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ABSTRACT 

DAVIS, E. C., and B. P. SPALDING. 1986. Field evaluation of a 
cement-bentonite grout and a chlorosulfonated polyethylene 
fabric Uner in hydrologlcally Isolat ing low-level 
radioactive solid waste. ORNL/TM-9742. Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 98 pp. 

Applying engineered modifications to present shallow land burial 

practices 1s one method of assuring safe operation and improving 

overall disposal s i te performance. Two such engineered modifications, 

trench l ining and grouting, have been demonstrated and evaluated in the 

Shallow Land Burial Technology Task (WBS No. OR 3 .5 .4 .4 AR 0NL-WL14) 

performed for the Department of Energy Low-Level Waste Management 

Program. Of the large number of l iners and grouts currently 1n use, 

reinforced chlorosulfonated polyethylene (Hypalon®) fabric and a 

Portland cement-bentonite grout were selected for demonstration within 
3 

a group of nine 28-m experimental trenches containing compacted 

low-level waste generated at the Oak Ridge National Laboratory. This 

report describes the treatment selection process, the l iner and grout 

(trench treatments) development and emplacement techniques, and the 

f i e ld monitoring program used to evaluate l iner and grout performance. 

Groundwater monitoring has shown that standing water is present in a l l 

nine experimental trenches (both treated and untreated); however, depth 

of water and water level f luctuation patterns d i f fered according to 

trench treatment and were minimal in the case of the grouted trenches. 

Both water pump-in and water pump-out tests conducted on the lined 

trenches showed that the or iginal goal of watertight l iners was not 

achieved and that water was entering and leaving these trenches with 

1x 



each precipitat ion event. Water entering Into the grouted trenches was 

Inhibited by the cement-bentonite grout back f i l l , as reflected in the 

lower values of hydraulic conductivities that were measured 1n these 

three trenches compared with those in the three control (untreated) 

trenches. In examining engineering properties of the grout and l iner 

material , i t was found that no signif icant change 1n l iner tensi le 

strength or l iner puncture resistance has been observed in the i n i t i a l 

15 months of a l iner aging study, indicating that there were no 

short-term changes in these engineering properties with f i e l d 

weathering. Cover subsidence has not occurred over the grouted or 

control trenches, while 2 of the lined trenches have settled 7-10 cm 

(2-3% of the trench depth) in the f i r s t two years. Based on these 

treatment evaluation tests, the cement-bentonite grouted trenches 

appear to of fer the highest level of water protection compared to the 

Hypalon® lined and the control trenches. 

x 



1. EXECUTIVE SUMMARY 

In 1981, f i e l d experiments were in i t i a ted at the Oak Ridge 

National Laboratory Engineered Test Fac i l i ty (ETF) to demonstrate and 

evaluate two modifications to shallow land burial of low-level 

radioactive wastes as currently practiced. The two modifications 

selected were trench grouting using a Portland cement-ientonite clay 
® 

mixture and trench l in ing using an impermeable Hypalon fabric 

l ining material . Advantages of the grout treatment were thought to 

include: (1) the a b i l i t y of the grout to "f ix" the waste and 

associated radionuclides within the confines of the trench, (2) the 

tendency of the grout to impede water flow through the waste trenches, 

and (3) the structural strength of the grout supporting the trench soil 

cover and preventing future trench cover subsidence. Advantages of the 

l ining operation were thought to include: (1) the re la t ive low cost 

associated with l ining the four sides, top, and bottom of a trench, 

(2) the complete hydrologic isolat ion of waste contained in a 

watertight l ine r , and (3) the a v a i l a b i l i t y of l in ing materials and 

the i r common use in the f i e l d of hazardous waste disposal and storage. 

This report summarizes the process of trench treatment selection 

(Chapter 3 ) , trench treatment implementation in the f i e l d (Chapter 4 ) , 

and the post-construction experiments used to evaluate the treatments 

as improved shallow land burial methods (Chapter 5) . 

After approximately two years of laboratory and f i e l d testing 

designed to evaluate the performance of the grouted and lined trenches, 

i t was concluded that the cement-bentonite treatment offered the 
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highest degree of waste isolation and is thus recommended over trench 

l ining as described in th is report. The major drawbacks to the use of 
0 

the Hypalon l ining material were the d i f f i c u l t y in constructing 

the necessary seams in the f i e l d , the leakage of water both into and 

out of the l i red trenches that has been observed since Uner 

ins ta l la t ion , and the degree of cover subsidence that has occurred 

since trench closure. None of these problems were observed with the 

grouted trenches; in addition, they have exhibited a lower 

waste-backfi l l hydraulic conductivity than the three control trenches, 

indicating greater protection against i n f i l t r a t i n g water. Trench 

grouting, using an inexpensive Portland cement-bentonite clay slurry, 

is thus the treatment of choice and would require only minimal 

developmental work to be scaled up to a fu l l -s i zed waste trench. 
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2. INTRODUCTION 

Shallow land burial (SLB) i s , in most cases, an ef fect ive disposal 

method for low-level radioactive solid waste. The operation of SLB 

disposal areas requires the management of surface runoff and 

groundwater in ways that prevent water from contacting buried waste and 

possibly leaching radionuclides and transporting them to unrestricted 

areas. Although s i te selection is the most powerful technique to avoid 

such environmental contamination problems, a l l present and future sites 

w i l l l ike ly have ei ther (1) subareas with marginal geohydrological 

characteristics for waste disposal or (2) classes of wastes with a 

suf f ic ient inventory of radioact iv i ty that the degree of isolat ion 

provided by the geologic formation may not provide adequate assurance 

that s i te performance objectives can be met. For e i ther of these 

situations, engineered modifications of these burial areas, or of these 

wastes, could provide the necessary assurance for acceptable s i te 

performance. Two such engineered modifications, trench l ining and 

trench grouting, have been under investigation as part of the Shallow 

Land Burial Technology Task performed at Oak Ridge National Laboratory 

(ORNL) for the Department of Energy (DOE) Low-Level Waste Management 

Program. 

Problems ident i f ied as potent ia l ly compromising the performance of 

SLB sites include groundwater intrusion, trench cover subsidence and 

result ing surface runoff intrusion, plant and animal intrusion, and 

radionuclide migration to unrestricted areas. In theory, either 

grouting or l ining of trenches can reduce a l l of these problems. 
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However, a f i e l d demonstration of their effectiveness is required 

before these techniques can be advocated as standard practice for 

existing or future disposal operations. Thus, the focus of this study 

has been on a f i e l d demonstration of trench grouting and l ining 

techniques that can be used, not as a remedial measure, but during 

waste disposal operations as a possible improvement to present 

practices. 

Of the many grouts and l iners that are commercially avai lable, two 

specific treatments were selected for demonstration; a Portland 

cement-bentonite grout applied as a trench b a c k f i l l , and an impermeable 
® 

Hypalon fabric l iner placed in a trench 1n such a way that i t 

surrounds the waste on a l l four sides, top, and bottom. For evaluation 

purposes, the performances of these two trench treatments were compared 

with the performance of untreated trenches typical of current SLB 

disposal operations. This report describes the process used to select 

the cement-bentonite trench grout and the Hypalon trench l iner (Chapter 

3 ) , the description of the i r f i e l d emplacement (Chapter 4 ) , and an 

evaluation of the a b i l i t y of each treatment to hydrologically isolate 

the contained waste (Chapter 5) . 

In this demonstration, a grout refers to a slurry that can flow 

Into trench void space inherent in waste-backfi l l mixtures and, a f te r 

i t has set, become impermeable to water. Because the trench volume is 

made impermeable, the problems of water intrusion and resulting 

radionuclide migration can be eliminated. In addit ion, since the set 

grout can have substantial cohesive strength, plant and animal 

Intrusion and trench subsidence can also be eliminated as long as the 

grout is in tact . 
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Trench lining can also alleviate many of these same problems. The 

continuous lining of trench walls, floor, and cover with an inherently 

impermeable material wil l effect the hydrologic isolation of its 

contained waste from surface and groundwater and eliminate any 

potential for radionuclide migration. Such trench lining may also 

eliminate trench cover subsidence since water, the cause of the 

subsidence, is obstructed. The rapid subsidence during the adolescence 

of trench l i f e is triggered by a water-induced backfill collapse into 

voids between waste packages. By eliminating water from the waste, the 

trench liner can eliminate backfill movement within the trench and 

therefore result in reduced subsidence. By maintaining comparatively 

dry conditions within the waste, trench lining can also inhibit waste 

decomposition and greatly reduce the long-term subsidence of trenches 

caused by the degradation of waste and waste containers. 

The site selected for the experimental demonstration of these two 

improved shallow land burial practices is a 0.3-ha tract of land 

located within Solid Waste Storage Area Six (SWSA 6) at ORNL. Nine 
3 

28-m experimental trenches were excavated at the site (known as the 

Engineered Test Facility or ETF) in a 3 by 3 matrix with three trenches 

selected for lining, three selected for grouting, and three serving as 

controls (untreated trenches). The ETF has been the subject of an 

extensive disposal site characterization study (Vaughan et a l . 1982, 

Davis et a l . 1984, and Newbold and Bogle 1984) and a detailed 

description of the experimental plan has been previously published 

(Boegly and Davis 1983). Figure 1 presents a plan view of the ETF 
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study s i te within SWSA 6, showing the locations of the experimental 

trenches, monitoring wel ls, rain gauge, and surface water sampling 

stations (Parshall flumes). 
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3. TRENCH TREATMENT SELECTION 

Several factors were considered when selecting both the number and 

the kind of treatments to be applied to the ETF trenches. Among the 

most important of these were the limited number of experimental 

trenches that could be constructed and studied, the cost of the 

treatment on a per cubic meter of trench basis, the ease with which the 

treatment could be applied, and the probabil i ty of the treatment 

reducing water-waste contact. With the number of experimental trenches 

being l imited, and the need for experimental repl icat ion of each 

treatment and control, a maximum number of two treatments could be 

accommodated. Because of the past success that grouting has had in the 

f i e l d of geotechnlcal engineering (Baker 1982) and the interest that 

trench l iners have received in the area of hazardous waste management, 

each of these two techniques was selected for study. The following two 

sections of this chapter deal with the specific l iner and grout 

selection processes. 

3.1 LINER SELECTION 

In selecting a material for l ining three of the ETF trenches, a 

number of properties were considered. F i r s t l y , the l iner should have a 

low permeability to water, since I ts primary function is to prevent the 

intrusion of groundwater into the waste and/or the migration of any 

indigenous leachate from the waste. Secondly, although many liners can 

achieve a very low permeability, their susceptibi l i ty to damage varies 

great ly . Preformed l iners are susceptible to tearing and puncture; 
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such damage would, of course, seriously compromise l iner performance. 

Other types of l iners , such as cements, asphalts, s i l i ca tes , and 

bentonites, are susceptible to shearing stresses which could 

potent ia l ly result in breeching, either during ins ta l la t ion and waste 

emplacement or in the long term. Thus, a l l materials need to be 

considered for the i r long-term weathering characteristics and 

performance under changing stresses during any potential waste 

subsidence. 

For a l iner to be e f fec t ive , i t must also be capable of being 

instal led on a l l surfaces of a trench: f loor , wal ls, and top. 

Bentonite, asphalt, and soil cement would be d i f f i c u l t materials for 

vert ical trench walls, because considerable structural support is 

required during the i r ins ta l la t ion . Other materials, such as various 

unreinforced plastic sheeting, do not have the tensi le strength and 

bearing capacity required for a cover material . In -s i tu grouting of a 

trench f loor and walls, e . g . , with polyacrylamides or s i l i ca tes , can 

result in a very ef fect ive l i n e r , but these grouts as a cover material 

suffer the same lack of bearing capacity as does plast ic sheeting. All 

l iners could suffer potential damage during trench f i l l i n g , due to 

puncture, tearing, or stress cracking. Trench f loors, which bear the 

weight of the waste, would be part icular ly susceptible to this type of 

damage. Plastic sheeting could be protected on a trench f loor by 

covering with a layer of backf i l l to distr ibute stresses. Plastic 

materials can also be laminated with high tensi le strength fabrics, 

yielding quite rugged l iners , e . g . , Hypalon®. 



ORNL/TM-9742 10 

Cost 1s a c r i t i c a l factor in l iner selection, and obtaining a 

l iner with the largest number of desirable properties incurs the 

largest costs. A summary of the re lat ive costs and the performance 

properties of the various Uner materials considered 1s presented 1n 

Table 1. The cost data used to prepare this table have come from a 

number of sources, including Gesweln (1975), Fung (1980), and 

manufacturers' quoted prices 1n 1981. Data for the permeability and 

long-term performance properties have also been assembled from several 

sources, Including Buelt and Barnes (1981), Lee (1974), Kays (1977), 

and manufacturers1 specifications for the i r materials. An additional 
» 

cr i ter ion for l iner selection was added for this evaluation: a 

judgment as to the engineering acceptance of the various materials as 

l iners for hazardous material disposal. This a t t r ibute was ranked 

using three categories: the material 1s in common usage, the material 

is of proven usage but Infrequently used, or the material has not been 

proven for l iner application even though i t s potential for use 1s high 

based on other engineering applications. 

Of a l l the materials considered in Table 1, 1.1-mm reinforced 0 
chlorosulfonated polyethylene (Hypalon ) fabric was selected. This A 
selection was based on i ts very low permeability, I ts ruggedness and 

long-term s t a b i l i t y , and i t s wide engineering acceptance. I ts major 

disadvantage compared with other l iner materials 1s cost, which 
2 

currently runs about $8.30/m for material only. However, 

ins ta l l a t ion costs for Hypalon are quite low compared with those for 

concretes, cements, bentonite, and grouts, since the fabric has only to 

be unrolled and lowered into the trench; Insta l la t ion costs could be 



Table 1. Propert ies of po ten t i a l t rench l i n e r mater ia ls 

S u s c e p t i b i l i t y t o damage3 

App l ica t ion Permeabi l i ty During i n s t a l l a t i o n Long-term Engineering0 

Mater ia l ra te cm/s Bottom Malls Cover Bottom Walls Cover Cost acceptance 

Bentonite 9.8 kg/m2 10-5 L NF M L NF M 1 C 

Asphalt 
membrane 2.5 urn 10"6 M M M M M M 1 I 

Asphalt 
concrete 51 mm 10-7 L NF I L NF L 1 .4 c 

So i l 
cement 15 cm 10-5 L Nf L L NF M 1 I 

Butyl rubber 1.7 mm i o - i o M M H L L M 3 c 

Polyethylene 0.5 mm i o - i o M M M M H M 1 . 1 c 

PVC 0.8 ran i o - i o M M M M M M 1.7 c 

Hypalon® 0.8 mm i o - i o M M M M M M 2.4 c 

Hypalon® *• 
f i b e r 1 . 1 mm i o - i o 1 L I L L L b c 

Acrylamide 
grout 

25 L of 
10%/m2 10 ' 6 I L M L L H 7 N 

S i l i c a t e 
grout 

25 L of 
7.6%/m2 10-5 I L M L L M 3 N 

aDamage s u s c e p t i b i l i t y r a t i ngs : L = low, M = moderate, H =• h igh, NF = not f eas ib l e . \ -H 
bCost i s expressed as a r a t i o t o cost of bentoni te and includes mater ia l and labor but not equipment. * «o 
Eng inee r ing acceptance ra t i ngs : C = proven and common p rac t i ce , I = proven but in f requent p rac t i ce , N = not 
proven f o r l i n e r app l i ca t i ons . 1,0 
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greater i f extensive f i e l d seams need to be constructed between sheets 

of Hypalon. Whereas grouting an ORNL waste disposal trench of typical 

size (3.0 x 15.2 x 3.7 m; W x L x D) would cost about $9,200 for 
3 

cement-bentonite grouting maten-"s (assuming $108.32/m and 50% void 

space), l ining of the same trench would cost about $2,000 for the 

Hypalon fabr ic . 

Unlike grouting, where the entire void volume of buried waste 

needs to be f i l l e d with the impermeable grout material , l ining requires 

that only the surfaces of a trench be covered, so that the large void 

volume within the waste surrounded by the l iner need not be 

considered. Grouting costs can be calculated, almost exclusively, on 

the trench void volume, whereas l ining costs depend on the surface area 

of the total aggregate of waste or, more d i rec t ly , on trench 

dimensions. Thus, the economic comparison of l in ing and grouting is 

quite dependent on scale. Maximization of the volume to surface area 

rat io of trenches leads to the most cost ef fect ive l ining strategies. 

Since trenches for almost a l l radioactive waste disposal are i rregular 

hexahedrons, the relationship of volume to surface area of the regular 

hexahedron (the cube) as a function of scale can be a useful example. 

The rat io of volume to surface area of a cube equals side length 

divided by 6. Thus, as the side length of this hypothetical cubic 

trench increases, the ra t io of volume to surface area increases and 

l iner costs per unit volume of waste decrease in direct proportion. 

Although most trenches are i rregular , rather than regular hexahedrons, 

such geometric considerations indicate that the larger and more nearly 
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cubic ( I . e . , equidimensional) the trench, the more economically 

a t t ract ive l ining becomes when compared with grouting. 

As an example of th is scale e f fec t , the volume to surface area 

rat io of the demonstration trenches (3.05 x 3.05 x 3.05 m) used in th is 

Investigation is 0.51. For actual disposal trenches used at ORNL (3 .0 

x 15.2 x 3.7 m), this ra t io Increases to 0.75. For typical trenches at 

the Barnwell, South Carolina, f a c i l i t y ( I . e . , 30.5 x 152 x 6.1 m), th is 

rat io equals 2.46. Thus, for such large trenchc the economic 

comparison (dollars per cubic meter of waste) of l in ing to grouting 

improves by a factor of 4 .8 over the smaller trenches used in th is 

study. Grouting such a large trench would cost approximately 
t 
? 

$1,600,000 for materials, whereas l ining materials would cost about 

$100,000 for the same trench. Assuming a unit disposal cost of 
3 $233/m of waste (USNRC 1981), grouting would add an incremental 

$54/m3 of trench volume or $108/m3 of waste (assuming 509? trench 
i 

volume u t i l i z a t i o n ) ; th is would correspond to a 46% increase in 

disposal costs. Lining, on the other hand, would Incur an incremental 

cost of $3.4/m of trench volume or a 3% Increase In^Blsposal costs 

for the same trench. 

3.2 GROUT SELECTION 

The second engineered modification being demonstrated 1n th is 

investigation is the grouting of low-level waste trenches prior to 

f ina l cover application. Although the technology is available to 

in jec t grouts to considerable depths by d r i l l i n g inject ion wells and 

pumping grout under pressure into fracture zones (Blacklock et a l . 
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1982, Handy 1979), application to low-level waste disposal w i l l l i ke ly 

occur as trenches are being f i l l e d and before the f ina l cover is in 

place. Grouting of trenches a f te r cover emplacement constitutes a 

remedial action, raising additional obstacles, and is not addressed in 

this demonstration project. 

A successful trench grouting operation consists of adding a grout 

slurry to an open trench unt i l a l l the void space between waste 

packages is f i l l e d and the waste 1s completely covered by grout. After 

hardening of the grout, the waste is encased in a r igid mass of grout, 

achieving isolation that prevents both surface and groundwater 

intrusion problems mentioned e a r l i e r . To demonstrate such a grouting 

operation, a grout formulation had to be selected based on several 

important engineering, economic, and environmental c r i t e r i a , 

including: slurry viscosity, part ic le size, permeability when set, 

control over setting time, minimum phase separation, a v a i l a b i l i t y of 

ingredients, cost of materials, strength and s t a b i l i t y , and tox ic i t y . 

Table 2 summarizes the various cement-based and chemical grouts that 

' were considered and are commercially avai lable. 

Since most grout development work has centered on soil 

s tab i l i za t ion projects, an important c lassi f icat ion of grouts is the i r 

app l icab i l i ty to varying soil permeabilit ies. Grouts l is ted in Table 2 

have been so classi f ied; they range from the part iculate cement-based 

grouts, having application to sandy and gravelly so i ls , to more 

recently developed chemical grouts, classif ied as solutions and finding 

application to much less permeable materials such as f ine sand and 

s i l t s . In grouting open low-level waste disposal trenches, the problem 
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Table 2. Commonly used cement-based and chemical grouts3 

Nature of Soil permeability (K) 
Grout grout l imits of injection 

(cm/s) 

Cement Particulate or K > 10"1 

Cement-clay Bingham solution 
Cement-flyash 

Clay Colloidal solution 10~1> K > 10 - 3 

Flyash-lime 
S i l ica te (>30%) 
Lignosulfonates 

S i l ica te (<30%) True solution K < 10~3 

Acrylamide 
Phenoplasts 
Ami nop lasts 

Source: Caron 1982, Karol 1982. 
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of low soil permeability and resistance to grout penetration is only a 

t r i v i a l l imi ta t ion. Most trenches, even i f the waste is stacked, 

rarely contain less than 50% void space. This void space is not made 

up of a multitude of small, tortuous i n t e r s t i t i a l pores, as is the case 

in soi ls , but rather consists of large crevices and interconnected 

fissures which of fer l i t t l e resistance to grout flow. As a resul t , 

true solution grouts, or grouts for use with soils of low permeability, 

of fer no dist inct advantages for this demonstration. In fact , because 

they also tend to be more expensive than cement-based grouts, they have 

a disadvantage for this application. 

Of the many grout mixtures presently in engineering use, a 

Portland cement-bentonite mixture was selected for demonstration. This 

grout sat isf ies many of the design c r i t e r i a previously l is ted , such as 

low permeability when set, strength and s t a b i l i t y , minimal phase 

separation, ava i l ab i l i t y of ingredients, and control over setting time, 

and, perhaps of most importance, i t is in wide use in the engineering 

community and is re la t ive ly inexpensive. A demonstration of I ts 

effectiveness in preventing water-related problems in low-level waste 

disposal trenches would be benef icial , since i t could lead to immediate 

application at existing disposal sites. 

Herndon and Lenahan (197C) examined the economics of a variety of 

grouts (materials only) and found that Portland cement mixtures were 

r e l a t i v e l y inexpensive. In contrast, materials for preparation of the 

col lo idal and true solution grouts shown in Table 2 are estimated as 

being as much as 2 and 7 times as expensive, respectively, as Portland 

cement. Only a l ime-flyash grout might be more economically a t t ract ive 
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than Portland cement, because of the low price of the lime and flyash 

when purchased in bulk. The estimated cost (materials only) of the 

Portland cement-bentonite grout used in this demonstration was $0.11/L 

($0.41/gal ) . Actual cost of the grout including mixing and delivery 

fees was $0.16/L ($0.62/gal ) . 

Bentonite (sodium montmorillonite), which was added to the cement, 

is a col loidal clay commonly mined in Wyoming and South Dakota and has 

long been used as a light-weight additive to cement slurries (Smith 

1976). I ts main function in engineering practice is to reduce the 

weight of the f inal slurry below the usual 1.8 kg/L (15 lb /gal ) value 

common to neat cement s lurr ies. When mixed with water, bentonite 

imparts viscosity and normally swells to about ten times i ts original 

volume. As an addit ive, usually in concentrations of 1 to 16% by 

weight of the cement (Morgan and Dumbauld 1951, 1954; Beach 1961), i t 

increases the water requirements, viscosity, and thickening time, but 

decreases the density, early strength, f ina l strength, and water loss. 

In preparing a grout for application to low- level waste trenches, none 

of these characteristics of bentonite addition are seen as a problem, 

and in fact , the reduction in phase separation and the swelling are 

dist inct advantages of bentonite addition. 

With ASTM Type I Portland cement, Dowell M179 bentonite, and water 

chosen as the three grout ingredients, laboratory testing to determine 

the optimum amounts of each was In i t i a ted . (The bentonite manufacturer 

is l isted for ident i f icat ion purposes only, and the use of this product 

does not constitute an endorsement or recommendation by ORNL or the 

U.S. Department of Energy or any implication of superiority to products 
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of other manufacturers.) A series of bench-scale batch mixings was 

carried out using a 3.78-1 (1-gal ) polyethylene mixing vessel mounted 

on a variable speed e lectr ic motor. Metal mixing vanes were bolted to 

the in ter ior of the vessel to provide the shear necessary to completely 

mix the test s lurry. Water was f i r s t put in the mixer, followed by a 

dry mixture of cement and bentonite. The batch experiments varied the 

rat io of cement to water from 0.60 to 0.72 g/ml (5 to 6 l b / g a l ) , 

drawing on previous ORNL hydrofracture mixture work (Tamura 1967). 

Bentonite addition, expressed as a percentage of the weight of dry 

cement in the mixture, was tested in the range 16 to 20%. After mixing 

periods of 1 h, slurry viscosity, gel strength, phase separation, and 

setting time were measured. The slurry mixture that was judged 

acceptable, and thus ready for application to demonstration trenches, 

consisted of 0.66 g cement/ml water (5.5 lb /ga l ) with 18% bentonite 

(percentage of weight of dry cement) added. This part icular mixture 

was observed to have an 8- to 12-h setting time and a slurry viscosity 

of 24 mPa*s (24 cp). Phase separation of this mixture was minimal, 
3 

and demonstration of grouting 1n three 28-m test trenches was 

i n i t i a t e d . 
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4. TRENCH TREATMENT IMPLEMENTATION 

Excavation of the nine experimental trenches (trenches 334 through 

342 of F1g. 1) at the ETF began in June of 1981 and was completed 

several weeks la te r . Prior to trench excavation, bales of compacted 

low-level waste were being collected by the ORNL Operations Division 

for use at the s i te . Some of the f inal 219 bales used were stored 

on-si te, 1n the open trenches, and others were stored in another part 

of SWSA 6 and then moved to the ETF when required. By September 1982, 

approximately one year a f te r trench excavation, enough waste had be*»n 

generated and baled so that a l l trenches were ready for treatment. 

4.1 TRENCH LINER EMPLACEMENT 

Trenches 334, 338, and 342 (F1g. 1) were designated for 

demonstration of the disposal technique using Hypalon® l iners . 

Three 12.19 x 14.0 m sheets of 1.14-mm-thick polyester-reinforced 

Hypalon were purchased from Staff Industries I n c . , Upper Montclair, New 

Jersey. (The manufacturer is l isted for ident i f ica t ion purposes only, 

and the use of this product does not constitute an endorsement or 

recommendation by ORNL or the U.S. Department of Energy or any 

Implication of superiority to products of other manufacturers.) Each 

sheet was produced with nine factory- instal led seams connecting strips 

1.40 m wide by 12.19 m long. The Hypalon was purchased at a cost of 

$8.29/m2, along with 18.9 L of HH620 Hypalon® Adhesive at $4.49/L 

for fabricating f i e l d seams. 
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The folded sheets were moved to a grass-covered area adjoining and 

upslope from the nine demonstration trenches on July 12, 19B2. One 

sheet was completely unfolded at that time and required a three-person 

crew for manipulation, because each sheet weighed approximately 

225 kg. In the early morning, part icular ly during foggy periods before 

sunlight could warm the black Hypalon, i t exhibited considerable 

resistance to deformation (unfolding). After being exposed to direct 

sunlight for less than 1 h, the Hypalon became very pl iable and too hot 

to handle without gloves. The intense heating of the Hypalon caused by 

the direct sunlight frequently led to some intra-sheet bonding of folds 

1n the Hypalon. Presumably, this was due to some residual solvent 1n 

the factory seams escaping under the heat and effect ing some Hypalon to 

Hypalon bonding of the folds. Such bonded folds were usually 

re la t ive ly easy to separate by pull ing the two bonded sections apart. 

Midafternoon sun caused such intense heating that any grass 

underlying the Hypalon was heat k i l l ed with several minutes of 

covering. Each of the three 14.0 x 12.19 m Hypalon sheets was trimmed 

by using an ordinary paper scissors to create smaller 8.4 x 12.19 m 

sheets Each sheet was folded over on i t s e l f with the factory seams 

running paral le l to the direction of folding, resulting in a two-ply 

6.4 x 6.10 m sheet. Each of the 6.10 m sides was sealed with adhesive 

from the folding point for a distance of approximately 3 m. The 

manufacturer's recommendations for the application of f i e ld seams were 

followed. Adhesive was applied with a paint brush to a 15-cm-wide edge 

on each surface which rested on a wood underlayment; the ends of each 

seam were weighted down with lead bricks or concrete blocks, and the 
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seam was rolled to effect the required pressure for good adhesion. 
Field seaming was always performed in direct sunlight when the fabric 
was very hot to the touch - well above the 3B°C manufacturer's 
recommended temperature. Care was also exerted that surfaces were 
clean before sealing and that air bubbles and wrinkles were not present 
in the seam. Occasionally, when the field seam got misaligned, which 
resulted in apparent wrinkles within the seam, it was pulled apart 
before the adhesive dried; adhesive was reapplied and the seaming 
process repeated. The seam adhesion was judged complete when the two 
surfaces could not be pulled apart with vigorous tugging by one person 
(i.e., approximately 35 kg tear strength). 

The resulting 3-m-deep bag, with its two 3-m side flaps, was 
dragged over the trench by a crew of 5 to 9 persons and allowed to fall 
into the trench while the flaps were held by the crew. The flaps were 
weighted down with assorted lead and steel bricks and concrete blocks 
on the ground surface of the trench perimeter. The bag was opened up 
within the trench by manipulation with a 3 m long x 5 cm diam capped 
PVC pipe until the liner touched all walls and the floor of the 
trench. Figure 2 shows one of the resulting lined trenches (trench 
338) during waste addition. 

Final positioning of the bag-shaped liner within the trench was 
made by a crew member climbing into the trench and moving portions of 
the Uner by hand until the bag was expressed to the limits of the 
trench dimensions; access to the trench was gained with a ladder whose 

2 

base rested on a 0.4 m x 1.3 cm section of plywood in order to avoid 
puncture of the liner by the ladder. A 4 x 4 m sheet of Typar (OuPont 
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F1g. 2. Lined trench 338 during construction. 
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Inc.) was placed over the floor portion of the Hypalon as a mechanical 
stress distributor for the 270-kg bales of compacted waste to be placed 
in each trench. 

Before the Uner placement Into trenches 338 and 342, a 
considerable amount of soil had to be removed, a condition caused by 
trench walls sloughing off during the approximately 12-month period 
during which these trenches were open before liner placement. In the 
case of trench 334, thirty bales of waste had been stored within this 
trench for a 12-month period and covered with a portable semicircular 
steel-sheet roof to prevent direct entry of precipitation. 

For filling of trench 338, bales of waste were removed from 
storage in trench 334 on July 14, 1982, and transferred to trench 338 
with the liner in place. Although trench 334 had been covered during 
this storage period as described above, the bales were saturated with 
water at the time of transfer, probably due to the catching of surface 
runoff by this trench. The bales fell apart so easily in this 
saturated condition that only their disintegrated contents could be 
transferred to trench 338. The approximate equivalent of 24 bale 
contents was placed in trench 338, which filled it to within 0.5 m of 
the ground surface. The remaining waste contents of trench 334, 
equivalent to approximately 6 bales, plus sloughed-off trench wall 
soil, were transferred to trench 342 on July 15, 1982. An additional 
14 bales of new waste were also placed in this trench in a random 
orientation, rather than a stacked configuration, to maximize 
inter-bale void space. The highest bale surface peaked at 
approximately 1 m below ground surface. 
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On July 16, 1982, 6 bales of waste were placed in trench 334 and 
the portable roof was replaced. The rate of generation of compactlble 
waste at ORNL required approximately two more months to accumulate the 
required 12 additional bales to fill trench 334. In August and again 
in September 1982, six new bales were added to trench 334, bringing its 
total to 18 bales, which were randomly stacked to within 1.5 m of the 
ground surface. 

On July 14, 1982, the side flaps of the liner in trench 338 were 
folded over the top of the trench. The sides of the liner were sealed 
with adhesive as described earlier, except that each seam was 
constructed in segments of approximately 0.5 m since it was not 
feasible to lay out the entire seam in one line. However, due to the 
widening of this trench brought about by the trench walls sloughing 
off, the tops of the flaps were not long enough to overlap and effect a 
field seam. A patch, approximately 1.5 x 3.0 m, was placed over this 
gap and field seamed with adhesive as described previously. This was 
an extremely tedious and time consuming task, because of the difficult 
angles and folds in the Hypalon fabric. A 10-cm-long slit was made in 
the center of this patch and slipped over the top of a 4.5-m-long by 
5-cm-diam (00) by 0.6-cm-thick PVC well casing, which had been inserted 
to the bottom of the trench. The bottom 2 m of casing was slotted on 
opposite sides at 15 cm increments. The liner was sealed to the casing 
with the Hypalon adhesive and was pinched together until dried. An 
additional seal of latex-acrylic caulk was applied in a collar around 
this adhesive seal. Finally, a 4 x 4 m sheet of Typar (a nonwoven, 
water permeable polypropylene fabric) was placed over the top of the 
Hypalon cover for mechanical support and slipped over the monitoring 
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well casing, which passed through a small slit in the Typar. Thus, 
treatment of trench 338 was completed. 

On July 16, 1982, the side flaps of the liner in trench 342 were 
folded over and sealed as described above. Again these flaps were too 
short to be overlapped, and a patch was fabricated as described above. 
A monitoring well was emplaced as described above, but no Typar cover 
was used on this trench. 

On October 15, 1982, the closure of the third lined trench (trench 
334) was effected. Rather than sealing the side flaps together with 
adhesive as was done with trenches 338 and 342, an unsealed Hypalon 
roof was constructed. The Hypalon bag's side flaps were folded over 
each other in such a way that all fabric sloped downward from the 
center of the trench where the monitoring well was placed. An 
additional piece of Hypalon (4.5 x 4.5 m), with a 10-cm slit to fit 
over the monitoring well casing, was draped over the top of the 
folded-in flaps, and the edges were tucked between the Hypalon bag and 
the trench sidewalls in such a way that a continuous downward slope was 
achieved, draining to the trench walls in all directions. A Typar 
cover was placed over this Hypalon roof as described above, and the 
Hypalon was sealed to the well casing. At that time the trench had 
approximately 60 cm of standing water; although a portable roof had 
been placed over the trench for the 3 months that the liner had 
remained open, apparently some surface runoff had been caught by the 
trench. This unsealed Hypalon cover should provide a good test of 
whether continuous three-dimensional sealing la required for effective 
lining of trenches. If conditions in the top one to two meters of the 
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soil profile remain unsaturated, this cover draping technique should 
prove adequate to achieve waste isolation. 

4.2 TRENCH GROUT EMPLACEMENT 

Trenches 335, 339, and 340 (Fig. 1) were selected for 
demonstration of low-level waste grouting prior to final cover 
emplacement. The grout used 1n the demonstration was supplied by a 
local paving company and was made made to the following specifications 
per 0.76 m 3 (1 yd3): 765 L (202 gal) water, 504 kg (1111 lb) ASTM 
Type I Portland cement, and 91.6 kg (202 lb) Dowell M179 bentonite. 
This slurry contains a cement-to-water ratio of 0.66 g/ml (5.5 lb/gal) 
with 18% bentonite (percentage of weight of dry cement) added, which 
duplicates successful bench-scale slurry mixes. ORNL arranged to 

3 
purchase an estimated 29 m of this grout, to be delivered starting 
on May 14, 1982. 

As trench grouting was initiated, trenches 335, 339, and 340 
contained a total of approximately 75 bales of compacted low-level 
waste. Actual numbers of bales per 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; this left ample space for emplacement of a final soil 
cover after the grout had set. 

The grout operation was to begin with grout delivery by truck to 
trench 339 and, after completion, proceed to trenches 340 and 335. 
Grouting of a trench was to be judged complete when all the void spaces 
between bales were filled and all bales were completely covered. A 
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slight modification 1n the initial grout application plan had to be 
3 

made when 1t was observed that, after delivery of approximately 5.4 m 
of grout to a trench, the bales began to float due to buoyant forces. 
To remedy this problem, the grout was applied to each of the three 
trenches 1n several stages covering the five-day period from May 14 to 
May 19, 1982. Between each grout application, the overnight time was 
sufficient for the grout to set and thus hold the bales firmly in place 
during the next grout application. The viscosity of the grout was low 
enough to facilitate rapid flow into the void spaces and only minimal 
phase separation and shrinkage of the grout was observed in the field. 
Figure 3 Illustrates the field grouting process, which was completed on 3 
May 19, 1982. A total of 29 m of grout was applied to the three 
trenches at a cost of $0.16/L ($0.62/gal) or $1583/trench (cost 3 includes mixing and delivery). Assuming a 28-m trench volume with 
50% void space between bales, the cost of grouting these demonstration 

3 3 trenches was $113/m ($86/yd ) of waste. 

4.3 CONTROL TRENCHES 

Trenches 336, 337, and 341 (F1g. 1) were designated as the three 
control or untreated trenches. Like the lined and grouted trenches, 
these controls were filled with bales of low-level waste to within 1 m 
of the ground surface and then backfilled and covered with previously 
excavated soil, which 1s the standard trench closure technique at ORNL 
at the present time. No attempt was made to fill void spaces between 
randomly placed waste bales; however, soil could be seen filling htost 
of the large voids near the surface as the cover was put in place and 
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Fig. 3. Illustration of the field grouting process. 
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compacted. As stated in the introduction, the purpose of constructing 
these three control trenches was for comparison, giving some mechanism 
for evaluating similar tests performed on the grouted and lined 
trenches. 

To close the nine experimental trenches, 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. In this manner the 
demonstration site was returned to near original surface contour, and 
the site has remained in this state to the present time. Additional 
soil was brought to the site in preparation for final leveling and 
seeding, which marked the completion of site construction (trench 
treatment) and the beginning of groundwater monitoring and trench cover 
subsidence studies. 
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5. TRENCH TREATMENT EVALUATION 

Evaluation of the two trench treatments employed at the ETF 
centered on their ability to keep the waste dry and to remain intact 
for an extended time period. A total of six tests were conducted to 
examine these two criteria (Table 3); four dealing with water-waste 
contact, one dealing with strength and durability of materials, and one 
addressing the question of trench cover subsidence. In some cases the 
results of a particular test were evaluated between the three classes 
of trenches (lined, grouted, and control). However, the water pump-out 
and pump-in tv. applied only to the lined trenches and would have 
little or no meaning if applied to grouted or control trenches. 
Similarly, the hydraulic conductivity tests did not apply to the lined 
trenches, and the strength and durability tests did not apply to the 
control trenches. Table 3 summarizes each of the six tests used to 
evaluate the performance of the ETF trenches and indicates to which 
class of trenches each test applies. 

5.1 PRESENCE OF WATER IN INTRATRENCH WELLS 

An obvious indicator of water-waste interaction in disposal 
trenches is the presence or absence of standing water in intratrench 
wells. For purposes of a survey of such standing water, wells were 
placed in each of the nine experimental trenches at the ETF. Well 
construction techniques were somewhat different between trench 
treatments and are summarized as follows. Wells ETF-41, -42, and -43 
were placed in lined trenches 334, 338, and 342, respectively, at the 
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Table 3. Methods used in evaluating the ability of the liner 
and grout treatments to prevent water-waste contact 

Evaluation method Applicable trench treatment 
Control Lined Grouted 

1. Presence of water in 
intratrench wells 

2. Water pump-out tests 
3. Water pump-in tests 
4. Hydraulic conductivity of 

waste-backfill mixture 
5. Strength and durability of 

materials 
6. Presence of trench cover 

subsidence 

* * * 

* 

* 

* * 

* * 

* * * 
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time the waste was being placed 1n the trenches. A small slit was made 
in the Hypalon cover to accommodate the 5-cm PVC casing, and the 
Hypalon was sealed to the well casing as described in Section 4.1. 
Likewise, wells ETF-44, -45, and -46 were located in control trenches 
337, 341, and 336, respectively, as the waste was being loaded in the 
trenches. Monitoring wells were bored, with an auger, in grouted 
trenches 340 (wells ETF-47 and -48), 335 (wells ETF-49 and -50), and 
339 (wells ETF-51 and -52) several months after the final soil cover 
had been applied, thus giving the grout ample time to harden. If well 
casings had been placed in these trenches prior to treatment, they 
would likely have been filled with grout and of no value for monitoring 
water levels. Table 4 summarizes the characteristics of the 12 
intratrench monitoring wells. 

To monitor for water in these intratrench wells, the depth to 
water was measured periodically for 29 months, beginning in January 
1983. Figures 4 through 6 summarize the results of this water 
monitoring program for the three lined trenches. As mentioned in 
Section 4.1, water was visible in trench 334 before the Hypalon cover 
was installed and the trench was closed. This water, and any water in 
the other two lined trenches, was presumably from surface infiltration 
during the time period between liner emplacement and cover emplacement, 
while the lined trench was open and being filled. Figures 4 through 6 
indicate that, after trench closure, water has remained in these three 
lined trenches and has exhibited fluctuating levels throughout the 
29-month monitoring period. This fluctuation in intratrench water is 
most pronounced in trench 338 (Fig. 5) which shows a characteristic 
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Table 4. Summary of design and construction characteristics 
of intratrench monitoring wells 

Trench ORNL coordinates Top of casing Casing Casing Screen Well and elevation length^ I.D. length treatment3 North East (m) <m) (cm) (m) 

41 334 L 16,772.9 23,612.9 243.37 3.51 5.1 2.0 42 338 L 16,766.6 23,645.2 243.30 2.87 5.1 2.0 43 342 L 16,756.2 23,666.4 242.85 2.82 5.1 2.0 44 337 C 16,781.4 23,631.0 243.80 3.86 7.6 1.5 45 341 C 16,769.4 23,657.4 243.25 3.43 7.6 1.5 46 336 C 16,735.3 23,633.3 242.32 3.76 7.6 1 .5 47 340 G 16,789.6 23,643.5 243.96 1.37 7.6 0.9 48 340 G 16,791.6 23,649.1 243.89 3.35 7.6 1.5 49 335 G 16,748.9 23,621.8 242.63 2.21 7.6 1.5 50 335 G 16,752.2 23,624.7 242.78 1.40 7.6 0.9 51 339 G 16,743.5 23,649.2 242.76 1.80 7.6 1.5 52 339 G 16,744.4 23,651.9 242.80 1.22 7.6 0.9 

a L = lined trench; C = control trench; G = grouted trench. 
bLength from top of casing (measuring point) to well bottom. 
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Fig. 4. Water elevations measured in lined trench 334. 
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maximum water level 1n the winter months and a minimum water level 
during the late summer. The seasonal change in water level is largest 
for t.hls particular trench and appears to be on the order of 1 m. 
Lined trench 334 exhibited the smallest water level fluctuation, which 
was only a few centimeters throughout the period of observation. 

If the water levels in these three trenches had remained 
stationary, one could argue that water from preclosure infiltration was 
trapped within the U n e r and could not drain from the trench. Even 
small increases (on the order of a few centimeters) in water level 
following a storm event could possibly be explained by increased soil 
moisture conditions around the trenches exerting an inward squeezing 
force on the liner, resulting in a slight rise in trapped water. 
However, the large seasonal variation exhibited, particularly in 
trenches 338 and 342, suggests that water is entering and leaving these 
two trenches, perhaps through tears or open seams in the Hypalon. A 
more detailed evaluation of the integrity of the liners is considered 
in the experimental water pump-out tests (Sect. 5.2) and water pump-in 
tests (Sect. 5.3). 

Like the lined trenches, wells in the three control trenches 
showed signs of intratrench water (Figs. 7 through 9), but, in the 
cases of trenches 337 and 336 for only brief periods of time. During 
the majority of the time, these trenches were observed to be nearly 
dry, indicating that only a small amount of trapped water was present. 
However, on several occasions water was observed to be standing in the 
bottoms of the trenches and, in the case of trench 337 (Fig. 7), would 
reach a depth of 0.84 m. Water fluctuations in trench 341 were 
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Fig. 7. Water elevations measured in control trench 337. 
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somewhat different from those in the other two control trenches and 
indicate that there is approximately 0.2 m of water standing in the 
bottom of the well, which does not respond to periods of heavy 
precipitation in the same manner as trenches 336 and 337. 

In reviewing the site precipitation records, it was rioted that the 
rather brief periods when water was observed to collect in control 
trenches were generally preceded by 5-day periods when rainfall was 
high, totaling up to 72.4 mm (Table 5). In contrast, on dates when the 
wells in the control trenches were observed to be dry, the total 
rainfall for the preceding 5 days was considerably less, ranging from 3 
to 22 mm. This correlation with rainfall suggests that water is 
entering these two trenches as surface infiltration and remaining for 
several days until drainage to the underlying groundwater can occur. 
No seasonal variation is evident from Figs. 7 through 9, but rather the 
water in the control trenches is transient, being directly related to 
individual precipitation events. This situation will likely continue 
to expose the contained waste to wetting and drying cycles, which is 
the case for a number of waste disposal trenches at ORNL (Spalding 
1984, Arora et al 1981, Davis and Stansfield 1984). 

For purposes of monitoring water levels and conducting hydraulic 
conductivity tests in the three grouted trenches, two shallow wells 
were bored in each trench with an auger and cased with 7.6-cm PVC 
slotted pipe. The auger holes had to be cased immediately and would 
not remain open for long, due to the expansion of the compacted waste 
bales after removal of the auger. Figure 10 summarizes the results of 
the 29-month water level monitoring program for three of the six 
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Table 5. A comparison between heights of standing water observed 1n 
control trenches 337 and 336 and the preceding 5 days' ra in fa l l 

Date Height of 
standing 
water (cm) 

Summation of 
Preceding 

5 days' Rain 
(mm) 

Date Height of 
standing 
water (cm) 

Summation of 
Preceding 
5 Days Rain 

(mm) 

Trench 337 Trench 337 

25Feb83 84 1 7 . 8 
17Nov83 49 19.0 
15Feb84 57 31 .6 
06Apr84 59 35 .6 
26JU184 48 3 . 8 
290ct84 48 2 .5 
05Feb85 60 72.4 
28Feb85 57 0.0 

"Trench 336 

15Feb84 47 37. .6 
06Apr84 54 35. 6 
05Feb85 47 72. .4 

31Jan83 0 4.4 
28Mar83 0 15.2 
05May83 0 3.2 
16Jun83 0 0.0 
06JU183 0 8.9 
17Aug83 0 0.0 
13Sep83 0 0.0 
190ct83 0 0.0 
17Jan84 0 3.8 
14Mar84 0 3.8 
22May84 0 0.0 
27Jun84 0 3.2 
29Aug84 0 0.0 
020ct84 0 6.4 
10Dec84 0 7.6 
26Mar85 0 21.6 
24Apr85 0 0.0 
29May85 0 6.3 

Trench 336 

31 Jan83 0 4.4 
25FebB3 0 17.8 
2BMar83 0 15.2 
05May83 0 3.2 
16Jun83 0 0.0 
06Jul83 0 8.9 
17Aug83 0 0.0 
13Sep83 0 0.0 
190ct83 0 0.0 
17NOV83 0 19.0 
17Jan84 0 3.8 
14Mar84 0 3.8 
22May84 0 0.0 
27Jun84 0 3.2 
26Jul84 0 3.8 
29Aug84 0 0.0 
020ct84 0 6.4 
290ct84 0 2.5 
10Dec84 0 7.6 
28Feb85 0 0.0 
26Mar85 0 21.6 
24Apr85 0 0.0 
29May85 0 6.4 
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grouted-trench wells. The remaining three grouted-trench wells were 
modified for use in tracer movement tests and were therefore not a part 
of the water level monitoring network. 

It appears from Fig. 10 that during a majority of the time there 
is only a minimal amount of water (5-10 cm) trapped in the bottom of 
each well; however, levels did increase slightly in well ETF-52 during 
the beginning of 1984 (February, March, and April). The observed water 
could have resulted from leaks in the grout backfill or, more likely, 
from direct rainfall into the well casing during periods when the well 
cover was removed, from leakage around the point at which the PVC well 
case enters the grouted trench, or from moisture associated with the 
waste bales prior to trench treatment. There is certainly no evidence 
that water levels are fluctuating within these trenches, which is the 
case with the Hypalon lined trenches, and there were no instances of 
high water level measurements that could be correlated with periods of 
heavy rainfall. Based on these intratrench water level data, grouting 
represents an improvement over the control trenches, because it does 
not appear to allow the waste to be subjected to fluctuating 
intratrench water levels resulting from rainfall infiltration. 

In summary, intratrench water has been detected in all nine 
experimental trenches at the ETF, but to differing degrees. This 
detection of water in intratrench monitoring wells does not necessarily 
indicate that a particular treatment has failed, or that it is allowing 
large quantities of water to leach the waste and transport 
radionuclides. It simply gives an indication of the presence or 
absence of perched water in the trenches and how it might be 
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fluctuating over an annual cycle. This 29-month water level monitoring 

program has actually served another important function: gathering 

information that could be used 1n planning additional treatment 

evaluation experiments. As an example, the presence of fluctuating 

water levels in two of the three lined trenches led to short-term water 

pump-out tests (Sect. 5.2) that were not considered during the 

experimental design stages. In addition, the response of water levels 

in the control trenches to precipitation events has suggested the value 

of recording water levels in these trenches at shorter time intervals 

during a rainfal l event to get a more accurate estimate of how long the 

water remains in the trench. Thus this intratrench water level survey 

has served several purposes, but 1t must be considered with a variety 

of other tests (Table 3) in evaluating the two trench treatments. 

5.2 WATER PUMP-OUT TESTS FOR THE LINED TRENCHES 

During the water level monitoring surveys described in Sect. 5.1, 

i t was observed that lined trenches 334, 338, and 342 each contained 

standing water that appears to fluctuate seasonally (Figs. 4 through 6). 

To determine whether this water 1s trapped 1n the trenches or, as the 

seasonal fluctuations might suggest, transient in nature, a water 

pump-out test was conducted on each of the three lined trenches. The 

tests were conducted with the assumption that, i f the water was trapped 

and could not exit through the Uner, one should be able to pump the 

trenches dry over a period of several weeks and they should thereafter 

remain dry. On the other hand, i f the trenches were drained and then 

began to collect in f i l t ra t ing water after pumping stopped, there would 

be strong evidence that the l iner system is leaking. To determine 
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which of these two cases applied, draining of the lined trenches was 
initiated 1n January 1984, a seasonally wet month. 

The trench drainage process was conducted using low pumping rates 
so as not to exceed the delivery capacity of the intratrench wells, and 
to allow ample time for the water drawdown to reach the outermost 
limits of the trench. After experimentation with several combinations 
of pumps and flow rates, the most successful trench draining technique 
was to siphon water (by gravity) from the trenches using 0.5-cm-ID 
tygon tubing to a 208-L collection/measurement drum until, after 
several days, the siphon would break. The remaining water in the 
trench was removed using a variable speed Masterflex pump with flow 
rate adjusted between 15 and 400 ml/min according to the delivery 
capabilities of the individual wells. Each of the three lined trenches 
was drained according to this procedure and, depending op the degree of 
water recovery that was observed after the initial pumping period, was 
pumped during several additional time intervals spaced out over several 
weeks. In this manner each trench was drained of as much intratrench 
water as possible. 

Figures 11 through 13 summarize the results of the water pump-out 
tests by showing the cumulative volume of water removed from each 
trench, the response of the intratrench water level to pumping, and the 
daily rainfall totals for the duration of the test. Trench 342 was 
intermittently pumped over a period of 46 days, and on February 24 a 
total of 2790 L of water had been drained and pumping ceased. 
Likewise, trench 338 was intermittently pumped over 38 days, and on 
February 23 a total of 3220 L of water had been drained and pumping 
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ceased. Draining of the third trench (trench 334) was somewhat 
different because of the small amount of intratrench water; a depth of 
0.28 m as compared with 1.29 and 1.49 m contained in trenches 342 and 
338, respectively. Pumping of this trench was stopped after only three 
days with a total of 224 L of water removed, less by a factor of 10 
than the volume removed from trenches 342 and 338. 

After pumping ceased, the water level recovery in each of the 
three lined trenches was observed for a period of approximately three 
months (Figs. 11 through 13). Results indicate that water levels in 
two of the three lined trenches (trenches 342 and 338) steadily 
increased after pumping stopped and actually exceeded the initial 
(prepumping) water levels. The third trench (trench 334) maintained a 
rather steady water level after being pumped until the first week in 
May, when it increased to a level approximately 0.75 m above the trench 
bottom. This observed increase in intratrench water levels can be 
directly related to the site precipitation, which is obviously 
responsible for the large increase in water level noted during the 
first week in May. 

In summary, the results of these lined trench pump-out tests 
suggest that the intratrench water observed was not merely trapped as a 
result of infiltration prior to cover emplacement, but rather is 
transient and infiltrates through holes in the liner during periods of 
precipitation. The tests are not extensive enough to form any solid 
conclusions about the extent or spatial distribution of holes in the 
liner, but merely suggest that the lined trenches are not as watertight 
as initially assumed. A more thorough treatment of the integrity of 
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each Uner wil l result from the analysis of the water pump-1n tests 

considered 1n the next section. 

5.3 WATER PUMP-IN TESTS FOR THE LINED TRENCHES 

The detection of water in intratrench wells (discussed in 

Sect. 5.1) and the inabil ity of the lined trenches to remain dry after 

intratrench water was pumped out (Sect. 5.2) both suggest that the 

Hypalon lined trenches are not watertight and are allowing water to 

come Into contact with the burled waste. A final evaluation of the 

Integrity of the three lined trenches was carried out through water 

pump-in tests. 

I f the three lined trenches are indeed watertight, one should be 

able to f i l l each trench with water over a period of several days and 

the water level measured in the intratrench well should remain constant 

at an elevation at or near the top of the trench. On the other hand, 

i f the liner 1s leaking i t my be impossible to f i l l the trench, as the 

water level continually drops with leakage. I f this latter case 

exists, 1t may actually be possible to observe an increase in water 

levels 1n monitoring wells surrounding the trenches. 

To conduct the water pump-in tests, water was delivered to the ETF 

site using a 5670-L water tanker truck. From the truck a 2460-L head 

tank (approximately 5 m higher 1n elevation than the experimental 

trenches) was repeatedly f i l led and used as a source of water. I t was 

estimated that each trench would take about 7570 L to f i l l the void 

space within the liner and that this volume of water could be delivered 

to each trench 1n approximately two 8-h days. 
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On June 11, 1984, filling of trench 342 began with the delivery of 
water at 28 L/m1n from the head tank using a 5-cm-d1am water hose. On 
June 12 (one day later) a total of 6624 L of water had been delivered 
to trench 342 and filling of trench 338 began. A total of 7191 L of 
water was added to trench 338 on June 12 and 13. On June 14 and 15, 
11,809 L was added to trench 334. Table 6 summarizes the water 
delivery schedule used for each of the three trenches. 

Immediately after water delivery to each trench was completed, a 
record of the water level within the Intratrench well was taken as a 
function of time. Figure 14 summarizes the water level recovery 
observed for each of the lined trenches and shows that within one day 
after water delivery ceased, the water elevations in the intratrench 
monitoring wells had returned to near the pretest water elevations. In 
the case of trench 342, the water elevation stabilized at 241.5 m, 
1.47 m above the trench bottom; water 1n trench 338 stabilized at 
242 m, 1.57 m above the trench bottom; and water in trench 334 
stabilized at 240.6 m, 0.74 m above the trench bottom. These rapidly 
decreasing water elevations suggest that the liners are indeed leaking 
water and may have a tear or puncture at those respective elevations. 

In addition to monitoring the water levels in the intratrench 
wells during the water pump-in tests, water levels were recorded in 12 
wells (four around each lined trench) that are located around the 
experimental trenches (F1g. 1). If water is confined to the lined 
trench, these surrounding wells should maintain a constant water level 
throughout the pump-in test. Tables 7 through 9 show the changes 1n 
water elevations that occurred within these monitoring wells during 
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Table 6. Summary of water delivery to lined trenches 
342, 338, and 334 

Time Volume of water 
Trench Date Interval delivered (L) 

342 6-11-84 1312-1350 946 
6-11-84 1357-1511 1514 
6-11-84 1513-1607 852 
6-12-84 0840-1000 1419 
6-12-84 1010-1050 568 
6-12-84 1050-1400 1325 

Total = 6624 
338 6-12-84 1400-1440 946 

6-12-84 1445-1550 1798 
6-12-84 1550-08403 2176 
6-13-84 0930-1110 2171 

Total = 7191 
334 6-13-84 1330-1440 2082 

6-13-84 1500-1635 946 
6-14-84 1150-1415 2271 
6-14-84 1510-1550 1041 
6-14-84 1550-0850® 1987 
6-15-84 1030-1320 2063 
6-15-84 1320-1500 1419 

Total = 11,809 

aWater delivery continued overnight. 
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Table 7. Water elevations in four wells surrounding trench 342 
during water pump-in tests3 

Water elevation (m) 
Date Time 

ETF-33 ETF-36 ETF-37 ETF-40 

-84 1530 238.31 238.38 239.12 238.16 1540 238.31 238.40 239.18 238.17 1550 238.30 238.43 239.32 238.20 
1600 238.31 238.45 239.44 238.21 1630 238.32 238.54 239.75 238.27 -84 0840 238.44 239.10 239.44 238.55 
0930 238.45 239.07 239.60 238.55 1000 238.46 239.10 239.97 238.57 
1040 238.46 239.16 240.25 238.61 
1100 238.46 239.18 240.32 238.64 1320 238.49 239.41 240.72 238.80 
1420 238.49 239.47 240.79 238.85 
1510 238.50 239.50 240.79 238.87 
1600 238.53 239.52 240.77 238.89 -84 0840 238.97 239.45 239.86 238.79 
1140 239.09 239.32 239.53 238.72 1630 239.35 239.24 237.27 238.65 -84 1320 238.78 238.82 238.63 238.44 -84 0845 238.66 238.68 238.48 238.37 
1520 238.63 238.65 238.46 238.36 1-84 0830 238.45 238.45 238.24 238.20 
High 239.35 239.52 240.79 238.89 
LOW 238.30 238.38 238.24 238.16 

Difference 1.05 1.14 2.55 0.73 

aWater delivery started at 1312 on 6-11-84. 
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Table 8. Water elevations in four wells surrounding trench 338 
during water pump-in tests3 

Date Time 
ETF-25 

6--12-84 1330 238.83 
1430 238.83 
1510 238.83 
1600 238.88 

6--13-84 0840 239.65 
1030 239.58 
1140 239.94 
1330 240.41 
1630 240.47 

6--14-84 1320 239.59 
7600 239.65 

6--15-84 0850 239.80 
1510 239.97 6--18-84 0840 239.36 

Water elevation (m) 
ETF-28 ETF-29 ETF-32 

239.05 239.00 238.85 
239.06 239.01 238.88 
239.07 239.05 238.90 
239.12 239.16 238.98 
240.59 239.46 239.55 
240.53 239.42 239.50 
241.06 239.73 239.64 
241.53 240.10 239.90 
241.39 240.12 239.96 
239.92 239.25 239.15 
239.83 239.24 239.12 
239.54 239.25 239.01 
239.45 239.27 238.97 
239.16 239.07 238.77 

240.12 239.96 
239.00 238.77 

1.12 1.19 

High 240.47 241.53 
Low 238.83 239.05 

Difference 1.64 2.48 

aWater delivery started at 1400 on 6-12-84. 
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Table 9. Water elevations in four wells surrounding trench 334 
during water pump-in tests3 

Water elevation (m) 
Date Time 

ETF-17 ETF-20 ETF-21 ETF-24 

-84 1040 239.11 239.38 239.27 239.28 
1410 239.11 239.63 239.52 239.46 1450 239.13 239.66 239.64 239.46 
1620 239.15 239.76 240.04 239.46 

84 1145 239.31 239.49 239.82 239.34 1330 239.32 239.52 239.90 239.24 1510 239.34 239.67 240.28 239.26 1600 239.36 239.79 240.50 239.28 -B4 0850 239.70 239.72 240.31 239.29 
1320 239.68 240.10 240.97 239.33 1500 239.69 240.33 241.30 239.44 

1-84 0850 239.48 239.39 239.62 239.18 1-84 1330 239.36 239.29 239.43 239.15 
High 239.70 240.33 241.30 239.46 
Low 239.11 239.29 239.27 239.15 

Difference 0.59 1.04 2.03 0.31 

aWater delivery started at 1330 on 6-13-84. 
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w a t e r d e l i v e r y t o each t r e n c h ; t h e s e changes s u p p o r t t h e c o n c l u s i o n 

t h a t t h e t h r e e l i n e r s a r e l e a k i n g . W i t h i n s e v e r a l h o u r s o f commencing 

t h e p u m p - i n t e s t , w a t e r i n t h e s e m o n i t o r i n g w e l l s began t o r i s e t o an 

e l e v a t i o n between 0 . 3 1 and 2 . 5 5 m h i g h e r t h a n t h e p r e t e s t l e v e l s . I n 

g e n e r a l , t h e p a i r o f w e l l s t o t h e wes t and e a s t o f t h e t r e n c h b e i n g 

f i l l e d ( w e l l s ETF - 3 6 , - 3 7 , - 2 8 , - 2 9 , - 2 0 , and - 2 1 ) showed t h e g r e a t e s t 

r e s p o n s e t o t h e p u m p - i n t e s t s , w h i c h p r o b a b l y r e s u l t s f r o m t h e s i m i l a r 

o r i e n t a t i o n o f t h e g e o l o g i c s t r i k e (N50E) (Vaughan e t a l . 1 9 8 2 ) . 

I n summary, a l l t e s t s d e s i g n e d t o e v a l u a t e t h e p e r f o r m a n c e o f t h e 

t h r e e l i n e d t r e n c h e s i n d i c a t e t h a t t h e y a r e n o t w a t e r t i g h t . Though t h e 

i n t r a t r e n c h w e l l s w i l l a c c e p t w a t e r a t a r a t e o f a p p r o x i m a t e l y 28 

L / m i n , t h e w a t e r i s n o t c o n t a i n e d w i t h i n t h e l i n e r b u t i s e x i t i n g f r o m 

t h e t r e n c h and c a u s i n g w a t e r e l e v a t i o n s i n s u r r o u n d i n g w e l l s t o 

I n c r e a s e t h r o u g h t h e d u r a t i o n o f t h e t e s t . The t o t a l f l u x o f w a t e r 

e n t e r i n g and l e a v i n g t h e t r e n c h e s may be dec reased somewhat by t h e 

p r e s e n c e o f t h e Impermeab le l i n e r ; however , t h e t h r e e r e p l i c a t e l i n e d 

t r e n c h e s can n o t be c o n s i d e r e d a b s o l u t e l y w a t e r t i g h t , as was t h e d e s i g n 

g o a l . Fo r t h e s e reasons t h e Hypa lon f a b r i c l i n e r as c o n s t r u c t e d i n 

t h i s d e m o n s t r a t i o n c a n n o t be recommended as an improvemen t t o p r e s e n t 

s h a l l o w l a n d b u r i a l p r a c t i c e s . 

5 . 4 HYDRAULIC CONDUCTIVITY OF THE WASTE-BACKFILL MIXTURE 

The f o u r t h t r e n c h t r e a t m e n t e v a l u a t i o n p e r t a i n s t o t h e g r o u t e d and 

c o n t r o l t r e n c h e s and i n v o l v e s measurement and c o m p a r i s o n o f t h e 

w a s t e - b a c k f i l l h y d r a u l i c c o n d u c t i v i t y . I n t h i s case t h e t e r m h y d r a u l i c 

c o n d u c t i v i t y a c t u a l l y means t h e a b i l i t y o f I n t r a t r e n c h w e l l s 1n t h e s e 

t w o c l a s s e s o f t r e n c h e s t o a c c e p t w a t e r u n d e r s a t u r a t e d c o n d i t i o n s . I f 
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water freely flows into the intratrench wells, and a relatively high 
hydraulic conductivity results, one can assume that there is a large 
amount of void space in the trench and that the limiting factor for 
water acceptance in the wells is likely to be the side walls and bottom 
of the trenches, not the waste-backfill mixture. Under these 
conditions of large intratrench void space and high waste-backfill 
hydraulic conductivity, one can assume little protection of the waste 
from infiltrating water, either rainfall infiltration or shallow 
subsurface flow. 

In the case of the cement-bentonite treated trenches, the voids 
between waste bales were filled with grout and the intratrench wells 
should not accept water as freely as the control trenches, yielding a 
lower value for waste-backfill hydraulic conductivity. Under these 
conditions of minimal void space and low hydraulic conductivity, the 
waste can be considered better isolated and the degree of isolation can 
be quantitatively compared with results from the control (untreated) 
trenches. 

The method for the determination of saturated hydraulic 
conductivity (K) in the three control and three grouted trenches was 
that of a well point filter located in uniform soil (Hvorslev 1951). 
Using this method, one can measure either the flow rate (q) required to 
maintain water at a constant head within the well or the time required 
for the head to fall from point H1 to point H2. In either case, 
the saturated hydraulic conductivity can be calculated from the 
following equations developed by Hvorslev. 
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Falling head K - d2ln(2mL/D) ln(H-|/H2) (1) 

m p t D 

where 

K= hydraulic conductivity 1n meters per second, 

d= diameter of standplpe in meters, 

D= diameter of borehole 1n meters, 

L= length of open (screened) borehole in meters, 

m= transformation ratio, assumed to be 1, 

t= time 1n seconds, 

H= hydraulic head, in meters, at time t . 

Constant head K - q ln[(mL/D) +J1 + (mL/D)2] (2) 
3ttLH3 

where 

q= water intake In cubic meters per second, 

H3S constant head 1n meters. 

The f ie ld procedure consisted of adding water to the Intratrench 

wells until saturated conditions around the well screen could be 

assumed. This was accomplished by adding approximately 130 L of water 
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to each of the grouted trenches prior to testing and approximately 
645 L to each of the control trenches. In the case of the three 
grouted trenches, this water addition brought the intratrench water 
level to near the top of the well casing. After saturation, the fall 
of the water levels in the three grouted trenches was timed for several 
replications to collect the required data for entry into Eq. 1. In a 
like manner, the fall in intratrench water levels for the three control 
trenches was attempted; however, it was noted that two of the three 
trench wells (wells 44 and 46) could not be filled with water even at 
an Inflow rate of 7 L/s, delivered by a gas-powered portable pump. 
Thus the saturated hydraulic conductivities of these two control 
trenches were determined, not by the falling-head method (Eq. 1), but 
rather by using Eq. 2 and assuming the K value to be greater than that 
of a well with constant head maintained by an inflow of 7 L/s. In the 
case of the third control trench (well 45), the value of K was again 
determined using Eq. 2, however, because of the lower rate of water 
acceptance in this trench, the K value could be calculated and was not 
reported as a greater-than number. Table 10 summarizes the values of K 
determined for each of the six experimental trenches. 

Results of these in situ hydraulic conductivity tests indicate 
that the control trenches do accept water at a much higher rate than do 
the three grouted trenches (approximately 2 to 3 orders of magnitude 
higher). This is not surprising, because of the relatively large 
amount of Intratrench void space present. In contrast, the grouted 
trenches have this void space filled with cement-bentonite grout and 
thus have a much lower water acceptance (K) value (10~6 to 10~7 m/s). 
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Table 10. Comparison of hydraulic conductivity values measured 
in the grouted and control trenches 

Well Trench Treatment Hydraulic 
conductivity 

(m/s) 

47 340 Srout Rep 1 3.54 X 10"6 
Rep 2 7.57 X 10-6 
Rep 3 6.63 X 10"6 

50 335 Grout Rep 1 2.93 X 10-7 
Rep 2 3.50 x 10-7 
Rep 3 4.02 X 10-7 

52 339 Grout Rep 1 6.00 X 10-7 
Rep 2 6.16 X 10-7 
Rep 3 5.67 X 10-7 

46 336 Control >5.98 X 10"4 

45 341 Control 1.69 X 10"5 

44 337 Control >5.72 X 10~4 
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Any water that seeped Into the grouted trenches during these tests 
probably traveled through fissures 1n the waste bales and may have 
actually exited from the trench 1f the fissures extended to the sides 
of the grout/waste mass. 

In summary, field measurements of hydraulic conductivity in the 
grouted and control trenches indicate that the cement-bentonite grout 
reduces the hydraulic conductivity of the waste-backfill mixture by 2 
to 3 orders of magnitude. Values of K measured in the grouted trenches 
ranged from 7.57 x 10~6 to 2.93 x 10~7 m/s and are of the same 
magnitude as K values measured in the undisturbed Conasauga Formation 
(6.3 x 10~7 m/s). Conversely, K values measured in the control 

-5 -4 
trenches are much larger, ranging from 1.69 x 10 to >5.98 x 10 , 
indicating little resistance to water movement. This reduced hydraulic 
conductivity means a greater resistance to water flow and an added 
degree of hydrologic protection for waste placed in the grouted 
trenches. 
5.5 STRENGTH AND DURABILITY OF MATERIALS 

An important question 1n the evaluation of trench grouting and 
lining, as carried out in this field demonstration, 1s the strength and 
durability of the materials used. In the case of the grout, the 
expected reduction in cover subsidence and hydrologic isolation of the 
waste is of litt"U value if the properties of the set grout are such 
that it lacks necessary strength to withstand the environmental 
conditions (t£/J$)§j*§ture, precipitation, and mechanical stresses) likely 
to be encoi^ffffjtd is/fift gxtended storage at low-level waste disposal 
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sites. Likewise, a material used to line a trench must retain its 
shear strength, resistance to puncture, and impermeability 1f it is to 
serve its intended purpose of waste isolation in future years. This 
assurance of durability for extended periods of time will certainly be 
an important factor in public acceptance of any type of material used 
for Improved shallow land burial. 

To investigate the question of durability of the two materials 
(cement-bentonite grout and Hypalon fabric) being tested at the ETF, a 
grout and liner aging study was initiated in February 1984. The 
purpose of the study was to examine the short-term (2-3 years) changes 
in selected engineering properties of grout and liner specimens similar 
to those used at the ETF. If changes in measured properties occur with 
short-term exposure to the elements, and if these changes suggest 
future treatment failure, then there will be some basis for making 
meaningful predictions about the future performance (lifetime) of 
similarly treated trenches. If, on the other hand, there are no 
detectable changes 1n engineering properties over the short term, 
longer-term experiments examining materials durability would be 
required to gather meaningful data applicable to 50-100 years in the 
future. Thus the aging experiments described here apply to the short 
term and are designed to detect rather abrupt changes in selected grout 
and liner properties. 

An important engineering property of the cement-bentonite grout, 
and the one selected for examination in this experiment, is the 
unconfined compressive strength (ASTM C 109-80) of the set grout. If 
this strength, measured as the force per unit area required for 
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breakage of a cylindrical grout specimen, decreases significantly with 
time, then the grout is gradually losing its strength and will likely 
form cracks and fissures through time as the result of natural 
stresses. A decreasing compressive strength would obviously not be a 
desirable grout property. For the Hypalon liner evaluation, shear 
strength (ASTM D 751-79) and puncture resistance were selected as the 
two engineering properties to examine. These two properties are 
thought to best characterize the resistance of the fabric to puncture 
or tearing by waste packages, the most likely cause of treatment 
failure. 

To carry out the aging experiment, 100 samples of cement-bentonite 
(7-cm-high cylinders with a radius of 2.75 cm) and 200 strips of 
Hypalon fabric (each strip 2.5 by 20.3 cm) were prepared for testing. 
In the case of the Hypalon strips, the samples were taken from a piece 
of the fabric that was left over from the trench lining operations that 
took place in the summer of 1982. Thus the specimens can be considered 
representative of that used to line the ETF trenches. However, the 
cement-bentonite grout samples were not collected from the delivery 
trucks that actually filled the three trenches selected for grouting, 
but Instead were made up at a later date according to identical 
specifications (Sect. 3.2). The one important factor that could not be 
reproduced 1n preparing these grout specimens was the shear delivered 
by the cement mixing truck. This shear force was reproduced as nearly 
as possible using a bench-top 3.78-L polyethylene mixing vessel 
equipped with side vanes, in which the three ingredients (water, 
cement, and bentonite) were completely mixed during sample preparation. 
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Thus the grout specimens must be evaluated with the condition that they 
came from a different batch of cement-bentonite and may or may not be 
identical to that used in the three ETF trenches. 

After sample preparation, a total of five subsets (one subset 
consisting of 10 randomly selected grout cylinders and 20 randomly 
selected liner strips) were buried at a depth of 30 cm at the ETF just 
west of the experimental trenches. In this manner the samples were 
exposed to the same natural conditions as the material in the 
experimental trenches and could be easily retrieved for scheduled 
testing summarized in the experimental design (Table 11). 

As seen in Table 11, the experiment examines changes 1n the three 
selected engineering properties as a function of time for a period of 2 
years. To date, three sets of samples, those corresponding to the 
subsets to be tested after 4, 10, and 15 months, have been retrieved 
and tested. In the future, retrieval of sample subsets 4 and 5 will 
continue as scheduled (Table 11) to complete the experiment in FY 1986. 

Unconfined compressive strength of the cement-bentonite specimens 
was performed using a Karol-Warner Inc., model KW 567 unconfined 
compression tester equipped with a model KW 2500 R load ring capable of 
delivering a maximum of 1134 kg to a single specimen. The load to the 
top of each specimen was gradually increased at approximately 30-s 
intervals until the cylinder specimen cracked or split into pieces, 
indicating that the unconfined compressive strength had been exceeded. 
The load (kg) causing the specimen to fail was then converted to a 

- 2 - 2 pressure or stress (kg m m s ) by dividing by the top surface 
2 area of the cylinder (m ) and multiplying by the acceleration due to 



21 
ORNL/TM-9742 67 

Table 11. Experimental design used for the grout 
and liner aging study 

Number of samples for 
Aging Grout Liner Liner 
time Subset compressive tensile puncture 

(months) number strength strength resistance 

0 0 n=10 n=40 n=30 
4 1 n=10 n=20 n=30 
10 2 n=10 n=20 n=30 
15 3 n=l0 n=20 n=30 
20 4 n=10 n=20 n=30 
24 5 n=!0 n=20 n=30 
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_2 gravity (m s ). Table 12 summarizes the mean and standard deviation 
of the grout sample compressive strengths expressed in kilopascals 

-3 -1 -2 
(10 kg m s ) and pounds per square inch (psi). As seen in 
the table, a significant increase in the strength of the grout 
specimens occurred between subsets 0 and 1, probably resulting from the 
increased curing time. The samples in subset 0 were tested after 7 
days of curing, while the samples in subset 1 aged four months in the 
field before being tested. This increase in grout strength (final 
strength over early strength) is typical of cement chemistry (Smith 
1976). 

As weathering time increased from 4 months to 10 and 15 months, 
the grout compressive strength did not change dramatically. It was 
somewhat lower for subset 2 (2555 kPa), but was still higher by a 
factor of 2 than that observed for subset 0 (1190 KPa). Based on this 
short-term aging test, there is no evidence that the compressive 
strength of the grout is changing (either increasing or decreasing) 
with field exposure, indicating that the grout properties are remaining 
constant. Questions concerning the integrity of the grout in the short 
term can be answered using this experimental design; however, questions 
concerning the long-term stability of the grout are beyond the scope of 
this work. 

The liner tensile strength was tested using an AMETEK (Hunter 
Spring Division) model ML 3353 pull tester (range 0 to 230 kg). The 
apparatus was equipped with two 2.5-cm-wide self-tightening tensile 
grips (jaws) for grasping and pulling 2.5-cm-wide strips of fabric. 
One grip was connected to a stationary force gauge, and the other was 
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Table 12. Preliminary results of the grout and liner aging study 

Aging Grout Liner Liner 
time Subset compressive tensile puncture 

(months) number strength strength resistance 
(kPa) (psi) (kg) (kg) 

0 0 x=l190 x=l73 x=64.4 x=11.7 
sd=317 sd=46 sd=6.8 sd=0.97 

4 1 x=4156 x=603 x=67.6 x=12.5 
sd=1056 sd=153 sd=8.2 sd=0.86 

10 2 x=2555 x=371 x=77.1 x=13.3 
sd=759 sd=110 sd=7.1 sd=0.46 

15 3 x=3640 x=528 x=49.5 x=13.5 
sd=l505 sd=218 su=0.70 sd=0.20 
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connected to a movable piston operated by an air motor. Ten of the 
twenty 2.5 by 20.3 cm liner specimens retrieved from the ETF as each of 
subsets 1, 2, and 3 were cut in half, yielding 20 specimens with 
dimensions 2.5 by 10.1 cm. Each of these smaller fabric samples was 
placed on the tester and pulled through a 7-cm stroke, resulting in 
either breaking of the specimen into two pieces or stretching of the 
rubber material coating with considerable damage to the interior fabric 
strands; either case was taken as failure of the fabric, and the 
resulting tensile strength was recorded. Table 12 indicates that there 
is little difference in the mean tensile strengths between subsets 0, 
1, and 2 (64.4 vs 67.6 vs 77.1 kg); however, samples from subset 3 
appear to have a lower tensile strength (49.5 kg), which may be due to 
extended field exposure. Testing of subsets 4 and 5 after longer field 
exposure will address this question. 

The puncture resistance of the liner was not determined using a 
standard ASTM test, but rather with a hand-held model L 30 force gauge 
(AMETEK Hunter Spring Division) equipped with a 0.5-cm-diam cone-shaped 
fitting that could be used to puncture the fabric. Specimens of the 
Hypalon (2.5 by 20.3 cm) were placed in the tensile grips of the pull 
tester (for securing both ends) and punctured three times with the 
force gauge and cone-shaped attachment held perpendicular to the plane 
of the fabric. The three force gauge readings (kg) were averaged to 
give a single value of puncture resistance for each of the ten liner 
specimens. Table 12 shows that, after 15 months of field weathering, 
there was no significant difference in puncture resistance between any 
of the subsets tested, indicating that little change has taken place. 
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These preliminary results of the grout and Uner aging study 
indicate that, except for an initial increase in grout compressive 
strength, no dramatic deterioration or improvement in selected 
engineering properties has taken place between testing of subsets 0 
and 3. This is obviously a tentative conclusion, based on the results 
of 15 months storage time, and will be further evaluated as additional 
specimen subsets are retrieved and tested in the future. 

5.6 TRENCH COVER SUBSIDENCE 

The final treatment performance evaluation involved the presence 
or absence of trench cover subsidence. For this purpose, three 
reference transects were established at the site, each to pass over a 
subset of three of the nine experimental trenches (Fig. 15). Five 
subsidence surveys were conducted along the transects over a 2-year 
period between March 1983 and July 1985. Each survey consisted of 
using a surveyor's level to determine the surface elevation at 30-cm 
intervals along each of the three transects. In this manner, 
comparisons of elevations between surveys could be made and subtle 
differences could be detected that may have been missed by a visual 
site survey. The timing of the surveys make them an excellent 
indicator of rapid trench cover subsidence caused by initial settlement 
of waste bales or water-induced movement of cover material into trench 
void space; however, they are limited in the sense that they do not 
serve as an indicator of long-term (greater than 5-year) subsidence 
caused by general waste degradation. To investigate this long-term 
subsidence, the surveys would have to continue for a number of years, 
which is beyond the scope of this investigation. 
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The surface profiles resulting from three of the five surveys are 
summarized 1n Fig. 16 through 18, which are plotted with a 14 to 1 
vertical to horizontal distortion. These figures Indicate that there 
has been no catastrophic trench cover failure and actually very little 
settlement of the soil cover across the entire site. The largest 
amount of settlement (on the order of 7-10 cm) 1s seen to occur 1n two 
regions: between 3 and 6 m along transect 1, and between 15 and 19 m 
along transect 3. As Indicated on F1gs. 16 and 18, these regions of 
highest soil settlement correspond to the cover material directly over 
two of the three Hypalon lined trenches (trenches 334 and 342). 

In an attempt to quantify the subsidence that has taken place over 
these two trenches, the average depth of settlement In these regions 
(Table 13) was expressed as a percentage of the total trench depth 
(3.05 m). In this manner, it was calculated that trenches 334 and 34* 
have both exhibited approximately 2-3% settlement during the initial 
2-year observation period. No detectable settlement, either visual or 
as a result of the surveys, could be detected over the remaining seven 
trenches. 

The settlement of cover material over trenches 334 and 342 was an 
unforeseen result and has probably resulted from the following 
conditions. When waste bales were placed in trenches 334 and 342, they 
were dumped in a random manner, which resulted in a very irregular top 
surface. Many jagged edges and ends of waste bales, and accompanying 
large void spaces, were then covered by the Hypalon trench liner, as 
described in Sect. 4.1. With time, the Hypalon liner stretched under 
the weight of the soil cover and conformed to the shape of the top 
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F1g. 17. Subsidence along ETF transect 2. 
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Fig. 18. Subsidence along ETF transect 3 
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Table 13. Change in surface elevation above lined trenches 334 and 
342 between survey 1 (March 1983) and survey 5 (July 1985) 

Transect 1 Transect 3 
(above trench 334) (above trench 342) 

Distance along Change in Distance along Change in 
transect (m) elevation (cm) transect (m) elevation (cm) 

3.05 9.1 15.24 6.7 
3.66 11.3 15.85 10.0 
4.27 13.1 16.46 7.0 
4.88 12.8 17.07 8.8 
5.49 8.9 17.68 7.7 
6.10 4.2 18.29 5.5 

18.90 4.6 
Average = 9 . 9 

Average = 7 . 2 
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surface of the waste. This stretching and molding of the Hypalon cover 
has resulted 1n a gradual settlement of the overlying soil that could 
be detected in the subsidence surveys. An obvious method of correcting 
this problem would be to add soil fill to the waste trench prior to 
installing the Hypalon cover. This would act as a smooth surface and 
prevent puncture of the Hypalon under the weight of the overlying soil 
cover. 

Unlike lined trenches 334 and 342, lined trench 338 has not 
exhibited such noticeable cover subsidence (Fig. 17). As described in 
Sect. 4.1, this trench was filled with the contents of waste bdjlfes that 
had come apart during their approximate one-year storage time in trench 
334 (Fig. 2). When filled with the contents of waste bales, trench 338 
had a much less irregular top surface, which could serve as a smoother 
foundation for the Hypalon cover. As a result, this trench cover has 
performed more like those of the grouted and control trenches than like 
those of the other two lined trenches. Thus two of the three lined 
trenches have exhibited initial cover subsidence, and it remains to be 
seen whether the subsidence will continue or whether it will gradually 
cease as the liners conform to the top surface of the waste. 

In the case of the three control trenches, the top surface of the 
waste was again irregular, similar to that of lined trenches 334 and 
342. When the soil cover was added, the easily accessible void spaces 
were immediately filled as the compacted cover was built up to the 
desired 30 cm depth. As a result of this initial filling of a portion 
of the upper trench void space, there has been no detectable subsidence 
of the cover over the three control trenches. Only long-term 
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monitoring will determine whether water-Induced movement of soil Into 
voids located deeper 1n the trenches will eventually cause subsidence 
problems over the control trenches. 

The top surface of the three grouted trenches was characterized as 
smooth and firm after grout set. The soil cover over these trenches 
has exhibited no detectable subsidence and will likely not unless large 
cracks develop in the grout-waste matrix. Even with this unlikely 
scenario, the void space between waste bales is filled with grout, ,, 
which will Inhibit soil movement and keep cover subsidence to a 
minimum. From the 2-year survey, cement-bentonite grouting appears to 
be an excellent method of preventing initial cover subsidence over 
low-level waste disposal trenches, and more time 1s needed to evaluate 
the extent of the observed subsidence over the lined trenches. 
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6. SUMMARY AND CONCLUSIONS 

Over the past 40 years, the standard method of disposing of 
low-level radioactlvB Wflst.fe at DOE Hpfense waste sites has been shallow 
land burial. At OWN! ^ \\ approximately 
0.S ra afeuve tin max f otnfci v*si .miuwtuer table 1n the area, waste 
and/or waste packages are placed in the trench, and an approximately 
l-m-th1ck soil cover 1s placed over each trench when it is full. Very 
few changes have been made in this operating procedure, and for the 
most part it has proved to be a satisfactory waste disposal method. In 
a few instances, particularly where older groups of trenches at lower 
elevations are involved, there have been reports of radionuclide 

90 3 
migration from the trenches (particularly Sr and H) and, in 
retrospect, application of some improved shallow land burial technique 
or use of an alternate sit? would likely have reduced or even prevented 
the present "leaking trench" or waste leaching situation. 

The purpose of this study has been to examine two Improved shallow 
land burial practices; trench grouting prior to soil cover emplacement, 
and trench lining using a synthetic impermeable lining material. In 
1981 and 1982 nine experimental trenches were excavated, filled with 
bales of low-level compacted waste generated at ORNL, and treated (or 
not) according to the ETF experimental plan (Boegly and Davis 1983). 
This report examines the performance of the two trench treatments and, 
where possible, makes a comparison with the untreated control 
trenches. In all cases, the treatment evaluation experiments have been 
designed to investigate the ability of the improved practices to 
prevent water-waste contact. 
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As a result of the evaluation experiments described 1n this 
report, the following conclusions concerning the grouted and lined 
trenches have been reached. 

1. Standing water was observed in all nine experimental trenches (both 
treated and control); however, depth of water and water level 
fluctuation patterns over the approximately 3-year study period 
differ according to the type of treatment. For example, 
intratrench wells in the three grouted trenches contained only a 
small amount of water, and no fluctuation pattern was apparent 
(Fig. 10). At the other extreme, the three lined trenches 
contained up to 1.5 m of standing water, which appeared to 
fluctuate seasonally (Figs. 4 through 6), being highest in the 
winter months. The three control trenches were observed to contain 
water on several occasions (Figs. 7 through 9); this intratrench 
water seemed to be directly correlated with the previous 5-day 
precipitation totals (Table 5), indicating that the water was 
probably transient in nature and rapidly drained from the trench. 
Thus none of the intratrench wells remained absolutely dry over the 
monitoring period. 

2. Water pump-out tests conducted on the three lined trenches did not 
support the original hypothesis that the liners were watertight. 
Within three months of being pumped dry of intratrench water, all 
three trenches collected water to a level at or above the pretest 
elevation. In addition, there was a very noticeable increase in 
intratrench water levels resulting from the heavy storm activity 
that occurred the first week in May 1984. 
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3. Mater pump-in tests conducted on the three lined trenches again 
indicated that the liner was leaking. After delivery of 6624, 
7191, and 11,809 L of water to lined trenches 342, 338, and 334, 
respectively, the intratrench water levels rapidly subsided to the 
pretest elevations (Fig. 14), indicating leakage. In addition, 
nearby monitoring wells (within 2 m of the trench sidewalls) were 
observed to show a rapid increase in water elevation, further 
supporting the leaking iiner scenario. 

4. Field measurements of hydraulic conductivity in the three grouted 
and three control experimental trenches indicated that flow of 
water through the grout-waste backfill is 2 to 3 orders of 
magnitude (K= 10~6 to 10~7 m/s) lower than flow of water 
through the control trenches (K= 10~4 to 10"5 m/s). This 
reduced hydraulic conductivity or ability of water to flow through 
the waste trenches offers a higher degree of hydrologic isolation 
for waste stored in the grouted trenches. 

5. The unconfined compressive strength of the grout specimens showed 
a significant increase between subset 0 (7-d curing time) and 
subset 1 (4-month curing time) and has been attributed to the 
increased curing time. No further changes in compressive strength 
have been observed through month 15. Testing of liner tensile 
strength and liner puncture resistance Indicated that again no 
significant changes have occurred in these engineering properties, 
with the possible exception of tensile strength at month 15 
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(subset 3). Additional sampling, as scheduled in Table 11, wi l l 

enable a more extensive evaluation of any rapid changes in grout 

and liner properties with age. 

6. Trench cover subsidence surveys indicated that only two trenches 

(lined trench 334 and lined trench 342) have exhibited cover 

subsidence. The subsldenfcfl was on the order of 7.2 to 9.9 cm 

(Table 13) and represented a settlement of approximately 2-3% of 

the total trench depth in a 2- ">ar period. The reason for the 

subsidfirfice over these particular tranches was believed to be the 

stretching of the Hypalon * . the irregular top surface of the 

waste. Only continued moni + ^ ing win determine whether subsidence 

over these two trenches continues or wi l l cease as the fabric 

conforms to the shape of the waste. None of the remaining seven 

trenches have shown any indication of cover subsidence. 
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