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FACE 

Fine-textured soils and sediments contaminated by ~ ~ c h ~ o r o ~ t ~ y l e ~ i e  (TCE) and other chlorinated 
organics present if serious e ~ ~ i ~ o n ~ e n t a ~  restoration challenge at U.S a epartrnent of Energy 
(DOE) sites, A l t ~ o ~ ~ ~  in situ processes such as bioremediation and s vapor ex~action are 
feasible at sites with permeable soils (e.g., K >10"3 ), their application is nomadly infeasible 
in wet, clay soils, arid sediments. ~ ~ ~ ~ ~ r o ~ ~ e n t a ~  re. ion of these sites has normally consisted 
of either (1) excavation and on-site storage, off-site land filling, or thermal treatment; or (2) in- 
place ~ o ~ ~ ~ ~ ~ ~ t  by capping and slurry wall emplacement. 

etea Energy Systems, h c .  initiated a resexch and 
~ a ~ r ~ t o ~  (ORNiL). The goal of the project was to 

-effective process for closure and environmental restoration of the 
ffusion Plant located in 
disposal site for waste 

e unit were contaminated with 
ppm range) and low levels of 
prox. 12- 14 ft depth) was also 

lid Waste hlanagement Unit at the DOE Portsmouth Gaseous 
hio. The X-231B Unit was used from 1976 to 1983 as a la 

oils and solvents. Silt and clay d ~ ~ ~ s ~ t s  (K -dO-4 c d s )  beneat 
volatile organic compounds ( V X s )  such as TGE (approx. 1- 
radioactive substances. The ~~a~~~~ ~ Q u ~ i ~ ~ a t e ~  (water table 
c o ~ ~ ~ i ~ a t ~ d ,  aid some ~ ~ n ~ ~ ~ ~ ~ ~ ~ t s  were at levels well a h v  ng water standards. 

After an initial technology e v a l ~ a ~ ~ i i  and screening phase, the X-23 1B project focused on research 
and demonstration of in  situ vapor str i  ing, chemical oxidation, and s o l ~ ~ ~ f ~ c a t ~ ~ ~ ;  and reagent 
delivery to the subsurface was achieved by soil mixing techniques. The primary objectives of the 
project were to develop processes as necessary and appropriate and to characterize the operation 
and perfomnce of each process with regard to in situ treatment of VOCs in clay soils. Secondary 
objectives were to determine the ~ ~ ~ ~ ~ e ~ t  process zone of influence; the treatment process effects 
on air emissions, soil chemistry, and ~ i c r o b ~ o ~ ~ ~ y  properties; and the fate of heavy metal and 
radbacfive materhls. Soil h o ~ i ~ ~ e n i ~ a ~ ~ o n  and ~ ~ a ~ ~ l ~ a ~ o ~  were also studid. 

Since July 199 1 varied research activities have been conducted. Site characterization and 
contaminant ~ o d ~ ~ i ~ ~  work has includ probe for collection of nearly 200 soil 
samples with on-site laboratory randy These data were used for statistical 

i s ~ b ~ t i ~ ~ .  A series of laboratory 

system in which soil cores from the full-scale field demonstration was 
complleteed at the X-231B site in June 1992. tests o f  in situ vapor stripping, 
peroxidation, aaad ~ ~ ~ j ~ ~ ~ ~ ~ ~ a t ~ ~ ~  were made in soil measuring 10 ft  in diameter and 15 to 
22 ft deep. A computerized data acfcqiaisition system linked to approx. 60 sensors enabled near- 
continuolas ~ o ~ ~ t o ~ j n g  of process ~~~~~~~~~ and pe (e.g+, recording intervals of 0.2 to 2 
min. for auger position, off-g content, soil vapor pressure and 

soil tseatmemt, for analyses of physical, chemical, and biological parameters. Soil matrix, soil 
vapor, and off-gas V O C l ~ ~ ~ ~ s ~ r ~ ~ ~ ~ ~ ~ ~  were made by multiple methods. 

experiments were completed rising b as well as a pilot-scale soil mixing 

t ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~  In addidon, near1 re collected before, during, and after 

en a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j ~ ~ ~ y  and tnult.j-institutiana1, fast-track, applied 
effort. Directed by QRNL, the project has benefited from the 

ns of research staff from six divisions at ORNL, technical aid niaiiagernent 
staff at  ~o~~~~~~~~~ and Energy S sterns, and principal ~ Q ~ ~ a ~ ~ ~ a ~ ~ ~ ~ s  from two universities (The 
University of Teirness i g m  ~ e ~ ~ ~ ~ ~ ~ ~ g i ~ ~ ~  University) and several private industries 
(e.g.. Chemical \Qasts: , Millgard ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l ,  Envirosurv, and NovaTerra), 

xi 



Results of the project have been very insightful regarding in situ environmental restoration of 
contamitiatcd clay soils. For example, the use of a hydraulic probe for soil sampling with on-site 
VOC analyses, followed by 3-D visualization, provided enhanced information compared with 
conventional sampling, off-site analyses, and routine data treatment. In situ treatment of VOCs in 
clay soils was effectively (e.g,, >85% reduction) and rapidly accomplished (e.g., r l 5  y d h )  and 
the fate of VOCs and radioactive substmces was controlled. Moreover, in situ treatment costs 
were acceptably low. Operation and ~ e ~ ~ ~ ~ * a ~ ~ ~  did vary for the different processes evaluated, 
and there were advantages and disadvantages associated with each. Ancillary study results 
indicated interesting changes in soil properties following treatment. For example, soil bacteria 
levels were increased by several orders of magnitude following ambient air stripping. The 
favorable project results are being used to design and implement a cost-effective in situ treatment 
process for full-scale closure: of the X-23 liB unit, 

This report desmibes the methods and results of the first phase of the X-231B project, the 
technology evaluation and screening process. This Phase I work was completed during Decenskr 

and February 1991. Details regardhg other aspects of the work are available in other project 
publications. Information regarding these publications may tPe obtained by contacting Dr. Robert 
L. Siegrist, Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, TN, 37831-6036; 415- 
574-7285. 
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Concerned over the continuous, long-tent~ release of soil VOGs into the ~ ~ ~ ~ ~ ~ a w ~ t e ~ ~  the Ohio 
~ ~ v i r o ~ ~ n e ~ ~  Protection Agew 
of the unit. Due to the adverse c 
c Q n ~ e ~ ~ ~ a ~ ~ o ~ ~  of VOCs present, initial attet 
were unsuccessful. As a result, a team of s 
Laboratory (ORNI,) were assembled by the 
Energy Systems, Inc+ (Energy Systems), to ex 
or alternative technol~gies for effective clo 

A) required that soil remediation be included in t 
ristics of the soil and geologic materials and the 

twhncplagies ju  ga l  a ~ ~ ~ ~ ~ ~ ~ ~ t ~  for further ~ Q ~ ~ ~ d ~ ~ a t i ~ ~ ~  Wowever, before ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ n ~  one or 
IllOrt? m@Ckt?IolQ ies for full-scale ~ ~ ~ ~ ~ ~ ~ a t ~ o ~  of the %-231 unit, it was c o ~ ~ h d e d  that a 
t ~ ~ ~ n o ~ ~ ~ ~  d ~ ~ o n s ~ a ~ o ~ ,  testing, and ~ ~ ~ l ~ ~ ~ ~ o ~  
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investigations were undertaken by OWNL during December 1990 to gather detailed site 
characterization data, Three borings were made in the northern plot of the X-2318 unit, and 
subsurface conditions were observed and recorded to a depth of 24 ft. Soil samples were collected 
at multiple depths and analyzed for physical, chemical, and biological properties. The soil in the 
shallow unsaturated zone (Minford Memkr upper unit) was relatively moist (e.g., 15% moisture), 
fine-grained m d i a  (k7 290% pastkles 550 pm diameter) with a moderately acidic pH. The total 
organic carbon content (TO@) was in the 0.05 to 0.10 wt% range. Nitrogen and phosphorus were 
present at concentrations of 4.050 and 0.807 wt%, respectively. In the saturated zone (Minford 
Member lower unit), the soil was coarser textured (Le., 270% particles (58 pm diameter) and 
neutral in pEI. In this zone, the silt and clay content were lower. The TOC was also lower 
although the nitrogen and phosphorus contents remained largely the same. Total bacteria were 
present at approximately 104 to 105 colony forming units per gram of soil in the shaUow zone, 
although none were detected at depth. Siniilaply, ~ ~ ~ t ~ a n o ~ ~ p h i c  bacteria were present in the 
shallow zone but were not detected at depth. 

Thlrteen VOCs were identified in the soil samples collected, with TCE, TCA, 1,l-dichloroethenc 
(1 ,l-DCE), and methylene chloride (MC) k i n g  most prevalent and at the highest concentrations 
[i.e., several hundred to several thousand micrograms per kilogram (ppb)] I The highest 
concentrations were found in the unsaturated zone (-7-ft depth) near the center of the plot. 
Comparatively lower concenteations werc found in the saturated zone (-17-ft depth) and toward the 
edges of the plot. The VOCs identified and the concentrations measured in the ORNE site 
characterization work were in the rangc of those measured previously during 1986 and 9987. It 
appears, however, that the present concentrations may be somewhat lower, particularly within the 
saturated zone. This could be the result of VOC reductions due to leaching andor degradation 
during the -3.3 years between sampling events, Because the site has been covered with a 
geomembrane cap since late. 1987, it is unlikely that volatilization losses were significant. 

Selection of the most promising technologies for demonstration at X-23 ZB was accomplished by a 
rational ranking process. An inquiry was made eo a selected number of technology vendors known 
to possess one or more of the candidate technologies. This was done to verify technology stage of 
development, performance capabilities, implementation constraints, and costs. This information 
revealed that a majority of the candidate technologies were commercially available but required 
demonstration at a site such as the X-2318 unit. Using the data base available (e.g., the site 
characteristics, results of literature review and personal inquiries, and the vendor-supplied 
information), a rational process was used to rank the candidate technologies and facilitate 
development of the Phase 2 demonstration concept. This was accomplished by a team of thirteen 
scientists and engineers made up of the project technical team as well as scveral other OWNL and 
Energy Systems professionals., For this process, the technology demonstration objectives were 
first defined as "musts" and "wants." The musts were the minimum technical requirements each 
candidate technology had to satisfy. The wants were desirable but not absolutely required. 'Ihese 
were delineated and weighted according to their perceived importance. Given detailed infoimadorr 
describing the existing site conditions, problem domain, performance criteria, and the candidate 
technologies, each team member scored each of the technologies based on hisher assessment of 
the technologies capability to satisfy the project musts and wants, The technologies were then 
ranked according to their overall performance capabilities. 

The project team concluded that the technology deinonstraeion should consist of i n  situ soil mixing 
coupled with the injection of immobilization agents, hot air or steam, or hydrogen peroxide, either 
individually or in sequence. This approach would enable rigorous evaluation of in situ 
immobilization as well as removaVdestruction processes, and would provide results regarding 
technology implementation, operation and maintenance, performance, and costs. These results 
could then be utilized for full-scale remediation of the X-231B Unit. Moreover, the results could 
bt: exteaded to other similar sites at PORTS, within the DOE system, and elsewhere. 
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Calurnbzas in southern Ohio (Fig 1. I). 'The acre reservation and has been 
operational since 1954. ILS primary rnission is to enrich uranium ~ Q T  naval and commercial riuclear 
reactors E21 e 

t consists of two 
8 acres and were 

and ~ ~ e ~ ~ e a ~ j ~ ~  
regulated solid 
y Act (RCRA). 

ua&ant I of the site as defined in an 
s Study ~~~~~M~~ 

(up to 25 ft) and ~~~~~e~~~~~~~~~~ of VOCs present, Energy Systems was concerned 
tematives for rer not be ~~~~i~~~~ feasible r cost-efkctive. 

assemble a team of scientists and engineers to examine the problem and try to identify a F o t ~ ~ ~ t ~ ~  
innovative or altematisre technology to facilitate G Q S ~  ctive closure of the X-231B unit, This 

D) of Energy Systems req 
e at Oak Ridge National L a ~ ~ r a t o ~ ~  

was ~ ~ ~ o ~ ~ ~ ~ $ ~ ~ ~ ~  in concert with the revision of the c 
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The project was divided into two major phases. Phase 1 involved a technology evaluation and 
screening process. The objectives of this phase were to define the problem domain and 
performance criteria; delineate the constraints affecting implementation of the technology 
demonstration; and identify, evaluate, and recommend technologies judged to be capable of 
removing or immobilizing VBCs in the contaminated soils at the site. Phase 1 was to be 
accomplished between November 1990 and Febrimy 199 1. 

'The second phase (i.e., Phase 2) was to involve field dcmonstration, testing and evaluation of the 
technology(s) selected during Phase I. The objectives of this phase were to design the 
demonstration, procure my vendor technologies, address/gain plans md permits, and implement 
and evaluate the performance of the teechnology(s). Phase 2 was to be accomplished over a 14- 
month period following completion and acceptance of the Phase 1 study. 

This report presents the methods, results, and conclusions of the technology evaluation and 
screening portion of the roject, The infomation reported in this document was prepared between 
December 1990 and 'February 199 I. In March 199 1, a &aft report was issued for internal usc to 
support development of the Phase 2 demonstration effort, The report contained herein is a firial 
version of the March 1991 draft report. 'be narrative was revised based on editorial review and 
comment. Considerable infomation contained in  the &aft report and used in the screening process 
(e.g., process schematics and photographs, vendor suppiid process infomation) has been omitted 
from this final repolst, This was done to simplify publication and to comply with requests by many 
of the vendors surveyed, that information provided by them not be published. 

2 



3 



Fig. 1.2. Photograph of 8(;-231B oil bhdegdation unit before the interh cap was placed in 
1987. (ORNL Photo 11772-31) 
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Conditioiis at and wound the X-231B unit have k e n  characterized as pawt of several i ~ ~ ~ ~ s t i ~ ~ t ~ o ~ ~  
years. A synopsis of the existing conditions at the site is provided below; further 

details be found in other ~ u b l ~ s ~ ~ ~  reports r I -41. 

oil b ~ o ~ e ~ ~ ~ ~ a t ~ ~ ~ ~  unit was used -1976 to 1983 for the latad treatment and disposal of 
waste oils rprrd degreasing s 
temporary cover placed over 
(36-mil Dynaloy) cap was constructed to prevent ~ ~ ~ i ~ i ~ ~ ~ ~ ~  impact, ~ ~ ~ ~ l ~ a t i ~ ~ ,  or reanoff at the 
site. The cap was laid with a 1% slope to the southeast to divert precipitation wnofl to the stom 
drains. 

In late 1987, the U.S. Department of Energy (D 
-inactive waste treatment unit. T h i s  impermeable, s 

Access to the site is ecantrolled, as it is within the secure portion of the plant. A perimeter feme and 
24-11 security patrols limit access to trained and authorized personnel only. The site remains 

js currently being formally closed per RCRA requkements. It is also a designated 
solid waste management unit as part of an ongoing WCRA RFVCMS project. 

2.2 SIT 

The X-23 1B unit at PORTS consists of two separate plots (Fig. 2,l). The larger, northern plot is 
a p ~ r o x ~ ~ ~ t ~ ~ ~  265 ft long by I10 ft wide. The snnaller, southem plot is 1 A long by a0 f$ wide. 
The overall site and the irrimnediate vicinity is level, 

d arid overhead utility lines around 
y installed during plant construction 

within X-231B (Fig, 2.1). These 
include: stom and sanitary sewers, 

ly and return lines, air and steam lines, and electrical lines. 
owever, there are plans to relocate iation schemes. 

the tatillties prim to conduct of  any soil ~ e ~ ~ ~ ~ ~ t ~ ~ ~  activities. 

2.22 Soil an 

The site of X-231B is eharac zed by a thin mantle of unconsolidated deposits, known as the 
ssissippjari bedrock (Fig. 2.2). The ~ ~ c o r ~ ~ o l ~ ~ ~ ~ ~ ~  deposits 

ember) underlain by a thin layer of fluvial sand 
~~~~~~~ is further s ~ ~ ~ ~ v ~ ~ e ~  into an upper clay arid lower silt. 
la browia in color and is about 15 ft  thick. 'The lower portion of 

The Gallia meniks  underlies the Miwford at a depth of-25 ft, It is a very poorly sorted, sand and 
gravel with sign 
to a silty grave8 
4 f a  thick. It i s  e% 
not exceed 5 ft in thickness. 

silt ~ ~ ~ r ~ x i ~ a ~ e ~ ~  10 ft thick. 

t arnoimnts of silt and clay (-15 to 52%). It is a red-brown, clayey s 

tinusus across the PORTS site as a wlmlg, and where present, i t  i i su 
or clayey gravel (GC). It i s  present under the X-23 1R site, but it is 
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Fig. 2.1. Map of the X-231B unit indicating its areal extent and the location of various utilitks. 
(Source: Morrisom and Mnndsen, 1990 [2j) 
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The Mississippian bedrock sequence exists below the shallow unconsolidated deposits and has a 
regional dip of about 30 ft  per mile to the east. The bedrock surface at X-231B is generally flat 
with a slight to moderate slop to the southeast. The shallowest M o c k  unit is the Sunbury Shale. 
The Sunbury is slightly fractured and is 10 to 12 ft thick. Directly under the Sun1xu-y is the Berea, 
a hard, thick-bedded, fine-grained sandstone averaging 36) f t  in thickness. The upper supface of 
the Bema dips gently to the southeast. 

2 .23  Hydrsgaologgr 

Groundwater underneath the X-23 LB unit occurs in two aquifer systems: the blinford/Gallia 
members and the Berm sandstone (Fig 2.2). The depth eo the water table underneath the site is 
-18 ft. The hydraulic conductivities of all the shallow units arc low. Laboratory measuremaits 
revealed a saturated hydrrnlnlic conductivity (Ksat) of only 0.00823 ft/d for the Minford clay and 
0.0043 ft/d for the Millford silt. Field pumping tests yielded a substantially higher mean Ksat for 
the Gallia deposit of 7.1 ftid. The lower portion of the Minford is in hydraulic continuity with thc 
Gallia 131. 

The permeability of the Sunbury Shale is believed to be very low. Although thin and slightly 
fractured, the Sunbury may hydraulically isolate the underlying Bcrea from the overlying 
unconsolidated aquifer (i. e., Minfor&Galh). 

Thirty-six groundwater monitoring wells have k e n  installed in the vicinity of the X-231R unit 
over the past few years. 'I'wmty-five wells have k e n  installed and screened within the Gallia 
deposit, but only thrw wells have 'hen screened in the overlying Minford. Eight wells penctratc 
into the underlying bedrock (ie., Sunbury or Berea). Horizontal hydraulic gradients in all  three 
units at X-231B (ix., Minford, Gallia, and Berea) indicate a southeasterly flow. 'The hydraulic 
gradients are low, however. 

2.3-1 Soil Con&amimma&ion 

Several field investigations have k e n  conducted within and around the X-23111 Unit during the 
past 5 years [2-4]. The first study was conducted by Goodyex Atomic Corporation in January 
1986. This study was limited to hand auger borings to --3-ft depth at 12 locations within the X- 
231B unit boundaries. High levels of VOCs were detected in the samples. PCBs were also 
detected, but only in 6 of 12 borings and at concentrations of only 1 to 7 m a g  (gpm). 

The second investigation was conducted by Cjieraghty & Miller, In@., in April 1986. This study 
consisted of hand auger bo15ngs irn 14 locations within the anit. Soil samples were collected at 
depth zones of 0 to 2 , 4  to 4 ,  and 8 to 10 f t  . This study found a maximiim VOC concentration of 
12,000 vdi<g (ppb) in the 0 to 2 ft depth zone and a general trend of declining VOC concentrations 
with depth. 'Irichloroetlaerae ('TCE) and trichlorooethame (TCA) were the primary con$aPninants. 

A third study was conducted by IEP, Inc. in 1986 [2]. Soil samples collected from ten, 10-ft deep 
boreholes were analyzed for WC7KA Appendix VI11 contaminants. Five sarnples were selected for 
this analysis based on those with the highcst field readings for VOCs. Four of the five samples 
were from 3.5 ft deep and oce was from 7.0 ft, Of the S C V ~ P P  VOCs analyzed as part of the 
Appcnbix VI11 list, TCA and 7'CE were present at the highest conccntrations (8,900 arid 7,209 
rnglkg, respectively). Iiowever, the concentrations varied widely among borings. Other VOCs 
detected included, methylene chloride, l,l-diciiloroethene, tetrachloroethene, chloroform, and 
freon. Analyses for pesticides and heavy metals revealed nondetectable or very low 
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concentrations, Total alpha and total beta radiation was below 100 cpni except in two samples 
which measillred - 100 to 

The fourth and mast definitive study was conducterS by AS1 from June 1987 through January 1988 
[3,4]. This study consisted of 16 test brings chilled to the Sunbury Shale at a depth of 30 ft Soil 

at selected intervals and analyzed for VOCs, metals, herbicides and PCBs, 
e 2.1). The results of this study showed general co~~ ta~ jna t ion  of the soil 
d TCA being the primary ~ o n ~ ~ i n ~ t s ~  Soil concentrations ranged from 
pg/kg for TGA and nondetwtable to 13,000 for TCE. Acetone and Freon- 

113 were also prevalent at appreciable concentrations. The highest VOC c o ~ c e ~ ~ d ~ i o n ~  were 
found at or just above the groundwater table (Fig. 2.1). Metal ~ o ~ ~ ~ ~ ~ a t i ~ ~ ~  was 
low and within probable ~ ~ c ~ ~ ~ u ~ ~ d  or normal soil levels. No pesticides, herbicides or 

PCBs were detected in this study. Total alpha activities were generally low. Only 12, of 69 
samgfes exhibited alpha levels above the detection limit of 10 nCi/kg. This con ta~~~ia t ion  was 
largely confined to the top 12 fe of soil. This compared with a reported background level of 3 to 6 
nC$kg. Total beta activities were measured in all boreholes, but levels were normally below 3 
nC&g. Total uranium c Q ~ ~ e n ~ a t ~ o n s  averaged 3 m@g. 

2.3.2 Groun 

IEP, Inc., sampled three groundwater monitoring wells located near X-23 lB, and samples were 
a n ~ ~ y ~ ~ ~  for W 
selected for this 
the area of highest ~ o ~ ~ ~ ~ i ~ ~ t  c o n ~ ~ n ~ a t i ~ ~ s  around X- 
three wells were contaminated with TCE (308 to 596 p 
dichloroethene (DCE) (57 to 924 p ) at levels well abo 
Table 2.2). Lower levels of seven other organics were found in some of the wells. Metals were 
detected, but c o ~ ~ e ~ ~ ~ d t i o ~ s  were within drinking water s ~ a ~ ~ a ~ d s ,  except for of iron, which was 
present at high ~ ~ n c ~ ~ ~ ~ ~ ~ ~ ~ ~ s .  

A Appendix Ix ~ Q ~ ~ t a ~ ~ i ~ a n E S  [2]. 
ling and ~ n a ~ ~ s ~ s  based on previ~ 

Additional a ~ a l ~ ~ ~ s  of ~ ~ u ~ d w a t ~ r  samples frotm r n Q ~ ~ t o ~ i n ~  wells into the Gallia deposit around 
12 VOCs above detection limits, Six VOCs were widespread: TCE, TCA, 

2-dichlormthene (1 ,Z-DCE) ("Table 
ns were genemUy in th pg/L range. A site map depicting the 

ater plume, as illusmted by an ~ ~ Q ~ o ~ c ~ ~ ~ a ~ ~ ~ n  contour map far TCE in the 
Fig. 2.4. This indicates the plume has spread -750 ft southeast of the 

southeast edge of x-23 1 5.  
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Table 2.1. Surnmary of soil contamination levels with depth k low X-231B. 
(Source: Advmced Sciences, Inc., 1988 [4]) 

Depth k l o w  ground SUi-hC@ (ft) 

Constituent 0-2 8-10 12-14 16-18 20-22 24-2-6 

a The numkx in brackets i s  the method detection limit. 
b vfniilt indicates constituent not de!E%ted at detection limit shown. 
6 indicates analyses not performed. 
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Table 2.2. Summaq of groundwater contaminant concentrations at X-23 1s .  
(Source: Morrison budsen,  1990 [a ] )  

Constituent 3 Units Avemge@- Min. Max. cor ments  

5 ‘88.3 
(71 

(70, 100) 

{ 208 1 

1,2;-DicMor~thene p g L  9.5 5 

1 , 1 , 1 -Triclalorocthane yg$L 188.0 5 

Chloro f o m  13.4 
I - 1  

5 

Manganese 

1400 Detected in every well 

27 

320 

26 

798 

110 

Detected only in wells MW1, 
MW5,  MW6 and MWlO 
Not detected in wells MW2 
MW4 and MW17 
k k c t d  only in wells M W 5 ,  
MW6, MWO and W 1 7  
Not detected in wells MY472 
MW4 and MY4 17 
Detected only in wells MW1 
and W 5  

r _ _ . n > v . P  .-“%>v..-...\.”*- ,-m 

Muminurn m& 4.3 1.4 8.7 Not detected in well MW6 
I - )  
10.9 3.3 23.6 

{ 380) 

I501 

m& 

nl& 0.37 0.27 0.44 

- e 

e - 

a The only constituents shown are: those which were detected in more than one well. 
b The analyses provided in this table were pedomed k November-December 1988. 
C The average concentrations were eoinputed using the individual concentrations mcnsmed at all 

wells divided by the nunmkr of wells. For samples with no detects, the method detection limit 
was used in the computation and is shown as the mhimum concentration. 

d The numbers in brackets a-e equal to Federal Maximum Contaminant Limits or Goals for 
drinking water. 

_e The concentrations of alunninum, iron and, manganese were mea~ure-ed in wells MW1, MWS 
and MW6 in April 1989. 
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Fig. 2.4. Map of X-231B indicating extent of groundwater Contamination by TCE in the Gallia 
deposit under and around X-231B. (Source: Geraghty & Miller, hc., 1989 [3J) 
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PROBLEM DEFINITION AND PERFORMANCE CRfTERHA 

3.1 INTRODUCTION 

To begin identification and evaluation of potential soil remediation technologies, it was necessary 
to explicitly define the soil contamination problem and the remediation performance criteria. 
Because of the compressed project timetable, it was necessary to accomplish this early in the 
project without having a complete data base and without having interacted with all p 
might ultimately have decision-making authority in this matter. 

3.2 MATERIALS AND METHODS 

Problem definition and performance criteria were established as follows. The methods and results 
of prior field investigations were reviewed and analyzed by members of the project team to 
delineate the existing conditions (Sect. 2). A review was made of the closure methods considered 
for the X-231B unit as well as those accepted by the OEPA regulating community. ??his implicitly 
established a problem domain and performance criteria for the soils at the Unit. There were also 
explicit, existing regulatory requirements and commitments made by DOE to OEPA concerriing the 
treatment efficiency that would be achieved 70 to 95% reduction in soil VBCs). Finally, 
consideration was given to the technical implications of the problem definition and perfonnance 
criteria €or the X-23 1R unit closure and long-term groundwater monitoring and ~ ~ g e ~ ~ n ~ .  

It was recognized that the problem definition and perfommice criteria could change in the latter 
stages of the project, based on future project modeling and assessment efforts as well as the 
outcome of future interactions with the regulatory community [j.e., OEPA and U.S. Environmental 
Protection Agency @PA)], 

3.3 RESULTS AND DXSGUSSF[ON 

3.3.1 Problem Domain 

The problem domain defined for purposes of this phase of the project is illustrated in Fig. 3.1 and 
is described below. The problem domain includes the -25 ft  of the Minford deposit from the 
ground surface to the top of the Gailia deposit. This deposit includes finetextured soils with high 
water contents and law permeabilities. Horizontally, the problem domain extends to the unit 
boundaries. 

VQCs we the prixnsnry contaminants of concern based on the results of four studies from 1986 to 
1987 (total of 33 brings) and the characterization study completed by ORNL in 1990. The VQCs 
found to be most prevalent and at the highest concentrations are TCE and TCA, Also detected have 
been ~ ~ l ~ ~ o f ~ r i n ~  1,l-dichloroethane, lY2-dichloroethane, 1,2-trans-dichloroethene, 1,l- 
dichloroethene, tetrachloroethylene, methylene chloride (MC), 1, 1,2-trichloroethane, acetone, 
trichloroflusr~hnetl~~~e, and freon 1 13. 

Process perfonnaxlce criteria arc: proposed with total VcMls as the target parameter for evalluation. 
For the purposes of this work, VOCs include about 35 compounds on the EPA volatile hazardous 
substance list. Although other potential cantarninanits are present within the problem domain (see 
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Fig. 3. I. Schematic of the contaminated soil problem domain at the X-23 l B  site. 
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Sect. 2), including low levels of radioactivity and metals, the VOCs were selected as targets basedl 
on their presence in the groundwater above federal drinking water standards (see Table 2.2) and 
the requirements of OEPA to address this soil contamination as part of the closure of this unit. 

For the purposes of this technology evaluation and screening, the technology(s) recommended for 
implerneiitation should be judged capable of achieving the following minimum performatice 
criteria: 

1. Reniove or destroy the soil VOCs so that the residual total V W  concentration in the 
soil < 1 mg/kg (-90% reduction from mean total VOC concentration measured in 
1987). 

2. Immobilize the soil VOCs so the concentrations in the leachate from an EPA 
Toxicity Characteristic Leaching Procedure (TCLP) test are below the toxicity 
characteristic thresholds (e.g. ,  trichloroethylene = 0.5 mg/L and 1, l -  
diChbrQethylent? = 0.7 m 

These performance criteria were judged to be consistent with the regulatory commitments made 
previously by DOE and Energy Systems and with cleanup criteria used in similar situations, 
Moreover, it was believed by the project team that one or more of the candidate technologies could 
achieve the levels shown. 

As part of the Phase 2 technology demonstration, testing, and evaluation, it was envisioned that 
performance criteria would be explicitly established and monitoring would be conducted IO enable 
relevant performance assessments. The results of the Phase 2 effort would thus provide ~~~~~~~~~~t 
infomition for establishment of performance criteria for full-scale closure of the X-231R ernit. 
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After reviewing the d o c ~ ~ ~ e ~ t s  describing the physical conditions at the site and the nature and 
extent of  soil contamination, members of the project team determined that additional site 
characterization work was needed. The goal of this work was to verify current soil VOC 
c o n ~ ~ ~ n a t i o n  levels and to determine soil physicaVchemica~iologica1 properties relevant to soil 
remediation technology application and performance. Samples were also collected for a risk 
assessment effort k i n g  conducted by other 0 , staff in paraliiel to the technology d e ~ ~ n s W ~ ~ o ~  
work. 

4.2 MATER AILS AND METH 

Site characterization work was conducted during December 17-20, 19 . Subsurfare soil samples 
were collected at three locations 2 = center, and $BO3 = northeast) within 
the larger northern plot of X - 2 3  ontractor responsible for conduct of the 
RFI (Le., Geraghty & Mille Inc.) was contracted to assist with this work. The procedures used 
were those approved for the FI [SI unless otherwise indicated. 

A Wuck-moUnted Il rig (CME-45) was used for drilling and soil sampling. Soil samples were 
col 
a 3  
16 to 18, and 22 to 24 ft. The 6- to 8-ft and 16- to 18-ft intervals were selected 
soil samples €or the technology ~ g ~ Q ~ s ~ ~ a t i ~ ~ .  These two intervals were selected to enable 

rization of the upper and lower units of the Minford Member, above and below the 
a m  table, respectkvely. The other four intervals were used to collect samples far bhc risk 

at selected depths from tlre ground swfaex to -24-ft depth using a split-b 
(ID) hollow-stem auger. The six sampling intervals were 0 to 2 ,4  to 6 

analysis effort. 

The technology ~ ~ ~ ~ i ~ ~ t ~ a t ~ o ~  soil samples were collected with a 3-in. dia. split-barrel samples 
fitted with a series of stainless steel sleeves. Each 2-ft-long sampler contained a 12-h,  4-in,, 4- 
in., and 12411. sleeve, in that order, 

The borehole locations were marked, axid precautions were taken to prevent any damage to the 
geomembrane cap over the X-23lB unit (Fig. 4.1). This was done by laying plastic on top of the 
cap, covering this with a layer of straw and then laying 3/4-in, thick plywood sheets down. The 
drill rig was driven across this surface and set up at each borehole location, A small hole was 
carefully cut through the geo enibrane cap to facilitate the boring process. After augesing to the 
desired depth and driving the sampler, the sampler was removed from the boring and placed on 
clean a ~ ~ ~ i ~ u ~  foil on a work table near the borehole location. The sampler was opened and the 
bottom 4-in. sleeve was then removed and s u ~ s a ~ p l ~ ~  as d e s c i M  in the foollowing section. 

All drilling equipment was ~ ~ c ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~ d  usiatg a steam cleaner b€ore drilling the first borehole 
. The split-barrel samples were s ~ ~ ~ i ~ ~ ~ ~ ~ ~  cleaned 

before and between each sampling interval. ring the drilling process, no drilling fluids [ie., air, 
water, or ""mud" (mineral UT organic polymer)] were used. 

tween each o f  the s ~ ~ s ~ q ~ ~ ~ t  boreho 
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Fig. 4.1. Site map of X-231B indicating the location of three 0 
enable site characteridon. 
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4.2.2 On-Site Soil Sathrsa 

Subsamples for VO@ analyses were collected from each lower 4-in. sleeve by multiple metlxxls. 
The multiple methods enabled assessment of potential measurement error, which was ~ ~ 1 ~ 0 ~ ~ ~  in 
characterizing the site VQC co~c~n t r~ t ions ,  as well as designing and evaluating the Phase 2 
Technology ~ e ~ ~ ~ s ~ ~ t i o ~ ,  The ~ e t h o ~ ~  used included two methods eom~iomnly used today as 
well as two methods developed in part at ORNL and currently k ing  considered f ~ r  ~ ~ p ~ ~ n ~ e ~ ~ ~ o n  
by EPA and the American Society for Testing and Materials (ASTM). The methods used are 

Soil samples for the first tliree methods were collected using an ORNL developed and patented 
coring device (Associated Design md ~ ~ ~ ~ ~ ~ c t ~ n ~ ~ ;  samples for the fourth were collected with a 

les of -5-mL v5liame and 
extmde them directly ignt vial. Sample set A was 
c o n t a i ~ e r ~ ~ ~ ~  in ip 40-mL r cap, designed for direct 

stainless steel spoon. The 

Sample set B consisted of 
of purge md trap grade meth 
set were to kc: analyzed in 

. Sample set D consisted o 
dis~illed water. 

headspace techniques with 

The four sets sf VOC subsamples were collected as follows (Fig. 4.2). The 4-in. sleeve was 
removed from the split-banel sanapler and placed on aluminum foil, lple fist  sample was collected 
by ~ ~ t ~ ~ o ~ ~  A. Then the core was turned over and rotated 1800 ,and a duplicate sample was 
collected. 'I'he core was returned to its ofiginal position, and a sample was collected at the 
~ i a ~ ~ ~ € a ~ l ~  opposite side of the core by method 
and a &qlicate sample was collecte 
After collection, all samples were 1 
soil remaining in the 6 i n .  and ad-j 
subsequent analyses sf water cnnte 

re was turned over and rotated 18 
teed for samples by metliods B and 
a cooler containing "blue ice." The 

ed and placed into two, 8-oz jars for 

The bottom $-irn.-lmg sleeve was 
was placed in a cooler c 
~ ~ e ~ i c a ~ ~ ~ o l ~ g i c ~ l  analyses. 

ped on both ends with durninurn foil and plastic covers. 
ining blue ice. Soil ~on~ained  in these cures was used for 

ling utensils and apparatus were precleaned prior to sampling. T h i s  was done using a 
l a ~ ~ ~ ~ ~ o ~  soap wash followed by a tap water, methanol, and distilled water rinse sequence. Paf?er 
this cleaning, the coring devices and sleeves were air-dried and wrapped in clean aluminum foil. 

4.2.3 AwaIyses 

Laboratmy analyses were made for VOC contaminants and p ~ y s ~ ~ a ~ ~ ~ ~ ~ i  
in soil subsamples collected from each of the two sample depths within eac 

opeflies 
rings. 

VOCs were determined in the s~absamples collected by the methods described above. VOC 
screening by headspace andysis was done by the subcontractor, Geraghty & Miller, Inc., at their 

ublin, Ohio. These analyses were made within 1 d of sample collection. These 
analyses were made with a poxaable GC calibrated to 'FCE, OW of the key site c ~ ~ t a r ~ ~ ~ a ~ ~ ~ .  
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Fig. 4.2, Schematic indicating soil VOC subsample locations within each 4-in-long stainless 
steel sleeve. 

24 



Laboratory analyses of VOCs within the other three sample sets were made at laboratories of the 
Analytical Chemistry Division at CBRNL. These samples were analyzed by purge and trap and 
GC/MS ( i . ~ ,  EPA method S 5030 or 3588 and. SW8240) 161. For VOC ~o~iputa t io i i s~  
measurements were also made for total sample wet weight and water content. 

Physical chemical measurements were made in subsamples collected from five, $-in.-iong sleeves. 
These included baring S boring SB03 
(shallow and deep). Anal s were made for particle size, pM, water content, rganic carbon 

)?  KjeBdahl nitroge horns, total sulfur, and exchangeable cations [?I. These 
analyses were made in 1 the Environmental Sciences Division and the Analytical 
Chemistry Division at QRNL. 

1 (shallow and deep), boring SB02 (shallow) 

M i ~ ~ ~ ~ ~ o ~ ~ ~ ~ c ~ . l  
~ e t ~ a ~ o ~ o ~ ~ s  at 1 

ents were made for total bacteria (col 
 if the ~ n ~ ~ ~ o n ~ e n ~ l  Sciences Division of 

ing units) and 

Finally, water content ~ e ~ s u r e m ~ n t s  were also made in soil samples collected from each interval 
by the s ~ ~ o n ~ ~ c t o ~ ,  Geraghty & Miller, he .  d plastic limit were 
made at &he 16- to 18-ft interval by the s u ~ o ~ ~ a c t o ~ ~  

easurernents of liquid limit 

4.3 SIJ!LTS AND DXSCIJSSI 

The subsurface conditions encountered in the bosings made in X-23 1B are graphically depict& in 
the ~ ~ ~ a t ~ ~ r ~ ~ ~ ~ ~ c  cross sectioai shown ita Fig. 4.3. The detailed boring logs may be found in 
A p ~ e ~ ~ i ~  A. 

The results of water content m e a s ~ ~ ~ ~ ~ e ~ t s  with depth are shawn in Table 4.1. 
uniformly increasing water content Lvith depth, there were v ~ ~ a t ~ ~ n s  with depth. 'I' 
to be a wet-to- satimted zone at a h of-4 to 6 Et. At 1 - to 1 2 4  depth. the previ 

le depth, the w content ~ ~ ~ ~ o ~ ~ ~ e ~  25 wf%. This was p 
i s  consistent with the liquid limit ~ e ~ s ~ r ~ ~ e ~ ~ s  of -25 wt% (see Table 4.2). 

The soil in the shallow ~ n ~ a t ~ r ~ ~ e ~  pper unit) was c 
~~l i l t~vgly  moist, fine-grilined media, "Table 4.2). 'nit: 
0.05 to 8.10 wt% range. Nitrogen and ~ h ~ ~ ~ ~ o ~ s  at c ~ n c e n ~ : ~ t ~ o ~ s  of -0,050 and 
0.007 wt%, respectively. lin the saturated zone (Mi r lower unit), the soil was more 
coarse-gained and of neutral pEI. In this zone, the silt and clay contents were lower. Also lower 
was the TO@, although the nierogeax and ~ ~ o ~ ~ ~ ~ o ~ ~  contents remained largely the same. 

 he soil samples co~lected at -7-ft depth contained bacteria at levels ~f approximately 104 tu 105 
rn (Cf;U/g). Bacteria were not detected at 17-ft depth (detection limit 

7-ft depth me typical of those found at other 
atcd siles. The absence of bacteria at 1 7-ft depth may be related to the site e ~ ~ i ~ ~ ~ ~ ~ e ~ ~ t ~ l  
s ( i s . ,  dense, saturated soil at depth below a geomernbrane cap). ~ e t ~ i a ~ ~ ~ a ~ ~ ~ c  

depth. The enrichment technique used is not 
does indicate the potential for ~ ~ r i c ~ ~ e ~ ~  of these 

rnling lanits per 

bacteria were present in samples from 7 
~ ~ ~ i ~ ~ ~ t ~ ~ ~ ~ ~ ,  but the finding of rnethaaliotrop 
types of important biodegradative bacteria at 

The results of soil YOC screenin y headspace t ~ ~ h ~ ~ ~ u e s  within 24 using a portable GC are 
summarized in Table 4.3, These ta are qualitative and provide a re tive masure of the totd 

resent. As shown in Table 4.3, the field GC data revealed varying levels of VOGs, 
reported in heailspace parts per milllion ~~~~~~~ as TCE. In general, VOCs were detected in all of 
the samples analyzed, ~ ~ r ~ ~ ~ ~ ~ l  die ~ ~ ~ ~ e ~ ~ ~ ~ t ~ ~ n s  ranged over several orders of ~ ~ ~ ~ ~ ~ ~ t u ~ e ~  
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ory analyses were n 
vocs, but only it3 

r a wide variety of VOCs by 
were detected. ‘WE, TCA, 1 

Analyses were made for 
ormthene (l,l-D@E), and 

t in the samples and at the highest concentrations gable  4-4 
‘I*CA were present at concentrations ranging from several ha 

several ~ o u s ~ d  micrograms per kilogram of sail, 

The spatial ~ a ~ a ~ ~ ~ ~ t y  across 
found in the unsaturated zone 
lower concenuations were fou 

unit is ~ ~ o n o ~ ~ ~ e ~ .  The highest ~~~~~~~~~~~o~~ were 
near the center of the plot (Fig. 4.4). ~ o ~ ~ ~ a r ~ ~ ~ ~ ~ e l y  
sated zone (-17-ft depth) and toward the edges of the 

plot. 

The cspselation was reasonably good between VOGs detected by the screening analysis of soil 
headsgacc using a f ~ e ~ ~ - p ~ r t ~ ~ ~ e  GC md the l a ~ ~ ~ ~ ~ t ~ r ~  analysis of the total soil sample c o n ~ u c t e ~ ~  

The VQX con~entr 
different. The soil 
consistently lower 
purge Rt trap (MP 

Apart from ~ o ~ i ~ ~ ~ ~ t ~ ~ ~  e potential ~ ~ ~ s ~ ~ ~ ~ e ~ ~  error associated with c ~ n ~ e n ~ i ~ n a ~  ~~~~~~~~ 

methods, the laboratory data pro 

disturbance ( is-> dur e collection, ~ o ~ t ~ ~ n e r ~ ~ ~ t ~ o ~  
differences between t and the infield immersion in 
losses due to vapor lea the containers and/or &gad 
could haw k e n  caused by ~~~~y sorbed V 
Ads&?” ~ ~ ~ ~ ~ i ~ ~ a ~ i a l y s j s  ~~c~~~~~~~ (Le., with water as the extraction fluid rather than ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ .  

-i fferent sampling techniques were ~ ~ ~ ~ s t a n t ~ ~ ~ y  
by c ~ ~ ~ o n ~ y  used 
d by more rigors 

ables 4.4 and 4. 

ng, even at low aatures. The differences 
ble to v ~ ~ ~ t ~ ~ ~ z ~ t ~ ~ n  losse thod could Bx a 

H may be attributable to 
the differences 

c o ~ ~ e ~ ~ ~ ~ ~  or ’s &at were not extracte 

Cs identified and the a c ~ n ~ ~ ~ ~ r a ~ ~ ~ r ~ s  is site ctnarac terization study were, 

trations of acetone and Freon 
e current study. Although the 

d with th5se measured previousl 7 (see Table 2.1; Fig. 2.3). 
Consistent With the ~~~~~~~~ Sludy, the cunent study were TCE, 
TGA, MC, and 1,I-DCE. I - ~ o w w ~ I ;  
113 determined in  the previous st 
~ ~ n c ~ ~ t ~ a t i o ~ ~  ax~asured in the currerat study were within the range of those measured 

1990 might have been Q WET than those measured several years earlier, p ~ ~ i ~ ~ ~ ~ ~ ~ ~  
saturated zone. It is ~ ~ ~ ~ o ~ n  if real ~ ~ ~ ~ e r ~ ~ ~ e s  exist or if 
t?ic measurement process. Cumnt VOC concentrations co 
leaching anacvcpr b ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ o ~  during the agproxirnatdy 3.3 years since the previous sampling. 
Because the site has been covered with a geomeiarbrane cap since late 1987, i s  ~~~~~~~~~ that 
atnmiospheric v ~ ~ a t ~ ~ i ~ a t ~ ~ ~  losses have been significant. Alternatively, the a are nt differences 
could he the result of no al spatial aaad temporal ~ ~ m ~ ~ i l i t y  of the contamha oncen&ations 

casual ~ o ~ ? ~ g ~ ~ s ~ ~ ~  of t e two data sets suggests that the ~ o n ~ ~ ~ t ~ ~ t ~ o n s  measured in 

a ~ ~ ~ e ~ ~ ~  differences we artifact 
in faact be lower as a result of V 

differences in soil ~ a ~ ~ ~ ~ l ~ ~ ~  a 
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Table 4.1. Soil percent moisture at the X-23 1B site as measured in soil samples collected by 
ORJ% in December 1990. 

Boring number and location b 

Depth intervial SBOl SB02 SB03 
(ft below ground) Units (Southwest) (center) (Northeast) 

2.0 to 4.0 Wt% 17.25 14.10 18.98 

4.0 to 6.0 wt% 21.68 24.85 

6.0 to 8.0 Wt% 17.87 18.63 

6.0 to 3.0 wt% 16.99 6 

10.0 to 12.0 Wt% 24.40 25.14 

16.0 to 18.0 w t% 23.05 23.58 

16.0 to 18.0 wt% 24.88 @: 

22.0 to 24.0 Wt% 24.97 27.69 

26.41 

20.12 

15.58 C 

22,69 

23.37 

23.30 C. 

26.99 

B Water content data shown are percent moisture as reported by Geraghty & Miller, Inc., 
Dublin, OH. 

b ~ e f e r  to Fig. 4.1 for sample locations. 
C Duplicate sample analysis. 
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Table 4.2. Characteristics of subsurface soil at the X-23 1B site. as measured in samples 
by O W L  in December 1990. 

Nominal depth and boring location b 

Shallow ( 7 4  depth) Deep (17-ft depth) 

Characteristic SBQl SR02 5303 SBOI SB02 SB 

Depth, ft 7.2 6.2 6.2 17.2 17.2 17.2 

Partide size &sfxibution: 
22.5 I c 25 .o 14.0 12.0 15.0 

Silt: 4).002-0,05 IIXII, wt% 65.5 E 47.0 64.0 55.0 39.0 
Sand: 0.05-2.0 ~ripn, wt% 12.0 - c 8 .O 22.0 33.0 46.0 

Water content, dry wt% 17.6 6;. 19. 23.5 23.5 22.0 

Percent solids, wt% 86-6 - C 81.0 81.8 81.0 81.2 
pfj  5.32 !G 5.96 7.40 6.16 7.01 
Total organic cwbon m a g  579 -. 6: 11 245 184 472 
Kjeldabl nitrogen, m a g  - C <5 <50O <so0 <50@ 
' T O t d  ~ ~ Q $ ~ ~ O ~ ~ S ~  m 66 G 66 66 73 108 
Total sulfur, m@g 24 - c < 10 23 38 c; 10 

Excharngeable cations: d 
Calcium, m a  

Percent rrmistwe E, wt% 

Plastic Aitnit wt% 
Plasticity index e, wt% 

Total bacteria, CFU/g 

47 - c 48 60 37 71 
42 E 31 28 25 34 
9.4 - C 6.0 10.6 3.4. 15.1 
6.3 - c 4.5 6*0 4.0 5.0 

17.9 18.7 20.1 23 .0 23.5 23.4 
5; E: - c 25.38 25.55 25.33 
c I C - e 22.19 22.63 2056 
- c - C G 3.11 2.92 5.17 

esults of analyses are expressed on a field moist soil weight basis unless otherwise indicatal. 
h ~ e f e r  t~ Fig+ 4, I for sample locations. 
e Indicates analyses not performnd, 
d ~vesages of duplicate analyses; coefficient of variation fox duplicates was < 596. 

Percent I T N ~ S ~ U I X  (wet wt. %) analyses performed by Geraghty & Miller, Inc., Dublin, OH. 



Table 4.3. Headspace VOC concentrations in soil samples collected at X-2318 by 0 
D a e m k r  1990.2 

0.0 to 2.0 p p m  

2,o to 4.0 ppmv TCE 

4.0 to 6.0 PPITIV TCE 

6.0 to 8.0 ppmv T a  

10.0 to 12.0 ppmvTCE 

16.0 to 18.0 yprn, TCE 

Boring number and location k? 

1.60 

3.07 

2.58 
2.40) 1; 

2.26 

SBOl SB02 SB03 
Depth (ft) Units (Southwest) (Center) (Northeast) 

13.06 

5.42 

8.82 

4.28 
62.32 { 4.30 1 
18.69 1.29 

0.221 1.33 
(0.181) { 1.191 

0.127 7.00 

6.98 
(7.161 

22.0 to 24.0 ppmv TC'E 30.20 

54.21 

- 

99.55 

84.94 

Data shown are based on gas-phase VOC analyses using a portable GC (Photovac 10s series) 
calibrated to TCE and headspace techniques with -5 mL of soil immersed in 10 mI, distilled 
water within a 40-mL VOA vial with Teflon sealed cap. Analyses were made by Geraghty & 
Miller, Inc. within 1 d of sample collection. 
Refer to pig. 4.1 for sample locations. 

c Number in brackets is the result of a duplicate analysis of the same sample. 
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Table 4.4. Average concentrations of principal VOCs at the X-23 tB  site as measured in soil 
samples co%lected by BRNL in Decenaber 1998.3 

Principal Sampling 
VOC at depth and location a 

Shallow (7-6 
-,,A,, 

VWS method b Uiiits SI301 SB02 SBO3 SBOl SB02 SB03 

Trichlormthenc Field GC ppmV TCE 2.5 74 4.3 7.1 0,20 1.3 

16 1236 20s 4 35 17 
110 1808 384 159 14 42 
350 7700 300 302 592 G 

RFf CL@% 
vencg 
Ygjki5 

17171- R FI Pg/kg c 58 427 18 6 72 
64 1028 1240 78 3 250 

Pi?k - C 298 858 - C - c I C 

1,l-DiClblQrO- - c 35 193 12 c 27 
64 464 1488 47 44 382 

c 178 746 e c 6165 
ethene 

- 

Average results arc expressed on a dry weight basis (Appendix B). Refer to Fig. 4.1 for sample locations. 
Additional VQCs identified, but in only a few samples and at low pgkg concentrations were 1,2-dichloroethane, 
chlorofom~ tetmchloroethene, acetone, 2-butanone, carbon disulfide, carbon @mchloride, and vinyl chloride (see 
Appendix R) . 
KFT ( ~ ~ o n ~ ~ ~ ~ ~ o ~ a ~  RCRA) = soil sample packed into 40-mL VOA vial with Teflon septa sealed cap. Labc)mtory 
subsampling andanalyses by purge andbtaparidGC/MS perEPAMethodSW8240. 
MP&T (Modified purge 8r trap) = soil sample extruded from 5-rnL coririg device into 40-mL VOA v i d  with 0- 
ring sealed cap made to adapt directly to a purge and trap instrument connected to a GCJMS, Thus, falwmeory 
subsampling is precluded. VOC analyses by GCMS per EPA Method SWX240. 
MeOW (Methanol immersion) = soil sample extruded Cmm 5-mL coring device into 40-rnL VoA vial containing 
10 mL of purge and trap grade methwd ;mid capped with a Teflon septa sealed cap. Laboratory subsampling of 
the mcthariol extract md analysis by GCMS per EPA Method SW8240. 
Field GC = soil sample extruded from 5-mL coring device into 40-mL VOA vial containing 10 rnk of distilled 
water and capped with a Tcflon septa sealed cap. Analysis of VWs in headspace by pmabk GCPIIU. 
Indicates VOC not detected. 
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Table 4.5. Totid VoaZ concentrations at X-231B as measured in soil sm1p1es collected by ORNL 
in Decelllkr 1998. a 

Shalllow (7-ft depth) Deep (1 7-ft depth) 
Method b Sliatisfic Units SI301 SB02 SB03 SBOl SB02 SI303 

Convenrional 
RFI 

C.V. 
* X X I - - - - - X I I . - X - - - - - X I I X X I . . I  

Modified Dup.Al p$g- 
purge&trap Dup. A2 p&g 

Average pgkg 
Std. Dev. bigkg 
C V .  

16 505 
28 2129 
18 1317 
2.8 1148 
0.16 0.87 

38%-- 
24 1 2795 

3346 
779 

-,,-P. 

I* c 

0.23 

929 54 66 
772 92 13 
850 43 48 
111 27 37 

0.13 0.37 0.94 

- - - - - - - T - ” T l  c 
3164 514 96 

287 88 
32 1 10*6 

1.19 0.12 

131 
7 

69 
88 

1.27 
I_^____ 

682 
- c 

-....-.. P 

Methanol Dup. B1 p@g 346 609 284 8464 219- 
immersion @up B2 pgkg 458 7809 1737 294 690 206 

Average p&g 402 8136 1964 345 650 245 
Std.Dev. ygkg 79 463 321 72 57 55 
C.V. 0.20 0.86 0.16 0.21 0.09 0.22 

*<--= _____l_. . . . . . . ~ ~ < * ~ ~ - . ~ < ~  

m__. ,-,, --- _____....,._______rX__ll_. r ” , , ~ ~ ~ ~ - ~ . . ~ ~ . ~ ~ , ~ ~ - ~ . . ~  
Field GC Dup.Dl ppmvTCE 2.58 84.9 4.28 6.98 0.22 1.33 

Dup. r>2 pprn,TCE 2.40 62.3 4.30 7.16 0.18 1.19 
Average pprn,TCE 2.49 73.6 4.29 7.08 0.20 1.26 
Std. Dev. pprnvTCE 0.13 16.0 0.01 0.11 0.03 0.10 
C.V. 0.05 0.22 0.803 0.02 0.14 0.08 

3 

b. 

Total V W s  = summation of TCE, TCA, l,l-DCE, 1,2-XE, and MeCL. VOC results are expresscd on a dry 
soil weight basis. Refer to Fig. 4.! for sample locations. 
Csrmvenljonaal RFI = soil sample pack& into 40-mL VOA vial with Teflon septa sealed cap. Laboratory 
subsampling and analyses by purge and trap and GCIMS. 
Modified purge RL mp = soil sample extruded from 5-mL. coring device into 40-mL VOA vial with o-ring sealed 

cap made to adapt directly to 3 purge and trap instrument connected to a GUMS. Thus, laboratory 
subsampling is precluded. 

Methanol immea-sion = soil sample extruded from 5-mL coring device into 40-mL VOA vial containing 10 mL 
of purge and (rap grade methanol and capped with a Te‘eflon septa sealed cap. Laboratory subsampling of the 
methanol extract and analysis by purge md trap and GCMS. 

Field GC = soil sample extruded from 5-mL coring device into 4@mL VOA vial containing 10 mL of distilled 
water and capped with a Teflon septa sealeA cap. Analysis of VOCs in headspace by portable GC qlaipped 
wi%h a photoionization detector (FID). 

C Indicates mechanical! ma~functian during analysis. 
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Fig. 4.4. Cancentrations of total soil VOCs measured by conventional arid modified techniques 
in soil samples collected at the X-231B site by ORNL in December 1990. 
(Soil matrix VOCls =; summation of TCE, TCA, l,l-DCE, 1,2-DCE, and MeCl, 
expressed on a dry soil weight basis) 
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SOXL TREATMENT TECHNOLQGIES 

During pre-project planning meetings in late October and early November 1990, a list of candidate 
technologies was developed based on the expertise of individual project team members and 
knowledge of the site conditions and contamination at PORTS X-231B. This candidate list 
included several technologies judged to be appropriate for further consideration (see Table E. 1). A 
critical part of the Phase. 1 study was to evaluate and rank the candidate technologies and develop a 
strategy for the technology demonstration, testing, and evaluation to occw during Phase 2. 

5.2 MATERIALS AND METHODS 

The task sf evaluating the different candidate technologies was undertaken, recognizing that 
extensive literature review, detailed analysis, and laboratory treatability studies could not be 
accomplished in the extremely short time allotted for conducting this Phase I work. Thus, the 
evaluation consisted of literature review, personal inquiries, and assimilation of prior experience of 
individual project team mnakrs, 

During the first few weeks of this Phase 1 effort, the original candidate technology list was 
reviewed and reconsidered in light of increasing knowledge about the site characteristics and 
contarreination levels compared with potentially viable soil treatment technologies [ 10- 121. The 
final list of technologies identified for evaluation and screening is shown in Table 5.1. 

5.2.1 T e c h  

Each of the technologies identified for consideration (Table 5.1) was reviewed and assessed in 
varying detail by members of the project team, To facilitate this ef€ort and to enable rapid review 
and ~ n ~ ~ ~ ~ ~ t a ~ ~ i ~ ~ ~  a Technology exrigtion Fact Sheet was developed on which key information 
regarding each technology could 1% recorded. These descriptions were prepared based on 
i ~ ~ o r m ~ ~ i o ~  ~ ~ ~ ~ ~ r ~ ~ o ~  several sources, ~~~~~~~~ existing awareness of a t e ~ ~ ~ ~ ~ o ~ ~  Xitermre 
review, personal inqbiries, and vendor infomiation. 

To provide information on the stage of development and commercial availability of the candidate 
technologies, i n ~ o ~ ~ t ~ ~ ~ ~  was sokited from a selected number of technology vendors known to 
members of the project team with potential for providing one or more of the candidate 
technologies. A letter of inquiry was prepared along with a short narrative describing the site 
characteristics of interest. PORI'S or X - 2 3  1B were intentionally not mentioned in any 
correspondence or ~ o ~ ~ ~ ~ ~ i ~ a t i o n s .  A form was provided LO guide the vendors' responses and to 
facilitate interpretation and comparison. A copy o€ this information is presented in Appendix C, 
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Table 5.1 - Revised list of candidate soil treatment technologies for demonstration at the 
X-232B Oil Biodegradation Unit at PORTS. 3 

Soil treatment technology Technology description 

In situ immobilization 

In situ fsst-air and/or stearn stripping 

In situ elmtrokjnetics 

In situ jet mixing and slurry reactor 

In situ lM/RF heating 

In situ (ex situ ) hydrogen peroxide 

Ex situ thermal treatment 

Ex situ immobilization 

Soil mixing by auger or jet system with addition 
of s o l i d i ~ c a t ~ o i ~ ~ ~ b i ~ i ~ t i o n  agent to solidify 
soil mass and immobilize VOCs and other 
conbminants in place 

Soil mixing by dual auger system with injection 
of hoE air and/or steam to raise soil temperamre 
a.td volatilize vms 

Application of electricd energy to the soil mass in 
situ with induced mobility of water and Pons 
toward a capture electrode system 

In sim jet mixing with air or water to create an in- 
place slurry reactor that could bt: manipulated to 
achieve physical, che 
processes for remov 

In situ application of electromagnetic or 
radiofrequency energy to heat the soil mass in 
place and volatilize VOCs 

Injection of hydrogen peroxide during soil 
mixing by a dual auger system or by jetting, or 
application ex situ. VOCs a n  chemically 
oxidized, physically strip ed, andor biodegraded 

Excavated soil is processed by ehen~nal treatment 
during which VOCs are volatilized, captured, 
and/or destroyed 

Similar Eo in. situ process, except excavated soil is 
treated above ground in a tank or container 

a The order of presentation in this table does not indicate technology priority or ranking, 
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A riitional process was used to evaluate and r the candidate technologies to facilitate selection of 
a technology, or a set of technologies, and the approach for the Phase 2 ~ e ~ o n s ~ a t i o n .  For this 
purpose, a method was employed that provided a format for developing objectives, listing 
alternatives, and weighing the alternatives against the objectives and against each other. The 
method is commonly referred to as the Kepner-Tregse (K-r) metlid, A general descr-&~fion of the 
niethod is given below followed by a description of its use for this project. 

of the ranking process is to identify a team of professionals to participate in the 
cess. Then, a consensus i s  developed by the evaluating team for the problem to be 

addressed. Next, a list of objectives to be ac;hieved by the solution is generated. This list of 
objectives is then divided into those that absolutely have to be met (the "musts") and those that me 
desir;lble but not necessarily essential (tb "wants"). Each of the wants i s  i n ~ i v i ~ u a ~ ~ y  ranked in 
accordance with its importmce, using a sc 

The list of proposed solutions (in this case, eight different soil treatment technologies) is then 
drawn up, and the evaluation follows. Evaluation of the musts i s  done first. Only yes/na 
evaluations are required for the musts. Because these are the truly essential objectives, any 
alternative that fails to meet a must is normally rejected outright. Those that meet all of the musts 
are carried on and evaluated against the wants. 

Because the wants ~ J X  items that do not provide clear rejection criteria, alternatives meeting all of 
the musts are rated against each want using B scale of 1 to 10, ese values are multiplied by the 
importance raiiking of each want to create a matrix of ratings. The sum of all ratings for each 
a1 temative is then obained and foms the basis for a numerical evaluation of potentially successful 
alternatives against each other. 

The a l t ~ r n ~ ~ i v ~ ( s )  with the highest score(s) is identified as the one which meets all required 
objectives (ix., musts) and meets the other desired objectives (Le., wants) to the greatest extent. 
The ratings matrix provides ~ ~ ~ u ~ e ~ t ~ ~ ~ o ~  of t e strengths and weaknesses of each of the 
alternatives. If the resulting r e c o ~ ~ ~ e ~ ~ ~ ~ t i o n  does not seem reasonable, the list of objectives or 
rankings can be reviewed to ensure that the scoring was done in an appropriate manner. Likewise, 
the ~ ~ ~ ~ ~ ~ ~ n t ~ d  matrix foms a structure for others to provide comment to the decisionmaking 
proce s s . 

For this project, a total of thirteen scientists and engineers participated in the evaluation team. The 
i ~ d ~ v i ~ u a ~ ~  involved represented a wide range of professional expertise and project perspectives. 
The evaluation team was made up of  personnel from Chemical Technology, Environmental 
Sciences, and Analytical Chemistry, Environmental Restoration, and Central Engineering 
divisions, Waste R&D Programs, and Central Waste Management (Table 5.2). 

The consensus decision statement was: 



Table 5.2, Staff involved in the evaluation and ranking of candidate technologies for 
demonssation at the X-23 lB  site. 

Staff Affiliation 

M. I. Morris (Lead) 

R. L. Siegrist 

T. E. Donaldson 

s. E. Herks 

A.V. Palurnbo 

C. M. Monrissey 

R. A. Jenkins 

M. T. I-Tamis 

J. H. Wilson 

C. P. McGinnis 

J. S. Watson 

R. L. Jolley 

J. S. Waldwin 

Chemkal Technology Division, O W L  

Environmental Sciences Division, O W L  

Chemical Technology Division, ORNL 

~ n v ~ o ~ ~ e ~ ~ ~  Sciences Division, ORNL 

Envisonmenaall Sciences Division, ORNL 

Environmental Sciences Division, ORNE 

Analytical Chemistry Division, OWNL 

Chemical Technology Division, ORNL 

Chemical Te~11110logy Division, O M ,  

Waste R&D Program Office, Energy Systems 

Environmental Restoration Division, Energy Systems 

Chemical Technology Division, O W L  

Cent-ral Waste Management, K-25 Site 
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Steps 2 through 4 of the ranking process are to (2) define the objectives, (3) divide the objectives 
into musts and wants, and (4) rank the wants. This was accomplished by issuing to the evaluation 
team a preliminary version of the decision statement and the demonstration objectives divided into 
musts and wants. Comments were requested on the objectives list, along with weigfitings of the 
wants. A tern meeting was held to review the comments. The decision statement and list of 
objectives were discussed and revised along with the breakdown into musts and wants. The 
resulting decision framework i s  sununrarized in Table 5.3. 

ESUETS AN 

Tlie results of the screening and e v a l ~ a ~ ~ o n  of the eight soil treatment technologies are presented in 
this section, Brief technology descriptions are followed by the results of the rational ev~luation 
and ranking process. 

A synopsis of key technology features is provided in Table 5.4. Individual technology summary 
sheets prepared by project team members are given in Appendix D, These were prep 
team member knowledge and experience, literatu review, personal inquiries, and information 

ighlights of each candidate t ~ ~ n ~ l S g y  are technslsgy vendors surveyed. 

Stabilizationlsolicfica~on involves intimately mixing c o n t a ~ n ~ t e ~  soil with dry or fluid treatment 
chemicals to produce a solidified or stabilized end product. The special chemical blend, which is 
determined by ~ ~ e a t a ~ ~ l ~ ~ ~  studies, will bind organics, inorganics, and radionuclides. In situ or ex 
situ methods can be used to mix the chemicals and soil. 

~ n ~ ~ ~ e e r i ~ i g  tools such as augers and high-pressure liquid jets are used to mix chemical and 
c s ~ ~ ~ ~ i ~ ~ t ~  soils in situ. Augers are especially useful in homogeneous soils where there are no 

The sliallow ~ ~ i l  mixing (SS hnique uses a crane mounted auger to mix soils of varying 
moisture contents, ra solids to fluid sludge to depths of 30 ft  or deeper 1131. 'The 
mixing head i s  enclo opened cylinder, allowing closed- system mixing of the waste 
for dust and volatile organic control. The bottom-opened cylinder is lowered into the waste, and 
the mixing blades are started while chemical QP grout are introduced. The mixing blades mix 
through the total depth of  the wasle in an up and down motion. The headspace of the cylinder is 
kept at negative pressure to pull vapors or dust to the vapor treatment system. Upon completion, 
the blades are retracted inside the b ~ t ~ ~ ~ - ~ p e n e ~  cylinder and the cylinder is rernoved. The. 
cylinder is placed adjacent and overlapping the previous cylinder, and the process is repeated until 
all waste has been treated. ~rocessing rates average approximately I QOO yarcP/d. 
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'Table 5.3, Summary of the decision framework used in evaluating can 
demonstpation at the X-231B site. 

I 

Decision fimnework 

OBJECTIVES: 
1 .  
2 "  
3 .  

4. 

5 .  
6.  

7. 

8 .  
9 .  

10. 

Remove or immobilize V W s  to the specified levels as specified in the decision statement. 
Complete process installation and operation within a 5 month period of time, 
Meet all applicable site, Energy Systems, DOE, and regulatory QA/QC and safety 
requirements" 
Demonstsate that the relia~ility/o~er~b~~ity/naajntainatPility of the processing system is 
likely to be high. 
Minimize secondary waste streams which require ~~~~~~~ and/or disposal by PORTS. 
Minimize full-scale rcmediation costs: equipment installation, processing, and 
decommissioning; waste storage milad final disposal; and site requirements. 
Minimize occupational exposure of site workers and potential risks to health of the 
general publpic and to the environment during the demonstration. 
Remove and/or destroy VOCs in preference to containment. 
Ability of process to remov~~~es~oy/immobilize non-VOC hazardous components such 
as heavy metals and radionuclides. 
Demoiistrate a process that has application at other DOE problem sites. 

MUSTS: 
1. 
2. 

3. 

Thc process must remove: or imobilize VOCs to the specified levels. 
The process installation and operation must be completed witkin a 5-1month pefiod of 
time. 
Permits, quality assurance and safety requirements must be met. 
- Pernits (RD&D, Air, WPDES. NEPA, EPA, OEPA) 
- Quality asswance plan 
- safety assessment 

__ll_>%%-_l_rr__l-p- -_r_l____ rr_i_ll*--"--,p_________I___x_r__l__l_l_l_rm 

WANTS : 
1 . 

2. 

3. 

4. 

5 .  
6. 

7. 

An assurance that the r~tiabiliriy/o~rability~my/maintain~~ili~ of processing system is 
sufficicnt to meet processing requirements. 
MinimiAe secondary waste streaxns (solid liquid and gases) that require treatment andor 
disposal by PORTS. 
Minimize costs of full-scale remediation: equipment installation, processing, and 
decanxnissioning; waste storage and final disposal; and site requirements. 
Minimize occupational exposure of site workers and potcntial risks to health of the 
general public and to the environment during the demonstration. 
Remove a_lscl/or destroy V W s  in preference to containment. 
Ability of process to r c r n o v e l ~ e s ~ o y l i m m o ~ i ~ ~ z ~  non-VOC hazardous components such 
as heavy metals and radionuclides. 
Applicability of prwess eo other similar DOE sites. 
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Table 5.4. Surnmary of the key features of the canclickate technologies evaluated. 

Technology attributes 
Vex= 

lJKlit FemOV Effects on 
process destruction non-VOC. Development 

Technology features mechanisms contaminants status 

In situ Mixing and ~ m ~ o b ~ ~ ~ ~ a t i ~ n  in ~ ~ ~ ~ > ~ i ~ i ~ ~ ~ o n  of ~ e l ~ - ~ ~ ~ b l i s h ~  for 
im1objlim~on injection of a solid matrix. irKqanic inorganics. Some 

questions remain for immobilization agent Potential VOC contaminants 
with subsequent in volatilization during organics 
phce soil mixing and chemical 

,",* rex tions solidifica& -.-I 

In situ air -and- Vo- ~~~~ 

stripping of bot air and/or during mixing and air semivolatile at scveml sites, but 
stem with in situ air swipping. organics. none identical to 
stripping of V K s  V W  destruction by No effect on PORTS 

l__l___._.- -e- -... 0- inor arks 
In situ A p p l G Z o 7  Electrokinetic Cations (e.g., heavy r)ernonstpdtcd at field 
electrokinetics electrical energy to migration to captm metals) migrate and pilot scale hut only 

the soil m a s  with electrode and removal can be hemoved for inorganic ions 
induced mobility of 
water md ions toward treatment 
a caphm elecfmde 

for above ground 

P"---*,,.P ...-.. "1. 
A 

In sie~l jet 111 situ jet mixing Reactor could employ Reactor could be Similar t~~h i io logy  
mixing slimy with air or water to physical, chemical, designed to remove used for 
reactor create slurry reactor or biological and/or destroy nom- iniprpundment sludges 

processes for removal VUC contaminants at full-scde. No 

V W S  materials 
application for soil 

.--- _x_I________u______IIxI____I_I1___ 

In situ EMEF Application of Volatilazatiion Some removal nf D e m o n s m ~ r  
heating electromagnetic or semivolatile organics pilot scale at one site 

1~0fr;equency energy 
to heat the soil Inass 
in situ 

Y----- - - Y A " u w y _ _ .  - I I I Y . ' . "  ......., _./(..-.Y.__U__Y"----,"- 

III situ (ex situ) ~n jx t ion of hydrogen vws arc chemically z t r  Commercially 
hydrogen peroxide during soil nxidized, physically removal and/or available for ex situ 
peroxide mixing by a dual stripped and/or degradation of ~ ~ p ~ i c a ~ ~ o n ~ .  In situ 
tl-eament augcr system or by bi&@ semivolatile organics treatment of soils is 

Ex situ themd Excavated soil is V d a t  ilization Nolle Comnierc idly 
treatment prxesscd by low available technology 

"-E-TG- Similar to in situ ~ ~ ~ ~ ~ i ~ i ~ ~ i t ~ o r i  in ~ ~ ~ o b i l ~ ~ ~ ~ i ~ ~ n  of Well-established for 
~ ~ ~ o b ~ ~ ~ ~ a ~ ~ ~  pmess, exccpt solid matrix. iriorganic inorganics. Some 

excavated soil i s  Potential V W  contaminants questions remain for 
treated above g r ~ ~ i c l  vohtilkation during organics 

jetting, or application lN>vel. 
.-..".l---...,___m-..* .... ~~ ,-,,<<-,,,- ..-.......-__*___-...-. .......... ,.....- ex situ I......_m_rr_*____ 

tempemture treatment .-I_u_____ ..-___I__ --,---- - 

mixing and ckmica1 
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Jet mixing or chemically churned pile jet grouting (CCP) is the use of high-pressure (4,OOQ-6,OQQ 
psi) liquid jets to cut geometric shapes in soils, mixing the soil with a chemical blend that occupies 
the resulting shape [14]. Jet mixing is advantageous when the contaminated soil is heterogeneous 
(i.e,, containing buried solid objects) and compact. Processing rates are approximately 100 to 200 
yard3/d. 

In jet mixing, the chemical blend exiting the jets at high velocity impinges on the soil and shatters it 
for some distance friom the jets. At the same time, the chemical blend is uniformly and very 
intimately mixed with the soil particles. As the jets are. moved upward, a newly cylindrical column 
of treated soil is generated. The diameter of the column is a function of soil strength, soil 

sition, jetting pressure, jetting time, jet nozzle diameter, cement density, and rotational 
speed. Typical column diameters range from 0.6 to 1.2 m (2  to 4 ft) and larger. Therefore, 
columns of a sct diameter can be designed and predictably placed for a given soil condition md 
design requirement. 

5.3.1.2 In situ h t-ais or steam stripping 

This technology involves a mobile treatment unit that i s  designed to drill through unsaturated or 
saturated zones of contamination while simultaneously injecting steam, hot air, or solidification or 
oxidizing agents [ I  5-18]. One of the primary vendors for this technology is Toxic Treatments 
(USA), Inc. (Detoxifier system). 'The system configuration consists of three main. components: (1) 
a process tswcr, ( 2 )  a control system, and (3) a chemical treatment train. The process tower is 
essentially a drilling 6g cornposed of dual, overlapping, counter-rotating, 5-ft-&am, hollow augers 
designed to pmetrate to approximately 30 ft while simultaneously injecting steam, hot air, etc., into 
the subsurface. 'I'he steam an 
increasing depths as the drilling proceeds. Treatment is achieved in overlapping blocks with an 
effective surface area of 27 ft* that are covered by a shroud that is under vacuum to contain the 
stripped contaminants and direct tl-rem to the cliemical process train. The contrd system inchdcs 
process monitoring and co,ne~-ol. through the use of on-line analytical instrumentation such as flame 
ioiiization detectors (FIDs) for total hydrocarhon analysis, a GC for specific organic analysis, and 
temperature and depth probes. This instrumentation allows for real-time analysis of treatment 
progress and allows for equipment adjustment as necessary. Tlie chemical process train includes a 
condenser for liquid contaminant recovery, a cabon adsorption system for removal of contaminant 
vapors, a reheat system for heating and recycling of injected air, and a feed system to supply 
agents (steam, etc.) to the drill liead assembly. 

r other remediatiara agents are added to and mixed with the soil a t  

There have been at least four independently evaluated tests of the Detoxifier system. Three tests 
were conducted at a site in San Pedro, California, (two conducted as part of the EPA SITE 
program and one under the direction of the California Department of Health Services Toxic 
Substances Control Division), and the fourth was conducted at a pm-oleum hydrocarbon 
contaminated site in Carson, California, and evaluated by Tetra 'Tech, Inc. [15-181. This fourth 
test was done by the original manufacturers of the technology, namely Alternative Tcchnologies for 
Waste, Inc. (ATW) and Calweld, In@ 

'4t the San Pedro site over 8,000 yards of soil wa5 Contaminated with up to 12,000 ppm of 
chlorinated hydrocarbons plus othcr volatiles and semivolatiles from a few ppm to 50,800 ppm. 
Up to ?9% renioval of volaeiles from the soil was achievd (efficiencies of removal ranged from 54 
to 991-%). Semivolatiles were removed with efficiencies ranging from 7 to 98%. Post-treatment 
conccnti-ations of the VOCs averaged 53, 53, and 71 ppm, respectively, in the thme tests. For the 
SVOz's, 920 and 490 pprn remaincd after complceion of two of the tests. 
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At the Carson site, when the total petroleurn hydrocarbon (‘TPI-I) concentration was less than or 
equal to about to 90% for a 15-Et soil column, with an 
average treatme H was greater than 1 0 , ~ ~ ) ~ )  pgm, removal 
efficiencies wer 

ppm, removal efficiencies were 
column. When 
column at 78 mnin per column. 

Treatment time with the Detoxifier system is a ~ ~ ~ ~ c t ~ o ~  of four factors: type of contaminant, depth 
of c o i ~ ~ a ~ i n ~ t i Q ~ ,  the soil matrix, and the cleanup standard. Treatment is not limited by soil 
particle size, inj tial porosity, chemical c o ~ ~ c e ~ ~ ~ a t i o n ,  or viscosity. Steam is injected a t  450 to 
475°F ard 380 si, and the soil temperatwe reaches 160 to 175T. 

The mobility of the system makes it usable at a wide variety of sites and enables rapid start-up. 
The company currently has one complete system operational, and two more are k i n g  constructed. 
Waste streams uced by the Detoxifier system include off-gas that is contained by the shrou 
and routed thro a scrubber for particulate removal and through activated carbon for organic 
removal. The off-gas is ed after cleanup and reirijected through the hollow &ill rods to 
provide a closed loop. T taxnlnant saturated steam is condensed and is utilized for solvent 
recovery or stored for dis Toxics Treatments is currently consider i~~ the use of incineration 
for treating the liquid waste stream. Air emissions as measured by EPA dtlring the SITE program 

s treated. For successful operation, the site must be 
acres. The area must be capable SP supporting the 

unit’s weight, and all undergroun obstructions greater t n 12-in. Aiam must be removed, 
Treatment costs, typically -$300 3 when 3 yd3 are treat er haw, is strongly dependent on 

e only 0.0729 lb/d for the four b 
1% and must be greater than 

d contklfllinant Vokhlkf. 

A system similar to the Detkaxifiier was developed by Geo-Con, Inc. [lo]. This is a deep soil 
mixing system g paddles and augers. 
Steam or other It is not clear if this 
system has been tested at a contanlinated site. 

. .  
that consists of a series of hydraulically driven 
can be fed to the subsurface through a hollow 

Other i a  situ steam stsipping systems generally consist of steam injection coupled with vii~uiim 
extraction (S WE) and do not involve simultaneous drilling and injection. One such system, 
developed by Heijmans Milieutechiek B.V. in the ~ e t h ~ r l ~ n d s ,  was tested at several locations in 
Europe with mixed results. The system worked well in very sandy soils and not so well in clay. 

e d i ,  the ~ c ~ o ~ ~ ~ ~ ~ e  of the system was described as poor. 

Another SIVE system has k e n  test by Solvent Services, Inc. (SSI), as pagt of the SITE program 
at the SSI site in San Jose, California. T h i s  site served as an industrial solvent and acid treatment 
facility since 1973. A variety of VOCs are found in the soil and groundwater and originated from 
~ n ~ ~ e r ~ ~ ~ ~ ~ n ~  storage tanks (USTs) and spills. The site is on the state Superfund list and is mainly 

acetone at concentratinns up to 10,000 ppm. Contamination i s  confined to the top 20 ft 
ath a concrete pad. 

The technology of in situ hot air or steam st~ipping, as exemplified by the Toxic Treatments 
Detoxifier system, seems well suited to ded with the VOC soil contamination at PORTS. To date, 
the system has been tested with ~ o ~ v - ~ ~ e a ~ i ~ ~ ~ y  soils contatPinatd with arganics at higher levels 
than h n d  at PORTS. A l t ~ o ~ ~ ~ ~  the final soil conceritraejlons have not been reduced to less than 1 
mgkg, this may be ~ t ~ ~ ~ b ~ t e ~ ~  to the initially high levels. Given adequate treatment time, levels 
below 1 m@g can reasonably be expected. The potential for injecting i m m o b ~ ~ i ~ ~ n g  agents in 
addition to hot air or steam provides an added benefit. Tests to date have shown the Detoxifier 
system to be n?cehanieally reliable and of low ~ i i ~ ~ r o n ~ e ~ ~ l  impact. There has k e n  some concern 
over the possible ~ ~ b j ~ ~ ~ a ~ o ~  of ~ ~ ~ s t ~ ~ ~ a ~ ~ e  contaminants. ‘rhi s concern shtxM be adckressed at 
PORTS because of the saturate sand depmsit that underlies the contamhated clays. 
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5.2,1.3 Pn situ electrnkisretics 

Electrokinetics has long been demonstrated to k, a viable process for soil stabilization and 
dewatering associated with conskruction practices [ 191. More. recently, electrokinetic processes 
have: been considered for applica tioii to hazardous waste sites for removal of contaminants from 
wet soils with low g-bemeabilities [19-211. 

Several electrokinetic phensmeiaa can be involved. Electrossniosis is the process by which soil 
water is moved from ail anode to a cathode. Electrophoresis involves the movement of particles 
under the influence of an electrical field. Electrolysis involves the movement of ions and ion 
coxnplexes. An electrokinetic installation consists of an electrode array placed in the soil with the 
application of a constant, low UC current. Research has shown that electrokinetic processes have 
the potential for removing certain types of hazardous substances from soils. Strongly polar 
substances suck as heavy metals arc particularly ainenable to this $earnlent, 

At least one technology vendor (Geokinetics, ’The Netherlands) has clemonstrated the capability of 
this technology in field pilot-scale applications at sites contaminated with heavy metals. Although 
electrokinetics is a promising innovative alternative f ~ r  in sitti soil treatment, its application at a sitc 
such as X-23 I73 is questionable given the principal contaminants being VOCs. Further rcsearch 
and development is needed along with pilot-scale demonstrations for the removal of organic 
compounds [ 141. 

5.3.1.4 In situ slurry jet reactor 

The concept of an in situ slurry jet reactor was considered as a novel approach to rcmediation of the 
site. The jet mixing could be accamplished with the use of high-pressure fluids such as air or 
water. Given the fine texture of the subsurface materials and water contents approaching the liquid 
limit, particularly at depth, flui&zing small areas of the site was considered potentially feasible. If 
jet mixing of the soil in situ could be accomplished, then various processes cod  be employed to 
remove, destroy, or immobilize the VOCs. However, this process has not been developed to any 
degree, and implementation at PORTS X-23 1 El would require considerable researcli and 
development. 

5.3.1.5 In situ EWWF soil heating 

In situ soil heating using electromagnetic or radiofrequency (RF;) energy i s  m emerging technology 
for in situ rcmediation of VOC contaminated soil [22, 239. This process combines ohmic and 
dielectric mechanisms to heat the contaminated soil in situ. This is achieved by inserting tubular 
eleckodes into the containinateti soil or by laying horizontal electrodes over tlic surface, ‘I he 
electrodes can k excited by radiofrequency energy, which in turn heats the soil. The energy 
required per ton of soil treated is approximately 30 to 100 kWh. ‘lbe volatile contaminants must 
vaporize and be trainsported up to the ground surface, wherrz they can be captured within a cover 
over the treatment zone. Thc KF technique is reportedly effective on contaminants with a boiling 
point less than -300 to 488OC. 

The technology was developed at the IlT Research Institute in Chicago. Originally developed for 
removal of fuel from tar sands and oil shale, the technique was adapted to site remediatian. A 
pilot-scale test was conducted at a [J.S. Air Force Base in W-iseonsin where -50,000 gal of jet fuel 
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into sarady soil. During a 32-d test eriod, over 99% removal of pi Cs was achieved 
ft3 &eam%n t YflPge* 

ortedly signed an exclusive 1 rasing agreement with Weston Services, hc., a re 
ston, hac- The licensing agreement was allow 

d the costs of the process were prohibitive for the ~ ~ p ~ i c a t ~ ~ n  
and mwket they bad o ~ ~ i n a ~ ~ ~  ~ n ~ ~ s ~ o ~ ~ ~ ~  &e-, gas5linc: stations) 1231. 

~ ~ ~ ~ r o ~ e ~  peroxide has a long history of ~ ~ ~ l i ~ ~ t i o ~  in the waste ~ ~ n a ~ ~ ~ e ~ t  industry, 
organic clogging 

materials from the j ~ f ~ ~ ~ ~ ~ t j ~ ~  s~u-hces of wastewater land 
S% ication for removal of diesel els fsoire c o ~ ~ ~ i ~ ~ t ~ ~  soils 
th 
we1 l ” 

has been conduct& ex situ, cation of the process an situ 

One ex situ hydrogen peroxide process is known as the Chemical Oxidation Treatment Process 
124,251. It involves excavating the soil, loading the soil into a hopper t.hat i s  under vacuum, and 
adding peroxide and an ~ ~ ~ a ~ o ~  enhancer to oxidize the organics. The &e 
the excavated area. ?’he off-gas is passed through carbon filters to remove 
100 sites containing TCE have been &rea by this met~lod, v c levels have k e n  easily r€!!luced 
below 1 m@g. Typical processing rate 

Ita terms of the processing rates (iee9 con 
meeting the primary ob-jeetive o f  imm 

ting the ~ e ~ ~ ~ s ~ a ~ ~ o ~  w ~ ~ ~ i ~  the allotted time) and 
zing or removing VOCs to desired levels, ex situ 

treatment looks promising. It has been used go succe 
4,255. It would appear that the c ~ ~ ~ ~ i ~ a t i o ~  sf using 
g device would aswerf~ul in situ 1-1~t4.l~d for taminated soils. 

stern woa1ld he required tu3 prevent the 
Most ve11dors sf soil mixing 

~ ~ n c ~ ~ ~ o ~ ~ e ~  release of  vms eo the ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ .  

ogies laave indicated their systenras are designed to handle a 
wide range of ~r~~~~~~~~ c An off-gas treatrnen 

5.3.1.7 Ex si& 

Excavatrion i s  so 
because of the n 
a backhoe or en 

timcs required when intimate mi 
of the soil or the presence of b 

of the soil and clsesnicals is not possible 
solid object% ~ x ~ ~ v ~ ~ ~ o ~  can be clone by 

ng tolls specially designed for jet groiadag. 

45 



returned to the excavated area and allowed io solidify. Typical processing rates we approximately 
1000 yd3/d 

Engineering tools specially designed for jet grouting such as Triple System Jet Grouting, use !righ- 
pressure water and air (4,000 to 6,000 psi) to excavate the soil by bringing the returns to the 
surfice, which is enclosed to prevent escape of MOCs to the atmosphere [26]. The soil is treated 
by suitable technique, mixed with chemical blend, and returned to the excavated area to solidify. 
Processing rates arc approximately 200 yat-d3/d. 

Jet grouting devices have not k e n  used to treat VOCs; however, the remediation of a plienol- 
contarn4nated site has k e n  achieved by this technique [263. The sail was excavated by the triple-jet 
grouting engineering tool, washed in an et~cl~sed area to extract :he pher~ols, and returned to the 
excavated area for solidification. 

5.3.2 Technology Vendors 

A request for infooarnatio~~ was distributed to a selected number of vendors (about 30) known or 
suspected to provide one or inore of the candidate technologies, The technology vendors that 
respeanded to the request for information (see Appendix C) are summarized in Table 5.5. Detailed 
information provided by the vendors was disseminated to the project technical team and included in 
the evaluation and screening process of !he candidate technologies. Many of the vendors requested 
that the information they provided not be published, hence the completed vendor survey fsnns are 
not included in this report. 

As summarized in ‘%able 5.5, while the candidate technologies were not explicitly mentioned in the 
vendor request for infomation (Appendix e), most of them were independently identified and 
proposed by the technology vendors contacted. Only the in situ slurry jet reactor and peroxide 
stripping procssses were not among those praposd by the vendors. 

5.33  Techndogy Evaluation and 

The final weights assigrled ;o each of the seven technology wants were analyze to determine the 
cenwa: tendency and deviation (Table 5.6). As summarized in Table 5.6 and illustrated in Fig. 5.1, 
there was wide variation in thc weights assigned to the different wants, although there was a 
central tendency for each.. Recognizing the compliance driven, success orientation of the 
contemplated demonstration, the greatest average weight (8.53) and least variation between team 
rnemkrs was for want No. 1, assurance of process reliability. In contrast, the lowest weight and 
much variation was associated with want. No. 6, ability of the process to handle non-VOC 
contarninants. 
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Table 5.6. Summary of weighting values used for each of the technology "wants". 

Evaluation "want" weighting value statistics a 

Technology "want" No. Average St Range 

1. 

2 .  

3. 

4. 

5 .  

6. 

7. 

Assurance of process 13 8.54 1.51 0.18 5 to 10 
reliability, operability and 
main t i  nabi I i ty 

Miraimi7e secondary waste 13 5.69 1.65 0.25 4 to 9 
streams requiring PORTS 
disposal 

MinimLx Mi-scde w n d a ~ o n  13 7.15 2.48 0.35 3 to 10 
costs 

Minimize occupational 13 4.15 2.64 0.43 2to 10 
exposure and public risk 
during demonstration 

Ability to nem~ve/destroy 13 6.23 3.00 0.48 2to 10 

Ability to handle non-YW 13 4.38 1.76 0.40 2 to 7 

Applicability of process to 13 5.69 2.10 0.37 2 to  10 

V W S  VS ill-phX GOllt~iin~~ll& 

ha7ardous contaminants too 

other DOE sites 

3 Refer to Fig. 5.1 for a graphical illustration of the data tabulated, Refer to Appendix E for further 
details. 
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10 

9 

8 

7 

6 

5 
Weight 

4 

1 2 3 4 5 Q 7 
'I'echnulogy "Want" 

1. Assurance of pmcss reliability, operability, and maintainability 
2. Minimize se~ond~w waste s&ems requiring PORTS disposal 
3. Minimize full-scale remediation costs 
4. Minimize sccujxational ex and public risk during demonstration 
5.  Ability to removddeslro YS in-place containment 
5. Ability to handle oon-VW ~ ~ a ~ ~ ~ ~ ~ ~ i s  contar~iinmts too 
7. A ~ ~ ~ i ~ ~ ~ ~ ~ ~ y  of process to other LWE sites 

Fig. 5.1. Graphical illustration of the weightirags assigned to each of the technology "wants". 
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Each of the 13 evaluation team nnemkrs scored each of the wants for each of the candidate 
technologies. The results of this process are summarized in Table 5.7 and Fig. 5.2, The detailed 
scoring sheets may be found in Appendix E. As indicated in 'Table 5.7, the technologies were 
ranked such that there were two distinctly different groupings. 

The five top-raxlsd technologies and their respective SCOES were: 

h situ immobilization (3313, 
ex situ immobilization (3 la), 

* in situ airisteam stripping (W), 
ex situ themid tseatment (303), and 

* in situ (ex situ) peroxide stripping (297). 

Evaluated considerably lower were: 

F healing (252), 
* in situ slurry rextor (2461, and 
0 in situ electrokinetics (238). 

The total scores of the topranked group was judged to be sufficiently higher c o m p u d  with the 
bottom-ranked group that the two groupings could be considered different, However, the 
differences in rankings between technologies within each of the two groupings were judged to be 
insignificant by the evaluation team, given the variation in weights assigned to each technology 
want and the varhthn in scoring of mch want for each technology (see Table 5.6). 

5.3.4 Technology Demonstration Strategy 

The rational ranking process did not identify any single soil treatment technology that was clearly 
outstanding among the top-ranked g o u p  Thus, it was necessary to further evaluate and consider 
the candidate soil treatment technologies and develop a strategy for the demonstration at PORTS. 
The results of the vendor survey and technology evaluation and ranking process were critically 
evaluated and discussed by the thirteen scientists and engineers on the evaluating team during two 
team meetings. This led to the development of a consensus regarding the strategy for the 
technology demonstration at PORTS X-23 1B. 

The demonstration strategy was developed with two broad objectives in mind. First, it was 
desired to demonstrate m in situ technology because that appeared most favorable for application at 
PORTS. Moreover, demonstrating, testing, and evalaiation of in situ technologies was deemed to 
offer greater Ixnefits to advancing the state of practice. A second objective was to conduct the 
cileinonstration in such a way as to facilitate testing and evaluation of novel to relatively proven 
processes with capability to handle VOCs only as well as non-VOC contaminants. 

The thirtcern members of the teclinology evaluation team concurred that the demonstration strategy 
should consist of a deep soil mixing technology coupled with the injection of immobilization 
agents, hot, airbeeam, or hydrogen peroxide, either individually or in combination. This approach 
would pcmi t  demonstration, testing, and evaluation of the three top-ranked in situ processes and 
would include processes for immobilieation as well as removalldestruction. It would ofkr the 
highest probability of success for regulatory compliance as well as provide the greatest breadth and 
depth of information to the scientific and engineering community. 



Table 5.7. S u m m q  of the rank scoring for each want for each of the candidate technologies. a 

Soil treatment technology or process 
In situ In situ In situ In situ / 

TKhnology want In situ In situ elecm slurry EMBE: ex situ Ex situ Ex situ 
irnmob. air strip. kinetics reactor heating perr oxide thermal irnrnob. 

1, Assuranceof 11.4 56.8 31.0 40,4 37.8 69.7 70.5 79.1 
process reliability, 
operability and 
~ ~ ~ ~ a ~ l i ~  

_I 

"27-FMiimiZe 6 2 ~ r  

8.0 1 48.9 
_^_____c 

remediation costs 

-*.- .... -..- n.. --*--.*,.-..-- pr-..-p 

5 .  Ability to 2.4 7 5 4 . 9  50-7 59.0 4.7 
remove/destsoy 

containment 

.-. 

Total  core 331.2 308.5 229.5 245.8 251.2 2963 302.7 313.5 

Rank (1 =highest) 1 3 8 7 6 5 4 2 

if Refer to Fig. 5.2 for a p p h i c d  illustration of the data tabulated. 
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Soil Treatment Technology 

Soil Treament Technology Technology "Wmt" 
1.  In situ irnrnobillizaiion 
2. In situ aidsteam stripping 
3.  In situ electro-kinetics 3. Minimize full-scale remediation costs 
4. In situ slurry reactor 
5. In situ EWRF heating 
6. 
7.  Ex situ thema! desoqtion 
8. Ex situ imrnobilizatiori 

1.  Assnzance of process reliability, operability, and maintainability 
2. Minimize secondary waste strcarns requiring WRTS disposal 

4. Minimize occupational exposure and priblic risk during demonstrath 
5. Ability to remove/destroy VOCs vs in-place containment 
6. nbility to handle non-VBC hazardous contamnhnants too 
7. Applicability of p~ocess to other DOE sites 

In situ (ex situ) peroxide 

Fig. 5.2. Graphical illustration of the rcseslts of the ti.xhnology evaluation and ranking. 
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TECHNOLOGY DEMONSTRATION, TESTING, AND EVALUATION 

Phase 2 of the X-231B project involves the implementation and conduct ~f technology 
demonstration, evaluation, and testing at the X-23 1 B unit at PORTS. The key tasks envisioned 
and the approximate schedule are highlighted in Table 6.1. As currently envisioned &e.* as of 
February 2991), Phase 2 of the project would begin in spring 1992 (e.g., April 1991) and continue 
during the subsequent 16 months. After 14 months, documentation regarding the methods, 
results, and conclusions of the demonstration would be produced for submittal to the OEPA. This 
information would be sufficiently comprehensive to facilitate a decision regarding full-scale soil 
remdation of the X-23 15 unit, A final research report would be prepared thereafter. 

Table 6.1. Summary of Phase 2 activities and schedule for technology demonstration, testing 
and evaluation at PORTS X-23 113. 

Task Key subtasks 

Task 1. Planning Experimental design and planning 

Address/prepare permits and gain approval 

Ad&ess/prepare plans and gain approval 

Procurement (expression of interest, statement of work, RFP 

Transpodfatelremediation model development 

O W L  treatability and optirni;ration 

Vendor treatability and optimization 

Analysis and report 

p r e p a r a t i o n ,  solicitation, evaluation, contract award) 
Task 2. Laboratory Testing 

rr___X__I-.--.....- _--_ -,........- 
Task 3. Field Dem-~i------ s r G v - - - - - - -  

Mobilization and can-site setup 

Performance moilitoring and evaluation 

Demonstration startup and ~pra t ion  

Demonstration termination 

hmsbilizatiori and closeout 

Data analysis and evaluation 

Prepare documentation 

Documentation to OEPA 
Analysis and report 

.wl ............... -. __YYUY__---_=~.U_I--...~'~..~ ........... -. ...... 
TGLi. Technol-fer 
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A'II'PONS 

The overall goal of this project was to select and successfully ernonstrate a techno 
technologies for effective treatment of the co tamhated soils as c ia td  with the X-2 
biodegradation unit at 
domain and pedorm criteria; delinea onstmints affecting ~ ~ ~ l e ~ e ~ i ~ ~ t ~ o n  
technology demonstration; and identify, evd  recommend one or more technologies 
to be capable of removing or ~ ~ ~ b ~ l i ~ ~ ~ ~  c o n ~ ~ ~ a ~ ~  soils the site. This report 
contains a discussion of the methods, re nclusions of the P se 1 portion of the 
project, 

Based on field investigations, ~ ~ b o r ~ t ~ r y  analyses, and techn~ology assessments, the €~lfowing 
conclusions and recommendations have k e n  reached. 

TS. The objwtives of Phase 1 of the project were to define the pi 

1. 

2. 

3. 

4. 

5 .  

6. 

The problem domain established for consideration of tiion techndogks included the 
X-231B unit h u n ~ e s  extending vertically to the G ber at a depth of -25 ft, The 
target Contaminants were V W s ,  including all compounds on the EPA volatile organic 
hazardous substance list. The performance crite& for assessing capability of a technology 
included the ability to removdd VOC3s to a total residual soil concentration of less 
than 1 mgkg Alternatively, the logy should be able to i ~ ~ i ~ ~ i ~ ~ ~ e  the V W s  so that 
VOCs in the leachate from a TCLP test would less than RCRA toxicity chaaacterktic 
t h e  shold s. 

The soiVgeologic material at X-231B site is ~ o ~ ~ a ~ i ~ a t e d  with VOCs. The principal 
contaminants are TCE and TCA, with concentrations in the range of 100 to 7,000 pg/kg. 
VOC concentrations measured in 19 
earlier during previous studies, although the concentrations were s~~~~~~~~~ lower, 
particularly in the saturated zone. 

were in the range of those measure 

The subsllrface Conditions at X-23 1 enges for effective soil ~ ~ ~ e d ~ ~ t ~ o ~ .  This 
is because contaminants are dispersed in subsurface deposits characterized by low 
hydraulic ~ ~ ~ e a ~ j ~ ~ t i ~ s ,  fine-grained media (e.g., >90% of particles with diameters < 50 
prn), and wet-to--saturated soil conditions. 

Several innovative/altemaeive technologies were identified that offer some ~a~~~~~~ ty for 
remediating the problem domain to the ~ ~ o m a a n c e  criteria established. Several of these 
technologies are conimercially available but not: well proven, particdrerly a t  sites similar to 

A rational evaluation an ranking of alternative technolsgieP i entified two groups of 
technologies with relative higher and lower rankings. Alternativ technslogiies with Some 

higher than more innovative technologies (eg., RF heating and elecetrskinetics). 

It was concluded that the Phase 2 techxi gy ~ ~ ~ ~ ~ ~ ~ ~ t i o ~ ,  testing, and ~ v a l ~ ~ ~ ~ ~ ~ ~  should 
consist of in situ deep soil mixing COLI with the injection of ~ ~ ~ ~ b ~ ~ ~ z a ~ i ~ ~ ~  agents, hot 
air or steam, or hydrogen peroxide, r individually or in sequence. This a ~ ~ r ~ ~ ~ h  
would eiiable rigorous ~ ~ a ~ ~ a t ~ ~ n  and comparison of in situ ~ ~ ~ ~ i ~ b i l ~ ~ ~ ~ ~ ~ ~  and 
r ~ ~ ~ v a ~ / ~ e s t ~ ~ t i o ~  processes. Conclusions regarding technology i ~ ~ l ~ ~ ~ i ~ n ~ ~ t ~ ~ ~ ,  
operation and maintena ~ , r f ~ n n a n ~ e ,  and costs could then be utilized for full-scale 
rernediation of the X-23 1 e.. 

perfomlance track record (e.g., ~ ~ m ~ ~ ~ ~ ~ ~ ~ t ~ o ~  Or hot ak/Stedm SBipping) "3Ve1-e ranked 
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Well S u m m a r y  Information 
OAK RlOCE NATlOFlAL LAR(IKAT@RY 

--_..__I -l..-.lll_ .--..-.___I.I--. ___ 

SILTY-CLAY: dark brown with scattered angular  gravel, trace amounts of firre-?coined 
sand. dry. compucted. 

SILTY--ClAY: a s  above. 

CLAYEY--SILT: orangish-brown with scat te red  fine sand groins. damp.  

SILW-CLAY: brown, damp,  

SILTY-CLAY: brown with qroy nnd orange mottlirig near  bottom of .joii1ol,?, dan-~p.  

S1L.r: brown with black noilules, moist. 

SILT: O S  above,  wet. graadiny i o ,  

SILTY-SAND: (o t  2.3.2') brown. fine grained,  w e t  

.............. ............... ............. ................I...I 
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Well Surnmary In format ion 
___ ......... OAK RIDGE NATIONAL LABORATORY - ......... ___ __ ......... 

r e p o r e d  By. A.G. IiAGFIN (GERAGHTY..&.M!LLER. INC.1 

o l e  N o  ... S ! & o ! E l e v .  G.E. NA ....... C.E. 

otol  D e p t l - d X  N u m b e r  o f  C o m p l e t i o n s  Rig Type . M O B I L k 6 L  

Dote  ..... !.?120/90 _____ Page 1 o f  ~ . A L  
~ o c o t i o n  2 - 2 3 1 B . S ! l f  

...... uger  Size 4.25" Samp le  Type 2'  SPLIT SP.0Q.N- _..I____ 
UTH PLANT Ver i f i ed  By J.L. ZUTMAN:III- .......... Dote  1 / 2 9 / 9 1  .== 

VFLI. 
t4SlR"CnON ~ . - - _ _ _ _ _  

DESCRIPTION 
...... ....... 

CLAYEY-SILT: l i g h t  b r o w n  w i th  t r o c e  a m o u n t  of f i n e - g r a i n e d  sond ,  dry ,  c r u m b l y .  
s t r o n g  o r g a n i c  odor. 

CLAY: b rown  w i t h  t r o c e  a m o u n t  of si l t ,  dry ,  b e c o m l n g  m o t t l e d  w i th  g roy  c l a y  o t  4 5 ' .  
s c a t t e r e d  b lock  nodu les .  d a m p .  

CLAY: os obove  

CLAY: b rown  t o  o rong ish - -b rown ,  s l i gh t l y  s i l ty ,  t r o c e  omount o f  f i n e  -grained s o n a .  
d a m p .  

SILT. oron  i s h  b rown ,  t r o c e  a m o u n t  o f  c lay  a n d  f i ne -g ra lned  s o n d .  b lock  nodu les  
t h r o  u 9% out, d o  m p . 

SILT: o s  obove  
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We I I S u m m a r y  Info rrri a t io n 
. .- ....... _. ........... 

OAK RIDGE NATIONAL LABORATORY - - ~ - -  

Prepared By Page !..-of 

Hole N o  ...sBO3 - Elev. C.E. A C.E. N A  . _ ~  Location Lk2.3LQ..ZJL 

A.G. +AGEN(GERA.GHTY& MI1 LER. ! N C L _ _ _  Dote 12/20/90 .... 

............ 

_I 
Total D e p t m - - N l J m b e r  o f  Completions &- Rig Type, MOBlL 8 -61  

_. Aug9r Size . $ .2ZX2k- - . . .  Sample Type 2 '  SPLIT ZP-94.N- 
4.Q.LJJtj PLANT ___.__I_ Data V e r i f i e d  By & ! = L u E i A N  __.__.-__I 

DESCRIPTION - II_ ... I_- 
._ 

1.- ...... 

x 
......... x .-I 

SILTY-CLAY: b roan,  dry, crumbly, portio1 revovery (2"). 

SILTY-CLAY: a s  above. 

CLAY: orangish-brawn with gfay mott l ing,  scat te red  oxidized sodimenis,  

CLAY: brown. small amount of orange and gruy tnottl ing. scottered b l a c k  nodules, 
dornp, hard. dense 

CLAY: b ronn,  slightly silty, scottered groy mott l ing w i t h  b lock nodtrlss. damp 

SILT: brown. trace amount of  f ine-grained sand. 2" th ick zones of  470y sit! w i t h  
b lac ky fen tu res. 

SILT: orongish-brown, srnnl l  nrnount of  f ine-grained sand,  block nodi i lEs thiouqhoir! 
moist. 
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APPENDIX B. SOIL VQC ANALYSES DATA 
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APPENDIX C. TECHNOLOGY VENDOR REQUEST FOR ~ N ~ ~ ~ ~ ~ ~ I ~ ~  
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BACKGROUND 

Dernoiistration projects for innovative remedialion technologies (on-site or in situ) for 
environmental restoration of contaminated problem sails are being undertaken by Oak 
National Laboratory CORM,) with funding provided lay the U.S. Department of Energy through 
Martin Marietta Energy Systems, Inc.. One aspect of this work involves sites within the 1J.S. 
DOE system which have subsurface contannination problems in difficult soiVgeologic materials. 
These may be characterized generically as wet to saturated, fine textured, low ~ ~ ~ ~ ~ ~ a ~ l ~  

in some cases radionucl Soil treatment is necessary to reduce soil associated contaminant 
levels and thereby reduce direct exposure risks as well as r ~ ~ ~ c ~ ~ e l i ~ ~ ~ a t e  the soil as a source of 
groundwater contamhation, 

soi~geo~ogic materials co n a t d  with variable mixtures of organic and inorganic chenucals and 

The type of problem site under consideration is illustrated by the site characteristics given below. 

The Site is located in the midwestem United States and was used for approximately 10 years 
during the 1970's and 1980's for land application of waste oils and degreashng solvents. Some of 
the wastes contained uranium-235 and technetium-99. The precise character of waste materials 
deposited is unknown. The Site enc~mpasses approximately 1 acre or less. IJndergmund utilities 
may pass through the fringes of the contaminated soil areas. As a result of the waste disposal 
activities, subsurface contamination is present in the soil and groundwater beneath and adjacent to 
the site. 

The Site consists of ~ ~ ~ r ~ ~ ~ ~ ~ a t ~ ~ y  38 ft  of ~ ~ ~ ~ n s ~ ~ ~ ~ a t ~  material. Tire upper 10 to 25 ft is 
comprised oE a Bow ~ e ~ ~ ~ e a ~ ~ ~ ~ ~ y  clays and silts ~ ~ e ~ e ~ b j ~ i t y  ranging from 1 x 10-2 to 1 x1W4 
ftjday). Below the silts and clays is. a more permeable basal unit (K=l to 10 ft/day) wit 
thickness of 5 to 10 ft 'The depth to the ~ r o ~ ~ ~ ~ w ~ ~ e ~  table is ~ ~ ~ r ~ x ~ ~ ~ a t e ~ y  18 ft 

Soil c ~ ~ t ~ ~ n a t ~ ~ ~ ~  is confined to the u ~ c o ~ s ~ ~ ~ d a ~ e ~  units. Contamination consists ~ ~ i ~ ~ l y  of 
solvents such as t r ~ ~ ~ ~ o ~ o g t h ~ n ~  (TCE), 1 , 1 ~  1-trichloroethane (TCA), acetone and freon-113 
(Table 1). ~ o ~ r c ~ ~ ~ r ~ ~ i o ~ s  of volatile organic compounds (VOCs) are typically in the ugjg range 
and are distributed t ~ ~ o ~ ~ ~ ~ ~ ~ t  the soil profile from ground surface to the underlying corisoliclated 
units 0 to 30 ft depth). Relatively higher VOC concentrations appear near the water table 
surhce &e,, approximately 10 ft depth). 

Herbicides and PC s i s  either minor or not 
present. Radioacti ly, total alpha and beta 
ranges do not exceed PO0 nCi/kg near the surface and decrease to <I(> nCikg at depths 
approaching 3Q ft. 

c ~ ~ ~ ~ a ~ ~ ~ n a ~ ~ ~ n  is present but at  OW levels. 'r 

Analyses of water from Sile ~~~~~~~~~~~ wells show that the primary contaminants are TCE and 
TCA. The concentration of total VQCs range to approximately 5 rn which is comprised of 
~ ~ ~ ~ o x ~ ~ a ~ ~ ~ ~  50% TCE and lesser amounts of I ,  1. -dichloroethene, I ,2-dichloroethene, 
~ ~ ~ ~ ~ o ~ ~ ~ ,  and I ,1,1-~ichlosoethane. Traces (<I8 u&) of methylene chI~7Tick, freon, benzene, 
apld ethylbenzene are often reported as well. 'Iraae concentratiorrs of naturally occriraing metals are 
low except for iron which ranges to more tl'rari 20 mg/L 

73 



At this time we are soliciting input from vendors of innovative technologies for treatment of the 
contaminated soil at sites such as described below. Effective treatment of the soils will result in 
reduction (removal or degradation) or immobilization of volatile organic compounds (VOCs) 
defined as: 

1. Remove or destroy V W s  so residual soil concentration is less than 1 m@g; or 

2. Imrnobillize VOCs so concentrations in leachate from TCLP tests are k l o w  U.S. EPA 
hazaclous waste criteria levels. 

If your company has one or more technologies that would be applicable to sites such as described 
herein, please complete and mum the enclosed survey form by January 15, 1991. 

The attached Vendorflechnology survey form requests information regarding innovative 
technologies for remediation of sites such as the one described above. As part of this request, an 
estimated cost for both a site demonstration and a full scale remediation is needed. These costs 
should $e based on the following infomation: 

1 Retesting (treatability) as needeb and Mobilization (delivery and setup), Treatment, and 
I9emobilimtion (decorntainination and removal) of equipment. 

2. All permitting to be eomplekd by Martiin Marietta Energy Systems, I n c  (MMES). 
3.  Support MMES permitting activities and site requirements. 
4. Dernonsrxa~on plot size: Approximately 1,000 square feet by 30 feet deep. 
5 .  Full scale remediatifin plot size: A4pproximately ?OO,OOO square feet by 30 feet deep. 

Should you have any questions concerning cornpletion of the survey form, please contact Mike 
Morris at 615-574-8539 (Telefax 615-576-0327) or Bob Siegrist at 615-574-7286 (Telefax 615- 
576-8646). Thank you for your participation in this technology evaluation. We look forward to 
receiving your completed survey form by Januaq 15, 1991. 

Sincerely, 

Michael I. Morris 

Chemical ‘I’echnology Division MS 37831-7306 Tel. 615-574-8559 Fax 615-536-0327 
Project Demo Coordinator 

Robert L. Siegrist, Ph.E)., P.E. 
Principal Inve sti gat or 
Environmental Sciences Division MS 37831-6038 Tel. 615-574-7286 Fax 615-576-8646 
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VENDOR / TECHNOLOGY SURVEY FORM 

DATE?. _- 

COMPANY:--. -.- -_ CONTACT:- 

ADDRESS: POSITION: 

CnY,  STATE, ZIP: 

TELEPHQNE: II_- 

PROCESS TECWNO1,OCY FOR SOIL OR WATER: 

PROCESS NAME: __-I_ 

STAGE OF DEVELOPMENT: 
1__-__1 

APPROXIMATE NBJMBE OF SUCCESSWL KEMEDIATIONS: -- 

SECONDARY WASTE STREAMS PROBIJCED: _- --- - - ~  

CHEMICAL REQUIREMENTS: _I 

PERMITS REQUIRED (Name): ---_.-I_ 

POEWHAL SAWTY RISKS: __ 

ENTEAL ENVIRO EF4TAE RISKS: 
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VENDOR / TECHNOLOGY SURVEY FOR 

DEMONSTRATTON: 

........ EQUIPMENT READILY AVAILABLE: .... ....... ..- 

TIME FOR INS'ITALLATIION AND OPERATION: 

PROCESSING RATES: _____. ....... ...-I_ 

UTILI" REQUIREMErnS :... ........ 

ESTPPMA'ED COST: ........ _ _____li__.l____-.s__-- 

._______ 

FULL SCALE W,MEDlATION: 

EQUIPMENT READILY AVALA . ...... 

TIME FOR INSTALLATION AND OPEM7110N: ....... -- 

PROCESSING RATES: .......... 

UTILKY KEQUIREMEN'FS: .... 

ESTIMAlED COST: I__. ...... 

...... ...... _..- 

........ I- 

-. ..... -_________-____ 

UNUSUAL REQIJIWEMENTS: __  .._ ......... I 

...... ....... OTHER: ___...... .... ...... 

........... __ -~ ~ 

........ ...... ...... ..... .... .....____ 

RETURN FORM TO: 

MR. MICHAEL MORRIS 
MAla'ITNMAWIET'PA ENERGY SYSTEMS 

K-2.5 SII'E 
BLDG. M-1101 

OAK RIDGE, TN 37831-7306 

COMPLETED FORM REQUEST RETURN Dt$'?TE: JANUARY 15,1991 



APPENDIX D. TECHNOLOGY ASSESSMENT SCREENING INFORMATION 
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X23 1 -B UNIT SOILS DEMONSTRATION 
TECHNOLOGY ASSESSMENT SCREENING DATA SHEET 

1. 

2. 

3.  

4. 

5. 

6.  

7. 

8 .  

9. 

10, 

1 1 .  

12. 

13. 

14. 

15. 

16. 

17. 

TECHNOLOGY TYPE: So I idificationlstabiliztion ~ 

SCRIPTIOW: ‘be process entails mixing the soil with a 10 ft auger, and 
adding additive for stabilization and solidification. 

IN SITU or EX SKU: In situ. 

POTENTIAL VENDORS, CONTACT, PHONE, ADDRESS: Hayward Baker, 1875 
Mayfield Road, Erdenton. Maryland 21 1 13, Joe Welch or George Grieshern. 

REMOh’AL or ~ ~ ~ 0 ~ 1 ~ ~ ~ ~ ~  OF VQC: Immobilize. 

TREATED WASTE CHARACTERIZATION; PRBCESS CAN REMOVE VaC TO 1 m@g 
or ~ ~ M ~ ~ I ~ ~  TQ TCLP: Yes. 

STAGE OI; DEVELOPMENT: Mas k e n  done on waste site, 

TIME FOR INSTALLATION & OPERA ON: approx, 1 month. 

PROCESSING RATES: Approx. 10,000 @/d, 

PRBCESS EQLJPMEW REA Y AVAILABLE: Yes. 

ATE NO. SUCCESSFUL REMEDlA7PONS: Did not answer. 

SECONDARY WASTE STREAMS ~~Q~~~~~~ None. 

UTILITY ~ ~ Q ~ ~ R ~ ~ ~ ~ $ :  Water (however, pl”imarily self sufficient). 

CHEMICALS : Proprietary. 

POTENTIAL ~ ~ ~ ~ O ~ ~ ~ ~ A L  IMPACT RISKS: None. 

POTENTIAL SAFETY RISKS: Minimal exposure. 
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1. 

2. 

3 .  

4. 

5.  

6. 

7. 

8 .  

9. 

10. 

11. 

12, 

13. 

14. 

15. 

16. 

17. 

X231-B UNIT SOILS DEMONSTRATION 
I7XC33NOkWY ASSESSMENT S C R E E W G  DATA SHEET 

TECHNOLOGY TYPE: Triple system jet grouting. 

PROCESS DESCRIPr'ION: 'I'his system coiisists of a triple annulus where water, ak, and 
gout  ape injected at high pressures. First water and air are injected to excavate the soil by 
bringing the returns to the sirrface which is enclosed to prevent escape of V W  to 
atmosphex. The soil is treated by a suitable technique, mixed with grout. and returned to 
excavated area to soil. 

IN SITU or EX SITU: In situ 

POTENP'IAI, VENDORS, CONTACT, PI-IONB, ADDRESS: Hayward Baker, In@., 1875 
Mayfield Road, Erdento~i, Maryland 21 113. Alan R. Wingen (301) 551-8200. 

REMOVAL or IMMOBPLIZ4'I"ION OF V W :  Removal and/or im-wbilization. 

TREATED WASTE CHAB$CTERIZATION; PROCESS CAN REMOVE VOC TO 1 m@g 
or IMMOBILIZE TO TCIP: probably Yes. 

STAGE OF DDEVET.OPMB?.ST: Enginwring tool has been developed; treatment of V O e  
needs additional work. 

TIME FOR INSTALLAI'ION & OPERATION: approx. 2 months. 

PROCESSING RATES: Approx. 200 yd3/d. 

PROCESS EQhIIPMENT WE IADILY AVAII .ABLE: Yes. 

APPROXIMATE NO. SUCCESSFUL REMEDI ATBONS: 1 - phenol rernoval from soil. 

UTILITY REQUIREMHY'FS: E?ectricity md water. 

CHEMICALS: Generally (none). Would be possible to use chemical oxidizing agent. 

POTEN'I7AJ A ENVIRONMENTAL IMPACT RISKS: Minimal. 

POTENTIAL SAFETY RISKS: High pressure ( approx. 6,000 psi). 

OTP'IEK: 

Name: M. T. Harris 
Date: 0 1 / 1 8/9 1 
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X23l-B UNIT SOILS DEMONSTRATION 
'IXCHNOLWY ASSESSMENT SCREENING DATA SWEET 

1. TECP?(NOLOGY TYPE: Pn situ Ihot-airlstearn stripping. 

2. PROCESS DESCRIPI'ION: Steam and/or hot air is injected into the subsurface and desorbs 
and volatilizes VOCs and to some extent SVOCs. Injection can be through a hollow drilling 
rig while drilling proceeds poxics Treatments "Detoxifier" and Geo-Con's "Deep Soil 
Mixing" system) or into an injectiodextraction well system (Solvent Service's Steam 
Injection and Vacuum Extraction system (SIW) and the Heijamans Milieuteechniek B.V. 
system). Solidification agents or oxidizing chemicals may also be injected simultaneously. 

3 ,  IN SITU or EX SITU: In situ. 

4. POTENTPAL VENDORS, CONTACT, PHOME, ADDRESS: Toxic Treatrnents (IJSA) 
Inch, Phil La h40rid, 415-391-2113, 151 Union St., Suite 155, San Francisco, CA 94111. 
Geo-Con, Inc., Brian Sasperse, 412-8567700, P.O. Box 17380, Pittsburgh, PA 15235. 
Solvent Service, Inc., Doug Dieter, 408-453-6046, 1040 Commercial Street, Suite 101, San 
Jose, CA 95112. Heijrnans Milieutechniek B.V., Mr. C. Jonker, 04192-891 11, P.8. BQX 

B Rosmden, Netherlands. 

5. REMOVAL or ~ M ~ ~ ~ I Z A ~ O ~  OF VOC: Removd and potential for immobilization via 
injection of immobilizing agent. 

6.  TIREATEF) WASTE C ~ A ~ ~ ~ ~ ~ ~ ,  PRQCESS CAN REMOVE VUC TO 1 m a g  
or ~M~~~~~~~~ TO TCLP EPA Site program data showed an average removal of VQCs 
from an initial value of 475 ppm to 7 1 ppnm. Longer treatment times should produce m0re 
effective treatment. 

7. STAGE OF DEVELOP EN": 
program and also tested at same site under supemision of state of CA. 

Field tested at a San Pedro, CA, site through the EPA Site 

ATION. Rapid start-up. 

9. PROCESSING RATES: Dcpnding on type and depth of contaminant and soil about 3 to 
18 yd3b. 

10. PRWESS E~~~~~~~ READILY AVALABLE: May be availability problems due to 
previous commitments. 

1 1. A ~ ~ R ~ ~ ~ ~ A ~ ~  NO. SUCCESSFCJL REMEDlATIQNS: Two tests in Site program and 
one under state of @A supervision considered successful. All three tests perfomed at 
same site. Also tested with success at another CA site contaminated with petroleum 
b ydroe: arbons. 

12. SECONDA pi WASTE STREAMS PRODUCE : Contaminants in off-gds and 
condensate. 



In situ stearnblot air stripping continueti ... 

13. UTILITY REQUIREMENTS: Steam simpply for drilling and steadhot air; electrical for 
nitorirag a ~ d  ~ B ^ W , ~ S S  c o n t d  t ~ ~ l j ~ ~ ~ ' i ~ i > t .  

14. CMEMICATS: Drilling fluids and possibly solidification agents and oxidizing chemicals. 

15. POEP$h'Ihk EWIRONMEWAL IMPAC'I' RISKS: VOCs an$ particulates in off-gas. 
Both removed in of-gas treatneamt systcrn. Disposal 01- recovery of contaminants from 
condensate. 

16. POTEPJa'L4L SAFE'YY RISKS: VOC exposure and hazmls associated with drilling 
opxadons. 

OT'K4ER: Cost estimated at $3 17/yd treated at 3 yd3fi11. Can be used in unsaturated and 
saturated  ones to a total depth of 39 ft with present ecpipment. Underground obstructions 
may interfere. 

17. 
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X23 1 -I3 UNIT SOILS DEMONSTRATION 
TECHNOLOCY ASSESSMENT SCREENING DATA SHEET 

I*ECNNOLOGU TYPE: In situ jet mixing. 

PROCESS DESCRIPTION: Jet mixing is the use of high pressure (4,000 to 6,000 psi) 
liquid jets to mix soil with a grout or chemicals. The grout slurry exiting the jets at high 
velocity impinges on the soil. and shatters it for some distance from the jets. At the same 
time, the gout sluny is uniformly and intimately mixed with soil particles. 

IN SKU or EX SITU: In situ 

PQTENTXAL VENDORS, CONTACT, PHONE, ADDRESS: Halliburton Environmental 
Technology, P.O. Box 721 110 Houston, Texas 77272. Jack Mote (12/24/90) and Jerry 
Mote (1/17/91) (713) 561-1556. 

REMOVAL or IlLaMOBILIZA'ITON OF VOe: Removal andor inmobilization. 

TREATED WASTE CHARACEREATION; PRWESS CAN REMOVE VQC TQ 1 m a g  
or IMMOBHJZE TO TCLP: N/A. 

STAGE OF DEVELOPMENT Never done to remove VOC. 

TIME FOR ~ § ~ ~ L A ~ O ~  & OPERATION: Approx. 1 month. 

PROCESSING RATES: N/A. 

PROCESS EQUIPMENT READILY AVAILABLE: N/A. 

A ~ ~ ~ ~ X ~ A ~ E  NO. SUCCESSFUL REMEDIATlONS: None. 

SECONDARY WASTE STREAMS PRODUCED: Large solution returns to surface. 

U'TI[LI[TY REQUIREMENTS: Self contained. 

CHEMlCALS: N/A. 

P Q E m A L  ENVIRONMENTAL IMPACT RISKS: 

PO'FENTIAL SAFETY RISKS: Extremely high pressure (approx. 4,000 - 6,000 psi). 

OTHER: This process is not recornmend4 f ~ r  VQC removal. 



X231-B UNIT SOILS DEMONSTRATION 
Y ASSESSMEW SCREENlNG DATA SHEET 
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m,cHNOI,mY TYPE: 

PROCESS DESCIQIFTTON: The process removes the hazardous contaminants by ex situ 
heating of the contaminated soil, The process uses radio frequency or electromagnetic energy 
to heat the soil without the introduction of heating liquids or steam. RF heating is used when 
higher tcmperatwes are required (up to 200OC) or EM heating when lower temperatures (to 
100°C) are acceptable. 'Yhis application would use EM heating. 

In situ RIF or EM Heating. 

IN SI'I'U OT EX SI'PU: In situ. 

Po'rENmAL, VENDORS, CONTACT, PHONE, ADDRESS: IIT Research Institute, 10 
W. 35th street, Chicago, IL., 312-567-4363, Gug Sresty. Only one vendor. 

REMOVAL OF IMMOBILIZATION OF VOC: Removal. 

TWEA'1'ED WASTE CHARACTERIZATION; PROCESS CAN MEMOVE V W  TO 1 m@g 
or IMMOBII1,IZE TO TCLP: Yes. 

STAGE OF DEVELOPMENT: Pilot scale demonstration only. No site reme&ations. Pilot 
scale demonstration only. No site remediatiom. 

TIME FOR INSTALLATION & OPERA'llON: Approximately 5 months; 3 for installation 
and 2 for operation. 

PROCESSING RATES: Approximately 25 tons/d or 20 yd3/d for demo; full scale 200 
tons/d. 

PROCESS EQUIPMENT READILY AVAILABLE: According to vendor, "Detailed 
designs available, Equipment can be readily acquired," 

,4PPROXIMATE NO. SUCCESSFUL REMEDJLATlONS: None. 

SECONDARY WASTE STREAMS PRODUCED: Three steams, vapor treated by carbon, 
erounadwater which needs to $e: diverted and then treated by IX, and off-gas treated by 
&.rbon. Eventual waste for final disposal would be cartPon and XX resin. 

UTILII'Y REQUIREMENTS: 300KVA of 40 I3z for demo and 2101)KVA for full scale. 

CHEMICA1,S: None. 

PO'T'ENTHAL ENVIRONMENTAL IMPACT RISKS: "None". 

PO'iT:N'l'IL4L SAWL'Y RISKS: AC shock, exposure to RF radiation, and risk of formation 
of explosive: gas. All can be handled by pmclent equipment design and operation. 

84 



In situ RF or EM Heating continued ... 

17. OTHER: The process does meet the MUSTS for the KT analysis and therefore can be 
considered. However, I think the process is still not tested enough to take a chance on it for 
the demo. Secondly, the processing rates for full scale application would take approximately 
2+ yews, much to long. Thirdly, the costs for the demo just for the vendor is $1.35 million 
which I feel is way too expensive. Finally, only one vendor cm supply the equipment 
making it more difficult to give ip contract with this amount of dollars involved. This should 
all fall out during the KT procedure. 
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X23l-B UNIT SOILS DEMONSTRi4TION 
TECHNOLOGY ASSESSMENT SCREENING DATA SHEET 

'I'ECHNOLWY TYPE: Peroxick treatment. 

PROCESS DESC'WmION: 'T'his process is known as the chemical oxidation treatment 
process It involves excavating the soil, loading soil on a hopper under vacuum and adding 
peroxide to oxidize the organics. Other chemicals are used to enhance oxidation. The mated 
soil is returned to thc excavated area. 

IN SITU or EX SITU: Ex situ, 

YCYrEmAL VENDORS, CONTACT, PHONE, ADDRESS: ENS0 TECH, Inc., 7949 
Ajay Dr., Sunny Valley, California 91352. Khalique Khan (818) 767-2222; Environmental 
and Geotechnical Services, 6701 Cherry Ave., Long Beach, California 90805, (213) 428- 
0288. 

REMOVAL or XMMOBI1L3ZATION OF VOC: Removal. 

TREATED WASTE CHAHkACTERXIION; PROCESS CAN REMOVE VOC TO 1 mgkg 
or IMMOBILIZE TO TCLP Ixss than 1 m@g. 

STAGE OF DEVELOPMENT: Mas k e n  used on VOC sites, 

TIME FOR INS'T'ALCATION & OPERATION: Installation approx. a week; operation 
apprsx. a month. 

PROCESSING RATES: Approx. 108 yd3/d. 

PROCESS EQUIPMENT READILY AVAILABLE: Yes. 

APPROXIMATE NO. SUCCESSFUL REMEDlA'F1ONS: Approx. 100 sites containing 
TCE or PCE. 

SECONDARY WASTE STREAMS PRODUCED: Air. 

UTILITY WEQUPWEMEWS: Self contained unit. 

CHEMICALS: Hydrogen peroxide. 

Ye)'TEmAL ENVIRONMENTAL IMPACT RISKS: Minimal. 

POTENTIAL SAFETY RISKS: Minimal, 

OTHER: 
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X23 1 -B UNIT SOILS DEMONSTRATION 
TECHNOLOGY ASSESSMENT SCREENING DATA SHEET 

TECHNOLOGY TYPE: Ex situ thermal desorption 

PROCESS DESCRIPTION: The process removes the hazardous contaminants by in situ 
heating of the contaminated soil. The process typically uses a rotary dryer with an inert 
carrier gas and off gas treatment system to heat the soil to remove the VQCs. Depending on 
the temperature it can also drive of most Semivolatiles. The contaminated soil must be dug up 
and then taken to the equipment. 

IN SITU or EX SITU: Ex situ. 

POTENTIAL VENDORS, CONTACT, PHONE, ADDRESS: Several vendors, including: 
IT Corp., Chem Nuclear, Westinghouse, Geo Con, Weston, etc. 

REMOVAL or NMOBILIZATFION OF VOC: Removal. 

TREATED WAS= CHARACTERIZATION, PROCESS CAN REMOVE VOC TO 1 m a g  
or IMMOBILEE TO TCLP: Yes. 

STAGE OF DEVELOPMENT: Field scale to bench scale depending on vendor. 

TIME FOR INSTALLATION & OPERATION: Depending on which vendor you talk to 
(two vendors Weston and Separations & Recovery Systems [SRS] have large systems) it can 
be done with in the 5 months. However some of the vendors only have pilot scale equipment 
and could not possibly do the demo on as large a scale as we have defined it or it would take 
them as much as 2 years to process it. 

PROCESSING RATES: Full-scale is 100-200 tons/day. 

PROCESS EQUIPMENT READTLY AVAILABLE: Again depending on the vendor it may 
or may not be readily available. 

APPROXIMATE NO. SUCCESSFUL REMEDlATiONS: "on going 15 to date" by SRS 
In@. Weston has 2. 

SECONDARY WASTE STREAMS PRODUCED: Condensate after vapor off gas 
condensation. 

UTILIITr' REQUIREMENTS: 46@V, 100 amps electric; also maybe steam. 

CHEMICALS: None. 

PBWNTIAL ENVIRONMENTAL IMPACT RISKS: "None". 

PBWNTIAL SAFETY RISKS: "None" 
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Ex situ themal desorption continued ~~. 

17. OTHER: ‘Ihe process does meet the MUSTS for the KT analysis and therefore can be 
considered. However, I think the process equipment from most vendors is still not tested on 
a large scale that could meet our cment d e m  requirement in the time frame proposed of 5 
months. I would have to investigate SWS claim of 15 remediations, Weston appears to be 
viable. Also the cost €or the demo is very expensive $500-60QK (small scale) or up to $5 
million €or full scale denno just for the vendor. Full scale site as much. as $25 million taking 
3-4 years. This is the irdormation from the vendors that I was able to contact. This should all 
fall out during the KT procedure, 
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X231-B UNIT SOILS DEMONSTRATION 
TECHNOLOGY ASSESSMENT SCREENING DATA SHEET 

TECHNOLOGY TYPE: Solidification/stabilization. 

PROCESS DESCRIPTION: The soil is removed in the mixing equipment where a 
proprietary chemical is added. The V W s  are altered and immobilized. A monolith is 
form&. 

IN SITU or EX SITU: Ex situ. 

POTENTIAL VENDORS, CONTACT, PHONE, ADDRESS: Wastech Inc. (specialists in 
organics), P.O. Box 1213, Oak Ridge, Tennessee 37831-1213. Mike Brown, (615) 433- 
6515. 

REMOVAL or IMMOBILEATION OF VOC: Alters VOC & immobilizes. 

TREATED WASTE CHARACTERIZATION; PROCESS CAN REMOVE VOC TO 1 mgkg 
or IMMOBILIZE TO TCLP: Yes, 

STAGE OF DEVELOPMENT: Done primarily as demos and treatability studies. 

TIME FOR INSTAELA71ON 82 OPERATION: Approx. 1 month. 

PROCESSING RATES: 10,080 - 20,000 ft3/d. 

PROCESS EQUIPMENT WADXLY AVAILABLE: Yes. 

APPROXIMATE NO. SUCCESSFUL REMEDlATlONS: None (just treatability studies). 

SECONDARY WASTE STREAMS PRODUCED: None. 

UTILITY REQUIREMENTS: Electricity. 

CHEMICALS: Proprietary. 

POTENTIAL ENVIRONMENTAL IMPACT RISKS: None. 

POTENTIAL SAFETY RISKS: Those associated with general contractor excavation. 

OWER: 

Name: M. T. Harris 
Dabe: 0 1/04/9 1 
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APPENDIX E. RESULTS QF TECHNOLOGY RANKING PROCESS 
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Table E. 1. X-23 1B Plot soil remediation demonstration Kepner-Tregoe analysis wants 
weighting summary, 

Weighting by technology want a 
Evaluator 1 2 3 4 5 6 7 

1 8 8 6 5 10 2 3 

2 10 8 5 3 7 5 2 
3 7 9 5 10 3 6 8 

4 10 4 7 7 4 4 4 
5 10 8 9 6 2 3 4 
6 5 4 8 2 10 7 6 

7 9 8 10 18 8 7 6 

8 8 7 10 7 2 4 6 

9 18 7 9 5 3 5 S 

10 8 5 5 410 5 2 7 
11 10 7 3 7 8 5 S 

12 101 5 5 5 10 5 7 

13 8 7 10 4 3 2 5 

14 8 8 18 5 8 3 10 

T Q d  121 95 102 $6 83 60 78 
8.6 6.8 7.3 6.1 5.9 4.3 5.6 Average 

weight 

I.-..-.--...-.-- 

Rank 1 3 2 4 5 7 6 
---,,"<r-_U____ e----.%.-.- --., ..,. ............ "...-- ---.we 

Average with 
high and ISW 8.8 6.8 7.4 6.1 5.9 4.3 s.5 

Technology "wants": 
1 .  Assurance of  pr5cess reliability, operability, and maintainability. 

inimize secondary waste. 
3. Minimize costs. 
4. Minimize occupational exposure and risk to public during demonstration. 

em5ve or destroy VOes versus immobilization, 
6. Ability to handle nom-VOC hazardous components. 
7. ~ ~ ~ ~ i ~ a b ~ ~ ~ t y  of process to other DOE sites. 
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Table €3. Summay of X-23 1B demonstration Kepner -Tregoe analysis. 

Total 
Musts Wants h score 

scoreG c0st-C- 
Technology 1 2 3 1 2 3 4 5 6 7 Total without 

In situ immobillization 
Score Y Y Y 8.3 9.2 7.4 8.8 0.4 9.2 8.5 
Weight factor 8.6 6.8 7.3 6.1 5.9 4.3 5.6 
Weighted score (rank) 71.4 62.6 54.0 53.7 2.4 39.6 47.6 331 (1) 277 (1) 

score Y Y Y 6.6 6.7 6.9 7.5 9.5 2.8 7.5 
Weight factor 8.6 6.8 7.3 6.1 5.9 4.3 5.6 
Weighted score (rank) 55.8 45.6 50.4 45.8 56.1 12.0 42.0 308 (3) 258 (4) 

SCQl-t? N Y? Y 3.6 6.3 5.2 7.3 3.2 7.3 4.1 
Weight factor 8.6 6.8 7.3 6.1 5.9 4.3 5.6 
Weighted seare (rank) 31.0 12.8 38.0 44.5 18.9 31.4 23.0 230 (8) 192 (8) 

scose Y? Y Y 4.7 6.0 6.3 6.8 2.1 7.5 5.8 
Weight factor 8.6 6.8 7.3 6.1 5.9 4.3 5.6 
Weighted score (rank) 40.4 40.8 46.0 41.5 12.4 32.3 32.5 246 (7) 200 (7) 

Scme Y Y Y 4.4 6.1 5.3 6.1 9.3 2.0 5.8 
Weight factor 8.6 6.8 7.3 6.1 5.9 4.3 5.6 
Weighted score (rank) 37.8 411.5 38.4 37.2 54.9 8.6 32.5 251 (6) 213 (6)  

Score Y Y Y 8.1 7.0 5.3 5.9 8.6 3.4 7.0 
Weight factor 8.6 6.8 7.3 6.1 5.9 4.3 5.6 
Weighted score (rank) 

Ex situ eherrnal treatment 
S670I-e Y Y Y 8.2 7.2 4.4 5.6 10.0 3.2 7.5 
Weight factor 8.6 6.8 7.3 6.1 5.9 4.3 5.6 
Weighted score (rank) 70.5 49.0 34.3 34.2 59.0 13.8 42.8 303 (4) 268 (2) 

Score Y Y Y 9.2 7.9 6.7 6.3 0.8 9.8 8.3 
Weight factor 8.4 6.8 7.3 6.1 5.9 4.3 5.6 
Weighted score (rank) 79.1 53.7 48.9 38.4 4.7 42.1 46.5 314 (2)265 (3) 

In situ air/skam stripping 

In situ electro~etics 

In situ slimy reactor 

In situ W/EM heating 

In situ (ex situ) peroxide 

49.7 47.6 38.7 36.0 50.7 14.6 39.2 296 (5) 258 (5 )  - 

Jix situ inmobilization 

3 Technology "musts": 

!2 Technology "wants": 

1 .  Meet VOC treatment gods; 2. Complete demonstration within 5 months; and 
3. Meet all permits, safety, & QA. 

1. Assurance of process MIQJRa; 2. Minimize secondary waste: 3. Minimize costs; 
4. Minimize occupaliotiai exposure and risk to public during demonstration; 
5. Remove or destroy VOCs versus immobilize; 6. Ability to handle non-VW 
hazardous components; and 7, Appiicability of process to other DOE sites. 

Overall rank (1 = highest) is given in parenthesis. 
Total score is weighted according to total rating per want and the weight assigned to that want. 
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Table E.3. Slamiriary of Kepner-Tregoe: results for in situ i ~ o ~ i ~ i ~ a t ~ ~ ~ .  

Total 
score 

"'Musts" a "Wants'+ b score cost E 
Total w/o 

Evaluator 1 2 3 1 2 3 4  5 6 7 
- - - ~ _ _ ~ -  __ ~ 

1 Y Y Y  8 8 6 8  0 8 10 

2 Y Y Y  8 8 8 0 8 8 

3 Y Y Y  10 10 8 10 0 10 10 

4 Y Y Y  8 10 10 10 0 10 8 

5 Y Y Y  7 10 1.7 10 2 10 8 

6 Y Y Y  7 10 10 10 3 10 5 
7 Y Y Y  8 5 5 8 N/A 8 10 

8 Y Y Y  9 9 9 1  0 10 9 

9 Y Y Y  5 1 0 9 8  0 8 6 

10 Y Y Y  10 10 10 5 0 9 10 
11 Y Y Y  10 9 7 8  0 10 10 

12 Y Y Y  8 10 8 10 0 8 7 
13 Y Y Y  10 10 5 10 0 10 10 

Sum - - - 108.8 119,o 88.7 115.0 5.0 119.4) 111.0 

Avg. score - - - 8.3 9.2 7.4 8.8 0.4 9.2 8.5 
Weight Factor - - 8.6 6.8 7.3 6.1 5.9 4.3 5.6 

Weighted score - - - 72.4 52.2 54.0 54.0 2.5 39.4 47.8 331.2 277.3 

tment gods; 2. Complete demonstration within 5 m~nths;  and 
. Meet 311 permits, safety, & QA. 

h 'Technology "'wantsff: 
1. Assurance of process Wf 
4. ~~n~~~~ occupationd exposure and risk to public during demonstration; 
5, Remove QT destroy VOCs versus inmobilize; 6. Ability to kindle non-VC)@ 
Ina~aa-Cf~~s components; arid 7. Applicability of process to other DOE sites. 

; 2. Minimize secon Waste; 3. MhiTTIiZe Costs; 

Total score is weighted according to total rating per want and the weight assigned to that want. 
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Table E.4. Summary of Kepner-Tregoe results for in situ aidsteam stripping. 

Total 
score 

Total w/o 
"Musts" 3 "Wants" b score cost - 

Evaluator 1 2 3 1 2 3 4  5 6 7 

1 Y Y Y  7 9 10 10 8 1 10 

2 Y Y Y  5 5 5 10 0 8 
3 Y Y Y  3 5 8 4 10 10 7 

4 Y Y Y  8 6 5 8 1 0  2 8 

5 Y Y Y  6 8 1.6 7 10 7 9 

6 N Y Y  6 5 5 3  7 0 5 

7 d 6 9 10 7 8 3 7 

8 Y Y Y  6.5 7 6 10 10 5 5 

9 Y Y Y  8 5 10 8 10 4 9 

10 Y Y Y  5 9 10 9 10 0 5 

11 Y Y Y  10 9 7 10 10 5 10 
12 Y Y Y  7 3 5 8 1 0  0 5 

13 Y Y Y  8 3 5 9 1 0  0 10 
SUIT! - - - 8 5 , 5  87.0 82.6 98.0 123.0 37.0 98.0 

A V g .  SCQR - - 6.6 6.7 6.9 7.5 9.5 2.8 7.5 

Weightedscore - - - 56.6 45.5 50.2 46.0 55.8 12.2 42.2 308.6 258.3 

Weight factor - 8.6 6.8 7.3 6.1 5.9 4.3 5.6 

Technology "niusts" : 

b 'rechnology "wants1': 

3 treatment goals; 2. Complete demonstration w i t h  5 months; and 
3. Meet all perinits, safety, 8t QA. 

1. Assurance of prcxess w/O/M; 2. Minimize secondary waste; 3. Minimize costs; 
4. Minimize occupational exposure and risk to public during denionstdon; 
5. Remove or destroy VOCs versus immobilize; 6 .  Ability to handle non-VOC 
hmardous cotnpsnenes; and 7. Applicability of process to other DOE sites. 

C 'Total score is weighted according to total rating per want and the weight assigned to that want. 
4 A blank cell indicates information not provided by that evaliaator. 
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Table E.5, Su 

Total 
score 

"Memsts'~ 3 "Wants" h score E cost E 
Total w/o 

Evaluator 1 2 3 1 2 3 4  5 6 7 

1 ? ? Y  2 4 4 4  2 7 5 
2 N Y Y  1 10 0 8 5 

3 N N Y  3 7 2 7 142 10 7 
4 N d  

5 Y N Y  2 8 2.7 7 2 6 3 
6 N Y Y  5 5 8 5  0 7 5 

7 4 9 7 10 2 5 2 

8 N ? M  7 7 a 10 0 10 5 

9 N Y Y  3 4 5 143 0 7 4 
10 N ? ?  2 3 IO 5 5 7 3 

11 N? N? Y 6 8 7 9  7 5 5 

12 N Y Y  3 5 0 7 1 0  8 5 
13 M Y Y 5 7 5 5  0 7 8 

Sum - - 43.0 75.61 57.7 X7"O 38,O 87.0 49.0 
Avg. score - - 3.6 6.3 5.2 7.3 3.2, 7.3 4.1 
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Table E.6. Summary of Kepner-Tregoe results for in situ slur.ry reactor. 

1 ow 
score 

Total w/o 
"Musts" 3 "Wants" h score I; cost i2 

Evalluator 1 2 3 1 2 3 4  5 6 7 

1 Y Y Y  4 8 8 0 7 3 

2 Y Y Y  5 8 8 0 8 8 

3 Y Y Y  9 3 4 6  0 9 8 

4 N Y Y  
5 Y Y Y  3 8 7 10 2 5 
G W Y Y  7 10 8 10 3 10 5 

7 ^- d 8 5 8 6  3 6 6 

8 
9 Y Y Y  0 1 5 1  0 6 1 

10 Y ? ?  3 3 5 0 10 8 

1 1  Y Y Y  4 7 8 7 5 5 

12 Y Y Y  3 8 8 8  0 10 7 
13 N Y Y  6 5 5 8  0 10 8 

Sum - - 52.0 66.0 38.0 75.0 23.0 83.0 64.0 
Avg, score - 4.7 6.0 6.3 6.8 2.1 7.5 5.8 
Weight factor - - 8.6 6.8 7.3 6.1 5.9 4.3 5.6 

Same technology as in situ immobilization 

Weighted score - - 40.7 40.8 46.2 41.6 12.3 32.4 32.6 246.6 200.4 

3 Technology "musts": 
1 .  Meet VOC treatment goals; 2, Complete demonstration within S months; and 

3. Meet all permits, safety, & QA. 
b Technology "wants": 

1. Assurance of process 1t/O/M; 2. Minimize secondary waste; 3. Minimize costs; 
4. Minimize occupational exposure and risk to public during demonstration; 
5. Remove or destroy VOCs versus immobilize; 6, Ability to handle non-VOC 
hazardous components; and 7. Applicability of process to other DOE sites. 

C Total score is weighted according to total rating per want and the weight assigned to that want. 
4 A blank cell indicates information not provided by that evaluator. 
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Table E.7. Summary of Kepner-Tregoe results for in situ RFEM heating. 

Total 
score 

"Musts" a "WaJ1ts7~ !2 score c cost G 
Total w/o 

Evaluator 1 2 3 1 2 3 4  5 6 7 

1 Y Y Y  5 5 8 4  6 2 8 
2 Y Y Y  2 5 5 10 0 8 
3 Y Y Y  2 8 2 9 1 0  0 6 

4 Y Y Y  6 6 1 4 1 0  6 6 

5 Y Y Y  5 3 10 5 10 2 5 

6 Y Y Y  5 5 3 5  7 0 5 

7 Y Y Y  6 9 6 9  8 3 5 

8 Y Y Y  3 5 4 7 1 0  5 5 

9 Y Y Y  4 ' 9 4 5 1 0  2 5 

10 Y Y? Y 3 5 10 5 10 6 5 

1 1  Y V Y  6 9 5 8 1 0  0 5 

12 Y Y Y  5 7 5 8 1 0  0 5 

13 Y Y Y  5 5 5 5 1 0  0 8 

Sum - - 57.0 79.0 63.0 79.0 121.0 26,O 76.0 
Avg. score - - 4.4 6.1 5 .3  6.1 9.3 2.0 5.8 
Weight factor - - - 8.6 6.8 7.3 6.1 S"9 4.3 5.5 

Weighted score - - 37.7 41.3 38.3 37.1 54.9 8.6 32.7 250.7 212.4 

Technology "musts": 

b Technology "wants": 

1 .  Meet VQC treatment goals; 2. Complete demonstration within S months; and 
3. Meet all permits, safety, & QA. 

1. Assurance of process 
4. Minimize occupatiod exposure and risk to public during demonstration; 
5. Remove or destroy VOCs versus immobilize; 6. Ability to handle non-VOC 
hazardous components; and 7. Applicability of process to other DOE sites. 

; 2. Minimize swondapy waste; 3. Minimize costs; 

C Total score is weighted according to total rating per want and the weight assigned to that want. 
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Table E.8. Summay of Kepncr-Tregoe results for in situ / ex situ peroxide stripping. 

Total 
score 

Total w/o 
"Musts" B "Wants" h score G. cost 

Evaluator 1 2 3 1 2 3 4  5 6 7 

1 Y ? Y  9 9 8 10 0 10 

2 Y Y Y  5 5 3 8 3 10 

3 Y Y Y  10 5 8 7 1 0  0 8 

4 Y Y Y  8 8 5 6 1 0  6 8 

5 Y Y Y  10 8 5 10 7 9 

6 Y Y Y  6 5 5 3  7 0 5 

7 - d 5 1 3 3  0 8 3 

8 Y Y Y  10 7 5 10 5 5 

9 Y Y Y  7 6 5 6 1 0  3 8 

10 Y Y Y  7 9 9 10 5 5 

11 Y Y Y  10 9 7 5  7 5 5 

12 Y Y Y  8 10 4 7 10 2 5 

13 Y Y Y  10 9 5 9 1 0  0 10 
Sum - - - 105.0 91.0 42.0 77.0 112.0 44.0 91.0 

Avg score - - 8.1 7.0 5.3 5.9 8.4 3.4 7.0 

Weighted SCQE - - - 69.5 47.6 38.3 36.1 50.8 14.6 39.2 294.1 257.8 

Weight factor - 8.6 6.8 7.3 6.1 5.9 4.3 5.6 

a Technology "musts": 

b Technology "wants": 

1. Meet VOC treatment goals; 2. Complete demonstration within 5 months; and 
3. Meet all permits, safety, & QA. 

1. Assz~rmce of process lVO/M; 2. Minimize secondary waste; 3. Minimize costs; 
4. Minimize occupational exposure and risk to public during demonstration; 
5. Remove or destroy VOCs versus immobilize; 6. Ability to handle non-VOC 
hazardous components; and 7. Applicability of process to other DOE sites. 

C Total score. is weighted according to total rating per want and the weight assigned to that want. 
A blank cell indicates information not provided by that evaluator. 
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Table E.9. Summary of Kepner-Tegoe results for ex situ thermal treatment. 

Total 
score 

Total w/o 
"Musts" 3 '"Wants" score E cost 

Evaluator 1 2 3 1 2 3 4  5 6 7 

1 Y Y Y  10 10 2 7 10 4 10 
2 Y Y Y  8 5 3 310 3 9 
3 Y Y Y  2 4 1 6 1 0  3 5 
4 Y Y Y  8 6 5 6 1 0  6 10 

5 Y Y Y  7 8 1.6 7 10 7 8 
6 Y Y Y  10 5 8 5 1 0  0 5 
7 Y Y Y  10 10 9 4 10 3 10 
8 Y Y Y  8 9 6 5 1 0  5 5 
9 Y Y Y  10 8 5 4 1 0  5 10 
10 Y Y Y  4 8 2.5 7 10 0 5 

11  Y Y Y  10 9 7 5 1 0  5 5 

12 Y Y Y  10 7 4 6 1 0  0 5 
13 Y Y Y  10 5 5 8 1 0  0 18 

Sum - 107.0 94.0 56.1 73.0 130.8 41.0 97.0 
Avg. score - - 8.2 7.2 4.7 5.6 10.0 3.2 7.5 

Weight factor - - 8.6 6.8 7.3 6.1 5,9 4.3 5.6 

Weighted score - - - 70.8 49.2 34.1 34.3 59.0 13.6 41.8 302.7 268.6 

2 Technology "musts": 

b T W I I ~ Q I O ~ Y  ttwants": 

1 .  Meet VOC treatment goals; 2. Complete demonstmtion within 5 months; and 
3. Meet all permits, safety, & QA. 

1. Assurance of process R/C)/M; 2. Minimize secondary waste; 3. Minimize costs; 
4. Minimize occupational exposure and risk to public during demonstration; 
5. Remove or destroy VQCs versus immobilize; 6. Ability to handle non-VOC 
hazardous components; and 7. Applicability of process to other DOE sites. 

S Total score is weighted according to total rating per want and the weight assigned to that want. 



Table E. $0. S u m a v  of Kepner-Tregoc results for ex situ immo 

'I  o w  
score 

Total, w/o 
"Musts" **Wants" b score cost 

Evaluator 1 2 3 1 2 3 4  5 6 7 

1 Y Y Y  9 8 6 7  0 10 10 
2 Y Y Y  8 5 3 0 8 10 
3 Y Y Y  10 4 9 7  0 10 6 

4 Y Y Y  10 10 5 6 0 10 10 
5 Y Y Y  7 9 4.4 7 5 10 8 

6 Y Y Y  10 7 10 7 3 10 5 

7 Y Y Y  10 5 4 5 N/A 10 10 
8 Y Y Y  10 9 10 5 2 10 10 

9 Y Y Y  6 9 7 6  0 10 7 
10 Y Y Y  10 10 10 7 0 10 10 
11 Y Y ? Y  10 9 7 5  0 10 5 

12 Y Y Y  10 8 3 7  0 10 7 

13 Y Y Y  10 10 5 10 0 10 10 
Sum - 120.0 103.0 80.4 82.0 10.0 128.0 108.0 
Avg. score - - 9.2 7.9 6.7 6.3 0.8 9.8 8.3 
Weight factor - - 8.6 6.8 7.3  6.1 5.9 4.3 5.6 
Weighted SCQE - - - 79.4 53.9 48.9 38.5 4.9 42.3 46.5 314.4 265.5 

il. Technology "musts": 

b '-rechnology 7twants": 

1. Meet VOC treatment goals; 2. Complete demonslratbn within 5 months; arid 
3. Meet all permits, safety, Rr QA. 

1. Assurmce of process W O N ;  2. Minimize secondary waste; 3. Minimize costs; 
4. Minimize occupational exposurc: and risk to public during demonstration; 
5. Remove or destroy VOCs versus immobilize; 6. Ability to handle non-VOC 
hazardous coniponents; and 7. Applicability of process to other DOE sites. 

C Total score is weighed according to total rating per want and the weight assigned to that want. 
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