is not applicable to in situ recovery of metals. 
• Unless it is combined with other technologies, such as bioremediation, air sparging, or bioventing, 

the technology is not applicable to certain long-chained hydrocarbons. 
• Combination with complementary technologies (e.g. pump-and-treat) may be required to recover 

groundwater from high yielding aquifers. 

The target contaminant groups for dual phase extraction are halogenated and non-halogenated volatile 
organic compounds and fuel hydrocarbons (1, 3, and 5). 

1. Overall Cost Rating: Average 

2. Capital (Cap) or O&M Intensive? O&M 

3. Commercial Availability Rating: Better 

4. Typically Part of a Treatment Train? Yes 

Dual phase extraction is generally combined with bioremediation, air sparging, or bioventing when 
the target contaminants include long-chained hydrocarbons. It also can be used with pump-and-treat 
technologies to recover groundwater from high yielding aquifers. 

s. 

6. 

7. 

8. 

9. 

Residuals Produced (Solid, Liquid, Vapor) Liquid, Vapor 

Minimum Contaminant Concentration Achievable Rating: Average 

Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

Long-Term Effectiveness/Permanence? Yes 

Time To Complete Cleanup Rating: Average 

Use of dual phase extraction with bioremediation, air sparging, or bioventing can shorten the cleanup 
time at a site. 
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10. System Reliability/Maintainability Rating: Average 

11. Awareness of Remediation Consulting Community Rating: Better 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Better 
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VACUUM VAPOR EXTRACTION: 

Air is injected into a well, lifting contaminated groundwater in the well and allowing additional 
groundwater flow into the well. Once inside the well, some of the volatile organic compounds in the 
contaminated groundwater are transferred from the water to air bubbles which rise and are collected at 
the top of the well by vapor extraction. The partially treated groundwater is never brought to the surface; 
it is forced into the unsaturated zone, and the process is repeated. As groundwater circulates through 
the treatment system in situ, contaminant concentrations are gradually reduced. Vacuum vapor 
extraction is a pilot-scale technology. 

A variation of this process, called UVB, has been used at numerous sites in Germany and has been 
introduced recently into the United States. 

Stanford University has developed another variation of this process, an in-well sparging system, which 
is currently being evaluated as part of the U.S. Department of Energy's Integrated Technology 
Demonstration Program. The Stanford system combines air-lift pumping with a vapor stripping technique. 

The following factors may limit the applicability and effectiveness of the process: 

• Shallow aquifers may limit process effectiveness. 
• Depth of the saturated and unsaturated zones and soil permeability must be considered. 

The target contaminant groups for vacuum vapor extraction are halogenated volatile and semivolatile 
organic compounds, and fuels (1, 2, and 5). Variations of the technology may allow for its effectiveness 
against some non-halogenated volatile and semivolatile organic compounds, pesticides, and inorganics 
(3, 4, 6, and 7). 

1. Overall Cost Rating: Average 

l. Capital (Cap) or O&M Intensive? Capital 

3. Commercial Availability Rating: Worse 

This process has been used extensively in Germany, but technologies based on the process have only 
recently been introduced in the United States. 

4. Typically Part of a Treatment Train? No 

s. Residuals Produced (Solid, Liquid, Vapor) Liquid, Vapor 

6. Minimum Contaminant Concentration Achievable Rating: Better 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

8. Long-Term Effectiveness/Permanence? Yes 
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9. Time To Complete Cleanup Rating: Average 

10. System Reliability/Maintainability Rating: Better 

11. Awareness of Remediation Consulting Community Rating: Worse 

Awareness of this process is limited in the United States but can be expected to increase as 
.·cvelopment and demonstration of technologies based on the process continue. 

12. Regulatory/Permitting Acceptability Rating: Average 

13. Community Acceptability Rating: Better 
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FREE PRODUCT RECOVERY: 

Undissolved liquid-phase organics are removed from subsurface formations, either by active methods 
(e.g., pumping) or a passive collection system. This process is used primarily in cases where a fuel 
hydrocarbon lens is floating on the water table. The free product is generally drawn up to the surface 
via a pumping system. Following recovery, it can be disposed, re-used directly in an operation not 
requiring high-purity materials, or purified prior to re-use. Free product recovery is a full-scale 
technology. 

The following factor may limit the applicability and effectiveness of the process: 

• Depending upon the specific site geology, the technology may have limited effectiveness. 

The target contaminant groups for free product recovery are non-halogenated semivolatiles and fuel 
hydrocarbons (4 and 5). 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Better 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor) Liquid 

Free product recovered in this process can be disposed, re-used directly in an operation not requiring 
high-purity materials, or purified prior to re-use. 

6. Minimum Contaminant Concentration Achievable Rating: Not Applicable 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Better 

10. System Reliability/Maintainability Rating: Average 

11. Awareness of Remediation Consulting Community Rating: Better 

12. Regulatory/Permitting Acceptability Rating: Better 

13. Community Acceptability Rating: Better 
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BIOREACTORS: 

Contaminants in extracted groundwater are put into contact with microorganisms through attached or 
suspended biological systems. In suspended growth systems, such as activated sludge, contaminated 
groundwater is circulated in an aeration basin where a microbial population aerobically degrades organic 
matter and produces new cells. The new cells form a sludge, which is settled out in a clarifier, and the 
sludge biomass is recycled to the aeration basin. In attached growth systems, such as rotating biological 
contactors and trickling filters, microorganisms are established on an inert support matrix to aerobically 
degrade groundwater contaminants. The microbial population may either be derived from the contaminant 
source or from an inoculum of organisms specific to a contaminant. Attached and suspended systems 
often are used together. Bioreactors are full-scale technologies. 

The following factors may limit the applicability and effectiveness of the process: 

• Solid residuals from sludge processes may require treatment or disposal. 
• Skilled, competent microbiologists are required to start and maintain the biological systems. 
• Metals may need to be removed prior to treatment in the bioreactors. 
• The precipitation of iron may clog treatment systems. 
• Treatability studies should be conducted to determine if contaminants are biodegradable and to 

estimate the rate of biodegradation. 
• Air pollution controls may need to be applied if there is volatilization from activated sludge 

processes. 
• Low temperatures significantly decrease biodegradation rates, resulting in longer cleanup times 

or increased costs for heating. 

Bioreactors are used primarily to treat non-halogenated volatile and semivolatile organics and fuel 
hydrocarbons (3, 4, and 5). Halogenated volatiles and semivolatiles and pesticides (1, 2, and 6) also can 
be treated, but the process may be less effective and may be applicable only to some compounds within 
these groups. Successful pilot-scale field studies have been conducted on some halogenated compounds, 
such as chlorobenzene and dichlorobenzene isomers. 

1. Overall Cost Rating: Better 

Costs are highly dependent on the contaminants and their concentrations in the influent stream. 
Biological treatment has often been found to be more economical than carbon adsorption. 

2. Capital (Cap) or O&M Intensive? Capital 

3. Commercial Availability Rating: Better 

This is a well developed technology that has been used for many years in the treatment of municipal 
wastewater. Equipment and materials are readily available. 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor) Solids 
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6. Minimum Contaminant Concentration Achievable Rating: Average 

As with other biological treatments, this is highly dependent upon the biodegradability of the 
contaminants. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

Biological reactors can permanently destroy selected contaminants. 

10. Time To Complete Cleanup Rating: Not Applicable 

As with other pump-and-treat technologies, time to clean up is dependent upon subsurface conditions 
and the rate of desorption of contaminants from subsurface materials. A bioreactor system can be 
established to treat extracted groundwater at virtually any rate. 

10. System Reliability/Maintainability Rating: Average 

Suspended systems are more difficult to maintain than attached systems because bacteria must be 
kept in a form that settles easily. Start-up time can be slow if organisms need to be acclimated to 
the wastes, however, the existence of cultures that have been previously adapted to specific hazardous 
wastes can decrease start-up and detention time. 

11. Awareness of Remediation Consulting Community Rating: Average 

Bioreactors have been used for the treatment of municipal wastewaters for many years, but their 
application to Superfund wastes is relatively new. 

12. Regulatory/Permitting Acceptability Rating: Better 

13. Community Acceptability Rating: Average 
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AIR STRIPPING: 

Volatile organics are partitioned from groundwater by greatly increasing the surface area of the 
contaminated water exposed to air. Types of aeration methods include packed towers, diffused aeration, 
tray aeration, and spray aeration. Air stripping is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Potential exists for inorganic or biological fouling of the equipment. 
• Consideration should be given to the Henry's Law constant of the VOCs in the water stream, 

and the type and amount of packing used in the tower. 
• Compounds with low volatiles at ambient temperature may require pre-heating of the 

groundwater. 
• Clogging of the stripping column packing material due to inorganics in the groundwater 

(especially dissolved ferrous iron, which precipitates out as insoluble ferrous hydroxide species 
upon aeration) and biofouling are common problems. Air strippers must be taken out of service 
and packing materials acid-washed. 

The target contaminant groups for air stripping systems are halogenated and non-halogenated volatile 
organic compounds (1 and 3). The technology can be used but may be less effective against halogenated 
and non-halogenated semivolatile organic compounds and fuels (2, 4, and 5). 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? O&M 

3. Commercial Availability Rating: Better 

More than 1,000 air stripping units are in operation in the United States. 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor) Liquid, Vapor 

6. Minimum Contaminant Concentration Achievable Rating: Better 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Not Applicable 

10. System Reliability/Maintainability Rating: Average 
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11. Awareness of Remediation Consulting Community Rating: Better 

The approach to packed tower design has become standardized. Numerous published and unpublished 
articles and technical papers are available on the design of air strippers. 

12. Regulatory/Permittir~. ~.:eptability Rating: Worse 

13. Community Acceptao: •. :y Rating: Average 
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CARBON ADSORPTION (LIQUID PHASE): 

Groundwater is pumped through a series of canisters containing activated carbon to which dissolved 
organic contaminants adsorb. The technology requires periodic replacement or regeneration of saturated 
carbon. Carbon adsorption (liquid phase) is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• The solubility and concentration of the contaminants can impact process performance. 
• Metals can foul the system. 
• Costs are high if used as the primary treatment on waste streams with high contaminant 

concentration levels. 
• Type and pore size of the carbon, as well as the operating temperature, will impact process 

performance. 

The target contaminant groups for carbon adsorption (liquid phase) are halogenated and non-halogenated 
semivolatile organic compounds (2 and 4). The technology can be used, but may be less effective in 
treating halogenated volatile organic compounds, fuel hydrocarbons, pesticides, and inorganics (1, 5, 6, 
and 7). 

1. Overall Cost Rating: Worse 

2. Capital (Cap) or O&M Intensive? O&M 

3. Commercial Availability Rating: Better 

Adsorption by activated carbon has a long history of use in treating municipal, industrial, and 
hazardous wastes. 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor) Solid 

When the concentration of contaminants in the effluent from the bed exceeds a certain level, the 
carbon can be regenerated in place, removed and regenerated at an off-site facility, or disposed. 

6. Minimum Contaminant Concentration Achievable Rating: Better 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Not Applicable 

10. System Reliability/Maintainability Rating: Better 

103 

OGC-003988 



Reference GuidE. Remediation Technologies Screening Matrix 

11. Awarer of Remediation Consulting Community 

12. Regulatory/Permitting Acceptability 

Rating: Better 

Rating: Better 

Regulatory agencies actively support this technology, which has been used at many Superfund sites. 

13. Community Acceptability Rating: Better 
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UV OXIDATION: 

Ultraviolet (UV) radiation, ozone, and/or hydrogen peroxide are used to destroy organic contaminants 
as water flows into a treatment tank. An ozone destruction unit is used to treat off-gas from the treatment 
tank. UV oxidation is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• The technology cannot be applied on all contaminants. 
• The presence of inorganics and naturally occurring soil organics (e.g., humic substances) can 

adversely affect system performance. 

The target contaminant groups for UV oxidation are halogenated volatile and semivolatile organic 
compounds and pesticides (1, 2, and 6). The technology also can be used, but may be less effective, 
in treating non-halogenated volatile organics and fuels (3 and 5). The potential for exposure is minimal 
as the system does not produce air emissions. 

1. Overall Cost Rating: Average 

The cost of this process is highly dependent upon the amount of influent pre-treatment required and 
the type of processing units needed. 

2. Capital (Cap) or O&M Intensive? Capital 

3. Commercial Availability Rating: Better 

The technology is readily available. 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor) None 

6. Minimum Contaminant Concentration Achievable Rating: Better 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Not Applicable 

10. System Reliability/Maintainability Rating: Worse 

11. Awareness of Remediation Consulting Community Rating: Average 
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12. Regulatory/Permitting Acceptability Rating: Average 

Units have been permitted without unusual difficulty. 

13. Community Acceptability Rating: Average 
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NATURAL ATTENUATION: 

Natural subsurface processe-such as dilution, volatilization, biodegradation, adsorption, and chemical 
reactions with subsurface materials-are allowed to reduce contaminant concentrations to acceptable 
levels. · 
Natural attenuation is not a "technology" per se, and there is significant debate among technical expens 
about its use at hazardous waste sites. Consideration of this option requires modeling and evaluation 
of contaminant degradation rates to determine feasibility, and special approvals may be needed. In 
addition, sampling and sample analysis must be conducted throughout the process to confirm that 
degradation is proceeding at rates consistent with meeting cleanup objectives. It has been included in 
the Matrix and this Guide for completeness only. 

Natural attenuation is not the same as "no action," although it often is perceived as such. The 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) requires evaluation 
of a "no action" alternative, but does not require evaluation of natural attenuation. Natural attenuation 
is considered in the Superfund program on a case-by-case basis, and guidance on its use is still evolving. 
It has been selected at Superfund sites where, for example, PCBs are strongly sorbed to deep subsurface 
soils and are not migrating; where removal of dense non-aqueous phase liquids (DNAPLs) has been 
determined to be technically impracticable (Superfund is developing technical impracticability (TI) 
guidance); and where it has been determined that active remedial measures would be unable to 
significantly speed remediation time frames. Where contaminants are expected to remain in place over 
long periods of time, as in the first two examples, TI waivers must be obtained. In all cases, extensive 
site characterization is required. 

The attitude toward natural attenuation varies among agencies. The Air Force carefully evaluates the 
potential for use of natural attenuation at its sites. However, EPA accepts its use only in cenain special 
cases. 

No handling of contaminated materials is required. Therefore, site workers require no protective 
equipment. There are potential risks to the commuity from migration of contaminants to areas where 
groundwater is being used. 

The following factors may limit the applicability and effectiveness of the process: 

• Data must be collected to determine model input parameters. 
• Although commercial services for evaluating natural attenuation are widely available, the quality 

of these services varies widely among the many potential suppliers. Highly skilled modelers are 
required. 

• Intermediate degradation products may be more mobile and more toxic than the original 
contaminant. 

• Natural attenuation should be used only in low-risk situations. 
• Contaminants may migrate before they are degraded. 
• The site may have to be fenced and may not be available for reuse until contaminant levels are 

reduced. 
• If free product exists, it may have to be removed. 
• Some inorganics can be immobilized, such as mercury, but they will not be degraded. 
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Target contaminants for natural attenuation are non-halogenated volatile and semivolatile organics and c' ') 

fuel hydrocarbons (groups 3, 4, and 5). Halogenated volatiles and semivolatiles and pesticides (1, 2, and ' $ 

6) also can be allowed to naturally attenuate, but the process may be less effective and may only be 
applicable to some compounds within these contaminant groups. 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Neither 

There are no capital or O&M costs associated with natural attenuation. However, there are costs 
for modeling contamination degradation rates to determine whether natural attenuation is a feasible 
remedial alternative, and there are costs for subsurface sampling and sample analysis (potentially 
extensive) to determine the extent of contamination and confirm contaminant degradation rates and 
cleanup status. Skilled labor hours are required to conduct the modeling, sampling, and analysis. 

3. Commercial Availability: Rating: Better 

Many potential suppliers can perform the modeling, sampling, and sample analysis required for 
justifying and monitoring natural attenuation. However, the quality of services provided varies 
widely. 

4. Typically Part of a Treatment Train? No 

5. Residuals Produced (Solid, Liquid, Vapor)? None 

6. Minimum Contaminant Concentration Achievable: Rating: Inadequate Information 

The extent of contaminant degradation depends on a variety of parameters, such as contaminant types 
and concentrations, temperature, moisture, and availability of nutrients/electron acceptors (e.g., 
oxygen, nitrate). 

7. Addresses Toxicity, Mobility, or Volume? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup: Rating: Worse 

Natural attenuation does not involve active remedial measures. Subsurface environments are often 
oxygen limited in regards to the needs of microorganisms that can degrade organic contaminants. 
Without active measures to increase the oxygen supply (or supply of other electron acceptors), 
biodegradation can be slow. 

10. System Reliability/Maintainability: Rating: Better 

Natural attenuation requires no equipment to maintain. 
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11. Awareness of the Remediation Consulting Community: Rating: Average 

A large amount of information is available on subsurface processes that affect contaminant transport 
and transformation. In addition, subsurface transport and fate models are available to estimate times 
required for natural attenuation to attain cleanup goals. EPA's Robert S. Kerr Environmental 
Research Laboratory sponsored the development of Bioplume IT, which models the natural attenuation 
of BTEX in groundwater, and is working with the Air Force Center for Environmental Excellence 
to improve it. However, natural attenuation is considered a viable alternative only for a limited 
number of contaminated sites. 

12. Regulatory/Permitting Acceptability: Rating: Worse 

Because it involves no active remedial measures, natural attenuation is not well accepted by the 
regulatory community. However, regulatory/permitting acceptance may be possible where alternative 
remedial options are technically or economically infeasible and where a very strong scientific case 
can be made predicting its success and protectiveness. 

13. Community Acceptability: Rating: Worse 

The public generally prefers active remedial alternatives. 
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Air Emissions/Off-Gases 

CARBON ADSORPTION (VAPOR PHASE): 

Carbon, processed into hard granules or pellets, is used to capture molecules of gas-phase pollutants. 
Typically, the granulated activated carbon (GAC) is contained in a packed bed through which 
contaminated emissions/off-gases flow. When the carbon has been saturated with contaminants, it is 
regenerated in place, removed and regenerated at an off-site facility, or disposed. Carbon adsorption 
(vapor phase) is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• High contaminant concentration levels limit effectiveness. 
• Temperature and moisture/humidity must be controlled. 

The target contaminant groups for carbon adsorption (vapor phase) are volatile and semivolatile organic 
compounds, fuel hydrocarbons, and pesticides (1-6). Carbon adsorption (vapor phase) systems are most 
effective for contaminants with molecular weights between 50 and 200 and boiling points between 75° 
and 300°F (24° and 149°C). 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Better 

Carbon adsorption (vapor phase) has a long history of use and is readily available. Activated carbon 
producers are able to manufacture carbon adsorption (vapor phase) systems to meet specific 
applications. 

4. Typically Part of a Treatment Train? Not Applicable 

The definition of this factor is not applicable to this technology. The technology, by design, is the 
finishing step in treatment processes. 

5. Residuals Produced (Solid, Liquid, Vapor) Solid 

When the concentration of contaminants in the effluent from the bed exceeds a cenain level, the 
carbon can be regenerated in place, removed and regenerated at an off-site facility, or disposed. 

6. Minimum Contaminant Concentration Achievable Rating: Better 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Volume 
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8. Long-Term Effectiveness/Permanence? Yes 

The target contaminants are permanently separated from the vapor stream. 

9. Time To Complete Cleanup Rating: Not Applicable 

Since carbon adsorption (vapor phase) is a support technology used to treat off-gases produced by 
another remediation technology, the site cleanup time is wholly dependent upon the cleanup time 
associated with the primary technology. 

10. System Reliability/Maintainability Rating: Better 

Regular maintenance checks are required during operation. Carbon adsorption (vapor phase) is a 
well developed technology with high reliability. 

11. Awareness of Remediation Consulting Community Rating: Better 

The concepts, theory, and engineering aspects of the technology are well developed and disseminated 
throughout the remediation consulting community. 

12. Regulatory/Permitting Acceptability Rating: Average 

Carbon adsorption (vapor phase) is a mature technology and has been used without unusual regulatory 
or permitting difficulty. 

13. Community Acceptability Rating: Better 
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CATALYTIC OXIDATION (NON-HALOGENATED): 

Trace organics in contaminated air streams are destroyed at lower temperatures, 842°F (450°C), than 
conventional combustion by passing the airNOC mixture through a catalyst designed for non-halogenated 
compounds. Catalytic oxidation (non-halogenated) is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• If sulfur or halogenated compounds are in the emissions stream, the catalyst can be 
poisoned/deactivated and require replacement. 

• The technology requires operation in the optimum containment range. 

The target contaminant groups for catalytic oxidation (non-halogenated) are non-halogenated volatile and 
semivolatile organic compounds and fuel hydrocarbons (3, 4 and 5). Because the maximum permissible 
total hydrocarbon concentration is usually limited to control the temperature in the oxidizer and reduce 
the risk of an explosion, contaminant concentrations over certain levels, typically 3,000 ppm volatile 
organic compounds, are usually diluted with ambient air. Catalytic oxidation has long been used for 
emissions control of airNOC mixtures. An advantage of catalytic oxidation is that it occurs at lower 
temperatures than thermal oxidation. 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Better 

Commercial equipment is in operation, and there are at least five vendors promoting the technology. 
Some processes are proprietary in nature. 

4. Typically Part of a Treatment Train? Not Applicable 

The definition of this factor is not applicable to this technology. The technology, by design, is the 
finishing step in treatment processes. 

5. Residuals Produced (Solid, Liquid, Vapor) None 

6. Minimum Contaminant Concentration Achievable Rating: Better 

The process normally .begins with very low concentration levels and the technology cleans the 
emissions to regulatory standards. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 
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9. Time To Complete Cleanup Rating: Not Applicable 

Since catalytic oxidation (non-halogenated) is a support technology used to treat off-gases produced 
by another remediation technology, the site cleanup time is wholly dependent upon the cleanup time 
associated with the primary technology. 

10. System Reliability/Maintainability Rating: Better 

Although there appears to be a low probability of failure, careful monitoring to prevent overheating 
of the catalyst and daily maintenance are required. 

11. Awareness of Remediation Consulting Community Rating: Better 

12. Regulatory/Permitting Acceptability Rating: Better 

There are no federal regulations on catalytic oxidation. However California, New Jersey, and Texas 
regulate this technology, and its use is increasing nationwide. With the trend in regulations to limit 
emissions from vacuum extraction and air strippers, catalytic oxidation is likely to receive more 
attention. 

13. Community Acceptability Rating: Better 
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CATALYTIC OXIDATION (HALOGENATED): 

Trace organics in contaminated air streams are destroyed at lower temperatures, 842°F (450°C), than 
conventional combustion by passing the airNOC mixture through a catalyst designed for halogenated 
compounds. Catalytic oxidation (halogenated) is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• The catalyst can be poisoned/deactivated and require replacement. 
• The technology requires operation in the optimum containment range. 

The target contaminant group for catalytic oxidation (halogenated) is halogenated volatile and semi volatile 
organic compounds (1 and 2), but the technology has been evaluated below based only on its use in 
cleaning media contaminated with TCE and, in some instances, PCE. An advantage of catalytic oxidation 
is that it occurs at lower temperatures then thermal oxidation. 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Average 

4. Typically Part of a Treatment Train? Not Applicable 

The definition of this factor is not applicable to this technology. The technology, by design, is the 
finishing step in treatment processes. 

5. Residuals Produced (Solid, Liquid, Vapor) None 

6. Minimum Contaminant Concentration Achievable Rating: Better 

The process normally begins with very low concentrations and the technology cleans the emissions 
to regulatory standards. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Not Applicable 

Since catalytic oxidation (halogenated) is a suppon technology used to treat off-gases produced by 
another remediation technology, the site cleanup time is wholly dependent upon the cleanup time 
associated with the primary technology. 
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10. System Reliability/Maintainability Rating: Average 

When PCE is present, catalyst deactivation can occur. 

11. Awareness of Remediation Consulting Community Rating: Worse 

The development of a catalytic oxidizer specifically designed to treat halogenated compounds is 
relatively new and not well known. 

12. Regulatory/Permitting Acceptability Rating: Average 

There are no federal regulations on catalytic oxidation. However, California, New Jersey, and Texas 
regulate this technology. With the trend in regulations to limit emissions from vacuum extraction 
and air strippers, catalytic oxidation is likely to receive more attention. 

13. Community Acceptability Rating: Average 
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BIOFILTRA TION: 

Vapor-phase organic contaminants are pumped through a soil bed and sorb to the soil surface where they 
are degraded by microorganisms in the soil. Specific strains of bacteria may be introduced into the filter 
and optimal conditions provided to preferentially degrade specific compounds. Biofiltration is a full
scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• The size of the biofilter is constrained by the rate of influent air flow. 
• Fugitive fungi may be a problem. 

Biofiltration is used primarily to treat non-halogenated volatile organics and fuel hydrocarbons (3 and 
5). Halogenated volatiles (1) also can be treated, but the process may be less effective. 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Average 

Non-proprietary filters that require low air loading rates for organics (~100 ppm) have been used 
successfully for more than 20 years. Proprietary designs that support higher air loadings also are 
available. Biofilters have been used extensively in Europe and Japan, but only recently have they 
received attention in the United States. 

4. Typically Part of a Treatment Train? Not Applicable 

The definition of this factor is not applicable to this technology. The technology, by design, is the 
fmal step in treatment processes. 

5. Residuals Produced (Solid, Liquid, Vapor) None 

6. Minimum Contaminant Concentration Achievable Rating: Better 

As with other biological treatment processes, this is highly dependent upon the biodegradability of 
the contaminants. Under proper conditions, biof:tlters can remove vinually all selected contaminants. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

Under proper conditions, biofilters can completely degrade selected contaminants to harmless 
products. 
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9. Time To Complete Cleanup Rating: Not Applicable 

10. System Reliability/Maintainability Rating: Average 

The primary maintenance concern is moisture control in the filter bed. Moisture levels, pH, and other 
filter conditions may have to be monitored to maintain high removal efficiencies. Filter flooding 
and plugging due to excessive biomass accumulation may require periodic mechanical cleaning of 
the filter. 

11. Awareness of Remediation Consulting Community Rating: Worse 

Little use has been made of this technology in the United States. However, the technology has been 
used for about 20 years, mainly to remove odors from sewage, and more than 500 biofllters are being 
used in Europe and Japan. 

12. Regulatory/Permitting Acceptability Rating: Inadequate Information 

13. Community Acceptability Rating: Inadequate Information 
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THERMAL OXIDATION: 

Organic contaminants are destroyed in a high temperature 1,832°F (1,000°C) combustor. Thermal 
oxidation is a full-scale technology. 

The following factors may limit the applicability and effectiveness of the process: 

• Potential problems exist when using the technology on waste streams containing chlorinated 
materials. 

The target contaminant groups for thermal oxidation are non-halogenated volatile and semivolatile organic 
compounds and fuel hydrocarbons (3, 4, and 5). Only non-halogenated hydrocarbon systems were 
evaluated. If halogens are present, the system is then RCRA regulated as a hazardous waste incinerator. 

1. Overall Cost Rating: Better 

2. Capital (Cap) or O&M Intensive? Neither 

3. Commercial Availability Rating: Better 

Commercial equipment is in operation, and there are at least five vendors promoting the technology. 

4. Typically Part of a Treatment Train? Not Applicable 

The definition of this factor is not applicable to this technology. The technology, by design, is the 
fmal step in treatment processes. 

S. Residuals Produced (Solid, Liquid, Vapor) None 

6. Minimum Contaminant Concentration Achievable Rating: Better 

The process normally begins with very low concentrations and the technology cleans the emissions 
to regulatory standards. 

7. Addresses Toxicity (T), Mobility (M), or Volume (V)? Toxicity 

8. Long-Term Effectiveness/Permanence? Yes 

9. Time To Complete Cleanup Rating: Not Applicable 

Since thermal oxidation is a suppon technology used to treat off-gases produced by another 
remediation technology, the site cleanup time is wholly dependent upon the cleanup time associated 
with the primary technology. 

10. System Reliability/Maintainability Rating: Better 
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11. Awareness of Remediation Consulting Community Rating: Better 

12. Regulatory/Permitting Acceptability Rating: Better 

13. Community Acceptability Rating: Average 

There is occasional resistance if the community focuses on the thermal oxidizer as an incinerator. 
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APPENDIX A: INFORMATION RESOURCES 

General: 

1. Freeman, Harry M., Editor in Chief, 1989. Standard Handbook of Hazardous Waste Treatment and 
Disposal. McGraw-Hill Book Co., New York, NY. 

2. HMCRI, 1991. Hazardous Materials Control Buyer's Guide and Source Book 1992. Hazardous 
Materials Control Research Institute, Greenbelt, MD. 

3. NIOSH, OSHA, USCG, U.S. EPA, 1985. Occupational Safety and Health Guidance Manual for 
Hazardous Waste Site Activities. National Institute for Occupational Safety and Health, Occupational 
Safety and Health Administration, U.S. Coast Guard, and U.S. Environmental Protection Agency. 
National Institute for Occupational Safety and Health, U.S. Department of Health and Human 
Services, Washington, DC. DHHS (NIOSH) Publication 85-115. 

4. Nyer, E.K., 1985. Groundwater Treatment Technology. Van Nostrand Reinhold, New York, NY. 

5. RCRIS, 1992. RCRIS National Oversight Database. U.S. Environmental Protection Agency, Office 
of Solid Waste, Washington, DC. July 1992. 

6. U.S. Army, 1992. Installation Restoration and Hazardous Waste Control Technologies: 1992 
Edition. U.S. Army Toxic and Hazardous Materials Agency, Aberdeen Proving Grounds, MD. 
Report Number CETHA-TS-CR-92053. 

7. U.S. DOE, 1992. ReOpt: Electronic Encyclopedia of Remedial Action Options. U.S. Department 
of Energy, Pacific Northwest Laboratory, Richland, WA. PNL-7840/UC-602,603. 

8. U.S. EPA, 1992. Accessing Federal Data Bases for Contaminated Site Cleanup Technologies, Second 
Edition. Federal Remediation Technologies Roundtable. U.S. Environmental Protection Agency, 
Washington, DC. EP N540/B-92/002. 

9. U.S. EPA, 1987. ACompendiumofTechnologiesUsedintheTreatmentofHazardousWastes. U.S. 
Environmental Protection Agency, Center for Environmental Research Information, Cincinnati, OH. 
EPN625/8-87/014. 

10. U.S. EPA, 1992. Alternative Treatment Technology Information Center (ATTIC) (Electronic 
Bulletinboard). U.S. Environmental Protection Agency, Risk Reduction Engineering Laboratory, 
Edison, New Jersey. 

11. U.S. EPA, 1990. Basics of Pump-and-Treat Groundwater Remediation Technology. Office of 
Research and Development, U.S. Environmental Protection Agency, Washington, DC. EPN600/8-
90/003. 

12. U.S. EPA, 1989. Biennial Reporting System. U.S. Environmental Protection Agency, Office of Solid 
Waste, Washington, DC. 
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13. U.S. EPA, 1987. Handbook- Groundwater. U.S. Environmental Protection Agency, RobertS. Kerr 
Environmental Research Laboratory, Ada, OK. EPN625/6-87/016. 

14. U.S. EPA, 1985. Handbook- Remedial Action at Waste Disposal Sites, U.S. Environmental 
Protection Agency, Office of Research and Development, Hazardous Waste Engineering Research 
Laboratory, Washington, DC. EP N625/6-85/006. 

15. U.S. EPA, 1992. Innovative Treatment T echrKJlo gies -·Semi-Annual Status Report (Fourth Edition), 
U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, 
DC. EPN542/R-92/011. 

16. U.S. EPA, 1991. Innovative Treatment Technologies- Overview and Guide to Information Sources. 
U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, 
DC. EPN540/9-91/002. 

17. U.S. EPA, 1990. Superfund Innovative Technology Evaluation Program and The Inventory of 
Treatability Study Vendors. U.S. Environmental Protection Agency, Office of Solid Waste and 
Emergency Response, Washington, DC. EPN540/2-90/003b. 

18. U.S. EPA, 1992. Superfund Innovative Technology Evaluation Program: Technology Profiles, Fifth 
Edition. U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Risk Reduction Engineering Laboratory, Cincinnati, OH. EPN540/R-92/077. 

19. U.S. EPA, 1991. Superfund Innovative Technology Evaluation Program: Technology Profiles, 
Fourth Edition. U.S. Environmental Protection Agency, Risk Reduction Engineering Laboratory, 
Cincinnati, OH. EPN540/5-91/008. pp. 64-65. 

20. U.S. EPA, 1992. Synopses of Federal Demonstrations of Innovative Site Remediation Technologies, 
2nd Edition. Federal Remediation Technologies Roundtable. U.S. Environmental Protection Agency, 
Washington, DC. EPN542/B-92/003. 

2:. U.S. EPA, 1992. Technologies and Options for UST Corrective Actions: Overview of Current 
Practice. U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, DC. EPN542/R-92/010. 

22. U.S. EPA, 1993. U.S. Environmental Protection Agency Vendor Information System for Innovative 
Treatment Technologies (VISm). Part 1 and 2. U.S. Environmenw! Protection Agency, Office of 
Solid Waste and Emergency Response, Washington, DC. 

In Situ Biological Processes: 

1. A WMA and HW AC, 1992. Bioventing and Vapor Extraction: Uses and Applications in Remediation 
Operations. Air & Waste Management Association (A WMA) and Hazardous Waste Action Coalition 
(HWAC) Satellite Seminar. Air and Waste Management Association, Pittsburgh, PA. Apri11992. 
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2. Borden, R.C., M.D. Lee, J.M. Thomas, P.B. Bedient, and C.H. Ward, 1989. "In Situ Measurement 
and Numerical Simulation of Oxygen Limited Biotransformation." Groundwater Monitoring Review. 
Winter, 1989, pp. 83-91. 

3. Ponier, R.J., et al, 1990. "Bioremediation of Pesticide-Contaminated Groundwater." Remediation. 
1:(1):41-60. 

4. Sims, J.L., R.C. Sims, and J.E. Matthews, 1989. Bioremediation of Contaminated Surface Soils. 
U.S. Environmental Protection Agency, Roben S. Kerr Environmental Research Laboratory, Ada, 
OK. EPA-600/9-89/073. 

5. U.S. Air Force, 1989. Enhanced Bioreclamation of Jet Fuels-A Full-Scale Test at Eglin AFB FL. 
Final Repon. ESL-lR-88-78. Hinchee, R.E., D.C. Downey, J.K. Slaughter, D.A. Selby, M.S. 
Westray, and G.M. Long. U.S. Air Force Engineering and Services Center, Tyndall AFB, FL. 
Available from NTIS, Springfield, VA. Order No. ADA222348. 

6. U.S. Coast Guard, 1991. "Innovative Groundwater and Soil Remediation at the USCG Air Station, 
Traverse City, Michigan," Proceedings of the Third Forum on Innovative Hazardous Waste Treatment 
Technologies: Domestic and International, September 1991. U.S. Environmental Protection Agency, 
Washington, DC. EPN540/2-91/015. 

7. U.S. EPA, 1992. A Citizen's Guide To Bioventing, U.S. Environmental Protection Agency, Office 
of Solid Waste and Emergency Response, Washington, DC. EPN542/F-92/008. 

8. U.S. EPA, 1992. Bioremediation Case Studies: Abstracts. U.S. Environmental Protection Agency, 
Washington, DC. EPN600/9-92/044. 

9. U.S. EPA, 1989. Bioremediation of Contaminated Surface Soils, U.S. Environmental Protection 
Agency, Roben S. Kerr Environmental Research Laboratory, Ada, OK. EPN600/9-89/073. 

10. U.S. EPA, 1988. Groundwater Modeling: An Overview and Status Report. U.S. Environmental 
Protection Agency, Office of Research and Development, Washington, DC. EPN600/2-89/028. 

11. U.S. EPA, 1990. International Evaluation of In Situ Biorestoration of Contaminated Soil and 
Groundwater. U.S. Environmental Protection Agency, Office of Emergency and Remedial Response 
and Office of Research and Development, Washington, DC. EPN540/2-90/012. 

12. U.S. EPA, 1991. Microbial Degradation of Alley/benzenes under Sulfate Reducing and M ethanogenic 
Conditions, U.S. Environmental Protection Agency, Roben S. Kerr Environmental Research 
Laboratory, Ada, OK. EPN600/S2-91/027. 

13. Wilson, J.T., J.F. McNabb, J. Cochran, T.H. Wang, M.B. Tomson, and P.B. Bedient, 1985. 
"Influence ofMicrobial Adaption on the Fate of Organic Pollutants in Groundwater." Environmental 
Toxicology and Chemistry, 4:721-726. 
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14. Wilson J., 1991. "Nitrate Enhanced Bioremediation Restores Fuel Contaminated Groundwater to 
Drinking Water Standard." Tech Trends. U.S. Environmental Protection Agency, Washington, DC. 
EP N540/M-91/002. 

In Situ Physical/Chemical Processes: 

1. Bennedsen,M. B., 1987. "Vacuum VOCs from Soil," Pollution Engineering. February 1987. 19:(2). 

2. Burris, D. R. and J.A. Cherry, 1992. "Emerging Plume Management Technologies: In Situ Treatment 
Zones." Paper presented at the 85th Annual Meeting of the Air and Waste Management Association. 
Air and Waste Management Association, Pittsburgh, PA. June 1992. Manuscript 92-34.04. 

3. Canter, Larry W., 1989. Groundwater and Soil Contamination Remediation: Toward Compatible 
Science, Policy and Public Perception. Report on a Colloquium Sponsored by the Water Science 
and Technology Board, National Academy Press. April 1989. 

4. Connor, J. R., 1988. "Case Study of Soil Venting," Pollution Engineering, January 1988, 20:(1). 

5. Danko, J.P., M.J. McCann, and W.D. Byers, 1990. "Soil Vapor Extraction and Treatment of VOCs 
At a Superfund Site in Michigan," Proceedings of the Second Forum on Innovative Hazardous Waste 
Treatment Technologies: Domestic and International, May 1990. U.S. Environmental Protection 
Agency, Washington, DC. EPN540/2-90/010. 

6. Fahy, L.J., L.A. Johnson, Jr., D.V. Sola, S.G. Horn, J.L. Christofferson, 1992. "Enhanced Recovery 
of Oily NAPL at a Wood Treating Site Using the CROW Process." Proceedings of the HMC/ 
Superfund '92. Hazardous Materials Control Research Institute, Greenbelt, MD. December 1992. 

7. Fitzgerald, C. and J. Schuring, 1992. "Integration of Pneumatic Fracturing To Enhance In Situ 
B. ~mediation." Proceedings of the Symposium on Gas, Oil, and Environmental Biotechnology. 
In:- : 1tute of Gas Technology, Chicago, IL. September 1992. 

8. Fountain, J.C., and D.S. Hodge, 1992. Project Summary: Extraction of Organic Pollutants Using 
Enhanced Surfactant Flushing- Initial Field Test (Part 1 ). Prepared for the New York State Center 
for Hazardous Waste Management by the Department of Geology, State University of New York, 
Buffalo, NY. February 1992. 

9. Gillham, R. W. and S.F. O'Hannesin, 1992. "Metal-Catalyzed Abiotic Degradation of Halogenated 
Organic Compounds." Paper presented at the 1992 IAH Conference: Modern Trends in 
Hydrogeology. Hamilton, Ontario. May 1992. 

10. Gillham, R. W. and S. F. O'Hannesin, 1992. "A Permeable Reaction Wall for In Situ Degradation 
of Halogenated Organic Compounds." Paper presented at the 45th Canadian Geotechnical Society 
Conference. Toronto, Ontario. October 1992. 
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11. Grube, W. E., 1991. "Soil Barrier Alternatives." Proceedings of the Seventeenth Annual RREL 
Hazardous Waste Research Symposium. U.S. Environmental Protection Agency, Risk Reduction 
Engineering Laboratory, Cincinnati, OH. EPA/600/9-91/002. 

12. Pisciotta, T., D. Pry, J. Schuring, P. Chan, and J. Chang, 1991. "Enhancement of Volatile Organic 
Extraction in Soil at an Industrial Site." Proceedings of the FOCUS Conference on Eastern Regional 
Ground Water Issues. National Water Well Association, Portland, ME. October 1991. 

13. Plaines, A.L., R.J. Piniewski, and G.D. Yarbrough, (no date). Integrated Vacuum Extraction/ 
Pneumatic Soil Fracturing System for Remediation of Low Permeability Soils. Terra Vac, Tampa, 
FL. 

14. Schuring, J., J. Valdis, and P. Chan, 1991. "Pneumatic Fracturing of a Clay Formation To Enhance 
Removal of VOCs." Proceedings of the Fourteenth Annual Madison Waste Conference. University 
of Wisconsin, Madison, WI. September 1991. 

15. Schuring, J., J. Jurka, and P. Chan, 1991. "Pneumatic Fracturing To Remove VOCs." Remediation 
Journal. 2:(1). Winter 1991/92. 

16. Schuring, J. and P. Chan, 1992. Vadose Zone Contaminant Removal by Pneumatic Fracturing, 
Summary of Project. July 1, 1988-June 30, 1992. New Jersey Institute of Technology, Newark, NJ. 

17. Udell, K. S. and L.D. Stewan, Jr., 1989. Field Study of In Situ Steam Injection and Vacuum 
Extraction for Recovery of Volatile Organic Compounds, University of California at Berkeley, 
Depanment of Mechanical Engineering, Berkeley, CA. June 1989. UCB-SEEHRL Report Number 
89-2. 

18. U.S. EPA, 1991. Applications Analysis Report-AWD Technologies: Integrated AquaDetox®ISVE 
Technology, U.S. Environmental Protection Agency, Office of Research and Development, 
Washington, DC. EPA/540/AS-89/003. 

19. U.S. EPA, 1991. Applications Analysis Report-Toxic Treatments: In Situ Steam/Hot-Air Stripping 
Technology, U.S. Environmental Protection Agency, Office of Research and Development, 
Washington, DC. EPA/540/AS-90/008. 

20. U.S. EPA, 1989. Applications Analysis Report-Terra Vac In Situ Vacuum Extraction System, U.S. 
Environmental Protection Agency, Office of Research and Development, Washington, DC. 
EPA/540/A5-89/003. 

21. U.S. EPA, 1991. Engineering Bulletin- In Situ Soil Flushing. U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response and Office of Research and Development, 
Washington, DC. EPA/540/2-91/021. 

22. U.S. EPA, 1991. Engineering Bulletin - In Situ Soil Vapor Extraction Treatment, U.S. 
Environmental Protection Agency, Office of Emergency and Remedial Response and Office of 
Research and Development, Washington, DC. EPA/540/2-91/006. 
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23. U.S. EPA, 1991. Engineering Bulletin- Slurry Walls. U.S. Environmental Protection Agency, 
Office of Emergency and Remedial Response and Office of Research and Development, Washington, 
DC. EP N540/2-92/008. 

24. U.S. EPA, 1991. Engineering Bulletin -In Situ Steam Extraction Treatment, U.S. Environmental 
Protection Agency, Office of Emergency and Remedial Response and Office of Research and 
Development, Washington, DC. EPN540/2-91/005. 

25. U.S. EPA, 1992. In Situ Treatment of Contaminated Groundwater: An Inventory of Research and 
Field Demonstrations and A Role for EPA In Improving Groundwater Remediations, U.S. 
Environmental Protection Agency, Technology Innovation Office, Washington, DC. May 1992. 

26. U.S. EPA, 1990. International Waste Technologies!Geo-Con In Situ Stabilization !Solidification: 
Applications Report, U.S. Environmental Protection Agency, Office of Research and Development, 
Washington, DC. EPN540/A5-89/004. 

27. U.S. EPA, 1991. Project Summary-Soil Vapor Extraction Technology Reference Handbook, U.S. 
Environmental Protection Agency, Risk Reduction Engineering Laboratory, Cincinnati, OH. 
EP N540/S2-91/003. 

28. U.S. EPA, 1984. Slurry Trench Construction/or Migration Control. U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response and Office of Research and Development, 
Washington, DC. EP N540/2-84/001. 

29. U.S. EPA, 1991. Soil Vapor Extraction Technology Reference Handbook. U.S. Environmental 
Protection Agency, Risk Reduction Engineering Laboratory, Cincinnati, OH. Pedersen, T.A. and J. T. 
Curtis. EPN540/2-91/003. pp.88-91, 115. 

30. U.S. EPA, 1982. Superfund Record of Decision: Sylvester Site, NH (IRM). U.S. Environmental 
Protection Agency, Office of Emergency and Remedial Response, Washington, DC. 
EP A/ROD!ROl-82/005. 

31. U.S. EPA, 1992. Technology Assessment of Soil Vapor Extraction and Air Sparging (Project 
Summary). U.S. Environmental Protection Agency, Risk Reduction Engineering Laboratory, 
Cincinnati, OH. EP N600/SR-92/173. . 

32 U.S. EPA, 1989. Technology Evaluation Report: SITE Program Demonstration Test International 
Waste Technologies In Situ Stabilization/Solidification Hialeah, Florida, U.S. Environmental 
Protection Agency, Risk Reduction Engineering Laboratory, Cincinnati, OH. EPN540/5-89/004a. 
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33. West, C.C., J.H. Harwell, 1992. Application of Surfactants to Remediation of Subsurface 
Contamination, U.S. Environmental Protection Agency, Robert S. Kerr Enviromental Research 
Laboratory and the University of Oklahoma, Institute for Applied Surfactant Research and School 
of Chemical Engineering and Materials Research. U.S. Environmental Protection Agency, Ada, OK. 

In Situ Thermal Processes: 

1. La Mori, P.N. and J. Guenther, 1989. "In Situ Steam/Air Stripping," Proceedings of the Forum on 
Innovative Hazardous Waste Treatment Technologies: Domestic and International, September 1989. 
U.S. Environmental Protection Agency, Washington, DC. EPN540/S-89/056. 

2. La Mori, P.N., 1990. "In-Situ Hot Air/Steam Extraction of Volatile Organic Compounds," 
Proceedings of the Second Forum on Innovative Hazardous Waste Treatment Technologies: Domestic 
and International, May 1990. U.S. Environmental Protection Agency, Washington, DC. EPN540/2-
90/010. 

3. Liikala, S.C, 1991. Applications of In Situ Vitrification to PCB-Contaminated Soils. Presented at 
the Third International Conference for the Remediation of PCB Contamination, Houston, TX, March 
25-26, 1991. Geosafe Corporation, Richland, W A. 

4. Lord, A. E., L.J. Sansone, R.M. Koerner, and J.E. Brugger, 1991. "Vacuum-Assisted Steam Stripping 
to Remove Pollutants from Contaminated Soil- A Laboratory Study," Proceedings of the 17th 
Annual RREL Hazardous Waste Research Symposium, April1991. U.S. Environmental Protection 
Agency, Washington, DC. EPN600/9-91/002. 

5. Sittler, S.P. and G.L. Swinford, 1993. "Thermal-Enhanced Soil Vapor Extraction Accelerated 
Cleanup of Diesel-Affected Soils." The National Environmental Journal. 3:(1):40-43. 

6. Sresty, G., H. Dev, and J. Houthoofd, 1992. "In Situ Decontamination by Radio Frequency Heating." 
Presented at the International Symposium on In Situ Treatment of Contaminated Soil and Water. 
Air and Waste Management Association, Pittsburgh, PA. February 1992. 

7. U.S. Air Force, 1989. In Situ Decontamination by Radio Frequency Heating-Field Test. Final 
Report, USAF/SO Contract No. F04701-86-C-0002. U.S. Air Force, USAF/SO, Los Angeles, CA. 

8. USA THAMA, 1987. Draft Report, Bench-Scale Glassification Test on Basin F Materials. Prepared 
by Battelle Pacific Northwest Laboratories. U.S. Army Toxic and Hazardous Materials Agency, 
Aberdeen Proving Grounds, MD. 

9. U.S. DOE, (Undated). In Situ Vitrification: Technology Status and a Survey of New Applications, 
Prepared by Battelle Northwest Laboratories. U.S. Department of Energy, Richland, WA. 

10. U.S. DOE, 1989. Joule-Heated Glass Furnace Processing of a Highly Aqueous Hazardous Waste 
Stream. Prepared by EE&G Mound Applied Technologies. U.S. Department of Energy, Richland. 
WA. 
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11. U.S. DOE, 1992. Technology Transfer Bulletin -In Situ Vitrification. Prepared by Batelle 
Northwest Laboratories. U.S. Department of Energy, Richland, WA. 

12. U.S. DOE, 1989. Vitrification Technologies for Weldon Spring Raffinate Sludges and Contaminated 
Soils, Phase 2 Report: Screening of Alternatives. Prepared by Battelle Pacific Northwest 
Laboratories. U.S. Department of Energy, Richland, WA. 
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Halogenated Hydrocarbons, F ina/ Report. U.S. Environmental Protection Agency, Hazardous Waste 
Engineering Research Laboratory, Cincinnati, OH. June 1988. 
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1. A WMA and HW AC, 1992. "Bioremediation: The State of Practice in Hazardous Waste Remediation 
Operations." A Live Satellite Seminar Jointly Sponsored by Air and Waste Management Association 
(AWMA) and the Hazardous Waste Action Council (HWAC). Air and Waste Management 
Association, Pittsburgh, PA. January 9, 1992. 

2. Hartz, A.A. and R.B. Beach, 1992. "Cleanup of Creosote-Contaminated Sludge Using a Bioslurry 
Lagoon." Proceedings of the HMC!Superfund '92. Hazardous Materials Control Research Institute, 
Greenbelt, MD. 

3. HMCRI, 1992. Proceedings of the HMC/Superfund '92. Hazardous Materials Control Research 
Institute, Greenbelt, MD. 

4. Martin, J.P., R.C. Sims, and J. Matthews, 1986. "Review and Evaluation of Current Design and 
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Hazardous Materials. 3(3):261-280. 

S. Sims, R.C., J.L. Sims, D.L. Sorensen, W.J. Doucette, and L.L. Hastings, 1987. Waste-soil 
Treatability Studies for Four Complex Industria/Wastes: Methodologies and Results, Volumes I and 
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APPENDIX B: CONTAMINANT GROUPS 

Major contaminant groups used in the Matrix are: 

(1) Halogenated volatiles 
(2) Halogenated semivolatiles 
(3) Non-halogenated volatiles 
(4) Non-halogenated semivolatiles 
(5) Fuel Hydrocarbons 
(6) Pesticides 
(7) Inorganics 

These major groups include the contaminants listed below. These are not comprehensive lists, but they 
contain examples of contaminants encountered at many sites. 

(1) Halogenated Volatiles 

Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Clllorodibromomethane 
Cllloroethane 
Cllloroform 
Cllloromethane 
Cllloropropane 
Cis-1 ,2-dichloroethy lene 
Cis-1 ,3-dichloropropene 
Dibromomethane 
1, 1-Dichloroethane 
1 ,2-Dichloroethane 
1 ,2-Dichloroethene 
1, 1-Dichloroethylene 
Dichloromethane 
1 ,2-Dichloropopane 
Ethylene dibromide 
Fluorotrichloromethane (Freon 11) 
Hexachloroethane 

· Monochlorobenzene 
1,1 ,2,2-Tetrachloroethane 
Tetrachloroethylene (Perchloroethylene) 
1,2-Trans-dichloroethy lene 
Trans-1 ,3-dichloropropene 
1,1, 1-Trichloroethane 
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1,1 ,2-Trichloroethane 
Trichloroethylene 
1,1 ,2-Trichloro-1 ,2,2-trifluoroethane (Freon 113) 
Vinyl chloride 

(2) Halogenated Semivolatiles 

Bis(2-chloroethoxy )ether 
1 ,2-Bis(2-chloroethoxy)ethane 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethoxy)phthalate 
Bis(2-chloroethy I) ether 
Bis(2-chloroisopropyl)ether 
4-Bromophenyl phenyl ether 
4-Chloroaniline 
p-Chloro-m-cresol 
2-Chloronapthalene 
2-Chlorophenol 
4-Chlorophenyl phenylether 
1 ,2-Dichlorobenzene 
1 ,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3 ,3-Dichlorobenzidine 
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Halogentated Semivolatiles (Con'd.) 

2,4-Dichlorophenol 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Pentachlorophenol 
Polychlorinated biphenyls (PCBs) 
Tetrachlorophenol 
1,2,4-Trichlorobenzene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

(3) Non-Halogentated Volatiles 

Acetone 
Acrolein 
Aery lonitrile 
n-Butyl alcohol 
Carbon disulfide 
Cyclohexanone 
Ethyl acetate 
Ethyl ether 
2-Hexanone 
Isobutanol 
Methanol 
Methyl ethyl ketone 
Methyl isobutyl ketone 
4-Methyl-2-pentanone 
Styrene 
Tetrahydrofuran 
Vinyl acetate 

(4) Non-Halogentated Semivolatiles 

Benzidine 
Benzoic acid 
Benzyl alcohol 
Bis(2-ethylhexyl)phthalate 
Bis phthalate 
Butyl benzyl phthalate 
Dibenzofuran 
Di-n-butyl phthalate 
Diethyl phthalate 

OGC-004024 
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Dime thy 1 phthalate 
4,6-Dinitro-2-methylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Di-n-cetyl phthalate 
1 ,2-Diphenylhydrazine 
Isophorone 
2-Nitro aniline 
3-Nitroaniline 
4-Nitro aniline 
2-Nitrophenol 
4-Nitrophenol 
n-Nitrosodimethylamine 
n-Nitrosodipheny !amine 
n-Nitrosodi-n-propylarnine 
Phenyl napthalene 

(5) Fuel Hydrocarbons 

Acenaphthene 
Anthracene 
Benz( a)anthracene 
Benzene 
Benzo(b )fluoranthene 
Benzo(k)fluoranthene 
Benzo(ghi)perylene 
Benzo(a)pyrene 
Chrysene 
Cis-2-butene 
Cresols 
Cyclohexane 
Cyclopentane 
Dibenzo( a,h)anthracene 
2,3-Dimethylbutane 
3,3-Dimethyl-1-butene 
Dimethylethylbenzene 
2,2-Dimethylheptane 
2,2-Di.methylhexane 
2,2-Dimethylpentane 
2,3-Di.methylpentane 
2,4-Di.methylphenol 
Ethylbenzene 
3-Ethylpentane 
Fluoranthene 
Fluorene 
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Indeno(l ,2,3-c,d)pyrene 
Isobutane 
lsopentane 
2-Methyl-1 ,3-butadiene 
3-Methyl-1 ,2-butadiene 
2-Methyl-butene 
2-Methyl-2-butene 
3-Methyl-1-butene 
Methy lcyclohexane 
Me thy lcyclopentane 
2-Methylheptane 
3-Methylheptane 
3-Methy !hexane 
Methylnapthalene 
2-Methylnapthalene 
2-Methylpentane 
3-Methylpentane 
3-Methyl-1-pentene 
2-Methylphenol 
4-Methylphenol 
Methylpropy !benzene 
M-Xylene 
Napthalene 
N-Butane 
N-Decane 
N-Dodecane 
N-Heptane 
N-Hexane 
N-Hexylbenzene 
Nitrobenzene 
N-Nonane 
N-Octane 
N-Pentane 
N-Propy !benzene 
N-Undecane 
0-Xylene 
1-Pentene 
Phenanthrene 
Phenol 
Propane 
P-Xylene 
Pyrene 
Pyridine 
1,2,3,4-Tetramethylbenzene 
1 ,2,4,5-Tetramethylbenzene 
Toluene 
1.2,4-Trimethy !benzene 
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1 ,3 ,5-Trimethy !benzene 
1 ,2,4-Trimethyl-5-ethylbenzene 
2,2,4-Trimethy !heptane 
2,3 ,4-Trimethy !heptane 
3,3,5-Trimethylheptane 
2,4,4-Trimethylhexane 
3,3 ,4-Trimethy !hexane 
2,2,4-Trimethylpentane 
2,3,4-Trimethylpentane 
Trans-2-butene 
Trans-2-pentene 

(6) Pesticides 

Aldrin 
Bhc-alpha 
Bhc-beta 
Bhc-delta 
Bhc-gamma 
Chlordane 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Ethion 
Ethyl parathion 
Heptachlor 
Heptachlor epoxide 
Malathion 
Methylparathion 
Parathion 
Toxaphene 

(7) lnorganics 

Aluminum 
Antimony 
Arsenic 
Asbestos 
Barium 
Beryllium 



Bismuth 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Fluorine 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Metallic cyanides 
Nickel 
Potassuim 
Selenium 
Sodium 
Tin 
Vanadium 
Zinc 

OGC-004026 
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\5 REMEDIATION TECHNOLOGIES SCREENING MATRIX 

NOTE: There are factors that may limit 
the applicability and effectiveness of 
any of the technologies and processes 
listed below. These factors are 
discussed In the Remediation 
Technologies Screening Matrix 
Reference Guide. This Matrix should 
always be used in conjunction with the 
Reference Guide, which contains 
additional information that can be 
useful in identifying potentially 
applicable technologies. 
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~ _In .5ituBiological Processes __ 

8iodegrad'!tion 3iLL_LLLI~H)&M ~-- I N~ None I 0 I T I Yes I ~ I A I 0 I ~=t=_IL_ 
Hioventinl! 3.4.5 1.2.6 8 Neither • N-;---1 None . • T Yes 0 • 0 0 • ' 

I In Situ·Physl_cai/Chemical Processes 
f Soil V•w Extmcllon (SVE) 25 F 13 5 • O&M_,_. No l 0 V Ye• (J • - • • t ~-
1 Soil Flushing 27 P 1,lJ_.I____L4::fi_ I O&M • No L .!:::.. V Ye~ .!:::.. 0 0 ~ ___ {)_ 
• Solidification/Stabilization 29 F 7 2 4 6 • Cao • No 5 . NA M I • • 0 -0 ) 

I Pneumatic Fracturing (enhancement) 31 P 1-7 • Neither ./:::.. Yes None NA M YP.s NA • /\ I _j = 
In Situ Thermal Processes 

Vitrification -- 1 33 1 P 17 1-6 1 £:;. I Both I £:;. I No L I NA · M -Yes • .6. 0 1::. . J- --z:, 
1 Thennally Enhanced SVE 35 F 2 4 6 1 3 5 0 Both I 0 No L _D V Yes Ill 0 0 0 - ~=={i~ 

Ex Situ8iolo.Wcal Processes (assuming excavation) 
Slurry Phase Biological Treatment F 
Controlled Solid Phase Rio. Treatment F 

M 
M 

1 2 4 61 0 Both 0 No None 0 T . Yes 0 0 0 8 ___ .(.) 
1 2 4 6 II Neither • No None 0 T Yes 0 • • •~ ____ 0_ 

* landfarminl! F 3,5 L£,4 6 • Neither • No None 0 T Yes .6. • • Q_ _ _CL 
Ex Situ Physical/Chemical Processes (assuming excavation) 

0oil Washinl! 43 F 2 4 5 7 1 3 6 Q_ Both 0 Yes 5 L 0 V Yes • () 0 0 • 
*Solidification/Stabilization 45 F 7 2 4 6 8 Cap • No S NA M I • • • 0 7Y 
Dehal~enation (Glycolate) 47 F _1.6 1 ~ Both 0 No L • T Yes 7S. E. () -0 ____D_ 
Dehalogenation (BCD) 49 F 2 6 1 I I ~ No V I T Yes I I .6. I . I 
Solvent Extraction (d1emical extraction) 51 F _Mk__L3 5 .6. Both 0 Yes L 0 V -Yes l\ 0 0 0 =::Q: 
Chemical Reduction/Oxidation 53 F 7 3-6 __Q_ Neither-~ Yes S NA TM I • • 0 0 0_ 
Soil Vauor Extraction (SVE) 55 F 1 3 • Neither • No L () V Yes Q • • 0 (') 

Ex Situ Thermal Processes (assuminl! excavation) 
1 low Temperature tllerm<tl Desorption 5L __ F_~~ .. s 2.4.6_ 
f Hig!J Temperature Thermal Desorption 59 F 2,4,6 1,3,5 

--.;- ·-
·-· Both • Yes l a V _Yes • 0 • 0 C: 

0 Both _"--_ _)'!;\L__ ~L- __ IL__ V Yes • 0 _Q_ 0. =o= 
!Vitrification 61 F 7 1-6 
t*Jncineration -63 F 2 4,6 1 .3,5 

Pvrolvsis 65 P 2.4.6 1.3.5 

.6. ~ TI ~ l ~ M ~ 0 0 0 £:;. .6. 
/::;. Both • NQ_ L S • T Yes • 0 • 0 /'::... 
.!:::.. Both ./:::.. No L.S _ • T Yes • I zs:-o----li,~ 

Other Processes 
~atural Attenuation __ _ 

Excavation and Off-Site Disposal ~(f ~1 ji4~2.61 • IN~UberF·~H No,¥1 . I I T I Yes I /::;. F• I ~ I .6. j-4~ :zs-T Neither B No NA NA M No • • lz;:- • 
1------ r-----·---------

111 S/tu81olol!ical Processes 
__Q~_ruen Enhancement -with H202 73 F 2~~£.Q___. q_~ _Q/kM__ • ~- None • T YPs 0 .6. • 0 .-

Co-metabolic Processes 75 P 1 2 3-6 0 O&M_ ---zs:-- No None • T YP.S 0 E. .6. I 1----_.l-
Nitrate Enhancement 77 P 3,4,5 1,2.6 • Neither ./:::.. No None • T y;s 0 0 ./:::.. 7':. _ _Q~ 
Oxygen Enhancement with Air Sparging 79 F 3 4 5 1 2 6 II Neither • No None • T y.,s 0 • 0 . 0 •~ 

In SituPhvsicai/Chemical Processes 
I* Slurry Walls (containment only) 81 F 1-7 • Cao • NA NA NA M I • • • ./:::.. r--0= 

Passive Treatment Walls 83 P 1 2 7 3 4 5 I Cao .6. No 5 I T I ./:::.. I .!:::.. I I 
Hot Water or Steam Flushing/Stripping 85 P 2 4 5 1 3 0 Cao 0 Yes LV 0 V Yes • .6. .6. 0 0 

I Hydrofracturi11g_ (enhancement) 8 7 P 1-7 0 Neither I Yes None NA M Yes • • ./:::.. • Q~ 
I Air Sparging 89 F 1 3 5 • Neither • Yes V 0 V Yes • • 0 ll~c--•-
1 Directional Wells (enhancement) _21__ F 1-7 I Neither .!:::.. Yes L 5 NA NA Yes • 0 0 • ~· _ 

Dual Phase Extraction -· 93 F 1 3 5 __Q_ O&M • Yes LV 0 V Yes 0 0 • 0 a_ 
1 Vacuum Vapor Extraction 95 P 1~ 5 3 4 6 7 0 Cao .6. No LV • V Yes 0 • · h Q '--11-
1* Free Product Recovery 97 F 4 5 • Neither • No L NA V Yes • _Q • • •-

Ex SituHioloRical Processes (assuminR pumpinl!) 
345 126 

1 3 2 4 5 

*Natural Attenuation ---- 107l NAl3.4,5 1.2.6 I • IN~itherl I Yes I E I • I Q I E_I ___ LS-
tL-*1 

* C<1rbon Adsorption (vapor phase) n 

~~~~!y!!_c O~!!~lon (no!l-halogenated) 
Catalvtic Oxidation (halogenated) 
Rio filtration 

JJL _f~ j_~ -~!'-!either_ _.__ 
l1u. _F_ i!J,s • Neither. • 
115 F 1 2 • t:leithe 0=-:J NAb 
117 F 3.5 1 • Neither 0 

____s___ • V Yes NA ._ • --9-t--··---
None • T Yes NA • -• • •-
~ • T ~ ~ 0 ~ 0 0 
None • T Yes NA 0 .6. I I -

* Thermal Oxidation 119 I F 13.4.5 I • I Neither I • None • T Yes NA_ • • Ill! o=_ 

a The listing of contaminant groups is intended as a general reference only. A 
technology may treat only selected compounds within the contaminant groups listed. 
Further investigation is necessary to detennine applicability to specific contaminants. 

b The definition of this factor is not applicable to these technologies. 
They are, by design, the final step in ITeabnenl processes. 

* Conventional technologies/processes 

Contaminant Codes 
1 -Halogenated volatile organics 
2- Halogenated semivolatile organics 
3 - Non-halogenated volatile organics 
4 - Non-halogenated semivolatile organics 
5 - Fuel hydrocarbons 
6 - Pesticides 
7- lnorganlcs 

Target contaminants are listed first and in bold type 

Rating Codes 
• Better 
0 Average 
.6. Worse 
I Inadequate information 

NA Not applicable 


