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1.0  INTRODUCTION AND SITE BACKGROUND 
 
1.1  PURPOSE 
1. This workplan outlines the proposed remediation grouting pilot program which is aimed at 

evaluating the cement-grout injection technology as an approach for mitigating creosote 
mobilization risks in the Surficial Aquifer at the Koppers portion of the Cabot 
Carbon/Koppers Superfund Site in Gainesville, Florida (the Site).   

 
2. The workplan is being prepared in accordance with the July 21, 2004, stakeholders meeting 

held at the United States Environmental Protection Agency’s (USEPA’s) Region IV 
Atlanta, Georgia offices concerning the Site, and the follow-up letter to that meeting issued 
by Beazer East, Inc. (Beazer) to the USEPA, dated August 4, 2004. 

 
3. The topics of the July 21, 2004 meeting included a presentation of options for Site wide 

remedial action and DNAPL Source Area interim measures.  A significant portion of the 
meeting focused on a discussion of potentially applicable remedial technologies to address 
the DNAPL source areas at the Site, either as a beneficial interim remedial measure, as a 
final remedy, or both.  In the follow-up letter of August 4, 2004, Beazer provided a plan to 
proceed with interim measures/remedy pilot approach at the Site (Beazer, 2004). 

 
 
1.2  BACKGROUND 
1. The Site is located in the northern portion of the City of Gainesville, Florida.  The location 

of the Site is shown in Figure 1.1 and the Site plan is shown in Figure 1.2.  The Site is an 
active wood treatment facility, and impacts to soil and ground water have occurred due to 
historic wood treatment operations.  The Site has been undergoing Site investigation, 
remedial planning and remedial action under the oversight of the United States 
Environmental Protection Agency (USEPA) since the late-1980s. 

 
2. Wood treatment activities were initiated at the Site in 1912 by the American Lumber and 

Treating Company.  Historically, wood treatment activities involved the use of creosote, 
chromated-copper-arsenate (CCA), and pentachlorophenol (PCP) as preserving compounds.  
Waste liquids from the treating operations were discharged to the north and south lagoons 
and a cooling pond located at the Site (see Figure 1.2).  After the treated wood was removed 
from the cylinders located in the process area, it was loaded onto specially designed railcars 
and transported to the drip track area, where the excess fluids dripped onto the ground and 
the initial wood drying occurred.   
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3. Koppers, Inc. (KI) has owned the Site since 1988.  KI has only treated wood with CCA in a 
smaller plant located within the Former Process Area. 

 
 
1.3  SITE DESCRIPTION 
1. The Site encompasses approximately 90 acres in a relatively flat industrial and commercial 

area within the City limits of Gainesville, Florida (see Figures 1.1 and 1.2).  Elevation 
ranges from 165 to 185 feet above mean sea level.   

 
2. The main historic and current processing facilities are located within the southeastern 

corner of the Site.  This area includes a tank farm, the cylinder drip tracks, the treating 
cylinders' wastewater system, and drying kilns.  A cooling water pond was formerly also 
located in this area.  The central and northern portions of the Site, on the other hand, have 
been cleared and graded, and are used as storage areas.     

 
3. Two historic lagoon areas, referred to as the Former North and South Lagoons, were used to 

manage wastewater generated by the treatment processes.  The North Lagoon reportedly 
operated from 1956 until the mid-1970s.  The operational period of the South Lagoon is not 
known.  Both the North and South Lagoons have been closed, covered and graded, and are 
currently used for storage.  

 
 
1.4  SITE HYDROGEOLOGY 
1. The Site is underlain by a 20- to 30-feet-thick unit of Plio-Pleistocene marine terrace 

deposits consisting primarily of fine- to medium-grained quartz sand with trace amounts of 
silt and clay interbedded with laterally discontinuous zones of clayey sands and sandy clays.  
Within this unit is the Surficial Aquifer where depth to water ranges from 3 to 15 feet below 
ground surface (TRC, 2002). 

 
2. The Hawthorn Group underlies the terrace deposits and ranges in thickness from 

approximately 120 to 125 feet.  It is comprised of interbedded and intermixed clays,  
silty-clayey sands, sandy clays, and occasional carbonate beds (limestone nodules 
and moderately indurated sands).  The upper surface of the Hawthorn Group is a  
greenish-grayish clay layer that is undulating and dips generally toward the northeast of the  
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Site.  The upper Hawthorn clay is described as hard, plastic clay that ranges from 0.5 to 
7 feet in thickness (TRC, 2002).  The average hydraulic conductivity of this clay layer is  
6.7 x 10-8 cm/sec, as determined from laboratory permeameter test results. 
 

3. Below the upper Hawthorn clay is a clayey-sand zone (34- to 42-feet thick), which is within 
the upper Hawthorn Group.  The clayey-sand layer has a hydraulic conductivity in the range 
of approximately 1 x 10-5 cm/sec.  The upper Hawthorn Group hydraulic heads are 
approximately 1 to 2 feet lower than the hydraulic heads in the Surficial Aquifer.  

 
4. Below the upper Hawthorn Group is a second hard, plastic clay layer that ranges in 

thickness from 2 to 15 feet, and is referred to as the middle Hawthorn clay.  A clayey-sand 
layer, part of the lower Hawthorn Group, underlies the middle Hawthorn clay.  The middle 
Hawthorn clay appears to be a more effective confining bed, as hydraulic heads in the lower 
Hawthorn Group are nearly 30 feet deeper than the heads in the Surficial Aquifer and upper 
Hawthorn Group. 

 
5. A third hard, plastic clay layer is found at the base of the lower Hawthorn Group.  This clay 

layer is approximately 20- to greater than 32-feet thick and makes part of the lower 
Hawthorn Group.  Below this layer is the Upper Eocene Ocala Limestone of the Upper 
Floridan Aquifer.  The hydraulic head difference across the lower Hawthorn clay is 
approximately 90 feet, suggesting that it is a very effective confining bed. 

 
 
1.5  DNAPL SOURCE INVESTIGATION 

1. A DNAPL source investigation field program was performed in early 2004.  The results are 
presented in the Data Report for Additional Investigation of Hawthorn Group: DNAPL 
Source Evaluation for the Koppers Industries Property, Cabot Carbon/Koppers Superfund 
Site, Gainesville, Florida (GeoTrans, 2004).  The primary objective of the investigation was 
to characterize the horizontal and vertical extent of creosote source zones within the 
Surficial Aquifer and directly below the four DNAPL entry points, respectively.  The four 
DNAPL entry points are the Former South Lagoon, the Former North Lagoon, the Former 
Drip Track Area, and the Former Process Area (including former cooling pond and former 
tank containment).   

 
2. Lateral delineation of creosote impacts in the Surficial Aquifer at the four source areas 

was accomplished using a combination of electrical resistivity (ER) measurements and  
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direct-push borings utilizing GeoProbe® soil borings and Rapid Optical Screening Tool 
(ROSTTM) mounted on a Cone Penetration Testing (CPT) probe.  The vertical extent of 
creosote within the Hawthorn Group at the four source areas was determined by drilling soil 
borings and installing and sampling monitoring wells (GeoTrans, 2004). 

 
3. The DNAPL source investigation confirmed that the Hawthorn Group has a low average 

hydraulic conductivity.  The investigation also revealed properties of the Hawthorn Group 
that might have contributed to creosote migration.  The confining properties of the clay 
layers improve with depth, with the upper Hawthorn clay indicating the weakest confining 
properties and the lower Hawthorn clay showing the strongest.  The field investigation also 
indicated that the Hawthorn Group is more heterogeneous than previously thought.  The 
clays and clayey sands that make up the Hawthorn Group contain sand and/or sand and 
gravel stringers and seams.  The permeable stringers create a high degree of heterogeneity 
within the Hawthorn Group as a result of their high permeability relative to the average low 
permeability of the layer.  The thin seams (about 1 inch thick) can also serve as preferred 
pathways for creosote migration, both horizontally and vertically. 

 
4. The properties of the clays were found to be heterogeneous, displaying plastic qualities at 

some locations and friable and brittle response at other locations.  Where brittle, the clay 
can undergo stress fractures, providing pathways through the clay.  The field investigation 
program concluded that the creosote within the lower Hawthorn Group appears to be 
residual; however, there are indications of some creosote mobility in the upper Hawthorn 
Group. 

 
5. The immediate areas of the Former North Lagoon and the Former South Lagoon have 

creosote throughout the entire thickness of the Surficial Aquifer.  As the creosote migrated 
vertically, some lateral spreading occurred within the Surficial Aquifer, but is considered to 
be insignificant.  Vertical DNAPL migration dominated beneath the lagoons, until reaching 
the upper Hawthorn clay (base of the Surficial Aquifer).  At the upper Hawthorn clay, the 
creosote spreads laterally until being consumed at residual saturation or penetrating the clay 
through permeable pathways.  Therefore, the creosote distribution is thick under the lagoons 
and thin at the base of the Surficial Aquifer away from the lagoons. 

 
6. DNAPL impacts below the Former North Lagoon appear to penetrate the deepest of all the 

source areas, which could be attributed to a combination of several factors.  Interpretation 
of historical aerial photos indicated that the Former North Lagoon operated for an extended 
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period from about 1937 to the 1970s, making it probably the longest, continuous 
operational-history area at the Site.  In addition, the upper Hawthorn clay at the Former 
North Lagoon appears to be thinner than at other source locations, which may have allowed 
more creosote to penetrate the Hawthorn Group at this source area.  On the other hand, 
creosote beneath the Former South Lagoon appears to have penetrated the upper Hawthorn 
clay and migrated only a short distance below the upper Hawthorn clay. 

 
7. Unlike the former lagoons, in the former cooling pond area which is part of the Former 

Process Area, creosote was observed sporadically with depth within the Surficial Aquifer.  
Creosote in the former cooling pond area penetrated the upper clay and migrated only about 
midway into the upper Hawthorn Group.  DNAPL source investigation at the Former Drip 
Track Area indicates that the upper Hawthorn clay is performing at least as a partial barrier 
to vertical migration, causing some lateral creosote migration at the bottom of the Surficial 
Aquifer.  The investigation also indicates that the creosote at the Former Drip Track Area 
penetrated the upper clay and the upper Hawthorn Group only.  The lower Hawthorn Group 
was free of creosote at the Former Drip Track Area, but creosote impacts were observed on 
the top of the lower Hawthorn clay that resulted from a currently unknown pathway. 
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2.0  SELECTION OF GROUTING METHOD 
 
1. Selection of the best ground modification and improvement approach is a function of both 

the characteristics of the in-situ soil and the goal of the application.  Ground modification 
and improvement techniques are continually evolving as new technology becomes available 
and new applications are established.  The basic concepts, however, were developed and 
applied many years ago by civil engineers on wide spectra of projects and remain the same 
today (e.g., densification, drainage, cementation, reinforcement, sealing, etc.).  Many of the 
soil stabilization and ground modification techniques that have been developed for ground 
strengthening, earthwork construction, and other more traditional purposes have been found 
useful for solution of environmental problems.  These techniques include soil compaction, 
preload and surcharge, ground fracturing, hydraulic modification (e.g., extraction/injection 
wells and drains), electro-kinetics (i.e., electro-osmosis and electro-phoresis), slurry walls, 
sheet pile cut-off walls, deep mixing, and grouting. 

 
2. Grouting has been used in a specific project to emplace a subsurface barrier in remedial 

action involving radioactive waste, and has been indicated as a potentially useful technique 
for neutralizing, immobilizing or containing wastes (USEPA, 1986).  Typical grout 
utilization in remedial action has involved shallow, low-pressure injection to consolidate 
contaminated soil; injection into waste to provide for solidification or in-situ treatment; and 
injection for sealing soil around the contaminated site to form a barrier against lateral or 
vertical contaminant migration. 

 
3. Cement grout injection is proposed as a pilot remedy application technology to be initiated 

in the Surficial Aquifer zone at the Site because it is anticipated to prevent further vertical 
migration of DNAPL and dissolved constituents (Beazer, 2004).  The objective of  
pilot-testing the cement grout injection technology into the lower portions of the Surficial 
Aquifer is to reduce the potential for migration of fluid (ground water and/or DNAPL) from 
the Surficial Aquifer through preferred pathways such as fractures and fissures, thereby 
reducing the overall mass flux of the constituents of concern.  Methods for grout injection 
are discussed below. 

 
 
2.1 GROUTING METHODS 
1.  Grouting has been used in construction for over a century to improve the strength of earth 

materials or to control water movement in subsurface layers.  One of the widely used 
grouting methods is permeation grouting.  Permeation grouting technology was first used in 
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situ to install seepage barriers.  Injection pipes are installed (usually vertically) and a 
chemical or cementicious grout slurry is forced into the soil pores to block up the granular 
matrix as shown in Figure 2.1.  The major factors controlling groutability by permeation are 
the pore size and pore-size distribution of the soil, and the viscosity of the grout.  One rule 
of thumb suggests that soils with less than 1 percent to 2 percent fines (percentage finer 
than #200-sieve) are easily groutable, soils with 2 percent to 20 percent fines may be only 
moderately groutable, and soils with 20 percent to 25 percent fines are only marginally 
groutable.  The permeation grout, in general, is a fluid of sufficiently low viscosity that can 
permeate the porosity of a soil matrix.  The fluid grout must be injected at relatively low 
pressures to prevent hydraulic fracturing of the matrix and undesirable heave of the ground 
surface. 

 
2. Another grouting method is compaction grouting.  The technique was originally developed 

in the 1950’s as a remedial measure for the correction of unacceptable building settlement, 
and used almost exclusively for that purpose for many years.  Over the past two decades, 
however, compaction grouting technology has evolved to treat a wide range of subsurface 
conditions for new and remedial construction.  A very viscous (low-mobility and  
low-slump), aggregate grout is injected into loose soils to form homogeneous grout bulbs 
that displace and densify the surrounding soil as illustrated in Figure 2.1.  Typically, an 
overburden stress greater than 1,500 pounds per square feet (psf) is required for optimum 
densification results.  If uncontrolled heave of the ground surface occurs due to insufficient 
in-situ vertical stress, the horizontal displacement of the soil will be limited and the 
densification process will be minimized.  Compaction grouting can usually be effective for 
densification in most sands and silts, provided that the soil is not near saturation.  It is 
marginally effective for reducing permeability. 

 
3. Jet grouting is a mixing grouting technology that is used to create in situ cemented 

formations of soil commonly called soilcrete.  Applications of this technology fall into three 
broad categories: 1) underpinning and/or excavation support, 2) temporary or permanent 
stabilization of soft soils, and 3) ground water or pollution control.  Jet grouting is an 
alternative to traditional grouting methods in creating horizontal subsurface barriers in a 
wide range of soil types, strengths and profiles.  The technology uses the energy from 
injecting liquid (and sometimes air) at a very high velocity to erode the soil in situ and mix 
the soil with the injected grout (see Figure 2.1).  Unlike most grouting methods, jet grouting 
does not pressure-inject the soil and relies on venting pressure to control the erosion 
process.  Horizontal barriers are constructed by interconnecting “disks” of soilcrete formed 
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at the targeted depth.  Since the geometry and physical properties of the soilcrete are 
engineered, the degree of improvement can be readily predicted. 

 
 
2.2 COMPARISON OF GROUTING ALTERNATIVES 
1. Grouting involves the pressure-injection of suspensions or solutions that set or harden to fill 

voids and cement earth materials together.  Both the grout formulation selected for injection 
and the technique used for placement are important for grout to produce the desired 
benefits.  Problems associated with permeation grouting technique result from the fact that 
most subsurface conditions are not uniform or homogeneous, and therefore the integrity of 
the constructed barrier is often in question.  In addition, the grout slurry typically used in 
permeation grouting can only penetrate soils that are porous enough to assure impregnation, 
and even the lowest viscosity grout and finest particles can only permeate a small 
percentage of soils encountered in the Surficial Aquifer at Koppers Site.  Soils containing 
about 20 percent fines (percentage finer than #200-sieve) are considered difficult to inject, 
and permeation grouting is considered to be ineffective for soils containing more than 
25 percent fines (Nonveiller, 1989; Byle and Borden, 1995; Kutzner, 1996).  Previous 
investigations at the Koppers Site suggest that soils of the Surficial Aquifer have more than 
20 percent fines on average (TRC, 2002). 

 
2. The grout types differ in their injectability and their effectiveness in producing a durable 

seal or adding strength to the grouted medium.  In environmental applications where grout 
is used to form a barrier in geologic media, the grout must be easily injectable (i.e., have 
low viscosity) and must produce a decrease in permeability.  Compaction grouting involves 
controlled injection of very stiff, mortar-like grout into discrete soil zones.  The 
improvement mechanism is mainly densification which increases the bearing capacity.  A 
modest reduction in permeability would be expected as a result of a reduction in the pore 
space of the densified soils.  The irregular shapes and positions of the grout bulbs created 
by compaction grouting, due to the heterogeneous nature of the soils being grouted, and the 
low mobility characteristic of the grout make it difficult to control the construction of a 
continuous barrier and to assure its consistency and integrity in bottom sealing. 

 
3. The application of jet grouting technique in geo-environmental engineering to create liquid 

and vapor barriers has evolved from research and development to field application (Burke, 
1995; Furth et al., 1997).  The construction of a horizontal barrier at the lower portions of 
the Surficial Aquifer using jet grouting is expected to provide a secure continuous seal that 
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would reduce the potential for migration of contained fluid (ground water and/or DNAPL) 
beyond the Surficial Aquifer.  Jet grouting is effective in a much wider range of soil types 
(including silts and some clays) than any other grouting alternative, is applicable above and 
below the ground water table, and the process can be adjusted to compensate for 
inhomogeneous and stratified soil conditions.  As a mixing technique, jet grouting produces 
certain amount of excess soilcrete at the ground surface.  In fact, excess soilcrete return is 
essential to creation of uniform cemented formation of soil, as hydrofracturing could result 
in lieu of erosion whenever excess soilcrete return is compromised.  Hydrofracturing is 
undesirable because it causes inconsistent soilcrete quality and geometry.  For the 
construction of horizontal barriers, numerous vertical drill holes are necessary which will 
likely encounter contamination that might end up as contaminated excess soilcrete.  The 
management of contaminated excess soilcrete is a key cost factor in implementation of jet 
grouting for barrier construction. 

 
4. Based on the discussion above, jet grouting appears to be the most promising cement grout 

method for reducing the potential for further vertical migration of DNAPL from the 
Surficial Aquifer.  The clayey type of soils, with high fines content, that are encountered at 
the Site make it difficult to effectively utilize permeation grouting in accomplishing the 
objective of the proposed pilot remedy.  With compaction grouting, the integrity of a 
continuous horizontal barrier would be questionable.  Therefore, jet grouting will be  
pilot-tested to determine if it is an effective technique in achieving the objective of the 
cement grout technology, i.e., to construct a horizontal barrier at the lower portions of the 
Surficial Aquifer. 

 



   
 

10

3.0 PILOT  TEST  DESCRIPTION 
 

3.1  PRE-PILOT PROGRAM TESTING 
1. Additional field investigation is planned to supplement the available geotechnical 

information for the pilot-test location.  It is anticipated that hollow stem augers will be used 
to drill two selected locations within the pilot-test area to investigate the soils of the 
Surficial Aquifer and confirm the depth of the upper Hawthorn clay layer.   

 
2. During this additional investigation, soil samples will be retrieved to perform preliminary 

laboratory testing.  The objective of the laboratory testing program is to assess soil-grout 
compatibility prior to production.  Standard Operating Procedures (SOP) to conduct the 
laboratory testing program are presented in Appendix A. 

 
3. The laboratory testing program will provide results of several mix designs with Site water 

and binder combinations with the onsite soils to assist in selecting the appropriate mix 
design.  Hydraulic conductivity results will also be presented as “bench” test results for the 
proposed soilcrete to evaluate the anticipated in-situ permeability.  The permeability of the 
soilcrete is expected to be on the order of 10-7 cm/sec (Sehn, 1999). 

 
 
3.2  SITE SETUP AND PREPARATION 
1. The selected pilot-test location is located within the Former North Lagoon as shown on 

Figure 3.1.  The work area will be cleared of demarcated underground and buried utilities, 
and other obstructions, or utilities will be clearly identified prior to grouting operations. 

 
2. The jet grouting setup area is also indicated in Figure 3.1, and the schematic arrangement of 

support equipment necessary to perform jet grouting is presented in Figure 3.2.  In addition, 
Figure 3.1 illustrates the location of the planned open excavation for handling of jet grout 
spoil that is anticipated during the remediation pilot test.  Handling and management of 
soilcrete return during jet grouting is discussed in Section 3.4. 

 
 
3.3  JET GROUTING TECHNIQUE 
1. There are three traditional jet grouting systems, namely, single fluid, double fluid and triple 

fluid systems.  A more recently developed variation of the double-fluid system is known as 



   
 

11

super-jet grouting system.  Figure 3.3 illustrates the concept of the different jet grouting 
systems and some of their respective applications. 

 
2. Selection of the most appropriate system is generally a function of the in-situ soil, the 

application, and the physical characteristics of Soilcrete required for that application.  The 
general characteristics for the different jet grouting systems are presented in the following 
paragraphs. 

 
3. Single Fluid Jet Grouting:  Grout slurry is pumped through the rod and exits the horizontal 

nozzle(s) in the monitor with high velocity (approximately 650 feet/sec).  This energy 
causes the erosion of the ground and the placement and mixing of grout in the soil.  In 
gravely soils, Soilcrete column diameters of 2 to 4 feet can be achieved.  In loose, silty and 
sandy soils, larger diameters are possible.  Single fluid jet grouting is generally less 
effective in cohesive soils. 

 
4. Double Fluid Jet Grouting:   A two-phase internal rod system is employed for the separate 

supply of grout and air down to different, concentric nozzles as shown in Figure 3.3.  Grout 
slurry is used for eroding and mixing with the soil.  The air shrouds the grout jet and 
increases erosion efficiency.  Soilcrete columns with more than 3-feet diameter in medium 
to dense soils and more than 5-feet diameter in loose soils may be achieved.  The double 
fluid system is more effective in cohesive soils than the single fluid system. 

 
5. Triple Fluid Jet Grouting:   Grout, air and water are pumped through different lines to the 

nozzles.  High velocity coaxial air and water form the erosion medium.  Grout slurry 
emerges at a lower velocity from separate nozzle(s) below the erosion jet as illustrated in 
Figure 3.3.  This somewhat separates the erosion process from the grouting process and 
yields a higher quality Soilcrete.  Soilcrete columns with diameters ranging from 3 feet to 
more than 4.5 feet can be achieved.  Triple fluid jet grouting is the most effective system for 
cohesive soils. 

 
6. Super Jet Grouting:  A variation of the double fluid system is the super jet.  The super jet 

system combines the double rod with increased velocity jets and treatment time to create 
large geometries.  This system uses opposing nozzles and a highly sophisticated jetting 
monitor specifically designed for focus of the injection media.  Using very slow rotation 
and lift, soilcrete column diameters of 10 to 16 feet can be achieved (Hayward Baker, 
2004a).  Super jet grouting is the most effective system for mass stabilization application or 
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where surgical treatment is necessary.  Because of its anticipated efficiency and 
effectiveness in creating overlapping grout disks, super jet grouting is the selected system to 
construct a horizontal barrier at the lower portions of the Surficial Aquifer at the Site. 

 
 
3.4  GROUTING PROGRAM 
1. The scope of work for the remediation grouting pilot program consists of performing super 

jet grouting to improve the continuity of the upper Hawthorn clay layer by construction of 
overlying soilcrete disks.  The proposed location of the pilot-test area shown in Figure 3.1 
covers approximately 2,500 square feet. 

 
2. The target grouting depth is specified based on the depth of the upper Hawthorn clay at the 

pilot-test location.  The depth of the upper Hawthorn clay can be determined from available 
field investigations and is expected to be in the depth range of 20 to 25 feet below ground 
surface (GeoTrans, 2004; TRC, 2002).  The target grouting depth will be confirmed during 
the prepilot program testing as was discussed in Section 3.1.  The thickness of the zone to 
be grouted is 18 inches and located near or on the top of the clay stratum.  A simplified 
cross-section through the pilot-test area at the Former North Lagoon is presented in Figure 
3.4 and illustrates schematically the horizontal grout barrier concept at the bottom of the 
Surficial Aquifer. 

 
3. For the pilot test program, the scope of work includes the installation of 14 soilcrete disks 

near the surface of the upper Hawthorn clay as depicted by the layout presented in 
Figure 3.5.  Two lone disks, anticipated to be approximately 14-feet diameter each, are 
included within the scope of work to assist in measuring the geometry that can be achieved.  
An evaluation of the existing soil properties and characteristics at the Site indicated that 10 
feet and 12 feet on-center triangular grids are appropriate for pilot-testing (see Figure 3.5).   
Jet-grout disks will be constructed on two spacing-grids.  Although overlap is anticipated 
with the larger spacing, the smaller spacing will also be performed in case overlap is not 
achieved with the larger spacing.  The two grids were also designed to permit interstice 
locations for subsequent sampling and testing that is part of grouting verification (see 
Section 4.1).   

 
4. The jet grouting process starts by the drilling rig positioned and drilling a borehole 

(typically 6- to 8-inch diameter) using grout or drilling mud to stabilize the borehole.  Since 
jet grouting is a bottom-up procedure, erosion is initiated at the target depth with high 
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velocity injection of cutting and replacement grout and fluids as illustrated in Figure 3.6.  
This continues with consistent, uniform rotation and lifting to create disk geometry, while 
expelling eroded spoil out of the top of the borehole.  Designed integration of adjacent disks 
creates a soilcrete mass.  Because jet grout equipment operates from above foundation 
grade, and soilcrete is constructed in a designed sequence, structural integrity is maintained 
and safety considerations are simplified.   

 
5. During the jetting, excess soilcrete will return to the surface and the process will create an 

estimated 15 inches of excess soilcrete at the ground surface over the area being grouted.  
The excavation repository is sized to hold approximately 100 percent of this total excess 
soilcrete volume (see Figures 3.1 and 3.5), so that locating, moving or transporting to a 
suitable handling area will not be a controlling factor in the jet grouting operation. 

 
6. Handling and management of excess soilcrete return during jet grouting is illustrated in 

Figure 3.7.  The excess soilcrete will be transported by a front-end loader to the contained 
capping cell on a continuous basis.  To assure a homogeneous and consistent blend, the 
excess soilcrete will be mixed with the upper 1 foot of in-situ soils before its anticipated 
setting and hardening time (i.e., within 2 to 3 days from production).  The blended soil will 
be left onsite to solidify for 3 days, and then will be covered with an 8-oz nonwoven 
geotextile and a 12-inch-thick layer of soil.  The cover material will be imported from 
offsite and will be free of waste, vegetation, lumber or wood, root matter or other 
deleterious material.  Prior to covering, representative samples from the blended soil will be 
collected for laboratory testing of unconfined compressive strength (ASTM D2166) and 
hydraulic conductivity (ASTM D5084).  

 
 
3.5  QUALITY ASSURANCE AND QUALITY CONTROL PROGRAM 
1. Quality assurance and quality control are critical components of a successful jet grouting 

program, ensuring that subsurface soils are consistent with design assumptions and that 
design parameters are met or exceeded throughout the project. 

 
2. Quality assurance begins with a shop drawing.  The specialty contractor will develop and 

submit a shop drawing before the work is performed, showing the drill locations.  The 
reference points will be surveyed in by the general contractor.  The specialty contractor will 
use these points to layout the individual locations. 
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3. Some of the objectives of the pilot-test jet grouting program are to verify the design 
geometry of the soilcrete and to evaluate the permeability characteristics of the soilcrete 
product.  In addition to the quality control inspection items for soilcrete element 
construction, additional project-specific performance evaluation measures will be required 
as discussed in Section 4. 

 
4. A Quality Assurance and Quality Control (QA/QC) manual for jet grouting is presented in 

Appendix B.  QA/QC inspection items include the following: 
• Drilling:  Location, angle, depth, methods to maintain repeatability. 
• Batching:  Preparation of grout slurry for consistency in material 

content and physical and chemical properties. 
• Jetting:  Checking of drill parameters (lift speed, rotation rate) and 

injection parameters (pressure and flow of all components). 
• Documentation:  Accurate documentation for each element 

constructed.  Construction times and correlation to any sampling 
performed. 

• Sampling & Testing:  Retrieval of representative samples for external 
testing. 
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4.0  PERFORMANCE  EVALUATION  AND  REPORTING 
 

4.1  EVALUATION OF GROUTING PERFORMANCE 
1. A wide variety of testing methods can be used to either directly or indirectly measure the 

performance of grouting.  These include mechanical, chemical, geophysical, and hydraulic 
methods.  The focus of these methods is to determine a change in some property of the 
subsurface after grouting or to confirm the presence of grout.  Some of these methods are 
nonintrusive and/or nondestructive and can be used without disturbing or damaging the 
grouted area.  The nondestructive methods generally are indirect and require interpretation 
of the desired information from some other measured property.  The more intrusive methods 
require either collection of samples for inspection or other analysis, or measure some in-situ 
properties.  A combination of mechanical and hydraulic methods is proposed to evaluate the 
performance of the pilot-test jet grouting as illustrated in Figure 4.1. 

 
2. Mechanical methods are typically used for geotechnical investigations or construction 

monitoring for common civil engineering projects.  These include penetration-resistance 
tests, probing and sampling, and coring. 

 
3. The consistency of a soil is commonly evaluated by pushing or driving a probe into the soil 

and measuring the force needed to advance the probe.  There are two basic approaches to 
perform penetration-resistance tests in soils: a) static, and b) dynamic.  The static methods 
advance a probe by applying a static force to the probe to advance it.  The most common 
static (or quasi-static) method is the cone penetration test (CPT).  The CPT has the 
advantages of being relatively quick, low cost, and that it provides nearly continuous data 
over the full depth of the probe.  The disadvantages are that it cannot penetrate very hard or 
dense materials such as rubble, large gravel and some hardened grouts and it is a test that 
only evaluates a very small plan area. 

 
4. The dynamic methods of penetration-resistance tests apply an impact of known energy and 

count the number of impacts needed to advance the probe.  The single most widely used 
dynamic method for soil evaluation is probably the standard penetration test (SPT) 
(ASTM D1586).  The method is typically used in boreholes where a disturbed sample of the 
soil can be obtained and visually examined or submitted to laboratory testing.  Boring 
methods, however, can influence the results of penetration tests.  Methods such as jetting, 
wash borings, or other methods can disturb the soils to a significant depth below the 
sampling point, which may affect penetration values. 
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5. CPT and SPT field tests are proposed for evaluating the extent and continuity of the jet 

grout application.  A grid of test points is presented in Figure 4.2.  Penetration resistance by 
CPT will be measured at eight locations, and SPT tests will be performed at four locations 
(three locations as shown and one location to be determined in field).  The test points are 
designed to determine if the jet grout achieves complete coverage in the areas being pilot-jet 
grouted and cures to a hard, less permeable mass.  Test data from before (i.e., available field 
investigations) and after grouting will be compared. 

 
6. Probing and sampling remain the most cost effective procedures for evaluating a grouted 

formation mass.  Sampling procedures are performed after the completion of grouting.  In 
contrast, probe tests must be done both before and after grouting, because comparative data 
is needed.  Shelby tubes are effective in sampling loose-fine grained soils solidified with a 
weak grout.  However, some grouted soils can be disturbed excessively by the insertion of a 
Shelby tube.  Heavy-walled tubing can often be driven through formations not amenable to 
Shelby tubes, but the samples recovered will usually be fractured.  The same is true for 
drilled samples.  Sampling of the grouted mass will be performed through the boreholes 
used for SPT tests (see Figure 4.2).  Recovery of soilcrete samples for further hydraulic 
conductivity testing in the laboratory will first be attempted using the Shelby-tube sampling 
method; otherwise, heavy-walled tubing will be utilized. 

 
7. Coring is the process of cutting an undisturbed sample from the subsurface by drilling with 

a hollow bit.  Coring in consolidated materials generally requires the use of a drilling fluid 
to lubricate the cutting shoe.  Air, water and drilling mud are commonly used as drilling 
fluids.  The operation of coring into grouted soil can create microfracturing of the sample.  
The microfracturing caused by coring can greatly discredit the values of permeability 
obtained by laboratory testing.  For jet grouting applications, sampling devices are available 
which allow retrieval of wet samples from any depth immediately after disk construction.  
Figure 4.2 shows the three locations from which wet sampling will be performed to retrieve 
soilcrete samples for laboratory testing.  In addition, one extra location will be determined 
in the field. 

 
8. Hydraulic methods utilized to evaluate grouting performance include equipment and 

procedures related to measuring the behavior of water beneath the ground surface.  The 
permeability of soils is one of the most difficult properties in geotechnical engineering to 
measure.  Permeability of soil masses ordinarily is the result of flow through the interstitial 
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voids between the particles that make up the soil mass.  The permeability of soil can be 
determined from tests performed on samples in the laboratory or from tests performed in 
situ.  The falling head permeability test is a direct method for determining soil permeability 
in the laboratory and is appropriate for use on soils with moderate to low permeability, such 
as silty and clayey sands, silts and clays.  A flexible-wall permeameter (ASTM D5084) will 
be utilized to evaluate the permeability of soilcrete mass that forms the horizontal grout 
barrier at the bottom of the Surficial Aquifer. 

 
9. The purpose of the jet grouting program is to improve the hydraulic barrier characteristics 

of the upper Hawthorn clay layer and enhance its performance in mitigating creosote 
mobilization risks in the Surficial Aquifer.  To achieve this goal, the soilcrete disks that 
form the horizontal barrier should have an overall permeability comparable to that of the 
clay layer (i.e., on the order of 10-7 cm/sec). 

 
10. Falling head permeability laboratory tests in flexible-wall permeameters (ASTM D5084) 

will be used to determine the permeability of soilcrete samples (either retrieved by wet 
sampling or collected with Shelby tubes).  This test provides direct evaluation of the 
effectiveness of jet grout on permeability.  One of the most significant limitations of using 
this type of test is that the permeability test is only performed on a small discrete sample 
that is assumed to represent the entire grouted formation.  Therefore, several samples 
(i.e., eight samples) will be collected for testing. 

 
11. Another limitation of permeameter testing is that it is often difficult to obtain 

an undisturbed sample of the soilcrete.  Unless wet samples are retrieved immediately after 
grouting, samples may be disturbed or completely destroyed when obtained using more 
aggressive techniques, like rotary borings.   

 
 
4.2  PILOT-TEST REPORTING 
1. A report will be prepared following collection and analysis of all the data from the jet 

grouting program.  The report will include an analysis of implementation and effectiveness 
of jet grouting as a full scale remedial measure, including order of magnitude costs.  The 
types of data that will be gathered and included in the report are described below. 

 
2. Jet grouting is a relatively costly procedure.  Information obtained during every stage of the 

grouting operation is valuable and can be used to help determine the appropriate type and 
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consistency of the grout mix, and the effectiveness of jet grouting operation.  During the 
drilling stage, very useful information on the properties of the terrace deposits in the 
Surficial Aquifer zone can be obtained by observing and monitoring the progress of drilling.  
Optimally, the drilling data for each hole will include drilling rate, unusual action of the 
drill rig (such as “chattering,” rods dropping, etc.), color and clarity of water return, nature 
of drill cuttings, and gain or loss of drill water.  During the grouting operation, the grout 
logs provide information on the pressure that the grout was injected under, and the volume 
of grout that was injected. 

 
3. Detailed and complete records of all aspects of jet grouting operations will be maintained.  

These data, while forming a potentially valuable part of the “as-built” construction records 
for the pilot test program, are even more important as a basis for: 1) continually 
reinterpreting the Surficial Aquifer subsurface conditions, 2) interpreting apparent changes 
in those conditions as a result of jet grouting, 3) identifying a possible need for modification 
of procedures for optimizing the results, and 4) assessing the effectiveness of the planned 
disk layout including the influence diameter of the super jet grouting process and  
center-to-center grid spacing. 

 
4. Confident interpretation of drilling and grouting data requires that these data be continually 

plotted, on a daily basis and on line with the quality assurance and quality control program 
outlined in Section 3.5, at an equal horizontal and vertical scale on a cross-section profile 
along the horizontal barrier.  Ideally, this section also will include interpretive projections 
of geologic defects (if any) observed at the bottom of the Surficial Aquifer within the pilot-
test area.  This way, the interrelationships of the various types of data can be placed in a 
proper context. 
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SINGLE FLUID JET GROUTING
• Soil consolidation for tunnel roof
• Bottom bracing for deep trenches in soft soil
• Anchorages
• Cutoff walls in porous soil
• Sealing Applications

DOUBLE FLUID JET GROUTING
• Soil stabilization
• Some underpinning applications
• Panel cutoff walls
• Bottom bracing for deep trenches in soft soil

TRIPLE FLUID JET GROUTING
• Underpinning and excavation support
• Horizontal barrier/ground water control
• Panel cutoff walls
• Sealing applications
• Most fine grained soil stabilization

SUPERJET GROUTING
• Horizontal barrier/ground water control
• Stabilization of liquefiable strata
• Panel cutoff walls
• Structural supports across excavation walls
• Stabilization of soft soil for microtunneling
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APPENDIX A 
 

STANDARD OPERATING PROCEDURES 
FOR PREPARING AND TESTING SOILCRETE SPECIMENS 

FOR PRE-PILOT PROGRAM LABORATORY TESTING 
 
1. Prepare a grout mixture using the following proportions by weight.  The bentonite and 

water should be mixed together at least 18 hours before the grout is prepared to allow the 
bentonite to become hydrated.  The mixing should be done using a colloidal mixer.  

• 8%  ground granulated blast furnace slag (GGBFS) 
• 2% Portland cement (Type I, Type II, or Type I/II) 
• 4% bentonite (Wyoming premium bentonite, 90 bbl yield) 
• 86% water 
 

2. Perform the following tests on the grout. 
a. specific gravity or unit weight (calculated SG for the grout is 1.10) 
b. Marsh funnel 
c. Temperature 
 

3. Prepare a soilcrete mixture using equal volumes of the above grout and soil from the site.  
This is actually done by weight using the in-situ bulk unit weight of the soil to calculate 
the required amount of soil and the specific gravity of the grout to calculate the weight of 
grout needed.  Prepare enough material to make 15 specimens (11 for testing plus 4 spare).   
3-inch-diameter by 6-inch-tall specimens are commonly used.  Specimen size should be 
selected to match the diameter of the specimens that can be accommodated by the 
permeability equipment.  A planetary-action mixer with a dough hook has been used 
successfully for preparing soilcrete mixtures.  A mixer similar to a Hobart Model A20 is 
recommended.  Mix on low speed until the soilcrete is thoroughly blended.  It may be 
necessary to stop the mixer one or two times to scrape off material that is clinging to the 
bowl or the mixing tool.  A total mixing time of about a minute is usually sufficient. 

 
4. Place the fresh soilcrete into plastic cylinder molds in a manner to minimize the amount of 

trapped air.  Strike off the tops of the specimens so they are flush with the top of the 
molds, and cover the specimens with a sheet of plastic to minimize moisture loss.  After 
the specimens have gained sufficient strength to be handled without damage to the 
specimens, transfer the specimens to a curing room or cabinet meeting the requirements of 
ASTM C-511.  While the specimens are in the humid room, a plastic sheet should be 
placed over the specimens to prevent water from accumulating on the specimens.  As an 
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alternative to using the plastic sheet, the specimens can be capped with plastic lids 
provided that the lids are applied before the specimens begin to stiffen or set.  Applying 
caps to soilcrete specimens that have begun to set can damage the specimens. 

 
5. On the day of testing, carefully remove the specimens from the plastic molds.  The 

soilcrete strength will be very low compared to concrete or mortar mixes, and must be 
handled very carefully during mold removal and test setup in order to prevent damage to 
the specimens.  If the lab personnel are inexperienced in working with low-strength 
soilcrete materials, the specialty grouting contractor can provide advice on proper 
procedures. 

 
6. Unconfined compressive strength testing should be performed on two specimens per test 

age at specimen ages of 1, 3, 7, and 28 days.  Prior to testing, each specimen must either 
be carefully trimmed to provide smooth and flat end surfaces that are perpendicular to the 
axis of the specimen or capped with a suitable capping material.  Since the specimens will 
contain sand, they will be difficult to trim, and capping is recommended.  Thoro Water 
Plug Cement has been used successfully as a capping material and sets to sufficient 
strength within about 10 minutes. 

 
7. Hydraulic conductivity testing should be performed on one specimen per test age at 

specimen ages of 14, 28, and 56 days.  The testing should be performed in general 
accordance with ASTM D5084.  A hydraulic gradient of about 50 has been used 
successfully on soilcrete materials in previous testing programs.  Use tap water as the 
permeant during the hydraulic conductivity testing. 
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APPENDIX B 
 

QUALITY MANUAL FOR JET GROUTING 
 

1.0  INTRODUCTION 
1. Quality will be assured by proper and accurate documentation of all production and testing 

and will always be accessible to inspection by the Owner and Engineers. 
 
2. The specialty contractor will be capable of performing all of the sampling onsite.  All 

sampling and testing will be under the direction of the specialty contractor’s Field Project 
Engineer to best utilize our experience and equipment. 

 
3. All testing will be prioritized and conducted in general accordance with applicable ASTM, 

ACI, or other international standards and requirements.  Samples, which cannot be 
immediately tested, will be stored at the lab or at an appropriate onsite location.  The QA/QC 
test results will be reported on a weekly basis as tests are completed.  Attached is a table of 
Quality Control tests we propose and the report forms to be used onsite. 

 
4. This Quality Control and Inspection Program is considered supplemental to the plans and 

specifications.  Additional testing to supplement this program may be performed by 
the owner/engineer. 

 
 
2.0  QA/QC PERSONNEL AND RESPONSIBILITIES 
1. The specialty contractor recognizes that the requirements on this project are significant and 

have assigned dedicated personnel to perform these tasks.  The specialty contractor’s Field 
Project Engineer will be the Field QA/QC Manager assigned to the project on a full time 
basis. 

 
2. Responsibilities of the Field QA/QC Manager are as follows: 

• Manage our onsite laboratory activities.   Monitor for conformance with 
authorized policies, procedures, and sound practices. 

• Be responsible for the documentation of samples, preparation of quality 
control samples and introduction of samples into the sample testing 
sequence and establishment of testing lots. 
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• Verify that sampling and testing is conducted in conformance with 
specified procedures.  If the testing is to be performed by an external 
laboratory, weekly meetings will be held to ensure conformance and 
transfer of information. 

• Maintain an awareness of the entire laboratory operation to detect 
conditions that might directly or indirectly jeopardize control of the 
various analytical systems. (Examples: improper label and storage of 
samples, etc.) 

• Verify that sampling and other handling procedures are adequate for the 
sample types received. 

• Conduct and record all quality control testing activities in accordance 
with these documents. 

• Coordinate all testing activities with the Owner/Engineer’s field and 
laboratory personnel and keep them informed of progress, problems, and 
scheduling.  A team approach to sampling and testing will be maintained. 

• Verify materials received to be installed onsite are in conformance with 
the specifications and have certifications required. 

• Complete all required quality control documentation and submit them to 
the Construction Manager (CM) within a reasonable time frame (i.e., 3 
business days). 

• Print out all recorded jet grouting data, review for conformance, and 
submit to the CM. 

• Report to our Project Manager on all quality control activities. 
 
 
3.0  LABORATORY QUALITY CONTROL PROGRAM 
1. The specialty contractor can provide a field laboratory onsite, adequately equipped, to 

properly store samples.  This will be supported by an independent testing laboratory 
acceptable to the Contractor and/or Owner.  The specialty contractor Quality Control Testing 
Program is documented by written procedures, forms and instructions.  The QA/QC manager 
is responsible for conducting quality control related activities in compliance with this 
document. 

 
2. The laboratory Quality Control Program consists of three major areas: 

• Sample Handling 
• Laboratory Analysis 
• Data Management 
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3.1  SAMPLE HANDLING 
1. The site facility will log samples and properly label and store them for the required tests.  

Labeling information will include the date, disk number, and other relevant information. 
 
2. A master log will be maintained in the lab registering all samples and their disposition. 
 
3. Sample containers will be marked accordingly with the required information.  Sample 

containers will consist of 3-inch-diameter by 6-inch-high molds. 
 
 
3.2  LABORATORY ANALYSIS 
1. All lab testing will be prioritized and conducted in general accordance with the specified 

standards.  Quality control testing requirements are discussed in detail in Section 5.   
 
 
3.3  DATA MANAGEMENT 
1. The quality control data will be calculated, if required, before any data is reported.  Any test 

results that do not meet the quality control criteria of the contract will be investigated and 
corrective action taken.  The QA/QC test results will be available on a daily basis as tests are 
completed and reported weekly.  QA/QC forms will be submitted in conjunction with our 
general daily report form of site activities (also included in Section 6). 

 
2. Jet grouting parameters are computer recorded for each disk.  This data will be printed daily, 

reviewed, and made available to the CM.   
 
 
4.0  INSPECTION ITEMS 
1. During the course of the work, there are a number of items that warrant visual inspection and 

checking for the production jet grouting. 
 
 
4.1  LAYOUT 
1. The Construction Manager will furnish layout points or benchmarks from which The 

specialty contractor can conduct its work.  This includes plan and elevation.  The specialty 
contractor will layout individual disks in accordance with the construction drawing.  Each 
disk will have a unique identification number.  Any changes to the design location will be 
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brought to the attention of the CM immediately.  This could include a variety of utilities or 
other obstructions in the area. 

 
 
4.2  DEPTH OF TREATMENT 
1. Construction drawings will indicate the depth of each disk.  Onboard instrumentation and 

marks on the leads will be used to monitor depth during construction and checks are to be 
made from the data logged reports to assure full treatment. 

 
 
4.3  GROUT INSTALLATION 
1. The production jet grouting procedures will be developed during the pilot test program.  This 

will provide for the appropriate grout mix design at minimum flow rates dependent on 
penetration and withdrawal rates of the monitor.  Grout flow rates, total grout injected per 
disk, and grout pressure is monitored real time during production, as is depth, air pressure, air 
flow rate, rotation rate, and lift speed.  Values are documented on the Daily Report. 

 
 
5.0  TESTING REQUIREMENTS 
1. The quality control testing requirements by the Contractor are summarized in Table B.1 at the 

end of this section.   
 
2. Testing requirements for grout slurry and soilcrete material are as follows: 

• Each truckload of cement and fly ash will be accompanied by a 
manufacturer’s certificate of compliance.  Each delivery will be recorded 
in the daily site report and compliance certificates maintained in project 
files. 

• Grout slurry density will be monitored and measured using an in line 
densometer or mud balance.   

• Grout slurry cube samples will be retrieved and cast into molds two times 
per shift.  Four molds per sample will be cast and tested for permeability 
at 14, 28, and 56 days.  Density will be recorded on the molds and 
documented. 
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• Soilcrete samples will be retrieved and cast into molds for each shift, at a 
rate of one sample from each of two disks per six-disk group.  Samples 
will be retrieved using an in situ wet sampler immediately after disk 
construction.  Molds will be tested at periods of 14, 28 and 56 days.  Soil 
clods greater than 10 percent of the mold diameter will be screened off, or 
pushed through and stirred into the sample. 

• Core samples will be retrieved from the stabilized area.  The core 
retrieval rig will be equipped with a triple tube PQ size wireline system, 
for sampling at intervals identified by the engineers.  All samples will be 
wrapped in cellophane and stored in appropriate boxes labeling all 
intervals, and accompanied by a suitable core drilling log. 
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TABLE B.1 
 

JET GROUTING QA/QC TESTING 
 

SUBJECT STANDARD TEST TYPE FREQUENCY REQUIREMENTS 

pH 
Hardness 

Per Source 
As required to properly hydrate the materials and 
remain compatible Water --- 

TDS Per Source <1,000 ppm 
Cement 

Ground Granulated Blast 
Furnace Slag 

ACI Tests to show compliance 
with standard Per truckload Certificate of Compliance from the supplier 

ASTM Compressive Strength 2 per shift TBD based on lab testing 

ASTM-C939 Flow 2 per shift TBD based on lab testing Grout 

API 13 Density Hourly Consistent with lab testing 

Compressive Strength 
(Wet Samples) 

1 sample round per shift 
to make 5 cylinders: 
Test 1 @ 7 days 
Test 1 @ 14 days 
Test 2 @ 28 days 
1 spare ASTM 

Permeability 
(Wet Samples) 

1 sample round per shift 
to make 3 cylinders: 

Test 1 @ 14 days 
Test 1 @ 28 days 
Test 1 @ 56 days 

For information only 
Soilcrete 

--- Core Uniformity Recovery Soilcrete >80% of recovery 
29016403_DrReGrWP (12/28/04/ms) 










