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ABSTRACT 

The Environmental Sciences Division (ESD) of the Oak Ridge National Laboratory (ORNL) has 
been investigating improved shallow land burial (SLB) practices Tor disposing of low-level radioac-
tive wastes in humid environments. Two improvements currently being studied are the use of a 
cemcnt-bcntonitc grout applied to waste trenches before they are covered and the use of an 
impermeable Hypalon® fabric liner, which completely surrounds the waste in a trench. A field-
scale demonstration site, known as the Engineered Test Facility, has been established for these stu-
dies in the complex geologic setting typical of the Oak Ridge area. Design of the ETF was ini-
tiated in 1980 for purposes of ( I ) evaluating the ability of the grouted and lined trench treatments 
to minimize water contact and concurrent waste leaching, (2) evaluating selected waste disposal site 
characterization criteria, (3) integrating site characterization data into model development, and (4) 
validating the ETF site model and using it to predict long-term site performance. This report docu-
ments experimental design and construction phases of the project, pointing out where experimental 
objectives are being addressed. 

A total of nine trenches (six treated and three control) were excavated at the site in June of 
1981. Bales of ORNL compacted waste were used to fill the 3m X 3m X 3m trenches, and, after 
treatment, all trenches were closed (backfilled and covered) according to current practice. Evalua-
tion of the trench treatments is in progress using a series of inorganic and organic tracer tests 
designed to monitor water movement in three regions of interest: the trenches, the unsaturated zone 
around the trenches, and the saturated zone below the site. A successful demonstration of reduccd 
waste leaching resulting from either of these two trench modifications described in this design and 
construction report will have immediate application to larger disposal sites having similar water-
related problems. 

ix 



1. INTRODUCTION 

Essentially all low-level radio ctive solid wastes produced to date have been disposed using 
shallow land burial (SLB). Some of the disposal sites provide less than ideal geological/ hydrologi-
cul conditions; as a result, difficulties with groundwater contamination, surface flooding, erosion, 
and subsidence have occurred. Although these situations have not resulted in significant offsite 
movement of radioactivity or exposure to the general public, their occurrences raise concern with 
the siting and long-term performance of SLB facilities. 

The Oak Ridge National Laboratory (ORNL) Low-Level Waste Research and Development 
Program has been addressing these water-related problems through experiments being carried out 
at a field-scale demonstration site known as the Engineered Test Facility (ETF). The purpose of 
this report is to document the design and construction of the L TF. In addition, the report will 
highlight the experimental objectives and show how they are being, and will be, addressed as a 
result of this design. This is the first in a series of reports to come out of the experimental work at 
the ETF. Future reports will focus on site characterization, munitoring systems, water and contam-
inant transport model development, and model application at the ETF site. 

Four objectives were considered in planning the ETF demonstration project (Table I). The first 
and primary objective, is to experimentally evaluate improvements in shallow land disposal practices 

Table 1. Objectives of the Engineered Test Facility 

Evaluation of cemenl-bascd grouting and liners as trench 
treatments to reduce waste leaching 

Evaluation of selected site characterization techniques needed 
to model the site 

Integration of site characterization data into model development 

Construction and validation of a model describing site performance 

that arc applicable to sites located in humid areas. In this report, humid areas are defined as 
regions of the country where annual rainfall exceeds evapotranspiration, resulting in significant 
groundwater recharge and a fluctuating water table. In the United States, this includes the region 
east of the Mississippi River and the Pacific Northwest west of the Cascade mountains. Improve-
ments in practice (the application of a grout or liner) are directed at minimizing the potential for 
contact between the buried waste and infiltrating water. A secondary objective is an evaluation of 
the effectiveness of these same trench treatments in preventing trench cover subsidence. 

The remaining objectives in the ETF project are an assessment of selected site characterization 
techniques as they relate to humid SLB facility site selection, the construction of a site model using 
measured site characteristics, and the verification of the site model by comparison to site perfor-
mance data. With these four objectives in mind, development of the experimental design for the 
ETF was initiated in 1980. 

To meet these objectives, a demonstration burial site was selected. Site selection for the ETF 
was not performed as described in the Department of Energy (DOE) or Nuclear Regulatory Com-
mission (NRC) site selection procedures (DOE 1983, N R C 1981). As a result, the ETF is not 
viewed as a test of site selection procedures but rather as a facility in which site characterization 

1 
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data important to humid regions are being collected and evaluated. Criteria that the site should 
meet are that it be ( I ) part of an operating disposal facility,(2) near ORNL, (3) capable of han-
dling low-level radioactive waste, (4) free of influence from previous or current burial operations, 
and (5) representative of conditions anticipated in burial operations in humid climates. 

As a result of these five criteria, a 0.3-ha site located in the northwest portion of ORNL Solid 
Waste Storage Area (SWSA) 6 was selected. Figure 1 shows the cartographic relationship between 
SWSA 6 and ORNL, whereas Figure 2 is an aerial photograph of SWSA 6 and shows the approxi-
mate location of the ETF. 
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2. EXPERIMENTAL DESIGN 

The experimental design was developed to accommodate investigations addressing each of the 
four objectives stated in Table I. In brief, low-level waste has been placed in experimental trenches, 
the trenches were treated (grouted or lined on all four sides and top and bottom), and a method of 
evaluating the effectiveness of each treatment in preventing water/waste contact (minimizing waste 
leaching) has been devised. With this conceptual framework in mind, the experimental design of the 
ETF can be divided into several components including waste selection, trench layout, trench treat-
ments, groundwater tracers, and groundwater monitoring systems. Each of these topics is treated in 
detail in the following sections. 

2.1 WASTE SELECTION 

Originally, it was anticipated that a synthetic homogeneous waste would be prepared and used 
in the experimental trenches to minimize the physical and chemical variaK"'*y of the waste and 
eliminate concerns with handling radioactivity. However, the preparation of u , estimated 160 m3 of 
synthetic waste (the amount required to fill the experimental trenches) presented significant blend-
ing and handling problem* These considerations obviated the use of a synthetic homogeneous 
waste. 

The next source of waste considered was ORNL's suspect waste. By definition, ORNL pro-
duces a class of waste that has no measurable contamination by radiation survey, but, in the judge-
ment of the generator, may, because of its history, be contaminated (DOE 1979). However, 
suspect waste was not generated at ORNL in sufficient quantities to meet the needs of the ETF. 

At ORNL, waste generators segregate known low-level wastes (<200 mrem/h beta- and 
gamma-contaminated) into compactible and noncompactible fractions. Average low-level waste pro-
duction during FY-1981 was about 167 m3/month, of which about 20%, or 33 m3/month, was clas-
sified as compactible (Sease et al. 1982). A Consolidated Baling Company compactor (see Fig. 3) 
installed in 1978 is used to produce bales that are nominally 0.50 m X 0.76 m X 1.0 m (0.4 m3 or 
IS ft3) in size and weigh about 300 kg (650 lbs). Waste is compacted inside a plastic-lined card-
board box, which is then metal strapped and wrapped in plastic film. The compactor is capable of 
achieving a 9 to 1 compaction ratio (volume basis) using ORNL waste. Approximately 8 to 9 bales 
of compacted waste are produced each month. This baled waste was finally selected for use in the 
ETF trenches. 

2.2 TRENCH LAYOUT 

Evaluation of the effectiveness of grouting or lining of trenches in preventing water/waste con-
tact is a primary objective of the ETF. This would require using a minimum of three trenches (two 
treated and one as a control), but such a design would give no measure of experimental variability 
within similarly treated trenches. A Latin-square statistical design was selected, which represents 
the simplest approach to the estimation of experiment variability. The minimum number of trenches 
for this design (three by three matrix) would be nine (three grouted, three lined, and three controls) 
and would provide replication of the treatments within each row and column of the trench matrix. 
Figure 4 shows the layout of trenches and designates those that are grouted, lined, or untreated 
(controls). 

Typical trenches at ORNL are approximately 3 m X 15m X 3 m (WLD). It was apparent 
that the nine experimental trenches would have to be smaller if they were to be excavated and filled 
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Fig. 3. ORNL low-level waste coapactor. 
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Fig. 4. Experimental Test Facility (ETF) layout and location of monitoring wells. 
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with waste within a reasonable time (one year) at the current production rate of 7 to 8 
bales/month. As a result, smaller trenches (approximately 3m X 3m X 3m) were used for the 
ETF. To minimize interference with existing wells constructed during earlier lite characterization, 
the experimental trenches were located within the space enclosed by the 12 preconstruction wells 
(Figure 5) used for groundwater tracer studies. A detailed description of these wells, in addition to 
the monitoring wells shown in Figure 4, is given in sections 2.S.2 and 3.S.2 of this report. The nine 
trenches were located on 6-m centers, leaving approximately 3-m of soil between each trench. 

2.3 TRENCH TREATMENTS 

The ETF is designed such that the effectiveness of two trench treatments, grouting and liners, 
in preventing water/waste contact can be tested. Grouting can be performed either before or after 
backfilling the trenches. Grouting of existing trenches as a remedial action wnuld, of neceuity, be 
performed with the backfill and cover in place. If grouting is to be used for improved SLB opera-
tions, it can be more effectively achieved before the trench is covered. Using open trenches, void fil-
ling can be monitored by visual inspection and adjusted during the grouting operation. This pro-
cedure also minimizes the need for highly specialized and expensive equipment; the grout can be 
mixed, delivered, and placed with conventional concrete handling equipment. 

An optimum cement-bentonite grout formulation for this purpose was determined through a 
series of laboratory-scale batch mixes designed to measure such grout properties as phase separa-
tion, set time, viscosity, and grout strength. In the planning stages, each of these properties was 
viewed as important, not only for the success of the trench grouting operation, but also to determine 
if a conventional concrete truck could be used to mix and deliver the grout. A more detailed 
description of the grout development work can be found in Davis ct al. (1982), which also describes 
the rationale for using cement-bentonite grout. 

In addition to grouting three trenches, three trenches were to be lined on all four walls and top 
and bottom to achieve a complete hydrologic isolation of the buried waste. A bentonite slurry appli-
cation to the trench wails was first considered but found to be impractical because of frequent 
trench wall sloughing. An impermeable Hypalon* fabric (1.4 mm thick) was finally selected for the 
demonstration of trench lining techniques. The bottom and sides of the trenches were lined first, 
then bales of compacted waste were placed in the trench to within a meter of the ground surface, 
and the void space between bales was backfilled with soil. A Hypalon* liner cover was then 
attached with contiguous sealing to all wall sections. An access well was set into each trench, and 
the liner cover sealed around the casing. The remaining trench volume, above the liner cover, was 
backfilled with soil and contoured to be level with the existing ground surface. 

The remaining three control trenches have no treatment and represent SLB as currently prac-
ticed at humid sites. Baled waste was dumped into the trench, backfilled, and covered. 

2.4 GROUNDWATER TRACERS 

Groundwater tracer experiments are being conducted at the ETF to detect ( I ) the movement 
of water into and out of the experimental trenches (depicted as T, in Fig. 6), (2) the direction and 
velocity in the unsaturated zone (top 3 to 4 m) where the waste is buried (depicted as T j in Fig. 6), 
and (3) the direction and velocity in the saturated zone below the trenches (depicted as T j in 
Fig.6). To accomplish this, unique tracers were placed into each of the nine trenches. Detection of 
tracers from the treated trenches in excess of established background concentrations at the site will 
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Fig. 5. Location of the ETF experimental trenches and 12 tracer test wells. 
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Fig. 6. CroM section of the ETF illustrating water movement in three areas of Interest: trenches, 
unsaturated zone, and saturated zone. 
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be interpreted as trench treatment failure, implying that either the liner or grout barrier was broken 
and water was able to enter the trenches, dissolve the tracer, and transport it to the groundwater. 

Because water will not likely be able to enter the grouted or lined trenches but will easily flow 
into and out of the control trenches, a second tracer injection has been designed to monitor water 
movement in the unsaturated and saturated zones. In these- experiments, organic tracers are being 
injected into the unsaturated zone near the bottom of the trenches (a depth of approximately 3 m) 
but outside the grout or lined trenches. Detection of these tracers in the saturated zone should pro-
vide information on both the direction and velocity of water moving in the unsaturated zone (T2), 
Further monitoring of wells at the site will detect subsequent movement of these same tracers as 
they reach the saturated zone (Tj). Table 2 provides a summary of the inorganic and organic 
groundwater tracers used at the ETF and the dates of application. 

Table 2. Summary of traccrs used at tbe ETF 

Trench ORNL Inorganic Quantity Date Organic Quantity Date 
No, No, tracer" added added tracer* added 

(L) 
added 

1 334 lined 5lCr-DPTA' 10 mCi'' 10-15-82 e f t 

II 337 control NaCI 30 kg 9-17-81 Methylethylketone 18.9 4-7-83 

III 340 grout Nal 0.5 kg 9-17-81 Isopropanol 18.9 4-7-83 

IV 335 grout LiNOj 5.0 kg 5-14-82 Methanol 18.9 4-7-83 

V 338 lined '"Co-EDTA' 10 mCi'' 7-15-82 * 9 t 

VI 341 control Benzoic acid 0.2 kg *-9-8l Ethanol 18.9 4-7-83 

VII 336 control NaBr 5.0 kg 9-9-81 Acetone 18.9 4-7-83 

VIII 339 grout AICI, 5.0 kg 5-14-82 1 -propanol 8.0 4-7-83 

IX 342 lined "Fe-EDDHA* 10 mCi' 7-16-82 r t t 

"Inorganic tracers were added to trenches II, III, IV, VI, VII, and VIM before waste application and trench 
treatment. They were added to trenches I, V, and IX after trench closure. 

^Organic tracers were added to the unsaturated zone near the trench floor. 
'Diethylcnctriaminepcntaacetic acid. 
''Ten liters of groundwater tracer solution containing I mole of Cr (III), Co (III), or Fe (III) labeled with 10 

mCi JICr, "Co, or "Fe. 
No organic tracers have been added to the unsaturated zone near the bottom of the lined trenches. 

'Ethylenediaminetetraacetic acid. 
'Ethylenediamine-o-hydroxyphenylacetic acid. 

2.5 MONITORING PROGRAM 

2.5.1 Surface Water 

Surface water flow originating from the ETF site is directed through two flumes installed in 
the two main drainage paths (see Fig. 5). A Parshall flume was selected for flow measurement 
because of its widespread use, acceptance, and empirically verified operating characteristics. A 
22.86-cm (9-in.) throat width was selected for each installation so that a maximum flow rate of 
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0.2S m 3 / 8 could be measured; a smaller throat could be inserted during low-flow conditions, if 
desired. 

Flow measurement is accomplished using a Manning portable F-3000A series flowmeter that 
has a stage height range of between 0 to 30 to 120 cm (0 and 12 to 48 in.) (Manning Inc. 1977). 
The recorder is accurate to 2% of full scale and automatically integrates the instantaneous flow rate 
to produce total flow volume. The flowmeter generates an output signal that activates a portable 
water sampler. Sampling frequency can be set proportional to actual flow rate, so that runoff sam-
ples are collected more often during storms than during low-flow conditions. This capability was 
included so that the hypothesis that storm events represent an important component of total con-
taminant transport can be tested. 

2.5.2 Groundwater 

In 1980, 12 wells were installed to evaluate the use of fluorocarbons as groundwater tracers 
(Cooper 1981) in the unperturbed saturated zone. These wells were arranged such that a central 
well (ETF 1) was surrounded by nine wells in a 10-m-radius circle (see Fig. 5). In addition, two 
wells (ETF II and 12) were located outside this ring in the assumed direction of flow, based on 
considerations of the dip and strike of the bedding planes (Vaughn et al. 1982). These 12 wells are 
now being used to measure water levels and monitor tracer movement at the site. 

An additional 23 monitoring wells are located at a distance of approximately 1.5 m from each 
trench wall to provide information on tracer movement from the control and treated trenches. These 
wells are approximately 3 m shallower than the tracer test wells and should provide water samples 
from the region of fluctuating saturated and unsaturated zones. Locations of these monitoring 
wells (ETF 17 through 40) are shown in Figure 4. Three piezometers (ETF 13, 14, and IS of Fig. 
S) have been installed north of the trench array to monitor water movement in aquifers below the 
ETF site. These wells (15, 30, and 77 m deep, respectively) have been located close together with 
only the bottom 3 m of the PVC casing being slotted. The wells have gravel packing in the slotted 
region and a bentonite/cement backfill to seal the well annulus from surface water and shallower 
standing groundwater. 

In addition to the 12 preconstruction wells installed in 1980, the 23 monitoring wells installed 
in 1982, and the three deeper piezometers, 12 wells have been placed in the trenches themselves. 
Each of the lined trenches contains one well that was placed in the trench during waste emplace-
ment and backfilling. The bottoms of these wells rest on or slightly above the trench floor, but 
within the liner, for the purpose of monitoring water levels and conducting tracer and permeability 
tests. Likewise, each of the three control trenches contains a well, augered after trench covering, 
that rests on the trench floor. The three grouted trenches are slightly different in that each contains 
two wells; one has been augered through the bottom of the grout and protrudes into the underlying 
material, while the second is shallower (approximately 1 m deep) and does not penetrate the trench 
floor. Again, these six wells will serve for future tracer and permeability testing. 

2A3 Trench Cover Subsidence 

Subsidence of waste trenches is thoupht to occur by two general mechanisms. First, there is a 
water-induced movement of soil from the cover material and the trench walls into the existing voids 
between the waste components or packages. The amount of subsidence related to this mechanism is 
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a function of rainfall, and the amount of void spaces available for filling and has, in past opera-
tions, been found to produce dramatic results (sinkholes or large surface depressions), most >f 
which occur early in the history of the covered trench. The second source of subsidence represents 
the movement of soils from the cover material into voids created as the organic matter in the waste 
decomposes. This is a long-term mechanism and is essentially unpreventable. Municipal landfill 
operators have found that the amount of subsidence can be minimized by compacting the waste and 
minimizing the void space within the waste before it is covered. In practice, municipal solid-waste 
disposal consists of spreading, compaction, and covering (APWA 1970). 

To monitor for trench cover subsidence at the ETF, three reference transects have been esta-
blished that puss over each of the nine experimental trenches (sec Fig. 7). Distances from a level 
datum to the ground surfacc will be measured periodically for each transect. The measurements will 
be referenced to an ORNL benchmark. The type of subsidence of major interest is a slow, general 
settling of the entire trench area, rather than a fast subsidence, although the later will be noted if it 
occurs. Measurements are being conducted at quarterly intervals, and the frequency will be altered 
if warranted by rates of movement. Initially, some subsidence is expected because of a slow 
compaction of the cover material; however, this subsidence rate should decrease with time, particu-
larly if the treatments are successful. 
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3. CONSTRUCTION OF THE ETF 

With the design of the ET1; essentially completed in Dccembcr of 1980, construction of the 
facility was initiated in 1981, The following sections of this report describe the construction process 
us subdivided into trcnch construction, waste emplacement, tracer emplacement, trench treatment, 
monitoring system construction, and trcnch closure. 

3.1 TRENCHES 

The nine experimental trenchcs at the ETF site were excavated in June of 1981 using O R N L 
Operations Division labor and equipment. With Ihe 3 m X 3 m X 3 ra design size as criteria and 
the trcnch layout set as shown in Fig 4, it was possible to excavate using an International 3800 
Series backhoe with a I m (36 inch) bucket. Each trench took about 4 h to excavate. However, 
when rock was encountered, the construction time was considerably greater. Other minor problems 
included the inability to excavate a perfectly cubical trench and the sloughing of trench sidewalls, 
vhich occurred after heavy rainfall events. For these reasons, most of the trenches had larger 

dimensions at the top than the bottom by the time the waste was buried and the trench treatments 
were initiated. To help minmize trench wall sloughing and the direct collection of precipitation in 
the trenches, portable curved steel covers were placed over the trenches after construction. These 
covers could be removed to facilitate waste off-loading. The corners of each of the nine trenches 
were surveyed by the O R N L Engineering Division and referenced to existing benchmarks in SWSA 
6. 

3.2 WASTE EMPLACEMENT 

All waste buried at the ETF site is low-level compactable waste generated at ORNL. A suffi-
cient number of waste bales to fill all the trenches excavated was not available when trench con-
struction was completed (summer of 1981). As a result, the trenches remained open until a suffi-
cient quantity of bales were on hand to fill all nine trenches and initiate trench treatments. Some of 
the final 219 bales were stored onsite, in the open trenches, and others were stored in another part 
of SWSA 6 and then moved to the ETF site when required. By September 1982, approximately one 
year after trench excavation, enough waste had been generated and baled and ail trenches were 
filled to within I m of the surface. 

Waste bales were trucked to the site and unloaded into the trenches with no attempt made to 
stack the rectangular-shaped bales to minimize void volumes. In this manner, a realistic void 
volume between bales, estimated to be about 50%, was obtained. The only deviation from this off-
loading procedure occurred in the waste emplacement in lined trenches. T o prevent waste bales 
from puncturing the floor liner, the bales were placed at random on the trench floor, which was 
protected by a 4 m by 4 m sheet of Typar (a nonwoven, water-permeable polyproplylene fabric) 
acting as a mechanical stress distributor for the weight of the bales. Figure 8 shows one of the ETF 
trenches before backfilling and covering. 

3.3 TRACER EMPLACEMENT 

The nine inorganic tracers listed in Table 2 were placed in the trenches shortly after their con-
struction. In the case of the three control and three grouted trenches, the tracer was placed on the 
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Fig. 8. ORNL conpacted waste used for filing experiaeatal teaches. Each bale is approximately 
0.4 mJ. 
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trench floor before waste was added and trenches were treated and covered. In the case of the three 
lined trenches, the tracer was added to the trench after closure through an access well that 
penetrated the cover liner. The amounts of tracer and dates of injection are included in Table 2, 

The stage at which the inorganic tracers were added to the trenches, along with the possibility 
of contamination from outside sources, such as fertilizer and oil and grease from drilling operations, 
made it necessary to view this portion of the ETF tracer study as preliminary. Concentrations of 
chloride, benzoic acid, bromide, and nitrate were observed to exceed background concentrations 
(the term exceed is used to indicate a concentration over the mean plus one standard deviation, 
based on the mean of all observations of that parameter) in several of the wells, however a complete 
picture of water movement in and around the ETF trenches can not be constructed from such lim-
ited tracer tests. 

To gain a better understanding of the three-dimensional movement of water at the site, a series 
of low molecular weight organic tracer tests are being conducted. As mentioned in the design sec-
tion and illustrated in Figure 6, this type of short-term tracer testing will aid in determining direc-
tion and velocity in both the unsaturated and saturated zone. In addition, conservative, long-lived 
tracers injected directly into the six treated trenches will be used to investigate whether a decrease 
in waste leaching results from such treatment. The information furnished by such a series of tracer 
tests is viewed as a vital component of the ETF site modeling effort. 

3.4 TRENCH TREATMENT 

3.4.1 Grouted Trenches 

Trenches III, IV, and VIII, which correspond to O R N L trench numbers 340, 335, and 339, 
respectively, were selected for use in the grouting demonstration. The grout used was supplied by a 
local paving company with 0.76 m3 (1 yd 3) made to the following specifications: 765 L (202 gal) 
water, 504 kg (1111 lb) of ASTM Type I Portland cement, and 91.6 kg (202 lb) Dowel! Ml79 
bentonitc. The cement and bentonite were dry-mixed before water was added. The slurry has a 
ccment-to-water ratio of 0.66 g /mL (5.5 lbs/gal) and 18% bentonite (weight percentage of dry 
cement), which duplicates successful bench-scale mixes. ORNL arranged to purchase an estimated 
29 m3of grout to be delivered starting on May 14, 1982. 

When trench grouting was initiated, the three trenches contained a total of approximately 75 
bales of waste. The actual number of bales contained in each trench varied as a result of varying 
trench depths, trench wall collapse, and the random orientation of bales within the trench. In no 
case did the bales extend above the ground surface, which left ample room for emplacement of a 
final soil cover after the grout had been placed. 

The grout operation was to begin with grout delivery by truck to trench VIII and, after com-
pletion, proceed to trenches III and IV. Grouting of a trench was judged complete when all the void 
spaces between the bales were filled and all bales were completely covered. A slight modification in 
the application plan was made when it was observed that some of the bales began to float. To 
remedy this condition, the grout was applied to each of the three trenches in several stages covering 
the 5-day period from May 14th to 19th. Between each grout application, the overnight time was 
sufficient for the grout to set and, thus, hold down the bales during the next grout application. The 
viscosity of the grout was low enough to facilitate rapid flow into the waste void space, and only 
minimal phase separation and shrinkage of the grout was observed. Figures 9 and 10 illustrate the 
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field grouting proccss. A total of 29 m3 ol grout was applied to the three trenches al a &>•» f 

$0.I6/L ($0.62/gal) or 51583/trench (the reported cost includes mixing and delivery). 

3.4.2 Lined Trenches 

Trenches I, V, and IX, corresponding to O R N L trench numbers 3J4, 338, and 342, respec-
tively, were designated for demonstration of the disposal technique using Hypalon* liners. The con-
ccpt involved construction of a five-sided bag or liner to fit in each of the three trenches, following 
the manufacturer's recommendations for the application of field seams, filling the lined trench with 
waste, and construction a Hypalon* cover to completely isolate the waste bales. For a detailed 
description of the procedure for lining the ETF trenches see Davis et al. (1982). Figures 11 and 12 
illustrate the trench lining procedures. 

In addition to the Hypalon® liner, a sheet of Typar (a nonwoven water-permeable polypro-
pylene fabric) was placed over two of the three lined trenches for mechanical support. Care was 
taken to seal the section of Hypalon® cover around the PVC well casing that penetrated the cover, 
so that no surface runoff could enter the trench via this route. Within several dnys of trench clo-
sure, the three unique groundwater tracers were added to these lined trenche* via the trench walls 
(Table 2). 

3.5 MONITORING PROGRAM 

3.5.1 Surface Water 

The two flumes described in Section 2.5.1 have been installed in the two main drainage paths 
serving the ETF site (see Fig. 5). In addition, a continuous recording rain gauge (Belfort Model 
5-780) has been installed on the site. This rain gauge is being used to measure and record the fre-
quency, duration, and intensity of precipitation events. The collector is located about 1 m above the 
ground surface and is equipped with a wind shield. Rainfall has been monitored at the ETF site on 
a continuous basis since August 1980. These precipitation records comprise the input to the site's 
hydrologic model. 

3.5.2 Groundwater 

The 52 wells described in Section 2.5.2 have been installed at the ETF; a summary of their 
characteristics is given in Table 3. Water level recorders have been installed to allow continuous 
recording of water levels in wells ETF 1 through 15. The wells that are not equipped with continu-
ous recording devices are checked each month for water elevation using an Electro Sounder, a dev-
ice which detects the water level in the well using electrical contacts. 

3.5.3 Trench Corer Subsidence 

Measurement of trench subsidence, or lack of it, will be an important part of the evaluation of 
both the lined and grouted trenches. To accomplish this, pairs of permanent elevation monuments 
have been positioned, one at each end of a row of three trenches (see Fig. 7). Each monument con-
sists of a 0.76-m-deep, 15-cm-diam column of concrete supported through the center with a l -m 
length of 2.54-cm steel reinforcing bar. Each pair of monuments are approximately 20 m apart and 
extend only a few cm above the ground so that they will not impede routine site maintenance. Sub-
sidence measurements are being performed on a quarterly basis and consist of measuring and draw-
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Table 3. Summary of dealgn and construction characteristics 
of wells located at the ETF 

Coordinated Ground Well Casing Borehole Length 
Well elevation depth ID size of Well elevation depth ID size of 

Northing Easting <m) (m) (cm) (cm) screen 
(m) 

1 16.756.0 23,641.2 243.0 8.75 15.2 20.3 1.2 
2 ' ' 77R 1 23,665.2 242.8 9.69 IS.2 20.3 1.2 
l 23,672.8 242.5 9.40 IS.2 20.3 1.2 
4 to. 673.3 242.2 9.38 15.2 20.3 1.2 
5 16,73*. 23,665.3 242.1 9.22 IS.2 20.3 1.2 
6 16.724.1 23,651.0 242.1 9.17 15.2 20.3 1.2 
7 16,723.2 23,633.6 241.8 9.27 15.2 20.3 1.2 
8 16,729.2 23,618.6 241.6 9.20 15.2 20.3 1.2 
9 16,745.3 23,610.3 241.9 9.42 IS.2 20.3 1.2 

10 16.763.5 23,609.8 242.4 9.47 IS.2 20.3 1.2 
I I 16,773.0 23,702.6 241.1 15.11 15.2 20.3 2.4 
12 16,737.9 23,584.4 240.6 15.27 IS.2 20.3 2.4 
13 16,872.0 23,596.3 246.6 76.42 IS.2 25.4 3.0 
14 16.849.2 23,618.5 245.3 28.83 10.2 15.2 3.0 
IS 16,841.4 23,603,5 245.6 14.25 10.2 15.2 3.0 
16 16,841.4 23,614.1 245.4 74.52 10.2 15.2 3.0 
17 16,782.9 23,606.4 243.4 5.71 7.6 15.2 1.8 
18 16,791.2 23,624.8 243.8 5.94 7.6 15.2 1.8 
19 16.799.4 23,643.8 244.0 6.12 7.6 15.2 1.8 
20 16,767.3 23,604,2 242.9 6.65 7.6 15.2 1.8 
21 16,776.5 23,621.5 243.5 6.22 7.6 15.2 1.8 
22 16.785.8 23,638.7 243.9 6.86 7.6 15.2 1.8 
23 16.795.7 23,656.7 243.6 6.20 7.6 15.2 1.8 
24 16,760.4 23,617.8 242.9 6.60 7.6 15.2 1.8 
25 16,771.7 23,635.5 243.4 6.58 7.6 15.2 1.8 
26 16.782.7 23,653.0 243.5 6.45 7.6 15.2 1.8 
27 16.745.6 23,616.4 242.0 6.22 7.6 15.2 1.8 
28 16,756.5 23,632.1 242.8 6.20 7.6 15.2 1.8 
29 16,767.2 23,648.9 243.3 6.32 7.6 15.2 1.8 
31 16.743.2 23,628.8 242.3 5.26 7.6 IS.2 1.8 
32 16.753.2 23,646.4 242.8 6.04 7.6 1S.2 1.8 
33 16,764.5 23,662.1 242.8 6.10 7.6 15.2 1.8 
34 16,732.4 23,623.7 241.8 6.68 7.6 IS.2 1.8 
35 16.741.0 23,641.5 242.4 6.27 7.6 1S.2 1.8 
36 16,749.1 23,658.6 242.6 6.45 7.6 15.2 1.8 
37 16.757.0 23,674.5 242.4 6.53 7.6 15.2 1.8 
38 16,727.8 23,637.8 242.1 6.71 7.6 1S.2 1.8 
39 16,735.8 23,654.9 242.3 6.76 7.6 1S.2 1.8 
40 16,743.6 23,671.3 242.0 6.30 7.6 IS.2 1.8 
41 16,772.9 23,612.9 243.4 3.43 5.1 « 2.0 
42 16,766.6 23,645.2 243.3 2.87 5.1 • 2.0 
43 16,756.2 23,666.4 242.9 2.67 5.1 « 2.0 
44 16,781.4 23,631.0 243.8 3.78 7.6 IS.2 1.5 
45 16,769.4 23,657.4 243.3 3.35 7.6 15.2 1.5 
46 16,735.3 23,633.3 242.3 3.68 7.6 IS.2 I.S 
47 16.789.6 23.643.S 244.0 1.30 7.6 IS.2 0.9 
48 16,791.6 23,649.1 243.9 3.30 7.6 15.2 I.S 
49 16,748.9 23,621.8 242.6 2.13 7.6 15.2 1.5 
SO 16,752.2 23,624.7 242.8 1.32 7.6 IS.2 0.9 
SI 16,743.5 23,649.2 242.7 1.73 7.6 IS.2 I.S 
52 16,744.4 23,651.9 242.8 1.14 7.6 15.2 0.9 

'Borehole size is not applicable because these wells were (et in the trenches during 
construction. 
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ing the surfucc profile below a level datum constructed between each monument pair. In this 
manner, changes in surface profile can be monitored and used to estimate the collapse of cover 
material expressed as a volume of soil per unit area per unit time. 

Visual inspection of the trench covers will also be a part of the subsidence monitoring program. 
It is anticipated that the data will show an initial rapid settling of the cover material over the site, 
followed by a minor change in profile with time. Success or failure of a trench treatment in 
preventing subsidence will be based on a comparison with similar data collected from the control 
trenches. Figure 13 summarizes results of the first profile measurements taken at the ETF site, 
which will be used to quantify trench cover subsidence. These measurements were taken in March 
of 1983, several months after final trench covering and site contouring was completed. 

3.6 TRENCH CLOSURE 

To close the trenches in a manner simulating current practice a 0.3- to 0.6-m soil cover was 
applied to the top of each trench and compacted by repeatedly rolling over the soil with a small 
backhoe. Figure 14 illustrates a portion of this trench covering process. In this manner, the demons-
tration site was returned to the original surface contour, and the site remained in this state until 
December 1982. Additional soil has been added to the site for final leveling and seeding. This work 
was completed during January 1983. 
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4. SUMMARY 

The principal purpose of the Low-Level Waste Research and Development Program's 
Engineered Test Facility is to provide a field-scalc demonstration site Tor the study or SLB disposal 
practices Tor low-lcvcl radioactive wastes in humid environments. Water-related problems such as 
surface flowing, erosion, waste Icuching, and trench cover subsidence have all been reported to 
have occurred at disposal sites loeated in humid areas, and experimental activities at the ETF are 
directed at addressing improved disposal methods that may prove to minimze such problems. Exper-
imental design of the ETF was established in 1980; construction occurred in 1981 and 1982; site 
monitoring and model development are scheduled for 1983 through 1987. 

The ETF has been designed and constructed to meet the stated objectives of evaluating the 
ability or the two trench treatments (cement-bentonite grout and Hypalon® liner) to prevent 
water/waste contact, evaluating selected site characterization techniques important in modeling, 
integrating site characterization into model development, and using state-of-the-art hydraulic tran-
sport models to predict long-term disposal site performance. This report describes only the design 
and construction of the ETF, setting the stage for future reports that will address these longer-term 
objectives. 

The experimental design of the ETF is based on a Latin-sqaure design and consists of a matrix 
of nine model trenches. Trenches are 3 m X 3m X 3 m; three of the trenches serve as controls 
(simulating waste disposal as currently practiced at humid sites). Groundwater tracers, in conjunc-
tion with an extensive water monitoring program, are being used to determine if the two trench 
treatments are successful in minimizing waste leaching. Additionally, the experimental design was 
developed such that data related to site characterization, trench cover subsidence, and grout and 
liner aging could be collectcd and evaluated. 

Trench construction began in June of 1981. After excavation, the nine experimental trenches 
were labeled with tracers for preliminary testing, filled with baled low-level waste, and closed one 
year later during the third and fourth quarter of FY-1982. This covering of the filled trenches, 
along with completion of the groundwater monitoring wells in July of 1982, marked the end of the 
ETF construction phase and the beginning of an intensive site monitoring phase. 

Site characterization activities based on both short-term tests and longer-term monitoring pro-
grams are being completed and evaluated for inclusion in a final report documenting ETF site char-
acterization. Characterizing the ETF has been a large part of the experimental design because it 
provides the background data necessary to evaluate the performance of the grouted and lined 
trenches and the input data necessary for model development. 

The complex geologic setting of the ETF provides significant challenges in the area of model 
development and application. Preliminary site characterization (Vaughn et al. 1982) indicates that 
groundwater movement at the site can be broken into two components: one controlled by the 
porosity of the material (interparticle flow) and the second controlled by the size and orientation of 
fractures (fracture flow). Fracture flow has been hypothesized as being responsible for major water 
movement and concurrent contaminant transport during storm events, whereas slower interparticle 
flow dominates the remainder of the time. Tracer tests conducted as part of the ETF experimental 
plan will help to support or refute this hypothesis and serve as important input data for site model-
ing. 

In summary, the ETF is a multi-year field demonstration project designed to study SLB as 
currently practiced and with modifications to minimize waste leaching. A successful demonstration 
of the stated objectives (Table 1) is seen as having immediate application to larger disposal sites 
located in humid environments and experiencing similar water-related problems. 
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