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Abstract 

During summer 1996, low-pressure permeation grouting was performed inside portions of four 
unlined, shallow waste disposal trenches at a radioactive waste burial ground that was opened in 
1951 at the Oak Ridge National Laboratory (ORNL). The objective was to selectively control sources 
that release about 25 percent of all strontium 90 ("OSr) discharged from the ORNL complex. A unique 
grouting methodology was adapted to control interaction of wastes with natural runoff at this humid 
site. Driven sleeve pipes were injected 4 to 5 times with multiple formulae of type 111 portland cement- 
based grouts, ultra fine cement-based grouts, and acrylamide grouts. Multiple-hole grout injection was 
monitored continuously using real time monitoring equipment. Apparent Lugeon values were 
calculated during grouting operations and grout formulae were continually adjusted during injection 
to maximize permeation, durability, and economy. Over 500 m3 of combined grout types were 
emplaced. At the completion of production grouting, the effectiveness of grout spread and in situ 
hydraulic conductivity of the grouted mass were assessed. The average residual hydraulic 
conductivity measured in more than 20 check pipes was less than I x I O "  cmisec. Hydrologic 
monitoring has been established to determine the overall effectiveness of the project for %Sr control. 

introduction 

After decades of living with a seemingly insurmountable environmental remediation task, an 
innovative site investigation provided the basis for cost-effective remediation of a radioactive waste 
burial ground at ORNL (ORNL 1995). Contamination sources in portions of four waste disposal 
trenches were determined to be responsible for more than 70 percent of the 'OSr leaving the burial 
ground and about 25 percent of all "ST discharged from the ORNL cdmplex. By controlling the 
contamination sources in these four trench sections (which comprised less than 1 percent of the total 
site area), about $4 million and 3 years of effort were saved, as compared to other remedial 
strategies. A unique low-pressure permeation grouting methodology developed by one of the authors 
(Naudts 1996) made it possible to implement this environmental remediation strategy. 

The technical objective was to reduce the in situ hydraulic conductivity of the waste disposal trench 
sections identified as containing %Sr sources such that groundwater would tend to flow around these 
sections rather than through them, effectively isolating contamination sources from groundwater flow 
and reducing the off-site transport of ''ST. A target average residual (after grouting) in situ hydraulic 
conductivity of equal to or less than 1 x lo6 cmlsec was established for the waste materials based 
on the average in situ hydraulic conductivity of the surrounding natural ground being about 7 x I O 4  
cm/sec (ORNL 1995). It is important to note that the action memorandum (regulatory decision 
document) did not require a commitment to "encapsulate the wastes." 
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Groundwater and weather conditions dictated that the work be fast-tracked to take advantage of the 
dry season. Design was initiated in early January 1996 and grouting was completed October 21, 
1996. The following paper provides brief background information and an overview of the technical 
aspects of the project. 

Site Conditions 

The project site is a 23-acre burial ground for radioactive and industrial wastes at Waste Area 
Grouping (WAG) 4, southwest of the ORNL main complex in Oak Ridge, Tennessee. The site layout 
is shown in Figure 1. The burial ground was operated from 1951 until about 1974 and received wastes 
from DOE sites and DOE contractors from throughout the Southeast. The preponderance of the 
waste disposal records were destroyed by fire in 1957; consequently, little information was known 
about the types of wastes present, contaminant concentrations, and the boundaries of the waste 
disposal trenches. Available information suggested that, primarily, solid wastes were disposed at the 
site. The waste form was highly variable consisting of materials such as absorbent paper, clothing, 
glassware, scrap metal, dirt, filters, lumber, irradiated piston rings, powders, wire, depleted uranium, 
carcasses of animals used in biological experiments, transuranic (TRU) wastes, oils, solvents, a few 
large pieces of equipment, and a small metal building. Some waste materials were buried in metal, 
wooden, plastic, fiber, or concrete containers; others were dumped into the trenches without 
containers. Potentially explosive metallic sodium, packaged in metal drums or glass containers, may 
have been present. The contaminants of concern were %r, 13’Cs, “Co, 3H, U, Th, and TRU isotopes; 
however, ’OSr was the principal contaminant of concern based on concentration, mobility, and 
radiotoxicity (Jacobs ER Team 1995). 

Figure 1. WAG 4 grouting site layout. 
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Seep and Stream Monitoring Points 

The sections of waste disposal trenches targeted for grouting were about 30 to 53 m long, 2 to 4 m 
wide, and 4 to 6 m deep. The trenches were excavated down through residual soils to hard weathered 
shale in an uphill-to-downhill direction and covered with about 1.2 to 1.5 m of loose soil and porous 
construction debris. No geotechnical information was available; groundwater information was 
available from the site investigation previously cited (ORNL 1995) and from ongoing groundwater 
monitoring efforts. 



The waste disposal trenches were seasonally inundated by percolating surface water and upwelling 
groundwater. This water flowed down through the waste materials, collecting contaminants and 
discharging down hill in the form of contaminated seeps and contaminated groundwater. Numerous 
seeps were present at the site; however, only a small fraction of the seeps were highly contaminated. 
At the start of grouting, groundwater levels varied from 0 to about 2.4 m below the existing ground 
surface (existing means prior to placement of the crushed stone working surface described in a later 
section). 

Grout Materials 

Since the contents of any particular trench were unknown and potentially highly variable, it was 
anticipated that the void size amenable to grouting could be highly variable, as well. Also, prior 
experience has demonstrated that repeated injections of multiple grout formulae are necessary to 
achieve low in situ hydraulic conductivity (Naudts 1996, SEG in publication). Thus, it was deemed 
necessary to be able to inject a wide range of different grout types to maximize grout permeation, 
durability, and economy. 

The technical specifications required the grouting subcontractor to be able to batch up to 20 different 
formulae of type Ill portland cement-based grouts, up to 5 different formulae of ultra fine cement- 
based grouts, and 10 to 20 percent solutions of acrylamide grouts. The cement-based suspension 
grouts contained up to 8 different ingredients: water, cement, fly ash, silica fume, natural pozzolan 
(pumice), retarder, and viscosity modifier. The grout mixes were specially formulated to repel water, 
generate low heats of hydration, have zero bleed, have high resistance against pressure filtration, 
remain mobile (Le. cohesion less than 100 pa) for 24 hours, and not reach initial set for 72 hours. The 
low cohesion and delayed set were keys to enabling multiple injections of grout into the same zones 
of the trenches. A grout formulation/compatibility study was conducted as part of design to establish 
the desired rheological characteristics of the cement-based suspension grouts and to attempt to 
simulate accelerated aging of the grouts in the trench fluids. No testing was performed with the 
acrylamide solution grouts since engineering properties and durability are well documented elsewhere 
(Karol 1990, Spalding et al. 1986). 

Although not investigated during this project, portland cement-based grouts offer an added treatment 
benefit for certain radionuclides, since the increased pH from grouting yields increased precipitation 
and sorption of "ST. During grouting, reductions in radiation levels within the sleeve pipes and 
concentrations of radiostrontium in groundwater samples taken from the trenches were observed 
after just one stage of grouting with portland cement-based grouts. 

Method of Grout lniection 

Sleeve @pes (or tube-a-mancheffes) were used to enable the injection of a multitude of grouts in 
various stages and phases without installing secondary holes. Also, the use of sleeve pipes enabled 
performance of in situ hydraulic conductivity tests for investigative and verification purposes. Properly 
installed sleeve pipes offer many advantages over the use of open-ended grout pipes for 
environmental remediation applications (Huff et al. 1996). Figure 2 shows a schematic of the sleeve 
pipe specified for this project. Important attributes are the heavy gauge construction and massive 
steel drive point to allow installation by driving, the injection ports, the rubber sleeves which cover the 
injection ports, and the sleeve protector(s). 

PreDaration for Groutinq 

As discussed elsewhere (Huff et al. 1996), the most important element of site preparation was 
covering the trenches with multiple layers of geotextile and crushed stone to create a "clean" working 
platform and to direct surfacing grout away from the work area. 



Figure 2. Sleeve pipe detail. 
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Sleeve pipes and groundwater monitoring wells were installed by driving with a portable, track- 
mounted, diesel-powered pile driver, using remote controls for operation to avert potential explosive 
hazards from breaching a container of metallic sodium. Figure 3 shows'driving of a sleeve pipe in 
progress. A total of 250 sleeve pipes and over 30 groundwater monitoring wells were installed. Of this 
total, only 7 additional pipes were installed due to the original pipes encountering obstacles and not 
reaching full depth. 

Figure 3. Sleeve pipe driving in progress. 



Groundwater samples were collected from the trenches after driving pipes to assess any chemical 
or radiological changes from breaching containers. There were no significant changes warranting 
modifications to the grouting program. 

After installation of the sleeve pipes and groundwater monitoring wells, grout pads were cast around 
each pipe to seal the opening made in the ground surface. Using a double packer arrangement, pre- 
determined quantities of weak, brittle casing grout were injected through each sleeve into the annulus 
between the sleeve pipe and the subsurface to prevent grout from flowing immediately upward to the 
ground surface. Upon curing, the casing grout at selected sleeves was cracked by applying water 
pressure to provide access out of the sleeve pipe to the subsurface. Subsequently, initial in situ 
hydraulic conductivity tests (or water tests) were performed to measure permeability and further test 
for large voids prior to grouting. Since the hydraulic conductivity (permeability) is related to void sizes 
in the subsurface target volume, this information was used to determine the starting grout mixes and 
the amenability of the subsurface to these formulations. [For a detailed discussion on amenability 
theory refer to Naudts and Van Veen (1990) or Naudts (1996)l. This step was critical, since no other 
geotechnical information was available for the waste materials. For the most part, the test results 
indicated that the initial in situ hydraulic conductivity was very high and that the waste materials were 
amenable to starting mixes using portland cement-based grouts. Installation of casing grout and initial 
water testing were also performed remotely. 

Grouting 

Following completion of initial in situ hydraulic conductivity testing for a given trench section, 
production grouting activities began at the downhill end of the trench and progressed up hill pushing 
groundwater ahead of the grout front. Figure 4 shows grouting operations in progress. By starting 
grouting at the downhill end of the trench, it was possible to contain grout spread (it did not run 
uncontrolled down hill in the trench). But most importantly, this grouting sequence greatly reduced 
dewatering requirements and the potential for pushing groundwater up into the work zone. Only 
groundwater which was displaced upward and out of the groundwater monitoring wells and sleeve 
pipes with failed sleeves (a small percentage of sleeves were damaged &ring driving), was pumped 
out of the trench during grouting. We were required to collect and treat surfacing groundwater. A total 
of about 76 m3 of combined flush water and groundwater were collected and treated during the course 
of the project. At Trenches I ,  Ill, and IV, the grouting program was started at mid-trench locations. 
Bulkheads were built with thixotropic, low-sag grout to keep subsequent grout injections from flowing 
down hill by gravity. 

Figure 4a and 4b. Grouting plant operations and delivery to target area via sleeve pipes 
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Grout injection pressures and flow rates were monitored using real time data collection/display 
equipment. Apparent Lugeon values were calculated throughout the grouting program by treating the 
entire grouting operation as an extended hydraulic conductivity test using grout as the test fluid. By 
comparing the initial in situ hydraulic conductivities of the formation with the apparent Lugeon values, 
grout formulae were continually adjusted, specifically rheology, solids content, and particle size, to 
place the most competent grout with the highest possible solids content in the subsurface target 
volume. Calculation of apparent Lugeon values enabled quick response to the subsurface for a 
specific grout formulation. If the apparent Lugeon value remained constant, the grout's solids content 
was increased while adjusting its rheology. Depending on the formation's response to the 
adjustments, a change to ultra fine cement-based suspension grouts was made, when the decrease 
in apparent Lugeon value could not be reached with regular cement-based grouts. 

Grout injection quantities were continuously compared to estimated theoretical quantities of grout 
take. As stated earlier, during injection of the cement-based suspension grouts, changes were made 
to the grout formulations based on the apparent Lugeon value trend. This increased the likelihood that 
the quantity of grout required to fill the "theoretical grout cylinders" around the grout pipes was 
injected. If the reduction in apparent Lugeon value was too fast to allow construction of the 
"theoretical grout cylinder", a reduction in viscosity, thixotropy, and/or solids content was made. A 
combination of hydro-fracturing and permeation grouting was utilized to maximize treatment of the 
waste materials. 

Grouting was conducted in multiple holes simultaneously, with multiple injections made into the same 
zone of waste. Each sleeve was injected at least twice with type Ill portland cement-based grout, 
subsequently with ultra fine cement-based grout, and finally with acrylamide grout. At each successive 
stage, the apparent Lugeon values decreased and the grout volumes accepted by the media became 
smaller, as the overall permeability of the treated zone gradually decreased. 

The total theoretical trench volume grouted was about 1000 m3. A total of 34 m3 of casing grout, 370 
m3 of type Ill portland cement-based grouts, 65 r ~ ?  of ultra fine cement-based grouts, and 51 d of 
acrylamide grouts ( I O  percent solution) were injected. The total injected quantity corresponds to about 
50 percent of the estimated trench volume. Remarkably, the total injeded quantity of grouts was 
within 10 percent of the total estimated quantity. Total void volume was estimated to be about 40 
percent. 

Verification 

Upon completion of grouting operations for each trench, the residual in situ hydraulic conductivity of 
the grouted waste materials was measured through check pipes (sleeve pipes that were installed 
prior to grouting, but not used for production grouting), using a permeameter attached to the grout 
packers. Average (calculated statistically as a geometric average) residual in situ hydraulic 
conductivity measured in 23 check pipes was less than I X I O 4  cmlsec. Also, in twenty-two of the 
twenty-three tests, measured residual in situ hydraulic conductivities were on the order of I O 4  cm/sec 
or less. 

- *  

Hydrologic monitoring is planned to evaluate the effectiveness of grouting in reducing the off-site 
transport of ?Sr. The grouting project at WAG 4 is expected to boost that number to near 50 percent, 
although, it may take as many as I O  years to reach that level. The time lag is a result of "bleed off 
of secondary contamination down gradient from the sources in the complex subsurface pathway. 

Conclusions 

Professionally executed, low-pressure permeation grouting is a powerful method of source control 
for solid radioactive wastes in burial trenches. Depending on the chemistry of the grouts injected, it 



is possible to chemically treat the wastes, as well as reduce the in situ hydraulic conductivity of the 
wastes. Hydrologic monitoring is planned to evaluate the overall effectiveness of grouting in reducing 
the off-site transport of %r. 

The multi-phase, multi-stage, low-pressure sleeve pipe grouting process, utilizing a multitude of 
portland and ultra fine cement-based suspension grouts, in conjunction with acrylamide solution 
grouts, was successful in dramatically reducing the in situ hydraulic conductivity of trenches filled with 
a myriad of radioactive and other wastes of an unknown nature. With proper engineering controls, 
the work can be performed safely without environmental insult and with generation of only small 
volumes of wastes. 

In spite of the fact that no secondary grout pipes were placed, the average residual in situ hydraulic 
conductivity of the materials in the trenches, as measured through more than 20 check pipes, was 
reduced to less than 1 x 1 O4 cm/sec. This value represents a reduction of in situ hydraulic conductivity 
by a factor of 10,000 to 10,000,000. The ability to achieve this low target value is believed to be 
primarily due to the application of repeated injections of multiple grout formulae into the same zones 
of the trenches, application of advanced engineering principles such as the apparent Lugeon theory, 
tight monitoringldirection of the grouting program, and proper quality control. Also key to the success 
of the grouting program were the use of cement-based suspension grouts with delayed set times 
which made it possible to inject the same zones of the waste disposal trenches multiple times before 
the grout reached initial cure. Finally, the use of sleeve pipes reduced potential exposure of workers 
to contaminants, provided the vehicle for multiple injections of grouts, and enabled hydraulic 
verification of the end product without drilling into the waste materials. Having been left in place, the 
sleeve pipes can be re-accessed in the future for hydrologic evaluation and remedial grouting, in the 
unlikely event that this would become necessary. 

Acknowledaments 

The writers appreciate helpful review comments by Bill Manrod, Chet Francis, Marcelo Chuaqui, and 
Luigi Narduzzo. Oak Ridge National Laboratory is managed by Lockhesd Martin Energy Research 
Corporation for the U.S. Department of Energy under contract number DE-AC05960R22464. 

References 

Huff, D., J. Long, and A. Naudts. (1996) Radwaste source control by surgical strike - a cost-effective strategy. 
Radwaste Magazine, 3 (6), 20-26. 

Jacobs ER (Environmental Restoration) Team. (1 995) Engineering EvaluatiodCost Analysis for Waste Area 
Grouping 4 Seeps, DOE/OR/02-1490&D2, Oak Ridge, Tennessee. 

Karol, R. (1990) Chemical Grouting Second Edifion, Revised and Expanded, Marcel Decker, Inc., New York. 

Naudts, A. (1996) Grouting to improve foundation soil. In Practical Foundation Engineering Handbook (ed. R. 
W. Srown), pp. 5.277-5.400. McGraw-Hill Book Co., New York. 

Naudts, A. and W. Van Veen. (1990) Installation of a grout curtain as a permanent cut-off wall. Presented at 
2nd Int. Grouting Conf. Toronto, Canada. 

..* 

ORNL. (1995) Site Investigation Report for Waste Area Grouping 4 at Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, ORNUER-329, Oak Ridge, Tennessee. 

ORNL. (1995) Supplement to a Hydrologic Framework for the Oak Ridge Reservation, Summary of 
Groundwater Modeling, ORNLJTM-12191, Oak Ridge, Tennessee. 

Scientific Ecology Group. (in publication) Grouting of Simulated Radioactive Waste Trench at SEG Site in 
Kingston, TN, ORNUER-387, Oak Ridge, Tennessee. 



Spalding, B., s. Lee, c. Farmer, and L. Hyder. (1986) Demonstration of In Situ Immobilization of Buried 
Transuranic Waste Using Actyfamide Grout, RAP86-69, Oak Ridge, Tennessee. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 

, manufacturer, or otherwise does not necessarily constitute or imp1y its endorsement, ream- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


