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EXECUTIVE SUMMARY 

A research and demonstration project was completed to evaluate the viability of permeation 
dispersal as a delivery method for delivering treatment agents to enable in situ remediation 
of contaminated low permeability media soils. This report describes field-scale testing using 
unconfined test cells established at the Clean Test Site (CTS) at the DOE Portsmouth 
Gaseous Diffusion Plant near Piketon, Ohio. At this site a commercially available multi-port 
injection system (MPIS) was used to deliver contrasting agents into a silty clay deposit. A 
companion report describes laboratory studies completed at the Colorado School of Mines 
where intact soil cores collected from the CTS were injected with two chemical oxidants 
(hydrogen peroxide and potassium permanganate) (see Urynowicz and Siegrist, 2000). 

At the CTS, seven unconfined test cells were established to enable evaluation of seven 
treatment agents. The treatment agents tested were selected based on their contrasting 
features and potential applicability to treatment of organic chemicals in the subsurface. Water 
amended with tracers was’ injected into one test cell (Tl) to provide a reference for 
nonreactive fluid movement in the silty-clay soil. The treatment agents studied included: 
hydrogen peroxide (T2) and potassium permanganate (T5) as chemical oxidants capable of 
degradation of many toxic organics; a guar gum suspension of iron .micropowder (T7) for 
reductive dechlorination; a lime slurry (T4) to elevate pH and cause alkaline destruction of 
organics as well as stabilize metals; a bionutrient/surfactant agent (T3) to enhance 
biodegradation; and compressed air (T6) to enhance permeability and aeration status and 
improve volatilization or biodegradation. Six of the test cells were 24 A by 24 R in surface 
area while one was 4 ft by 8 ft. All cells were injected with treatment agents at an average 
volumetric loading of 0.27 gal/R3 to a depth of 10.4 A below ground surface using the MPIS 
with four rack-mounted injectors on 2-R spacings. Extensive monitoring during injection and 
sampling and analysis before and after injection were completed to evaluate the effectiveness 
of MPIS delivery and the impacts of the various agents on the ambient subsurface conditions. 

Field test results revealed that treatment agents can be rapidly delivered into the shallow 
subsurface using MPIS technology. The treatment agents injected appear to rapidly advect 
away from the injector bore in existing pathways such as root channels and fractures. For 
those agents that are persistent and react slowly in the subsurface, further dispersal can occur 
by slower advection in fine matrix pores as well as by difisive transport processes. The 
initial dispersal of the treatment agents was’ similar to that of the conservative tracers. With 
time after the injections were completed, there were expanding effects .in the subsurface 
within the lime, potassium permanganate and iron cells. Evaluation of injection rates, 
equipment and labor costs indicate that MPIS technology may be applied for $2 to $3 per 
cubic yard of soil not including the cost of reagents. 
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1. Introduction 

Chlorocarbons like trichloroet~ylene (TCE) are comrn~~ ,contamivg@of qFGcern at U. S. I - . .._ “* . ., .I. 
Department ofEnergy (DOE) facilities and indust+l.sites across the United States (U.S.) and . . * _1)_ j”. “l‘.i-“..etla<,tiQ- , “P’*.ex;r”u.“,‘,si~h,+,e ~* , : 
abroad (Huling and Weaver 199 1; U. S .EPA 1992; MacDonald and Kavanaugh 1994). These 
contaminants of concern are present in source areas and in soil and ground water plumes as 
dissolved or sorbed phase constituents as well.asdense.npnaqueous-phase liquids (DNAPLs). 
These DNAPL compounds can be released to the environment through a variety of means 
including leaks in storage tanks and transfer lines, spills during transportation, and land 
treatment ofwastes. When DNAPL compounds are present in low permeability media (LPM) .‘ _ . .._,.” hi” 
like silt and clay layers or deposits, there are major challenges with assessment of their 
behavior and implementation of effective i,n situ remediation technologies. - .” . . ‘..-l.._h-ll-*b Aa .j_,~ I. I,.. .‘,,._ %.,._ , 

In situ remediation technology development has largely overlooked treatment of DNAPLs in ” ..* . 
LPM. Poor accessibility to the contaminants and the, difficulty in delivery of treatment agents 
have rendered conventional bioremediation, vapor extraction, and pump-and-treat ineffective 
for this type of media. As a result, effective in situ treatment methods for DNAPL 
compounds in fine-grained deposits was recently one of the top-ranked environmental 
restoration needs across the DOE Complex. Similarly, within the petroleum industry, nearly 
40% of the underground storage tanks in the world are located qn clay soils and remediation 
of contaminants from leaking underground tanks in these settings has been a major challenge. 

As a result of the need for solutions and the gap in the current knowledge and technology 
base, a project was initiated by the DOE Office of Science and Technology (OST) and the 
DOE Portsmouth Gaseous DifIusion Plant (PORTS) near Piketon, Ohio in collaboration with ,I- ‘“..llr*-*.,..‘.es:‘.rm 
the American Petroleum Institute (API) in 1993 (API 1995, DOE 1996). In this project, in 
situ remediation technologies are being evaluated for both enhanced mass removal and in j ^ “-j I ----I.. n* a”*., .-,*,ara, I,“*~*Jvw~~~~,~.~~~“,“~““,~ ,, , _ ., 
place destruction ofDNAPL compounds in LPM, specifically chlorinated solvents [e.g., TCE, 
perchloroethylene (PCE)] in the vadose and saturated zones of LPM. , The overall project has I.. ” “*wrrla* .- *._ =(a a,. ‘“‘,X:.^.,>.h.U. 
included a series of related tasks including: (1) preparation of 1.6 DNAPL focus papers and 
reports, (2) a field pilot test of hydraulic fracturing for dewatering, (3) a field test of enhanced 
air flushing for NAPL removal, (4) a field test of hydraulic fractures for hydraulic and 
pneumatic control and hot fluid injection, (5) a field comparison of multiple point injection 
and permeation dispersal of different reactants, (6) a field-scale demonstration of soil 
fracturing for thermally enhanced mass recovery and reactive barrier degradation, and (7) 
numerical and experimental analyses ofthe mobility of residual NAPLs versus veg degrees 
of remediation. The field t.esting activities have occurred at both clean and contaminated, sites 
in the US. and Canada. 

This report describes a field demonstration that was conducted at the PORTS Clean Test Site L ., -, ill.--.‘x*~,.,8la~WI-1’4”n)i”i*x ii ~~,~*$l”lii.,,M;i*l~,-~~ ~~~~~~~. “>a b. 
(CTS) to evaluate the feasibility of permeation and dispersal of reagents into LPM. Various 
reagents and tracers were injected at seven test cells primarily to evaluate the feasibility of 
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delivery, but also to evaluate the effects of the injected reagents on LPM. The various 
reagents and tracers were injected at the PORTS CTS using a multi-port injection system 
(MPIS) developed and provided by Hayward Baker Environmental, Inc. The work reported 
here was performed by personnel from Oak Ridge National Laboratory (ORNL) in 
collaboration with Lockheed Martin Energy Systems [(LMES), now Bechtel Jacobs 
Company, LLC], Hayward Baker Environmental, Inc., and others. 

Supplementary laboratory experiments at the Colorado School of Mines focused on the 
effects of chemical oxidants on LPM using intact cores collected from the CTS. The results 
of the laboratory experiments are presented in the companion report, Permeation Dispqsul 
of Treatment Agents for In Situ Remediation in Low Permeability Media: 2. Laboratory 
Studies with Intact Cores (Urynowicz and Siegrist 1999). Other facets of the project have 
been focused on the reaction mechanisms of reagents used in this project and alternative 
reagent delivery methods and the results have been reported elsewhere (e.g., API 1995; DOE 
1996; Pfifier et al. 1997; Case 1997; Gates and Siegrist 1995; Gierke et al. 1995; Murdoch 
et al. 1997a; Murdoch et’al. 1997b; Siegrist et al. 1993; Siegrist et al. 1994; Siegrist and 
Lowe 1995; Siegrist et al. 1995a; Siegrist et al. 1995b; Siegrist et al. 1995c; Siegrist et al. 
1996; Siegrist et al. 1998; Siegrist et al. 1999; Smuin et al. 1995; Strong-Gunderson and 
Palumbo 1995; Walden 1993; West et al. 1995). 

1.1 Purpose and Scope 

The purpose of this project ‘was to test an innovative approach for in situ treatment of volatile 
organic compounds, which are common contaminants at DOE facilities.. The PORTS CTS 
was chosen as an appropriate location for determining the feasibility of performing multi-point 
injection permeation and dispersal testing because it is representative of the low permeability 
soils contaminated at many DOE sites. Additionally, the CTS enabled evaluation of the 
feasibility of the process but did not present the complications of contaminated site 
operations. 

The various reagents and tracers injected included water, oxidants, a bionutrient, lime, air, and 
zero-valence iron. Water alone was injected to provide a baseline test cell. The oxidants 
(hydrogen peroxide and potassium permanganate) were injected because they can catalyze 
and chemically oxidize chlorinated organics. The bionutrient and surfactant were injected to 
determine the feasibility of using the mixture to enhance the natural breakdown of chlorinated 
solvents by indigenous bacteria. The lime injection was tested because it could be used to 
adjust soil pH for in situ stabilization of metals. Air was injected to test the MPIS for 
pneumatic fracturing ofLPM and zero-valence iron (iron micropowder) was injected because 
it has been demonstrated to act as a reducing agent for chlorinated solvents. 
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The field work for this project included four tasks: (1) pre-treatment characterization of the 
lithology and soil conditions within seventest cells at the,CTS, (2) MPIS injection and testing 
using various reagents and tracers at seven test cells, (3) concurrent monitoring during MPIS 
testing, and (4) post-treatment sampling and monitoring ofthe seven test cells. Several post- 
treatment sampling events were performed. 

Samples collected during this project included soil samples for logging lithology, soil 
fracture characteristics and geochemical properties, and soil-pore water samples for water 
quality parameters and geochemical properties. Field and laboratory analysis was performed 
on soil samples and soil-pore water samples as indicated on Table 1.1. , 

The following aspects of the permeation and dispersal were evaluated during this project: 

. Feasibility of using a MPIS for injection of treatment agents into the subsurface, The 
agents were various solutions, slurries, or emulsions of compounds that may reduce 
toxicity through treatment or containment, and 

. Relative effectiveness of the treatment agents for in situ remediation in silty clay soils. 

The general objectives of the testing and the procedures followed to achieve them are listed 
below, 

Obiective 1: To characterize fracture size and continuity in the untreated soil and determine 
changes in the soil after reagent injection. Pre-treatment soil samples were collected from soil 
borings to describe fracture morphology and determine baseline geochemical properties. 
Tracers were injected with the treatment agents, where compatible, in order to facilitate 
detection of the injected fluids and the fractures that transmitted them. Soil-pore water 
samples were collected from suction lysimeters to evaluate the dispersal of the injected fluids. 
Soil moisture probes were emplaced to monitor the increase in soil moismredue t_g*injections. 
Soil samples from post-treatment borings were inspected to determine changes in fracture size 
and density and geochemical properties. At one location, a test pit was excavated to permit 
visual examination of the soil to determine if the effects ,of the injection technique were visible 
in the subsurface. 

Obiective 2: To determine matrix effects of the various fluids released with respect to 
changes in soil-pore water and soil. Suction lysimeters provided soil-pore water samples that 
were monitored for changes in temperature, pH, ‘dissolved oxygen (DO), conductivity, total 
organic carbon (TOC), alkalinity, Fe, Mir, Cl-, No, and SOe2-. Soil moisture probes were 
monitored to determine the relative dispersal of the injected fluids. Soil samples were 
collected for evaluation of matrix effects and detection of injected fluids. 
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Obiective 3: To determine dispersal of reactive particles in LPM. An emulsion or slurry of 
reactive particles (e.g., iron micropowder with guar gum) was injected into the subsurface 
using the MPIS. The area of influence was evaluated by collecting post-treatment core 
samples, These cores were macroscopically inspected and chemically analyzed to determine 
the presence, concentration, and distribution ofthe reactive particles and/or tracers. Soil-pore 
water samples collected from suction lysimeters also provided information on dispersal of 
reagents. 

Obiective 4: To determine dispersal ofoxidants inLPM. Solutions ofhydrogen peroxide and 
potassium permanganate were injected. The area of influence was determined by collecting 
core samples and by collecting soil-pore water samples. These cores and water samples were 
analyzed to determine the effects of the reactive fluids, 

Obiective 5: To determine the operation and maintenance characteristics of the MPIS 
equipment. Observations of injection volumes, flow rates, back pressure, operational 
problems, etc., were documented during field tests to evaluate multi-point injection 
performance. 

. 1.2 Organization of the Report 

The remainder of this report is organized as follows: 

l Section 2 describes the CTS. 
l Section 3 describes the technical approach for this project. 
l Section 4 discusses the testing performed in each test cell and the soil and water sampling 

results. 
a Section 5 discusses observations made related to equipment operation. 
l Section 6 is the project summary. 
l Section 7 discusses application of the technique to a contaminated site. 



Table 1.1. Field activities and analyses for a typical test cell for MPIS testing 

Pre-treatment activities Testing during injection Post-treatment No. 1 
activities 

Post-treatment No. 2 
activities 

Soil Analyses: 
Five soil borings per test cell:% 
moisture, grain size color, minera- 
logy, SEM, X-ray, pH, Eh, TOC, Fe 
oxides, cations, anions, bacteria 

Soil-Pore Water Analyses: 

Three lysimeters per test cell: temp., 
. pH, DO, conductivity, TOC, 
alkalinity, Fe, Mn, Cl-, NO;, SO:-, 
Br- 

One piezometer per test cell: temp., 
pH, DO, conductivity, TOC, 
alkalinity, Fe, Mn, Cl-, NOi, SO,‘-, 
Br 

None 

Water injection with tracers: 
monitored penetration rate, flow 
rate, pressure, and reagent 
concentration 

Lysimeters: temp., pH, DO, Lysimeters: temp., pH, DO, 
conductivity, TOC, alkalinity, Fe, conductivity, TOC, alkalinity, Fe, 
Mn, Cl‘, NO;, SO:-, Br* Mu, C1-, NO;, SO:-, Br 

Piezometer: monitored water levels 

Five soil borings per test cell: 
% moisture, grain size, color, 
mineralogy, SEM, X-ray, pH, Eh, 
TOC, Fe oxides, cations, anions, 
bacteria, visual inspection 

Piezometer: temp., pH, DO, 
conductivity, TOC, alkalinity, Fe, 
Mi, Ci‘, NO,‘, SO,‘-, Br 

Two soil borings per test cell: 

% moisture, grain size, color, 
mineralogy, SEM, X-ray, pH, 
Eh, TOC, Fe oxides, cations, 
anions, bacteria 

c 

Lysimeters: temp., pH, DO, 
conductivity, TOC, 
alkalinity, Fe, Mn, Cl-, NO;, 
SO,‘-, Br 

.I WI 

Piezometer: temp., pH, DO, 
conductivity, TOC, 
alkalinity, Fe, Mn, Cl, NO,-, 
SO:-, Br- 

Note: Not all samples were analyzed for all constituents listed. For example, only samples from one soil boring per test cell were analyzed for % 
moisture. 

SEM = scanning electron microscope 
TOC = total organic carbon 
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2. Background 

2.1 Facility Description 

PORTS is a federal facility owned by DOE and operated under a contract w$h.U~mtedSta@s, 
Enrichment Corporation (USEC). LMES (now Bechtel Jacobs Company, LLC) performs 
DOE-required environmental,restorati,on, waste management, and site management functions. 
The 3,714-acre federal reservationVh,es in Pike County, Ohio, between the cities of Chillicothe . ,me .-Inll^> _I.e_.h__“,*.. 
and Portsmouth, approximately 70 miles south of Columbus, Ohio (Fig. 2.1). 

Operating since 1954, PORTS enriches uranium for commercial nuclear reactors. The 
enrichment process uses molecular diffision techniques to separate the 235U isotope from the 
238U isotope. The plant has an extensive support complex of machine shops, laboratories, 
utilities, and decontamination facilities As a result of plant operations, PORTS generates a .” .i.li”Ov- e.,“..&&%.~.~*,, cc+>. ..“.,.xr*e&*r-.*, 
wide variety ofwastes, including low-level radioactivewastes, spent solve&; polychlorinated 
biphenyl-contaminated oils, electroplating wastes, paint wastes, metal sludges, acids, and 
caustics. 

2.2 Site Description 

The CTS is located at the south end. ofPQRTS, north of the intersection of&yes Street and . ,..h.. ,.-- ,. 
Perimeter Road (Figs. 2.2 and 2.3). The site lies outside the plant security fence and is in an 
uncontaminated, area,, .,The,, topography of the CTS is relatively level, with ‘a drainage area 
along the western boundary and a rise of higher ground along the eastern boundary of the site 
(Fig. 2.4). The high point of the area is located at the northeast corner, at an approximate 
elevation of 667 fi above mean sea level (msl). A storm-water retention pond is located 
approximately 75 R west of the northwest comer of the site, but is downgradient with respect 
to both surface and groundwater and does not appear to affect CTS conditions. 

2.3 Site Geology as Defined by CTS Characterization 

During the spring of 1994, the ORNL Grand Junction, Colorado (ORNL-GJ) characterized 
the geology of the CTS by installing nine boreholes to bedrock (BHOl through BH09) at a 
depth of approximately 30 fi below ground surface (bgs) and collecting soil samples with a 
hollow-stem-auger drilling rig and a GeoProbeTM rig (Fig. 2.5). The ORNL Environmental 
Sciences Division performed a ground-penetrating radar survey to deiineate ‘the bedrock 
surface. The geologic data collected from this,si?e”,~haracteri~at,~on were used to construct 
a bedrock surface map. 
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Drilling was accomplished using an all-terrain, CME 55 drill rig. The rig used hollow-stem 
augers with a 3-in.-outside-diameter by %-long continuous sampler that ran a few 
centimeters ahead of the lead auger to obtain undisturbed soil samples for lithologic logging. 
An average of three soil samples per hole were collected and analyzed for moisture content, 
liquid limit, plastic limit, and grain size. In the summer, an additional six borings (BHlO 
through BH15) were drilled south of the CTS to characterize the geology in that area prior 
to the installation of horizontal wells. A detailed lithologic log was prepared for each hole; 
the continuous samples obtained from the hole were labeled and archived for future use. 
Lithologic logs and the results of the geotechnical analyses are provided in Appendix A. 
Table 2.1 summarizes the surface and bedrock elevation data for all of the borings. Table 2.2 
summarizes the subsurface properties at the CTS and shows the properties determined during 
this study. 

The soil above bedrock at the CTS is composed of unconsolidated Quaternary fluvial and 
lacustrine deposits ofthe TeaysFormation. Figures 2.6 and 2.7 are examples ofthe soil cores 
and stratigraphic sequence. These, deposits are characterized by 15 to 22 R of low 
permeability clays and silts known as the Minford Member overlying 2 to 6 R of moderately 
permeable sandy gravels, gravelly sands, and silty sands known as the Gallia Member. The 
bedrock underlying the Quaternary deposits is composed of Mississippian-age Sunbury Shale 
and Berea Sandstone and Shale. The Sunbury is a very low permeability shale unit underlying 
the saturated alluvium at the site. Figure 2.8 shows cross sections ofthe geology at the CTS. 

The Gallia forms the principal water-bearing unit in the alluvium at the site. Water-level 
measurements taken during the drilling project indicate that groundwater in the Gallia, and 
perhaps the lower portion of the Minford, is confined by the overlying clays and silty clays. 
When the confining layers were penetrated by augers, the groundwater level rose an average 
of 13.5 R above the depth at which saturated sediments were first encountered during drilling 

’ (14 ft to 24.5 ft bgs). 

2.4 Site Geology as Defined by Pre-Treatment Characterization 

Thirty-two soil borings were completed within the CTS prior to the start of injection testing. 
The borings were drilled to a depth of 12 R and were sampled continuously with a Geoprobe 
megabore sampler. Lithologic logs were prepared describing the soil characteristics 
(Appendix B). The most notable characteristics included: 

l the presence of high-angle fractures in the silty clay, 
0 very fine laminar bedding in some sediments with multi-colored banding, 
l a zone of thin-bedded gypsum (less than 1 cm thick) apparent across the site at depths 

between 6.5 to 8 ft bgs, 
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l increasing clay content with depth, and 
l increasing resistance to penetration with depth. 

Based on these characteristics, the upper part of the Minford appears to be primarily 
composed of shallow lake bed (lacustrine) sediments. There were periods during deposition 
when the lake dried up, thus forming the thin gypsum beds and desiccation mud cracks that 
were observed in the finely laminated sediments. This interpretation is consistent with the 
general description of the Minford given above. 
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Fig. 2.2. Location of the CTS. 
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Fig. 2.4. Topography of the CTS. 
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Fig. 2.5. Topography and borehole locations at the CTS. 
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a. Soil core sample from approx. 2-f? depth. b. Soil core sample from approx. 103 depth. 

Fig. 2.6. Photographs of the CTS subsurface #y-clay media. 
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DEPTH (ft) 

0.5 

8.5 

22 

27 

30 

CL SILTY CLAY: yellowish brown (IOYR 5161 with gray 
mottling (IOYR 5/l), firm, slightly moist,. 
scattered organic staining. 

CL SILTY CLAY: yellowish brown (IOYR 5/4) becoming 
light gray to gray (IOYR 7/l-6/1), moist, firm. 

CL CLAY: reddish brown (SYR 4/4), moist, dense, 
common MnO staining. 

ML CLAYEY SILT: yellowish brown (IOYR 6/6), moist, firm, 
sandy in part, angular sandstone pebble and gravels. 

ML CLAYEY SILT: as above, grading to silty sand at 20 ft. 

SM SILTY SAND: light olive brown (2.5Y 5/4) mottled 
with gray silt, fine grained, abundant limonite 
staining, moist, friable. 

SM SILTY SAND: olive to olive yellow (5Y 5/4-6/6). 
moist, becoming wet with depth, angular pebbles. 

SHALE: black carbonaceous. 

PSTRAT 

Fig. 2.7. Stratigraphic sequence of borehole number BH07. 
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Fig. 2.8. Geologic cross sections at the CTS. 
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Table 2.1. Ground surface and bedrock surface elevations 
for CTS boreholes 

Borehole number” Ground elevation, Depth to bedrock, Bedrock elevation, 
ft msl ft bgs ft Ins1 

1 666.10 29.5 636.60 

2 662.36 28.5 633.86 

3 657.20 21.5 635.70 

4 661.32 24.5 636.86 

5 661.58 26.0 635.58 

6 664.88 29.7 635.18 

7 661.85 27.0 634.85 

8 659.13 24.0 635.13 

9 661.38 26.5 634.88 

10 662.70 28.3 634.40 

11 662.73 28.8 633.93 

12 663.07 29.1 633.97 

13 658.80 24.5 634.30 

14 658.12 24.5 633.62 

15 658.88 24.0 634.88 

’ See Figs. 2.5 and 2.8 for borehole locations. 
msl = mean sea level 
bgs = below ground surface 
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Table 2.2. Subsurface properties of the Minford Member at the CTS 

Soil type and genesis Silty-clay deposits of fluvi~lacu&ine’ origin. ‘Typically 15- 
ft-thick upper clay unit (CH) transitioning to a lower 10-f-t- 
thick silt unit (CL). 

Soil particle-size distribution: 
Sand size (0.050 to 2.000 mm) -0.5 dry weight % 
Silt size (0.002 to 0.050 mm) -8.5 dry weight % 
Clay size (< 0.002 mm) -10 wei t % 

Soil mineralogy 
In *e~.&iliy.unit, .& s&d,fi;,.iiid;i cG6iiit<d;f”ti.“.tiq 

quartz with minor goethite. The silt fraction consists of 
quartz and minor feldspars, but no goethite. The clay 
fraction is a mixture of illite (-33%), quartz (-29%), 
kaolinite (-26%) and smectite (-12%). ., ,_. _ ).^.C I ., ,. 

Soil physical properties: 
Bulk density 1.8 g/cm3 
Water content 20 weight % 
Liquid limit -60% 
Plastic index -35% 

Soil-pore system: 
Total fractional porosity a 
Water-filled saturation 
Pore water saturation 

Soil Chemistry: 
pH (in water) 
Eh 
Organic carbon 

Iron oxides 
Free 
Amorphous 
Cation exchange capacity 

Exchangeable ions: 
Mg 
Ca 

Soil microbiology: 
Total bacteria 

0.40 vlv 
90% pores 
10% pores 

4 to 8 
140 to 400 mV 
500 to 7000 ppm 

23,000 mg/kg 
13.50 mg/kg 
17.5 meq/lOO g 

Cl0 to 45 mg/kg 
<lo00 to 5000 mgikg ,,. .“.. _ ,~, a. “..,_ . . . Lb&_. “, ,, *--iiaiu. \.,.-.“;-;u,r.urlx*i _,,. l_i__ . . . . _” L 

100 to 1000 organisms/g I ..jr^w .“.S .., ‘ .,l”’ .u ~_, ~ ,. ,,,... -e. _,~._,~,L,__ ^,~(._j ,,. .” 

a estimated 
Note: The information shown is based on a compilation from various sources including analyses of 

Mtiord soils from the X-23 1B site (ORNL 1994) and the ORNL reconnaissance boring and 
soil analyses completed during April and May 1994. 



.._ 
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3. Technical Approach 

Work plans prepared for the project included a technical plan, a sampling and analysis plan, 
a quality assurance project plan, and a health and safety plan (ORNL 1994). All plans were 
reviewed, revised, and finalized prior to mobilization to the CTS. To ensure that 
representative data were collected for this project, ORNL standard operating procedures 
(SOPS) were used for conducting field activities (ORNL 1993). Table 3.1 lists the SOPS that 
were pertinent to this project. Table 3.2 summarizes the testing performed at each test cell. 
A readiness review for the pre-treatment site characterization was held at the PORTS facility 
on October 18, 1994. The readiness review for the injection testing was held on November 
3, 1994, and the project was approved for start-up. 

3.1 Task 1: Geoprobe Borings and Lysimeter Installation 

The first task of this project was to characterize the soils to a depth of 12 fi in each of seven 
test cells (Fig. 3.1). Each test cell was 24 x 24 fi in surface area except for test cell 7, which 
was 4 x 8 ft. The size of test cell 7 was decreased to reduce the volume of reagent required, 
thereby reducing the cost for the iron micropowder. Test cell design and characteristics are 
summarized in Table 3.3. 

For the pre-treatment characterization, lithologic samples were collected from five bore-holes 
in each test cell (labeled A through E) (Fig. 3.2), except for test cell 7, which was 
characterized with one pre-treatment borehole. The lithologic logs and fracture descriptions 
were documented on borehole lit&logic forms and used to describe pre-treatment soil 
conditions (Appendix B). Other baseline determinations included water content, grain size, 
color, mineralogy, scanning electron microscope (SEM) morphology, pH, TOC, iron oxides, 
cations, and anions. Note that all analyses were not performed on all soil samples because 
the parameters were not expected to vary significantly over the entire test area and to control 
analytical costs. 

Personnel from ORNL-GJ, used a rig with Geoprobe TM tools to collect the lithologic samples. 
On-site technical direction was provided by an ORNL-GJ geologist. Continuous 4-&long 
cores were collected with a megabore sampler. The on-site geologist was responsible for visual 
classification of the soils encountered and-for completing an accurate, depth-based soil boring 
log. Microscopic examination of selected samples was also performed by the geologist; 
however, detailed fracture morphology was evaluated through laboratory analyses at ORNL. 
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Task 1 included completion of 32 Geoprobe borings, five borings in each of test cells 1 through 
6, one boring in test cell 7, and one in a background area. The background location was 
approximately 50 ft south of the southeast corner of test cell 6 (Fig. 3.1). The boring locations 
were staked and surveyed shortly after completion. All pre-treatment borings were backfilled 
with granular bentonite or completed as piezometers or lysimeters. 

Task 1 also included the installation of 24 porous ceramic cup lysimeters for sampling soil-pore 
water. Three lysimeters were placed in each of the seven test cells and three at a background 
location. The three lysimeters at each location were nested in a single borehole at depths of 
4, 8, and 14 fi bgs (Fig: 3.3). Pre-treatment borehole C was consistently used for the 
installation of these lysimeters except in test cell 7, where borehole A was used. Lysimeters 
were also installed in the background soil boring. The lysimeters were 1 bar type with 15-psi 
bubbling pressure. The average pore diameter was 2.9 pm, suitable for use in soils with 0 to 
1 bar of soil suction. 

Installed according to manufacturers specifications, each lysimeter body was surrounded by 
silica slurry pack mixed from 200 mesh, 99.88% pure crystalline silica flour and distilled water 
at a ratio of 150 mL of water to 450 g of silica flour. A bentonite seal was placed above each 
lysimeter to isolate it within the borehole. Before installation, lysimeters were pre-wetted with 

. distilled water which was evacuated after installation. A vacuum of 22 in. of Hg was applied 
to each lysimeter 12 hours before anticipated sample collection. Samples were evacuated by 
applying positive pressure to the lysimeter and forcing the water in the lysimeter body to the 
surface through the sampling tube. 

A total of five 2-in.-inside-diameter (ID) piezometers were also installed, one each in four of 
the test cells and one at the background location (Table 3.2 and Fig. 3.4). Borehole D was 
used for piezometer installations. Constructed with l-A-long screens placed at approximately 
14 fi bgs, the piezometers were used for monitoring water levels and collecting groundwater 
samples. The lysimeters and piezometers were installed using solid-stem augers and standard 
well construction practices. All lysimeters and piezometers were sampled twice prior to the 
initiation of MPIS testing in order to establish baseline conditions. 

Soil moisture and temperature (SMT) probes were installed approximately 2 A east of each set 
of lysimeters. A total of 24 SMT probes were installed at depths. corresponding to the 
lysimeter depths: 4, 8, and 14 fl bgs. The probes were seated in native soil, with wire leads 
routed to the ground surface inside of 1.5-m polyethylene (PE) casing. The PE casing was 
backfilled with sand. An 18-in.-long piece of 4-in.-diameter polyvinyl chloride (PVC) casing 
with a slip-on cap was placed over the wire leads at the ground surface as a protective cover. 
Figure 3.5 provides a profile view of the layout for the instrumented borings. 
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3.2 Task 2: MPIS Testing 

Task 2 consisted of a series of multi-point injections in six of the test cells with injection done 
on 2-R centers (Fig. 3.2). Test cell number 6 was injected with air and had only eight injector 
penetrations, The MPIS developed and provided by Hayward Baker Environmental, Inc., 
consisted of a tractor-mounted unit v\lith a set of four.removable, injection augers mounted 2 
R apart on a bar across the front of the tractor -These augers : .w3 ~ ,I “,..~*cls.Llrr have injection ports in a spiral 
pattern near the tip. All four of the 2-m.-diameter augers were simultaneously pushed and -. . . - .I.a”D.M”.w* 
turned into the soil to a depth of over 10 A, stopping at 15-in. intervals for fluid~injection (Fig. 
3.6). Approximately 2 gal of fluid was injected fl-om each auger at each interval. An-operator 
sitting on the tractor controlled the rate of penetration .and injection (Fig. 3.7). The following 
describes the procedure used. 

l The test cell was gridded on 2-ft centers for ease of controlling the injection spacings. I *>ns* w 2% I,* .I c-.x,“*,,aa*unr 

l 

l 

l 

i Depth calibration marks on the mast indicated the depth of the injector points. . . -. .“s.*l..a.“l~ I-‘ _, ‘y,“‘x”.~~*x4 A geologist 
monitored the injection process to ensure that the injections were performed uniformly 
across each test cell. 

Few, if any, soil cuttings were generated during penetration. Upon reaching a depth of 10.4 
R (125 in.), the operator reversed, the. hydraulics and turned-the augers up out of the soil,. No 
fluid was injected during the upstroke. The total depth of the injections was based on the 
capabilities of the equipment used. Larger equipment with injection capability to 40 A bgs is 
available. 

The MPIS was positioned in the northeast corner of the test cell at setup number 1. 

The augers (4) were drilled into the soil @adepth of approximately 20 in., and 2 gal of 
reactive fluid were injected from each auger tip simultaneously. 

The augers were then drilledto the. next, position, approximately 3 5 in. bgs, and 2 gal were 
injected from each auger tip. 

This process continued at 15-in intervals (eight injector positions) until a total-depth of s.:* _ _x,. _“,.I _-., _ 
approximately 125 in. was attained and atotal of64 gal of fluid was injected at that setup 
(16 gal per injector). 

Four flow meters mou.nted in. front of the MPIS operator were used to monitor-the-volume ., I-* .“r*i~ii)iM.M+dAiU.r;XT(.-?- 
of injected fluid from_ each ,injec!or and the operator controlled flow to each injector .” ^.” -L*-‘.,.l 
separately, thus ensuring that the appropriate amount of reagent was injected from each 
injector at each position. 
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To assess the performance of the multi-point injection equipment by means of operational 
checks and practice borings, process shakedown was performed in an area north of the CTS 
prior to initiation of the planned injection testing. 

The reagents injected into each test cell, shown in Table 3.4, were delivered to the MPIS by 
a hose connecting the system to a pump that pulled liquid from a battery of mixing tanks 
stationed nearby. An air compressor provided pressurized air for the air injection test. The 
oxidants were injected because hydrogen peroxide and potassium permanganate can catalyze 
and chemically oxidize chlorinated organics to produce carbon dioxide and water. Zero- 
valence iron (iron micropowder) was injected because it has been demonstrated to act as a 
reducing agent for chlorinated solvents. Water alone was injected to provide a baseline test 
cell. The lime injection was tested because it could be used to adjust soil pH for in situ 
stabilization of metals. The bionutrient and surfactant were injected to determine the feasibility 
of using the mixture to enhance the natural breakdown of chlorinated solvents by indigenous 
bacteria. Air was injected to test the MPIS for pneumatic fracturing of LPM. 

Tracers, including potassium bromide and Snowmax@, were mixed into two of the solutions 
to provide a means of differentiating the injected fluid from the existing soil-pore water and to 
permit detection of soil fractures (Table 3.4). Bromide is a conservative tracer (i.e., travels at 
the same velocity and direction of the water it is dissolved in) used to track the extent of 
injected fluid penetration into the soil. Snowmax@ is a commercially available, ice-nucleating 
active bacteria product that is processed (the bacteria are killed and mixed with an inert 
ingredient) and sold as a nucleator for artificial snow. ORNL researchers have developed an 
innovative and unconventional use of Snowmax@ and other bacteria as environmental tracers , 3 
(Strong-Gunderson 1995). SnowmaxQ concentration is expressed in ice-nucleating activity 
(INA) particles per mg of soil. 

The injections were performed on a pattern starting with four simultaneous injections 2 R apart; 
the tractor-mounted MPIS was then moved 2 fi backwards and another injection performed 
until the entire ‘test cell had been penetrated on 2-e centers. Table 3.5 lists the process 
operating conditions monitored during the MPIS testing. 

Because the field work for this project was performed at an uncontaminated site, equipment 
cleaning procedures were minimal and were performed as necessary to maintain proper 
operation of the equipment and to prevent mixing of different reagents. Injectors, hoses, tanks, 
pumps, and mixing equipment were cleaned on site using either a fresh water rinse or a portable 
steam cleaner as appropriate. Fluids generated by flushing the MPIS were discharged to the 
ground surface away from the CTS along with other water being pumped from the site. 
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3.3 Task 3: Concurrent Monitoring 

Monitoring was performed during the MPIS injections made in each cell (Table”3-:5 and Fig. I.._ ..,,.. _- 
3.8). The volume of reagent injected was monitored on four separate flow gauges mounted 
on the MPIS unit and on. a single flow meter at the pump discharge. The separate flow gauges 
on the MPIS unit recorded the amount of fluid injected by each of the four injectors and the 
flow gauge on the pump discharge recorded the total amount of fluid injected. Other 
observations included penetration rate, injection rate, injection pressure, surface blowout of 
fluid, and temperature and moisture changes in the test cell soils. Samples of the injected fluid 
were collected at the connection of the delivery hose to the MPIS unit periodically throughout 
each test cell injection to provide information on the uniformity of the batching and mixing 
operations, 

3.4 Task 4: Post-Injection Characterization ang~.lata Collection _.,I,.. ,~.,,. / . . _ ..+,,: j - 

The first phase of Task 4 for each test cell included drilling and sampling five additional soil 
borings in test cells 1 through 5 (boreholes F through .I) and two additional soil borings . “I ‘~...“I.~y;,~,I 
(boreholes B and C) in test cell 7 (Fig. 3.1). These borings were drilled within 24.h after the 
injections in each cell to evaluate the effective distribution~of treatment~,agents by the system 
.and any rapid changes occurring in the subsurface (Fig. 3.9). Soil samples were ex-aminedboth 
macroscopically and microscopically for fracture characte,ristics ar~d,t-he presence of tracers. 
Morphology was evaluated in the laboratory by SEM. If bromide was-injected as a tracer, soil 
samples were extracted and analyzed for bromide on site with fan ion- selective electrode. _ - ..x i ..a ,-., r-^i*r*h. *me* *;,*@+., _^ 
Samples for INA analysis were sent to ORNL for analysis. Selected soil samples were also 
analyzed for pH, TOC, Eh, Fe oxides, and Mn 

A soil inspection trench was excavated in the shakedown area to observe the effects of lime 
injection on the subsurface. Because the trench did not reveal characteristics that were not 
observable in the soil cores, no additional soil inspection trenches were excavated. 

Soil-pore water samples were collected the day after each injection and daily thereafter for 
several days. Water samples were collected from the lysimeters and piezometers to determine 
the effects of the injections on the soil-pore water chemistry. Water samples were analyzed on 
site for temperature, pH, DO, conductivity, alkalinity, Bi, Fe, Mn, Cl-, NO;, and S04”. 
Analyses for metals and TOC were performed at ORNL. 

The first phase of post-treatment characterization was completed within 3 days after the last 
injection was perfbrmed (November 2 1, 1994). The second phase of post-treatment 
characterization was performed about 2 weeks later and consisted of collecting another set of 
water samples from the lysimeters and piezometers on December 5, 1994. ‘The third phase of 
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post-treatment characterization was performed about 1 week after the second phase and 
consisted of drilling two additional soil borings in test cells 1 through 5 (boreholes K and L) 
and in test cell 7 (boreholes D and E) and collecting another set of water samples from the 
lysimeters and piezometers on December 15, 1994. A fourth phase ofwater sampling only was 
performed during the week of February 15, 1995, and a final round of groundwater samples 
were collected the week of May 6, 1996. 

3.5 Surveying 

The locations of all test cells, borings, lysimeters, piezometers, SMTs, and elevation bench 
marks were surveyed. A nearby monitoring well was used as a benchmark. The required 
horizontal accuracy was f 0.5 ft, and the required vertical accuracy was f 0.01 ft. To ensure 
the required accuracies, the survey was looped and closed. Surveying was performed with a 
theodolite equipped with electronic distance measuring and a level. Lysimeters and 
piezometers were identified by numbers written on the side of the protective casing. The 
lysimeters were numbered TlLl and T2L1, etc., in order to identify the test cell (Tl) and the 
lysimeter (Ll). Similarly, the piezometers were marked TlPl, etc., identifying the test cell 
(Tl) and the piezometer (Pl). The soil borings were numbered in accordance with a 
prearranged scheme in each test cell as follows: T 1 -A, to indicate test cell 1, soil boring A, Tl- 
B to indicate test cell 1, soil boring B, etc. The elevation bench marks were labeled Tl S 1 
through Tl S5 in test cell 1 and similarly in the other test cells. Elevations were checked prior 
to injection testing and then several times after testing to determine the amount of soil heaving 
caused by the injection and to determine the rate of settling. 
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Fig. 3.7. Multi-pert injection system. 



(b.) ORNL staff monitoring at test cell 7. 

(a.) MPIS equipment perfoiming an injection of bionutrient solution at test cell 3. 

(c.) Intact soil cores used for characterization. 

Fig. 3.8. Photographs of the 
Clayward Baker MPIS rig and the 
monitoring and sampling analyses 
activities. 

(d.) Onsite laboratory for soil core analyses. 



(a.) Permangkate impacted core at 5-e. depth 
(the soil redox is dramatically elevated through 
core beyond the obvious purple staining. 

(b.) Iron micropowder deposition within silty 
clay soil at 64 depth.. 

Fig. 3.9. Photographs of intact soil cores from the permanganate (T5) and 
iron micropowder (T7) test cells. 
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Table 3.1. ORNL SOPS for the MPIS demonstration 

ORNL SOP 
number Title 

.,b ._ ,. . . 

AD-050 Quality Assurance 

TE-061 Measurement of pH of Water Samples 

TE-062 Measurement of Electrical Conductivity of Water Samples 

TE-063 Measurement of Dissolved Oxygen in Water Samples 

TE-07 1 Sample Documentation 

TE-072 Sample Packaging, Preservation, and Shipping 

TE-073 

m-086 

TE-094 

TE-100 

TE-105 

TE-106 

TE-120 

TE-130 

Equipment Decontamination 

Soil Sampling for Field Screening Using the Geoprobe and U2CRT 
. 

Water-Level Measurement 

Drilling Log Preparation and Well Construction Documentation 

U2CRT Operation 

Solid-Stem Augering Using the U2CRT 

Physical Surveying 

Peristaltic Pump Operation 

TE-150 Combustible Gas Indicator Operation 

. 



Table 3.2. Activities performed in conjunction with MPIS testing 

Test cell, Pre-treatment Injection testing’ Post-injection .Post-injection 
injection treatment activities 1 activitiesa 2 activities” 

No. 1, Water 5 soil borings Inject water with tracers 5 soil borings 2 soil borings 
3 lysimeters Monitor parameters Sample lysimeters and piezometer Sample lysimeters and piezometer 
1 piezometer Monitor parameters Monitor parameters 
3 soil moisture probes Surveyed elevation markers Surveyed elevation markers 
5 elevation markers 

No. 2, H202 5 soil borings Inject reagent 5 soil borings 2 soil borings 
3 lysimeters Monitor parameters Sample lysimeters and piezometer Sample lysimeters and piezometer 
1 piezometer Monitor parameters Monitor parameters 
3 soil moisture probes Surveyed elevation markers Surveyed elevation markers 
5 elevation markers 

No. 3, Bionutrient 5 soil borings Inject reagent with tracers 5 soil borings 2 soil borings 
3 lysimeters Monitor parameters Sample lysimeters and piezometer Sample lysimeters and piezometer 
1 piezometer Monitor parameters Monitor parameters 
3 soil moisture probes Surveyed elevation markers ,Surveyed elevation markers 
5 elevation markers 

No. 4, Lime 5 soil borings Inject reagent 5 soil! borings 2 soil borings 
3 lysimeters Monitor parameters Sample lysimeters Sample lysimeters 
3 soil moisture probes Monitor parameters Monitor parameters 
5 elevation markers Surveyed elevation markers Surveyed elevation markers 

No. 5, KMn04 5 soil borings Inject reagent with tracers 5 soil borings 2 soil borings 
3 lysimeters Monitor parameters Sample lysimeters and piezometer Sample lysimeters and piezometer 
I piezometer Monitor parameters Monitor parameters 
3 soil moisture probes Surveyed elevation markers Surveyed elevation markers 
5 elevation markers 



Table 3.2. (continued) 

Test cell, Pre-treatment Injection testing= Post-injection Post-injection 
injection treatment activities 1 activities* 2 activitiesa 

No. 6, Air 5 soil borings Inject air Sample lysimeters Sample lysimeters 
3 lysimeters Monitor parameters Monitor parameters Monitor parameters 
3 soil moisture probes Surveyed elevation markers Surveyed elevation markers 
5 elevation markers 

No. 7, Fe 

Background 
location 

Total 

1 soil boring Inject reagent 2 soil borings 2 soil borings 
3 lysimeters Monitor parameters Sample lysimeters Sample lysimeters 
3 soil moisture probes Monitor parameters Monitor parameters 
1 elevation marker Surveyed elevation marker Surveyed elevation marker 
1 soil boring Monitor parameters Sample lysimeters and piezometer Sample lysimeters and piezometers 
1 piezometer Monitor parameters Monitor parameters 
3 lysimeters w 
3 soil moisture probes I 

32 soil borings 7 injections 27 soil borings 12 soil borings firJ 

24 lysimeter samples Multiple parameter data set Multiple lysimeter samples 24 lysimeter samples 
5 piezometer samples Multiple groundwater samples 5 groundwater samples 
24 soil moisture Multiple parameter data set Multiple parameter data set 
probes 

’ The parameters monitored are shown in Table 1.1. 
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Table 3.3. Test cell design and characteristics 

Test cell geometry: 
@-omd surface area ” -__ _.._ _ __ . .._ ,, ._‘. _ L_.a I) 
Soil depth 
Soil volume 

Soil weight (wet) 
Soil bulk density (field moist) 
Soil water content: 

Field moist basis 
Total water weight .‘.” ..&u ._,~(. , __ 

Soil-pore system: 
Total fractional porosity” 
Total pore vohune 
Water-filled pore volume/cell 
Water-filled porosity 
Pore water saturation 
Air-filled pore volume/cell 
Air-filled porosity 
Pore air saturation 

24 x 24ft 
576 ft2 ..* __ ..__ -,,_ es_, ^ .,. _ ., 
10.4ft 

__ .lj 

5,990 fi3 
44,800 gal 
169,640 L 
3053 10 kg 
-i.S g/cm3 _. _( . . “.. ,_ 

20 weight % 
70,450 kg 

, >. ..>,, ” . ./ .IbC -iun.“‘.C. ,.j. 

0.40 vlv 
78,280 L 
70,450 L 
36% cell 
90% pores 
7,830 L 
4% cell 
10% pores 

., , .- 

a estimated. 

Note: See Table 2.1 also. 
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Table 3.4. Treatment agents for MPIS testing at PORTS CTS 

Treatment 

cell type Medium Treatment/tracer Concentration 

1 Control Water Water/bromide NA 
2 Oxidant Water H,O,/none 10% 
3 Bionutrient Water Surfactant, 10% 

nutrients/ 
bromide and 
Snowmax@ 

4 Stabilizer Water Lime/none 20% 
5 Oxidant Water KMnOJnone 5% 
6 Fracturing Air None NA 
7 Reductant Water 10-p Fe filings, 20% 

guar gum/none 

NA = not applicable . 
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Table 3.5. Process operating conditions fo,r NJPIS testing at the CTS 

Injector operation: 
Motion 
Injection time 
Area of affected region 
Depth of affected region 
Volume of affected region 
Injections per cell, cells 1 through 5 
Unit area of surface per injector 
Unit weight of soil per injector 

Water injection test: 
volumetric water addition 
Total volume per injector 
Total volume per cell 

down and up once 
2.75 to 7.9 min 
-12.6 fi2 
10.4 ft 
130 ft3 

144 
4 ft21point 
-2445 kg/point 

_” ;, . . r. <, “. ,.-_ . . 

0.15 to 0.25 galKt3 
16 gal 
2400 gal 

Rate of injection addition 8 to 23 gallmin 
Increase in soil water content -2.0 weight % 
Solute tracers 

Br concentration 205 mg!L 
Br- mass loading (avg. cell) 9 mglkg soil 

H,O, injection test: 
H,O, solution strength 10% by weight 
H,O, solution addition/injection 16 gal 
H,O, mass loading (avg. cell) -2.5 g/kg soil 

Nutrientlsurfactant test: 
.I_.. -. ..,< .“, ,,I . , ,./ ,I Y- I.. . ,,), ..I . -, , ,, . . 1 

Volume water addition/injection 16 gal 
Snrfactant concentration 10% volume 

Lime Injection: 
Total volume per injector 16 gal 
Injection rate 8 to 23 gal/mm 
Lime slurry concentration 20 weight % 
Lime mass loading (avg. cell) -6.9 g/kg soil ,, . 

Permanganate test: 
KMn04 solution strength 5% weight % 
KMno, solution addition/injection 16 gal 
KMno, mass loading (avg. cell) -1.3 g/kg soil 

Air test: 
Air injection rate 60 scfm 
Air’ pressure 60 to 200 psig 
Air temperature ambient “C! 

., “. (- ;, c ” .) ..,^.. ,I _ _. _ 
Iron test: 

Vohrmetric water addition/injection 16 gal 

Fe(O) particle size 5m 
Fe(O) solution concentration 20 weight % 

Fe(O) mass/injection 25.5 kg 
Fe(O) mass loading (avg. cell) 10.4 mg/kg soil 

,._jI.., -. .I .I “, ,,_ . ,. . . . . . . .,. <-., ,i”‘ ,,,. A> _rm_ i,.r..,i”:ibx. .,*.,. -.i,C.;,;,r;i,~-“nr-rr _,. __* : ,,,._ ““&,_: -, ,._( .,,( __y 
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4. Specific Testing and Results 

Field activities were documented by daily entries into the project logbook and task-specific 
field logbooks: a geologist’s logbook, health and safety logbook, water sample logbook, soil 
sample logbook, survey logbook, and laboratory logbook. The project logbook provides a 
summary record of all field activities. Information w,as also recorded on forms designed 
specifically for this project. Prior to injection, pre-treatment elevations were surveyed using 
control stakes placed in each test cell. These e!evations-are included in the ground surface j ._, _ ,_ 
uplift graphs for each test cell that show the relative change in elevation &er injection. The 
following is a description of the results obtained at each test . cell at CTS, ‘.(.lj . .d?. .j rl, ,_, ii I. .,.i 

4.1 Background CTS (Characterization ., .*~-~.^‘~--.-.I_*^“j”^ ,1..,. ” .__,” ‘.,~” ,/ _.,_ , .x_ ̂ ” . . . . . ^ 

4.1.1 Field Activities 

Characterization of the geology of the CTS is described in,S,ect. 2.3. The site was further .,,l .j I. ,.. .I ., raU..ir..‘“ur;xi~~.“~,.~i~:r.~,~.x;;r 
characterized by collecting background data specifically for this project, including drilling 
three additional soil borings, two in the background area (Fig. 3.1) and one in the s,h,ake,down 
area. Lithologic logs of these borings were prepared, and soil samples were shipped to 
ORNL for analysis. A piezometer was i,nstalled, at bo-ing Bl-A, and three lysimeters were 
nested in boring Bl-B. Three SMT probes were installed approximately 2 A east of the 
lysimeters. Water samples collected .from the. piezometer and lysimeters on November 1, ’ 
1994, were shipped to ORNL for analysis. Other water samples were collected periodically 
from November 12, 1994 to May 9, 1996. These samples were analyzed on-site in the field 
laboratory, with some ancillary testing performed at ORNL. 

4.1.2 Pre-Treatment Soil Testing 

Measurements of pre-treatment soil conditions at the CTS were made both within individual __- c”A*ti”l”*.*-. -. “wa.a~*i4.aurrr, *b&ii id 74*~&##s>.&&,T, ,“*“*rcjh a gs ‘ 
test cells (borehole E in test cells 1 through 6 and borehole A in test cell 7) and at one 
background location (near theequipment shakedown area). Values from these eight locations 
were averaged to provide a basis for experimental. design and for comparison with post- 
treatment soil conditions I.,*--.+..llx . . . . 1. Parameters,measured included soil moisture content, bulk density, I .r_i ,... sI,.y,_y__ )r / ‘.‘“*“,-&,y .“i* ;**.“&. >s&&&,&&,& ~*Jz&@&gG -2 .~~~~,~~...~~~~~~“~,., _~ *.: _ L e.,i-g .. 
temperature, pH, Eh, TOC, grain siie, bromide, manganese, and c%cmm. A summary of the 
pre-treatment soil conditions is presented in Table 4.1. ,e ‘I j I-L, * * ad&,- s. 
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The average depth-specific soil moisture content ranged from 15 to 26% with moisture 
content generally increasing with depth. The moist bulk density ranged from 1.57 to 2.25 
g/cc with the an overall bulk density average of approximately 1.84 g/cc. Pre-treatment soil 
temperatures averaged 56” F at 4 fi bgs, 58” F at 8 A bgs, and 56” F at 14 ft bgs. Soil pH 
increased with depth and ranged from 4.3 to 7.4. Soil Eh, measured only at the background 
location near the shakedown area, was 400 mV near the ground surface and decreased to 140 
mV at 12 ft bgs. Average TOC ranged from 6397 ppm near the ground surface and 
decreased to a minimum value of 395 ppm at 9 A: bgs. 

During horizontal well installation at the CTS, selected samples were submitted for grain size 
distribution analysis. Of these samples, four samples were collected near the multi-point 
injection permeation and dispersal test area at depths of 4.5 to 5 ft bgs and 13.5 to 14 A bgs 
(Appendix A). In these samples 85 to 98% of the sample passed through a #200 mesh sieve 
confirming the soils as silty clays. Visual inspection of the soil cores identified the soils as 
silty clay with colors ranging from light yellowish brown to reddish brown with gray and 
green mottling. 

Manganese and calcium were analyzed in soil samples from pre-treatment borings in test cells 
1, 2, and 4. Most values for manganese were less than 10 ppm, except for the top one foot 
of soil where manganese concentrations were 20 to 45 ppm. Calcium concentrations were 
generally less than 1000 ppm to depths of 6 or 7 ft bgs and then increased dramatically to 
generally more than 5000 ppm. These data indicated that calcium has been leached from the 
upper soil profile and probably redeposited at depths greater than 6 ft. This is consistent with 
the acidic pH of the upper soil, where after breakdown of CaCO,, calcium would be leached 
from the soil. The soil would then be enriched with calcium where soil pH was more neutral, 
thus supporting the formation of gypsum crystals observed in the 6.5 to 8 R bgs zone. 

Discussion of the bromide data and additional detail related to cation analyses are presented 
with the post-treatment results within the following specific test cell sections. 

4.1.3 Background Water Testing 

Parameters routinely measured in water samples from the lysiieters and piezometers included 
water level, pH, conductivity, temperature, DO, TOC, NO;, Bi, alkalinity, Fe, Mn, Cl-, and 
SO,‘. Results from the background piezometer (BlPl) and lysimeters (B lL1, BlL2, and 
BlL3) are shown in Table 4.2. Water pH varied from 6.1 to 8.9 during the period of 
November 1, 1994 to February 15, 1995. The pH values were consistently lowest in the 
piezometer water samples, possibly due to contact of the water with air in the casing. DO 
values varied from 2 mg/L to 11.2 mg/L, with no consistent trends in the data with depth or 
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. . 

time. Conductivity measurements remained about the same for aJl.sampling points over the 
duration of testing; however; it is interesting to note that the lowest conductivity values were 
measured in the shallowest sample B 1Ll and the highest values were measured. in the 8.,ft 
sample, BlL2. Alkalinity varied from 94 to 3 19 mg/L. Alkalinity values measured in the 
shallow lysimeter were somewhat erratic, while values measured,in the 8 fi and 14-R iysimeter 
and the piezometer were.more consistent Bromide c .Y” >AWW bl. ra**%#?#e& 
all samples tested. Similarly, nitrate concentrationswere,! 
samples tested. Manganese values were 1 mg/L or less and averaged approximately 0.25 
mg/L. Chloride ranged from 2.5 to 23 mg/L. Sulfate concentrations ranged from 425 to 
1200 mg/L. 

4.2 Test Cell 1: Water Injection with Tracers 

The first injection was in Test Cell 1 where water with tracers-were injected: This was done 
to familiarize field personnel with the injection procedure and demonstrate that liquid 
injection was possible at this site. Thus, the test served as a practice session, while the tracers 
provided information on the behavior. of water injected in the subsurface. 

4.2.1 Tl Field Activitik 

Five pre-treatment soil borings, Tl-A through Tl-E, were drilled and sampled on October 
23, 1994. Lithologic logs were prepared and soil samples shipped to ORNL for analysis. 
One piezometer was installed at boring Tl -D, and three lysimeters were nested in boring T l- 
C (Fig. 4.1). Three SMT probes were installed approximately 2 A east of the lysimeters. 
Water samples were collected from the piezometer and the lysimeters on November 1, 1994, 
and were shipped to ORNL for analysis. Preparation for injection testing at test cell 1 began 
on November 12, 1994. A set of water samples was collected from the. lysimeters and 
piezometer, and elevation benchmarks weress,veyed prior to the start of injection. Water 
with bromide and Snomax@ tracermwasinjected on 2-e-centers to_a,clepth of 10.4 R starting 
at 2:00 p.m. The test cell injection was.completed at 5:45 p.m.; thus, 225 min were required 
to perform 144 injections (36 MPIS set-up locations with four injector locations per setup) 
(Fig. 3.1). The average time for each injection setup was 6.2 min excluding 3 5 min to refill 
and mix three 500-gal tanks. 

The objective was to inject 2 gal per injector at each 15-m depth interval. With four injectors 
per set-up location and eight positions for each injector, the target total for-injection at each 
setup was 64 gal (4 injectors x 8 positions x 2 gal each), and the target for 36 set-up locations 
was 2,304 gal (36 setups x 64 gal each) for the entire test cell. According to the flow meters, 
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approximately 2400 gal of solution were delivered; the estimated amount of solution lost to 
seepage at the ground surface was 400 gal. Thus, the amount of solution injected into the 
subsurface was estimated to be 2000 gal. 

Six batches of powdered KBr and Snomax@ solution were mixed and added to each of six 
500-gal batches of water. Two samples of each of the six batches were collected during 
injection to evaluate the uniformity of the injected solutions. The samples were analyzed for 
bromide in the on-site laboratory. Bromide concentrations varied from 190 to 23 5 mg/L with 
a mean of 205 mg/L. 

Test Total Target Average Duration of Average Total 
Cell _ solution solution actual solution injection time per surface 
No. injected strength strength testing setup seepage 

Tl 2400 gal 200 mg/L Bi 205 mg/L Br- 225 min 6.25 min 400 gal 

Soil resistance and temperature readings were taken before, during, and after the injection. 
<Resistance measurements showed that the soil was near saturation at 14 ft bgs prior to 
injection, but was not saturated at 8 and 4 fi bgs. However, approximately 8 min after 
injection started, the backfilled soil around the subsurface probes was saturated with injected 
solution, and solution began to run out the top of the protective casing onto the ground 
surface. Soil temperature showed an increase of 3 “F at 4 fI bgs and no change at 8 and 14 
ft bgs. 

The first phase of post-treatment characterization began with the completion offive additional 
soil borings (Tl-F through Tl-J) to a depth of 12 ft each. The borings were continuously 
sampled with 48-in.-long megabore samplers, and the resulting 1.5-in-diameter soil cores 
were extensively subsampled. Each core was divided into 1-R segments, and the following 
samples were taken fi-om each segment: 60 g of soil for water content, TOC, and pH; 10 g 
of soil for archive; 1 kg of soil for iron oxides, x-ray analysis, SEM, and conductivity; ‘1 kg 
of soil to the field lab for pH, Bi, Cl-, Fe, Mn, SO,‘, H,O, and KMno,; and -200 g for INA 
and Br-. A few samples were wax-coated for x-ray analysis. Not all analyses were performed 
on all samples. Lithologic descriptions were also prepared (Appendix B). 

Post-treatment water samples were collected from the lysimeters and piezometer eight times 
during the 9 days following the injection and again approximately 1 and 3 months after 
injection. Similarly, elevation benchmarks (Sl, S2, S3, S4 damaged, and S5) were surveyed 
six times during the nine days following the injection and again about one month after 
injection. During the fourth week after injection, December 12 to 14, 1994, two additional 
soil borings (T 1 -K and T 1 -L) were cored and sampled. The subsampling performed was not 
as extensive as that performed during the first phase of post-treatment soil sampling and was 
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limited to performing Eh measurements as the cores. were divided into 1 -fi segments, *. . jlx i”x.n.s~i.,m.ee.s *bu‘e,,,~%l*” ,~_*___ 
preparing a lithologic log, and shipping the cores to ORNL for additional.analysis. 

4.2.2 Tl Soil Sample Results 

Pre-treatment soil sample results include measurements ofso!! pH, TOC, % moisture, 
temperature, and bulk density. Soil sample results are summa&edin Table 4.3 and datatrend .,^+A .-a.w”,M .,.. ~*~~rruwu-. 
graphs are presented in Appendix C. Values for pre-treatment soil pH were measured on the 
core from borehoie B- and ranged from a low of 4.3 near the ground surface to a high of 7.8 
at 10 ft bgs. There was a general increase of pH with increasing depth. Because the injection 
of water with tracers was not-expected to have much effect on,sojl pH, no post-injection pH 
measurements were performed. 

TOC was evaluated on pre-treatment core samples from borehole E. The ,va&s.r,qged from 
a high of over 6000 ppm near the surface to about 350 ppm at depth. The values were 
highest near the ground surface due to huti,c material mthe top soil. TOC values-decreased 
steadily to a depth of 7 fI bgs and then were variable but.!esst~~-~~~~~~pprn down to 12 R 
bgs. Because no change in TOC was expected due to the injection of water with tracers, 
post-treatment TOC was not measured. 

Moisture content was measured in ,emples from one pre-treatment boring, borehole E. 
Samples ranged from 15% to 27% moisture (dry wt.%). These values are con&e&v&h 
other background soil moisturemeasurements for the CTS. Moisture content was measured ^ .I._ x “~ -.,-?--,U^,ill*l-C^rr~~~~,~~~~~~~~~~.. ~~~~ a”.IY&.,“~ . . .,., 9 : ^j. 
at 1 R intervals on five post-treatment borings (Pig. 4.2). Comparison of depth-specific 
moisture values showed that moisture content ofthe near-surface, interval (0 to 4 ft bgs) had 
increased from -15% to as much. as 24%. The intermediate-depth interval (4 to 8 ft bgs) was -.. , ;r (. rr_: ^ := 6 
unchanged, and the deepest interval (8 to 12 R bgs) showed a slight increase in soil moisture. 
Thus, the injection of 2000 gal of water into the,test celLhad little effect .on soil moisture .--+.A-- -x. “-.--IIII-x X-^m~/I,I.+^I”,.YII( (L.*^i “., ,_ 
content. This is consistent with predictions made which suggested an average increase of a 
2.0 wt.% based on the volume of water. added into the volume of med@Jb.~c+cJ~ (Table *.._ *_, _., A _*“. d?*_ ,..w ~*^-_~~_ri~:- 
3.5). 

Soil surface elevation data show that the, surface of the test cell was raised about O.?,,f by the %:, ,-. , _.I/ . ..&.,.^ ,-l,,,*y “-rh~~~^,w-*, -uI.-.‘‘%w- b+.a‘?~**.+&.**r***..“hw* 
injection and remained near that elevation through the last measurement penod (three months 
after injection). The volume change in a 24 ft x 24-R area that sv#s 0: 1.8 is,about ,5z,,.f or 
about 430 gal. Thus, 1570 gal of water are unaccounted for by swell measurements alone. 

Core samples from the pre-treatment borings were carefully logged, and visible pores and 
fractures in the soil were noted (Appendix A). There were numerous root pores and vesicles 
seen from the surface down to about 5 R deep. Open-bed partings were noted at 7.5 to 8.5 
ft bgs, with infillings of authigenic gypsum crystals. Clay content and soil stiffness increased 
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with depth. A few high-angle fractures were noted at 5 to 6 A deep, but most of the fractures 
were between 9.5 and’ 11.5 R deep. Some of these fractures had gray-clay infillings. Post- 
treatment core samples were also carefully logged. There were no differences seen between 
the number of fractures and the appearance of fractures before and after injection, 

Bromide concentrations were determined in eight pre-treatment soil samples. Concentrations 
ranged from 0.7 to 1.5 ppm and averaged 0.88 ppm. Bromide concentrations were 
determined in post-treatment soil samples on 1 -R intervals for five borings drilled 12 R bgs 
(Fig. 4.3). For the dep.,:! interval of 0 to 2 A bgs, all measurements were above the average 
background bromide concentration of 0.88 ppm, mostly between 3 and 8 ppm. The interval 
of 2 to 5 R bgs showed bromide concentrations ranging from background to about 6 ppm, 
with an average of about 3 ppm. The interval of 5 to 7 ft bgs showed concentrations ranging 
from background to 3.5 ppm, averaging about 1.5 ppm. The interval of 7 to 9 fi bgs showed 
concentrations ranging from background up to 6 ppm and averaging about 3.5 ppm. The 
deepest interval, 9 to 12 A bgs, had bromide concentrations ranging from background to 4 
ppm, averaging 1.0 pm. These data indicate that different zones in the soil were 
preferentially enriched with bromide tracer as a result of the injection. The estimated increase 
in Bi concentration to be caused by the concentration and volume of solution injected into 
the cell was approximately 9 ppm (Table 3.5). As observed, the entire cell down to 10 R bgs 
appears to have been somewhat enriched in bromide. The greatest increase in bromide was 
in the near surface, 0 to 2 ft, where the soils were the least compact and had the highest 
density of root vesicles and pores. The zone between 7 and 9 ft, where the open-bed partings 
were noted in pre-treatment borings, was the second most enriched zone. The least-enriched 
zone was below 10 ft, which correlates to the total depth of injection of about 10.4 ft. 

Snomax@ tracer was evaluated by performing INA analysis on samples from five post- 
treatment borings (Fig. 4.4). The INA values were generally much higher in the top 4 to 5 
R of soil and ranged from 18 to 3500 particles/mg of soil. Values dropped dramatically below 
5 fi and were generally less than 10 particles/mg of soil. Some borings showed an increase 
in INA between 7 and 9 ft bgs, agamprobably related to the visible, open-bed partings. 
Values in other borings dropped to near 0 from 7 to 12 ft bgs. 

Eh was not measured on the pre-treatment soil cores, but post-treatment Eh values ranged 
from 275 to 500 mV in two boreholes, Tl-L and -K. These values are similar to those 
measured in the pre-treatment background boring B 1A. 

4.2.3 Tl Water Sample Results 

Post-treatment water sample data are presented in Table 4.4 and data trend graphs are 
presented in Appendix C. Water sample results indicate that the pH of the water in the 

. . . 
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lysimeters and piezometer varied from 6.5 to 8.7 with no apparent trends w$h.depth of the 
water sample or time elapsed after the injection. 

DO values in water samples from the three lysimeters were .highest prior to the injection and 
decreased markedly in T lL2, the 8-ft-deep lysimeter, after the injection. DO values appeared 
to stabilize after about 3. days (November 17, 1994) and remained. relatively constant until 
November 2 1, 1994. Then, when samples were collected on December 15 and Fcbzary 16, ‘._, “ililii-l .“drr,*,.,-&“;“--~ 
DO values were again near pre-treatment values. .Piezometer DO values were more _ i-, -.~~~-....-~~~~~ -.‘-I*X.ILP *.e-_ __,_” _,,‘ es e.lrr*A>a,“._ _I,, 
consistent throughout the analysis period. 

Electrical conductivity remained about the s,ame, before.“and after injection except in TlL2, 
the g&deep lysimeter, where conductivity doubled after injection (November 14, 1994) and 
remained at a bigher value. Data for the December,5, 1994, sampling event show low 
conductivity for all samples; it appears that there, may have been a problem with the 
conductivity meter at that time. 

Background bromide concentrations were aromd~~!l~rn~. Bromide was detected at 80 to 
100 mg/L in TlLl and T&2, aft.e.“.theVjnjection and then slowly decreased over, the, next, 
several days (Fig. 4.5). These concentrations are,about one-half the strength of the injected - f _. _I a:..i-rffi;~~~.ad~~~~.,~~~“~ 
reagent, 20’5 mg/L, indicating dilution by the resident soil pore water. Bromide 
concentrations were minimal in the deep lysimeter and piezometer, both at 14 R bgs, .., _“_A A+>I*x_u. i _,... -_ ,.._ .ii,&J.C 
indicating that the bromide tracer was not migrating rapidly downward after injection. 

However, samples taken in December and February from the deep lysimeter and the 
piezometer showed increasing Bi concentrations, indicating that some downward, in&ration 
of injected solution was occurring. 

Other analytes tested included alkalimty, Fe, Mn, Cl-, NO;, and SOa2- but since there were no 
noticeable changes in concentration in the first few samples, analysis for these parameters was 
discontinued, and no evaluation of the limited, data,sets was deemed necessary. r.‘ I*.‘_.L ,I ,.. *-“vi _,,.e.. sC”*,,IUI”<. ._ 

4.3 Test Cell 2: Hydrogen Peroxide 

4.3.1 T2 Field Activities 

Five pre-treatment soil borings, T2-A through T2-E, were drilled and sampled on October 
22, 1994. Lithologic logs were prepared, and soil samples were shipped to ORNL for 
analysis. One piezometer was installed at,boring T2-D, and three lysimeters were nested in 
boring T2-C (Fig. 4.6). Three SMT probes were installed approximately 2 fi east of the 
lysimeters. Water samples collected from the piezometer and lysimeters on November 1, 
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1994, were shipped to ORNL for analysis. Preparation for injection testing at test cell 2 
began the morning of November 15, 1994. A set of water samples was collected from the 
lysimeters and piezometer, and elevation benchmarks were surveyed prior to the start of 
injection. A 10% by wt. hydrogen peroxide solution was injected on 2-e centers to a depth 
of 10.4 ft starting at 9:45 a.m. The first two positions were injected at a rate of 2.5 gal per 
injector per position; however, there was a large amount of surface seepage, so the injection 
rate was reduced to 2.0 gal per injection. The test cell injection was completed at 1: 10 p.m.; 
thus, 205 min were required, and the average time for each injection setup was 5.7 min. 

The objective was to inject 2 gal per injector at each 15-m. depth interval or a total of 2,304 
gal (36 setups x 64 gal each) for the entire test cell. According to the flow meter at the 
pump, 2,3 52 gal were injected, and according to flow meters on the MPIS unit, 2,418 gal 
were injected. The estimated amount of solution lost to seepage’ at the ground surface .was 
500 gal.. Thus, the amount of solution injected into the subsurface was estimated to be 1800 
gal. 

The solution was delivered to the site in one batch in a 3000-gal tank with no tracer added. 
Six samples were collected during injection to evaluate the uniformity of the injected solution. 
The samples were screened for H,O, in the on-site laboratory and analyzed for H,O, at ORNL. 

Test Cell 
No. 

T2 

Total Target 
solution solution 
injected strength 

2300 gal 10% H,O, 

Average Duration Average Total 
actual of time per surface 

solution injection setup seepage 
strength testing 
10% H,O1 205 min 5.7 n&i 500 gal 

Soil resistance and temperature were measured before, during, and after the injection testing. 
Resistance measurements showed that the soil was near saturation at 8 to 14 fi bgs prior to 
injection testing, but was not saturated at 4 fi bgs. However, soon after injection started, the 
backfilled soil around the subsurface probes was saturated with injected solution, and solution 
began to run out the top of the protective casing onto the ground surface. Soil temperature 
was monitored throughout the test and showed an increase of 8-“F at 4 fi bgs, 2°F at 8 R bgs, 
and no change at 14 ft bgs. Temperature was also monitored in one of.the reacting injector 
holes and varied from a pre-treatment value of 56°F up to 80°F less than 1 hour after 
injection. Temperature decreased to 70°F about 3 hours after injection was completed even 
though gas bubbles indicated that subsurface reactions were still in progress. 

Hydrogen peroxide appeared to react with the soil immediately upon injection, and gas and 
mud bubbled from all injector locations for several hours after injection was completed. At 
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the peak of reactivity, there was brown, foaming mud up to 6 in. deep over the entire test cell. 
The reaction of peroxide in the soil produced gases, which rose to the surface, pushing fluid 
and mud out of the injection holes generating the foam as part of the reaction. In addition, 
there was a blowout during the injection from an injector hole in test cell 1 about 40 ft away 
fi-om the position being injected in test cell 2. There were severalareas~,!$rin andnear test 
cell 2 where the ground surface was raised to about 8 in. above the pre-treatment position, 
apparently due to gas buildup beneath the sod. Most of these raised areas subsided rapidly : ;..A.,.s.,*,!,:.‘i :a! 
afIer blowouts relieved the pressure. 

The first phase of post-treatme.nt.characte.rizati~nbegan with the completion of five additional 
soil borings (T2-F through T2-J) to a depth of 12 R each. The borings were continuously 
sampled with 48-in-long megabore samplers, and the resulting 1.5-in.-diameter soil c,ores 
were extensively subsampled. Each core was divided, into &fi segments, which were then 
subsampled. Eh was measured on the core as it was subsampled; lithologic descriptions were 
also prepared. 

Post-treatment water samples were collected fromthe lysimeters and piezometer seven times 
during the 7 days following the injection. Similarly, elevation benchmarks ($1 - S5) were 
surveyed five times during the 7 days following the injection. 

Another set of water samples was collected from the_lysimeters and piezometer on December 
5, 1994, approximately 3 weeks after the injection. During the fourth week after injection, 
December 12 to 14, 1994, two additional soil borings (T2-K and T2-L) were cored and 
sampled. The on-site subsampling performed was not as extensive as-,tha&performed during *Y m “6”. ..a,-ew.s+.r 
the first phase of post-treatment soil sampling and was limited to measuring Eh as the cores 
were divided into 1-R segments, preparing a lithologic log, and shipping the cores to ORNL 
for additional ,analysis. An additional set of water,.samples was collected from thelysimeters 
and piezometer in December 19.94, February 1995 and May 1996. 

4.3.2 T2 Soil Sample Results 

Pre-treatment soil samples collected from test cell 2 were analyzed for pH, Eh, TOC, % 
.moisture, manganese, and calcium. Samples were collected from borehole E. Analysis results -..**.e...I I/.‘ ,II-*,-ia~ ~..~‘r.~l**~‘, 
were consistent with the background values. discussed in Sect. 4.1 Post-treatment soil . .-, . ---.“I-I~.IIMIL~~,I ,.<~*aL -libi* ., 1 
samples collected from the first-fi,ve soil borings, T2-F through T2-J, w H, .I ,_“,*e ._.. fll(^ 
peroxide, nitrate, Eh, TOC, and % moisture. The two additional borings, T2-K and T2-L, 
were analyzed for Eh. only. Soil sample results for test cell.2-qeieum and as*, v._* Xdl 
data trend graphs are presented in Appendix C. 
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Results from pH measurements were similar for all boreholes, with values ranging from 4.2 
to 7.5 and pH increasing with depth. These values are similar to the pre-treatment sample pH 
values; thus, the peroxide injection did not effect a significant pH change. 

Peroxide was detected in four ofthe five post-treatment borings in the 2- to 3-A interval (Fig. 
4.7). Values ranged from approximately 4 to 100 mg/L. No other peroxide was detected 
in the samples, excluding the 6 to 7 A interval in borehole F. 

Nitrate analysis was performed on soil extracts for which soil samples were extracted with 
water and the resulting water samples analyzed. Values ranged from 0 to 3.75 ppm; however, 
the results were sporadic. Values from borehole H were higher than those from other 
boreholes, however, these values are not considered to be significantly higher due to a 
variation in the analysis procedure. No significant trends are seen in the nitrate data. 

Soil Eh measurements for all boreholes showed a general decreasing trend with depth. An 
average maximum of about 450 mV was measured 2 to 3 fi bgs and an average minimum of 
approximately 250 mV was observed at 7 to 12 R bgs (Fig. 4.8). The higher Eh values in the 
2 to 3-R interval correspond with the depth of peroxide detection in the cell. 

Post-treatment TOC measurements ranged. from approximately 400 to 2900 ppm. Compared ! 
to pre-treatment measurements, there is a dramatic decrease in TOC at the 0 to 2-ft interval. 
Indeed, TOC content at the 1-R interval dropped from a pre-treatment level of 6 100 ppm to 
a post-treatment concentration of 2900 ppm. This effect correlates with the distribution of 
peroxide observed above and demonstrates the oxidizing potential of peroxide. Little change , 
was observed at depths greater than 2 ft. 

Post-treatment soil moisture readings ranged from approximately 12 to 28%. Comparison 
to pre-treatment, depth-specific moisture values shows that moisture content in the near- 
surface interval (0 to 4 R) increased by approximately 3%. The intermediate depth interval 
(4 to 8 R) was unchanged, and the deepest interval (8 to 12 R) showed a slight increase in soil 
moisture. These results are similar to those seen for test cell 1 (see Sect. 4.2.2). 

Soil surface elevation data show that the surface of the test cell was raised approximately 0.3 
fi by the injection and remained near that elevation through the last measurement period (3 
months after injection). Core samples from both the pre-treatment and post-treatment borings 
were carefully logged, and visible pores and fractures were noted. No differences were seen 
.between the number and appearance of fractures before and after injection. 
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4.3.3 T2 Water Sample Results 

Post-treatment results are presented in Table 4.6 and data trend graphs are presented in 
Appendix C. Results indicatethat the pH ofthe water in the lysimeters and piezometer varied 
from 6.6 to 9.0. The only trend noted was in the shallowest lysimeter, T2L1, at 4 fi bgs, 
where pH decreased steadily from the high of 9.0 to about 7.4 within,6 days after injection 
of peroxide. DO values were between 4 and ,g ,,m$L the day after injectio~n and increased 
dramatically in T2Ll the second day after injection (Fig. 4.9). A significant increase (to 14 
mg/L) was also observed in T2L2. DO in T2L3 remained about the same.for 5 days after . . ..., I,. ,I.- _.- , *--PA” <Y1 Icr...rx*l*ir*.* I)***,@&**, 
injection (4 to 9 mg/L) and then increased t.o a maximum of lh_!~22_d_m$L approximately 2 L/.~. . ..,,_ *a0 / 
weeks later. DO values in the piezometer were steady throughout the period measured 
probably due to contact of the water with “air insideZ. the”.casing. Conductivity varied 
considerably with the depth of the water sample, with the shallowest lysimeter having the 
lowest conductivity at about 800 to 1900 pmhos and the deepest lysimeter and the 
piezometer having values around 4500 ,~mhos. These values are not significantly different 
from the pre-treatment values, excluding T2L2, which had an increase of approximately 1700 
~rnhos after injection. 

Peroxide was detected in water samples from T2Ll and T2L2 the day after injection, but 
undetected 5 days later (Fig. 4.10). Nitrate values varied between undetected and 2 ppm for ,. _^ .1,. ..-. Il._.*w-*y. ,,-““^,,“-.~*_fr,-r~,-“~~,~~ 
.a11 water samples for 7 days after injection except in ‘T2L2, where nitrate increased 
dramatically to 12 ppm the day after injection and then decreased to background by the fifth 
day after injection. It is not known if the increase in T2L2 is actual or. due to a variation in * a* .” .3-+.:7” ” *e*r ,,.-riy>,v 
the analysis procedure. 

Alkalinity ranged from approximately 14 to 860 mg/L, with a general trend of increase, v&h 
depth. These values are not significantly different from background values, excluding T2L2, 
which showed a dramatic-increase the fifth day after injection. ,I .x ._ .._ ‘I_ x. ..,, _ .__ This increase corresponds to 
the ConductiW increase ohmed forT2?CZ.~~. .._-.,. _, I,_j _, 1, _I. ._L_,. , ._” ,_ 

Other analytes tested included Fe, Mn, U, and SO,‘, but since there vqere..nq noticeable 
changes in concentration in the first fey samples, analysis for these, parameters was 
discontinued, and no evaluation ofthe limited data sets was deemed necessary. -. -* -..I.^ .-.s ,. 1 -el ..-. .” a _ i .,, . i-,w~‘~-~ill*l..i_.~~“..~~~ ‘>Y ,A*: ,“t 

4.4 Test Cell 3: Bionutrient with Tr+cev 

4.4.1 T3 Field Activities _,, 

Five pre-treatment soil, borjngs, T3-A through T3-E, were drilled and sampled on October 
20, 1994. Lithologic logs were prepared, and soil samples were shipped to ORNL for 
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analysis. One piezometer was installed at boring T3-D, and three lysimeters were nested in 
boring T3-C (Pig. 4.11). Three SMT probes were installed approximately 2 A east of the 
lysimeters. Water samples collected from the piezometer and lysimeters on November 1, 
1994, were shipped to ORNL for analysis. Preparation for injection testing at test cell 3 
began on the morning of November 18, 1994. A set of water samples was collected from the 
lysimeters and piezometer, and elevation benchmarks were surveyed prior to the start of 
injection. A proprietary bionutrient/surfactant solution with bromide and SnomaxB as tracers 
was injected on 2-R centers to a depth of 10.4 ft starting at 1:35 p.m. The test cell injection 
was completed at 5:45 p.m.; thus, 250 min were required to perform 144 injections (36 MPIS 
set-up locations v&h four injector locations per setup). The average time for each injection 
setup was 6.9 min; however, this includes stopping to mix the injection solution twice during 
the process (approximately 45 min). 

The injection solution was mixed as follows: five batches of 500 gal each (2500 gal total), 
with each batch containing 50 gal of bionutrient/surfactant, 450 gal of water, 421 g of KBr, 
and 215 g of Snomax@. The target solution strength was 10% bionutrient/surfactant, 150 
mg/L Bi, and 114 mg/L Snomax@. 

The objective was to inject 2’gal per injector at each 15-m depth interval. With four injectors 
per set-up location and eight positions for each injector, the target total for injection at each 
setup was 64 gal (4 injectors x 8 positions x 2 gal each); the target for 36 set-up locations 
was 2,304 gal (36 setups x 64 gal each) for the entire test cell. According to the flow meter 
at the pump, 2,200 gal of solution were injected, and according to flow meters on the MPIS 
unit, 2,160 gal were injected. The estimated amount of solution lost to the ground surface 
was 400 gal. Thus, the amount of solution injected into the subsurface was estimated to be 
1800 gal. One sample of each of the six batches was collected during injection to evaluate 
the uniformity of the injected solutions. 

Test Total Target Average actual Duration of Average Total 
Cell solution solution solution injection time per surface 
No. injected strew& strength testing setup seepape 

T3 2200 gal 10% bionutrient 10% bionutrient 250 min 6.9 min 400 gal 
surfactant txllfbctant 
150 mg/L Br- 130 mg/L Br- 
114 mg/L 114 mgiL 
Snowmax@ Snownpx@ 

Soil resistance and temperature were measured before, during, and after the injection testing. 
Resistance measurements showed that the soil was near saturation at 14 fi bgs prior to 
injection testing, but was not saturated at 8 and 4 fi bgs. However, within 30 min after 
injection started, the backfilled soil around the subsurface probes was saturated with injected 
solution, and solution began to run out the top of the protective casing onto the ground 
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surface. Soil temperature was monitored throughout the test, showing an increase of 4” F 
at 4 R bgs, 1 O F at 8 ft bgs, and no change at 14 fi bgs. 

The bionutrient/surfactant appeared to react mildly at the surface, and a faint, musky odor 
was detectable. This odor persisted for several days after the test. At the peak of reactivity, 
brown foam up to 2 in. deep appeared at each injector location, but did not persist for more 
than an hour. 

The first phase of post-treatment characterizationbegan with the completion of five additional 
soil borings (T3-F through T3-J) to a depth of 12 R each. The,b,o-ings were continuously 
sampled with 4%in.-long megabore samplers, and the resulting 1.5-in.-diameter soil cores 
were extensively subsampled. Each core was divided into 1-e segments and then subsampled 
as described in Sect. 4.2. Eh was measured on the core as it was subsampled; lithologic 
descriptions were also prepared. 

Post-treatment water samples were collected from the lysimeters and piezometer three times 
during the 3 days following the injection. Similarly, elevation benchmarks (Sl - S5) were 
surveyed three times during the 3 days following the injection. . 

Another set of water samples was collected from, the lysimeters and piezometer on December 
5, 1994, approximately 2 weeks after the injection. During the third week after injection, 
December 12 to 14, 1994, two additional soil borings (T3-K and T3-L) were cored and 
sampled. The on-site subsampling performed was not as extensive as that performed during - L ,. )I ,~” .I.., ̂, ,, ..“>*“, 
the first phase’of post-treatment soil sampling and was limited to measuring Eh as the cores 
were divided into 1-R segments, preparing lithologic logs, and shipping the cores to ORNL 
for additional analysis. An additional set of water,sarnples was collected from thelysimeters 
and piezometer in December 1994, February 1995 and May 1996. 

4.4.2 T3 Soil Sample Results 

Post-treatment soil sample results are summarized inTable 4.7 and data trend graphs are -1 ,i - , .I .“ld ..m.* -~>~c~_...~,-, /.#+ .*,__ q*,“.+ 
presented in Appendix C . Results from pH measurements were, si@ar for ah boreholes, with .+a. --..“A _ *.. . “*..<*.i I,,r.,r”**x,A 
values ranging from 4.7 to 7.5 and pH.increasing with depth. These values are similar to-the - l.lll*.l 
pre-treatment sample pH values; thus, the bionutrient injection did not effect a significant pH 
change. 

Microbial biomass was evaluated using most probable number (MPN) techniques for aerobic 
and anaerobic heterotrophic populations. Both. enumerations were based on turbidity being .,P I -., -” -- “( “.lmi - * .-‘~“h-*L1--~c.l.~~*i~(*-- 
exhibited over ,a diiution. range in 1% PTYEG medium (Balkwill) in screw-capped test tubes 
(Pfiffner 1994). Aerobic enumerations were set:up in a three tube MpN. se& ~dilution 
scheme. Anaerobic heterotrophic enumerations utilized the same media with the additions .*““s ..^.. ,- , 
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of cysteine hydrochloride as the reducing agent to reach anaerobic conditions, rezaurin as Eh 
indicator, and nitrogen/CO, as the headspace gas mixture (Pfiffner 1994). Aerobic 
enumerations were set up in a single-series dilution scheme. The results of the microbial 
activity are presented in Table 4.8. 

The analysis of tracers injected with the bionutrients yielded different results. Bromide was 
detected in the soil profile at test cell 3 from a depth of 0 to 11 A bgs (Fig. 4.12), ranging 
fi-om 1 to approximately 7 ppm, with the maximum concentration at 7 fi bgs. Snomax@, 
measured as INA, was detected in the soil at depths from 1 to 9 fI bgs and at 12 R bgs (Fig. 
4.13). However, maximum concentrations were detected in the top 1 fi of soil. Thus, it 
appears that the injection resulted in adequate distribution of the solution within the soil 
profile. 

Soil Eh increased to a maximum of about 430 mV at 2 to 4 fi bgs and then generally 
decreased to around 200 mV at 12 fi bgs. This trend is similar to that observed for 
background borings. 

Post-treatment soil moisture readings ranged from approximately 13 to 26 %. Comparison 
to pre-treatment, depth-specific moisture values shows that moisture content in the near- 
surface interval (0 to 4 R) increased by approximately 3%. The intermediate depth interval 
(4 to 8 fit) and the deepest interval (8 to 12 ft) were unchanged. 

Soil surface elevation data show that the surface of the test cell was raised approximately 0.5 
fi by the injection and remained near that elevation through the last measurement period (3 
months after injection). Core samples from both the pre-treatment and post-treatment borings 
were carefully logged, and visible pores and fractures were noted. No differences.were seen 
between the number and appearance of fractures before and after injection. 

4.4.3 TSWater Sample Results 

Post-treatment water sample results are presente? in Table 4.9 and data trend graphs are 
presented in Appendix C. The pH of the water in the lysimeters steadily increased following 
injection of the bionutrient solution (Fig. 4.14). Maximum pH increases in T3Ll and T3L2 
were observed approximately 2 weeks after injection, followed by a drop during the next 2 
weeks. The pH of T3L3 was initially lower than in the upper lysimeters; however, the pH 
continued to rise through the last sampling period (4 weeks after injection). This indicates 
a slow percolation of the reagent through the soil, as also shown by the bromide data (Fig. 
4.15). A dramatic increase in bromide concentration is observed for .T3Ll and T3L2 .il. ..,. ;. . x. 
immediately following the injection period. Approximately 2 weeks after the injection, 
bromide was first observed in T3L3, and concentrations in the upper lysimeters began to 
decrease. 
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DO values were slightly higher after the injection, but were inconsistent and not significantly 
different from background values. Conductivity remained about the same.hefore and after ., I. .__“.,^*~_““.. -.s__ 
injection except in T3L2, the S-e-deep lysimeter, where the conductivity increased 
dramatically after testing (November 18, 1994). Nitrate concentrations ranged from 0.1 to 
1.6 ppm. Concentrations in T3Ll. and~,T’L2 were above pre-treatment background levels, .“./, l.,l^,_^ _..., ~ _,.,, 1 
but no increases were observed in T3L3‘ and T3Pl .,-,-The bionutrient solution rd_ / ,, probably ” .il 
contained a nitrate source that resulted in increases in the shallower intervals. . . . _... 8. : ,- I. _,_ 

Alkalinity values for test cell 3 ranged from approximately 200 to 530 mg/L, with a general 
trend of increase with depth. These values.and trend cre similar to those observed in the 
background cell. 

Other analytes tested included Fe, Mn, Cl-, and SO,r, but since there were no noticeable 
changes in concentration in the first few, samples, analysis for these parameters was 
discontinued, and no evaluation of the limited data sets,was deemed necessary. 1 . . . %. - ‘. , . . . . 

4.5 Test Cell 4: Lime Slurry 

4.5.1 T4 Field Activities 

Five pre-treatment soil borings, T4-A through T4-E, were drilled and sampled on October 
23 and 24, 1994. Lithologic logs were prepared, and soil samples were shipped to ORNL for 
analysis. No piezometer ‘was installed .in this test cell; however, three lysimeters were nested 
in boring T4-C (Fig. 4.11). Three SMT probes were installed approximately 2 R east of the 
lysimeters. Water samples were collected from the lysimeters on November 1, 1994, and 
were shipped to ORNL for analysis. Preparation for injection testing at test cell 4 began on 
November 13, 1994. A set of water samples was collected from the lysimeters, and elevation 
benchmarks were surveyed prior to the start of injection. A lime solution (calcium carbonate) 
was then injected on 2-R centers to a depth of 10.4 f-I starting at 11:20 a.m. The test cell 
injection was completed at 4:05 p.m.; thus, 285 min were required to perform 144 injections 
(36 MPIS set-up locations with four injector locations per setup). The average time for each 
injection setup was 7.9 min; however, this includes 130 min of lime-slurry mixing time. 

The objective was to inject 2 gal per injector at each 15-in. depth interval. With four injectors 
per set-up location and eight positions for each injector, the target total for injection at each 
setup was 64 gal (4 injectors x 8 positions x 2 gal each), and the target for 36 set-up locations 
was 2,304 gal (36 set-ups x 64 gal each) for the entire test cell. According to flow meters 
on the MPIS unit, 2,304 gal were injected. The estimated amount of solution lost to the “., ,I 
ground surface was 5’00 gal. Thus, the amount of solution injected into the subsurface was 
estimated to be 1800 gal. 
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The solution was mixed as five batches of 500 gal of water with 400 lbs of dry lime each with 
no tracer added. This mix was approximately 20% lime by weight. One sample was collected 
from each batch to evaluate the uniformity of the injected solution. The average injected 
solution was 10.7% lime by weight. 

Test Cell 
No. 

T4 

Total Target 
solution solution 
injected strength 

2300 gal 20% lime 

Average 
actual 

solution 
strength 

10.7% lime 

Duration 
of 

injection 
testing 
285 min 

Average 
time per 

setup 

7.9 min 

Total 
surface 
seepage 

500 gal 

Soil resistance and temperature were measured before, during, and after the injection testing. 
Resistance measurements showed that the soi! was near saturation at S and 14 ft bgs prior to 
injection testing, but was not saturated at 4 ft bgs. However, soon after injection started, the 
backfilled soil around the subsurface probes was saturated with injected solution, and solution 
began to run out the top of the protective casing onto the ground surface. Soil temperature 
was monitored throughout the test and showed an increase of 2’ F at 4 fi bgs and no change 
at 8 and 14 R bgs. 

The first phase of post-treatment characterization began with the completion of five additional 
soil borings (T4-F through T4-J) to a depth of 12 ft each. The borings were continuously 
sampled with 48-in-long megabore samplers, and the resulting 1.5~in-diameter soil cores 
were extensively subsampled. Each core was divided into 1 -fi segments and then subsampled 
as described above. Eh was measured on the core as it was subsampled; lithologic 
descriptions were also prepared. 

Post-treatment water samples were collected from the lysimeters eight times during the days 
following the injection. Similarly, elevation benchmarks (Sl - S5) were surveyed six times 
during the eight days following the injection. 

Another set of water samples was collected from the lysimeters on December 5, 1994, 
approximately three weeks after the injection. During the fourth week after injection, 
December 12 to 14, 1994, two additional soil borings (T4-K and T4-L) were cored and 
sampled. The subsampling performed was not as extensive as that performed during the first 
phase of post-treatment soil sampling and was limited to dividing cores into l-f? segments, 
preparing a lithologic log, and shipping the cores to ORNL for analysis. An additional set of 
water samples was collected from the lysimeters in December 1994, February 1995 and May 
1996. 
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4.5.2 T4 Soil Sample Results 

Post-treatment soil results for test cell ‘4 ,are summarized in Table, 4.10 and data trend graphs I I. 1 v-/I; ,, , .I,y _j .1X.,_. ..4ili*i<~.~“,rr. “. & I /?,-A ...*iiBi-d ,./b ..A_ ,c, 
are presented in Appendix C. Post-treatment pH values ranged from 4.5 to 12.6 (Fig. 4.17). 
Approximately one-half of these values are greater than the maximum-value measured during _” ,~ “^ I_ __ I ,)a, ~, 
pre-treatment sampling. The greatest increases over pre-treatment values occurred between 
0 to 2 fi and between 5 to .l 1, fi: Valuesfor.the 3- to 5-ft interval were near background ^^..--/._ -_-.-^- .m-- ^,..,. -.“,* -.-uricr~,ir*-“-~-~~~.“~xcl~sri 
levels. Generally, it appears that the MPIS was effective in distributing the lime slurry 
throughout the soil profile. Indeed, post-treatment soil moisture readings were higher than 
pre-treatment measurement for all depths, excluding the 7- to 8-ft interval. 

Post-treatment calcium concentrations are shown in Fig. 4.18. Although depth-specific 
results are sporadic between boreholes, concentrations are generally higher than the ,pre- 
treatment samples. This is particularly true for the 0- to 6-ft intervals, where dramatic 
increases were observed. The scattered nature of the results indicates flow of the slurry .” .ms.ewuc we!*.+. l~~,l::z%s..r:~~~ L. by&+ e ?‘*Ixu”fD*.*~ :***~*?w+w*h” 
through existing preferential flow channels (e,.g., fractures). 

Soil surface elevation data show thatthe surface ofthe test c&as raised approximately 0.15 ,. I ,‘. ._, ..XIYIUn-w.a -,-*r,,~s.e~~-.b*, “+&-*W**aruI\B. 
A by the injection and remained near that elevation for approximately one month. An _*“,‘.I l,.-“.; ,.. 
additional 0.10-e rise was observed -during the last measurement period (three months after 
injection). Core samples fi-om both pre-treatment and post-treatment borings were carefully 
logged, and visible pores and fractures, were,.no~ed.,~,P.~st~tye,~tm~~~.~ogs indicated abundant 
lime in root pores and microfractures in the 0;. to 2-R,inte,~,~l~..,,Ssme lime was seen in both w_x ,.a*/ es. ?“.A a- , _.~*_.a.d :&~l-r~iirl, ,~ 
vertical and horizontal fracture. and-bedding planes and in remnant root vesicles in the 4- to 
8-R interval. 

4.5.3 T4 Water Sample Results 

Post-treatment water sample results are presented in Table 4.11 and data trend graphs are 
presented in Appendix C. The lime injection resulted in an immediate increase.in,the pH of 
the water in the two shallower lysimeters, T4Ll and T4L2 (Fig. 4.19). Increases from 7.8 
to approximately 12.4 were observed, and pH remained fairly constant for 5 weeks, at which 
time values began decreasing. No increases. in the pH of water samples from the deep 
lysimeter (T4L3) were observed. Alkalinity and conductivity values correlate well with.the 
pH measurements, indicating that the short-term influence, of the lime .injection primarily 
affected the 0 to 8-e interval. Alkalinity values in T4Ll and T4L2 increased by 700 to 1000 
mg/L following the injection and remained constant.for approximately 4 weeks; however, a 
slight increase (approximately 200 mg/L) was also observed in T4L3 (Fig. 4.20). A similar 
pattern was observed for conductivity measurements; however, the deeper lysimeter showed 
dramatic increases above background concentrations (Fig. 4.21). In fact, values for all three 
lysimeters more than doubled following the injection and remained elevated for approximately 
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4 weeks. These data indicate that the calcium ions and the various carbonate species from 
the lime injection significantly affected the soil-pore water in test cell 4. 

Post-treatment DO values ranged from approximately 2 to 12 mg/L. No significant changes 
from background values were observed. Other analytes tested included Fe, Mn, Cl-, and 
SOa -, but since there were no noticeable changes in concentration in the first few samples, 
analysis for these parameters was discontinued, and no evaluation of the limited data sets was 
deemed necessary. 

4.6 Test Cell 5: Potassium Permanganate 

4.6.1 T5 Field Activities 

Five pre-treatment soil borings, T5-A through T5-E, were drilled and sampled on October 
2 1 and 22, 1994. Lithologic logs were prepared, and soil samples were shipped to ORNL for 
analysis. One piezometer was installed at boring T5-D, and three lysimeters were nested in 
boring T5-C (Fig. 4.22). Three SMT probes were installed approximately 2 ft east of the 
lysimeters. Water samples’ collected from the piezometer and lysimeters on November 1, 
1994, were shipped to ORNL for analysis. Preparation for injection testing at test cell 5 
began the morning of November 16, 1994. A set of water samples was collected from the 
lysimeters and piezometer, and elevation benchmarks were surveyed prior to the start of 
injection. A solution of 500 gal of water and 100 kg of KMnO, was mixed for injection (5% 
KMn04 by weight). The KMnO, solution was injected on 2-e centers to a depth of 10.4 fi 
starting at 1:40 p.m. The test cell injection was completed at 5:40.p.m.; thus, 240 min were 
required, with an average time for each injection setup of 6.7 min. This time included 
stopping twice to mix more injection solution (approximately 45 min). 

The objective was to inject 2 gal per injector at each 15-in. depth interval or a total of 2,304 
gal for the entire test cell. According to the flow meter at the pump, 2,223 gal were injected, 
and according to flow meters on the MPIS unit, 2,328 gal were injected. The estimated 
amount of solution lost to blowout at the ground surface was 400 gal. Thus, the amount of 
solution injected into the subsurface was estimated to be 1900 gal. One sample of each of 
five batches was collected during injection to evaluate the uniformity of the injected solution. 
The average injected solution was 4.2 % KMn04 by weight. 

. 
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Soil resistance and temperature were measured before, during, and after the injection testing. 
Resistance measurements showed that,th,eso$was near saturation at 8 and 14 fi bgs prior to v .a... .,^-~~-:^*r-“r~,-~-,:.~“~,~,~. I awA.*..- ..:“y* “‘.a*.y, 
injection testing, but was not saturatedat 4.p bgs. However, about 40 min after injection 
started, the backfilled soil, aro.undW the subsurface probes was saturated with injected solution, ^“.^. S^ nxx. “I “.bq*.m”a”, 0 
and solution began to run out the top of the protective casing onto the ground surface. Soil 
temperature was monitored throughout the test Andy showed anmcrease of,2 9.E. at..4W,fi.bgs, 
1 o F at 8 ft bgs, and no change at 14 ft bgs. The KMnO, reacted mildly upon injection, with 
only small amounts of gas produced; however, the fact that the soil-pore water samples were 
still dark purple 4 weeks later indicated that, the reagent was persistent in the soil. -..-. <.a.%. 

The first phase ofpost-treatment characterization began with the completion of five additional 
soil borings (T5-F through T5-J) to a depth of 12 A each. The borings were continuously 
sampled with 48-in-long megabore samplers, and the resulting 1.5-in-diameter soil cores 
were extensively subsampled as described in. Sect.,. 42, ,..&&I core was divided into 1-R i.. _.. . I .,_, .,” ,._ *,,- c *.*~~*-,rx”x_r ,./ls._l _... * /.,, ..=.. 
segments and then subs.ampled. Eh was measured on the core as it was subsampled; lithologic _ .,,x,ej _.‘ _ ,,.. _ _/ .I ,. a.,* 
descriptions were also prepared. 

Post-treatment. water samples were collected. from the lysimeters and piezometer 5 times 
during the 5 days following the injection. Similarly, elevation benchmarks (Sl, S2, S3 
damaged, S4, and S5) were surveyed 4 times during the 5 days following the injection. 

Another set of water samples was collected from the lysimeters and the piezometer on 
December 5, 1.994, approximately 3 weeks after the injection. During the fourth week after 
injection, December 12 to 14, 1994, two additional soil borings (T5-I( and T5-L) tier-e cored 
and sampled. The on-site. subs,ampling performed was not.as extensive as that performed 
during the first phase of post-treatment soilsampling and was limited to preparing a lithologic 
log and segmenting the core for shipment to ORNL for analysis. An additional set of water 
samples was collected from the Iysimeters and piezometer in December 1994, February 1995 
and May 1996. 

4.6.2 T5 Soil Sample Results 

Post-treatment soil sample results are summar&ed &1~Table,4.J2 and” data trend graphs are 
presented in Appendix C. Soil sample results show a pH ranging fi-om4.3 to 7.8, with a trend 
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of increasing pH values with depth. These values and trend are similar to the pre-treatment 
sample results; thus, no significant changes in pH were observed. Purple staining was noted 
in many of the soil extracts indicating that the KMnO, had penetrated the soil. Core samples 
from the post-treatment borings showed purple staining in the upper 8-in. of soil from surface 
infiltration. The deepest soil sample with purple-colored soil extract was the 8 to 9-ft sample, 
and this condition was noted in three of the five borings. Purple-stained zones were observed 
on the soil cores at depths of 5 and 9 fi bgs. 

Compared to pre-treatment conditions, post-treatment soil moisture content increased slightly 
in the 0- to 4-R interval, decreased slightly in the 5- to 8-R interval, and remained 
approximately the same in the 9- to 12-e interval. Therefore, it appears that the bulk of the 
solution was injected in the top 4 to 5 fi of the soil. This is also indicated by the post- 
treatment manganese concentrations measured (Pig. 4.23). Manganese concentrations at 
depths of 0 to 5 A bgs ranged f?om approximately 20 to 250 mg/L above background levels; 
however, no increases were observed in the 6- to 12-e interval. Post-treatment Eh 
measurements ranged from 240 to 880 mV (Pig. 4.24). Dramatic increases in Eh were 
observed throughout the soil profile, where readings were approximately double pre- 
treatment measurements with the exception of the 0- to 2-R interval. Thus, this treatment 
appeared to have the greatest effect on soil Eh. 

Soil surface elevation data show that the surface of the test cell was raised approximately 0.1 
R by the injection and remained near’that elevation through the last measurement period 
(three months after injection). Core samples fi-om both pre-treatment and post-treatment 
borings were careti.tlly logged and visible pores and fractures were noted. No differences 
were seen between the numb.er and appearance of fractures before and after injection, 
excludiDiTO ihe purple staining noted above. 

4.6.3 T5 Water Sample Results 

Post-treatment water sample results are presented in Table 4.13 and data trend graphs are 
presented in Appendix C. Manganese results ranged from background (4 mg/L) to 
approximately 18,000 mg/L (Pig. 4.25). The maximum concentration was detected the day 
after injection in the intermediate-depth lysimeter, T5L2 (8 fi bgs). Concentrations in T5L2 
s!owly dropped to near background levels over a 5-week period. Concentrations in the 
shallow lysimeter, T5L1, followed a similar trend; however, the maximum concentration was 
lower (4,500 mg/L). The initial field description of water collected from the lysimeters was 
“very purple” and “purple” respectively. A maximum concentration of 50 mg/L was detected 
in the deepest lysimeter, T5L3, the day after injection. The maximum concentration in the 
piezometer was 8 ppm. These results indicate that injection was effective in distributing the 
solution to the top 8 fi of the test-cell soil. 
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Post-treatment pH results ranged from approximately 6.0,to 8.1. Initial average values for 
individual lysimeters were similar to pre-treatment levels, excluding T5L1, where an average 
0.5 pH unit decrease was o&v@, The lowest value observed in T5Ll occurred 5 days after . I. .~ ̂  >. -i -.*.\” ,?As”.w ,.‘mw.l.w ,...- +,**: .-,.,, i”l.,xI .%-,- **, _) ,ev..m*;d&&+&~*4”~~& 
injection. DO values were difficult to determine because the purple color of the water 
interfered with, the calorimetric analysis. Due to intermittent data collection and questions ” * i . . ., . . . . . c. 
regarding the validity of the measurements, no conclusions can be drawn from the DO data. ^ ,, “.. _,_ 

Electrical conductivity results were scattered; however, post-treatment results for T5Ll and 
T5L2 were generally higher than pre-treatment readings. No significant changes were 
observed in T5L3 or the piezometer. Post-treatment alkalinity values ranged from 
approximately 100 to 630 mg/L. No pre-treatment alkalinity measurements were taken in test 
cell 5; thus, values were compared to samples taken from the background cell. Values for all 
depths at test cell 5 are approximately twice those from the background cell; however, this 
difference is likely a result of natural geochemical variation rather than an effect caused by the 
solution injection. Other analytes tested included Fe, Mn, Cl-, and SO,‘-, but since there were 
no noticeable changes in concentration in the first few samples, analysis for these parameters 
was discontinued, and no evaluation of the limited damsets-was deemed necessary. .WI...%*^*L*l-II(II ,s”*_ ,*_ ““%,;,MMj,/+ f. 

4.7 Test Cell 6: Air ” 

4.7.1 T6 Field Activities 

Five pre-treatment soil borings, T6-A through T6-E, were drilled and sampled on October 
21, 1994. Lithologic logs were prepared, and soil samples were shipped to ORNL for 
analysis. Three lysimeters were nested in boring T6-C (Fig. 4.26). Three SMT probes were 
installed approximately 2 R east of the lysimeters. Water samples collected from the 
lysimeters on November 1, 1994, were shipped to ORNL for analysis. Preparation for 
injection testing at test cell 6 began the morning of November 19, 1994. A set of water 
samples was collected from the lysimeters, and elevation benchmarks were surveyed prior,to 
the start of injection. Air was injected with two injectors at four locations within the test.cell 
to a depth of 10.4 fl starting at 4:lO p.m. The test cell injection was completed at 4:30 p.m.; 
thus, 20 min were required, with an average time for each injection setup of 5 min. 

The objective was to inject air at each setup until air pressure reached at least 1 QQ psi or until 
surface blowout was achieved. -. ./ Three additional locations s&h, .li . . ,1/n. .a.>.. j.,_j,. *i,,.~“~jreitl,irr.‘,~~,~.~~~~~~,~ .**&a 
penetrated with the injectors. However, no air was injected into these 
gaseous-phase tracer study was planned at a later date to evaluate the extent ,ofa,ir-induced .~^“.“jl%,,el. 1 
fracturing from the air injections performed within the test cell. All injector holes, including 
the three locations south,of the test cell, were completed by placing l/4-in.-diameter tubing _ ,.I 
in the holes and backfilling with sand and bentonite. 
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The first phase of post-treatment characterization began with the collection ofwater samples 
from the lysimeters three times during the three days following the injection. Additional sets 
of water samples were collected from the lysimeters on December 5, 1994, approximately 3 
weeks after the injection; on December 15, 1994, approximately 4 weeks after injection; on 
February 15, 1995, approximately 13 weeks after injection; and on May 7, 1996, 
approximately one and a half years after injection. 

4.7.2 T6 Soil Sample Results 

No post-treatment soil samples were collected from test cell 6. Soil surface elevation data 
show no significant increases in elevation following the air injection. 

4.7.3 T6 Water Sample Results 

Post-treatment water sample results are presented in Table 4.14. Results for test cell 6 are 
limited due to poor sample recovery. However, little change was expected from the air 
injection. Because the upper lysimeter was consistently dry, only one sample was collected 
from T6Ll. Results for pH, DO, and conductivity measurements are within the background 
range. Other analytes tested included Fe, Mn, Cl-, NOs-, and SOa2-, but since there were no 
noticeable changes in concentration in the first few samples, analysis for these parameters was 
discontinued, and no evaluation of the limited data sets was deemed necessary. 

4.8 Test Cell 7: Micropowder Iron 

4.8.1 T7 Field Activities 

One pre-treatment soil boring, T7-A, was drilled and sampled on October 24, 1994. A 
lithologic log was prepared, and soil samples were shipped to ORNL for analysis. No 
piezometer was installed in this test cell; however, three lysimeters were nested in boring T7- 
A (Fig. 4.27). Three SMT probes were installed approximately 2 R east of the lysimeters. 
Water samples collected from the lysimeters on November 1, 1994, were shipped to ORNL 
for analysis. Preparation for injection testing at Test Cell 7 began the morning of November 
19, 1994, when a set of water samples was collected from the lysimeters. A solution of iron 
micropowder (approximately 20% by weight), water, and gear gum was injected on 2-t-I 
centers to a depth of 10.4 fi at the 4 ft by 8-e test cell. The injection started at 12:40 p.m. 
and was completed at 1:02 p.m.; thus, 22 min were required to perform 16 injections (four 
MPIS set-up locations with four injector locations per setup). The average time for each 
injection setup was 5.5 min. 
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The objective was to inject 2 gal per injector at each 15-in. depth interval. With four injectors 
per set-up location and four positions for each injector, the target total for injection at each 
setup was 64 gal (4 injectors x 8 positions x 2 gal each), and the target for four set-up 
locations was 256 gal (4 setups x 64 gal each) for the entire test cell. According to the flow 
meter at the pump, 308 gal were injected. Because the flow meters on the MPIS unit were 
not working, no readings were obtained from them. The estimated amount of solution lost, 
to the ground surface was 20 gal. Thus, the amount of solution injected into the subsurface 
was estimated to_,be 290 gal. The solution was mixed as a single batch of 500 gal of water 
with 400 lbs of dry iron micropowder (5 urn nominal particle size) and 25 lbs of guar gum. 
The gear gum was added to keep the iron in suspension during injection. However, the tank 
required continuous stirring to prevent settling of the iron micropowder. The mixture was 
approximately 20% iron by weight. 

Test Cell Total solution Target Average Duration of Average Total surface 
No. injected solution actyal injection time per seepage 

strength solution testing setup 
strength .- __.. .^ -.* “, a*.. _.I ., II.. .” ,... l.s..-..~_cu UI1 ‘^ j 

T7 308 gal 20%~ iron not 22 min 5..5 min _ 29 gal 
determined . i‘ .‘,. . .II.)... - I, ,“,,. “.. _n, .- _(“W,_, .- .-“,I.UN .im.~r+.+sxu.,rar*ri “W * 

. Soil resistance and- temperature were measured before, during, and after the injection testing. 
Resistance measurements showed that the soil was near saturati.on at,..!-4 % bgs prior to 
injection testing, but was not saturated at 4 and 8 ft bgs. However, soon after injection 
started, the backfilled,soil around the&surface probes was saturated with injected solution, 
and solution began to run out the top of the protective casing onto the ground surface. Soil 
temperature was momtored.,before and&&r-the test,and showed an increase of 2” OF at 4 ft e q_ YI~-I~~.YIv~.-..III l..e‘.-v*u) x-m”- *-,.,M4-~~.,‘~*0”.,“.*-irXlk.~~~pl.~~- ___ _: j, 
bgs, 1 o F at 8 R bgs, and no change at 14 ft bgs. 

The first phase of post-treatment characterization began with the completion of two additional 
soil borings (T7-B through T7-C) to a depth of 12 R each. The borings were continuously 
sampled with 48-in.-long megabore samplers, and the resulting 1.5~in.-diameter soil cores 
were extensively subsampled. Each core was divided into..l,&egments and then subsampled 
as described in Set 4.2 ̂ : Eh was measured on the core as .it was subsampled; lithologic .” .-. . . ..- *.... ^_ ).- . . -1-_ _ ___(” _,,, ., __ ,.&h <.e+n-,+ -1 .*“a411, n:“..14.,*3-N,wy*, mw*4 
descriptions were also prepared. 

l?ost-treatment water samples were collected from the lysimeters twice during the 2 days 
following the injection. Similarly, the elevation benchmarkwas surveyed two times during 
the 2 days following the injection. Another set of water samples was collected from the 
lysimeters on December 5, 1994, approximately 2 weeks after the injection. During the third 
week after injection, December 12. to 14, 1994, two additional soil borings (T7-D and T7-E) 
were cored and sampled. The on-site subsampling performed was not as extensive as that 
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performed during the first phase of post-treatment soil sampling and was limited to dividing 
cores into 1-e segments, preparing a lithologic log, and shipping the cores to ORNL for 
analysis. An additional set of water samples was collected from the lysimeters in December 
1994, February 1995 and May 1996. 

4.8.2 T7 Soil Sample Results 

Post-treatment soil samples are summarized in Table 4.15 and data trend graphs are presented 
in Appendix C. Samples were analyzed for pH, Eh, and iron. The pH ranged from 5.2 to 7.1, 
with a trend of increasing values with depth. These values are within the background range 
of samples collected from the site. Post-treatment Eh values ranged from 135 to 420 mV, 
increasing to a maximum at 2 to 3 A bgs and then steadily decreasing with depth. These 
values and trend are consistent with sample data from the background cell. 

Soil iron results showed concentrations ranging from less than 1 ppm to over 30 ppm. No 
pre-treatment samples were analyzed for iron; thus, a direct comparison cannot be made. 
Also, analytical results cannot be compared to a regional background range of values due to 
differences in the analysis methods (water extraction vs acid digestion). However, based on 
a relative comparison of the post-treatment data collected from test cell 7, substantial 
increases in iron were observed at the 1 to 3-B interval and the 4 to 5-ft interval of borehole 
C. The particle size of the micropowder iron was approximately 5 ,um and was suspended 
with the guar gum. 

Soil surface elevation data show that the surface of the test cell was raised approximately 0.1 
R by the injection, and remained near that elevation through the last measurement period (3 
months after injection). Core samples from both pre-treatment and post-treatment borings 
were carefully logged, and visible pores and fractures ‘were noted. Guar gum was observed 
in fractures and voids at 1 to 3 fi bgs and at 6 to 7 fi bgs. 

4.8.3 T7 Water Sample Results 

Post-treatment water sample results are presented in Table 4.16 and data trend graphs are 
presented in Appendix C. Post-treatment iron concentrations in test cell 7 ranged from 0.1 
to over 30 ppm (Fig. 4.28). Two samples from the test cell (December 15 samples from 
T7Ll and T7L2) were recorded as “over range” by the analysis method. The upper limit of 
detection for the analysis was approximately 30 ppm. These points are graphed as 30 ppm 
on Fig. 4.28. Background concentrations of iron in water, based on analyses from other test 
cells, ranged from 0.1 to 1.2 ppm. Therefore, iron levels above this range are considered 
significant. No effects were observed in lysimeter samples collected immediately after the 
injection (days 1 through 3); however, dramatic increases were observed in T7Ll and T7L2 
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approximately 2 weeks later. This, evidence _. ..“. ,. b._. suggests that some of the injected iron was 
reduced to soluble Fe’2 between sampling periods, Iron levels in these lysimeters began to 
drop after approximately 4 weeks. Concentrations in.the .,deep lysimeter, T7L3, steadily 
increased to a maximum of 1.8 ppm at the last sampling period. This was possibly the result 
of percolation from the upper soil zone. 

Post-treatment pH values from lysimeter samples ranged from 6.2 to 8.8. There is a trend of 
decreasing pH in the upper lysimeters, T7Ll and T7L2, following the injection period. This 
correlates with the reduction of iron discussed above. ,Hydrogen ions, produced as a result 
of iron reduction, would effect a decrease in PH. Measurements in T7L3.,wereYsporadic; 
however, there is no clear trend with respect to pH. 

DO values are scattered, and no significant changes are indicated when compared to 
background measurements. It appears that DO increased and then, decreased .$.er the 
injection. However, this is attributed to variation in the field measurements obse?ed., at all 
test cells. Conductivity values ranged from approximately 600 to 4400 ,~mhos. Conductivity 
from the deepest lysimeter, T7L3, appears to have increased over background levels; 
however, no significant changes were observed, in T7Ll and “T7L2:, @her ar$ytes tested 
included alkalinity, Mn, Cl-, NO;, and SOi, but since there were no noticeable changes in 
concentration in the first few samples, analysis for these parameters was discontinued, and no _\. ,-. qi..eL.. 
evaluation of the limited data sets was deemed-,necessary. 
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Fig. 4.1. Test cell 1 sample locations. 
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Fig. 4.4. Test cell 1 - post-treatment soil INA levels. 
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Fig. 4.7. Test cell 2 - post-treatment soil peroxide levels. 
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Fig. 4.10. Test cell 2 - post-treatment water peroxide levels. 
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Fig. 4.15. Test cell 3 - post-treatment water bromide data. 
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Fig. 4.16. Test cell 4 sample locations. 
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Fig. 4.18. Test cell 4 - post-treatment soil calcium levels. 
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Fig. 4.16. Test cell 4 - post-treatpent water pH. 
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Fig. 4.20. Test cell 4 - post-treatment water alkalinity levels. 
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Fig. 4.21. Test cell 4 - post-treatment water conductivity levels. 

T4COND 



4-39 

Clean lest Site 

NW5 NE5 

El---~-~-‘-’ ---El 
s’“,l ,o l a .o 0. 0, 0. 0 l &,,. 
l a’oooo.oooooo I 
l *o 

81 
l m.0.0S.0’ 

,m..* 

I 

&II. @.a@. 3 0 01 

. . . . ‘.‘.E.‘.. ~u~G,~ . . 

;:::?:8!c:c:l 

! 0 0 0 .D 
Ll QDSMT 

0 0 . ‘s4.p: -P”- . . qp e 0 0 0 l I 
..*.......... 

SE5 

a Unsurveyed injection polnta (approx.) 

l Surveyed injection polntr 

03 Borlngr FXXT 

QD Soil moloturo and temperature probes 

Initial borlng converted to perometer 

lnltlal borlng converted to lyrlmeterr 

4 Elevation markers 

cl Teat cell corners 

Fig. 4.22. Test cell 5 sample locations. 
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Fig. 4.23. Test cell 5 - post-treatment soil manganese levels. 
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Fig. 4.24. Test cell 5 - post-treatment soil Eh levels. 
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Fig. 4.26. Test cell 6 sample locations. 
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Fig. 4.28. Test cell 7 - post-treatment water iron data. 
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Table 4.1. Summary of background soil results 

Depth, Soil Moist bulk 
moisture,” % density,” g/cm3 

PH” Eh, TOC: 
ft mV PPm 

1 17 1.93 4.9 390 6397 
2 18 1.66 4.5 400 1630 
3 19 1.79 4.3 380 1448 
4 15 1.83 4.7 -- 1082 
5 15 1.99 5.7 290 1021 
6 16 1.96 6.5 200 995 
7 18 -- 6.6 180 615 
8 21 2.07 7.0 150 558 
9’ 24 1.90 7.2 130 395 
10 26 1.81 7.6 140 421 
11 24 1.87 7.4 140 543 
.12 24 1.95 7.4 140 526 _ 

a Values averaged from borehole E in test cells 1 through 6, from borehole A in test 
cell 7 and the background borehole in the shakedown area. 

‘b Values from borehole 1 in the shakedown area (SlBA) 

-- = No measurement taken 



Table 4.2. Water sample results from background piezometer and lysimeters 

Sample Date Temperature, pH DO, 
location sampled W! m& 

Electrical 
conductivity, Alkalinity, Br, Fe, Mn, 
pmhos m@ mgn mpn mg/L 

Cl-, NO,-, so:-, 
w@ mglL mgn 

BlLl 1 l/01/94 12.4 8.7 960 
1 l/12/94 17.4 8.3 1112 132 0.25 23.3 0.1 550 
1 l/13/94 14.3 7.9 1250 319 1.0 

i 
0.25 525 

1 l/14/94 12.5 8.0 7.3 1390 157 0.15 0.25 15.0 
1 l/15/94 13.1 7.8 3.8 1430 16.8 
11/18/94 15.6 TIT 4.8 1440 216 0.9 9.5 0.4 475 
1 l/21/94 13.7 3.7 1520 .153 0.9 

8 
0 11.0 0 650 

12105194 7.9 
02/16/95 3.9 8.0 2.5 1076 94 0.6 0.15 0 0 

BlL2 1 l/01/94 12.9 8.9 
1 l/12/94 
1 l/13/94 15.4 7.9 3.6 2112 204 0.9 0.05 0.25 1075 
1 l/14/94 13.8 8.1 3.3 2190 229 0.10 0.25 10.5 * 
1 l/15/94 14.5 7.2 2210 9.0 I 
1 l/18/94 15.1 8.1 

it: 

2:2 
1430 252 . 0.9 0 0.30 11.2 0.1 1100 1 l/21/94 13.7 7.4 2330 248 0.8 0.25 0.17 7.8 0.2 1200 

s 

12115194 10.6 8.3 4.5 1130 
02/16/95 4.9 7.7 3.4 2910 2% 

0.8 0.18 0.1 
0.3 : 0.20 

BlL3 11/01/94 12.5 7.9 1530 
1 l/12/94 20.6 7.5 2.7 1652 212 0 0.25 7.8 0 800 
11/13/94 15.6 7.4 :; 1700 186 0.9 0.05 0.25 750 
1 l/14/94 14.2 7.4 1760 . 240 0.10 0.25 6.3 
11/15/94 14.1 6.6 6:2 1800 6.3 
I l/18/94 15.3 8.1 4.2 1790 277 3.2 0.1 
11/21/94 14.9 7.1 2.8 1700 238 

t:: 

0:s 

8 
0.17 5.2 0 750 

12/05/94 8.2 213 0.02 0.10 850 
12/15/94 12.3 8.3 11.2 2530 260 0.8 0.025 0.90 
02116195 6.3 6.6 2.3 1730 218 0 0.025 0 0.1 



Table 4.2. (continued) 

Sample Date Temperature, pH DO, 
location sampled Y! .m& 

Electrical 
conductivity, 
pmhos 

Alkalinity, Br, Fe, m Cl-, NO;, so:-, 
mgn mgn mt& m& m@ ma mg/L 

BlPl 1 l/01/94 
duplicate 1 l/01/94 

1 l/12/94 
11113/94 
1 l/14/94 

duplicate 1 l/14/94 
1 l/15/94 
1 l/18/94 
11/21/94 
12/05/94 
12/15/94 
02/16/95 

12.3 
12.3 
17.2 
16.3 
13.9 

14.1 
15.3 
15.0 
15.3 
15.0 
7.3 

7.2 
7.2 
6.6 1.9 
7.1 4.2 
6.6 2.6 

4.4 
6.6 2.0 
6.8 2.9 
6.1 4.9 
6.9 3.1 
7.0 4.3 
7.5 NA 

1480 
1480 
1547 
1520 
1600 

1590 
1580 
1520 
1240 
1550 
1650 

188 
169 
174 
182 

194 
198 
190 
198 
192 

0.125 0.25 5.5 0.1 
0.9 0.075 0.25 

0.125 0.25 9.5 
5.0 

0.9 5.0 
0.9 0.05 1.00 2.5 0.1 
0.8 0.18 6.5 0 
0.7 0.08 0.10 
0.8 0.23 0.36 
0.1 NA 0 0 

750 
650 

425 
700 
725 

F- 

i- 
ll 



Table 4.3. Tracer test cell (Tl) soil sample results 

Depth, ft 

1 

2 

3 

PH 
Pre” 

4.3 

4.4 

4.6 

Eh, TOC, 
mV mm 
PO& Pre” 

360 to 380 6258 

350 1295 

390 to 460 2130 

Bromide, INA, 
% Soil moisture wm particles/mg 

Pre” Post? POSC POSC 

18.0 18.3 to 24.0 4to11 4 to 178 

18.4 18.4 to 20.8 1 to 12 12 to 3543 

17.5 17.6 to 20.8 1 to 4 4 to 26 

4 4.6 390 to 430 1471 18.0 15.7 to 17.8 2 to 7 18 to 181 

5 4.8 395 to 490 1226 14.8 13.9 to 18.7 1 to 7 2 to 138 

6 6.0 370 to 390 1216 17.1 14.1 to 18.4 1 to 3 3 to 16 

7 7.0 280 to 350 685 15.8 15.5 to 18.2 1 to 2 1 to 9 

’ 8 _- 305 to 325 -- -- 15.0 to 24.0 1 to 4 0 to 20 

9 7.1 320 to 340 354 24.0 23.2 to 26.3 1 to 7 0 to 34 

10 7.8 295 to 305 333 25.9 23.0 to 28.3 1 to 2 0 to 1 

11 7.6 305 to 330 653 25.8 21.7 to 27.5 1 0 

12 7.4 275 to 330 555 

0 Pre-treatment results 
b Ranges of values are from five post-treatment soil borings. 
- No sample taken 

27.0 25.4 to 27.3 1 to 4 0 



Table 4.4. Water sample results for the tracer test cell (Tl), injection date 11/12/95 

Samvle 
location 
TlLl 

Date Temperature, pH Electrical Cl-, 
- 

DO, Alkalinity, Br, Fe, Mn, NO,, sot-, 
sampled ‘32 mglL conductivity, pmhos mg/L mg/L m&L mg/L m&L mg/L mg/L 
1 l/01/94 12.8 8.4 1270 
11/12/94 
1 l/13/94 11.6 

f f 13.9 0.075 0.25 22.50 1.0 600 
8.2 1311 148 83 0 0.25 OR 425 

1 l/15/94 220 0.15 OR 475 
11116/94 12.7 

2 27 

5:2 
1410 244 

ii: 

1 l/17/94 13.4 ii: 1700 
1 l/18/94 14.3 

6:9 

2.: 1400 
ii 0.3 

1 l/19/94 12.9 .5:2 1270 1 l/20/94 11.7 1230 ii 
1 l/21/94 13.9 ;:i 5.6 1130 65 

12105194 12.9 z 12.7 1054 12115194 8.2 12.0 1260 :i 
02/16/95 4.0 6:5 1775 34 
05/07/96 12.7 6.1 0.3 530 
05/08/96 16.5 6.6 0.2 1100 0.00 
05/09/96 16.0 5.9 0.8 520 0.07 

TlL2 11lOll94 
11112l94 
11113/94 
11115/94 
1 l/16/94 
1 l/17/94 
11118l94 
11119l94 
lll2Ol94 
11/21/94 
12/05/94 
12/15/94 
02116195 
05107196 
05/08/96 

11.7 7.7 
16.3 6.7 
13.1 6.6 

9.8 
5.5 
12,2 
13.8 

2110 

8.9 2250 

::; 4180 
t: 

3:8 

4310 4220 

4230 
3.2 4270 
2.4 4320 
9.3 3170 
5.7 5100 
10.0 5650 
0.7 5370 
1.9 5310 

15.50 1.0 2100 
115 95 0.25 0.25 OR 950 

4L 
\o 

j; 

196 
223 ;; 

0.25 OR 13,007 i r 

260 
f; 

0.05 

0.04 
05/09/96 14.6 71 1.1 5150 0.18 

TlL3 11/01/94 12.1 ‘ii 3650 
11112/94 15.6 

6:9 
4.5 4960 540 1.08 0.75 9.75 0.2 

1 l/13/94 13.0 6.5 5060 448 1.2 4.7 0.50 7.00 3050 
1 l/15/94 7.2 
1 l/16/94 13.6 7.1 

::; 570 0.95 0.88 1.20 9.80 3050 
5230 592 3150 

1 l/17/94 7.3 3.0 5120 657 
I: 

1.2 
11118l94 15.5 7.0 2.8 5210 4:o 
1 l/19/94 12.6 7.2 2.0 5200 1.8 
1 l/20/94 13.8 7.0 2.3 5100 
1 l/21/94 15.0 7.3 1.6 5320 

;.; 

12/05/94 14.1 7.4 4090 1:6 
12/15/94 11.6 7.5 2.8 5420 3.2 
02/16/95 5.8 7.0 6.6 5380 4.2 
05/07/96 11.8 7.2 2.3 5600 
05/08/96 14.0 7.3 1.9 5550 0.03 
05/09/96 16.8 7.1 1.4 9240 0.07 



Table 4.4. (continued) 

Sample Date Temperature, pH 
location sampled “C 

DO, 
mk@ 

Electrical 
conductivity, 

Alkalinity, Br, Fe, Mn, 
mg/L mti mfzn mf@ 

Cl; NO,-, so,y 
mt@ mg/L mg/L 

TlPl 1 l/01/94 11.4 7.2 5060 
1 l/12/94 16.0 6.8 5150 560 0 0 10.50 0.6 3250 
11113/94 14.3 

ii 
2:: 5340 1.0 0.125 0.50 7.25 3450 

1 l/15/94 601 0.9 0.1 10.30 3250 
1 l/16/94 13.9 6.8 5.3 5250 564 1.0 
11117/94 14.6 
1 l/18/94 14.9 

2:: 4.3 5140 602 2.0 0.02 
4.6 5200 3.0 

1 l/19/94 13.5 6.8 5.6 5260 2.2 
1 l/20/94 13.4 G:Z 2.3 4980 0.9 
1 l/21/94 15.0 5.4 5170 1.6 

12/05/94 14.5 7.1 4.6 4050 12115194 12.0 7.0 5300 Z:i 
02116195 5.8 7.1 5060 
05/07/96 
05/08/96 16.5 7.2 5.8 4850 0.02 
05109l96 19.0 7.0 3.9 8470 0.11 

BlPl 5109196 19.2 6.9 11.8 1700 0.42 
BlLl 5109196 20.0 8.1 2.4 450 0.05 
BlL2 5109196 14.8 7.7 0.7 3550 0.06 
BlL3 5109196 19.2 8.2 2.5 1020 0.05 

OR = over range 



Table 4.5. Hydrogen peroxide test cell (T2), soil sample results 

Eh, TOC, Nitrate, Peroxide, 
Depth, ft PH mV PPm % Soil moisture PPm w/L 

Pre” Postb Post! Pre” POSP Pre” Post! Post! Post” 

1 4.6 

2 4.3 

3 4.1 

4 4.6 

5 5.9 

6 6.9 

7 7.0 

8 -- 

9 7.8 

10 7.7 

11 7.8 

12 7.7 

4.7 to 5.4 200 to 440 

4.2 to 4.7 237 to 500 

4.5 to 4.6 250 to 580 

4.8 to 4.9 340 to 490 

6.1 to 6.9 170 to 440 

6.5 to 7.0 180 to 410 

6.2 to 7.3 100 to 500 

6.7 to 7.2 100 to 350 

7.2 to 7.5 140 to 298 

5.5 to 7;5 194 to 460 

7.1 to 7.5 205 to 420 

7.2 to 7.4 190 to 440 

6107 

1576 

1083 

993 

1353 

890 

431 
-- 

288 

436 

425 

640 

2495 to 2896 

1747 to 1525 

1437 to 1770 

1048 to 1163 

958 to 1006 

976 to 1329 

653 to 782 

401 to 2079 

427 to 545 

543 to 630 

608 to 771 

648 to 784 

17.6 19.5 to 23.1 

19.5 19.4 to 21.2 

17.8 16.9 to 20.5 

15.7 15.2 to 15.4 

16.0 12.1 to 14.7 

17.2 15.6 to 17.9 

17.3 18.1 to 19.6 

-- 15.9 to 22.0 

24.6 22.1 to 26.5 

25.0 23.0 to 27.6 

25.8 22.1 to 27.6 

21.8 20.7 to 27.0 

0 to 3.75 

0 to 1.25 

0 to 3.75 

0 to 1.20 

0 to 1.25 

0 to 1.25 
-- 

0 to 1.25 

0 to 2.50 
-- 

0 to 2.50 

0 to 1.25 

0 

0 

5 to 100 

0 

0 

0 

0 to 4 

0 

0 

0 

0 

0 

u Pre-treatment results 
b ‘Ranges of values are from five post-treatment soil borings. 
VW No sample taken 



Table 4.6. Water sample results for the hydrogen peroxide test cell (T2), injection date 11/15/95 

Sample Date Temperature, pH DO, 
location _ sampled OC mfS 

Electrical 
conductivity, 
bmhos 

Alkalinity, H202, Fe, Mn, Cl-, NOi, so:-, 
mgn m& .mpn WL mg/L mg/L mg/L 

T2Ll 1 l/01/94 12.7 9.0 790 _- 
1 l/15/94 14.0 8.5 8.5 1198 102 0.18 0 22.8 

146 2500 
100 

ii/i8/9i 16.2 T:Z 25.0 792 108 30 
: 

1 l/19/94 14.5 25.0 1610 95 1 1:; 

11/16/94 13.9 1326 
1 l/17/94 16.3 

t::. 20 
1380 

0 40 
16.5 1.3 550 

1.6 

91 

1,17-f 1.J.I 

.,,i5/94 10.0 i ?:i 
-v, 

25.0 180 0 
tl3llh195 A 5 7n 0R i%; 194 0 1.3 

I,,Ll,7‘+ 12.-t I.-t &-I.” LJ”” m.1 

12/CC’“” 127 97 143(1 %-lA 
13/l 

“I, *“I/d ..- "- 
__-_ 

05/07/96 13.9 : 6.6 ii.! 1820 05/08/96 14.” L-J 1 awl n nn 
05/09/96 16. 

v. I 
:; ‘; 6.5 

11.” 
8.6 ‘7L” 

V.“” 
2130 0.07 

1 l/01/94 14.4 ;: 2010 
1 l/14/94 14.6 4.5 
1 l/15/94 7:3 265 0 2250 
1 1 II LlO” 11 c c;a AA 7hQr) 7000 ::i 12.0 2200 

I 14 8.5 
l‘ll”17’1 11.2 

1 l/17/94 7:; lzl lj’;;i 
1 l/18/94 17.1 7.4 355c 
1 1 I1 atan l/i A 73 171c 

T2L2 

I 221 4.0 
11,,1,~-r I-T.” 

i:5 
<II 
388: 

375 30 2.4 
1 l/20/94 16.4 254 1 1.8 
11/21/94 
12/05/94 14.5 
12/15/94 11.5 

f :: 3700 
4930 

02/16/95 4.3 7.1 OR 5460 

614 
860 i 
402 0 0.6 

05107196 

05108196 05/09/96 2: 0.05 
T2L3 , 1 l/01/94 12.6 7.5 4250 

1 l/14/94 14.4 7.0 3.3 4580 
1 l/l 5194 7.4 685 0.1 0.25 2750 
11/16/94 12.1 7.0 4.0 4570 551 0 

::i : 
2600 

11/17/94 15.5 7.0 ;:i 4500 576 

11/18/94 15.5 7.4 4500 613 11/19/94 13.8 7.5 ::i .4320 625 0 i.1 
1 l/20/94 14.8 7.0 4520 595 0 
1 l/21/94 15.2 6.6 2390 604 
12/05/94 14.5 

3:: 
11.2 3890 732 30 

12115194 12.3 4610 615 
02/l 6195 4.8 2:: 4840 620 i 0.1 
05107196 13.4 1.0 4390 
05/08/96 14.7 7.0 4490 0.15 
05/09/96 15.4 6.9 

229 
4540 0.85 



Table 4.6. (continued) 

Sample Date Temperature, pH DO, Electrical Alkalinity, H,02, Fe, Mn, Cl-, NO,-, so:-, 
location sampled OC m@ conductivity, m& mf& mpn mg/L m& mglL mga 

hmhos 

T2Pl 1 l/O1194 
1 l/14/94 
1 l/l 5194 
1 l/16/94 
1 l/17/94 
1 l/l 8/94 
1 l/19/94 
1 l/20/94 

duplicate 1 l/20/94 
11121194 
12/05/94 
12/15/94 
02116195 
05107196 
05/08/96 
05/09/96 

OR = over range 

11.6 
14.4 

246 4410 
11.7 4850 

6.9 5701587 0.1 0.25 4.0 0.8 3500 
12.7 6.8 8.0 4720 549 0 3.8 0.4 2750 
16.0 6.9 4700 662 1.2 
15.6 6.8 

i:: 
4380 561 0.6 

14.3 7.0 
;:iZ 

4530 560 0.6 
14.4 4370 556 0.8 
14.4 ;‘o 7.1 4370 

6:7 
556 

15.0 ;:X 2500 604 0 F- 
14.7 7.0 3700 569 I 
11.6 7.0 8.7 4071 597 x kz :* 2 
7.3 7.4 4610. 560 0 0.5 

4.8 
14.9 7.3 5.3 4180 
18.7 7.1 5.6 7410 K3 



Table 4.7. Bionutrient test cell (T3), soil sample results 

PH Eh, TOC, % Soil Bromide, INA, 
Depth, ft mV ppm moisture ppm particles/mg 

Pre” Post” PO& pre” Pre” POSC post* Post6 . 

1 4.9 5.2 to 6.2 335’ to 360 7713 17.9 19.4 to 22.3 1 to4 2 to 29 
2 4.3 4.9 to 5.6 360 to 402 1851 18.2 19.5 to 20.8 1 to 4 2 to 9 
3 4.2 4.9 to 5.6 ’ 350 to 400 1261 20.9 19.3 to 21.2 1 to 3 1 to 5 
4 4.4 4.7 to 5.6 300 to430 954 17.6 15.8 to 17.5 1 to 4 2 to 5 
5 5.5 5.5 to 6.5 300 to 375 947 18.0 13.6 to 19.2 0 to 3 0 to 8 

6 6.5 6.5 to 6.8 250 to 295 1062 15.0 12.7 to 20.7 0 to 1 0 to 1 .P 
7 6.2 6.7 to6.9 180 to i75 836 12.7 17.8 to 19.4 1 to 7 0 to 9 A 

.P 
8 7.0 6.4 to6.8 160 to 270 304 21.8 21.2 to 23.7 1 to 4 0 to 9 

I 9 7.5 7.1 to 7.5 180 to 263 498 27.0 23.9 to 26.0 1 to4 0 to 1 
10 7.8 7.1 to 7.5 190 to 240 613 27.0 21.2 to 26.1 0 to 1 0 
11 7.4 6.7 to 7.4 195 to 210 432 26.7 24.6 to 25.7 0 to 1 0 
12 7.1 6.5 to 7.0 190 to 200 337 20.0 23.2 to 23.8 0 to 1 12 

* Pre-treatment results 
b Ranges of values are from five post-treatment soil borings. 



Table 4.8. Bionutrient test cell (T3) heterotrophic enumerations, cells/g 

Location/Time 
Tl/Pretest 
T2Pretest 
T3lPretest 
T3-G/3 days afkr injection 

Tl-J 13 days after injection 
T3-J /3 days after injection 

Tl-K/30 days after injection 
Tl-L/30 days afhr injection 
T3W30 days after injection 

T3U30 days after injection 

Aerobic Anaerobic 
4 fi depth loftdepth 4 fi depth 10 ft depth 

>1,100,000 2400 100 10 
>1,100,000 3900 10 10 
>1,100,000 2400 1000 10 

15,000 
(2800 fungalp 

240 10 1 

wb 
. 

3000 10 ng 
46,000 240 1 

(750 fimgal) 
% 

230 230 ng 100 
230 23 10 10 

23,000 23 ng 10 h 

230 23 ng ng Ll 
cn 

a Cmgal growth observed in serial dilutions in addition to bacterial growth. 
b ng = no growth observed. 

Note: sample results shown are two week observations, while the “ng” results are four week observations. 

Source: PfiEher 1994. 



Table 4.9. Water sample results for the bionutrient test cell (T3), injection date 11/M/95 

Sample Date Temperature, pH 
location sampled “C 

DO, 
mgn, 

Electrical 
conductivity, 
pmhos 

Alkalinity, Br, Fe, Mn, Cl-, 
m& mgn mf@ 

NO,-, 
mg/L m& 

so:-, 
mg/L wfL 

T3Ll 1 l/01/94 13.2 800 
1 l/19/94 14.8 1550 323 1.40 0.86 55.0 1.4 250 
11 I20194 12.6 7.7 3.7 1490 298 0.50 60.0 1.2 450 
1 l/21/94 14.3 7.7 4.9 1490 . 228 0.7 
12/05/94 13.4 8.5 1066 240 2: 
12/l 5194 9.7 7.1 12.0 1290 188 46.3 
02/16/95 5.1 6.6 2.1 1040 202 23.1 0.3 
05/07/96 13.0 6.4 0.8 990 
05/08/96 2.8 . 0.59 
05/09/96 16.1 6.4 0.8 1380 OR 

T3L2 1 l/01/94 13.5 T:i 1650 .b 
1 l/19/94 14.7 1790 196 9.7 0.20 0 36.2 1.3 2375 & 
1 l/20/94 13.6 ;:: 3.7 3500 194 55 0.15 54.0 1.6 2125 m 
1 l/21/94 15.2 7.0 3910 211 78 1.6 
12105194 14.6 8.3 3310 218 75 
12/15/94 11.9 7.4 3.3 4750 270 9.9 
02/16/95 5.8 7.0 2.2 4280 316 20.4 0.3 
05/07/96 1.7 
05/08/96 
05/09/96 15.6 7.2 3.2 4430 0.37 

T3L3 1 l/01/94 12 6’:; 3110 
11/18/94 14.1 1.6 4190 517 0.9 0.12 8.80 
1 l/19/94 9.3 7.0 6.4 4630 530 0.9 0.25 1.15 El 

0.1 2625 
0.1 2375 

1 l/20/94 13.7 7.1 3.0 4390 518 0.8 0.28 3.0 
ii 

2750 
11/21/94 15 2 4.2 4470 513 1 
12/05/94 14.3 5.3 3260 480 
12/l 5194 12.9 7.7 10.9 4550 520 :::: 
02116195 

146:: 
6.9 0.6 4060 486 5.1 0.1 

05/07/96 6.8 0.5 4790 
05/08/96 
05/09/96 16.4 6.8 3.2 5020 2.69 



Table 4.9. (continued) 

Sample Date Temperature, pH 
location sampled OC 

DO, 
m& 

Electrical 
conductivity, 
pmhos 

Alkalinity, Br, Fe, Mn, Cl-, NO,, so;-, 
mpn mgn wfL mfi@ mgn mfl mf2Y.L 

T3Pl 11/18/94 14.6 6.7 5.0 3240 410 0.9 0.20 2.00 5.2 0.3 1375 
1 l/19/94 
1 l/20/94 11.9 7.3 5.4 3710 395 0.8 0.33 0.1 2000 
1 l/21/94 15.3 3540 388 0.1 
12/05/94 14.7 2.5 3050 387 

:; 

12/l 5194 14.1 
2 

7:o 
3960 420 0:96 

02116195 7.8 4180 430 1.3 0.1 
05107196 16.1 2:; ::t 3800 * 
05108196 17.8 3930 2.95 Al 

iI 

OR - over range .” 



Depth, ft 

1 

2 

Table 4.10. Lime slurry test cell (T4), soil sample results 

Eh, Ca, TOC, 
PH mV ppm ivm % Soil moisture 

Pre” post* post* Pre” post* - Pre” Pre” POSC 

4.6 5.1 to 12.6 360 to 380 128 121 to 1584 6933 16.0 18.6 to 20.4 

4.6 6.2 to 11.7 350 365 159 to 14,322 1707 17.8 17.8 to 20.1 

3 4.1 4.6 to 7.0 390 to 460 322 136 to 3533 1724 21.1 20.1 to 22.4 

4 4.6 4.5 to 6.0 390 to 430 378 225 to 4545 977 16.8 17.4 to 20.6 

5 5.6 5.3 to 6.9 395 to 490 475 355 to 2410 889 14.6 15.0 to 20.1 
6 7.0 6.6 to 11.6 370 to 390 645 464 to 3787 1187 15.3 17.3 to 21.5 * 

7 7.6 7.3 to 9.1 280 to 350 9575 526 to 4545 420 23.8 20.2 to 22.9 
t!n 
co 

8 wm 7.1 to 11.0 305 to 325 -- 3925 to 8607 -- -_ 23.0 to 25.6 

9 7.6 7.3 to 11.8 320 to 340 6000 1750 to 6859 412,430 24.0 22.3 to 27.1 

10 7.8 7.4 to 12.0 295 to 305 3500 2852 to 4573 305,412 26.9 22.9 to 26.9 

11 7.0 7.3 to 7.9 305 to 330 8075 2341 to 4885 305 23.2 23.4 to 47.6 

12 7.5 7.6 to 7.9 275 to 330 1838 549 to 4200 821 25.3 22.7 to 26.2 

(f Pre-treatment results 
* Ranges of values are from five post-treatment soil borings. 
-- No sample taken 



Table 4.11. Water sample results for the lime slurry test cell (T4), injection date 11/13/95 
$ 

Electrical 
Sample Date Temperature, pH DO, conductivity, Alkalinity, Fe, Mn, Cl-, so:-, 
location sampled OC mg/L pmhos mPJL mgIL mg/L mg/L mg/L 
T4Ll 1 l/01/94 13.2 : 7.5 750 

11113f94 11.6 7.7 430 0.15 0.25 
1 l/14/94 12.3 12.3 6.5 3380 1150 23.3 425 
1 l/15/94 12.2 7.4 2100 29.8 180 
1 l/16/94 13.4 : 12.4 5.1 5210 . 980 175 
11/17/94 14.4 ’ 12.2 3.1 4750 1047 
1 l/18/94 11.8 968 
11119/94 12.9 11.8 3.1 5000 100 
1 l/20/94 13.5 11.8 3.4 4230 918 
1 l/21/94 15.0 ; 11.6 1.8 4650 942 
12105194 13.2 12.1 11.7 2420 574 7 
12/15/94 10.6 ; 11.7 3.5 1790 280 z 
02/16/95 13.8 11.0 3.1 1305 113 
05/07/96 14.2 : 7.7 1.4 1980 
05/08/96 15.3 9.2 0.3 2100 0.2 1 
05/09/96 17.5 ’ 8.2 1.0 2450 0.41 

T4L2 1 l/01/94 14.4 7.8 2350 
1 l/13/94 12.8 7.9 20.0 1500 
11114194 14.4 11.4 12.0 3550 1084 0.75 17.8 1600 
11/15/94 12.4 5.0 1250 0.23 
11116/94 14.8 12.4 6.3 7300 1170 

22.5 2125 

1 l/17/94 15.1 12.2 2.7 5360 1210 
1500 

11/1X/94 16.2 12.3 2.6 7160 1262 
1 it19194 14.1 12.1 3.1 7170 1187 
1 l/20/94 14.4 12.0 6980 1138 
1 l/21/94 15.8 11.5 2.9 3580 1136 
12105194 13.2 12.1 11.7 2420 574 
12/15/94 12.6 11.3 7.9 3010 100 
02116195 4.7 9.6 3.2 2820 33 
05/07/96 13.9 6.9 2.1 4660 
05/08!96 13.5 9.0 3.0 3910 0.23 
05/09/96 7.4 0.18 



Table 4.11. (continued) 

Sample 
location 
T4L3 

Date Temperature, pH 
sampled “C 
11/01/94 12.8 7.3 
11113/94 14.1 7.1 
1 l/14/94 10.3 6.9 
1 l/15/94 7.1 
1 l/16/94 14.1 7.0 
11/17/94 14.9 6.9 
1 l/18/94 15.5 7.1 
1 l/19/94 13.7 7.1 
1 l/20/94 14.4 7.5 
11121/94 15.4 7.0 
12105194 14.0 7.8 
12115194 12.5 7.4 
02/16/95 6.6 7.2 
05/08/96 14.7 7.1 
05/09/96 16.3 6.8 

Electrical 
DO, conductivity, Alkalinity, Fe, &, cl-, sod=, 
mg/L pnlhos mg/L mg/L mg/L mg/L mg/L 

2.0 38tiO 
3.1 4650 * 220 0.08 0.25 6.0 2600 
5.2 4740 570 0.13 0.25 7.0 2700 
1.9 626 0.05 6.8 3250 

. 1.9 4840 588 2900 
3.3 4750 627 
4.1 3140 655 
9.2 4620 646 
2.2 2470 645 

12.5 4920 741 
4.6 2050 598 
1.4 4900 685 

4960 631 
1.4 4740 0.01 
1.5 4830 0.07 



Table 4.12. Potassium permanganate test cell (T5), soil sample results 

Depth, ft 

1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 

PH Eh, TOC, % Soil Manganese, 
mv, : wm moisture wm 

Pre” Pod Post? Pre” Pre” Post? PO& 
4.7 4.7 to 5.3 240 to 533 3483 15.7 17.4 to 20.8 9 to 344 
4.7 4.4 to 4.8 400 to 830 1295 19.0 19.3 to 20.8 4 to 770 
4.3 4.4 to 4.9 385 to 880 1103 16.9 14.8 to 21.4 3 to 89 

* 4.7 4.4 to 5.0 490 to 840 1108 12.3 14.1 to 17.4 71 to 181 
6.7 6.0 to 7.1 350 to 725 989 18.4 12.7 to 17.0 Oto60 
7.1 6.8 to 7.0 540 to 690 405 19.8 17.1 to 19.2 oto 14 .P 
6.2 6.7 to 7.2 639 to 680 286 21.5 18.6 to 19.7 0 to 1 A r 
7.8 7.4 to 7.6 515 to 688 367 24.4 21.6 to 24.2 0 to 3 
7.5 6.8 to 7.7 575 to 672 381 25.3 25.1 to 25.9 1 to 5 
7.7 6.9 to 7.6 320 to 570 396 26.3 26.1 to 27.4 1 to 7 
7.6 7.3 to 7.6 235 to 530 492 27.8 19.9 to 27.1 1 to6’ 
6.9 7.4 to 8.0 252 to 460 630 22.5 22.7 to 26.9 2 to 10 

u Pre-treatment results 
* Ranges of values are from five post-treatment soil borings. 



Table 4.13. Water sample results for the potassium permanganate test ce!l (T5), injection date 11/16/94 

Sample 
location 

T5Ll 

T5L2 

Date Temperature, pH 
sampled OC 

11/01/94 13.1 7.6 
1 l/16/94 12.1 7.3 
11117194 
1 l/18/94 15.0 6.4 
1 l/19/94 14.2 6.6 
1 l/20/94 14.3 6.6 
1 l/21/94 15.0 6.0 
12105194 13.7 7.6 
12115194 11.0 6.8 
02/l 6195 4.1 6.5 
05/07/96 13.6 6.2 
05/08/96 14.2 6.4 
05/09/96 15.2 6.2 
1 l/01/94 15.1 8.1 
1 l/16/94 13.5 7.4 
1 l/17/94 7.0 
1 l/18/94 15.6 7.3 
1 l/19/94 14.9 7.2 
11 I20194 14.5 7.6 
1 l/21/94 15.6 6.7 
12/05/94 14.1 7.7 
12/15/94 12.7 7.4 
02116195 5.8 7.3 
05/07/96 12.7 6.9 
05/08/96 14.7 7.2 
05/09/96 14.9 7.0 

DO, Electrical conduc- Alkalinity, Fe, Mn, Cl-, NO,-, so;; 
mglL tivity, pmhos mgn, mgn mgn mpn mg/L wza 

760 
1560 21.8 

240 4500 
4270 200 3112 
2200 314 2086 
4260 353 2797 
2850 372 1282 
2610 480 0 

3.2 2210 626 0 
1.7 1700 
0.9 1580 0.02 
0.6 1590 0.07 

1650 
4.7 3280 

545 17,800 
250 17,700 

1241 279 11,180 
1027 298 8362 
7800 335 4831 
4700 450 2329 
4920 474 0 

1l.k 4980 527 10.6 
4990 

0.5 4910 0.09 
1.2 5160 0.25 



Table 4.13. (continued) 
. 

Sample 
location 

T5L3 

duplicate 

T5Pl 

Date Temperature, pH 
sampled OC 

1 l/01/94 12.9 7.4 
1 l/16/94 13.5 7.1 
1 l/16/94 7.2 
1 l/17/94 7.0 
1 l/l 8194 15.0 6.9 
1 l/19/94 15.0 7.4 
11 I20194 14.6 7.2 
1 l/21/94 15.5 6.5 
12105194 14.2 7.3 
12115194 13.0 7.0 
02/16/95 6.7 6.8 
05/07/96 12.9 6.9 
05/08/96 15.0 7.0 
05109196 17.4 
1 l/01/94 11.6 7.1 
1 l/16/94 13.7 6.7 
1 l/17/94 6.9 
1 l/18/94 15.5 7.5 
1 l/19/94 15.3 6.8 
1 l/20/94 J4.6 7.0 
1 l/21/94 15.5 6.7 
12105194 14.5 6.8 
12/15/94 12.9 7.0 
02116194 7.0 7.4 
05/07/96 

DO, Electrical conduc- Alkalinity, Fe, m Cl-, NO,-, so:-, 
mgn tivity, pmhos mgn mgn mfS mf@ mg/L m@ 

3010 
6.0 4320 530 0 0.6 7.8 0.1 2050 

6.5 
523 50.4 8.0 2750 
568 

3.5 4420 294 1.75 
2.3 4660 578 
0.9 4660 560 
6.4 3810 603 6.6 
2.5 4830 588 4.89 
4.3 4710 570 0 
1.4 4420 
4.2 4330 0.07 
1.5 4520 0.14 

4370 
5.7 4860 570 0.1 0 4.0 0.2 

545 0 5.3 2650 
570 2800 

2500 249 0.4 
6.1 4270 525 

12.8 960 98 0.34 
4.7 3760 562 0 

5040 587 8.14 
4780 565 

8.3 
05108196 17.0 7.1 4.6 4350 0.00 
05/09/96 19.8 6.8 3.2 4690 0.25 



Table 4.14. Water sample results for air test cell (T6), injection date 11/19/94 

Sample Date 
location sampled 

Temperature, pH 
OC 

J-Q 
mgn 

Electrical 
conductivity, 
pmhos 

Alkalinity, Fe, Mn, Cl-, 
mg/L mgn mgn w@ 

NO,-, so;-* 
mg/L m@ 

T6Ll 1 l/01/94 
1 l/19/94 
11 I20194 
1 l/21/94 
12/05/94 

. 

12/l 5194 lC% 8.3 
02/16/95 dry 
05/07/96 15.3 6.3 4.7 430 
05/08/96 15.5 6.4 1.8 430 0.13 
05/09/96 15.8 6.1 2.6 450 0.24 

T6L2 1 l/01/94 1% 7 
11/19/94 7.4 1380 275 0.12 0.4 13.5 0.2 500 z 

1 l/20/94 1 l/21/94 1% 7.2 6.1 1350 

12/05/94 12/l 5/94 1% 4.0 2230 
02/16/95 7.5 8.0 8.7 2190 
05/07/96 
05/08/96 14.3 7.3 2.7 1310 0.37 
05/09/96 15.0 7.3 2.9 1600 0.30 

T6L3 11/01/94 12.9 
1 l/19/94 13.0 
1 l/20/94 13.6 
1 l/21/94 15.1 
12/05/94 14.2 
12115194 
02/16/95 *it: 
05/07/96 14.4 
05/08/96 17.1 
05/09/96 17.6 - 

7.8 

;:‘: 2.9 3.8 
6.7 
7.3 1.7 

4.0 

;:; 
3.4 
2.8 

7.3 4.5 
7.1 3.4 

1720 
1300 258 0.12 0.7 5.8 875 
1170 271 0.18 1.55 3.8 i.1 975 
1070 
884 
2230 
1938 
520 
460 0.01 
520 0.04 
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Table 4.15. Iron micropowder test cell (T7), soil sample results 

Depth, f’t 

1 

2 

Pre” 

6.5 

4.6 

PH 

Post! 

5.4 to 5.5 

5.7 to 6.4 

Eh, TOC, ” r IW,” 
mV PPm PPm 
Post! Pre” Post! 

330 to 380 6893 3.0 to 3.5 

380 to 390 1903 13.1 to OR 

3 4.7 5.2 to 5.4 410 to 420 1110 0.9 to 29.5 

4 4.9 5.5 to 5.6 370 to 380 1277 0.5 to 1.2 

5 6.4 5.5 to 6.3 270 to 280 866 2.3 to 32.8 

6 6.7 6.4 to 6.4 210 to240 1631 1.0 to 1.0 

7 6.5 6.4 to 6.5 200 to 230 531 2.4 to 3.5 

8 7.4 6.4 to 6.6 150 to 200 385 0.9 to 1.2 

9 7.0 6.8 to 7.1 150 to 180 383 0.2 to 1.2 

10 6.9 6.5 to 6.7 135 to 165 394 1.2 to 1.7 

11 6.9 6.6to 6.8 140 to 165 033 1.3 to 1.8 

12 7.7 6.1 170 393 1.4 to 3.2 

D Pre-treatment results 
b Ranges of values are from five post-treatment soil borings. 
OR = over range 



Table 4.16. Water sample results for iron micropowder test cell (T7), injection date 11/19/94 

Electrical 
Sample Date Temperature, DO, conductivity, Alkalinity, Bf, Fe, Mn, Cl-, NOi, so:-, 
location sampled “C PH mg/L pmhos mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

T7Ll 1 l/01/94 12.7 8.8 460 
1 l/19/94 9.2 7.6 860 200 0.1 0.4 34.0 1.1 150 
1 l/20/94 12.0 7.9 790 163 0.9 0.7 3.7 1.1 188 
1 l/21/94 15.4 7.2 6.5 590 0.1 188 
12/05/94 
12/15/94 11.6 6.6 10.4 795 OR 2.0 
02/16/95 4.0 6.2 11.0 833 25.5 2.7 
05107196 14.7 6.1 1.8 430 f 
05/08/96 15.8 5.9 1.2 280 2.98 % 
05/09/96 15.9 5.9 1.0 490 OR 

T7L2 1 l/01/94 14.7 9.0 1030 
1 l/19/94 9.1 8.0 820 188 3.1 0.4 10.5 0.6 330 
11/20/94 13.0 8.0 5.2 1000 173 0.7 0.3 0.2 11.2 0.2 900 
11/21/94 15.8 7.4 3.3 1610 0.1 0.2 700 
12/05/94 14.8 7.3 11.5 1381 3.2 0.5 850 
12/U/94 12.7 6.9 3.0 2580 OR 
02/16/95 4.8 7.3 5.6 1913 5.8 
05/07/96 13.7 7.2 0.9 2140 
05/08/96 13.7 7.2 1.2 2120 OR 
05/09/96 16.4 7.2 2.4 2000 OR 



Table 4.16. (continued) 

Electrical 
Sample Date Temperature, DO, conductivity, Alkalinity, Br-, Fe, Mn, Cl, NO;, sot-, 
location sampled “C PH mg/L pmhos mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
T7L3 11/01/94 13.0 7.6 2780 . 

1 l/19/94 13.0 7.3 1.6 3520 380 0.1 1.6 4.0 0.1 900 
1 l/20/94 13.3 7.3 3.1 2090 451 0.7 0.2 2.2 3.2 0.6 2432 
1 l/21/94 15.1 6.8 9.4 3620 0.1 2.0 2375 
12/05/94 14.8 8.5 0.4 1.5 
12115194 13.2 7.2 4.9 4390 0.8 3.3 
02/16/95 5.8 7.0 1.7 4350 1.8 1.3 
05/07/96 14.1 6.9 1.0 3840 * 
05/08/96 14.8 7.1 3.5 3740 0.06 A 

NV 
05/09/96 17.1 6.9 2.3 3920 0.16 

OR = over range 
Blanks indicate insufficient sample volume for analyses 
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5. Equipment Operations Observations 

One of the objectives of this field test was to determine the operational characteristics of the 
MPIS process, This objective was accomplished by observation and documentation during 
the field tests. Observations included injection volumes, flow rates, back pressure, general 
equipment operations, and operational and maintenance problems. 

The average volume of fluid injected into the soil at the CTS was about 0.27 galHt3, 
calculated in the following way: 

7,030 R3 = cell volume (effective treated cell size of 26 fi x 26 ft x 10.4 &), 
1900 gal = average volume injected (2300 gal per test cell minus 400 gal lost to surface 

seepage) 
0.27 gal/i-l3 = 1900 gal/7,098 fi3. 

The approximate volume of the air-filled pores within each test cell prior to injection was 
estimated at about 2,000 gal or 270 fi3. This was in part, the basis for the target injection 
volume. If the injected fluid, which equaled approximately 1900 gal, entered the air filled 
pores, then the soil within each test cell should have been 100% saturated after injection. 
Post-treatment soil sample data indicate that the soil was not uniformly 100% saturated; thus, 
some of the injected fluid must have moved outside of the test cell boundaries along fractures 
and other preferred flow paths. 

Although the average injection pressure was about 100 psi, it fluctuated between 60 and 200 
psi depending on the resistance of the soil to injection. This injection pressure range is similar 
to that used during a previous conventional soil ‘fracturing test conducted at the CTS and may 
have had similar effects (i.e., creating fractures in the fine-grained media). During fluid 
injection, the flow rates varied from 15 to 40 gal/mm, again depending on the resistance of 
the soil to injection. Activities performed, production rates, and total time for each major 
activity are shown on Table 5.1. 

Based on the work conducted, it appears that the system is capable of delivering 
approximately 2 gal of reagent per injector per 15-in. interval to a depth of 10.4 fi in about 
5 to 6 min per injection location. The cost per day for subcontractor equipment and labor 
was approximately $1300 (1994 cost). The equipment is capable of delivering reagent to 
between 10,500 and 16,000 fi3 of soil in an 8-h work day. Thus, the cost per cubic foot of 
soil at the CTS was between $0.1 2/fi3 and $0. 08/ft3 ($3.24 to $2.16/cubit yard). The cost for 
reagents varied considerably, depending on the particular chemical, the purity, and the desired 
concentration of the injected solution. Extrapolation of these costs to a contaminated site 
would require a multiplier to account for additional operating requirements such as waste 
management, a higher level of worker protection, and other issues. 



5-2 

During the injections, several operational requirements were noted. The machine operates 
by performing an injection and then backing up 2 fi to start the next injection. Because the 
solution delivery hose connects to the back of the machine, the hose must be moved manually 
so the machine does not run over it. Much time can be spent in mixing reagent solutions and 
the injection progresses much more rapidly if enough solution is mixed to inject the entire area 
to be treated prior to starting the injection. This could require mixing almost 5,000 gal of 
solution for a full day of injection activities. The individual injector ports can clog with soil 
very easily when stop-and-go injection is performed. It is prudent to check the injector ports 
aboveground occasionally to see if all injectors are open. If there are clogged ports, they can 
be easily cleared with a piece of wire. If work is being conducted in a contaminated area, 
some means of containing any seepage to the ground surface should be in place prior to the 
start of injection to prevent spreading contamination in runoff from the injected site. This 
could be accomplished with a shallow trench, filter booms, and/or silt fencing. Work can be 
conducted in relatively restricted surroundings as the equipment is highly maneuverable and 
is capable of angled injections. 

Generally speaking, the MPIS provides a rapid means of injecting reagent into the subsurface 
to a depth of 10.4 ft. There are other units available capable of injecting to 30 or 40 ft, but 
these are not as maneuverable and their cost is considerably more than the system tested for 
this demonstration. The system tested is largely nondisruptive to subsurface supports such 
as footers or pipe beds, and injections can be performed close to buildings and other cultural 
features. The system is also capable of being using an angles up to 45 ’ from vertical. 
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Table 5.1. Task summary for MPIS testing 

Activity Production rate Total time 

Pre-treatment 
characterization 

Mobilization and 
shakedown 
Reagent mixing 
Test cell 1 injection 

Test cell 2 injection 

Pre-treatment borings, 
6 to 7/d 
Lysimeters, 12/d 
Piezometers, 5/d 
SMT probes, 24/d 
Water samples, 30/d 
Mobilization, 2 d 
Shakedown, 2 d 
0.5 to 1 h/1000 gal batch 
5.3 mm/setup 

5.7 mm/setup 

5 d/32 borings 

2 d/24 lysimeters 
1 d/5 piezometers 
1 d/24 SMT probes 
1 d/30 samples 
4d 

10 h/13,000 gal 

190 min for 36 setups 

205 min for 36 setups 

Test cell 3 injection 5.7 minIsetup 
Test cell 4 injection 4.3 mm/setup 
Test cell 5 injection 5.4 mm/setup 
Test cell 6 injection 5 minlsetup 
Test cell 7 injection 5.5 mm/setup 

205 min for 36 setups 
155 min for 36 setups 
195 min for 36 setups 
20 min for four setups 
22 min for four setups 

Post-treatment 
characterization 

Soil borings, 5 to 6/d 
Water samples, 12 to 30/d 

7 d/37 borings 
11 d/200 samples 
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6. Summary and Conclusions 

The purpose of the permeation and dispersal of reactive fluids project at the PORTS CTS was 
to evaluate: 

l the feasibility of using the MPIS for injection of treatment agents into the subsurface, and 
l the relative effectiveness of injecting contrasting treatment agents for in situ remediation 

of low permeability soils. 

The stated objectives of this project were to: 

l characterize pore fracture size and continuity in the untreated soil and then determine 
changes in fracture size and continuity as affected by reagent or air injection, 

l determine matrix effects of the various fluids released with respect to changes in soil pH, 
TOC, conductivity, etc., 

l determine dispersal of reactive particles in LPM, 
l determine dispersal of oxidants in LPM, and 
l determine the operation and maintenance characteristics of the injection tool. 

1 

Performance testing of the MPIS at the PORTS CTS has demonstrated that it is feasible to 
use the MPIS for injection of various reagents into relatively shallow depths of low 
permeability soil. However, observations suggest that the treatment agents injected advect 
along pre-existing preferential flow paths and only in cases of persistent agents, do they 
diffise into matrix blocks. Observations of the various injections also indicate that the initial 
effect generally occurred in the upper more structured zone of the subsurface at the test site. 
Percolation of the injected media from the saturated upper soils over time resulted in 
subsequent, and less dramatic, changes to the deeper portions of the cells. 

The relative success of injecting the various treatments appears to be similar. Post-treatment 
soil sampling results and boring logs indicate that the distribution patterns for the treatment 
agents were comparable. Thus, the slurry mixtures (i.e., lime, iron micropowder/guar gum) 
flowed through the injector system and penetrated the subsurface equally as well as other 
media (e.g., peroxide solution). From an operational standpoint, no problems occurred with 
the MPIS during injection of any of the treatments; however, the tank containing the iron 
micropowder required continuous stirring to prevent settling of the metal particles. 

Pre-treatment and. post-treatment soil boring logs were prepared for each test cell to assess 
macroscopic changes in pore fracture size and continuity. No significant changes were 
observed, excluding the filling of the existing fractures and macropores with the injected 
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media. Sample cores from each test cell were also collected for x-ray and SEM analysis to 
assess pre- and post-treatment fracture morphology. X-ray data were inconclusive, and SEM 
analyses were not completed. 

Varying matrix effects were observed for the various treatment injections. No notable effects 
were observed for test cell 1 (water with tracers) and test cell 6 (air). The most significant 
effect observed in test cell 2 (hydrogen peroxide) was a significant decrease in TOC at a depth 
of up to 2 ft bgs; however, little change was observed at greater depths. The peroxide 
injection also effected a significant increase in DO in the lysimeter (water) samples. Results 
from test cell 2 also indicate that the peroxide reacts rapidly in the fine-grained soil and 
degrades in a relatively short time (a few days). No significant matrix effects were observed 
in test cell 3 (bionutrients with tracers) soils. However, increased nitrate levels were 
measured in lysimeter samples as a result of the nutrient ingredients. 

Significant matrix effects were observed in test cell 4 (lime slurry). The lime injection resulted 
in dramatic pH increases in both soil and lysimeter samples. Alkalinity and conductivity 
measurements also increased substantially in the water samples. These effects appear to be 
fairly long lasting (at least 4 weeks). Post-treatment results from test cell 5 (potassium 
permanganate) indicated dramatic increases in soil Eh throughout the soil profile and a slight 
decrease in pH in the water samples. Post-treatment manganese concentrations in lysimeter 
samples remain elevated for. approximately 5 weeks. Thus, of the oxidants injected, the 
potassium permanganate appears to react mildly but will persist longer than the peroxide. No 
significant matrix effects were observed for test cell 7 (iron micropowder) soils, excluding an 
increase in the iron concentration. However, a decrease in pH was observed in the water 
samples in conjunction with an increase in the soluble iron concentration. 

The dispersal of the various treatment agents in low permeability soils was generally related 
to the success of the injection. Thus, there was a similar pattern of initial dispersal in each test 
cell as discussed previously. However, additional dispersal in the subsurface over time was 
observed for those treatments (i.e., lime, potassium permanganate, and iron) that were soluble 
and more persistent. This appeared to occur as affected water percolated downward through 
the soil. 

Based on the results ofthe testing at thePORTS CTS, the MPIS shows promise for treatment 
of contaminants in shallow, low permeability soils. The injected treatment agents follow pre- 
existing preferential flow paths in low permeability soils (e.g., fractures) but do not appear 
to create new fractures. The system could be used to deliver a treatment medium into the 
preferential flow paths, thereby preventing further migration of contaminants, at least until 
the agent was exhausted or flushed out by surface recharge. Additional treatment could occur 
by subsequent percolation of affected water through the contaminated soil layer. The MPIS 
would probably be very effective at delivering solutions into unconsolidated sandy sediments 
or loose tailings. 
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Based on their inherent reactive characteristics, three of the treatments tested at the CTS have 
potential application for in situ remediation of VOCs in low permeability soils, These include 
hydrogen peroxide, potassium permanganate, and iron micropowder. Further testing ofthese 
treatments in conjunction with the MPIS is recommended for a contaminated site. The other 
treatments tested at the CTS are generally not effective for chlorinated solvents; however, 
they could be delivered with the MPIS for in situ treatment at other contaminated sites. 





7-l 

7. References 

American Petroleum Institute. 1995. Petroleum Contaminated Low Permeability Soil: 
Hydrocarbon Distribution Processes, Exposure Pathways and In Situ Remediation 
Technologies, Health and Environmental Sciences Dept. Publication No. 463 1, September. 

Case, T. 1997. Reactive permanganate grouts for horizontal permeable barriers and in situ 
treatment of ground water. M.S. thesis, Environmental Science & Engineering Division, 
Colorado School of Mines, Golden, Colorado. 

Davenport, D.T., D. J. Georgopoulos, R.L. Siegrist, M.I. Morris, and O.R. West. 1994. 
Technology Demonstration, Assessment, and Application for aRCRA Closure: Observations 
and Lessons Learned in the Process. Proc. Spectrum ‘94, Atlanta, August, 1994. 

Gates, D.D. and R.L. Siegrist. 1995. In Situ Chemical Oxidation of Trichloroethylene Using 
Hydrogen Peroxide. ASCE Journal of Environmental Engineering, 121(9):639-644. 

Gierke, J.S., C. Wang, O.R. West, and R.L. Siegrist. 1995. “In Situ Mixed Region Vapor 
Stripping of Low Permeability Media: 3. Modeling of Field ,Tests”. Environ., Science & 
Technology, 29(9):2208-2216. 

Huling, S.G. and J.W. Weaver. 199 1. Dense Nonaqueous Phase Liquids. Ground Water 
Issue Paper, EPA/540/4-91-002. Office of Research and Development, Washington, D.C. 
20460. 

Johnson, R., D. Grady, T. Walden, and H. Hopkins. 1995. Remediation of Gasoline 
Contaminated Low Permeability Media as Evaluated at a Controlled Release Test Site. 
Invited presentation at the Second International Conference on Challenges and Innovations 
in the Management of Hazardous Wastes. Air and Waste Management Conference, May, 
1995, Washington, D.C. 

Johnson, R.L., and D. Grady. 1995. Remediation of Tight Soils Using Air Flushing: 
Summary of 1994 Field Experiments at Samia Ontario. Prepared for the American Petroleum 
Institute by OregonGraduate Institute Center for Groundwater Research, Beaver-ton, Oregon. 

MacDonald, J. A. and M. Kavanaugh. 1994. Restoring Contaminated. Groundwater: An 
Achievable Goal? 1994. Environmental Science & Technology, 28(8):362A-368A. 

Murdoch, L., B. Slack, B. Siegrist, S. Vesper, and T. Meiggs. 1997a. Hydraulic Fracturing 
Advances. Civil Engineering, May, pp. 1 OA- 12A. 



7-2 

Murdoch, L., W. Slack, R. Siegrist, S. Vesper, and T. Meiggs. 1997b. Advanced Hydraulic 
Fracturing Methods to Create In Situ Reactive Barriers. Proc. International Containment 
Technology Conference and Exhibition. February 9-12, 1997, St. Petersburg, FL. In press. 

ORAL. 1994. Final Work PlanforM&-port Injector System Testing in Low-Permeability 
Soils at the Clean Test Site. Oak Ridge National Laboratory, Grand Junction, Colorado. 

ORAL. 1993. Environmental Technology Section formerly Pollutant Assessments Group) 
Procedures Manual. ORNL-6645/R2. Oak Ridge National Laboratory, Grand Junction, 
Colorado. 

Pfiffner, S.M., R.L. Siegrist, K. S. Lowe, D.B. Ringleberg, and A.V. Palumbo. 1997. Samia: 
Bioremediation Processes Demonstrated at a Controlled Release Site. Symposium on In Situ 
and On-Site Bioremediation. April 1997. New Orleans. 

PfifI?rer, S. 1994. Written communication with R. L. Siegrist, ORNL from Susan Pfiffher, 
University of Tennessee Center for Environmental Biotechnology, Microbial Enumerations 
and Activities. 

Siegrist, R. L., K. S. Lowe, L. C. Murdoch, D. A. Pickering, and T. L. Case. 1999. In Situ 
Oxidation by Fracture Emplaced Reactive Solids. J. Environmental Engineering. 
125(5):429-440. 

Siegrist, R. L.,.K. S. Lowe, L. C. Murdoch, W. W. Slack, and T. C. Houk., 1998. X-231A 
Demonstration of In Situ Remediation of DNAPL Compounds in Low Permeability Media 
by Soil Fracturing with Thermally Enhanced Mass Recovery or Reactive Barrier 
Destruction. ORNL/TM-13534. Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

Siegrist, R.L., N.E. Korte, D. Smuin, O.R. West, D.D. Gates, and J. S. Gunderson. 1996. In 
Situ Treatment of Contaminants in Low Permeability Soils: Biogeochemical Enhancement by 
Subsurface Manipulation. Invited presentation at First International Conference on 
Contaminants in the Soil Environment in the Australasia-Pacific Region, February 1996, 
Adelaide, South Australia. 

Siegrist, R.L. and K.S. Lowe (ed.). 1995. In Situ Remediation of DNAPL Compounds in 
Low Permeability Media - Interim Report. Interim project report prepared by Oak Ridge 
National Laboratory with contributions from an ad hoc team of scientists and engineers from 
DOE national laboratories, academia, and industry. 



7-3 

Siegrist, R.L., O.R. West, M. I. Morris, D. A. Pickering, D. W. Greene, C. A. Muhr, D. D. 
Davenport and J S. Gierke.. 1995a. In Situ Mixed Region Vapor Stripping of Low 
Permeability Media. 2. Full Scale Field Experiments. Environ. Science & Technology. 
29(9):2198-2207. 

Siegrist, R.L., N. E. Korte, M.T. Muck, D.R. Smuin, A.D. Laase, O.R. West, D.T. 
Davenport, and J. Walker. 1995b. Field Evaluation of Subsurface Manipulation by 
Fracturing, Multipoint Injection/Dispersal, and Directional Drilling Using Unconfined Test 
Cells. Invited presentation at the Second International Conference on Challenges and 
Innovations in the Management of Hazardous Wastes. Air and Waste Management 
Conference, May, 1995, Washington, D.C. 

Siegrist R.L., N.E. Korte, M.T. Muck, D.R. Smuin, A.D. Laase, O.R. West, D.T. Davenport, 
and J. Walker. 1995c. Field Evaluation of Subsurface Manipulation by Fracturing, 
Permeation Dispersal, and Horizontal Well Recirculation Using Unconfined Test Cells, 
Invited presentation at the National Ground Water Association Annual Educational 
Conference, October, 1995, Indianapolis, IN. 

Siegrist, R. L., M. I. Morris, 0. R. West, D. A. Pickering, C. A. Muhr, D. W. Greene, D. D. 
Gates, T. J. Mitchell, R. A. Jenkins, and T. M&night. 1994a. X-231B Technology 
Demonstration for In Situ Treatment of Contaminated Soil: Field Evaluation of Mixed 
Region VapOr Stripping, Chemical Oxidation, and SolidiJication Processes. ORNLITM- 
12261. Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

, 

Siegrist, R. L., M. I. Morris, 0. R. West, D. D. Gates, D. A. Pickering, R. A. Jenkins, T. 
J. Mitchell, D. W. Greene, C. A. Muhr, S. E. Herbes, T. M. Gilliam, H. L. Jennings, A. J. 
Lucero, J. Zutman, T. M&night, and J. S. Watson. 1995. The%231B Technology 
Demonstration for In Situ Treatment of Contaminated Soil: Field Demonstration and 
Testing of Vapor Stripping, Peroxi@ion, and SolidiJication. ORNLITM- I226 1. Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. 

Siegrist, R.L., 0. R. West, D. D. Gates, S. E. Herbes, M. I. Morris, T. M. Gilliam, H. L. 
Jennings, A. J. Lucero, J. S. Watson, D. A. Pickering, D. W. Greene, C. A. Muhr, J. 
Zutman, R. A. Jenkins, T. J. Mitchell, T. M&night, D. T. Davenport. ‘1993. In: Post, R. 
G. Full-scale Field Demonstration and Testing of Physicochemical Processes for In Situ 
Treatment of Contaminated Soil. Proc. Waste Management ‘93. Feb. 28 - Mar. 4 1993. 
Tucson, AZ. American Nuclear Society, pp. 849 - 854. 



7-4 

Smuin, D.R., R.L. Siegrist, N.E. Korte, O.R. West, J. Strong-Gunderson, and P.M. Kearl. 
1995. Bromide Tracer Evaluation of a Multipoint Injection System for Soil Treatment. 
Presentation at American Geophysical Union, Fall, 1995 meeting. 

Strong-Gunderson. J. M., and A. V. Palumbo. 1995. Laboratory Studies Demonstrate an 
Innovative Colloid Tracer: Real Time, Sensitive, and Non-Persistent. 

Urynowicz, M. A. and R. L. Siegrist. 2000. Permeation Dispersal of Treatment Agents 
for In Situ Remediation in Low Permeability Media: 2. Laboratory Studies with Intact 
Cores. ORNL/TM-13 597. Oak Ridge National Laboratory, Oak Ridge, Tennessee, 

U.S. DOE. 1996. In Situ Remediation of DNAPL Compounds in Low Permeability 
Media Fhte/Transport, In Situ Constol Technologies, and Risk Reduction. ORNLITM- 
13305. Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

U.S. EPA. 1992. Dense Nonaqueous Phase Liquids -- A workshop Summary. 
EPA/600/R-92/030. Office of Research and Development, Washington, D.C. 20460. 

Walden, T. 1993. Remediation of Low Permeability Soils: An API Research Program. 
Proc. 1993 Petroleum Hydrocarbons and Organic Chemicals in Groundwater: Prevention, 
Detection, and Restoration. Houston, TX. National Water Well Assn. pp. 623-629. 

West, Or. R., R. L. Siegrist, J. S. Gierke, S. W. Schmunk, A. J. Lucero, and H. L. 
Jennings, 1995. In Situ Mixed Region Vapor Stripping of Low Permeability Media. 1. 
Process Features and Laboratory Experiments. Environmental Science & Technology. 
29(9):2191 - 2197. 



APPENDIX A 

GEOTECHNICAL, BACKGROUND, AND GRAIN SIZE 
DISTRIBUTION RESULTS FOR THE CTS 





A-l 

UNIFIED SOIL CLASSIFICATION 

COBi3LES - GRAVEL SAND 
COARSE FINE COARSE MEDIUM FINE 

SILT OR CLAY 

U.S. SIEW SIZE IN INCHES U.S. STN'IDARLI SIEVE No. HYDROMETEZ 
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GRAIN SIZE IN MILLIMETER 

SYMBOL BORING F D fYTH LL pw’, DESCRIPTION (w) 

0 BHI-05 5.0 49 31 CLAY, silty. It yelsh br, mott gr, w/ rts USC-CL 

Remark : Martin Marietta Energy Systems, Inc. 

Project No-O-4267 Portsmouth - OTD Mini Characterization 

.OGDEN 
ENVIRONMENTAL 

GRAIN SIZE DISTRIBUTION April 5, 1994 
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UNIFIED SOIL CLASSIFICATION 

GRAVEL SAND 
COBBLES SILT OR CLAY 

COARSE FINE COARSE MEDIUM flNE 
I 6 

I U.S. SlJcw SIZE IN INCHES t U.S. STANDARD SIEVE No. 1 HYDROMETER 

. 

3 3/4 3/a 4 10 20 40 60 140 200 
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60 

40 
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0 
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GRAIN SIZE IN MILLIMETER 

- 20 

- 60 

- 80 

SYMBOL BORING DgfH [!& (?) DESCRIPTION 

0 BHl-13.5 13-13.5 64 38 CLAY, silty, rdsh br, mott blk uSC=CH 

Remark : Martin Marietta Energy Systems, Inc. 

Project No.&4267 Portsmouth - OTD Mini Characterization 

OGDEN 
ENVIRONMENTAL 

GRAIN SIZE DISTRIBUTION April 5, 1994 
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UNIFIED SOIL CLASSIFICATION 
, 

COBBLES 1 GRAVEL SAND 
COARSE FINE MEDIUM FINE 

SILT OR CLAY cmf7sE 

U.S. m SIZE IN lNcHEs U.S. STANJIARD SIEVE No. HYDROMETER 

3 3/4 3/0. 4 10 20 40 60 140 200 

20 
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80 

GRAIN SIZE IN MILLIMETER 

SYMBOL BORING 

0 BHZ-05 

“ET” (!& &\ DESCRIPTION 

4.5-5.0 33 14 CLAY.slty,lt ylsh bk mott gr & br w/rk frogsUSC=CL 

Remark : Martin Marietta Energy Systems, Inc. 

Project. No-O-4267 Portsmouth - OTD Mini Characterization 

OGDEN GRAIN SIZE DISTRIBUTION April 5, 1994 
ENVIRONMENTAL 

-- . ..- . .._ _ 
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UNIFIED SOIL CLASSIFICATION 

COBBLE’S CRA VEL SAND 
COARSE flNE COARSE MEDIUM flNE 

SILT OR CLAY 

I 
I U.S. SEVB SIZE IN lNcHEs 1 U.S. STANDARD SLEIVE No. 1 HYDROMETER 

3 3/4 3/6 4 10 20 40 60 140 200 

.oo 

60 

80 

GRAIN SIZE IN MILLIMETE!R 

SYMBOL BORING DF:TH (k?) g) DESCRIPTION 

0 BH2-14 13.5-14 26 12 CLAY, silty, yellowish brown USC=CL 

Remark : Martin Marietta Energy Systems, Inc. 

Project No.O-4267 Portsmouth - OTD Mini Characterization 

OGDEN GRAIN SIZE DISTRIBUTION April 5, 1994 
ENVIRONMENTAL 



SUMMARY OF LABOhTORY TEST RESULTS 

UNIT 
WEIGHT 

SPECIFIC 
GRAVITY 

ATTERBERG 
LlMlTS 

Project: Portsmouth ODT Mini Characterfzation 

Project Number: 04267-0988 

Date: May 29.1994 

Hole 
No. 

Depth 

(ft) 

Natural 
Moisture O* Unified 

Soil 
Classtfication 

Other 
Test 

l * 

Sol1 Descrfptton Sample Sample 
No. Type* 

ss 

ss 

ss 

ss 

ss 

ss 

BH-l-05 CLAY. silty, II&t yellowish brown m&led gray 
with roots 

23.4 2.66 49 31 

32.4 2.63 64 -38 

21.2 2.87 27 15 

22.6 2.60 33 14 

22.6 i.69 26 12 

19.1 2.75 31 13 

24.5 2.66 50 28 

BH-1-13.5 CH CLAY, silty, reddish-brown mottled black 

BH-1-22 CLAY, silty, light yellowish brown mottled brown 
with weathered shale fragments 

CLAY, silty, light yellowish brown mottled gray 
and brown with rock fragments 

CLAY, silty, slightly sandy, tan 

CLAY, silty. dark yellowish brown with rock 
fraoments 

BH-2-65 

BH-2-14 13.5 f 14.0 

BH-2-28 27.5 - 28.0 

BH-3-09 8.5 - 9.0 CLAY, silty, tan mottled light gray 

CLAY. silty. light brown mottled gray CH BH3-12 

BH3-19 

BH4-07 

BH-4-15 

35.5 2.73 72 49 

17.7 2.68 23 11 

26.7 2.66 60 35 

31.0 2.69 69 43 

18.5 - 19.0 CLAY, silty, dark greenish brown with rock 
fraaments 

CH 6.5 - 7.0 CLAY. silty, light brown mottled gray and 
yellowlsh-brown 

CLAY, silty, light brown mottled gray CH 

ST-SHELBY TUBE SAMPLE, SS-SPLIT SPOON SAMPLE, B-BAG SAMPLE 
TEST RESULTS REPORTED ON OTHER SHEETS: 

GA Technical Services C-CONSOLIDATION P-PROCTOR TEST 

S-SIEVE OR GRAIN SIZE ANALYSIS D-DIRECT SHEAR TEST 
U-UNCONFINED COMPRESSION TEST T-TRIAXIAL TEST 

DATA CHECKED BY ‘/ 1 t 

c 



SUMMARY OF LABORATORY TEST RESULTS 

Hole 
No. 

BH-Q-21 

BH-5-08 

BH-5-13 

BH-5-19 

BHS-23 

BH-6-02 

BH-6-18 

BH-6-29 

BH-7-12 

BH-f-20 

BH-7-26 

UNIT SPECIFIC AlTERBERG Project: Portsmouth ODT Mini Characterization 

WEIGHT GRAVITY UMITS 

F-w Project Number: 04267-0088 

Date: Mav 20, 1994 

Sample Sample Depth Natural Wet Dry G* Liquld Piastlclty Untfied Other Sol1 Descrlptlon 

No. Type’ (fi) Moisture Limtt Index Soil Test 

WI WI @I Classification l * 

ss 20.5 - 21.0 36.7 2.72 ’ 48 26 CL CLAY, silty, brown mottled gray and reddish- 
. brown 

ss 7.5 - 8.0 32.3 2.69 69 44 CH CLAY, slity, light brown mottled gray 

ss 12.5 - 13.0 39.9 2.70 46 25 CL CLAY, sitty, light brown mottled gray yellowish-, 
brown and reddish-brown 

ss 18.5 - 19.0 20.7 2.68 26 11 CL CiAY, silty, yeliowlsh-brown mottled light gray 
with rock fragments 

ss 22.5 - 23.0 30.9 2.70 28 i 15 CL CLAY, silty slightly sandy light yellowish-brown 

ss 1.5 - 2.0 25.9 2.62 41 25’ CL CLAY, silty, light yeltowlsh-brown 

ss 17.5 - 18.0 21.7 2.65 28 13 CL CLAY, silty. light yellowish-brown 

ss 28.5 - 29.0 14.3 2.69 CLAY, silty, dark brown wlth rock fragments 

. ss 11.5 - 12.0 20.7 2.70 28 14 CL CLAY, silty. slightly sandy, light yellowish-brown 

ss 19.5 - 20.0 19.3 2.65 30 14 CL CLAY, sitty, slightly sandy, yellowish-brown 

ss 25.5 - 26.0 17.3 2.65 29 12 CL CLAY, siity, dar brown 

‘ST-SHELBY TUBE SAMPLE, SS-SPLIT SPOON SAMPLE, B-BAG SAMPLE 
**TEST RESULTS REPORTED ON OTHER SHEETS: 

C-CONSOLIDATION P-PROCTOR TEST 

S-SIEVE OR GRAIN SIZE ANALYSIS D-DIRECT SHEAR TEST 

U-UNCONFINED COMPRESSION TEST T-TRIAXIAL TEST 

DATA CHECKED jJv1 

@ 

I 
GA Technical Services 



SUMMARY OF LABORArORY TEST RESULTS 

Hole 
No. 

BH-8-13 

BH-8-22 

BH-9-09 

BH-9-21 

BH-9-21.5 

UNIT SPECIFIC ATTERBERG Project: Portsmouth ODT Mini Charactertzatlon 
WEtGHT GRAVITY LIMITS 

w? Project Number: 64267-0088 

Date: May 26.1994 

Sample Sample Depth Natural Wet Dry G, Llquld Plasticity Unified Other Soil Description 
No. Type’ (fl) Molsfure Limit index Soil Test 

(‘A) WI (“4 Classification l * 

ss 12.5 - 13.0 33.5 2.68 61 41 CH ClAY, silty, reddlsh-brown 

ss 21.5 - 22.0 28.5 2.72 26 12 CL CLAY, silty, dark brown mottled dark with gray 
rock fragments 

ss 8.5 - 9.0 33.6. 2.70 71 48 CH CLAY, slity, light reddish-brown mottled and gray 
yeliowtsh-brown 

ss 20.9 - 21 .O 36.4 2.73 53 28 CH CiAY. silty. mottled reddish-brown gray 

ss 21.0 - 21.5 29.9 2.75 51 26 CH CtAY, silty, mottled greenish-brown gray 

*ST-SHELBY TUBE SAMPLE, ss-SPLIT SPOON SAMPLE, B-BAG SAMPLE 
“TEST RESULTS REPORTED ON OTHER SHEETS: 

C-CONSOLIDATION P-PROCTOR TEST 

S-SIEVE OR GRAIN SIZE ANALYSIS D-DIRECT SHEAR TEST 
U-UNCONFINED COMPRESSION TEST T-TRIAXIAL TEST 

DATA CHECKED GA Technical Services 



MPIS Baseline Soil Characteristics: Moisture Content, Bulk Density, Porosity, pH, TOC 

Pan ID Sample Name Depth % Moisture % Moisture Wt bulk Dry bulk Dry wt % volume % volume % volume pH TOC, Avg. % Avg. pH Avg. bulk Avg. TOC, 

based on dry based on wet Density, Density, % porosity water-filled air-filled wm soil moisture density Pw 

wt wt glee g/cc moisture porosity porosity (wet wt) (moist), 
p/cc 

I Tl-BE-OO-01 1 21.95 18 4.26 6253 16.73 4.89 6396.63 

pedian moist bulk 4.61 6107 

* 

do 



MPIS Baseline Soil Characteristics: Moisture Content, Bulk Density, Porosity, pH, TOC 

Pan ID ISample NamelDepthl % Moisture1 % Moisture 1 Wt bulk 1 Dry bulk 1 Dry wt 1% volume] % volume 1% volume1 pH 1 TOC, 1 Avg. % 1 Avg. pH IAvg. bulklAvg. TOGI 
based on dry based on wet Density, Density, % porosity water-filled air-filled wm soil moisture 

wt wt p/cc p/cc moisture porosity porosity (wet wt) 

70 T6-BE-04-0.5 5 14.38 12.57 I .89 I .66 14.03 39.77 23.23 16.54 6.18 866 
83 T7-BA-O4-05 5 16.52 14.18 I .85 1.57 
96 SI-BA-04-05 5 18.67 15.73 1.82 I .54 17.58 
I Tl-BE-05-06 6 20.66 17.12 I I 6.04 12171 I6.f 

,T2-BE-05-06, 6 . 20.9 I. 17.3. 6.891 8! 

density wnl w (moist), 
cc 

J 
18.11 42.94 28.4 14.54 6.371 IOU/ 

43.821 27.1d 16.6d 4.76 8181 
38 6.47 994.88 

- 

98 S I -BA-05-06 6 15.87 13.7 
8 Tl -BE-06-07 7 IS.61 15.69 I 71 6851 17.791 6.57 I 1.12 6l5.Od 

21 T2-BE-06-07 I 21.18 17.48 6.99 431 
34 T3-BE-06-07 7 14.35 12.55 6.22 836 * 
41 T4-BE-06-07 7 31.15 23.75 7.61 420 A 
fin 7-5~RE-oh-07 I 27.29 21.44 I .72 1.36, 26.17 50.42 35.68 14.74 6.23 286 
;; 

__ -- _- _. 
T6-BE-06-07 ; 23.09 18.76 I I I I I 6.671 5311 I I I 

I 

86 T7-BA-06-07 I 20.81 17.23 I I I I 6.471 894 I 
99 SI-BA-06-07 7 18.27 15.45 I 5.381 8371 
9 TI-BE-O7-OS 8 no core 20.77 7.0: I 558.20 f 
22 T2-BE-07-08 8 no core 
35 T3-BE-07-08 8 27.91 21.82 6.95 305 
48 T4-BE-07-OB 8 no core 
61 T5-BE-07-08 8 31.67 24.05 1.15 361 
74 T6-BE-07-08 8 28.27 22.04 6.14 385 
87 T7-BA-07-08 8 24.72 19.82 1.44 561 
100 Sl-BA-07-08 8 19.2 16.11 6.27 1167 
IO Tl-BE-08-09 9 31.65 24.04 7.08 354 24.13 1.21 1.98 395.00 
23 T2-BE-OX-09 9 32.52 24.54 1.75 288 
36 T3-BE-08-09 9 36.93 26.97 7.48 498 
49 T4-BE-OS-09 9 31.65 24.04 7.61 420 
62 T5-BE-OS-09 9 34.05 25.4 1.98 I .5 3 I .I7 45.33 41.11 -2.43 7.51 381 
75 T6-BE-08-09 9 21.99 18.03 6.99 383 
88 T7-BA-08-09 9 32.49 24.52 7 403 
101 Sl-BA-08-09 9 34.17 25.41 6.29 433 
I1 Tl-BE-O9-10 10 35.01 25.93 7.78 333 26.27 1.55 42 I .OO 
24 TZ-BE-09-10 10 33.22 24.93 7.68 436 
37 T3-BE-09-10 10 36.88 26.94 7.82 613 



MPIS Baseline Soil Characteristics: Moisture Content, Bulk Density, Porosity, pH, TOC 

pan ID Sample Name Depth % Moisture % Moisture Wt bulk Dry bulk Dry wt % volume % volume % volume pH TOC, Avg. % Avg. pH Avg. bulk Avg. TOC, 

based on dry based on wet Density, Density, % porosity titer-tilled air-filled wm soil moisture density PP”’ 

ti wt p/cc glee moisture porosity porosity m-t N (moist), 
g/cc 

50 T4-BE-09-10 IO 36.12 26.86 7.83 412 
63 T5-BE-09-10 IO 35.8 26.36 1.14 396 

76 Tb-BE-09-10 IO 39.39 28.26 7.31 -394 
89 T7-BA-09-10 10 33.36 25.01 6.93 334 
102 Sl-BA-09-10 10 34.89 25.87 1.34 450 
I2 TI-BE-lo-11 II 34.56 25.69 I.8 I .34 34.47 51.2 46.25 4.95 1.56 653 23.98 1.43 I.82 543.38 
25 TZ-BE-IO-II 11 34.75 25.79 1.76 I .29 31 53.16. 47.66 5.5 1.15 425 
38 T3-BE-IO-11 11 35.96 26.45 1.74 I .29 34.67 . 53.13 44.68 8.45 I .36 432 
51 T4-BE-IO-11 11 30.36 23.29 1.92 1.53 25.5 44.43 38.97 5.46 1.02 305 
64 TS-BE-IO-11 11 38.2 21.64 1.75 1.26 38.54 54.19 48.55 5.64 1.55 492 
77 T6-BE-IO-II 11 28.93 22.44 1.92 1.5 27.89 45.43 41.86 3.51 7.16 933 

90 T7-BA-IO-11 11 24.16 19.85 1 .X3 1.48 23.38 46.03 34.71 11.33 6.92 493 

103 St-BA-IO-11 11 26.06 20.61 1.84 1.46 26.6 41.07 38.72 8.35 7.52 614 

7 

- 13 Tl-BE-II-12 12 37.03 27.03 7.41 555 23.57 7.39 525.88 g 
26 T2-BE-II-12 12 21.16 21.73 1.14 640 
39 T3-BE-II-12 12 24.14 19.83 7.13 ‘331 
52 T4-BE-11-12 12 33.62 25.16 7.54 821 
65 TS-BE-11-12 12 28.69 22.29 6.9 630 
78 T6-BE-11-12 12 28.24 22.02 6.87 393 
91 T7-BA-II-12 12 34.29 25.53 7.13 510 
104 Sl-BA-II-12 12 33.26 24.96 I 7.81 321 



APPENDIX B 

LITHOLOGIC LOGS FOR TEST CELL SOIL BORINGS 
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ornl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABOFiATORY 

Prepared By: S R. Sturm Date: 10/23/94 

t 

T 

Page: 1 OF 1 ” 

lole NO.: SlBA Ground Elevetlon' NA 

‘otal Depth: 12’ Pig Type: w Locat Ion: Snakedown area 

\“ger Size: NA Sample Type: GeoDrobe “Mesabore 2” OD X 4’ 

o- 

4- 

6- CS 

e- 

to- cs 

12- 

,a- 

16- 

ia- 

20- 

RTS MPIS 

bRE L*THctDO* NIV 

Data Verlfled BY. Date: 

DESCRIPTION 

CL SILTY CLAY: dk brown (7.5YR3/4) soft. damp I 
abund humus. root bundles. weathered surface 
of subjacent unit. Topsoil 

CL ;,I;;Y CLAY: yellowish ,brOwn (iOYR5/8), friable 
common Fe staining. clay faces on vertical 

blocky structures. some Mn oxide , increasing 
stiffness 

High angle fracture at 7.8’ w/ argillaceous inf 

CH CLAY: brown (7,5YR5/6). stiff. damp. very fat 
and plastic, homogenous texture. w/greenish 

authegenic gypsum.crystals 
, high angle fracture at 10.5 6 10.7 

CH CLAY: brown (7.5YR5/6), stiff, damp, very fat 
and plastic. prominent bed partings, homogenous 

L 



B-2 

Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

repared By: R.M Sch lesser Oate: 1 l/20/94 Page: 1 OF 1 

ole No.: 802 Ground Elevation’ NA 

otal Depth: 12’ Rig Type: DRNL U2CRT LOCatlon: Backoround Cell 

uger Size: NA Sample Tyue: Groorobe “Meoabore 2" OD X 4' 

ro]ect: PORTS MPIS Oata Verlfled By: Date: 

LPT” S.*?LE SUPLE L*,*aDir” 
FEET, TIPE IN,” DESCRIPTION 

I I I I 

CL SILTY CLAY: brown (lO;;;$;)Iesoft. well 
developed root mass, I dry 

PI cl-, 7-V PI 1”. “=77r’.“sh brT;;ab;;YR5/8), some 
c U,.AYLU, .2-i c, . ..31st. becoming more 

nu,ri,~~rl w/rlenth nPhhlPs @ 4’; It gray mottle 

CL SILTY CLAY: yellowish brown It gray mottle. 
abund Fe 6 MN oxldes. pebbles @ 5.5’3” thick 
bed, 2 - 6mm nodules highly oxidized 

“II u&-ma. urx J”I’““” Yl “..,J 12” 

w/ It gray Inter-lams scattered pebbles - 
less mottling @ 8’. weil Ueflned beds. stiff. 
plastic. fracture @ 8.1’ w/gypsum inflll 

l-u PI A”. =nma dr\~ decicated surfaces w/l - 2mm “II &.&“I. d”#llL us I 7” 
cracks from drying @ 9.4’. 9.6. 6, 11.4’.v stiff 
well developed bed ding, plastic, waxy appearance 
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rrnl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 
“, . . 

‘repared By: S R. Sturm Date: 10/23/94 Page: ‘i dk 1 ‘. 

iole No.: TIBA Ground Elevation: NA 

rata1 Depth: 12’ Rig Type: ORNL U2CRT LocatIon: Test Cell #I 

iuger Size: NA Sample Type: Geoorobe “Mesabore 2” OD X 4’ 

0 

2 

4 

6 

e 

10 

12 

14 

16 

16 

20 

- 

cs 

cs 

IRTS MPIS 

-E LIT”OLoG” ..,.., 

Data Verlfled By: Date: 

DESCRIPTION 

i 

--z-i- 
:- -- 

z- 

H 

c- 
:- -- -- * -- - 

i -- --, -- -- -- lb- -- --- -- --- -- 

CL SILTY CLAY: dk brown (7.5YR:~;~,;~ft, damp , 
abund humus, root bundles, 

CH SILTY CLAY: yellowish brown (lOYR5/8). friable 
damp. occasional Fe stalnlng from 2-5’. apen 
root pores. blocky structure 

LOST CORE 6’ TO 8’ 

CH CLAY: brown (7.5YR5/61 stiff. damp, very fat 
and plastic. homogenous’ texture. pronounced bed 
g;r;y;gs ;A!$, thick. high angle fractures 

, 10.3’. and 11.5’. 
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ornl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Prepared By: S.R Sturm Date: 10/23/94 Page: 1 OF 1 

H( 3le No.: TlEB Ground Elevation: NA 

Tc 3tal Depth: 12’ Rig Type, ORNL U2CRT LocatIon: Test Cell #1 . 

A\ ,ger Size: NA Sample Type: Geoorobe “Meaabore ?’ OD X 4’ 

I Pi 
0 
,r 

-0iect: 
ti 
‘EETI - 

o- 

2- 

4- 

5 

8 

10 

12 

14 

1E 

IE 

2c 

- - 

ORTS MPIS 

-E LInlcccG” ,nw 

Data Verlfled By: Date: 

DESCRIPT:ON 

I -- --- -- -- -- 
I- 

-- --- -- --- -- 

CL $;3;Y CLAY: yellowish brown (IOYR5/8). friable 
open root pores. blocky structure. 

scattered sandstone pebbles. argillaceous 
inflll in verticle desslcation fracts 

CH CLAY: brown (7.5YR516) st1f f, damp. very fat 
and plastic. homogenous’ texture, w/lntbdd 
gray slit laminae. authigenic gypsum crystals 
parallel continuous bedd;ng. 10mm thick 
mudstone pebble bed at 9 
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ornl 
Borehole Scimmary Information 

OAK RIDGE NATIONAL LABORATORY 

Prepared By: S R. Stl;rm Date: 10/‘23/94 Page: I OF 1 

Hole No.: TlBC Ground Elevation: NA 

Total Depth:z Rig Type: ORNL U2CRT Location: Test Cell #I 

Auger Size: NC Sample Type: Geaorobe “Meqabore 2” OD X 4’ 

Pf 
D 
-eject: PORTS MPIS Oata Verlfled BY: Date. 

EDT” SAVPLE 5-E LIT”~~” DESCRIPTION 
WI! IWE IHT” 

I I I I 
~_ 

21 

! 

4- 

6- 

8- 

10, 

12 

14 

16 

16 

2c I- 

cs 

cs 

cs 

- 

- 

\ 

--- 

-- 

-- 
--- 

-- 
--- 

-- 
--. 

-7 

-- 
--- 

ii 

-- 

-- 

-- 

-- 

-- 
--- 

- - 
--. 

-- 
-- 

-- 
-- 

--- 
-- 

--- 
-- 

-- 
-- 

-- --- -- --- -- 

+ 

- 

CL SILTY CLAY: dk brown (7.5YR3/4) Soft. damp 
abund humus, root bundles, weathered surface 
of subjacent unit. Tops01 1 

CL z,‘i;Y CLAY: yellowish brown (lOYR5/8). friable 
common Fe stalnlng. open root pores. 

blocky structure, It gray mottle 

CH CLAY: brown (7,5YR5/61. stiff. damp. very fat 
and plast lc, homogenous texture, w/greenish 

authegenlc gypsum crystals 
, mudstone pebble bed at 9 

CH CLAY: brown (7,5YR5/6). stiff, damp, very fat 
and plastic, prominent bed partings 



B-6 

frnl Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

-epared By: S.R Sturm Date: 10/23/94 Page: 1 OF 1 

3le No.: TIED Ground Elevation: NA 

It.31 Depth: 12' RlQ Type: ORNL U2CRT LocatIon: Test Gel? #I 

,ger Size: NA Sample Type: Geoorcbe “Meqabore 2” OD X 4’ 

2 

6 

a 

10 

12 

14 

16 

1s 

20 

- 

-..-.- .._i.._.. -__-..- . -. _ 

_, .- 
I .- - . . .._..........._ -.-..- __.._. 

-. - 
-- 

-- 
G 

-A -- -- -- -- -- --. -- -- -- -- -- -- --- -- --. -- 
7 

OATS MPIS Data Verlfled By: Date: 

S-E LITWXW” TN,” DESCRIPTION 

CL SILTY CLAY: dk brown (7.5YR3/41 soft, damp 
abund humus, root bundles. weathered surface 

. of sublacent unit. Topsoil 

7 CL SILTY CLAY: yellowish brown (lOYR5/8). friable 
damp. common Fe staining, open root pores, 
blocky structure, It gray mottle 

;. 
: 
I 
: 
+. 

: 
:. 

: 
l.. 

Becoming stiff increased clay content 
occasional sandstone pebbles 

CH CLAY: brown (7.5YR5/6). stlf f. damp, very fat 
and plastic. 
laminae. 

with intrbdd greenish gray silt 
flecks of Mn oxide. parallel continuous 

bedding, becoming very homogenous 



IA 
F 

t 

OAK RIDGE NATIONAL LABORATORY 

repared By: S .R. Sturm Date: 10/23/94 Page: 1 OF 1 

lole No.: TiBE Ground Elevatlon:Nn- 

otal Oepth: 12’ Rig Type: .w LocatIon: Test Cell #1 

.uger Size: NA Sample Type:-’ OD X 4’ 

0 

1 

2- 

4- 

6- 

e- 

10. 

12. 

14 

16 

10 

20 

- 

'roJect:- 
DEPT" SmeLE 

Iii 
,FEETl llPE 

cs 

cs 

cs 

- 

-. 
Y 

.Y 
..- 
,:,:. 

.z 
i 

- 

- 

F 

-- --- -- --- 

_-- -- --- -- --- -- --- 

--- -- --- 

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

Data Verlfled By: Date: 

DESCRIPTION 

CL SILTY CLAY: dk brown (?.5YR3/4) soft, damp 
abund humus. root bundles, weathered surface 
of sublacent unit. Topso 11 

CL SILTY CLAY: vellowlsh brown (lOYR5/8). friable 
damp. mod stiff. common Fe staining. 
open root pores. blocky structure. It gray 
mottle. occassional sandstone pebbles 

CH CLAY: brown (7,5YR5/6). stiff. damp. very fat 
and plast 1c. homogenous texture, w/greenish 
z;ag.;+lt lamlnae. authegenic gypsum Crystals 

, mudstone pebble bed at 9’ 

CH CLAY: brown (7.5YR5/6), very stiff, damp, very 
fat and plastic, < lmm bedding 
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nrnl 
Borehole Summary Infgrmation 

C-IAK !z(TrLKF hl*TTnkl*l / ARflQATf-l9V u- m -- u-I\ I~--- I._ iV,.-- L-Y- (-, _, ,, 

+epared By: R.M. Schlosser Daze: 1 l/13/94 Page: 1 OF 1 

iole No.: Tl-BF Ground Elevation’ NA 

-0tal Depth: 12’ Rig Type: ORNL U2CRT LocatIon: Test Cell #I 

auger Size: NA Sample Type: Geoarobe “Meaabo*e 2’ OD X 4’ 

'POJeCt: PORTS MPIS Data Verlfled By. Date: 
EPT” SIYPLE %UPLE LI,“aa” 
FEET! TWE INT” DESCRIPTION 

o- -..-.-.. 

CL SILTY CLAY: brown (lOYR5/3). 10” with well 
developed root mass. 

CL SILTY CLAY: yellowish brown (lOYR5/6). friable 
damp. abundant Fe staining from 2-5 , 50llle 
scattered 2-4mm pebbles. 

CL SILTY CLAY: as above, with abundant Mn oxldes 
in root pores. mottled light gray along per- 
lmeter of root oores. friable. moist. 

CL SILTY CLAY: abundant root pores with infill of 
light gray as above. scattered Fe nodules 2-4mm 
mottled light gray throughout. 

CL CLAY: strong brown (7.5YR5/61. mottled light 
gray (7.5YRN7/1 
siferous at 9.5”. 

very stiff, plast lc. very gyp- 
no apparent voids. 

CL CLAY: as above. well defined bedding surfaces. 
mottled light gray in vertical areas, 2-4mm 
pebbles scattered throughout, stiff, moist. 
waxy apperance. 
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ornl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Prepared By: R.M. Schlosser Date: 1 l/13/94 Page: 1 OF 1 ,.. _ ._ 

1 F ‘rolect:- PO 

lole NO.: Tl-BH Ground Elevation: NA 

‘atal Deiitn: 12’ Rig Type: ORNL U2CRT LocatIon: Test Cell #1 

wger Size: NA Sample Type: Geoorobe "Meaabore 2" DD X 3’ 

Ti 
I 

RTS MPIS 
rpLE N,Y LIWOLOb” 

Data verlfled By: Date: 
DESCRIPTION 

-L 

CL SILTY CLAY: brown [lOYR5/3). IO”-11” well dev- 
eloped root mass. becoming yellowish brown 
[lOYR5/8) at 1 , abundant Fe staining at 2.3’. 

CL SILTY CLAY: yellowish brown (lOYR5/8). mott 
light gray along root pores, friable. 

CL SILTY CLAY: as above. becoming mottled both 
brown and light gray throughout, abundant 
remnant pores. scattered Mn oxides and Fe s 
ing. some scattered Fe nodules. 

ed 

ain- 

CL CLAY: yellowish brown (7.5YR5/6) mottled light 
gray (7,5YRN7/1. blocky. plastic. Stiff, waxy 
apperance. scattered very fine roots. well de- 
fined beddlng planes, HIGH ANGLE FRACTURES at 
approximately 9.5’ and 10.5’ FRACTURE at 11’ 
has light gray clay infill. Very mottled 
throughout. some remnant roots, very stiff, 

waxy a perance. 
~%z7.5YR5/6 P 

becoming completely 
with no mottle at 11.5’. 
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ml 
Borehole Summary Information 

OAK RIDGE NATIONAL LAEORATOilV 

-epared By: R.M. Schlosser Date: 1 f/'f3/9d Page: 1 OF 1 

31e NO.' Tl-BI Ground Elevation: NA 

otal Depth: 12’ Rig Tyce:w LocatIon: Test Cell #I 

tiger Size: NA Sample Type:J3xornbe “Meqabore 2” OD X 4’ 

-01 
EPTn 
TEil - 

O- 

2. 

4 

6 

0 

10 

12 

14 

IE 

IE 

2( 

t:- 
*PLI 
“PE 

cs 

cs 

cs 

- 

t 

Data Verlfled By: Date: 

OESCRIPTION 

-- -- -- 
z- 
:- 
c- 

t 1 

-- 
r- 
:- 
:- -- -- -- 

-i=== 

CL SILTY CLAY: brown !lOYR5/3), abundant roots. 
m:m;;;g< becomlng yellowish brown at.1 . 

t Fe stalnlng beglnnlng at 1.5 , soft. 
friable 

CL ~;~-iy&~Y: yellowish brown (lOYR5/8). mottled. 
root hairs. 

occasslbnal nodules. 
scattered Fe stalnlng. 
abundant Fe stalnlng at 5’ 

CL CLAY: brownish yellow 
brownish gray. 

(lOYR6/6) mott:;;el;iht 
abundant root pores. 

stalnlng along pores. some staining on 
‘desiccated surfaces, friable 

CL CLAY: dark brown (10YR2/2) becoming stiff. 
very mottled as above. abundant Mn staining 
a long pores. some staining on desiccated 
surf aces, friable 

CL CLAY: browni;Q,;e;;ow 
very stiff. , 

(lOYRS/S) no mot;;;;g, 
waxy appearance, 

High angle fracture at lf.5' 



B-11 

ornl 
Borehole Summary Information 

OAK RIDGE NATIONAL LAGORATORY 

Date: 1’1/13/94 page: 
,. .--, _ 

Prepared By: R.M Schlosser 1 OF 1 

HOI e No.: ii-BJ Ground Elevation: NA 

Tot :a1 Depth: 12’ Alg Type: ORNL u2C9T Location: Test Cell #I 

AU< ger Size: NA Sample Type: Geoarobe “Meoabore 2” 00 X 4’ 

Prc ]ect: PORTS MPIS Data Verlfled By: Date: 
“I..“. _( 

cw? SlYRE 
lrEE ,NN LII”cux” DESCRIPTION I 5 

1 

I- 

>- 

3- 

3- 

2- 

4- 

6- 

a- 

‘0 - 

lLpLE 
llPE 

CS 

cs 

cs 

CL SILTY CLAY: brown (lOYR5/3), abundant root’s 
very friable 

CL SILTY CLAY: yellowish brown (lOYR5/8), abundant 
roots as above, very soft, some scattered 
two - 3 mm pebbles 

CL SILTY CLAY: Lt brownish yellow (lOYRS(;~a;o;tled 
yellowish brown (lOYR5/6) very soft, 
abundant Fe staining. 

CL SILTY CLAY: Lt. brownish yellow (lOYR6/4) abund- 
ant Mn and Fe staining along root pores. 
occasional nodules 

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

~ 

-- -- -- -- --- -- --. -- -- -- -- --- -- --- -- 

CL CLAY: brownish yellow :;~;?3/eS) friable. SOme 
scattered Fe nodules, , blocky structure 

CL CLAY: brownish yellow (lOYRS/S), mottled It gray 
on bedding surfaces 

siltstone in desiccation surfaces 

CL CLAY: as above with abundant well developed 
bedding surfaces, very stiff, waxy appearance 

- 
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w-n1 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

lrepared By: S.R. Sturm Date: -page: 1 OF 1 

iole NO.: TIBK Ground Elevation: NA 

rata1 Depth: 12' Rig Type: OPNL U2CRT LocatIon: Test Cell #I 

iuger Size: NA Sample Type: C-eoorobe "Meaabore 2" 00 X 4' 

JRTS MPIS Data Verlfled By: Date: 

-E LIl"wm1 *NW / DESCRIPTION 

I I 

r- 
c- 
z- -- 

/E 

-- -- 
z- - -- 

! 

-z-z- -- -- -- --- -- --- -- 
Y 

J- 

CL z;b;; k\Z;, dk brown (7.5YR3/4) soft, damp , 
, root bundles, Tops011 

CL SILTY CLAY: yellowish brown (lOYR6/6). friable 
damp. open root pores. blocky structure, 
Becomlng v stiff. increaslng silt content, 
llmonlte stalnlng, abund Fe nods 5’ to 7’ 

CH CLAY: brown (7.5YR5/61 Stiff damp. 
homogenous’ texturk. w/intvbedrdY 

fat 
and plastic. 
gray slit laminae, no visible fractures or 
alterations 
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B-13 

Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

*... ^ _~_ 
‘repared By: S.R. Sturm Date: 12/13/94 

x.-pzs&&i‘ i DF ,1 . _I,. 

lole NO.: TIBL Ground Elevation: NA 

ota? Oeoth: 12’ Rig Type: ORNL U2CRT Location: Test Cell #I 

,uger Size: A Sample Type. Geoorcbe ‘Meaabore 2” 00 X 4’ N . ..” 
‘rolect:- 
DEPTn 
,rEEIi 

Y 

T 

F 

YPII. 
EL 

cs 

cs 

CS 

o- 

2, 

* 

6 

8 

10 

12 

16 

16 

20 

IRTS MPIS Data Verlfled By: Date: 

-E LIT*aOS” DESCRIFTION INT” I 
I I 

CL SILTY CLAY: dk brown (7.5YR;~;~o:~ft. damp 
abund humus, root bundles, 

CL :;k;sY CLAY: yellowish brown [lOYR6/6). friable 
open root pores. 

BecomIng v stiff. 
blocky structure. 

increasing silt 
limonlte staining, abund Fe nods 5 

co;;eSf, 

CH CLAY: brown (7.5YR516) stiff. damp. very fat 
and plastic. homogenous’ texture, w/intbdd 
gray silt laminae. no visible fractures or 
alterat ions --- -- --. -- -- -- -- -- -- --- !!!L -- -- -- -- -- -- --- -- --. -- 



B-14 

Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

Irepared By: S.R. Srurm Date: 10/22/94 Page: 1 OF 1 

iole NO.: T2BA Ground Elevation: NA 

rota1 Death: 12’ Rig Type: ORNL U2CRT LOCatIOn: Test cell #2 

auger Size: NA Sample Type. Geoarobe “Meqabore 2” 00 X 4’ 

‘rolect: PORTS MPIS Data Verlfled By: Date: 
EPi” S.PLE SURE Lima~” 
FEET, IWE INW DESCRIPTION 

o- 

CL SILTY CLAY: dk brown (7.5YR3/41 soft. damp 
abund humus. root bundles. weathered surfac’e 
of subjacent unit, Topsoil 

CL $Z&.;Y CLAY: yellowish brown .(lOYRS/B). friable 
mod stiff. common Fe staining. 

open root pores. blocky structure, It gray 
mottle. occassional sandstone pebbles 

Fe nodules up to 10 mm. verticle dessication 
planes with Mn oxide dendritic stalnlng 

CH CLAY: brown (7.5YR5/6). stiff. damp. very fat 
and plastic. homogenous texture, w/greenish 

authegenic gypsum crystals 
mudstone pebbles in gray silt bed 
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w-ml 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

‘repared By: S.R. Sturm Date: 10/22/94 Page: 1 OF 1 

iole NO.: T2BS Ground Elevation: NA 

-atal Depth: 12’ Rig Tyoe: ORNL U2CRT Lacatlon: Test Cell #I 

ager Size: NA Sample Type: Geoarcbe “Meosbore 2” OD X 4’ 

2- cs 

4- 

6- cs 

s- 

IO- cs 

12- 

14 - 

16- 

lB- 

20- 

pr 
T” 

IRS5 MPIS 
UlRE , 

t INN 

~ 

LIT”OLOC” 

TY.,m.,.x .-.-. 
% : :e: : A .-. A -..-..- ~._.__.._._.... 

I..--..+..- ,.............. i.,.......,.... -..-... - 
-..-. -.-..- ,......,....... .,..........,.. -..-..- ..,........,. 

-_.-.- _..-.- ._. -._.._,... -..-..- ._Y_...-. 
-..-..- ..-..- 
c; ; ,* ,’ ,” 
_.-..- , . . 
-, _ .̂ .- -..-.. 
c_.-...m ,-.-. -..__.._ 
_.-..- -..-..- L_....._....... 

-- 
- z 

-- 
--- 
.-- --- 
--- 
-- 
--- 

-- 
--- 

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

--- 
,-- 
--- 
--- 
-- 
--- -- 
--- 

-- 
--- .-- 
- -- -- 
-- 
--- 

-- 
--- 

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

--- 
.-- 
--- 
--- 

Data Verlfled By: Date: 

DESCRIPTION 

CL SILTY CLAY: dk brown (7.5YR3/4) soft. damp 
abund humus, root bundles, weathered surface 
of subjacent unit. Tops01 1 

CL zAS;Y CLAY: yellowish brown (10X35/S). friable 
. mod stiff. common Fe staining. 

oo;oI;oot pores. blocky structure. It gray 
, scattered Fe nodules 

CH CLAY: brown (7.5YR5/6). stiff. damp. very fat 
and olastlc. homogenous texture, w/greenish 
gray silt laminae 

CH CLAY: as above with 2 - 4 mm beds of silt 
with dessication fractures 



B-16 

Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

‘repared By. S.R. Sturm Date: 10/22/94 page: 1 OF 1 

iole No.: T2BC Ground Elevation NA 

-0tal Oeptn: 12’ Rig Type: ORNL u2CRT LaCation: Test Cell #2 

luger Size: NA Sample Type: GeoDrcbe “Meqabore 2” OD X 4’ 

5 MPIS Data Verified By: Date: 

LrTnaa” OESCRIPTION 

I I 

, \ , CL SILTY CLAY: dk brown (7.5YR3/4) soft, damp 
abund humus. root bundles. weathered surf ack 
of subjacent unit, Tops01 1 

CL SILTY CLAY: yellowish brown llOYR5/8). friable 
damp. mod stiff, common Fe. staining, 
ooen root oores. blockv structure. It srav 

CH 

mottle. scattered Fe nodules 

CLAY: brown (7.5YR5/6). stiff. damp, very fat 
and plastic. homogenous texture, w/greenish 
gray silt laminae. flecks of Mn oxide -- -- -- -- 

z- 
cl- - 

El 

-- -- -- -- 
z- 
:- 
c- 

Mudstone pebbles at 10.5’ 

High angle fracture at 11.4’ 
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ornl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Prepared By: S.R. st,urm Date: 10/22/94 Page: 1 dF 1 

ale NO.: T2BD Ground Elevation, NA 

otal Depth: 12' Rig Type:- Location: Test Cell #2 

uger Size: NA Sample Type: Gecarabe "Meaabore 2" 00 X 4' 

rolect: PORTS MPIS Data Verified By: Date: 

SIYRE ,N,Y LIT”m.cG” DESCRIPiION ” -’ 

I I 

XPW U*PLE 
FEET1 TIPE 

o- 

2- cs 

d- 

6- cs 

e- 

to- cs 

CL GI3If;; ;bZ;s d;o;;o;;nd<ezYR3/4) soft, damp 
weathered surfac’e 

of subiacent unit. Topsoi’l 

CL SILTY CLAY: yellowish brown (lOYR5/8). friable 
damp. mod stiff. common Fe staining. 
open root pores, blocky structure, It gray 
mottle. scattered Fe nodules up to 20 mm 

C/-l CLAY: brown (7.5YR5/6). stiff. damp, very fat 
and plastic, homogenous texture, w/greenish 
gray silt laminae. authegenic gypsum crystals 
at 8’ 

-- -- -- --- -- --- -- -- -- -- -- -- --- -- --. -- -- 

~ 

-- -- --- -- --- -- 

It with dessication 
4’ 

12- 

14- 

is- 

IS- 

20- 

Prom inent bed part 
frac turing at 10.6 

ngs. si 
and 11. 

, 
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or-ml 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Prepared By: S .R Sturm Date: 10/22/94 Page: 1 OF 1 

H’ ole NO.: T2BE Ground Elevat:on: NA 

T otal Depth: 12’ Rig Type:- LocatIon: Test Cell #2 

A “get- size: NA Sample Type: Geoorobe “Meaabore 2” OD X 4’ 

I P rolect: 
ET+ 
FEET) - 

O- 

2, 

‘I 

6 

B 

10 

i2 

14 

1E 

IE 

2( 

- 
ClLE 
“PE 

cs 

cs 

cs 

FITS MPIS Data Verlfled By: Date: 

mE LITHM6” DESCRIPTION NT” 
/ 

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

-- 
-- 

_- ~ 

-- -- 
-- 
-- -- -- -- .-- -- 
-- 
-- -- -- -- 

CL SILTY CLAY: dk brown (7.5YR3/4) soft, damp 
abund humus. root bundles, weathered surfack 
of subjacent unit, Topsoi 1 

CL SILTY CLAY: yellowish brown (lOYR5/8). friable 
damp. mod stiff. some Fe nodules, 
open root pores with Mn infill. blocky structure 

CH CLAY: brown (7,5YR5/6). Stiff. damp. very fat 
and plastic, homogenous texture, w/greenish 
gray silt laminae 

Prominent bed partings, silt with dessication 
fracturing 



Borehole SUITmary Information 

ml OAK RIDGE NATIONAL LABORATORY 

repaped 9y: R.M. Sih!oEzer Date: li/:G/CA Page: 1 OF 1 

ole No.: 12-3F Ground Elevation: NC 

otal Depth: 12' Location: lest Cell $2 
.- 

uger Size: NA Sample Type: Gecnrobe "Meaabore P" OD X 4' 

PDfiTS MPIS Data Verlfled By: Date: 

SrD= L,I”O_Djl DESCRIPTION *NW 

rolect:- 
XIT” S.PLc 
,FET’, -*PI 

O- 

CS 

2- 

c- 

cs 

6- 

8- 

cs 

lo- 

?2- 

14- 

16- 

18- 

20- 

1 - 
f 

CL SILTY CLAY: brown (lOYR5/3). lo”-11” wlfh rOOt5 
Very wet from surface penetration of rain 

CL SILTY CLAY: yellowish brown (lOYfi5/8). mottled 
light gray with root mass. occasslonal Fe 
staining. becomlng much more stalned with depth 
occassional Mn stalnlng. soft. friable. damp, 
Mn staining increaslng with depth, mottling 
very light gray 

CL SILTY CLAY: as aDoVe. becomlng denser. f Irm 

CL CLAY: yellowish brown (7.5YR5/6) mottled light 
gray (7,5YRN7/). damp. very firm. scattered 
nodtiles. becomlng 1~5s mottled with depth 
@ 9.5’ clay layer 5mm thick, scattered remnant 
root masses. 

CL CLAY: yellowish !;;;“3 (7.5YR5/6) well defined 
bedding glanes. _ , fat, damp, slight waxy 
appearance 

B-19 
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Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

Prepared By: R.M. Schlosser Date: 1 l/16/34 Page: 1 OF 1 

Hole No.: T2BG Grouno Elevation: NA 

Total Depth: 12’ Rig Type: ORNL U2CRT Lacatlon: Test Cell #2 

Auger Size: NA Sample Type: Geoarcbe “Meaabore 2’ 00 X 4’ 

PrOJeCt: PORTS MPIS Data Verlfled By Date: 
lYPLE 
TWE 

cs 

cs 

cs - - 
:- -- 

c- 
--z-r.- 
:- -- -- 

P 

-- - 

CL SILTY CLAY: brown (lOYR5/3), lo”-I?” with roots 
becoming yellow brn It gray mottle, some pebs. 
highly oxidized Fe and Mn @ 3.5’. soft, friable 
lt gray mottle on vertical planes- old fracs ? 

CL SILTY CLAY: yellowish brown (lOYR5/8). abund 
pebs @ 5’. firmer. damp, strong Fe staining, 
becomlno less siltv. dk orav brn alteration 
in root-vesicles. blocky-structure 

CL CLAY: yellowish brown (7,5YR5/4) mottled 1 ight 
gray (7.5YRN7/1, firm. plastic. occ gypsiferous 
zones. some large crystal development In voids, 
strong red oxldes on vertical micro-fractures, 
gray layer w/mudstone on desiccated surface 

CL CLAY: yellowish brown (7.5YR5/6)’ 
bedding planes, stiff. fat, damp 
appearance, gypsum in voids mott 

well defined 
slight waxy 

‘led strong brn 



B-21 

ornll 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

otal Death: 12’ Rig Type: ORNL U2CRT Location: Test Cell #2 

“ger Size: NA Sample Type: Geoorobe “Meqabore 2” OD X 4’ 

Hole No .: T2-BH 

Date: 11/16/9’4’ 

Ground Elevation: NA 

Page: 1 OF 1 

3- 

4- 

6- 

ct.: 
riG= 
TWE - 

CS 

Data Verified By: Date: 

DESCRIPTION 

-- -- -- --- -- T- --- -- 

- 

CL SILTY CLAY: brown (l@YR5/3), 10”-11” with roots 
very wet from pooled surface water 

CL SILTY CLAY: brownish yellow (10YR6/6). mottled 
r-ef-e;;h brown from Fe staining a;zl;;lzray 

occasional root hairs. 
Mn stalnlng on vertical frac surfaces ’ 

CL SILTY CLAY: as above, dense. abund Fe oxides, 
less silty. damp, scattered 1 - 3mm pebbles 

CL CLAY: ~yellowlsh brown (lOYR5/4) mottled light 
~r;ym~;OYRG~l). gray clay on vertical fractures 

, stiff. damp 

CL CLAY: yellowish “,I--;: (lOYR5/4) well defined 
bedding planes, waxy appearance, 
high angle fracture @’ 11’ 

v fat 



B-22 

x-n1 
Borehole Summary Information 

OAK RIFE N~TIGNAL LABGRAT~~~Y 

Prepared By: R.M. SC~!CSEP~ Gate: 11 15 34 2age: 1 OF I 

Hclc bio.: T2-81 Grouna E!evatlon: N4 

Total Depth: 12' Rig Type: OWL U2C?T Location: Test Cell C2 

Auger S;ze: NA 
I/ 

Sznp!e T~?E: Eeoorcte mMeoabOGe ? OD x 4' 

-f 

\ 

f 

I 
\ 

/ 

desiccated surface, 
at 6.0’ 

gypslferous zones @ 7.9’and 
some crystal development In vugs 3-5mn. 

CL %?fYb@A% *bi%w# Tl&‘R5/3) 8 - IO” 
pooled surface water 

with roots 
orcarlc rich. 

CL SILTY CLAY: brownish yellow (:GYR6/8). mottled 
it prey , scme Fe oxides. fr:ab!e. damp. sllgP8t 
gy;s:ferous 

CL SILTY CLAY: as above. frlab?e,abund Fe oxides 
a fzh scattered 2 - 3 mm well rounded Debbles 

CL CLAY: yellowish brown 
gray :1oYfi6/11. 

(13YR5/4) mottled light 
gray clay on vertical micro-frac 

CL CLAY: yellcwish “,‘;yy: (10YR5/4) well defined 
bedd:Tio planes waxy appearance. 
high angle fraSture’@’ IO. 

V fat 
more hcmogenous @ ‘10.5 



B-23 

ornl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Prepared By. R.M. Schlosse- Date: I l/iS,'Eih . ^ .-Page: 1 OF 1 _ _ ._ _, 

H 
1 

T 

A 

ale NO.: T2-BJ Ground Elevation: NA 

otal Depth: 12’ Location: Test’ Cell #2 

uger Size: NA Sample Type: Geoorobe “Mesabore 2” OD X 4’ 

P 
I XPTn 
FEETl 

O- 

2- 

4. 

6 

FJ 

10 

12 

14 

16 

18 

20 

RTS MPIS 

-E LII”oLDj” ‘NT” 

Data Verified By: Date: 

DESCRIPTION 

- 

CL SILTY CLAY: b.r own (lOYR5/3) 
organic r lc h. wet from surf 

B - 10” 
‘ace water 

with roots 

CL S:L;;a;LAY: brownish yellow (lOYR6/,;‘ft m;t,;;;;e 
Fe stalnlng throughout, 

scattered oxidized S.S. pebbles 

CL SILTY CLAY: as above, friable, abund Fe ox ides 
a few scattered I-3mm pebbles. It gray mottle 

CL CLAY: yellowish brown (16YR5/4) mottled 1 lght 
gray (lOYR6/1), low angle fracture l-3mm wide 
with lt gray silt inflll. very firm, blocky 
structure. slighty waxy appearance. gypsiferous 
@ 9.0’ - 9.5 

CL CLAY: yellowish brown (lOYR5/4) gray reduction 
occuring on vertical .2 - 5 mm bands, v fat 
waxy appearance, more homogenous @ .11.5’ 



B-24 

trnl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

repared By: S.R. sturn Date: 12/13/94 Page: 1 OF 1 

o!e NO.: T2BK Ground Elevation: NA 

o:al Depth: 12' Rig Type: ORNL U2CRT LOCatlOn: Test Cell #2 

uger Size: NA Sample Type: Geoorobe "Meaabore 2" OD X 4' 

rOJeCt: PORTS MPIS Data Verlfled By: Date: 
LPI" 5.sPLE SAWLE Ll,nOLOG" 
rcET, TWE INTY DESCRIPTION 

O- 

CL SILTY CLAY: dk brown (?OYR5$;b5;o;t. damp . 
abund humus, root bundles. 

CL SILTY CLAY: brownish yellow (lOYR6/6). friable 
damp. It gray mottle. blocky structure. 
Fe staining common, scattered oxidized 
sandstone pebbles 

4 

6- CS 

CH CLAY: brown (7,5YR5/61 stiff, damp. very fat 
and plastic, homogenous' texture. w/lntbdd 
gray silt lamlnae, horizontal fracture with 
addltlonal moisture at 7', bedded gypsum at 0' 
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0 rnl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

,epared By: S.R. Sturm Date: 10/20/94 page: lDF1 

o- 

2- 

4- 

16 

kle No.: T3BC Ground Elevation: NA 

Ita! Depth: 12' Rig Type: ORNL U2CAT LocatIon: lest Cell #3 

lger Size: NA sample Type: Geoorobe “Meaabore 2” 00 X 4’ 

.oiect: PORTS MPIS Data Verlfled By: Date: 

Y*LE -= LII"cLu$" DESCRIPifON .' 
TIPE ltn" 

I I I 

c 

, 

CL SILTY CLAY: yellowish orange (lOYR6/6), mod 
common Fe nods, 

Fki:fboFz!Pkith Mn lnflll 
with some Mn nods 

CL SILTY CLAY: It brown (lOYR5/61, with lt gray 
silt laminations. mod stiff, some yellowish 
orange clay inter-laminae. moist., light gray 
silt lamination5 up to 5mm at 11 

CH CLAY: yellowish red (5YR4/6). damp, stiff, fat 
and plastic, with It gray silt laminae up to 3mm 
oxidized Mn 02 nodules forming crystalline 
druzs around a soft mineral core 

J 
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cw-nl 
Borehole Summary Information 

rlhl, nTnPr- kI*TTn*lAl nnnnnT~n\/ 

r; 

I. ..A “HI-, ri.LU”C IVH I .L”lUHL LYDLJnY I un I 

‘repared By. S.R. Sturn Date: 10/20/94 Page: ? OF 1 

iole No.: T3BB Ground Elevation: NA 

rota1 Depth: 12’ Rig Type: ORNL U2CRT Location: Test Cell #3 

Juger Size: NA Sample Type. Geoorcbe “Meaabore 2” 00 X 4’ 

?OJeCt: PORTS MPIS Data Verlfled By: Date: 

I 

CL SILTY CLAY: dk brown (7.5YR;<;~,:~ft. damp 
abund humus, root bundles, 

Decreasing nodules 

CH CLAY: It yellow brown (lOYR6/4), 
silt lamlnatlons. mod stiff. 

wi:;m;;,Fray 
damp. 

beddlng, fat. mod plastic 

CH CLAY: Lt yellow brn (2.5YR6/41, damp. very fat 
and plastic.. with It gray silt lamlnae. 
pronounced bed partings 
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B-27 

Elorehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

‘repared By: S .R. S,turm Date: 10/20/94 page: 16‘Ff 

lole No .: T3BC Ground Elevation: NA 

otal Depth: 12’ Rig Type: ORNL U2CRT LocatIon: Test Cell #3 

,uger Size: NA Sample Type: Geoorcbe “Meaabore 2” 00 X 4’ 

2- cs 

4- 

6- cs 

a- 

to- cs 

12- 

14- 

36- 

18- 

20 - 

1PIS Data Verified By: Date: 

LITRQce” DESCRIPT,ION”. .*- .I, i “, -^,,~ ,.,^^_, 

I 

CL SILTY CLAY: dk brown (7.5YR3/4) soft. damp 
abund humus. root bundles, Tops01 1 

CL z;k:; CLAY: yellowish brown (10YR5/8). mod 
, damp. cpmmon Fe nods. with some Mn nods 

CH CLAY: It yellow brg;:f$10;;;;4). with It gray 
silt laminations. 
bedding, fat, mod plast’ic 

, laminar 

CH CLAY: it yell;; z;;f(2.5YR6/4), damp, very fat 
and plastic. 
pronounced bed partings 

It gray slit laminae. 



B-28 

Borehole Summary Information 
OAK RIDGE NATIONAL LABORATO”IY 

‘repared By: S .R. Sturm Oat?: 10/2:/94 Page: 1 OF 1 

iole NO.: T3BD Ground Elevation, NA 

‘otal Depth: 12’ Rig Type: ORNL U2CRT LOCatIOn: Test Cell #3 

auger Size: NA Sample Type: Geoo-cbe “Meqabore ?” OD X 4’ 

‘ro]ect: PORTS MPIS Data Verlfled By: Date: 

CL SILTY CLAY: dk brown (7.5YR:<;Lo;Tft, damp , 
abund humus. root bundles, 

CH CLAY: yellow brown (10YR5/611 with pale 
olive (5y6/3) mottle, stiff, damp, lamlnar 
beddlng. coarse sand lens at 7.5 6 7.8’ 

CH CLAY: it yellow brn (2.5YR6/4) damp. slighty 
plastic, with It gray silt lam’inae. 
pronounced bed partings 



. 
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m-ml 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Irepared By: S.R. Sturm Date: 10/20/54 Page: 1 OF 1 

iole NO.: T3BE Ground Elevation: NA 

Total Deptn: 12’ RIQ Type: ORNL U2CRT LocatIon: Test Cell #3 

4uger Size: NA Sample Type: Geoarobe “Meaabore 2” On X 4’ 

lie 
n ! 
r, 

,- 

: >- 

4 

6 

a 

1C ,- 

IS 

16 

1s 

20 

- 

ct: 
iiie 
IWE - 

cs 

cs 

cs 

- 

IRTS MPIS Data Verlfled By: Date’ 
t”’ DESCRIPTION 

-- -A 

E 

-- -- -- -- --- -- -- -- -A -- -- -- \ -- --. -- -- -- 

--I== 

CL SILTY CLAY: dk brown (7.5YR;A;ko;Tft. damp , 
abund humuS. root bundles. 

CL $if\;; CblJ;; yellowish brown (lOYR5/8). mod 
common Fe nods. 

structure ciay face5 
Fe oxide on blocky 

Clay as above but larger Fe nodules that are 
dusky red (lOR3/4) 

CH CX.CpY: dk yellow brown (1?YR4/41, very stiff. 
very 

lamlnat ions 
fat and plastic. with It gray slit 

CH CLAY: it yellow brn (2.5YR6/4), damp. very fat 
and plastic, with It gray silt lamlnae. 
pronounced bed partings 

. 
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ml 
Borehole Summary Information 

OAK RIDGE NATIONAL LAaORATORY 

Irepared By: P.M. Scnlosser Date: 1 l/19/94 Page: I OF 1 

iole No .: T3SF Ground Elevation: NA 

rota1 Oepth: 12’ Rig Type: ORNL UZCRT Location: Test Cell #3 

iuger Size: NA Sample Type: Geoorobe “Meaabore 2” OD X 4’ 

2 

4 

6 

8 

12 

16 

:t:- 
;ii;;E- 
WPE 

cs 

Data Verified By: Date: 

DESCRIPTION 

. . _  

1 . .  - .  . - .  

. - . . - . .  -  

-- 
:- 
z- 

*Ii 

-- -- -- 
--z-I- - 

CL SILTY CLAY: dk brown (7.5YR3/4) soft. damp , 
abund humus. root bundles, wet from inlection 

CL X3:: CLAY: yellowish brown tlOYR5/8),, mod 
damp. abund Fe staining 2 - 3 

heavy’ Fe stained pebbles @ 4’, 
friable 

It gray mottle 
becoming more mottled with depth 

CH CLAY: yellowish brown lt gray mottle. abund Fe 
and Mn oxides @ 5 - 5.5 scattered root hairs 
vesslcles to 7’. becoming firmer, waxy 

CH $$A;bo;; yellow brown (lOYR4/4), mottled ;t8g;ay 
, well defined gray beds at 8.4 

lost core lO.l’- 12.0’ 
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wnl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Prepared By: R.M. Schlosser Date1 llji9794 _ I'. 
__ ".." "I.~ 1 .".s.- -.., .,^_,." 

Page: 1 OF 1 

Hole No.: T3BG Ground Elevation: NA 

Total Oepth:zRlg Type: ORNL U2CRT Locatlon: Test Cell #3 

Auger Size: NA Sample Type: Geoarobe “Meqabore 2” OD X 4’ 

Project: PORTS MPIS 

S-E LIT"OCcG" IV" 

Data Verlfled By: Date: 

DESCRIPTION 

O- 

2- 

4- 

s- 

a- 

IO- 

12- 

14 - 

IS- 

la- 

20- 

-- -- 
-z-z- 
/- 
z- -- 

c- 
--Iz-z- 
c- -- -- -- 

z- 

~~ 

z- 
:- -- -- -- 

LZ-I- 
:- 
:- -- 

:- 
z- 
c- -- -- 

- L 

CL SILTY CLAY: Uk brown (7.5YR3/4) soft, damp , 
established root system to 12”. friable 

CL %\;; CLAY: yellowish brown (lOYR5/8), mod 
damp, abund Fe staining 1.5’- 4’. 

Mn ox’ides and Fe nods from 3’ - 5.5’ 
friable 

oxides 
on vertical fractures and root vesicies 

homogenous at IO’- 12’. waxy appearance, damp 
low angle fractures at 7’S, 7.5’ 

CH CLAY: yellowish brown It’ gray mottle. becomes 
more defined @ 8.5’ w/ mottling on vertical 
micro-fracs. f if-m. blocky structure, lower 

CH Clay: yellowish brn lOYR5/8. as above, v stiff, 
well defined gray bed @ 9’. 3 - 6mm thick 
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Borehole Summary Information 

- DTncC hlnTTnk,ni , nOnnnTnnv 
. I I1 “HI\ TILYVL IYH I i”lYHi LHDLJnH,Unl 

-epered By: R M. Schlosser Date: 11/19/94 Page: : OF 1 

ale NO.: T36H Grouna Elevation: NA 

3tal Depth: 12’ Rig Type: DRNL U2CRT Location: Test Celi #3 

Jger Size: NA Sample Type: Geoorobe “Meaabore 2” OD X 4’ 

-0JeCt: PORTS MPIS Date Verlfled By: Date: 

CL SILTY CLAY: dk brown (7.5YR3/41 soft, damp , 
some yellow brown mottling. friable 

CL ;:I--: CLAY: yellowish brown tlOYF!/E),, mod 
damp. 

structure, 
abund Fe staining 3 - 4 blocky 

scattered Fe ox and pebble; 4.5’ 5.5’ 

CH IJ-&;esyellowish brown It gray mottle, some Mn 
scattered 2-3mm pebbles @ 7.5’ well rnd 

becoming firm. Mn oxide in remnant root vesicles 
high angle fracture at 8.5’ 

CH CLAY: dk yellow brown (lOYR4/4), mottled It gray 
trace roots 

very stiff. well defined bedding. waxy 

CH ClAY: as above also mottled brownish yellow 
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OAK FIijGE NATIONAL LA5CRATORY 

srepared Sy: R.M. Schlosser Date: 11/:c/o4 Pete: ! OF 1 

-role No.: T3EI Groi;nd Elevation: NA 

Total Death: :2’ Rig Ty~f: 08NL U2CPT Location: Test Cell P3 

Auger Size: NA Semp:e Type: Gscorobe “Maabore 2” DD X 1’ 

Pro 
DEs1. 
ITEE. - 

0 

2 

L 

6 

a 

10 

92 

16 

16 

20 

- 

;-I 
, 

:t:- 
LPLL 
7.w - 

CS 

cs 

cs 

- 

Data Verlfiea By: Date: 

DESCRIPTION 

-- -- -- -- --- -- --. -- -- - .- -- 
CL --- -- 

~ 

-- -- -- -- -- --- 
r------ 

CL SILTY CLAY: dk brown (?CYR5/3) soft. damp , 
abund roots. organic rich 

CL Xj:‘eCLAY: yellowish.brown JlOYRS/E). It ,gray 
- , some Fe staining P 1 common by 4 Soft 

friable, red oxidized pebbles. less silt w;‘deoth 

CL as above. abund pebbles 6 - 12mm dia.. 
angular, heavy Fe staining 

CL SILTY CLAY: yellowish brn. It gray mottle on bed 
z;ny,;nd some in vertical fractures. gypsiferous . , h3gh angle fracture at 7.5’. 

CH ~~A~;d~ellowish brown (?OYRS/B). mottled It gray 
“- , very thin dlstlnct bedding, plastic, 

XlOiSk 
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,Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

‘repared By: fi M. Schlosser Date: 11/19/94 Page: 1 OF 1 

lole No.: T3BJ Grouna Elevation: NA 

otal Depth: 12’ Rig Type. ORNL U2CRT Location: Test Cell #3 

,uger Size: NA Sample Type: Geoorobe “Meqabore ?” 00 X 4’ 

‘ro]ect: PORTS MPIS Data Verified By: Date: 

CL SILTY CLAY: dk brown (lOYR5/3) soft, damp , 
abund roots. organic rich 

CL FX::yaCLAY: yellowish brown (lOYR5/8), 
, Fe staining throughout. 

ltsgo’;Ty 
friable. 

CL SILTY CLAY: as above, abund pebbles @ 5’- 6.5’ 
slight fracture at 6.7’. less silty @ 6.5. 
gypsiferous @ 7.5’. friable, stiffer @ 7 

CH CLAY: yellowish brown (10YR5/8). mottled It gray 
on beds. some It gray on vertical micro fracs. 
It gray reduced mudstone on dessicated surface 
@ 11.5’. plastic. waxy appearance 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

‘repared By: S.R. Sturm Date: .12’/i>/gd 
-py~F~ .-l oF 1 

lole NO.: T3BK Ground Elevation: NA 

‘otal Oepth: 12’ Rig Type: ORNL U2CRT LocatlOn: Test Cell #3 

&uger Size: NA Sample Type: Geoarobe “Meqabore 2” OD X 4’ 

'i-0 j 
oEpT(( 
WET, - 

O- 

2. 

4. 

6 

B 

10 

12 

14 

16 

16 

20 

- 

t:- 
lPLE 
E- 

CS 

cs 

cs 

- 

Data Verlfled By: Date: 

DESCRIPTION 

I Z- -- 
T- 
:- 

AH 

-.z-.l- -- -- -- 
z- - -- 

c- -- -- 

VL 4 

-- 
r- 
=- - 

I\ tz I -- -- -- -- 
-L 

--- -- --. -- 

CL SILTY CLAY: dk brown (lOYR5{;bs;o;t, damp , 
abund humus, root bundles, 

CL z,I\;Y CLAY: brownish yellow (lOYR6/6). friable 
It gray mottle. some Mn oxides 

Fe staining common, scattered oxidized 
sandstone pebbles 

CL CLAY: color change to 10 YR5/6. in;;;ZI;ing clay 
content with olive green laminae. , plastic 

CH CLAY: brown (7.5YR5/6) stiff. damp, 
and plastic. plastic teiture. w/intbdd 

very fat 

gray silt laminae. near vertical fracture at 6.7 
becoming reddish at 11’ - 12’ 
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Borehole Summary Information 
OAK RIDGE NATIONAL LAEO;IATORY 

‘repared By: S.R. Sturm Date: 12/13/94 Page: 1 OF 1 

iole NO.: T3EL Ground Elevation: NA 

-0tal Depth: 12’ Rig Type: ORNL U2CRT Location: Test Cell #3 

ruger Size: NA Sample Type: Geoorobe ‘Meqabore 2” OD X 4’ 

apTI( 
FEET, - 

0 

6 

6 

10 

12 

I4 

16 

1E 

2c 

- 

PLE 
‘PE 

cs 

cs 

CS 

-- --- -- --- -- -- 
-- 
-- --- -- --. 

\ 

-- 
-- 

-- -- -- -- -- -- --_ -- -- -- -- -- -- 
1 -J-zYQ -. -- 

-- - L --- 

f 

-- --. -- 

1 

Data Verlfled By, Date: 

DESCRIPTION 

CL SILTY CLAY: dk brown (10YR5/3) soft, damp 
abund humus, root bundles, Topsoi 1 

CL ;,Ih;Y CLAY: brownish yellow (lOYR6/6). friable 
It gray mottle, some Mn oxldes 

Fe stalnlng common2.5 - 6.5’. scattered oxidized 
sandstone pebbles 

CH CLAY: brown (7.5YR5/61 stiff. 
plastic teiture. 

damp, very fat 
and plastic. w/intbdd 
gray slit lamlnae. gypsum crystals at 0.0' 

CH CLAY: becoming red brown 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

repared By: S R. Sturm Date: 10/23/94 Page: 1 OF 1 

ole NO.: T4BA Ground Elevation: NA 

otal Deptn. 12’ Rig Type: ORNL U2CRT Locatlon: Test Cell #4 

uger Size: NA Sample Type. Geoorcbe “Meaabore 2” OD X 4’ 

rOJect 
XPI. 
FEEIl 

O- 

2- 

4- 

6. 

8, 

,O 

12 

14 

16 

ia 

20 

5.1 

71 

f 

piE 
IPE - 

cs 

cs 

CS 

-I- 

Data verlflea By: Date: 

DESCRIPTION 1 

CL SILTY CLAY: dk brown (7.5YR3/41 soft. damp , 
friable. abund humus. root bundles, Topso 11 

CL 2:I-T; Cl--;: yellowish brown (lOYR5/8). very 
, common Fe nods, some Mn flecks 

;lgh5+;g;e3fra5tgres with argillaceous faces 

CH CLAY: It yellow brc);:f:10;;~~4), lntbdd It gray 
slit lamlnatlons. laminar bedding, 
fat. mod plastic. authebenic ‘gypsum crystals 
beds @ 7.0’ and 7.5’ 

Mudstone pebbles 8 10.5’ 

CH CLAY: it yell;: t~-3~/2,5YR6/4). damp, very fat 
and plast lc. , pronounced bed parting 
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Borehple Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Prepared By: S.R. Sturm Date: 10/24/94 Page: 1 OF ? 

Hole NO.: T466 Ground Elevation: NA 

Total Deotn: :2’ Rig Type: ORNL U2CRT LocatIon: Test Cell #4 

Auger Size: NA Sample Type: Geoarobe “Meqabore 2” OD X 4’ 

*- cs 

4- 

6- cs 

s- 

lo- cs 

la- 

14- 

16- 

18- 

20 - 

IRTS MPIS Data Verlfled By: Date. 

irmE LlTROLOC” LNW DESCRIPTION 

I 

-- 

--x-z- 

--z.YY- 
-- 

:- 
:- 

T- 
-- 

-- 

~ 

-- 
- 

-- 
-- 

-- 
-- 

-- 
- 

- i 

CL s;\;;IELAY: dk brown (7.5YR3/4) soft, damp , 
, abund humus, ract bundles, breaks 

into stair step planar face5 

CL %1;7 CLAY: yellowish brow” (lOYR5/8). very 
s dry. common Fe nods, some Mn flecks 

High angle fractures with argillaceous faces 
@ 5.5’. 5.9’6 7.2’ 

CH CLAY: It yellow brg;;f:lO;;z;4). lntbdd It gray 
silt laminations. laminar bedding, 
fat, mod plastic. authegenlc gypsum crystals 
beds @ 7.0’. lost core 7.1’ to 8.0’ 

High angle fractures @8.3’. 8.4’. 8 5’. 8.6’and 

CH CLAY: brn [7.5YR5/4) , damp, very ‘fat and plastic 
with intbdd. yellow brn and red laminae. 
variegated 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 
.^. 

‘repared By: S.A. Sturm Date: 10/24/94 Page: ‘1 OF I--” 

iole NO.: T4BC Ground Elevation: NA 

rota1 Depth: 12’ Rig TyDe: ORNi U2CRT Location: Test Cell #4 

hger Size: NA Sample Type: Geoorcbe “Meaabore 2” OD X 4’ 

Vo]ect: PORTS MPIS 
51 

1 
‘7 

0 

2 

4 

6 

10 

L*PLE 
‘“PC - 

cs 

cs 

cs 
--. -- -- -- -- --- (I--- -- --- -- -- - = 

12 

--- -- -A- -- 
7 

16 

18 

20 
- 

Data Verlfled By: Date: 

DESCRIPTION .. ’ 

CL SILTY CLAY: dk brown (7.5YR3/4) Soft. damp , 
friable, abund humus, root bundles, Topsoil 

CL z:‘;:; (3-t;; yellowish brown (lOYR5/8). very 
. common Fe nods, some are dusky 

red 

CL $$;.l,,“,rn [7.5YR5/6) with gd;!;nish gray silt 
, fat and plastic. 

CH CLAY: It yellow brown (lOYR5/4). intbdd It gray 
slit laminations, stiff, damp, lamlnar bedding. 
fat, mod plastic, authegenic gypsum crystals 
beds @ 7.2’. 7.4’ and 7.6’ 

CH CLAY: brn [7.5YR5/61 fat, plastic. Stiff. damp. 
homogenous 

CH CLAY: brn (7.5YR5/61 damp, mod plastic. stiff. 
variegated by yellow (lOYR7/8) and red laminae 
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Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

lrepared By: S R. Sturm Date: 10/23/94 Page: 1 OF 1 

iole NO.: T4SD Ground Elevation: NP. 

-otal Depth: 12' Location: Test Cell #4 

iuger Size: NA Sample Type: Geoorobe "Meaabore 2" OD X 4' 

Data verified By: Date. 

DESCRIPTION 

-..-.-. 

- z- --- --- 

CL !3;\;;lELAY: dk brown (7.5YR3/4) soft. damp , 
, abund humus, root bundles, Topsoil 

CL SILTY CLAY: yellowi:;lb;y;n (lOYR5/8). with It 
gray mottle, damp. 
becoming dry and hard at 4" 

common Fe staining. 

High angle fractures at 6.7'. 7.0' and 7.1', 
latter two intersect and have xtal gypsum inflll 

CH CLAY: It 
silt lam 
fat, mod 
beds @ 7 

Dendritlc 
partings 

yellow br;~;f:lO;;;;4). intbdd It gray 
natlons, lamlnar bedding, 

authegenlc gypsum crystals 

Mn oxide staining on silt laminae 

CH CLAY: brn (7.5YR5/4). damp. very fat 
and plastic, v. stiff, pronounced bed partings 
homogenous 
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ml Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

Prepared By: 5.R. Storm Date: 10 23 94 Page: 1 OF 1 

Hole No .: T4BE Ground Elevation: NA 

Total Depth: 12’ Rig Type: ORNL U2CRT Location: Test Cell #4 

Auger Size: NA Sample Type: Geoarobe “Mecabore 2’ OD X 4’ 

Pro JeCt:- Data Verlfled By: Dare: 

DESCRIPTION 

CL s;l-;;lELAY: dk brown (7.5YR3/4) soft. damp 
, abund humus, root bundles, Topsoil 

CL SILTY CLAY: yellowish brown (lOYR5/8). with It 
gray mottle. friable. damp. common Fe staining. 
becomes hard and dry by 4’with abund Fe nods 

High angle fracture at 6.1’ 

CH CLAY: It yellow brown (lOYR5/4), intbdd It gray 
silt laminations, stiff. damp, laminar bedding, 
fat. mod plastic, authegenic gypsum crystals 
beds @ 7.0’ 

LOST CORE 7.0 - 6.0’ 

CH CLAY: brn [7.5YR5/4), damp. very fat 
and plastic. “. stiff. pronounced lmm bed 
partings. homogenous 
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Borehole Summary Information 

nnu DlrTCF h,hTT”h,A, I ARflRATnRY 
I. I I1 “f-l\ I,LYVL t-7. Ius.-... i-L-, ., - 

‘repared By: R .M Schlosser Date: 11/14/94 Page: 1 OF 1 

iole NO.: T4BF Ground Elevation: NA 

‘otal OeOth: 12’ Rig Type:- Location: Test Cell #4 

auger Size: NA Sample Type: Geoorobe “Mesabore 2” 00 X 4’ 

‘ro)ect: PORTS MPIS Data Verified By: Date: 
DEPTH S.WLE 8.YPLE L*,*OL06” DESCRIPTION WEElI TIPE lNiY 

o- 
-..-.-. 
. _._.._ . . . . . . . . . . . . . . . . . -..-_.- 

CL F;y;;lkLAY: brown (lOYR5/3) Soft. damp 
CaCa3 in root pores 

CL SILTY CLAY: yellowish brown (lOYR5/8). with It 
Fe staining throughout, roots as above 

CL SILTY CLAY: as above, abund Fe i)!ydegs, Mn oxides 
on open pores. and some CaCo3. 

CH CLAY: yellow brown (7.5YR5/41. some silt and Mn 
oxide on desicated surfaces. It gray mottle 
throughotit interval. very firm. plastic, occ 

e- 

CH CLAY: yellow brn 1J725YR;i415., w:l ;Gd;f ined bed 
partings @ 10 It gray 
mottle throughout decreasing’w/depth,‘high angle 
fracture @ 11.5’ 
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Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

‘repared By: R.M. Schlosser Date: llj14/94 F&e: 1 OF”1 

lole No.: T4BG Ground Elevation: NA 

‘otal Depth: 12’ Rig Type: ORNL U2CRT Location: Test Cell 14 

\uger Size: NA Sample Type. Geoorobe “Meqabore ?” OD X 4’ 

‘TO JeCt:- 

2, 

4 

6 

0 

IO 

12 

14 

16 

10 

20 

- 

KG- 
“PE - 

cs 

cs 

cs 

FITS MPIS - 
wLE LITIlac.3 IN,” 

rY7YY,,......._... -..-.-. 
.c : .‘yY : ” -. .-. - .-. - .- ..,,,............. 

..-.-... -.._..- : : . ..-.-.. 

-..-.- . ,,_-..-... _..-.- 

._,._..._... ,e _ 

,,............... -,.-..- 

_-- --- --- --- --- --- 

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

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

3 

J- 

Data Verified By: Date: 

DESCRIPTION 
:; .~. 

CL s;I-;;lELAY: brown (lOYR5/3) soft, damp 
CaCo3 from InJectlon in root pores 

CL SILTY CLAY: yellowish brown (lOYRS/@, with It 
Fe staining throughout, soft, friable 

CL SILTY CLAY: as above, abund Fe oxides, some red 
Fe nodules 

CH CLAY: brown (7,5YR5/41. mottled It gray 

. 
on desicated surfaces, abund Mn 6 Fe oxide, some 
scattered red nodules. lost core 7’- 8’ 

CH &A;;d;e;;ow br? (7:5YR5/4). gypsiferqus. some 
deslcatlon surface @ 10.5 desicatlon 

cracksw/ lt gray silt infill 
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Borehole Summary Information 
OAK RIDGE NATTflNAl~ ILARORATORY 

Prepared By: R.M. Schlosser Oate: 11/14/94 Page: 1 OF 1 

+ole NO.: T4BH Ground Elevation: NA 

Total Depth: 11’ Rig Type: ORNL U2CRT Location: Test Cell #4 

auger Size: NA Sample Type: Geoorooe “Meaabore 2” OD X 4’ 

Prolect: PORTS MPIS Data Verified By: Date: 
EPTH UWLE SUPLE LIIHOLOG* 
iFEET, IWE lNT” DESCRIPTION 

O- 

CL SILTY CLAY: brown (lOYR5/3) soft, damp 
friable, CaCo3 from injection in root pores 

2- cs CL SILTY CLAY: yellowish brown (lOYR5/8), with It 
Fe staining w/occasional Mn staining 6 oxides 

CL SILTY CLAY: yellowish brown w/ It gray mottle 
trace CaCo3 from inJeCtiOn. OCCaSlOnal Fe nods 
@ 5’ 

6- CS CH CLAY: brown (7.5YR5/41. mottled It gray 

. 
on desicated surfaces, abund Mn 6 Fe staining 

and homogenous at 10’ 

CH CLAY: yellow brn (7.5YR5/41. silt on erosional 
surface @ 9’. 9.5’. & 9.8’. some silt fragments 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Wepared By: PM. Schlosser Date: 11/14/92 P.%iz: “1 -OF- 1’ ‘,, _“. 
iole NO.: T4Bi Ground Elevation: NA 

‘otal Deptn: 12’ Rig Type: ORNL U2CRT LocatIon: Test Cell (14 

tuger Size: NA Sample Type: Geoorobe “Meadbore 2” OD X 4’ 

2- cs 

4- 

6- cs 

8- 

io- cs 

12- 

14- 

16- 

18- 

20 - 

- 

PIS Data Verified By: Date: 

L(T”CCIX” DESCRIPTrON ’ 
I ._x” 

CL SILTY CLAY: brown (IOYR5/3) well developed root 
mass. some CaCo3 from injection around roots. 
5Of t, friable 

CL SILTY CLAY: yellowish brown (lOYR5/8). with It 
EEfTtaining. some CaCo3 on bedding surfaces, 

friable. vertical micro-fracs w/ CaCo3 

CL SILTY CLAY: yellowish brown CaCo3along small 
vertical fracture planes. high angle fracture 
@ 5’. 3 - 5mm angular Fe stained sandstone laths 
becomlng f lrm. scattered 1 - 2mm Fe? nods 

CH FL;,4;: brown (7.5YR5/4). 
, slightly plastic. 

mottled It gray 7.5YAN7( 
gypslferous zones @ 7.2 

gypsum filled vugs @ 11.5’, 2 - 5mm thick 

CH CLAY: yellow brn (7.5YR5/41. mottled bands @ 9.5 

CH CLAY: yellow brown, very firm. fat 6 plastic. 
waxy appearance. 
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Borehole Summary Information 
l3A.y RTI?GF NATTClNAl I ARORATORY -- --- -.... ..---- ..-_ .._ _ ._- - 

Irepared By: R.M. Schloaser Date: 11/14/94 page: 1 OF 1 

+ole No.: T4BJ Ground Elevation: NA 

rota1 Depth: 12' Rig Type: ORNL IJ2CRT LocatIon: Test Cell #C 

4uger Size: NA Sample Type: Geoorobe “Meaabore 2” OD X 4’ 

"reject: PORTS MPIS Data Verlfled By: Date: 
EPT" S.PLE ME 
FEET, TIPE INTY .L1i*mffiv DESCRIPTION 

o- 

CL SILTY CLAY: brown (lOYR5/3) well developed rOOt 
ma55. some CaCo3 from inlection around roots, 
5of t, friable 

CL SILTY CLAY: yellowish brown (lOYR5/8). abund 
Fe staining. abund CaCo3 along bedding fractures 
occasional Mn staining 

CL SILTY CLAY: yellowish brown , CaCo3 along.horiz 
bedding planes. some CaC03 along remnant 6 root 
vesicles. strong Mn staining @ 5’ 

6- CS 

CH CLAY: brown (7.5YR5/4), mottled It gray 7.5YRN!/ 
high angle fracture @ 6’, bedding fracture @ 7 
very firm. plastic. occasional gypsiferous zones 
waxy appearance. 
stone bed @ 9.5’, 

It gray bed at 9’. 3,- 4mm silt 
vug w/ gypsum @ 9.8 

CH CLAY: yellow brown, less mottling, dense, fat 
waxy appearance. 



B-47 

AL 

I 

E 

rnl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

epared By: S .R. Storm 
Bate; 12,13,9‘~ ,‘( ‘J-page: (,.. n-, I” Er” mr..y .,_I,_,“._ 

11e NO.: T4BK Ground Elevation: NA 

ltal Depth: 12’ RlQ Type: .e LocatIon: Test Cell #4 

,~er Size: NA Sample Type: Geoarobe “Meqabore 2” OD X 4’ 

o- 

2- 

4- 

6- 

0- 

IO- 

:t: 

Lie 
WPE - 

cs 

cs 

cs 

16- 

10- 
I 

20 - 

Data Verlfleb By: Date. 
. . . . 

DESdRIPiION - ‘. 

CL SILTY CLAY: dk brown (lOYR5{zbs;o;t, damp . 
abund humus. root bundles, 

CL XX&Y CLAY: brownish yellow (lOYR6/6). friable 
It gray mottle. some Mn oxides 

Fe staining common I’- 7 scattered oxidized 
sandstone pebbles. bed parting at 4.5’ no infill 

CH CLAY: brown (7.5YR5/61 st1f f. 
plastic tekture. 

damp. very fat 
and plastic, w/lntbdd 
gray silt laminae. gypsum crystals at 6.5’6 7’ 
mudstone pebbles at 9.8’ 

K 
-- -- -- -- --- -- --. -- -- -- -- 

CH CLAY: becoming red brown 

_. 
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Barehole Summary Information 

C-lAK RTT?T;F NATT,F,klAl I ARnRATclRY 
- - - - - -I.), ,-L1- ,., _-,. .- -,.-- ,., - 

repared By: S.9 Sturm Date: 12/13/94 page: 1 OF 1 

ole No.: T4BL Ground Elevation: NA 

otal Depth. 12' Rig Type: 0?1L U2CRT LocatIon: Test Cell Y4 

uger Size: NA Sample Type: Geoorobe "Meoatrore 2" 00 X 4' 

'rolect: PORTS HPIS Data Verlfled By: Date: 

CL SILTY CLAY: dk brown (lOYR5/3) soft, damp , 
abund humus, root bundles, Tops011 

CL SILTY CLAY: brownish yellow (lOYR6/6). friable 
It gray mottle, some Mn oxldes 

scattered oxldlzed 
sandstone pebbles, bed paktlng at 3.2' with 
lime precipitates 

CH CLAY: brown (7.5YR5/6) stiff, damp, very fat 
and plastic, plastic tekture. w/intbdd 
gray slit lamlnae. gypsum crystals at 7.8’. 
low angle fracture at 6.2'- no InfIll 

CH CLAY: becoming red brown 
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Borehole Summary Information 

OAK RIOGE NATIONAL LABORATORY 

Prepared By: S.F Sturm Date: 10/21/94 Pa‘g'ei‘ 1" DF 1 
__, 

H< 

T< 

AL 

Pr 
u 
I/ 

lie No.: T5BA Ground Elevation' NA 

Ital'Depth: 12' RlQ Pype: w- Location: Test Cell #5 

,ger size: NA Sample Type: Geoorobe "Meoabore 7" 00 X 4’ 

-o]ect: PORTS MPIS Data Verlfled ay: Date: 

LPT” UPLE SLWLE LII*MG” DESCRIPTION 
‘EEI, IWE INT” r 

L 

o- 

2- cs 

‘I- 

6- cs 

12- 

14 

is- 

1B- 

20- 

- 
‘\ 

- 

CL T;l-;;lELAY: dk brown I7.5YR3/4) soft. damp . 
abund humus, root bundles, Topsoi 1 

High angle fracture at 5.2’and 6.3’ 

CH CLAY: It yellow brown 
olive slit laminations. 

(l’DDe;{4). intb;Er;ale 
damp. 

fat, mod plastic. parallel dlscontlnous bedding, 

LOST CORE 7.0 - 0.0’ 

CH CLAY: as above with dendr 
partings 

,itric Mn oxide on bed 
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3rnl Borehole Summary Information 
OAK RIDGE NATIONAL LABORATOF(V 

Prepared By: ‘5 .R. sturm Oat6: 10/22/94 Page: 1 OF 1 

Hole No _: TSBB Ground Elevation NA 

Tqtal Depth: 12’ Rig Type: ORNL U2CRT Location: Test Cell #5 

Auger Size. NA Sample Type: Geoorobe “Meaabore 2” 00 X 4’ 

ORTS MPIS 

.-- --- --- --- 

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

- 

11 
;. 

4 
: 
5. 

:. 
‘. 

Data Verlflea By. Date: 

DESCRIPTION 

CL ~~~;;l~LAY: dk brown (7.5YR3/4) soft, damp 
abund humus, root bundles, Topsoi 1 

CL SILTY CLAY: yellowish brown (lOYR5/8). friable 
blocky structure. abund Fe nods <Imm. becomes 
dry and hard by 4’ 

CH CLAY: It yellow br;;;fJlO;,,;8). 
silt lamlnatlons, 

intbdd It gray 

fat, mod olast ic. 
lamlnar bedding, 

occas’ional greenish gray 
[5G5/11 silt laminae w/ dendritic Mn oxide 

LOST CORE 7.0 - 8.0’ 

CH CLAY: brn 17.5YR5/4) damp. very fat 
and plastic. “. stiff. pronounced Imm bed 
partings. homogenous 
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ornl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Prepared By: S .R Sturm 
Date:’ 1o 22- gh .I :/..i., ‘,pa.k: i’ubF 1 ..-.. 

HO 

TO 

AU 1 Pr 
a 
IF, 

le No TSBC Ground Elevation: NA 

tal Depth: 12’ Rig Type: ORNL U2CRT Location: Test Cell #5 

tger Size: NA Sample Type: ‘Geoorobe “Meaabore 2” OD X 4’ .- - I./ _.~_..“..“,_A~.. ” 3 

,OJeCt: PORTS MPIS Data Verlfled By: Date: 

P?” SIIPLE J.YPLE LI,“OLOG* DESCRIPTION 
‘. 

‘ET, TIPE lNT” 
I 

,- 

- 

~ - 

- 

-- 
--- 

-A 
--- 

-- 
--- 
.-- 
-- 
--- 
-- 
--- 

-- 
--- 

-- 
--- 
_-- 
-- 
we- 

-- 
--- 

-- 
--- 

ErzE 
--- 
-- 
--- 

-- 
--- 

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

-- 
--- 

-- 
--- 
.-- 

4 

CL SILTY CLAY: yellowish brown (10YR5/8). Increased 
clay becomes hard and dry by 4’with abund Fe nod 
up to 2mm 

CH CLAY: It yellow brow 
silt laminations. St 
beddlng. fat, plaSt1 

LOST CORE 7.0 - 8.0’ 

lntbdd It gray 
paralell laminar 

CH CLAY: brn (7.5YR5/4), with 
easily split at bed parting 
uneven parallel beds 

It gsr-;-fsilt laminae 
IS. , damp. 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

‘repered By: S .R. Sturm Oate: 10/22/94 Page: 1 OF 1 

iole NO.: TSBD Ground Elevation: NA 

‘eta! Depth’ 12’ Rig Type: ORNL U2CRT Location: Test Cell #5 

$uger Size: NA Sample Type: Geoorobe “Meqabore 2’ 00 X 4’ 

‘rolect: PORTS MPIS 
5. SlPULf 

I 
IHi” LIT”oLW” DEPm 

FEET, 

o- 

2. 

4. 

6 

8 

10 

12 

14 

16 

1s 

20 

- 

ET- 
“PI - 

cs 

cs 

CS 

I -- -- 
:- 

J-1 

z- 
z- -- -- -- 

--- 
Pk 

-- --. -- -- -- -- --- -- --- -- T 

Data Verified By: Date: 

DESCRIPTION 

CL s;;;;IELAY: dk brown (7.5YR3/4) soft. damp , 
abund humus, root bundles, Topsoi 1 

CL SILTY CLAY: yellowish brown (lOYR5/8). friable 
but stiff. damp. common Fe nodules < lmm 
becomes hard and dry by 3’ 

High angle fracture w/ clay skins @ 5.8’ 

CH CLAY: It yellow brown (lOYR5/8). intbdd It gray 
silt laminations. stiff. damp. laminar bedding, 
fat, mod plastic 

LOST CORE 7.0 - 8.0’ 

CH CLAY: yellow brn 110YR5/4), damp, very fat 
and plastic. w/ intbdd Uk brn clay and green 
gray silt lamlnae. It gray mudstone pebbles 
in a dessicated zone at 11.9’ 
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01 rnl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

epared By: S.R. Sturm Date: 10/‘2?/94 ” 
‘.% >,. pb’4e:. 1 oF , 

le No .: TSBE Ground Elevation: NA 

tal Depth: 12’ Rig Type: ORNL u2CRT LocatIon: Test-Cell #5 

ger Size: NA Sample Type: Geoorobe “Meoabore 2” 00 X 4’ 

elect:- 3RTS MPIS Data Verlfled By: Date: 

wmxE I1,“cu6” OESCdIPTION 
IHTY 

I I 

-..-..- 

-.-..- 

_-- 

--- _-- 

CL s;\;WlELAY: dk brown (7.5YR3/4) soft. damp I 
abund humus, root bundles, Topso 11 

CL SILTY CLAY: yellowish brown (lOYR5/8), with ,lt 
gray mottle. friable. damp. common Fe staining. 
becomes hard and dry by 3’wlth abund Fe nods 

High angle fracture at 6.l’and 6.2’ 

CH CLAY: It yellow brown 
olive silt laminations, 

tl~:9~:4)ba~~tb~~r~ale 

fat. mod plastic. parallel discontihous bedding. 

LOST CORE 7.6’ - 0.0’ 

High angle fracture at 9.0’ @ 9.5’ 

CH CLAY: as above with increased silt lams and 
zones of friable silt with dessication fractures 



B-54 

nr-n 1 
Borehole Summary Information 

nnv “T”rTZC h,nTTnh,h, I AOnDnTnO” 
U. . I 1 “k-n nl.LJUL lYcl I L”lVHI Lr(U”iSr\ I”/ I/ 

.epared By: R.M. Schlosser Date: i l/17/94 Page: 1 OF 1 

lie NO.: TSBF Ground Elevation: NA 

ltal Depth: 12’ Rig Type: ORNL LJ2CRT Locatlon: Test Cell #5 

,ger Size: NA Sample Type: Geoorabe “Meaabore P” 00 X 4’ 

.o]ect: PORTS MPIS Data Verified By’ Date: 
PT” S.*CLE BllQLE iI,*ao6” DESCRIPTION EEI, TYPE lNT” 

CL SILTY CLAY: brown (lOYR5/3). some purple stain- 
ing from KMN04 in upper 6 , from surface pen- 
etrat ion. friable. 

--- --- --- 

CL SILTY CLAY; as above. KMN04 staing @ 3’. 4.5’ 
and at 4.7. 

CL SILTY CLAY: Yellowish brown. (lOYR6/8). mottled 
slightly light gray, friable, Fe staining 
throughout. 

--- 

LOST 4.7’-8.0’. 

CL CLAY: yellowish brown mottlge;,li~g; grag)( along 
fraxtures at 9.2 . firm. 

waxy apperance, becoming more homogeneous 
less beductlon at 10.0’. 

--- 

16- 

la- 

20 - 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

repared By: R.M. Schlosser Date: 11/17)94 .’ -. Page: i‘ OF i’ 
_.., ,_ 

ole NO.: T5BG Ground Elevation: NA 

otal Depth: 12’ Rig Type: ORNL U2CRT LocatIon: Test Cell #5 

uger Size: NA Sample Type: Geoprobe “Meaabore 2” 00 X 4’ 

r-0: 
EPT* 
FEET1 - 

O- 

2 

4 

6 

8 

IO 

12 

1‘ 

1E 

lf 

2( 

- 

let 
SAN 
I” 

t: 

ti 

'PE 
- 

CS 

CS 

cs 

- 

FITS MPIS 

-E LIT”mA6” WY 

Data Verlfled By’: Date: 

DESCRIPTION 

-- -- -- --- -- z- --- -- 
I ’ 

CL SILTY CLAY: brown (lOYR5/3), abund roots 

CL SILTY CLAY: yellowish brown (lOYR5(8). very 
strong KMN04 along fracture at 3.1 , some Fe 6 
Mn stalnlng 

CL SILTY CLAY: as above, It KMNC4 staining.at 3.5’ 
(staining lOR5/4 weak red) some Mn oxides @ 4 

CL SILTY CLAY: yellowish brown, strong Fe-stga&ned 
pebbles @ 5.5’. abundant Mn oxides 4 
getgb;y zgy;,@ 5.6 stained w/KMN04., It stain’ing 

@ 7.1”6 7.5”. 
6 6.9’. strong staining G fracs 

less slit becoming clay @ 6.5 

CH CLAY: yellow brn (7.5YR5/4). mottled It gray, It 
gray zone 4 - 6mm wide @ 8.5’ KMNO4 along 
bedding @ 8.7’.. 9’. 10’. 10.2”. bed parting at 

some weak red staining @ 11.5’ 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATCIW 

Prepared By: R.M. Schlosser Date: i l/17/94 Page: 1 OF 1 

iole NO.: T5BH Ground Elevation: NA 

-eta1 Depth: 12’ Rig Type: ORNL U2CRT Location: Test Cell #5 

iuger Size: NA r Sample Type: 0 ” M r ” 

‘l-0 
Gil 
IWET - 

0 

2 

4 

6 

8 

IO 

1; 

ir 

IE 

It 

2[ 

- 

:t:- 
.YPLL 
WE 

CS 

CS 

cs 

- 

RTS MPIS 

“‘I 

. . . , . . . . . l  

, . . . .  

- . . - _ . -  

. - .  

. - . . - . ^  

- . . - . I  

.  

z -- -- --- -- --- -- -- -- -- -- -- --- 
Vk -- --. -- -- -- -- -- -- --- -- --. -- -- -- -- --- T- -- --- -- 

i 

- 

1 

j 

Data Verified By: Date: 

DESCRIPTION 

CL SILTY CLAY: brown (lOYR5/3), abund roots 
top 6’#, KMN04 staining from surface seepage, 
friable, 50ft. moist 

CL SILTY CLAY: yellowish brown (lOYR5/8) ,. Very 
strong KMN04 staining 2cm wide at 2.9 , It 
staining along fractures @ 3.9’6 4.2 , It gray 
mottle 

CL SILTY CLAY: as above, abundant Mn 6 Fe oxides 
occasional 2 - 3mm pebbles. strong KMN04 stain 
in pebbly zones @ 4.8’. 5.5’. 5.8’. 6 7.8’ 

CH CLAY: yellowish brown. mottled It gray 
gray reduced zone 3 - 8mm wide @ 8.5 , bc~kSlOnl 
roots 

CH CLAY: yellow brn [7.5YR5/4), mot:;;; lLey’;ay, 
becoming darker w/depth,, moist, 
defined beds, KMN04 staining @ 8.7’.‘8.9’. 6 9’ 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

-epared By: R.M. Schloeser Date: 11/17/94 ._ )‘. page: I OF 1 

Jle No.: TSBI Ground Elevation: NA 

3tal Oepth:L Rig Tyae: ORNL U2CRT Location: Test Cell #!i 

jger Size: NA Sample Type: Geoorobe “Meaabore 2” 00 X 4’ 

Jet 
u 

,- 

-0 
sir4 
'EET1 - 

0 

2 

4 

E 

E 

I( 

1: 

1 

1 

I( 
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- 

I- 

,- 

4- 

6- 

3- 

3- 

zt: - 
a 
3 

CS 

cs 

cs 

RTS MPIS 

F 
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t 
- 

z 
-... 
5-e B.. 
z 
c .LL 
z 
-. 
.F 
E 
G.x ,..- 
* -._ 
LT 
:.r 
..- 
.:,.; 

,; 
.x 

: : : 
: .T 

: .% 
. ..- 

.?e 
:: 
.== 

- 
F-IL 

- 

- 

\g 

I 

F 
: : 

3 

r: 
7 

‘.‘. _. 
;. 
: 

: : 
‘:. 
‘t. 

‘.‘. 
:. 

r. 

‘.‘. 
: : 
.: : 
1’ 
:. 

2 

- 

- 

Data Verlfled BY: Date: 

DESCRIPTION 

CL SILTY CLAY: brown (lOYR5/3), well developed 
root mass,, some Fe staining. some faint KMN04 
staining in upper 2 

CL SILTY CLAY: yellowish brown (lOYR5/8), Fe 
staining and Mn oxides. roots. KMN04 staining 
very strong @,2.8 friable. soft, scattered 
pebbles @ 3.5 . mottled vertically and horzontal 
w/it gray silt 

CL SILTY CLAY: as above, abundant pebbles @ 4.2’ 
Mn 6; Fe staining and oxides. KMN04 staining on 
fracture @ 3.8’; staining on beddlng @ 6.1 , 6.3 

CH CLAY: yellowish brow?. It ,gray mottle, occasional 
Fe stained pebbles 5 - 6 , KMN04 staining lOR4/4 
- lOR5/4 weak red to red 

gray-brn mudstone on degi;;t;d surface. very 
gypsiferous from 10.2 some crystal 
development. very well defined’beds 

CH CLAY: yellow brn (7,5YR5/4), KMN04 staining @ 8.2 



B-58 

Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

zrepared By: R.M. Schlasser Date: 11/17/94 Page: 1 OF 1 

iole No.: T55J Ground Elevation: NA 

Tatal Depth. 12' R:g Type: ORNL U2CRT Location: Test Cell #5 

Auger Size: NA Sample Type: Geoorobe "Meaabore ?" 00 X 0' 

Wolect:- 

0 

4 

6 

6 

10 

12 

14 

16 

18 

20 I 

i&G- 
I”PE 

cs 

cs 

cs 

- 

?RTS MPIS Data Verified By: Date: 

DESCRIPTION 

I I 

CL SILTY CLAY: brown (lOYR5/3), well developed 
root massi. some Fe staining. becoming yellow brn 
@ 1.5’. dark KMN04 stain at 3’. 2 5cm wide, abund 
pebbles @ 3.5’strongly oxidized, soft to 3’ 
becoming firm 

-- 
z- -- -- -- 

:- 
:- 

\ 
H 

z- -- -- -- 
z- - 

/ I L-- 

i 

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

i 

CL SILTY CLAY: yellowish brawn (lOYR5/8), Fe 
staining and Mn oxides. roots, KMN04 staining 
;;r&strong @ 5’. 6‘. 6.8’. 

root development to 7’. 
verti;al,& horizontal mottling. roots w/reduced 

~Z” @ 7 a 
blocky structure. KMN04 staining weak 

CH CLAY: yellowish brown.lt gray mottle,some mottle 
along old root vesicles. dark KMN04 staining 
@ 9’. 9.2’. 9.6 gypsiferous @ 10.2 w/it gray 
brown @ 10.4’. becomlng more dense w/depth, well 
defined bedding mudstone on desicated surface 
@ 10’. w/gypsum ‘inflll in voids, KMN04 staining 
weak red, lOR5/4. 



B-59 

ml 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

.eparec By: s R. sturm Date: 12/!3/94 page: 1 OF 1 

,le NO.: TSBK Ground Elevation: NA 

3tal Depth: 12’ Rig Type: ORNL U2CRT LocatIon: Test Cell #5 

Jger Size: NA Sample Type: Geoorobe “Meaabore 2” OD X 4’ 

-o]ect:- 
EPni EIPLE 
‘SET, TIPE 

o- 

2- cs 

a- 

6- cs 

a- 

id- cs 

12- 

, 

14- 

16- 

18- 

20 - 

OPTS MPIS 

~‘-E LIIRaOG” ,NTY 

Data Verified By’ Date: 

DESCRIPTION 
~, 

-- --- -- --_ -- -- -- -- --- -- !L- --- -- -- - = --- -- --- -- 

- 

CL SILTY CLAY: dk brown (lOYR5(~b,;o;t, damp . 
abund humus. root bundles, 

CL SILTY CLAY: brownish yellow (lOYR6/6). friable. 
damp. It gray mottle, some Mn oxides 
Fe staining common l’- 5 , lo-20mm,oxldized S.S. 
pebbles at 4’-5 , bed parting at 5 no Visible 
alterations 

CH CLAY: brown (7.5’195/6) stiff. damp, very fat 
and plastic. plastic teiture. w/intbdd 
gray silt laminae 

CH CLAY: ‘red brown (2.5YR4/4), v. ,stlff. 
“,‘;p;;;;nt bed partings at 11.4 6 11.7 

pI”,ailC, 
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ornl 
Borehole Summary Information 

OAK RIDGE N4TIONAL LABORATORY 
r- 

‘repared By: 5 .R. Sturm Date: 12/13/94 Page: 1 OF 1 

iple NO.: TSBL Ground Elevation: NA 

-atal Depth: 12’ Rig Type: ORNL U2CRT LocatIon: Test Cell Y5 

auger Size: NA Sample Type: Geoorobe “Meaabore 2” OD X 4’ 

‘ro]ect: PORTS MPIS Data Verified By: Date: 

CL SILTY CLAY: dk brown ‘lOYR5(;bs;o;t, damp . 
abund humus, root bundles, 

CL SILTY CLAY: brownish yellow (lOYR6/6), friable, 
damp. It gray mottle,, some Mn oxides 
Fe staining common 1 - 5 IO-20mm oxidized s .s. 
pebbles at 4’-5’ 

CH CLAY: brown (7.5YR5/6) stiff. damp. very fat 
and olast ic, w/lntbdd gray slit lemlnee. 45 
degree open fracture@ 6.8’- not altered 

CH CLAY: red brown (2.5YR4/4). v. stiff. olastlc. 
homogenous 
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Borehole Summary Information 

OAK FiIDGE NATIOWAL LA8Ol=.ATGRY 

Irepared By: S.R. Cturn ‘" 
.i. -.. ": ..-. Date:'-";"~y2j p‘d " ', Paoe: i CF 1 .’ 

iole No.: T59A Ground Elevation: NC 

rota1 Depth: 12' Rig Type: ORAL U2CGT Location: Test Cell $6 

4uger Size: NA SamDIe Type: CeoorcSe "Measbore 2' OD x 4' 

o- 

cs 

2- 

CS 

6 .- 

6- 

cs 

IO- 

.-- --- _-- --- _-- --. --- 
:2- 

16- 

16 

20 - 

Data verified 5~: Gate: 

DESCRIPTION 

CL s;\T;l;LAY: dk brown (7.5YR3/4) soft. damp . 
a , abund humus. root bundles, Topsall 

CL SILTY CLAY: ,;e';e;;s;=;;o"n (10YRS/8). blocky 
structure 
at 4’ to 5, 

Ia - . abunbant Fe nodules 

High angle fracture with clay lnflll at 7’ 

CH :ML: lf yellow brown 
e slit lamlnatzons. 

(10539:$4), int'btgr;ale 
damp. 

fat. mod elastic. oarallel dikcontlnous bedding, 

CH CLAY: yellow brn (lOY95/4). intbdd pale Clive 
silt. as above with high angle fractures 
at 10.6’ @ 11.5’. both with clay inflll. 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

“epared ay: s .R. sturm Date: IO/21194 Page: 1 or 1 

sle NO.: 1533 Grounc Elevation: NA 

otal OeDth- 12’ Rig Type: ORNL U2CRT Lacatlon: Test Cell #6 

~ger Size: NA Sample Type: Geoorobe “Meaabo-e 2” CD X 4’ 

“eject: PORTS MPIS Data Verlfleo By: Date: 
EPT” S.WLE WRE LI,nOLOts DESCRIPTION 

CL s;;;;lgLAY: dk brown (7,5YR3/4) soft, damp , 
abund humus. roar bundles, Topsoi 1 

-- _ .-.-.. 
a- cs .,.. 

.-..-..- _ 
::-..-..T -..- - 

, CL SILTY CLAY: yellowish brown (lOYR5/8). blocky -..-..- - .- I structure. mod stiff. damp. abundant Fe nods 
_.-..- .__._ at 3’ to 4’ 
-..-..- 4- - _I .- 

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

High angle fr;c;vres 
oxide at 5’. 

w+th clay,infill and Mn 
, 6.5 and 6.8 

CH CLAY: It yellow brown (l;;;:(4). intbdd pale 
olive silt lamlnatlons, damp. 
fat, mod plastic, parallel dlscontlnoiErgeddlng. 

- z- --- 

10- cs 
- :- --- --- --- 

CH CLAY: red (?.5YR4/8). damp, ‘stiff, thin laminar 
--- --- --- 

WPclQng easl;y,split on bed partings with Mn 
--- , dendrltlc staining 

--- 
12- 
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Borehole Summary Information 
OAK RIDGE NATIONAL LABORATORY 

Irepared By: S .R. Sturm Date: iOj21/$4” 
.,.,. &‘lje.r ..&l ‘ o.F .1 I .,. . 

lole No.: TGBC Ground Elevation: NA 

atal Oepth: 12‘ Rig Type: ORNL U2CRT Location: Test Cell #6 

,“ger Size: NA Sample Type: Geaorobe “Mesabore 2’ OD X 4’ 

2 

4 

6 

e 

10 

ii 

1‘ 

1E 

IE 

2( 

Jet 
SL 

i 

I- 

j- 

3- 

1- 

't:- 
)DLE 
WE 

CS 

CS 

cs 

PIS Data Verlfled By: Date: 

LITWZOG” DESCRIPTiON 

-.-. 1 .~. 
.-..- _..-.. 

---TY 
y.&&” 
.._-._- -.._..~ 
7.. .-, -..-. _.._._ . .-..-. _ _. _ ..~ 
-..-..- i. .__. :... -..-.. -.-..I ,............. .-..m. -..-.. .~. .Y_ 
-..-_ ..-. . . . . . -..-,__ _..-..- -..__.. 
-..I__- .-..- 
777. .- 

I .-_ ,.......,.,.... FT.._ -.-. 
‘L’: CL: : .-..- -. I _ . ..~._..... 
--- 
r- - --A -- --- -- --- -- --- .-- --. --- -- --- -- --- 
-z-z- - --- --. --- -- --- -- --- 

--- -- --- -- --- 

-- --- -- --- _-- 

1 

CL s;k;;lzLAY: dk brown (7.5YR3/4) Soft. damp , 
, abund humus, root bundles. Topsoil 

CL SILTY CLAY: yef;lowi&; brown (lOYR5/8), blocky 
structure, 
friable s .stone’ pebbles 

common Fe nods. scattered 

High angle fractures with clay infill at 5.8’. 

CH CLAY: It yellow brown 
olive silt laminations. 

(1;37:$4), intbdd pale 
damp. very 

fat. mod plastic, parallel dlscontinous bedding, 

CH CLAY: red (?.5YR4/81. damp, stiff. thin lamlnar 
~%~;ng eaSlly,split,on bed partings with Mn 

, dendritic staining 

CH CLAY: It yellow brn (lOYR5/41, intbdd pale olive 
laminae with Mn oxide on bed partings creating 
tri- color effect, parallel discontinous varves 
<I mm. occasional v fine sand laminae 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

‘repared By: S.R sturm Date: 10/21/94 Page: 1 OF 1 

iole No.: TSGD Grouno Elevation NA 

rota] Deotn: 12’ Rig Type: ORNL LJ2CRT Lacatlo?: Test Cell #6 

4uger Size: NA SaWle Type: Geoarobe “Meoabore 2” OD X 4’ 

JRTS MPIS Data Verlfled By. Date 
i-E LIT”acc” INN DESCRIDTION 

I I 

/ -gi- 

E 
- z 
:- 
:- 
--z-z- 

~~ 

-- -- -- 
--z-I- 

\ 

z- 
z- -- - 

CL SILTY CLAY: dk brown (7.5YR3/4) soft, damp 
friable. abund humus, root bundles, Topsol 1’ 

CL SILTY CLAY: yellowish brown (lOYR6/8). blocky 
structure, sbft. damp. common Fe nods 4’ to 6’ 
root oores with clav lnflll. aralllaceous 
“skins” also appareht on blocky-structures 

CH CLAY: It yellow brown (lg;;!5:4). lntbdd pale 
olive slit laminations. damp. 
fat, mod olastlc. parallel di;contlnoEzrgeddlng, 

CH Ekl-x;nrged (2.5YR4/8), damp, st if ikr;h;;oA,;;;;;; 
rare Mn oxide stains 

bed parting top of hard red clay. erosional ? 

1 
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wnl 
Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

‘repared By: S.R. Sturm Date: 10/21/94 Page: 1 OF 1 

iole No.: TSBE Ground Elevatior: NA 

:o’tal Depth: 12’ Rig Type: ORNL U2CRT Location: Test Cell #6 

iuger Size: NA Sample Type: Geoorose “Meqabore 2” OD X 4’ 

:t:- 
ilOLE 
'"PE - 

cs 

CS 

cs 

- 

2.‘. 
.e 
:1 
7 
.’ i 
: ‘. 

.I 
: : .._ 
: : I.. 

7. .- 
: 

:. 
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IPIS Data Verified By. Date: 

LIT”~c.2” DESCRIPTION 

_-- 

i 

CL s;l-;;l;LAY: dk brown (7.5YR3/4) soft, damp . 
, abund humus. root bundles, Tops01 1 

CL SILTY CLAY: yef:lowish brown (lOYR6/8). 
structure, , damp. 

block 
common Fe nods 4 to & 

CH CLAY: It yellow brown (?CJytT5(4), intbdd pale 
y;;ve slit lamlnatlons. damp. 

, mod plastic, parallel dlscontlnoEErgeddlng. 

Saturated, perched water on red clay 

CH Ek$l-;nrged .I2.5YR4/8), . damp,, st if;er;h;;o;z;;;a; 
rare Mn oxide stains 

bed partlng top of hard red clay. erosional ? 
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Borehole Summary Information 

OAK RIGGE NATIONAL LAB094T3RY 

Prepered 6y: S 4. Sturn @ate: ‘O/24/94 page: 1 OF 1 

Hole NO.: T7BA Ground Elevation. NA 

Tatal Depth: 12’ Rig Type: ORNL u2CRT Location: Test Cell #7 

Auger Size: NA Sample Type: Geoorobe “Meqabore 2” O[! X 4’ 

Pro 
OEPT) 

lFEEI 
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IO 
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t P 
, 

ct:- 
izi- 
TIPE 

CS 

Data Verified By: ’ Date: 

DESCRIPTION 

--- --- 

--- --- _--_ . 
.-..z-l-_ 
- CL- 
- z- --- 

--- --- --- 

CL 

CL 

CH 

CH 

SILTY CLAY: dk brown (7.5YR3/4) soft, damp 
friable. abund humus, root bundles. Topsoil’ 

SILTY CLAY: yellowish brown ilOYR5/8). blocky, 
structure. damp. common Fe flecks, mod stiff 
Fe oxide infill in root oores-limonite 

CLAY: It yellow brown 
olive silt lamlnatlons. 

(lCJJi%(4). intbdd pale 

fat, mod plastic, high angle ir~~?~i-e~e~Y7’ (7.5’ 

LOST CORE 7.5’ to 8’ 

;k;r;;nrged (2.5YR4/8),. damp,, stif;Pr;h;;o;;;;nE; 
rare Mn oxide stains 

bed parting top of hard red clay, erosional ? 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 
.r x- 

+epared By: R.M. SEhlosser Date: 11/20/94 
- _ , . . . ““. ,... . ..)‘^ ,_ 

Page: 1 OF 1 . .’ ,. 
iole No.: T7BB Ground Elevation: NA 

rota1 Depth: 12’ RIQ Type: ORNL U2CRT Location: Test Cell #7 

Auger Size: NA Sample Type: Geoorabe “Meqabore ?” OD X 4’ 

jet 

I- 

i- 

,- 

I- 

s- 

I- 

CS 

cs 

IRTS MPIS 

:y 

I 
-- --_ -- --, 

-- 
-- A-- -- --- -- 

ii 

-- 

-- 
-- 

-- -- -- -- -- --- -- --. -- -- -- -- -- i -- --- -- -- -- -- -- -- --- -- - -‘. -- 
F 

L 

Data Verified By: Date: 

DESCRIPTION 
.“. “” 

CL SILTY CLAY: brown (lOYR5/3) soft, well 
developed root bundles. friable 

CL SI\:; CLAY: yellowish brown (lOYR5/8),. mod 
damp. abund Fe staining 2 - 3 , 

heavy’ Fe stained pebbles @ 4’. 
friable 

It gray mottle 
becoming more mottled with depth, occ. roots 

CL SILTY CLAY: yellowish brown It gray mottle. 
abundant pebbles 5’ - 5.8’. some Fe nodules 
from 4.5’. MN oxides occasional 

CH zZA,Y;,“,“, yellow brown (lOYR4/4). mottled It gray 
, slighty olastlc. moist, 

CH CLAY: brn (7.5YR5/2) very firm, plastic. well 
cl;l;:oped,beds w/ly gray clay on bed surfaces 

, moist, waxy appearance 

CH CLAY: yellow brn varieagated w/it gray grn 6 
It brownish gray, Stiff plastic becoming red 
brown 5YR4/4 to yellowish red 5YR4/6. stiff, 
homogenous 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

epared By: R.M. Schlosser Date: 1 l/20/94 Page: 1 OF 1 

le No.: T7EC Ground Elevation: NA 

tal Depth. 12’ Rig Type: ORNL U2CRT LocatIon: Test Cell #7 

ger Size: NA Sample Type: Geoorobe “Meoabore ?” OD X 4’ 

2 
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8 

10 
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16 

2c 
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:t: 
GE= 
l"PE __ 

CS 

cs 

cs 

IPIS 

LIT*cLos” 

7_..._........ .-.-. 
..- .- -..-1.- ~..... 
i;;;..u..L 
m..-_.- -..-.. 
7..._,....... -..-. 
Y+.’ : .st+Y : .‘T+ .-,.-. -..-..- :,,.,...,...... 
_._... i..~,._ 
-..-.. -.-..I 
-..-..- ..__.._ 
-..-.- _..-.I 
-..-..- .~.. ._ 
-,.-,.- ..-..- . . . . ..~... -........_m .,__..- . . . . . . . . . . . ..~ 
-..-._- -..-.. 
r .-.-. 
Fe : :- : : .h .-. - -,.-..- ~.............. 

k- --- -- --- -- --- .-- --_ --- -- --- -- --- -- --- _-- --. --- -- --- -- --- .-- --_ --- -- --- -- --- -- --- _-- --. --- -- --- -- --- -- --- _-- 

Data Ver:fled By: Date’ 

DESCRIPTION 

CL SILTY CLAY: brown (lOYR5/3) soft, well 
developed sol1 w/root mass 

CL SILTY CLAY: yellowish brown (lOYR5/8). some 
Fe oxides, soft, moist. friable, becomlng stiff 

CL SILTY CLAY: yellowish brown It gray mottle. 
some Fe G. MN oxides, some Guar-gum @ 5.5'in 
fractures. 
structure. 

becoming v stiff. moist. blocky 
Guargum In void @ 6.2 

CH &A;oot; yellow brown (lOYR4/4). mottled It gray 

@7' ' 
Increasing mottle w/depth, fracture 

CH CLAY: It gray green clay mottled yellow brn 
LOST CORE 11' - 12' 
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Borehole Summary Information 

OAK RIDGE NATIONAL LABORATORY 

Vepared By: S.R. Sturm Date:--Page: t .UF .1 
.-> _ 

iole No .: T7BD Ground Elevation: NA 

iota1 Depth: 12’ Fllg Type: ORNL U2CRT Location: Test Cell #7 

luger Size: NA Sample Type: Gecorobe “Meciabore ?” 00 i 4’ 
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Jet 
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II 
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-- -- -- -- -- -- --- -- -- 

\ c - 

i -- --- -- -- -- -- E- -- -- --- -- --. -- 

I 

Data Verlflea By: Date: 

DESCRIPTION 

CL SILTY CLAY: dk brown /lOYR5/3) soft. damp . 
abund humus, root bundles, Topsoil 

CL SILTY CLAY: brownish yellow (lOYR6/6). friable, 
damp.lt gray mottle,open root pores some w/roots 
Fe staining common 3’- 5’. IO-20mm oxidized s .s 
oebbles at 4’-5’ 

CH CLAY: yellow brown (lOYR5/61 stiff. damp. very 
fat and Dlastic, w/lntbdd gray silt laminae. 45 
degree ooen fracture @ 7.2 shows Fe staining and 
recent hydration of surrounding clay 

CH CLAY: red brown (2.5YR4/4). v. stiff, plastic.. 
intbdd It gray silt laminae. numerous bed 
partings, no visible alterations 
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am 1 Borehole Summary Information CAK fiIcCE NATIONAL LASO”:ATC’IY 
Prepared By: S.F. Sturn Gate: 1 2/!4/94 
Hole No.: T7BE Ground Elevation: N\'c 

Total Depth: :2’ R1g 7yLi-D: Loc~tlon: Test Cell rv7 OWL U2CFT 

Auger Size: NA Sample Type: &oornbe “Meq?jc?e p” @D x 4’ 

Cl:, 
,*f,E 
7rat - 

cs 

cs 

cs 

MPiS Data Ver:fled Ey: Date: 
L*T*cLc.s* DESCFiPTION 

-- 
i -- --- .--, -- -- 4 --- -------I --i -- 
1 -- --- . - -/ --- - - -A - - -- --4 --- -- -- _-- -- -A 

w .- --A -- -- -- -- -- --- -- 1 --- --- --. --- -I 

J- 

CL SILTY CLAY: dk brown (lOY=15/3) soft. damp . 
abund humus. root buncl!es. Torjsql 1 

CL SILTY CLAY: brownish yellow (10YE6/6). fr,;;:le, 
damo.lt pray nottle.Fe stalnlng common 
angle fracture 1' to 3' 
numero'Us 5 - 25 mm cark 

wzlh Guer gum 'Inflil. 
red 5.5. D,Dbi,!ES 5'-5' 

CH CLAY: yellow brown I?OYR5/6). stiff, damp. very 
fat ard olastlc. w/lntbCd gray slit lamlnae. 3 
hlg? angle / vertical fractures @ 6.1' 5.3'and 
at 7'. each with Gtiar cum infIll 

CH CLAY: red brown (2.5YF(4/4) v. stiff, plastic. 
intbdd :t gr3y silt !amina&. numerous bed 
partings 9 - II'. no visible alterations 
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APPENDIX C 

DATA TREND GRAPHS FOR VARIOUS GEOCHEMICAL PARAMETERS IN 

SOIL AND SOIL-PORE WATER 
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Test Cell 1 
Post-Test 

Soil pH vs. depth 
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Fig. C.l. Test cell 1 - post-treatment soil pH. 
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Fig. C.2. Test cell 1 - pre-treatment soil TOC content. 
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Test Cell 1 
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Fig. C.3. Test cell 1 - post-treatment soil swell data. 
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Fig. C.4. Test cell 1 - post-treatment soil Eh. 
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Test Cell 1 
Post-Test 

16 Dissolved Oxygen in water vs. time 
._ - 

Fig. C.5. Test cell 1 - post-treatment water DO levels. 
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Water pH vs. Time 

8 

6, , , , 

Fig. C.6. Test cell 

Date 
Tldotlph 

1 - post-treatment water pH. 
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Conductivity in water vs. Time 
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Fig'. C.7. Test cell 1 - post-treatment water conductivity levels. 
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Test Cell 2 
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Soil pH vs. depth 
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Fig. C.8. Test cell 2 - post-treatment soil pH. 
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Test Cell 2 
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Nitrate vs. depth 
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Fig. C.9. Test cell 2 - post-treatment soil,nitrate levels. 
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Fig. C.10. Test cell 2 - post-treatment soil TOC content. 
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Fig. C.ll. Test cell 2 - post-treatment soil moisture content. 
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Fig. C.12. Test cell 2 - post-treatment soil swell data. 
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Test Cell 2 
Post-Test 

Conductivity in water vs. time 

Date 

Test cell 2 - post-treatment water cqq,ductiiz+vity levels. 
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Fig. C.14. Test cell 2 - post-treatment water pH. 
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Alkalinity in water vs. time 
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Fig. C.15. Test cell 2 - post-treatment water alkalinity levels. 
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Fig. C.16. Test cell 2 - post-treatment water nitrate levels. 
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Fig. C.17. Test cell Fig. C.17. Test cell 3 - post-treatment soil pH. 
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Fig. C.18. Test cell 3 - post-treatment soil moisture levels. 
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Fig. C.19. Test cell 3 - post-treatment soil swell data. 
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Fig. C.20. Test cell 3 - post-treatment water DO levels. 
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Fig. C.21. Test cell 3 - post-treatment water conductivity levels. 
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Fig. C.22. Test cell 3 - post-treatment water nitrate levels. 
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Fig. C.24. Test cell 4 - post-treatment soil moisture levels. 
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Test Cell 4 
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Fig. C.25. Test cell 4 - post-treatment soil swell data. 
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Fig. C.27. Test cell 5 - post-treatment soil pH. 
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Fig. C.28. Test cell 5 - post-treatment soil moisture levels. 
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Fig. C.29. Test cell 5 - post-treatment soil swell data. 
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Fig. C.30. Test cell 5 - post-treatment water pH. 
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Fig. C.31. Test cell 5 - post-treatment water conductivity levels. 
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Fig. C.32. Test cell 5 - post-treatment water alkalinity levels. 
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Fig. C.33. Test cell 6 - post-treatment soil swell data. 
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Fig. C.34. Test cell 6 - post-treatment water pH levels. 



C-18 
Test Cell 6 
Post-Test 

Dissolved Oxygen in water vs. time 

--f- Ll 
d- L2 
-A-- L3 

I 

/\ 
\i. \ \ 

d \ \ // 

+ 

\I// 

Pre- Post-test 

. Date 

Fig. C.35. Test cell 6 - post-treatment water DO levels. 
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Fig. C.36. Test cell 6 - post-treatment water conductivity levels. 
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Fig. C.37. Test cell 7 - post-treatment soil pH. 
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Fig. C.38. Test cell 7 - post-treatment soil Eh levels. 
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Fig. C.39. Test cell 7 - post-treatment soil iron levels. 
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Fig. C.40. Test cell 7 - post-treatment swell data. 



J 

IO 

8 

7 

6 

c-21 

Test Cell 7 
Post-Test 

Water pH vs. time 

12 

8 

6 

Pre- Post-test 

I I I I I I I I I I I I 

Fig. C.41. Test cell 7 - post-treatment water pH. 
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Fig. C.42. Test cell 7 - post-treatment water DO levels. 
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Fig. C.43. Test cell 7 - post-treatment water conductivity levels. 
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