
e ORNL/TM-11793 
MAS CO-PY 

OAK RIDGE 
NATIONAL 
LAB0 RATORY Evaluation of 1985-1 986 Corrective 

Actions at ORNL Liquid Waste 
Disposal Trench 7 

B. P. Spalding 

Environmental Sciences Division 
Publication No. 3690 

MANAGED BY 
MARTIN MARIETTA ENERGY SYSTEMS, INC. 
FOR THE UNITED STATES 
DEPARTMENT OF ENERGY 





Environmental Sciences Division 

EVALUATION OF 1985-1986 CORRECTIVE ACTIONS 
AT ORNL LIQUID WASTE DISPOSAL TRENCH 7 

B. P. Spalding 

Environmental Sciences Division 
Publication No. 3690 

Date Published - April 1991 

Prepared for the 
Office of Technology Development 

(EW 40 20 10 0) 

Prepared by the 
OAK RIDGE NATIONAL LABORATORY 

Oak Ridge, Tennessee 3783 1-6285 
managed by 

MARTIN MARIETTA ENERGY SYSTEMS, INC. 
for the 

U.S. Department of Energy 
under contract DE-AC05-MOR21400 





Contents 

LISTOFFIGURES .................................................. v 

LISTOFTABLES .................................................. vii 

SUMMARY ........................................................ ix 

1 . HISTORY OF LIQUID WASTE DISPOSAL TRENCH 7 .................. 1 

2 . PROBLEMS WITH TRENCH 7 PRIOR TO CORRECITVE ACTIONS IN 
1985 ......................................................... 1 

3 . FIELD GROUTING OPERATIONS ................................... 7 

4 . FELDGROUTINGRESULTS ..................................... 12 

5 . GROUT SPECIFICATION EVALUATION ............................ 18 

............. 6 . GROUT DISTRIBUTION WITHIN THE SOIL FORMATION 22 

7 . CHEMICAL AND RADIOCHEMICAL CHARACTERISTICS ............. 28 

8 . CONCLUSIONS ................................................. 31 

9 . REFERENCES .................................................. 32 

APPENDIX A 
Specifications for Subsurface Grout Injection ............................... A-1 

APPENDIX B 
Trench 7 Grout Injection Information .................................... B-1 

APPENDIX C 
Proposed Mitigating Action at Low-Level Liquid Waste (LLW) Trench 7 
by R . G . Stamfield ................................................... C-1 

APPENDIX D 
Pretreatment Hydrologic Monitoring and Corrective Measures Implementation at 
Liquid Waste Trench 7 by P . J . Mulholland ................................ D-1 

iii 





List of Figures 

1. Location of liquid waste disposal trench 7 in Melton Valley at 
Oak Ridge National Laboratory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

2. Location of monitoring wells and seep area east of liquid waste disposal trench 7. . 3 

3. Plan view of the liquid waste disposal trench 7 new (1985) and 
previous (1970) asphalt cap. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

4. Location of grout injection centerline for the 500-ft perimeter grout line. . . . . . . . . 6 

5. Schematic layout of the grout mixing and delivery equipment used by 
Rembco Engineering, Inc., in the perimeter grouting of liquid waste 
disposaltrench7. .................................................. 8 

6. Grout preparation and delivery equipment at the trench 7 site on 
November 20,1985. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

7. Grout mixing and holding tank with recirculating pump at the 
trench 7 site, January 1986. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

8. Grout delivery plumbing used on trench 7 site showing valves, 
pressure gauges, and quick-connect fittings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

9. Array of Injection Pipes Placed into Ground Just North of 
Station O+OO on November 20,1985 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

10. Grout injection pipe removal method at the trench 7 site, Januaty 1986. . . . . . . . 14 

11. Grout injection point locations at trench 7 site. . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

12. Average depth of injection pipe penetration at 101 stations on the 
perimeter line to the east and north of trench 7 . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

13. Elevations of Grout Injections Relative to Ground Elevations to the 
East and North of Trench 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

14. Continuous water level recorder on well 17-21 showing response to 
nearby grout injection in January 1986. a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

V 





List of Tables 

Table Page 

1. Frequency distribution of grout volumes injected at 303 
locations on the eastern and northern perimeter of trench 7 site. . . . . . . . 19 

2. Trench 7 grouting investigation, core hole 1 sampling log. . . . . . . . . . . . . 23 

3. Trench 7 grouting investigation, core hole 2 sampling log. . . . . . . . . . . . . 24 

4. Trench 7 grouting investigation, core hole 3 sampling log. . . . . . . . . . . . . 25 

5. Trench 7 grouting investigation, core hole 4 sampling log. . . . . . . . . . . . . 26 

6. Groundwater quality of samples from wells in trench 7 area 
on May 7,1987. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

7. Comparison of @'Co concentrations in monitoring wells in 
1981-1982 reported by Olsen et al. (1983) with those observed 
inMay1987 .............................................. 30 

vii 





SUMMARY 

Several corrective actions were taken in 1985-1986 at the site of ORNL 
radioactive liquid waste seepage trench 7 in an effort to reduce the discharge of 
radionuclides, mostly @Co, from a groundwater seep on the eastern side of the 
site. First, the size of the asphalt cap over the trench was doubled, and cap runoff 
was diverted away from the site to the west. Second, the buried waste transfer line 
to the trench was excavated and plugged and its pipe trench was dammed with 
clay backfill. These actions were designed to reduce groundwater recharge in the 
area that might be the source of water to the seep. Third, a series of grout 
injections was carried out at 5-ft intervals along a perimeter line on the eastern 
and northern edges of the site. 

A total of 65,500 gal of lime-fly-ash grout was injected at 303 locations at 
depths up to 40 ft in an effort to seal relict contaminated strata with probable 
hydrologic connection to the seep. However, the grout formulation specified in the 
contract would not set to a detectable compressive strength nor would the grout 
samples exhibit a reduction in hydraulic conductivity during over a year of 
observation. Thus, the material specification for the grout was inappropriate for 
the desired effect of in situ hydrologic isolation. Core sampling at the site revealed 
that the grout flowed into the soil formation along discrete thin layers (Le., along 
fractures probably enlarged by the grout injection pressures). Only three grout 
layers, with a maximum thickness of 0.25 in., were found in over 90 ft of core from 
three locations along the grout injection line. Thus, this grouting action would have 
little potential to influence containment of radionuclides that leach from 
contaminated strata. Probably unrelated to the grouting and capping actions, 
concentrations of 6oCo have declined beyond those expected for decay since they 
were last measured in 1982 in most groundwater monitoring wells and at the seep. 

In conclusion, it does not appear that soils, which are formed from the 
Maryville member of the Conasauga formation that dominates pits and trench 
waste area grouping, are amenable to establishing in situ grout curtains, 
particularly with particulate-containing grouts. Any future corrective actions, that 
use grouting, in situ or otherwise, should specify grout properties, such as 
permeability and compressive strength, in addition to grout materials. Such 
specifications should be based on tests that simulate the field conditions under 
which the grout will be employed. 

ix 





1. HISTORY OF LIQUID WASTE DISPOSAL TRENCW 7 

Liquid waste disposal trench 7 was located and oriented according to geologic 
advice based on preconstruction water table monitoring and coring data (Fig. 1). 
To overcome the potential for complete loss of service, as experienced with trench 
6, the design of trench 7 delineated three 100-ft-long segments to be operated 
independently. In case a leak were found in one segment, the remaining segments 
could still be operated. Successful operation of trench 7, with a planned capacity 
of 4,000 gpd, would allow the two remaining pits, 2 and 4, to be removed from 
service. The third or northern-most segment of trench 7 was never constructed 
because preconstruction groundwater monitoring revealed water table elevation in 
the area to be near the bottom of the planned segment. Construction of two 
segments was completed in August 1962. The trench was pretreated with 50,OOO 
gal of 4% sodium hydroxide presumably done to enhance the adsorption of ?3r 
should leakage such as that in trench 6 occur. Trench 7 was found to have a 
seepage capacity about four times that of trench 5 (about 4,000 gpd). Because the 
combined seepage capacities of trenches 5 and 7 were found to exceed the 
generation rates of the Oak Ridge National Laboratory (-8000 gpd), seepage 
trench construction was concluded. 

During its operation, trench 7 was found to leak minor amounts of IwRu, 
particularly to a seep on its eastern side (Fig. 2). In general, trench 7 performed 
well in handling the 9.5 million gallons of waste transferred ta it. This waste 
contained about 48000 Ci of 9oSr, 231000 Ci of 137Cs, 3400 Ci of l'Ru, and 1500 Ci 
of 6oCo. These inventories were also divided between the two trench segments, 7A 
and 7Ei, about equally. When hydrofracture disposal became operational in 1966, 
trenches 5 and 7 were used for the last time. Although the hydrofracture 
operation required that liquid waste be reduced in volume by a new evaporator 
and stored before injection, it was considered much safer than seepage pit 
disposal. The continuing problems of groundwater Contamination, both major and 
minor, with all of the pits and trenches compromised the acceptability of this 
disposal technique. The ground surface over trench 7 was eventually paved with 
asphalt in 1970. Additional details on the operation and inventory of trench 7 can 
be found in Olsen et al. (1983). 

2 PROBIEMS WITH TRENCH 7 PRIOR TO CORRECI'IVE 
ACTIONS IN 1985 

The 1970 asphalt cap over trench 7 was surrounded by a narrow band of 
crushed stone, which was an extension of the bed for the asphalt pavement. 
Practically all surface runoff from the asphalt would be caught by a surrounding 
rim of crushed stone and infiltrate the soil. For every inch of rainfall on the 
asphalt, about 700 ft3 (5200 gal) of runoff would result. A significant portion of 
this quantity could have been finding its way directly into trench 7, Alternatively, 
this infiltrating water could have been conducted laterally through relict 
contaminated strata and result in exacerbated leaching of radionuclides. 

1 
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Fig- 1. Location of liquid waste disposal trench 7 in Melton Valley at Oak Ridge 
National Laboratory. 
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Fig. 2 Location of monitoring wells and seep area east of liquid waste disposal 
trench 7. 
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Another feature that may have been conducting water to the trench 7 environs 
was the abandoned waste transfer pipeline. Although the pipeline itself had been 
known to leak (Duguid and Sealand 1975) in areas near trench 7, its access 
trench, constructed for pipeline burial, could have been functioning as a 
groundwater collector drain. The pipeline and its trench has a gradient sloping 
35 ft, vertical within the 400 ft horizontal from the valve box, where it had been 
disconnected and capped, to the north. Thus, the pipe trench may have been 
functioning to collect water and channel it to the trench 7 environs. 

relict contaminated strata around the trench. During trench operation, wastewater 
levels were maintained up to a maximum elevation of 799 ft. Olsen et al. (1983) 
reported various relict contamination zones or layers to the east of the trench 7 
site extending from this elevation to well below the water table at the site (about 
775 ft). Infiltrating precipitation or laterally moving groundwater could be passing 
through these relict contaminated strata and recharging the seep on the eastern 
side (Means et al. 1978). 

To correct these situations that may have led to the radioactive seepage 
around trench 7, Stansfield (Appendix C) proposed several remedial actions. First, 
the 1970 asphalt cap over the trench had to be expanded, and its runoff had to be 
routed away from the trench. This construction was carried out between July 9 
and August 23, 1985, and was reported by Mulholland (Appendix D). The cap was 
enlarged to cover 36% of the site drainage area, and cap runoff was channeled 
through a conduit to the western side of the site (Fig. 3). To eliminate the 
possibility of recharge to the site through the waste transfer line installation 
trench, an excavation was made just north of the trench to a depth about 2 ft 
below the pipe. A 4-ft section of the pipe was then removed, the ends capped in 
place, and the excavation filled with an impermeable clay that was to dam any 
water collected in the pipe trench. 

To prevent potential leaching of relict contamination strata by groundwater, 
Stansfield (Appendix C) proposed injecting grout through a series of points along 
the eastern and northern site perimeter road. It was anticipated that grout would 
fill hydrologically active fissures and discontinuities that had been found to be 
contaminated (Olsen et al. 1983). Conceptually, the grout would form an in situ 
grout curtain that would also function as a groundwater barrier for any recharge 
to the seep. 

A lime-fly-ash grout formulation was recommended, and because of the 
anticipated track-mounting of the grout mixing and injecting equipment, a line of 
grout injection points was specified along the existing access road to the north and 
east of the trench. This in situ grout curtain was designed to a maximum depth of 
40 ft with three rows of injection points spaced every 5 ft (Fig. 4). A grout 
injection line closer to the trench would have been preferred, but because of the 
difficulty of constructing a new access road in the contaminated area, the existing 
access road was recommended. It was assumed that the specified grout curtain 
would not affect the groundwater table in the area because unimpeded drainage 
would remain to the western side of site. Thus, no groundwater interception or 

Another source of groundwater Contamination in the trench 7 environs is the 
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diversion was planned on either side of the grout line. It was anticipated that the 
filling of secondary or conducting voids in the soil formation would isolate many 
contaminated strata hydrologically . If this isolation of contaminated strata from 
further groundwater leaching were achieved, then an eventual decrease in the 
radioactive discharge at the seep on the eastern side could be expected. 

3. FIELD GROUTING OPERATIONS 

A contract was awarded to Rembco Engineering Corporation (P. 0. Box 
23009, Knoxville, TN 37933-1009) to construct the grout curtain. Site activities 
began with the completion of the first grout injections on December 3, 1985, and 
continued through April 28, 1986. A total of 65,563 gal of the lime-fly-ash grout 
formulations was injected into a total of 303 points, as specified in the contract. 
The grout injections were accomplished in two stages. First, injections were 
perfarmed on IO-ft centers along the grout injection line. Second, injections were 
performed between the initial 10-ft spacings, resulting in the specified 5-ft centers. 
The initial injections on 10-ft centers employed a formulation of 1 lb of lime and 3 
lb of fly ash (pozzolanically active) for every 3 gal of water. The second set of 
injections completing the 5-ft centers, employed a formulation which contained 1 
lb of lime, 3 lb of fly ash for every 2 gal of water. Both formulations also 
contained a 50 lb bag of trisodium phosphate per 1500-gal batch as a surfactant, 
although the actual contract specifications called for a nonionic surfactant. A copy 
of the specifications (copied from Engineering Drawing C3E20965A011) is listed 
in Appendix A. 

Most grout preparation and injections were carried out using the equipment 
depicted in Fig. 5. Grout was prepared in batches of 1500 gal. Fly ash was 
delivered to the site in bulk and stored under a tarp until needed. It was loaded 
into the mixing tank with a small front-end loader (Fig. 6). Weights were 
estimated from the volume of the loader bucket. The fly ash was shovelled into 
the mixing tank from an access port on top. Lime was delivered in 50 lb bags and 
the contents of an appropriate number of bags were added to each batch. 
Trisodium phosphate also was delivered in 50 Ib bags. Make-up water was 
obtained from a fire hydrant near the new hydrofracture facility about 1200 ft to 
the southeast. During and after the addition of solids to the tank, an air-driven 
diaphragm pump was used to agitate and resuspend solids within the tank (Fig. 7). 
Another air-driven diaphragm pump was used to deliver grout to the injection 
pipe. Hose from this pump was attached to the 1-in.-diam injection pipe via quick- 
disconnect fittings and was monitored for pressure (Fig. 8). Only one grout hole 
was injected at a time, but multiple valved connections were often used to save 
time. Injected grout volumes were estimated from the drop in elevation of the 
batch tank. Attempts to employ a water meter to measure delivered grout 
volumes failed because of clogging by the grout’s suspended solids. Grout was 
pumped into an injection pipe up to a maximum pressure of 200 psi but, mostly, 
not in excess of 50 psi. The initiation of grout acceptance by a given hole was 
often accompanied by a noticeable drop in pumping pressure. If grout was not 
accepted by a given hole, the injection pipe was raised about 1 ft, and pumping 
was reinitiated. Usually only one or two such lifts were possible before grout 
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Fig. 5 Schematic layout of the grout mixing and delivery equipment used by Rembco Engineering, Inc., in the 
perimeter grouting of liquid waste disposal trench 7. 
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Fig. 6 Grout preparation and delivery equipment at the trench 7 site on November 20, 1985. 
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Fig. 7 Grout mixing and holding tank with recirculating pump at the trench 7 site, 
January 1986. 
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return would occur around the pipe, Lifting apparently compromised the frictional 
seal between pipe and soil formation. 

Grout injection was carried out through standard 1-in. carbon steel pipe. This 
pipe was procured in 10-ft sections which were coupled after driving each 10-ft 
section until refusal. Initially, the contractor tried to drill the pipe into the ground 
by means of an air-driven motor. The bottom of each pipe was fitted with a 
friction-held penetrometer point, a solid steel 60" cone slightly larger in diameter 
than the pipe with a short section of steel rod to fit into the end of the pipe. 
When pipe was withdrawn after completing grout injection, the point remained in 
the ground. A more successful method of pipe insertion used a 140-lb air-driven 
hammer. An operator would stand on the bucket of the front-end loader and 
would lift the hammer over the top of a 10-ft pipe section, lowering the bucket as 
required to maintain penetration. Another pipe section was then added, and the 
process was repeated until refusal. Refusal was operationally defined as no 
observed penetration during 1 min of hammering. Typically, an array of 15 to 20 
injection pipes were inserted before a batch of grout was injected (Fig. 9). If 
grout acceptance was low for the whole array of injection pipes, grout was saved 
until another array was constructed. Grout could be saved for several weeks 
without setting. Injection pipe was withdrawn by means of a fork-lift attachment to 
the front-end loader (Fig. 10). A quick-disconnect clamp was used to grasp the 
pipe with closely spaced forks on the lift. Injection pipe was occasionally reused, 
but this withdrawal method often bent the pipe to such a degree that it could not 
be reused. All pipe was disposed of by the contractor after a survey by Oak Ridge 
National Laboratory Health Physics personnel. 

4. F'XELDGROUTINGRESULTS 

As mentioned earlier, the grout injection line covered a 500-ft length on the 
eastern and northern site access road. These 300 injection points are depicted in 
Fig. 11. A complete tabulation of these locations and grout injection parameters 
are given in Appendix B. The depth of injection pipe penetration was extremely 
variable. Figure 12 depicts the average depth of three grout injection pipe 
penetrations every 5 ft along the grout injection line. If this depth of refusal has a 
direct relation to depth to hard rock (i-e., limestone layers), then the site i s  quite 
discontinuous. This interpretation is consistent with the geologic exposure along 
the road cut as studied by Olsen et al. (1983). There was an outcrop of hard rock 
at or near the road surface between 180 and 210 ft. Hard rock was generally 
shallower near the beginning of the grout line near White Oak Creek floodplain. 
This penetration information should prove extremely valuable in characterization 
of the trench 7 site. 

The information on grout "takes" of these various injection holes is depicted in 
Fig. 13. In this plot, the location of each injection is at the center of a circle, and 
the area of the circle is proportional to the volume of grout injected at that point. 
Grout injection volumes ranged from 0 to 3800 gal for the largest circle in Fig. 13. 
Also depicted in Fig. 13 are the three grout line locations selected for soil coring 
to verify grout penetration. 
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Fig- 10. Grout injection pipe removal method at the trench 7 site, January 1986. 
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Because of the randomness of grout "takes" at various points and elevations, a 
description of an average grout injection would offer some interpretative value in 
planning future grout injection projects. The average grout injection occurred at 
16.8 ft below ground, where 215 gal of grout was injected at an average rate of 9 
gallmin and an average maximum pressure of 42 psi. There was no significant 
correlation of grout volume with any measured parameter, including depth and 
location. The frequency distribution of grout injection volumes is perhaps the most 
useful description of the grouting information (Table 1). Because the median 
grout volume was just under 100 gal, there would be only a 50% probability that 
an injection hole would accept more than a 100 gal of grout. Similarly, about 20% 
of the time one could expect little or no take from a grout hole (i.e., 10 gal or 
less). Likewise, only 3% of the time could one expect to inject more than 1000 gal 
of grout. Such information should prove valuable in planning other grouting 
projects, particularly if these results on fluid acceptance are applicable to other 
types of grout. 

operations at the site. Two possible breakthroughs of grout were noted in the area 
of the contaminated seep which, if grout had arrived via subsurface contaminated 
conductive features in the soil, would have been most encouraging. However, both 
these breakthroughs in the seep area proved to have originated via overland flow 
just beneath the leaf litter layer in the area. When the leaf litter was removed, a 
grout-stained path could be traced back to the road cut. The most common form 
of grout refusal was a return at the injection pipe or a nearby injection pipe. 
Grout injection was stopped whenever such break through was observed. 
Occasionally, grout would break through in the drainage ditches along the road. 
Notes on the location of all breakthroughs are given in Appendix B. Several 
monitoring wells were equipped with continuous water level recorders during 
grout injection and the responses to nearby injections were noted (Fig. 14). The 
bottom elevations of three wells (T7-24, SB-1, and SB-2) actually increased after 
grouting operations because of presence of grout solids. Chemical indications 
(mostly high pH) were still present in these wells when sampled over 1 year later. 
Grout was observed flowing out the top of Well SB-1 during nearby injections. 
Grout also broke through the soil surface at a nearby soil hydrologic study pit 
(Luxmoore 1982) just to the east of the road cut. Apparently, grout intercepted a 
access tube installed within the monolith and flowed up the aluminum pipe and 
overflowed within the concrete enclosure. This indicated a lateral subsurface grout 
migration of about 20 ft from the closest injection point. 

Several grout breakthroughs were observed during and after grouting 

5. GROUT SPECIFICATION EVALUATION 

Several specimens of grout injection batches were taken during the 3 months 
of grouting operations at the site. In the year and a half during which these grout 
samples have been stored, none has formed a solid having detectable compressive 
strength. Samples of the fly-ash were also collected from the bulk pile stored at 
the site. Fly ash from the site contained 9.8% moisture, and 99.5% passed through 
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Table 1. Frequency distribution of grout volumes injected at 303 locations on the 
eastern and northern perimeter of trench 7 site. 

Galloas Cumulative Cumulative 
injected F q u e n q  Peneatage fnSu-7 Pe-tge 

0 44 14.5 44 14.5 
5 12 4.0 56 185 
6 1 0.3 57 18.8 
8 1 0.3 58 19.1 
10 14 4.6 n 23.8 
12 1 0 3  73 24 1 
15 3 1 .o 76 25.1 
2o 10 3.3 a6 28.4 
25 5 1.7 91 30.0 
26 2 0.7 93 30.7 
30 5 1.7 98 323 
40 9 3.0 107 353 
50 20 6.6 127 41.9 
55 1 0.3 128 422 
60 6 20 134 44.2 
70 4 1.3 138 455 
75 a 26 146 48.2 
80 4 1.3 150 495 
90 1 0.3 151 49.8 
100 21 6.9 1l2 56.8 
130 1 0.3 173 57.1 
140 2 0.7 175 57.8 
150 10 3.3 185 61.1 
im 1 0.3 186 61.4 
175 3 1 .o 189 624 
m 35 11.6 224 73.9 
2 l O  1 0.3 m 74.3 
215 1 0.3 225 74.6 
ZM 2 0.7 228 75.2 
225 1 0.3 229 75.6 
250 6 20 235 n.6 
275 1 0.3 236 n.9 
2115 1 0.3 237 78.2 
m 14 4.6 251 828 
350 6 20 257 84.8 
360 1 0.3 258 85.1 
400 11 3.6 269 88.8 
450 3 1 .o m 89.8 
475 1 0.3 273 90.1 
500 6 20 279 921 
550 1 03  280 924 
555 1 0.3 281 927 
600 7 23 288 95.0 
625 1 0 3  289 95.4 
700 2 0.7 291 96.0 
740 1 0.3 292 96.4 
850 1 0.3 293 96.7 
loo0 1 0.3 294 97.0 
1100 1 0.3 295 91.4 
1200 1 0.3 296 97.7 
1800 1 0.3 297 98.0 
1950 1 0.3 298 p8.3 
2050 1 0.3 299 98.7 
2400 1 0.3 300 99.0 
3Ooo 1 0.3 301 99.3 
3175 1 0.3 302 99.7 
3800 1 0.3 303 100. 
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Fig. 14. Continuous water level recorder on well 77-21 showing response to nearby grout injection in January 1986. 
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a 2-mrn sieve. These fly-ash samples were tested for pozzolanic activity via ASTM 
Method C593: Standard Specification for Fly Ash and Other Pozzolans for Use 
with Lime. In this procedure, specimens for compressive strength testing are 
prepared from hydrated lime:@ ash:graded standard sand in the ratio 1:2:8.22 
with a minimum of make-up water to a thick consistency. 

Unconfined compressive strength of the lime-@ ash grout specimens was 
determined 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 2500 Ib to a single specimen. The load to a specimen was increased 
uniformly over a 30-s interval until the cylinder specimen cracked, indicating that 
the unconfined compressive strength had been exceeded. The load causing a 
specimen to fail was divided by the top surface area of the specimen and 
calculated as a compressive strength in pounds per square inch. Three samples 
were prepared using the contractor's fly ash; they exhibited a mean compressive 
strength of 1152 psi with a standard deviation of 187 psi. A second set of three 
samples was prepared using a Kingston fly-ash sample, used in ORNL 
hydrofracture grout formulations, and was developed at the same time as the first 
set. The Kingston fly ash yielded a grout with a mean compressive strength of 
1043 psi and a standard deviation of 164 psi. Thus, the fly-ash used for the trench 
7 grouting operation was pozzolanically active and within specifications (Le., 600 
psi). Six specimens of grout, sampled from different batches prepared by the 
contractor, were subjected to the same 54°C curing period as the fly ash samples 
prepared via ASTM C 593. However, none of these field-collected samples 
exhibited any detectable compressive strength. In contrast to the ASTM 
procedure, the field grout was specified to be hydrated 1ime:fly ash of 1:3 weight 
ratio with a large excess of water (i.e., 1 to 3 gal of water per 4 1b of solids). The 
excess of water may have dissolved and/or diluted the slightly soluble hydrated 
lime (calcium hydroxide) to a concentration that was no longer pozzolanically 
active. 

to the grouting contract specifications) were placed in glass columns in the 
laboratory and, after various curing periods, subjected to measurements of 
hydraulic conductivity (Spalding 1985). None exhibited a hydraulic conductivity of 
less than 10" c d s .  This indicates that the grout formulation used at the trench 7 
site possessed little potential for improving hydrologic isolation of contaminated 
layers within the soil formation. A typical bulk hydraulic conductivity for the soil 
formation in Melton Valley would be about k105 cm/s (Spalding 1985). Although 
it is recognized that secondary porosity (i.e-, that as (i-e., that associated with 
fractures and other geologic structures) probably contributes most to the bulk 
hydraulic conductivity, the filling of such features with a grout of such inherently 
large permeability could not be expected to seal up relict contamination layers. 

Several samples of field-collected grout and laboratory-prepared grout (made 
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6. GROUT DISTRIBUTION WITHIN THE SOIL FORMATION 

As can be seen in Fig. 13, injected volumes of grout were distributed rather 
randomly with respect to depth and position along the perimeter road. The goal of 
this in situ grout campaign was to fill relict contaminated layers at the site. The 
rationale for the soil core sampling effort was to obtain core from strata that 
contained radioactivity and determine if they also contained grout. As depicted in 
Fig. 13, three coring sites were selected at the 140-, 240-, and 270-ft marks of the 
grout injection line. Each of these locations exhibited at least one injection point 
with a large grout acceptance (i.e., 3175, 3000, and 3800 gal, respectively). In 
addition, these locations were known to contain significantly contaminated strata; 
Olsen et al. (1983) reported gamma activity log profiles for monitoring wells T7-21 
and T7-25 near these locations with counting rates in the 5000 to loo00 cps range 
at depths between 19 and 39 ft, respectively. Thus, these locations seemed the 
most probable to encounter samples containing grout mixed with residual 
contamination. 

Between December 11, 1986, and January 12, 1987, the collection of soil cores 
was attempted at these three locations. A variety of sampling devices and 
techniques were required to obtain samples from the extremely variable materials 
encountered. Initially, a 3-in. diam corer was used with power rotation, but this 
sampling technique failed to yield an intact core. Subsequently, Shelby or thin- 
walled tubes (2-in. diam x 30-in. long) were most often used; these were 
hydraulically pushed into the ground with a minimum of rotation when necessary. 
Occasional pounding with a 140-lb safety hammer was attempted, but the Shelby 
tubes tended to collapse under such stress. A standard 2-in. diam split-spoon 
sampler was used when the formation became too hard for Shelby tubes; this was 
placed into the formation by hammering. Occasionally, a 3-in. diam x 60-in. split- 
barrel sampler was employed in Combination with hollow-stem auger to penetrate 
particularly dense or binding material. Sampling was carried out to refusal, which 
was defined as no penetration with hammering either the split-spoon sampler or 
Shelby tube. The core hole at the 140-ft distance along the grout line did not 
exhibit refusal. A free-flowing mud was encountered around the 30-ft depth, and 
not enough hollow-stem auger was available to hold this hole open at this depth to 
continue sampling. 

The coring logs for the three holes are presented in Tables 2 through 5.  
Core hole 4 was placed next to core hole 2 to obtain a depth section between 13 
and 19 ft which had been lost on core hole 2. A tool broke loose in hole 2 at this 
depth, and retrieval required this depth interval to be augered; thus, no core was 
obtained. 

The most important observation from these coring results was that grout was 
found in only three thin-bedded layers in the total length of core obtained. This 
result was a little surprising because, even if grout was present only along bedding 
planes in the formation, the large number of injections at varied depths around 
these coring locations would lead one to expect that grout layers would be 
encountered much more frequently. In addition, none of these grout ribbons nor 
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Table 2 Trench 7 grouting investigation, core hole 1 sampling log. 

(140-ft station on grout line. 
Surface. elevation = 781.0 ft) 

Depth core 

(ft> tin) 

Section' Date interval length Device Method 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
34 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

12/11/86 05-20 19.0 3.S-in. corer Rotarld 
12/11/86 2.0-3.5 
12/11/86 3.5-5.5 
12/11/86 5.5-7.5 
12/15186 75-8.6 
12115% 8.6-95 
12/15/86 9.6-105 
12/15/86 10.5-115 
12/15/86 115-12.5 
12/15/86 125-13.5 
12/15/86 13.5-14.5 
12/15/86 14.5-15.5 
12/15/86 15.5-16.5 
12/16/86 16.5-18.5 
12/16/86 18.5-B.0 
1a6/86 20.0-21.8 
12t16tS6 21.8-23.4 
12/16/86 23.4-25.1 
12/16/86 25.1-255 
12/16/86 25.5-26.3 
12ll7/86 26.3-26.4 
12/17/86 2.6.4-27.7 
12/17/86 u.7-rn3 
im7/86 28.3-28.7 
12217W 28.7-30.4 
12nW 30.4-30.4 
1 m 7  26.0-30.2 

19.0 
22.5 
24.0 
15.8 
13.3 
11.8 
12.3 
11.8 
113 
105 
123 
12.8 
27.3 
18.5 
27.8 
27.3 
27.0 
273 
27.3 
27.3 
123 
8.3 
273 
273 
0.0 
50.0 

3.5-in. corer 
Shelby tube 
Shelby tube 

Shelby tube 
Shelby lube 

Shelby tube 
Shelby tube 

Shelby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Shdby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Shelby tube 
Sheltry tube 
Shelby tube 
3in. split 

Rotared 
Pushed 
Pushed 
Pushed 
PUShed 
PUShed 
Pushed 
Pushed 
Pushed 
Pushed 
Pushed 
Pushed 
Pushed 
Pushed 
Pushed 
Pushed 
Pushed 
Pushed 
Pushed 
PWhd 
Pushed 
Pushed 
Pushed 
Pushed 
Hzmu 
Hzmu 
bml 

*!kction Notes: (1/2)-1ntact core extrusion impossible, switched to 2-in. Shelby 
tuber. (4) Shelby tube fell off in hole. Used 3.5-in. sawtooth corer to ret*, 
and lost core section 77-83 in. (12) Top 3 in. soft and wet. (13) Standing water 
on core. (14) On first recovery attempt, very soft corn fell out of tube, wcnt 
d t q e r  and retrieved core. (15) Soft muddy &ion with standing water. (16) 
Sandy light mkmd material. (17) Sandy light cdorrd material. (18) 14 in. of 
saturated sandy material on top of core. (19) 6-in. section of core with 21 in. 
of saturated sandy mud on top. Approx~ 'mateh. 0.25 in. band of m u t  at 25.5 
ft demh. Augered out bole to 25.5 ft and cased with 3 in. PVC pipe. (a) 8411. 
of new core, remainder fall in material. (21) 1 in of new core, remainder fall 
in material. (wt3) Water in  ore baml. (24) %Aid core again. (25) 5-in. solid 
core, remainder was mud. (26) After failing to penetrate by pushing, 
hammering was tried. Howwer, Shelby tube broke off in the hole and was 
retrieved. On a m n d  attempt, the Shelby tube crumpled in hole. 927) Free 
flowing mud, mostiy fall in material. 



Table 3. Trench 7 grouting investigation, core hole 2 sampling log. 

(240 ft station on grout line 
Surface elevation = 7%.8 ft 

Depth core 
Section. Date Interval Length Device Method 

(ft) (in> 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 

12~291% 
12130/86 
12130/86 
12130/86 
32/31/86 
1m1/86 
01E05187 
01/05/87 

1.0-2.4 18.8 
2.44.4 8.8 
4.4-6.0 17.8 
6.0-6.8 128 
6.8-8.9 15.0 
8.9-10.9 17.0 
10.9-11.6 15.8 
11.6-129 14.3 
129-13.9 10.0 
13.9-19.1 19.0 

19.1-19.5 27.0 
19.5-22.3 315 
22.3-22.5 29.0 
22.5-23.3 0.0 
23.3-25.4 25.8 
25.4-27.4 175 
27.4-29.5 26.3 
29.5-29.5 0.0 

Sheiby tube Pushed 
Shelby tube Pushed 
Shelby tube Pushed 
Shelby tube Pushed 
Split spoon Hammer 
Split spoon Hammer 
Shelby tube Pushed 
Shelby tube Pushed 
Shelby tube Pushed 
60-in-split 
auger+barrel Rotate 
auger+barrel Rotate 
auger+barrel Rotate 
auger+baml Rotate 
auger+barrel Rotate 
Shelby tube Pushed 
Shelby tube Hammer 
Shelby tube Hammer 
Shelby tube Hammer 

'Section Notes: (1) Augered to 12 in. to get through roadbed gravel. (2) 
Difficlllt to pull Shelby tube out. (3) Augend with 6-in. hollow stem lo depth 
of 50 in. to hold hole open. (4) Very sticky, clayey material binding Shelby tube 
in hole. ( 5 )  Switched to split spoon sampler to avoid Shelby tube binding 
problem. (6) Augured to 1 0 d  depth with Shelby tube in hollow stem to hold 
hole open. (7) Fall in material on top 6 in. (9) Lost Shelby tube in hole and 
retrieved with hollow stem auger. (10) Shoe mewed off sampler in the hole and 
lost much core section due to disturbance by 'fwhing' tools dawn hole. (11) The 
split baml shoe was set appmrtimately 1 in. below auger bit, and core was taken 
while rotating auger. (13) After retrieving section 13, hole was cleaned out by 
pulling augets. (14) Lost shoe on split barrel sampler and some core during 
fshing operation in the hole. (15) Switched back to Shelby tubes to avoid 
continuing problem with shoe mating off (16) Soft material which read 0.1 
mremh. (17) Shelby tube deformed slightly by hammering so that core was not 
extrudable. Read 0.2 mremh. (18) Shelby tube collapsed to 11 in. 
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Table 4. Trench 7 grouting investigation, core hole 3 sampling log. 

(270-ft station on grout line. 
Surface elevation = W . 8  ft) 

Depth Core 
Section' Date Interval Iength Device Method 

(ft) (in> 

1 01/96/87 1.0-3.2 26.8 Shelbvtube Pushed 
2 01106.87 
3 01/96/87 
4 01#6m 
5 01107B7 
6 01107187 
7 01107187 
8 01A37/87 
9 011071'87 
10 01/07/87 
11 01m7/87 
12 Olnn/S7 
13 01107187 
14 01107187 

3.2-5.0 
5.0-7.0 
7.0-9.0 
9.0-11.0 
11.0-13.0 
13.0-15.0 
15.0-17.0 
17.0-19.0 
19.0-21.0 
21 .o-23.0 
23.0-255 
255-29.8 
29.8-32.9 

21.8 
23.8 
24.0 
17.0 
15.3 
16.3 
17.8 
17.3 
20.3 
21.3 
16.8 

26.3 
ia.8 

Shelb; tube 
Shelby tube 

Split spoon 
Split spoon 
Split spoon 
Spli f spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split s p n  

Shelby tube 

Pushed 
Pushed 
Hammer 
Hammer 
Hammer 
Hamma 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 

.Section nota: (1) Augered to 1-ft  level befo~ samphg to get through roadbed 
gtavcl. (m) Rotation required to get into material at end of core. (4) Switched 
to hammer because sampicr would not push in. ( 5 )  Switched to split spoon 
sampler because Shelby tubes tended to collape when hammering on previous 
holes. (12) Lower half of thii section was soft matwial. (13) Because the driving 
was easy, an attempt was made to drive to firm material to seat axe in sampler 
shoe, but after driving 52 in., no firm material was encountered. Soft material 
must have been pushed to side of hole during driving, since only 18.8 in. of core 
was recavrred but the hole was open to the indicated depth. (14) Hard driving at 
bottom of section and observed rock in sampler shoe indicating bottom of 
residuum. Noted 1-ft of water in bottom of hde  15 min after removing last axe 
section. Material read 0.1 mrem/h. 



Table 5. Trench 7 grouting investigation, core hole 4 sampling log. 

(240-fi Position on grout line 
(14 in. east of core hole 2) 

Surface elevation = 7%.8 ft) 

Depth Core 
Sectiona Date Interval Length Device Method 

(ft) (in) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

01/08/87 
01/08/87 
01P8W7 
01/07/87 
01/07/87 
01/07/87 
01/07/87 
01/12@7 

01/12@7 
01/12/87 
01/12/87 

oinu87 

0.9-3.4 
3.4-5.9 
5.9-8.1 
8.1-103 
9.3-115 
115-13.7 
13.7-15.9 
15.9-18.0 
18.0-20.0 
20.0-21.4 
21.4-21.9 
21.9-24.0 

16.3 
26.3 
20.3 
24.3 
21.8 
23.3 
203 
19.3 
26.3 
22.3 
203 
24.0 

Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 
Split spoon 

Hammer 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 
Hammer 

'Section notes: (1) A u g e d  through 11 in. of roadbed gravel before beginning 
sampling. (3) Hole appeared to be going off plumb back towards core hole 2. 
Attempted to straighten hole by running cored up and down hole. (4) After 
sampling, the hole was augered out lo 9 3  fl to straighten out. ( 5 )  Apprcadmately 
11 in. of fill and cave in material was on lop of undisturbed core. (6) Hard driving 
and binding of sampler in hole. On bumping out, core disrupted within sampler. (7) 
Grout in sampler shoe at 15.8 ft. (8) 0.25 in. thick grout layer about 12 in. below 
top of core or 16.9 ft depth. (10) Gravel layer 2.5 in. thick at. 20.6 ft. (11) Very hard 
driving, about 30 blows per inch and much gravel and rock in seclion. (12) Hard 
driving at first, then easier later. Open hole measured 23.5 ft. 
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any of the various grout remnants at surface returns around the area has exhibited 
any firmness. Thus, like the field-collected specimens of grout whose cure was 
attempted in the laboratory, the grout in the soil cores had not set in the field 
either. 

formulation that was injected ranged from 86% water (by weight) for the 3:1:3 
formulation to 81% water for the 2:1:3 formulation. By volume, water probably 
composed somewhere between 75 and 50%, respectively, for these formulations. 
This volume percent estimate is based on qualitative observations of excess water 
in grout sample containers after allowing solids to settle under gravity. Thus, the 
question reduces to "Where did about 20,000 gal of wet solids go after excess 
water drained away?" A 1/4 in.-thick band would require about 7.5 ft2 of area per 
gallon of solids. Thus, a total area of grout band of about 2700 ft2 (i.e., a 100 x 30 
ft  area around the grout line) would be required to accommodate this much grout. 
This sort of a distribution would seem consistent with the frequency of grout 
observed in the coring operation. 

However, the frequency of grout encountered in the cores would not lend 
much confidence to the assertion that the conducting features of the soil formation 
had been sealed. It is also notable that the layers of core, which did contain 
radioactivity, did not contain any discernible grout. Another possible sink for the 
injected grout would be the frequently encountered free-flowing mud at various 
depths. It should be emphasized that this mud was not the result of the grouting 
operation because its occurrence had been reported during logging of various 
boreholes at the site in 1981 (Olsen et al. 1983). This mud would not be expected 
to contain the grout in discrete layers and, should any mixing have occurred, grout 
identification would not be possible by visual inspection. Thus, a potential brown 
hole for grout exists in the mud beneath the trench 7 site. 

With such problems, one is led to ask why was a lime and fly-ash grout 
selected by ORNL for this project? The evolution of the project probably bears 
strongly on how this decision was made. On September 8, 1983, Woodbine 
Corporation, Fort Worth, Texas, performed a demonstration of lime-fly-ash 
grouting in Solid Waste Storage Area 6 using their patented hydraulic lance grout 
injection equipment (Blacklock et al. 1982). The facility with which these lances 
were inserted into waste burial trenches was quite impressive. The technique 
seemed to offer a safe and economical method for in situ stabilization of buried 
waste. A resulting infatuation with the potential of this equipment probably led to 
the specifications for the trench 7 corrective actions project (Appendix A), which 
had been given a high priority within the waste management program. Several 
options were considered for corrective actions besides grout injection (Stansfield, 
Appendix C). However, because Woodbine Corporation specializes almost 
exclusively in the use of lime and fly ash grout, the contract was prepared to 
accommodate this limitation. However, Woodbine Corporation failed to bid on the 
contract, and Rembco Engineering was the only other bidder. In an effort to 
complete the project, apparently little consideration was given to specifymg grout 
properties such as setting time and compressive strength. Rembco Engineering 

Where did 65,500 gallons of grout go? First it must be realized that the grout 
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was judged to be capable of preparing a grout as specified in the contract, and 
once a variance was granted for using injection equipment other than the 
hydraulic lance system, the contract was awarded. It will be important in future 
grouting contracts to specify desired grout characteristics such as set time, 
strength, and/or hydrologic properties as well as grout composition and injection 
machinery. 

7. CHEMICAL AND RADIOCHEMICAL CHARACIERIISIICS 

On May 7, 1987, all observation wells were sampled in the trench 7 environs. 
Samples were returned to the laboratory and filtered through 0.45-pm filters. 
Analyses of pH, electrical conductivity, dissolved solids, hardness, and alkalinity 
were performed as described previously (Spalding 1984a). A 5-mL aliquot of the 
sample was dried down on a 2-in. ringed steel planchet and counted for gross 
alpha and beta activities as described elsewhere (Spalding 1984a). A 20-mL 
aliquot was placed in a plastic scintillation vial and counted for POSr via Cerenkov 
radiation detection in a liquid scintillation counter (Spalding 1984b). Activities of 
6oCo and 137Cs were determined by gamma scintillation detection as described 
elsewhere (Cerling and Spalding 1981). Results of these determinations are 
presented in Table 6. 

chemical characteristics on this sampling date over a year after the last grout 
injection. Samples from wells T7-21, T7-24, and SB-1 exhibited pHs above 9.0. 
The excess water in the collected grout samples exhibited a pH of 12.2, an 
electrical conductivity of 11,000 dS/m, and an alkalinity of about 3000 mg 
CaCOJL; this is typical of a saturated solution of hydrated lime, Ca(OH), which 
was used in the grout. It should be noted that two of these three wells (T7-24 and 
SB-1) contained residual grout, which has caused the apparent casing bottom 
elevation to rise. In addition, well T7-21 showed facile water level fluctuations 
during nearby grout injections (Fig. 14). Thus, the influences of grout alkalinity on 
these wells was not too surprising. Other well samples did not show considerable 
difference from chemical characteristics reported by Olsen et al. (1983). 
Radionuclides in these well water samples have shown a general decline (Table 7) 
since last investigated in 1981-1982 by Olsen et al. (1983). Samples were collected 
from all monitoring wells immediately before grouting operations began in 
December of 1985 but were inadvertently discarded before analysis. Thus, it is not 
possible to determine more immediate effects of grouting on radionuclide 
concentration in area groundwaters. However, a significant influence would seem 
unlikely because of the limited volume of soil formation actually contacted by 
grout. The decline in 6oCo concentrations between 1982 and 1987 in most wells is 
too large to be accounted for by radioactive decay alone. 

It would seem unlikely that the grout could have any effect on the activity of 
6oCo adsorbed to soil at the seep on the eastern side of the site. Nine soil samples 
were collected with a hand-operated soil corer to a depth of 12 in. at 3-ft intervals 
along a semicircle around the seep on May 7, 1987. The activity of @Co was 

Several influences of the injected grout’s alkalinity could still be seen in the 
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Table 6. Groundwater quality of samples from wells in trench 7 area on May 7, 
1987. 

n-1 320 
T7-2 177 
T7-3 1050 

TI-5 665 
T I 4  198 
T7-7 440 
T7-9 135 
TI-10 318 
l7-11 715 
"7-12 810 
T7-13 935 
TI-15 115 
SB-20 835 
TI-21 1190 
TI-22 980 
TI-23 645 
77-24 1060 
T7-25 395 
T7-26 300 
TI-27 355 
TI-29 315 

-17-4 ism 

STRM 665 
RS-7 710 
SB-1 1830 
SB-2 480 
SB-4 415 
SB-6 275 

8.0 
7.7 
8 5  
7 8  
7 5  
7 5  
1.4 
6.6 
1.9 
7.9 
8 2  
8.6 
7.7 
8.6 
9.3 
8.0 
7.4 

10.4 
1.5 
7.8 
7 5  
7.2 
7.7 
7.9 

11.2 
8.6 
7.8 
7 5  

139 220 140 
101 
338 
87 
71 

104 
225 
43 

213 
200 
226 
463 
61 

356 
38 

210 
60 

31 1 
104 
198 
179 
190 
174 
329 
615 
240 
247 
181 

130 
102 
90 

112 
138 
290 
56 

212 
208 
194 
44 
90 

172 
250 
80 

314 
0 

84 
230 
182 
160 
212 
202 
68 
46 

230 
162 

2.40 
820 
1220 
540 
140 
340 
8)o 
200 
540 
660 
800 
60 

760 
1180 
840 
640 
800 

m 
280 
180 

600 
1700 
560 
280 

lSOO.3 

320 

sm 

47 
3i40 
666 
1920 
1360 

7 
6070 

33 
63 
664 
491 
342 
10 

432 
169 
5% 
19 

231 
169 
21 
55 
13 

459 
447 
42 
22 
32 
59 

ND' 
ND 
1.6 

24.9 
22.6 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
13.8 
ND 
ND 
ND 
ND 
ND 
ND 
Nrl 
ND 
ND 
ND 
ND 
ND 
ND 
0.2 

ND 
ND 
1 3  
227 
ND 
NO 
13.2 
12.1 
8.2 

17.4 
32.4 
ND 
ND 
21.7 
0.3 
7.4 
7.8 

165 
7.8 
5.8 
5.0 
20 

11.4 
15.8 
3.6 

19.0 
ND 
8.0 

ND 
3 

713 
1880 
1110 

6.6 
4.8 
46 
24 

316 
432 
173 
23 

317 
521 
499 
ND 
1&4 
35 
10 
2 5  

ND 
227 
290 
ND 
ND 
ND 
ND 

ND 
1090 
ND 
22.0 
46.6 
ND 
2410 
ND 
ND 
ND 
ND 
ND 
2 1  

ND 
ND 
ND 
ND 
ND 
ND 
5.4 

ND 
0.2 
ND 
ND 
1.1 

ND 
ND 
0.1 

'ND-not detected. Detection limits werc 1, 0.1, 0.1, 0.1, and 0.1 3qA for grclas beta, gross alpha, 137cE, @Cs, and %r, 
nspectively. 
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Table 7. Comparison of saCo concentrations in monitoring wells in 1981-1982 
reported by Olsen et al. (1983) with those observed in May 1987. 

Well 1981/1982” 1987 
(BqW 

T7-2 
T7-3 
7-7-4 
T7-5 
T7-6 
T7-9 
T7-10 
T7-13 
T7-15 
T7-20(SB-20) 
T7-21 
T7-22 
T7-23 
T7-24 
T7-25 
T7-26 
T7-27 
T7-29 
SB- 1 
SB-2 
SB-4 
SB-6 
RS-7(Seep) 
Stream 

6 
1075 
5254 
2291 

8 
90 

275 
1080 

20 
790 

2040 
1040 

13 15 
1030 

14 
ND 
ND 
ND 
ND 
ND 
ND 
880 
953 

N D ~  

3 
713 

1880 
1110 

7 
46 
24 

173 
23 

317 
521 
499 
ND 
184 
35 
10 
2 

ND 
ND 
ND 
ND 
ND 
290 
227 

‘Data from Olsen et al. (1983). 
ND = Not detected. 
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determined after drying and sieving these samples to <2 mrn by procedures 
described elsewhere (Cerling and Spalding 1981). The average level of @Co was 
93+25 Bq/g. Olsen et al. (1983) reported a value of 390 Bq/g for a sample taken in 
1980. Means et a1.(1975) reported a value of 753 Bq/g for a sample taken in 
summer of 1975, whereas Duguid (1975) reported a value of 511 Bq/g for samples 
taken in September 1973. Thus, it does appear that aCo activities in both the seep 
water and sediment phases have been declining. 

8 CONCLUSIONS 

Soils in the seepage pits and trenches area, which are situated in the Maryville 
member of the Conasauga formation, are not amenable to establishing in situ 
grout curtains, especially with particulate-containing grouts. What little lime-fly- 
ash grout was accepted by the formation appeared to result from hydrofracturing 
of discrete strata rather than permeation of the formation. 

Future corrective actions, which involve grouting whether applied in situ or 
otherwise, should require specification of grout properties in addition to any 
specification of grout materials. Such specifications should include permeability 
and compressive strength to ensure that injected material will set. Tests to meet 
these specifications should be defined to simulate the field pumping and soil 
environment to which the grout will be subjected. 

Detailed site characterization information was obtained from the grouting 
project providing an excellent picture of depth to hard rock around trench 7. 
Frequency data on grout volumes accepted by the formation and fracturing 
pressures have provided information on the soil formation properties. These 
should be useful in anticipating future grouting and hydraulic projects. 

at the seep in the trench 7 site. This decline is beyond that attributable to 
radioactive decay. 

Since last studied in 1982, activities of @Co have declined in groundwater and 
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Appendix A 
Specifications for Subsurface Grout Injection 
(from Engineering Drawing C3E20965A011) 

Grout shall be injected into the subsurface to fill existing groundwater pathwayx and to 
trap contaminants in place. The work shall be performed in accordance with the following 
conditions and specifications. 

1. Existing Subsurface Conditions 

The subsurface conditions are described as follows: 
Residual clay soils overlie the site and gradually change to weathered rock The weathered 
materials extend to depths of 30 to 40 ft. and generally consist of shales, siltstones, and 
occasional thin beds of nonweathered limestone at deeper depths. The shales and 
siltstones are so highly fractured that spacing of fractures in these materials is commonly 
as close as one centimeter. The average strike of the strata in this area is 55 degrees and 
dip to the southeast (with dips from near horizontal to high angles) and folds and faults 
are common. 

2. Grouting Procedures 

Grout shall be injected in two phases along the line shown on drawing C3E-20965-AOll. 
For the first phase injection holes shall be in three(3) rows, five(5) ft apart, along the line 
at ten(l0) ft centers. The second phase shall be along the same centerline as the first 
phase and at the same spacing;but these hole locations along the centerline shall split the 
distance between the previously grouted holes. After the two phases of grouting are 
completed, the grout injections will have been made at locations spaced fwe(5) feet apart 
along the centerline in each of the three lines. A total of 303 injection points shall be 
grouted. Grouting shall begin at station O+OO as shown on drawing C3E-20965-AOl1, and 
proceed to station 5+00. 

Grout shall be placed by inserting injection lances hydraulically to a depth of 40 feet or 
until the lances cease to penetrate further. Grout injection will then begin at this depth. 
Injection pressures shall be adjusted to inject the greatest quantity of grout possible within 
a pressure range of 50-200 psi pump pressure. Maximum depth of 40’ at any hole. 

Injections shall be continued until the maximum quantity of slurry has been injected into 
the soil, and the slurry is running free at the surface out of previous injection holes or 
from areas where the surhce soil is fractured. The volume of slurry flowing at the surface 
shall be approximately equal to the volume of slurry pumped into the soil. If required, 
injection holes shall be added upon approval by the Company. 

The maximum penetration depth of each lance at each injection location shall be 
recorded. Each injection location shall be identified by stationing along the centerline with 
offsets as appropriate. The volume of grout injected, measured in cubic feet or gallons at 
each injection location shall be recorded. If an injection is made through three lances 
simultaneously, measurement of the injected grout through the three lances will be 
acceptable. The recorded locations and quantities for each injection shall be provided in 
writing to the Company. 
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3. Grout Mix 

The grout shall be a slurry consisting of clean water, fly ash, hydrated lime and surfactant, 
and shall be continually agitated to insure uniformity of the mixture. The hydrated lime 
shall conform to the applicable parts of ASTh4 (207 Type N. The fly ash shall be Type C 
and be pozzolanically reactive. A nonionic surfactant shall be used according to the 
manufacturer's recommendations, but in no case less than 1 gallon per 3,500 gallons of 
water. 

The designed slurry shall be a lime/fly ash slurry mixed in ratio of one pound of lime, 
three pounds of fly ash, and from one to three gallons of water. The amount of water 
shall be determined by the seller and be approved by the Company, and shall generally be 
of such amount as to obtain the maximum quantity of injected grout solids. 

4. Special Conditions 

A Stand-by Time 

The seller shall be compensated during periods of inactivity only if such periods are 
directed and authorized by the Company's representative. During such standby periods, 
the Sellers personnel and equipment shall, if determined to be necessary by the 
Company's representative, remain at the site ready to resume work. Compensation shall be 
a the unit price specified as standby time. In no case shall the Seller be paid for more than 
eight hours standby time in any working day even though multiple shifts are approved by 
the Company and are in effect. The Seller shall not be compensated for standby time 
during weekends and Company holidays. 

B. Sellers Qualifications 

The lime/fly ash injection seller shall at the request of the Company and prior to award of 
the contract, furnish documentation of satisfactory completion of similar projects in 
comparable soil conditions. 

C. Water Supply 

The nearest point of potable water supply is a fire hydrant located approximatdy 1200 
feet from the work site. The location of the fire hydrant is indicated on the locality map, 
drawing number C3E-20965-A009. 

D. Grouting Options 

One option for injecting grout on this project is included and is noted as "Option A" on 
drawing C3E-20965-AOll. "Option A" consists of grouting in accordance with these 
specifications beginning at station 5+00 and ending at station 6+50, 93 injection points. 
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Appendix B 
Trench 7 Grout Injection Information 

HOLE 

0 
0 
0 
5 
5 
5 
10 
10 
10 
15 

HOLE 

0 
0 
0 
5 
5 
5 
10 
10 
10 
15 

HOLE 

0 
0 
0 
5 
5 
5 
10 
10 
10 
15 

HOLE 

0 
0 
0 
5 
5 
5 
10 
10 
10 
15 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
m 
CENTER 

POSITION ON 
CENTER LINE 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSlTION ON 
CENTER LINE 

C E m  
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSiTlON ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
C E m  
EAST 
WEST 
CENTER 

DATE OF 
INJECTION 
COMPLETION 
03DEC85 
03DEC85 
03DECS5 
25APR86 
25APRS6 
25APR86 
06DECS5 
06DECSS 
06DEC85 
25APRS6 

ELEVATION OF 
GROUND 
760.000 
760.000 
760.000 
761.000 
761.000 
761.000 
761.800 
761.800 
761.WO 
762800 

MINIMUM 
PRESSURE 

10 
30 
30 
25 
25 
40 
30 
0 
20 
35 

RATIO OF 

(PSI) 

ORNL GRID 
NORTH 

17258.7 
17260.3 
17257.1 
17262.7 
17265.1 
172603 
17266.7 
17269.0 
17264.3 
17270.6 

DEPTH OF 
INJECTION 
11 
12 
9 
13 
19 
12 
8 
11 
5 
14 

MAXIMUM 
PRESSURE 

10 
50 
50 
25 
25 
40 
30 
10 
40 
35 

(PSI) 

LOCATION OF 
WATER:LIME:ASH 
(G&LB:LB) GROUT RETI 
31:3 PIPE 
31:3 HOLEOOOC 
3 1 3  HOLEOOOC 
213 PIPE 
21:3 1s- 
21:3 4FTNORTH 
31:3 PIPE 
31:3 PIPE 
31:3 PIPE 
2 1 3  3FTNORTH 

JRN 

ORNL GRID 
EAST 

27804.0 
27807.9 
27799.2 
27801.6 
27807.1 
277%.8 
27798.4 
27802.4 
27793.7 
27796.8 

GALLONS 
OF GROUT 
5 
360 
40 
100 
600 
50 
40 
10 
5 
75 

PUMPING 
RATE 

7.00000 
75oooo 
7.5oooo 
8.00000 
8.00000 
8.00000 
45oooo 
4.00000 
4.5oooo 
8.00000 

(GPW 



HOLE 

15 
15 
20 
20 
20 
25 
25 
25 
30 
30 

MOLE 

15 
15 
20 
20 
20 
2s 
25 
25 
30 
30 

HOLE 

1s 
15 
20 
20 
20 
25 
25 
25 
30 
30 

HOLE 

15 
15 
20 
20 
20 
25 
25 
25 
30 
30 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
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DATE OF 
INJECTION 
COMPLETION 
25APR86 
2SAPR86 
06DEC85 
06DEC85 
06DEC85 
25APR86 
25APR86 
25APR86 
06DEC85 
06DECSS 

ELEVATION OF 
GROUND 
762.800 
762.800 
763.600 
763.600 
763.600 
764.500 
764.500 
764.500 
765.300 
765.300 

MINIMUM 
PRESSURE 

40 
35 
30 
0 
20 
35 
30 
40 
30 
30 

(PSI) 

RATIO OF 

ORNL GRID 
NORTH 

17273.8 
172683 
17274.6 
17277.0 
17273.0 
17279.4 
172825 
17277.0 
17284.1 
17285.7 

DEPTH OF 
INJECTION 
16 
13 
6 
5 
6 
6 
4 
8 
5 
7 

MAXIMUM 
PRESSURE 

40 
35 
90 
30 
30 
35 
30 
40 
30 
90 

(PSI) 

LOCATION OF 
WATERLIMEASH 
(GkLB:LB) GROUT RETURN 
21:3 llFTSWEST 
2:1:3 IOFTNEAST 
31:3 HOLE020C 
31:3 PIPE 
31:3 PIPE 
2:1:3 PIPE 
21:3 PIPE 
21:3 2FTsOUTH 
31:3 PIPE 
31:3 PIPE 

ORNL GRID 
EAST 

27801.6 
277913 
27793.7 
277%.8 
27788.9 
27791.3 
27795.2 
27786.5 
27788.1 
277913 

GALLONS 
OF GROUT 
150 
100 
50 
0 
5 
0 
0 
40 
10 
0 

PUMPING 
RATE 

8.00000 
8.00000 
4.5oooo 
4.5oooo 
4.5oooo 
8.00000 
8.00000 
8.00000 
4.5oooo 
4 5 m  

(GPW 
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HOLE 

30 
35 
35 
35 
40 
40 
40 
45 
45 
45 

HOLE 

30 
35 
35 
35 
40 
40 
40 
45 
45 
45 

HOLE 

30 
35 
35 
35 
40 
40 
40 
45 
45 
45 

HOLE 

30 
35 
35 
35 
40 
40 
40 
45 
45 
45 

POSITION ON 
CENTEX LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSmON ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

DATE OF 
INJECTION 
COMPLETION 
06DEC85 
25APR86 
25APR86 
25APR86 
06DEC85 
06DEC85 
06DEc85 
25APR86 
25APR86 
25APR86 

ELEVATION OF 
GROUND 
765300 
766.000 
766.000 
766.000 
767.000 
767.000 
767.000 
768.000 
768.000 
768.000 

MINIMUM 
PRESSURE 

30 
40 
40 
30 
30 
30 
30 
40 
10 
30 

(PSI) 

RATIO OF 

ORNL GRID 
NORTH 

17281.7 
172873 
17289.7 
17284.9 
172921 
17293.7 
17289.7 
17296.0 
17298.4 
17293.7 

DEPTH OF 
INJECTION 
5 
5 
7 
6 
4 
6 
4 
4 
3 
6 

MAXIMUM 
PRESSURE 

90 
40 
40 
30 
30 

30 
40 
10 
30 

(PSI) 

im 

LOCATION OF 
WATER:LIMEASH 
(GALLRLB) GROUT RETURN 
3:1:3 PIPE 
21:3 PIPE 
21:3 PIPE 
21:3 PIPE 
3:1:3 PIPE 
3:1:3 HOLEWC 
3:1:3 PIPE 
21:3 PIPE 
21:3 PIPE 
21:3 PIPE 

ORNL GRID 
EAST 

277833 
277865 
277905 
27781.7 
27783.3 
27786.5 
27778.6 
27781.0 
27784.9 
27777.0 

GALLONS 
OF GROUT 
10 
0 
40 
10 
0 
20 
0 
0 
0 
20 

PUMPING 
RATE 

43000 
8.00000 
800000 
8.00000 
4 . 5 m  
4.50000 
450000 
8.00000 
8.00000 
8.00000 

P M )  
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HOLE 

50 
50 
50 
55 
55 
55 
60 
60 
60 
65 

HOLE 

50 
50 
50 
55 
55 
55 
60 
60 
60 
65 

HOLE 

50 
50 
50 
55 
55 
55 
60 
60 
60 
65 

HOLE 

50 
50 
50 
55 
55 
55 
60 
60 
60 
65 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 
CENTER 
ELGT 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

DATE OF 
INJECTION 
COMPLETION 
09DEC85 
06DEC85 
06DEC85 
25APR86 
25APR86 
ZAPR8fi 
09DECB5 
09DECB5 
09DEC85 
24APR86 

ELEVATION OF 
GROUND 
768.700 
768.700 
768.700 
769.800 
769.800 
769.800 
770.500 
770.500 
770500 
771.300 

MINIMUM 
PRESSURE 

30 
30 
30 
so 
40 
35 
30 
30 
30 
50 

(PSI) 

RATIO OF 

ORNL GRID 
NORTH 

17300.0 
17302.4 
17297.6 
17304.8 
17306.3 
173024 
17307.9 
17310.3 
17305.6 
1731 1.9 

DEPTH OF 
INJECTION 
13 
10 
u) 

13 
13 
19 
6 
5 
3 
5 

MAXIMUM 
PRESSURE 

130 
90 
130 
50 
40 
35 

90 
30 
50 

LOCATION OF 

(PSI) 

im 

WATER:LIMEASH 
(GALLB:LB) GROUT RETURN 
31:3 WESTDITCH 
31:3 WESTDITCH 
31:3 WESTDlTCH 
2:1:3 PIPE 
21:3 PIPE 
21:3 PIPE 
3:1:3 ROAD 
31:3 HOLE060C 
3:1:3 PIPE 
21:3 PIPE 

ORNL GRID 
EAST 

27777.8 
27781.7 
27773.8 
27776.2 
27780.2 
27771.4 
27773.0 
27777.8 
27769.0 
27771.4 

GALLONS 
OF GROUT 
740 
50 
ux) 
50 
200 
350 
30 
10 
5 
50 

PUMPING 
RATE 

4.5oooo 
4.5oooo 
4.5oooo 
8.00000 
8.00000 
8.00000 
45oooo 
4.5oooo 
4.5oooo 
8.00000 

(GPM) 



HOLE 

65 
65 
70 
70 
70 
75 
75 
75 
80 
80 

HOLE 

65 
65 
70 
70 
70 
75 
75 
75 
80 
80 

HOLE 

65 
65 
70 
70 
70 
75 
75 
75 
80 
80 

HOLE 

65 
65 
70 
70 
70 
75 
75 
75 
80 
80 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 
W T  
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
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DATE OF 
INJECTION 
COMPLETION 
24APR86 
24APR86 
llDECSS 
llDEG3.S 
lODEG3.S 
24APRs6 
24APR86 
24APR86 
lODEG3.S 
llDEC85 

ELEVATION OF 
GROUND 
771.300 
771.300 
772.200 
772.200 
772.200 
7 7 2 m  
772m 
772.800 
773.500 
773.500 

MINIMUM 
PRESSURE 

30 
10 
30 
30 
30 
45 
45 

10 
30 

(PSI) 

m 

ORNL GRID 
NORTH 

173143 
17305.6 
17315.1 
17318.3 
17312.7 
17319.8 
17322.2 
17316.7 
17323.8 
17327.0 

DEPTH OF 
INJECTION 
5 
2 
9 
10 
9 
13 
9 
3 
6 
10 

MAXIMUM 
PRESSURE 

30 
10 
90 
30 
90 
45 
45 

10 
30 

(PSI) 

2o 

RATIO OF LOCATlON OF 
WATERLIMEASH 
(GAJARLB) GROUT RETURN 
21:3 PIPE 
2:1:3 PIPE 
31:3 ROAD 
31:3 PIPE 
31:3 PIPE 
21:3 8Fl30UTH 
tl:3 2Fl'NORTH 
21:3 PIPE 
31:3 PIPE 
31:3 ROAD 

ORNL GRID 
EAST 

27774.6 
277675 
27767.5 
27771.4 
27764.3 
27765.9 
27769.0 
27761.9 
27761.9 
27765.1 

GALLONS 
OF GROUT 
5 
0 
1200 
10 
5 
200 
50 
0 
5 
10 

PUMPING 
RATE 

8.00000 
8.00000 
4.5oooo 
4.5oooo 
4.5oooo 
8.00000 
8.00000 
8.00000 
45oooo 
4 5 m  

(GPM) 



B-6 

HOLE 

80 
85 
M 
85 
90 
90 
90 
95 
95 
95 

HOLE 

80 
85 
85 
85 

90 
90 
95 
95 
95 

HOLE 

90 

80 
85 
85 
85 
98 
90 
90 
95 
95 
95 

HOLE 

80 
85 
85 
85 
90 
90 
90 
95 
95 
95 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSmON ON 
CENTER LINE 
WEST 
CENTER 
EkFT 
WEST 
CENTER 
W T  
WEST 
CENTER 
EAST 
WEST 

POSlTION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
W T  
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

DATE OF 
INJECTION 
COMPLETION 
10DEC85 
24APR86 
24APR86 
24APR86 
llDEC85 
llDEC85 
llDEC8.5 
24APR86 
24APR86 
24APR86 

ELEVATION OF 
GROUND 
773.500 
774.300 
774.300 
774.300 
775.000 
775.000 
775.000 
775.500 
775.500 
775.500 

MINIMUM 
PRESSURE 

30 
35 
40 
30 
30 
30 
30 
20 
40 
35 

(PSI) 

ORNL GRID 
NORTH 

17319.8 
17327.8 
17331 .O 
17323.0 
17331 .O 
17334.1 
17327.8 
17334.9 
17337.3 
17331.0 

DEPTH OF 
INJECTION 
9 
3 
9 
3 
17 
19 
10 
20 
10 
9 

MAXIMUM 
PRESSURE 

30 
35 
40 
30 
110 
90 
30 
20 
40 
35 

(PSI) 

RATIO OF LOCATION OF 
WATERLIME ASH 
(GALABLB) GROUT RETURN 
3:1:3 PIPE 
21:3 PIPE 
21:3 4FTNORTH 
21:3 PIPE 
31:3 ROAD 
3 1 3  ROAD 
3: 1:3 PIPE 
21:3 15FTsOuTH 
21:3 20FTSOUTH 
21:3 2FrsOUTH 

ORNL GRlD 
EAST 

27757.9 
2 7 7 5 8.7 
27761.9 
2 7 7 5 4.8 
27754.8 
27758.7 
27751.6 
27751.6 
27755.6 
27748.4 

GALLONS 
OF GROUT 
5 
0 
60 
0 
55 
80 
15 
1100 
200 
200 

PUMPING 
RATE 

4.5000 
8.oooo 
8.oooO 
8.oooO 
4.5000 
4.5000 
4.5000 
8 . m  
8.oooo 
8.oooO 

(GPM) 



HOLE 

100 
100 
100 
105 
105 
105 
110 
110 
110 
115 

HOLE 

100 
100 
100 
105 
105 
105 
110 
110 
110 
115 

HOLE 

100 
100 
100 
105 
105 
105 
110 
110 
110 
115 

HOLE 

100 
100 
100 
105 
105 
105 
110 
110 
110 
115 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CEN'IER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

B-7 

DATE OF 
INJECTION 
COMPLETION 
30DEC85 
02JAN86 
02JAN86 
23APR86 
23APR86 
23APRS6 
03JAN86 
021AN86 
03JAN86 
23APR86 

ELEVATION OF 
GROUND 
776.200 
776.200 
776.200 
776.800 
776.800 
776.800 
777300 
777300 
777300 
777.700 

MINIMUM 
PRESSURE 

0 
0 
0 
35 
35 
20 
0 
0 
0 
45 

(PST) 

RATIO OF 

ORNL GRID 
NORTH 

17338.9 
173421 
17335.7 
17342.9 
17349.2 
17339.7 
17346.8 
17350.0 
17344.4 
17350.8 

DEPTH OF 
WJECflON 
16 
23 
14 
8 
13 
12 
15 
17 
8 
9 

MAXIMUM 
PRESSURE 

30 
30 
60 
35 
35 

30 
40 
30 
45 

cPs9 

m 

LOCATION OF 
WATER.LIME:ASH 
(GAL;LB:LB) GROUT RETURN 
31:3 EASTBANK 
3:1:3 ROADEAST 
3:1:3 EASTBANK 
21:3 8FISEAST 
21:3 3F)sOUTH 
21:3 PIPE 
31:3 ROADWEST 
31:3 EASTBANK 
31:3 PIPE 
2:1:3 PIPE 

ORNL GRID 
EAST 

27748.4 
27751.6 
27744.4 
27746.0 
27747.6 
27742.1 
27741.3 
27745.2 
27738.1 
27739.7 

GALLONS 
OF GROUT 
1000 
2050 
850 
40 
60 
20 
400 
555 
350 
200 

PUMPING 
RATE 

4.5000 
4.5000 
4.5000 
8.oooO 
8.oooO 
8.oooO 
4.5000 
4,5000 
4.5000 
8.oooO 

(GPW 



HOLE 

115 
115 
120 
120 
120 
125 
125 
125 
130 
130 

HOLE 

115 
115 
120 
120 
120 
125 
125 
125 
130 
130 

HOLE 

115 
115 
120 
120 
1-20 
125 
125 
125 
130 
130 

HOLE 

115 
115 
120 
1-20 
120 
1 z5 
125 
125 
130 
130 

POSlTlON ON 
CENTER LINE 

FMT 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

B-8 

DATE OF 
INJECTION 
COMPLETION 
23MR86 
23APR86 
OXTAN86 
03JAN86 
03JAN86 
21APR86 
21APR86 
21APR86 
03JAN86 
03JAN86 

ELEVATION OF 
GROUND 
777.700 
777.700 
778.300 
778.300 
778.300 
778.900 
778.900 
778.900 
779.700 
779.700 

MINIMUM 
PRELSSURE 

40 
20 
0 
0 
0 
35 
40 
40 
0 
0 

(PSI) 

RATIO OF 

O W L  GRID 
NORTH 

17353.2 
17347.6 
17355.6 
17357.9 
17354.0 
17359.5 
17361.1 
17357.9 
17364.3 
17365.9 

DEPTH OF 
INJECTION 
15 
14 
12 
13 
13 
19 
29 
19 
26 
32 

MAXIMUM 
PRESSURE 

40 
20 
30 
30 
20 
35 
40 
40 
0 
20 

LOCATION OF 

(PSI) 

WATER:LIME:ASH 
(GALLB:LES) GROUT RETURN 
21:3 8FISWEST 
21:3 lOFI?+JORTH 
3:1:3 PIPE 
3:1:3 PIPE 
31:3 PIPE 
21:3 1mouTH 
21:3 35-T 
21:3 " N W T  
31:3 PIPE 
31:3 PIPE 

ORNL GRID 
EAST 

27742.1 
27736.5 
27735.7 
27739.7 
27731.7 
27733.3 
277373 
27730.2 
27729.4 
27734.1 

GALLONS 
OF GROUT 
200 
300 
30 
350 
0 
21m 
200 
200 
0 
26 

PUMPING 
RATE 

8.m00 
8.oooO 
4.5000 
4.5000 
4.5000 
8.oooO 
8.oooO 
8.oooO 
4.5000 
4.5000 

(GPM) 



B-9 

HOLE 

130 
135 
135 
135 
140 
140 
140 
145 
145 
145 

HOLE 

130 
135 
135 
135 
140 
140 
140 
145 
145 
145 

HOLE 

130 
135 
135 
135 
140 
140 
140 
145 
145 
145 

HOLE 

130 
135 
135 
135 
140 
140 
140 
145 
145 
145 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

DATE OF 
INJECTION 
COMPLETION 
OUAN86 
21APR86 
21APR84 
21APR86 
18JAN86 
31JAN86 
21JAN84 
21APR86 
21APR86 
21APR86 

ELEVATION OF 
GROUND 
779.700 
780500 
780500 
780.500 
781.000 
781.000 
781.000 
781.500 
781.500 
781.500 

MINIMUM 
PRESSURE 

0 
35 
30 
40 
0 
30 
30 
40 
40 
50 

(PSI) 

ORNL GRID 
NORTH 

17361.9 
17369.0 
17371.4 
173675 
17373.0 
17375.4 
17370.6 
17377.8 
17379.4 
17375.4 

DEPTH OF 
INJECTION 
19 
29 
20 
29 
12 
33 
32 
20 
19 
10 

MAXIMUM 
PRESSURE 

0 
35 
30 
40 
0 
30 
200 
40 
40 
50 

(PSI) 

RATIO OF LOCATION OF 
WA'IERLIMESH 
(GALL3LB) GROUT RETURN 
31:3 PIPE 
21:3 6FTNEAST 
21:3 4FI'NORTH 
21:3 4FTSOUTH 
3:1:3 PIPE 
31:3 WESTBANK 
3 1:3 ROADCENTER 
21:3 2FTNORTH 
21:3 3lTNORTH 
21:3 FLUME 

ORNL GRID 
W T  

27725.4 
27727.0 
27731.0 
27723.8 
27723.8 
27729.4 
27720.6 
27723.0 
27727.0 
27719.8 

GALLONS 
OF GROUT 
0 
400 
ux) 

300 
0 
3175 
70 
200 
200 
200 

PUMPING 
RATE 

4.5000 
8.oooO 
8.oooO 
8.oooO 
4.5000 
45000 
45000 
8.oooO 
8.oooO 
8.oooO 

(GPM) 



HOLE 

150 
150 
150 
155 
155 
155 
160 
160 
160 
165 

HOLE 

150 
150 
150 
155 
155 
155 
160 
160 
160 
165 

HOLE 

150 
150 
150 
155 
155 
155 
160 
160 
160 
165 

HOLE 

150 
150 
150 
155 
155 
155 
160 
160 
160 
165 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

DATE OF 
INJECTION 
COMPLETION 
18JAN86 
21JAN86 
osFEB86 
17APR86 
17APR86 
17APR86 
18JAN86 
04FEB86 
18JAN86 
17APR86 

ELEVATION OF 
GROUND 
782.300 
782.300 
782.300 
783.200 
783.200 
783.200 
784.000 
7fM.000 
784.000 
785.000 

MINIMUM 
PRESSURE 

0 
30 
30 
45 
35 
35 
0 
40 
0 
50 

(PSI) 

RATIO OF 

ORNL GRID 
NORTH 

17382.5 
17334.9 
17381.0 
173873 
17388.9 
17385.7 
17392.1 
17393.7 
173905 
173%.8 

DEPTH OF 
INJECTION 
36 
14 
13 
9 
24 
19 
13 
20 
22 
2n 

MAXIMUM 
PRESSURE 

30 
30 
30 
45 
35 
35 
0 
40 
30 
50 

LOCATION OF 

(PSI) 

WATERLIME: ASH 
(GALLB:LB) GROUT RETURN 
3:1:3 PIPE 
31:3 PIPE 
31:3 PIPE 
21:3 PIPE 
2:1:3 6FlsEAST 
21:3 SF'TNORTH 
31:3 PIPE 
3:1:3 ROADCENTER 
31:3 ROAD 
21:3 PIPE 

ORNL GRID 
EAST 

27720.6 
27725.4 
27715.9 
27719.0 
27723.8 
27715.1 
27716.7 
277222 
27712.7 
27715.9 

GALLONS 
OF GROUT 
26 
100 
175 
20 
150 
100 
0 
15 
400 
40 

PUMPING 
RATE 

4.5000 
4.5000 
4.5000 
8.oooO 
8.oooO 
8.oooO 
45000 
4.5000 
45000 
12.oooO 

( G W  



HOLE 

165 
165 
170 
170 
170 
175 
175 
175 
180 
180 

HOLE 

165 
165 
170 
170 
170 
175 
175 
175 
380 
180 

HOLE 

165 
165 
170 
170 
170 
175 
175 
175 
180 
180 

HOLE, 

165 
165 
170 
170 
170 
175 
175 
175 
180 
180 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 
J3ST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER L I m  

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

B-1 1 

DATE OF 
INJECTION 
COMPLETION 
17APR86 
17APR86 
1SJAN86 
183AN86 
18JAN86 
17APR86 
17APR86 
17APR86 
18JAN86 
18JAN86 

ELEVATION OF 
GROUND 
785.000 
785.000 
785.700 
785.700 
785.700 
786500 
786500 
786500 
787300 
787.300 

MINIMUM 
PRESSURE 

40 
60 
0 
0 
0 
35 
30 
30 
0 
0 

(PSI) 

ORNL GRlD 
NORTH 

17398.4 
17396.0 
17400.8 
17401.6 
17400.0 
174063 
17407.1 
17405.6 
17410.3 
17411.9 

DEPTH OF 
INJECTION 
29 
18 
15 
18 
12 
22 
24 
26 
3 
3 

MAXIMUM 
PRESSURE 

40 
60 
30 
30 
213 
35 
30 
30 
0 
0 

(PSI) 

RATIO OF LOCATION OF 
WATf3kLIME:ASH 
(GAI;LB:LB) GROUT RETURN 
21:3 4lTNORTH 
21:3 HOLEISSC 
31:3 ROAD 
31:3 PIPE 
31:3 PlPE 
21:3 2FISOUTH 
21:3 8FTNORTH 
21:3 1OFTNEAST 
3:1:3 PIPE 
31:3 PIPE 

ORNL GRID 
EAST 

277213.6 
27711.9 
27714.3 
27719.0 
27709.5 
277135 
277183 
27709.5 
27711.9 
27717.5 

GALLONS 
OF GROUT 
175 
60 
225 
75 
70 
100 
250 
300 
10 
30 

PUMPING 
RATE 

12.oooo 
12.oooo 
45000 
45000 
4.5000 
12.m 
12.oooo 
12.oooo 
45000 
45000 

(GPW 



B-12 

HOLE 

180 
185 
18.5 
185 
190 
190 
190 
195 
195 
195 

HOLE 

180 
185 
185 
185 
190 
190 
190 
195 
195 
195 

HOLE 

180 
185 
185 
185 
190 
190 
190 
195 
195 
195 

HOLE 

180 
185 
185 
185 
190 
190 
190 
195 
195 
195 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LlNE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

DATE OF 
INJECTION 
COMPLETION 
WAN86 
14APR86 
14APR86 
14APR86 
WAN86 
lglAN86 
18TAN86 
14APR86 
14APR86 
14APR86 

ELEVATION OF 
GROUND 
787.300 
788.000 
788.000 
788.000 
789.000 
789.000 
789.000 
790.000 
790.000 
790.000 

ORNL GRID 
NORTH 

17409.5 
17411.1 
17416.7 
17415.1 
17419.8 
17420.6 
17419.0 
17427.0 
17427.8 
17427.0 

DEPTH OF 
INJECTION 
19 
0 
0 
0 
1 
2 
2 
0 
0 
0 

MINIMUM MAXIMUM 
PRESSURE PRESSURE 

0 30 
(PSI) (PSI) 

0 0 
0 0 
0 0 

RATIO OF LOCATION OF 
WATERL1ME:ASI-I 
(GALLB:LB) GROUT RETURN 
31:3 PIPE 
21:3 
2:1:3 
21:3 
31:3 PIPE 
31:3 PIPE 
31:3 PIPE 
21:3 
21:3 
21:3 

ORNL GRID 
EAST 

27707.1 
27711.1 
27716.7 
27707.1 
27710.3 
27715.1 
27704.8 
27709.5 
27715.9 
27704.8 

GALLONS 
OF GROUT 
215 
0 
0 
0 
0 
0 
0 
0 
0 
0 

PUMPING 
RATE 

4.5000 
(GPW 

4.5000 
4.5000 
4.5000 



3-13 

HOLE 

200 
200 
200 
205 
205 

210 
210 
210 
215 

m 

HOLE 

200 
200 
200 
2.05 
205 
205 
210 
210 
210 
215 

HOLE 

200 
200 
200 

205 

210 
210 
210 
215 

2o5 

205 

HOLE 

200 
200 
200 
20s 
205 
205 
210 
210 
210 
215 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

DATE OF 
INJECTION 
COMPLETION 
lNAN86 
lSJAN86 
1NAhl86 
12APRS4 
15APR86 
14APR86 
05FEW 
OSFE386 
05FEB86 
12APR86 

ELEVATION OF 
GROUND 
790.600 
790.600 
790.600 
792.000 
792.000 
792.000 
792500 
792500 
792.500 
793.300 

MINIMUM 
PRESSURE 

0 
0 
0 
0 
0 
30 
0 
30 
0 
50 

(PSf) 

RATIO OF 

ORNL GRID 
NORTH 

17430.2 
17431.0 
17429.4 
17434.9 
17435.7 
17434.1 
17439.7 
17441.3 
17440.5 
17444.4 

DEPTH OF 
INJECTION 
1 
2 
2 
1 
5 
5 
31 
19 
10 
29 

MAXIMUM 
PRESSURE 

0 
0 
0 
0 
0 
50 
120 

30 
50 

LOCATION OF 

(PSI) 

120 

WATER:LiME:ASH 
(GALLB:LB) GROUT RETURN 
3:13 PIPE 
3:1:3 PIPE 
31:3 PIPE 
21:3 PIPE 
2:1:3 PIPE 
2:1:3 PIPE 
3:1:3 PIPE 
3:1:3 PIPE 
31:3 PIPE 
21:3 SFI’NEAST 

ORNL GRID 
EAST 

27708.7 
27713.5 
27704.0 
27707.9 
27714.3 
27703.2 
27707.1 
277127 
27703.2 
27706.3 

GALLONS 
OF GROUT 
0 
0 
0 
0 
0 
5 
250 
75 
100 
150 

PUMPING 
RATE 

4.5000 
4.5000 
4.5000 
12.oooo 
12.oooo 
12.oooo 
4.5000 
4.5000 
4.5000 
12.oooo 

(GPM) 



B-14 

HOLE 

215 
215 
220 
220 
220 
225 
225 
225 
230 
230 

HOLE 

215 
215 
220 
220 
220 
225 
225 
225 
230 
230 

HOLE 

215 
21 5 
22n 
220 
m 
225 
225 
w 
230 
230 

HOLE 

215 
215 
220 
220 
220 
225 
225 
225 
230 
230 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSlTION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

DATE OF 
INJECTION 
COMPLETION 
12APRR6 
1 W R S 6  
07FXB86 
05FEB86 
08FEB86 
12APR86 
12APR86 
12APR86 
WEB86 
W F E W  

ELEVATION OF 
GROUND 
793300 
793300 
794.100 
794.100 
794.100 
794.500 
794.500 
794.500 
795.300 
795.300 

MINIMUM 
PRESSURE 

40 
45 
30 
30 
0 
40 
35 
40 
0 
0 

(PSI) 

ORNL GRID 
NORTH 

17445.2 
17443.7 
17450.0 
17450.8 
17450.0 
17452.4 
17453.2 
17451.6 
17460.3 
17461.1 

DEPTH OF 
INJECTION 

29 
10 
25 
35 
20 
20 
30 
23 
17 

MAXIMUM 
PRESSURE 

40 
45 
30 
30 
30 
40 
35 
40 
30 
30 

m 

(PSI) 

ORNL GRID 
EAST 

27112.7 
27701.6 
27706.3 
27711.1 
27700.8 
27705.6 
2771 1.9 
27700.8 
27704.0 
27709.5 

GALLONS 
OF GROUT 
50 
200 
5 
2400 
415 
200 
200 
150 
20 
275 

PUMPING 
RATE 

12.oooo 
12.oooo 
4.5000 
4.5000 
4.5000 
l2oooo 
12.oooo 
12.oooo 
4.5000 
4.5000 

( G W  

RATIO OF LOCATION OF 
WATERL1ME:ASH 
(GMLB:LB) GROUT RETURN 
21:3 4 m O R T H  
2 1:3 3FTNORTH 
3:1:3 PIPE 
3:1:3 PIPE 
3:1:3 PIPE 
2:1:3 IOFIWORTH 
21:3 PIPE 
21:3 8FTNORTH 
31:3 ROADCENTER 
3:1:3 EASTDITCH+WEL 



B-15 

HOLE 

230 
235 
235 
235 
240 
240 
240 
245 
245 
245 

HOLE 

230 
235 
235 
235 
240 
240 
240 
245 
245 
245 

HOLE 

230 
235 
235 
235 
240 
240 
240 
245 
245 
245 

HOLE 

230 
235 
235 
235 
240 
240 
240 
245 
245 
245 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EMT 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

DATE OF 
INJECTION 
COMPLETION 
1oFEB86 
12APR86 
l W R 8 6  
12APR86 
09mBS6 
04MAR86 
2BFEB86 
12APR86 
12APR86 
12APR86 

ELEVATION OF 
GROUND 
795.300 
7%.000 
796.000 
796.000 
796.800 
796.800 
7%.800 
797.400 
797.400 
797.400 

MINIMUM 
PRESSURE 

0 
35 
45 
35 
30 
30 
0 
45 
45 
50 

(PSI) 

ORNL GRID 
NORTH 

17459.5 
17462.7 
17463.5 
17461.9 
17469.0 
17469.8 
174683 
17471.4 
17472.2 
17470.6 

DEPTH OF 
INJECTION 
40 
23 
20 
25 
34 
36 
13 
24 
20 
20 

MAXMUM 
PRESSURE 

30 
35 
45 
35 
30 
30 
30 
Bo 
45 
u) 

(PSI) 

RATIO OF LOCATION OF 
W A E W M E A S H  
( G k L R L B )  
3:1:3 
21:3 
21:3 
21:3 
31:3 
31:3 
3:1:3 
21:3 
21:3 
21:3 

GROUT RETURN 
PIPE 
PIPE 
PIPE 
8FISOUTH 
HOLEUOE 
PIPE 
ROADCENTER 
8FI"NORTH 
'IFISEAST 
lOFINEAST 

ORNL GRID 
EAST 

276992 
27704.0 
27709.5 
27699.2 
27703.2 
27707.9 
27697.6 
27701.6 
27707.9 
27697.6 

GALLONS 
OF GROUT 
1950 
500 
400 
400 
625 
100 
3ooo 
300 
250 
200 

PUMPING 
RATE 

45000 
12.oooo 
12.oooo 
12.oooo 
4.5000 
4.5000 
45000 
12oooo 
12.oooo 
12.oooo 

(GPM) 



B-16 

HOLE 

250 
250 
250 
255 
255 
255 
260 
260 
260 
265 

HOLE 

250 
250 
250 
255 
255 
255 
260 
260 
260 
265 

HOLE 

250 
250 
250 
255 
255 
255 
260 
260 
260 
265 

HOLE 

250 
250 
250 
255 
255 
255 
260 
260 
260 
265 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSlTION ON 
CENTER LINE 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

DATE OF 
INJECTION 
COMPLETION 
04MAR86 
03MAR86 
05MAR86 
llAPR86 
llAPR86 
llAPR86 
06MAR86 
06MAR86 
MW86 
10APR86 

ELEVATION OF 
GROUND 
798.200 
798.m 
798.200 
798.800 
798.800 
798.800 
799.500 
799.500 
799.500 
ROO.100 

MINIMUM 
PRESSURE 

0 
0 
0 
35 
45 
45 
0 
30 
0 
45 

P*> 

ORNL GRID 
NORTH 

17478.6 
17479.4 
17417.8 
17481.7 
11482.5 
17481.0 
17488.1 
17488.9 
17487.3 
17493.7 

DEPTH OF 
INJECTION 
20 
25 
20 
25 
19 
15 
22 
13 
14 
22 

MAXIMUM 
PRESSURE 

30 
30 
30 
35 
45 
45 
30 
30 
30 
45 

(PSI) 

RATIO OF LOCATION OF 
WATERLIMEASH 
( G a L B L B )  
31:3 
31:3 
3:1:3 
21:3 
2:1:3 
21:3 
31:3 
3:1:3 
3:1:3 
21:3 

GROUT RETURN 
PIPE 
PIPE 
PIPE 
13FTEAST 
HOLE250E 
4FTNORTH 
PIPE 
PIPE 
PIPE 
HOLE255C 

ORNL GRID 
EAST 

27700.8 
27705.6 
276%.0 
27700.0 
27706.3 
27695.2 
27699.2 
27704.0 
21694.4 
27699.2 

GALLONS 
OF GROUT 
50 
10 
600 
250 
75 
350 
100 
40 
500 
200 

PUMPING 
RATE 

4.5000 
4.5000 
4.5000 
1 2 . m  
1 2 . m  
12.oooo 
4.5000 
4.5000 
4.5000 
1 2 m  

(GPM) 



B-17 

HOLE 

265 
265 
270 
270 
270 
275 
275 
275 
280 
280 

HOLE 

26.5 
265 
270 
270 
270 
275 
275 
275 
280 
280 

HOLE 

265 
265 
270 
270 
270 
275 
275 
275 
280 
280 

HOLE 

265 
265 
270 
270 
270 
275 
275 
275 
280 
280 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 
EAST 
W T  
CEN'ER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSlTION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

DATE OF 
INJECTION 
COMPLETION 
1OAPRB6 
10APR86 
llMAR86 
1lMARB6 
14MARS6 
lOAPRB6 
10APRB6 
1oAPRR6 
14MAR86 
14MARS6 

ELEWATION OF 
GROUND 
800.100 
800.100 
800.800 
800.800 
8oom 
801.400 
801.400 
801.400 
801.800 
801.800 

MINIMUM 
PRESSURE 

35 
40 
0 
0 
0 
35 
30 
30 
20 

PSI) 

m 

RATIO OF 

ORNL GRID 
NORTH 

17494.4 
17492.9 
17498.4 
17499.2 
17497.6 
17503.2 
17504.8 
17502.4 
17507.9 
17508.7 

DEPTH OF 
LNJECTION 
25 
19 
12 
15 
23 
19 
18 
29 
24 
24 

MAXIMUM 
PRESSURE 

35 
40 
30 
30 
30 
35 
30 
30 
90 
40 

LOCATION OF 

(PSI) 

WATfZRLW:ASH 
( G a L B L B )  GROUT RETURN 
21:3 2FfEAsT 
21:3 6FTSWEST 
31:3 PIPE 
3:1:3 PIPE 
31:3 PIPE 
21:3 lOFTNORTH 
21:3 6FI'NORTH 
21:3 3FlSOUTH 
31:3 PIPE 
31:3 EASTBANK 

ORNL GRID 
EAST 

27704.0 
27693.7 
27696.8 
27701.6 
27692.1 
276%.0 
27702.4 
276913 
27695.2 
27700.0 

GALLONS 
OF GROUT 
250 
200 
50 
550 
3800 
50 
250 
300 
50 
50 

PUMPING 
RATE 

12oooo 
12.oooo 
7.oooo 
4.5000 
12.oooo 
12.oooo 
l2oooo 
12.oooo 
12.0000 
12.oooo 

(GPW 



B-18 

HOLE 

280 
285 
285 
285 
290 
290 
290 
295 
295 
295 

HOLE 

280 
285 
285 
285 
290 
290 
290 
295 
295 
295 

HOLE 

280 
285 
285 

290 
290 
290 
295 
295 
295 

HOLE 

285 

280 
285 
285 
285 
290 
290 
290 
295 
295 
295 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 
WEST 
CENTER 
EAST 
WEST 
CENTER 

WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

W T  
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

EAsT 

DATE OF 
INJECTION 
COMPLETION 
14MAR86 
09APR86 
09APRS6 
09APRtX 
14MAR86 
15MAR86 
15MAR86 
09APR86 
09APR86 
09APR86 

ELEVATION OF 
GROUND 
801.800 
802.400 
802.400 
802.400 
802.700 
802.700 
802.700 
803.100 
803.100 
803.100 

MINIMUM 
PRESSURE 

30 
60 
35 
45 
20 

(PSI) 

m 
m 
130 
40 
30 

RATIO OF 

ORNL. GRID 
NORTH 

17507.1 
17513.5 
17514.3 
17512.7 
175 19.0 
17519.8 
175175 
17523.0 
17523.8 
17523.0 

DEPTH OF 
INJECTION 
11 
17 
14 
14  
5 
6 
20 
15 
30 
8 

MAXIMUM 
PRESSURE 

70 
120 
35 
45 
20 

30 
130 
40 
30 

(PSI) 

20 

LOeATION OF 
WATERLIMEASH 
(GALLB:LB) 
31:3 
21:3 
21:3 
21:3 
31:3 
31:3 
31:3 
21:3 
2 x 3  
21:3 

GROUT RETURN 
PIPE 
PIPE 
19FTNEAST 
6FTNEAST 
PIPE 
PIPE 
WESTDITCH 
NONE 
BFTNEAST 
3FTWEST 

ORNL GRID 
EAST 

27690.5 
27694.4 
27700.0 
27689.7 
27693.7 
27698.4 
27689.7 
27692.9 
27698.4 
27688.1 

GALLONS 
OF GROUT 
m 
20 
100 
80 
30 
25 
70 
0 
75 
20 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

(GPM) 



HOLE 

300 
300 
300 
305 
305 
305 
310 
310 
310 
31 5 

HOLE 

300 
300 
300 
305 
305 
305 
310 
310 
310 
315 

H O E  

300 
300 
300 
305 
305 
305 
310 
310 
310 
315 

HOLE 

300 
300 
300 
305 
305 
305 
310 
310 
310 
315 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 
CENTER 
EAST 
WEST 
CENTER 
EsST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LlNE 

eENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

B-19 

DATE OF 
INJECllON 
COMPLETION 
15MAR86 
15MAR86 
15MAR86 
09APRB6 
09APR86 
09APRS6 
15MAR86 
15MAR86 
15h4ARM 
09APRS6 

ELEVATION OF 
GROUND 
803.500 
803.500 
8031500 
804.OOo 
Bo4.OOo 
804.OOo 
Bo4.300 
804300 
804.300 
804.700 

M 1 N I M U M 
PRESSURE 

0 
30 
30 
30 
40 
45 
20 
30 
20 
30 

(PSI) 

ORNL GRID 
NORTH 

17527.8 
17528.6 
17527.0 
17532.5 
17533.3 
17531.7 
17538.1 
17538.9 
17537.3 
17542.1 

DEPTH OF 
INJECTION 
9 
18 
14 
19 
20 
20 

22 
20 
19 

MAXIMUM 
PRESSURE 

90 
100 
90 
30 
40 
120 
40 
130 
40 
30 

20 

(PSI) 

RATIO OF LOCATION OF 
WATE1I:LIME:ASH 
(0kLB:LB) GROUT RETURN 
3:1:3 PIPE 
31:3 PIPE 
31:3 PIPE 
21:3 4FTSOUTH 
21:3 6FTNORTH 
21:3 3FTNORTH 
3:1:3 PIPE 
31:3 PIPE 
31:3 PIPE 
2 1 3  HOLE295W 

ORNL GRID 
EAST 

276913 
2769&8 
276873 
27691.3 
27696.0 
27686.5 
27689.7 
27695.2 
27684.9 
27688.1 

GALLONS 
OF GROUT 
60 
50 
0 
30 
40 
25 
600 
700 
90 
75 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

(GPW 



B-20 

HOLE 

315 
315 
320 
320 
320 
325 
325 
325 
330 
330 

HOLE 

315 
315 
320 
320 
320 
325 
325 
325 
330 
330 

HOLE 

315 
315 

320 
320 
325 
325 
325 
330 
330 

320 

HOLE 

315 
315 
320 
320 
320 
325 
325 
325 
330 
330 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

DATE OF 
INJECTION 
COMPLETION 
09APR86 
09APR86 
15MAR86 
15MAR86 
15MAR84 
07APR86 
07APR86 
07APR86 
15MAR86 
15MAR86 

ELEVATION OF 
GROUND 
804.700 
804.700 
805.000 
805.000 
805.000 
805.300 
805.300 
80.5.300 
805.700 
805.700 

MINIMUM 
PRESSURE 

20 
20 
u) 
20 
20 
25 
30 
30 
20 
30 

(PSI) 

ORNL GRID 
NORTH 

17543.7 
17541.3 
17546.8 
17548.4 
17546.0 
17551.6 
17553.2 
17550.0 
17556.3 
17558.7 

DEPTH OF 
INJECTION 
20 
25 
27 
14 
20 
10 
13 
15 
10 
14 

UAXIMUM 
PRESSURE 

20 
20 
20 
30 
20 
25 
30 
30 
20 
40 

(PSI) 

POSITION ON RATIO OF LOCATION OF 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

WAERL1ME:ASH 
(GAI;LB:LB) GROUT RETURN 
21:3 5FTWEST 
21:3 SFTEAST 
31:3 ROADNORTH 
31:3 ROADNORTH 
31:3 PIPE 
21:3 EASTBANK 
21:3 3FTWEST 
21:3 4FTEC\ST 
31:3 PIPE 
31:3 EASTDITCI-I 

ORNL GRID 
EAST 

27694.4 
27684.1 
27686.5 
27692.1 
27682.5 
27684.9 
27689.7 
27681.0 
27682.5 
276873 

GALLONS 
OF GROUT 
350 
50 
100 
400 
50 
75 
80 
200 
25 
100 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

(GPW 



B-21 

HOLE 

330 
335 
335 
335 
340 
340 
340 
345 
345 
345 

HOLE 

330 
335 
335 
335 
340 
340 
340 
345 
345 
345 

HOLE 

330 
335 
335 
335 
340 
340 
340 
345 
345 
345 

HOLE 

330 
335 
335 
335 
340 
340 
340 
345 
345 
345 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

DATE OF 
INJECTION 
COMPLETION 
15hUR86 
07APR86 
07APR86 
07APRS6 
15MAR86 
17-86 
17MAR86 
05APR86 
05APRS6 
05APR86 

ELEVATION OF 
GROUND 
805.700 
805.800 
805.800 
805.800 
806.o00 
Bodo00 
806.ooo 
806.200 
806.200 
806.200 

MINIMUM 
PRESSURE? 

30 
55 
75 
45 
30 
30 
40 
25 
30 
30 

(PSI) 

ORNL GRID 
NORTH 

17554.8 
175603 
17561.9 
17558.7 
17564.3 
17566.7 
175627 
17567.5 
17569.8 
17565.1 

DEPTH OF 
INJECTION 
20 
17 

21 
21 
17 
20 
16 
16 
14 

m 

MAXIMUM 
PRESSURE 

40 
120 
75 
45 
30 
40 
40 
30 
100 
30 

(PSI) 

RATIO OF LOCATION OF 
WATER:LIMEASH 
(G&LB:LB) 
31:3 
21:3 
21:3 
21:3 
3:1:3 
31:3 
31:3 
21:3 
2:1:3 
2:1:3 

GROUT RETURN 
PIPE 
13FTEAST 
8FTNORTH 
2FMORTH 
PIPE 
PIPE 
HOLE33OW 
3-T 
HOLE350C 
PIPE 

ORNL GRID 
EAST 

27678.6 
27681.0 
27685.7 
27677.0 
27678.6 
27683.3 
27674.6 
27677.0 
27681.7 
276722 

GALLONS 
OF GROUT 
0 
300 
300 
220 
10 
5 
10 
0 
20 
0 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

(GPM) 



B-22 

HOLE 

350 
350 
350 
355 
355 
355 
360 
360 
360 
365 

HOLE 

350 
350 
350 
355 
355 
355 
360 
360 
360 
365 

HOLE 

350 
350 
350 
355 
355 
355 
360 
360 
360 
365 

HOLE 

350 
3.50 
350 
355 
355 
355 
360 
360 
360 
365 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 

DAW, OF 
INJECTION 
COMPLETION 
15MAR86 
15uAR86 
15hUR86 
OSAPR86 
05APR86 
0SAPR86 
24MAR86 
24MAR86 
24MAR86 
OSAPR86 

ELEVATION OF 
GROUND 
806.500 
806.500 
806.500 
806.800 
806.800 
806.800 
807.200 
807.200 
807.200 
807.400 

MINIMUM 
PRESSURE 

30 
30 
30 
30 
30 
25 
40 
35 
35 
35 

(PSI) 

ORNL GRID 
NORTH 

17573.0 
17574.6 
17570.6 
17575.4 
17578.6 
17572.2 
17581 .O 
17584.1 
17577.0 
17582.5 

DEPTH OF 
INJECTION 
23 
23 
18 
21 
22 
23 
22 
21 
15 
25 

MAXIMUM 
PRESSURE 

30 
30 
30 
90 
30 
30 
50 
50 
60 
100 

(PSI) 

RATIO OF LOCATION OF 
WATERLIMEASH 
(GALLB:LB) 
31:3 
3:1:3 
3:1:3 
2 1 3  
21:3 
21:3 
31:3 
3: 1:3 
31:3 
2:1:3 

GROUT RETURN 
PIPE 
PIPE 
PIPE 
PIPE 
HOLE350C 
HOLE350C 
PIPE 
PIPE 
PIPE 
HOLE36OW 

ORNL GRID 
EAST 

27674.6 
27679.4 
27670.6 
27672.2 
27677.0 
27668.3 
27668.3 
27672.2 
27664.3 
27664.3 

GALLONS 
OF GROUT 
170 
0 
0 
25 
0 
0 
12 
200 
8 
25 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

(GPM) 



B-23 

HOLE 

365 
365 
370 
370 
370 
375 
375 
375 
380 
380 

HOLE 

365 
365 
370 
370 
370 
375 
375 
375 
380 
380 

HOLE 

365 
365 
370 
370 
370 
375 
375 
375 
380 
380 

HOLE 

365 
365 
370 
370 
370 
375 
375 
375 
380 
380 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSlTION ON 
CENTER LINE 
EAST 
WEST 
C E m R  
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POStTiON ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

POSITION ON 
CENTER LINE 

EAST 
WEST 
CENTER 
EA!n 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 

DATE OF 
INJECllON 
COMPLETION 
OSAPR86 
05APR86 
%MAR86 
24MAR86 
24MAR86 
osAPR86 
05MR86 
05APR86 
1 5 M 8 6  
17MAR86 

ELEVATION OF 
GROUND 
807.400 
807.400 
807.700 
807.700 
807.700 
808.OOo 
808.m 
808.m 
808.200 
808.200 

MINIMUM 
PRESSURE 

30 
(PSI) 

m 

35 
40 
45 
30 
50 
30 
35 

ORNL GRID 
NORTH 

17586.5 
17579.4 
17586.5 
17590.5 
17582.5 
17588.9 
17593.7 
17585.7 
17592.1 
17596.0 

DEPTH OF 
INJECTION 
30 
18 
22 
27 
15 
20 
25 
20 
22 
15 

MAXIMUM 
PRESSURE 

60 
60 

40 
40 
90 
90 
95 
60 
40 

(PSI) 

RATIO OF LOCATION OF 
WATER:LImASH 
(GAL;LB:LB) GROUT RETURN 
21:3 H O L W W  
21:3 PIPE 
3:1:3 PIPE 
3:1:3 PIPE 
3:1:3 PIPE 
21:3 3FTsOUTH 
21:3 PIPE 
21:3 3FIsOUTH 
31:3 PIPE 
31:3 PIPE 

ORNL GRID 
EAST 

27668.3 
27661.9 
27660.3 
27663.5 
27657.1 
27655.6 
276595 
27654.0 
27651.6 
27654.8 

GALLONS 
OF GROUT 
10 
50 
6 
450 
5 
140 
0 
0 
100 
300 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

P M )  



B-24 

HOLE 

380 
385 
385 
385 
390 
390 
390 
395 
395 
395 

HOLE 

380 
385 
385 
385 
390 
390 
390 
395 
395 
395 

HOLE 

380 
385 
385 
385 
390 
390 
390 
395 
395 
395 

HOLE 

380 
385 
385 
385 
390 
390 
390 
395 
395 
395 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSlTION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

POSITION ON 
CENTER LINE 

WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 
CENTER 
EAST 
WEST 

DATE OF 
INJECTION 
COMPLETION 
17MAR86 
05APR86 
05APR86 
05APR86 
18MAR86 
18MAR86 
18MAR86 
04APR86 
04APR86 
04APR86 

ELEVATION OF 
GROUND 
808.200 
808.500 
808.500 
808.500 
808.600 
808.600 
808.m 
808.800 
808.800 
808.800 

MINIMUM 
PRESSURE 

30 
40 
45 
30 
30 
20 
20 
50 
50 
50 

(PSI) 

RATIO OF 

ORNL GRID 
NORTH 

17588.9 
17593.7 
17598.4 
17590.5 
17597.6 
17601.6 
17593.7 
17600.0 
17604.8 
175%.8 

DEPTH OF 
INJECTION 
31 
20 
30 
16 
14 
24 
21 
u) 

29 
19 

MAXIMUM 
PRESSURE 

40 
45 
45 
100 
30 
30 
35 
50 
50 
50 

(PSI) 

LOCATION OF 
WATERLIME ASH 
(GAL;LB:LB) GROUT RETURN 
3:1:3 PIPE 
21:3 HOLE390C 
21:3 25FTwEsT 
2 1:3 HOLE380W 
31:3 PIPE 
31:3 PIPE 
3:1:3 PIPE 
2:1:3 PIPE 
21:3 PIPE 
21:3 PIPE 

ORNL GRID 
EAST 

27649.2 
27647.6 
27650.8 
27645.2 
27644.4 
27646.0 
27640.5 
27639.7 
27642.1 
27636.5 

GALLONS 
OF GROUT 
500 
210 
140 
60 
20 
150 
220 
200 
600 
200 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

( G W  



B-25 

HOLE 

400 
400 
400 
405 
405 
405 
410 
410 
410 
415 

HOLE 

400 
400 
400 
405 
405 
405 
410 
410 
410 
415 

HOLE 

400 
400 
800 
405 
405 
405 
410 
410 
410 
415 

HOLE 

400 
400 
400 
405 
405 
405 
410 
410 
410 
415 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
NORTH 
SOUTH 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 
CENTER 
EAST 
WEST 
CENTER 
NORTH 
SOUTH 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CEWTER 
NORTH 
SOUTH 
CENTER 
EAST 
WEST 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
EAST 
WEST 
CENTER 
NORTH 
SOUTH 
CENTER 
EAST 
WEST 
CENTER 

DATE OF 
INJECTION 
COMPLETION 
18MAR86 
18MAR86 
18MARM 
04.4PR86 
04APR86 
04APRB6 
ISMAR86 
18MAR06 
18MARM 
03APR86 

ELEVATION OF 
GROUND 
809.m 
809.ooo 
809.m 
809.400 
809.400 
809.400 
809.600 
809.600 
809.600 
809.800 

MINIMUM 
PRESSURE 

30 
35 
40 
0 
35 
35 
30 
30 
30 
30 

(PSI) 

ORNL GRID 
NORTH 

17604.0 
17600.8 
17608.7 
17606.3 
17611.9 
17603.2 
176095 
17612.7 
17604.8 
17610.3 

DEPTH OF 
INJECTION 
39 
27 
23 
3 
20 
19 
13 
13 
14 
10 

MAXIMUM 
PRESSURE 

40 
40 
50 
0 
35 
35 
60 
30 
50 
30 

(PSU 

RATIO OF LOCATION OF 
WATERLIME ASH 
( G a L f k L B )  
31:3 
31:3 
31:3 
21:3 
21:3 
21:3 
3:1:3 
3:1:3 
3:1:3 
21:3 

GROUT RETURN 
ROADNORTH 
PiPE 
ROADNORTH 
PIPE 
HOLE395E 
PIPE 
PIPE 
PIPE 
PIF'E 
PIPE 

ORNL GRID 
EAST 

27634.9 
27638.1 
27631.7 
27630.2 
276325 
27627.8 
27624.6 
27626.2 
27622.2 
27619.0 

GALLONS 
OF GROUT 
m 
300 
m 
0 
50 
200 
50 
150 
10 
70 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

P P M )  



B-26 

HOLE 

415 
415 
420 
420 
420 
425 
425 
425 
430 
430 

HOLE 

415 
415 
420 
420 
420 
425 
425 
425 
430 
430 

HOLE 

415 
415 
420 

420 
425 
425 
425 
430 
430 

HOLE 

420 

415 
415 
420 
420 
420 
425 
425 
425 
430 
430 

POSITION ON 
CENTER LINE 

NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 

POSlTION ON 
CENTER LINE 
NORTH 
s o m  
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTI4 
CENTER 
NORTH 

POSITION ON 
CENTER LINE 

NORTH 
som4 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 

POSITION ON 
CENTER LINE 

NORTII 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 

DATE OF 
INJECTION 
COMPLETION 
03APR86 
03APRB6 
mMAR86 
20MAR86 
mFClAR86 
03APR86 
03APR86 
03APR86 
21MAR86 
21MAR86 

ELEVATiON OF 
GROUND 
809.800 
809.800 
809.700 
809.700 
809.700 
809.700 
809.700 
809.700 
809.500 
809.500 

MINIMUM 
PRESSURE 

35 
35 
30 
30 
30 
30 
30 
30 
40 
30 

(PSI) 

RATIO OF 

ORNL GRID 
NORTH 

1761 5.1 
17605.6 
17610.3 
17615.1 
17605.6 
17610.3 
17614.3 
17605.6 
17609.5 
176143 

DEPTH OF 
INJECI'ION 
19 
20 
18 
14 
30 
21 
20 
26 
25 
30 

W I M U M  
PRESSURE 

35 
35 
30 
30 
30 
30 
30 
30 
40 
30 

LOCATION OF 

(PSI) 

WATER.LIME:ASH 
(G&LB:LB) GROUT RETURN 
21:3 PIPE 
21:3 PIPE 
31:3 PIPE 
31:3 PIPE 
31:3 PIPE 
E1:3 6FlW'EST 
21:3 PIPE 
21:3 HQLFA35N 
31:3 PIPE 
31:3 PIPE 

ORNL GRID 
EAST 

27619.8 
27618.3 
27614.3 
27614.3 
27614.3 
27607.9 
27607.1 
27608.7 
27603.2 
27601.6 

GALLONS 
OF GROUT 
150 
150 
100 
150 
450 
100 
300 
10 
500 
400 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

(GPW 



B-27 

HOLE 

430 
435 
435 
435 
440 
440 
440 
445 
445 
445 

HOLE 

430 
435 
435 
435 
440 
440 
440 
445 
445 
445 

HOLE 

430 
435 
435 
435 
440 
440 
440 
445 
445 
445 

HOLE 

4 x  
435 
435 
435 
440 
440 
440 
445 
445 
445 

POSITION ON 
CENTER LLNE 

SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 

POSITION ON 
CENTER LINE 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 

POSITION ON 
CENTER LINE 

SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 

POSITION ON 
CENTER LINE 

SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
s o m  

DATE OF 
INJECTION 
COMPLETION 
21MAR86 
02APRS6 
02APR86 
02APR86 
21MARB6 
25MAR86 
25MAR86 
02APR86 
02APR86 
02ApR86 

ELEVATION OF 
GROUND 
809.500 
809.200 
809.200 
809.m 
809.OOo 
809.m 
809.m 
808.800 
808.800 
808.800 

MINIMUM 
PRESSURE 

40 
30 
30 
30 
40 
45 
40 
35 
35 
40 

P S I )  

ORNL GRID 
NORTH 

17604.8 
17607.9 
176127 
17604.8 
17607.1 
1761 1.9 
176024 
17604.8 
17609.5 
17600.8 

DEPTH OF 
INJECTION 
2n 
17 
20 
30 
15 
22 
13 
16 
29 
29 

MAXIMUM 
PRl2SURE 

40 
30 
30 
30 
50 
45 
40 
35 
40 
40 

(PSI) 

RATIO OF LOCA'MON OF 
WATERLIME: ASH 
(G&LB:LB) GROUT RETI 
3:1:3 H O W 2 0  
21:3 PIPE 
2 1:3 P P E  
2 1:3 7FIsOUTH 
31:3 PIPE 
31:3 PIPE 
31:3 PIPE 
21:3 PIPE 
2:1:3 PIPE 
2:1:3 PIPE 

JRN 

ORNL GRID 
EAST 

276lM.O 
27596.8 
27595.2 
27598.4 
27592.1 
27590.5 
27594.4 
275873 
27585.7 
27589.7 

GALLONS 
OF GROUT 
20 
200 
300 
400 
600 
1500 
600 
75 
40 
100 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

(GPW 



B-28 

HOLE 

450 
450 
450 
455 
455 
455 
460 
460 
460 
465 

HOLE 

450 
450 
450 
455 
455 
455 
460 
460 
440 
465 

HOLE 

450 
450 
450 
455 
455 
455 
460 
460 
460 
465 

HOLE 

450 
450 
450 
455 
455 
455 
460 
460 
460 
465 

POSITION ON 
CENTER LINE 

CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 

POSITION ON 
CENTER LINE 
CENTER 
NORTH 
somi 
CENTER 
NORTI-I 
somi 
CENTER 
NORTH 
SOUTH 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 

POSITION ON 
CENTER LINE 

CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTI-I 
SOUTH 
CENTER 

DATE OF 
INJECTION 
COMPLETION 
%MAR86 
26MAR86 
%MAR86 
O W R M  
0 W R 8 6  
02.APR86 
26MAR86 
26MAR86 
26MAR86 
02APR86 

ELEVATION OF 
GROUND 
808.500 
808.500 
808.500 
808.300 
808.300 
808.300 
807.700 
807.700 
807.700 
807.400 

MINIMUM 
PRESSURE 

60 
60 
60 
35 
40 
40 
35 
35 
40 
35 

(PSI) 

ORNL GRID 
NORTH 

17602.4 
17606.3 
17598.4 
17600.8 
17604.0 
17596.0 
17596.8 
17600.8 
17592.9 
17594.4 

DEPTH OF 
INJECTION 
13 
18 
20 
29 
29 
10 
17 
30 
19 
16 

MAXIMUM 
PRESSURE 

60 
60 
60 
40 
40 
40 
35 
35 
40 
35 

(PSI) 

RATIO OF LOCATION OF 
WATERLIMEASH 
(GALLB:LB) GROUT RETURN 
3:1:3 15FrSouTH 
31:3 PIPE 
31:3 PIPE 
2:1:3 1omom 
2:1:3 lOFzs0uTH 
2:1:3 PIPE 
3:1:3 PIPE 
31:3 PIPE 
3:1:3 PIPE 
tl:3 8FTSOUTH 

ORNL GRID 
EAST 

27582.5 
27580.2 
27584.9 
27578.6 
27576.2 
27581.7 
27573.8 
27571.4 
27577.0 
27570.6 

GALLONS 
OF GROUT 
15 
450 
250 
130 
100 
m 
400 
300 
600 
50 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

(GPM) 



B-29 

HOLE 

465 
465 
470 
470 
470 
475 
475 
475 
480 
480 

HOLE 

465 
465 
470 
470 
470 
475 
475 
475 
480 
480 

HOLE 

465 
465 
470 
470 
470 
475 
475 
475 
480 
480 

HOLE 

465 
465 
470 
470 
470 
475 
475 
475 
480 
480 

POSITION ON 
CENTER LINE 

NORTH 
SOUTH 
CENTER 
NORTH 
s o m  
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 

POSITION ON 
CENTER LINE 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 

POSITION ON 
CENTER LINE 

NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 

POSITION ON 
CENTER LINE 

NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 

DATE OF 
lNJECTION 
COMPLETION 
02A?'RS6 
W R 8 6  
26htAR86 
26MAl286 
26uAR86 
01APRB6 
01APR86 
01APR86 
2 8 w  
27h4AR86 

ELEVATION OF 
GROUND 
807.400 
807.400 
807.000 
807.000 
807.000 
806500 
806-500 
806.500 
806.OOo 
806.OOo 

MINIMUM 
PRESSURE 

40 
40 
3s 
40 
30 
30 
3s 
35 
40 
35 

(PSI) 

RATIO OF 

ORNL GRID 
NORTH 

17597.6 
175905 
17592.9 
175%.0 
17587.3 
17588.1 
17591.3 
17584.1 
17584.1 
17588.1 

DEPTH OF 
INJECTION 
28 
17 
10 
25 
19 
20 
14 
18 
26 
23 

MAXIMUM 
PRESSURE 

40 
50 
35 
40 
30 
30 
35 
35 
40 
35 

PI) 

LOCATION OF 
WATERLIMEASH 
(GALLB:LB) GROUT RETURN 
2:1:3 PIPE 
21:3 PIPE 
3:1:3 lOFTs0uTH 
3:1:3 I F E A S T  
3:1:3 PIPE 
21:3 1oFIEAsT 
21:3 l0FTEAsT 
2:1:3 PIPE 
3:1:3 PIPE 
31:3 PIPE 

ORNL. GRID 
EAST 

27567.5 
27574.6 
27568.3 
27565.1 
27570.6 
27560.3 
27563.5 
27567.5 
275603 
27557.1 

GALLONS 
OF GROUT 
100 
50 
150 
200 
700 
500 
500 
285 
200 
400 

PUMPING 
R A E  

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

( G W  



€3-30 

HOLE 

4sa 
485 
485 
485 
490 
490 
490 
495 
495 
495 

HOLE 

480 
485 
485 
485 
490 
490 
490 
495 
495 
495 

HOLE 

480 
485 
485 
485 
490 
490 
490 
495 
495 
495 

HOLE 

480 
485 
485 
485 
490 
490 
490 
495 
495 
495 

POSITION ON 
CENTER LINE 

SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 

POSITION ON 
CENTER LINE 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
som3 

POSITION ON 
CENTER LlNE 

SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 

POSITION ON 
CENTER LINE 

SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 
CENTER 
NORTH 
SOUTH 

DATE OF 
INJECTION 
COMPLETION 
27MAR86 
31MAR86 
31MAR86 
31MAR86 
28hiAR86 
281MAR86 
28MAR86 
31hiAR86 
31MAR86 
31hiAR86 

ELEVATION OF 
GROUND 
806.Ooo 
805.500 
805.500 
805.500 
805.200 
805.200 
805.m 
804.800 
804.800 
804.800 

MINIMUM 
PRESSURE 

35 
40 
40 
35 
30 
40 
35 
35 
35 
35 

(PSI) 

ORNL GRID 
NORTH 

17581.0 
17581.0 
17584.9 
17577.8 
17577.8 
17581.7 
17574.6 
17574.6 
17577.8 
17571.4 

DEPTH OF 
INJECTION 
25 
29 
30 
29 
13 
20 
14 
30 
20 
20 

MAXIMUM 
PRESSURE 

35 
40 
80 
35 
30 
40 
35 
35 
35 
35 

(PSI) 

RATIO OF LOCATION OF 
WATERL1ME:ASI-I 
(GALLBLB) GROUT RETURN 
31:3 PIPE 
21:3 PIPE 
21:3 PIPE 
21:3 PIPE 
31:3 BETSOUTH 
3:1:3 PIPE 
3:1:3 PIPE 
2:1:3 IOFTNORTH 
21:3 1OFX’NORTH 
2k3 1OFTNORTH 

ORNL GRID 
EAST 

27563.5 
27557.1 
27554.8 
27561.9 
27554.0 
2755 1.6 
27558.7 
27552.4 
27548.4 
27556.3 

GALLONS 
OF GROUT 
300 
300 
60 
80 
100 
100 
100 
200 
175 
ux) 

PUMPING 
RATE 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

(GPM) 



HOLE 

500 
500 
500 

HOLE 

500 
500 
500 

HOLE 

500 
500 
500 

HOLE 

500 
500 
500 

POSITION ON 
CENTER LINE 

CENTER 
NORTH 
SOUTH 

POSlTlON ON 
CENTER LINE 
CENTER 
NORTH 
SOUTH 

POSITION ON 
CENTER LINE 

CENTER 
NORTH 
s o m  

POSITION ON 
CENTER LINE 

DATE OF ORNL GRID 
INJECTION NORTH 
COMPLETION 
%MAR86 17571.4 
28MARs4 17574.6 
28MAR86 17569.0 

ELEVATION OF DEPTH OF 
GROUND INJECTION 
804.500 19 
804500 30 
804500 18 

MINIMUM UAXIMUM 
PRESSURE PRESSURE 

35 35 
40 40 
45 45 

(PSI) (PSI) 

RATIO OF LOCATION OF 
WATER:LIME ASH 
(GkLB:LB) GROUT RETURN 

CENTER 31:3 PIPE 
NORTH 31:3 PIPE 
SOUTH 31:3 8FTEAST 

ORNL GRID 
EAST 

27550.0 

27554.0 

GALLONS 
OF GROUT 
100 
400 
350 

PUMPING 
RATE 

12 
12 
12 

2756.0 

(GPW 
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SUMMARY 

Adverse envlronmental effects have been determlned to exlst at 

Lou-Level Llquid Waste (LLW) Trench 7 and are described i n  

ORNL/TH-8839 (Olsen et al. 1983). They include the migratlon of 

radionuclides i n  groundwater emerging at a surface seep and the 

possible leaching of alkalinity from Trench 7 such that It may lose its 

capaclty for retention of stronttum-90. 

these adverse effects, several construction techniques are Identified 

and evaluated for thelr hydrologic sultabillty. 

Utlllzlng average hydraulic characterlstlcs f a r  the Conasauga Group 

developed I n  other reports (ORNL/TH-7416 and ORNL/NFW-83/13) for nearby 

sites, together with a groundwater-level contour map and subsurface 

proflles constructed for Trench 7, groundwater recharge I s  analyzed as 

to source distrlbutlon. The analysls Indicates that the maximum amount 

o f  lateral recharge that a gravity draln would intercept uphill of the 

site would be exceeded by infiltration from precipitation at the site 

by approxlmately 9 tlmes. Therefore, a groundwater Interceptor draln 

I s  not recommended at Trench 7 at this tfme. 

For the purpose o f  mltlgatlng 

Three mitlgating actions recomnended at Trench 7 are as follows: 

1 )  an extension of the present asphaltic cap and the constructlor, of a 

gutter to transport the runoff from thls cap to a location doun- 

gradtent of the Trench, Frelimlnarily esttmated at a c o s t  of $15,000; 

2) sever and plug the abandoned waste transfer line and backfilled 
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d l t c h  l e a d i n 2  i n t o  t h e  Trench, p r e l 7 m l n a r l l y  est lmated a t  a c o s t  o f  

$5000; and 3 )  construct  a grout  b a r r l e r  by  pressure grout ing a l l n e  

betueen t h e  seep and t h e  Trench, and extending around t h e  n o r t h  end o f  

the  Trench, p r e l l m l n a r l l y  est lmated a t  a c o s t  o f  $150.000. 

A t e s t  grout lng program i s  recomnended t h a t  could be Incorporated 

i n t o  the  proposed grout  l l n e .  



PURPOSE 

This report ldentlfies and evaluates construction techniques that, 

elther Individually or In concert, are believed most feaslble to 

mitigate the adverse impacts assoclated with the radloactlve ground- 

water seep surfacing fn the gully lmnedlately east of Lou- Level LIquid 

Waste (LLW) Trench 7. As fully dlscussed In ORNL/TN 8839 (Olsen et al. 

1983) these impacts are briefly: 1) mlgratlon of radionuclides from 

Trench 7 and assoclated relict dralnage pathways to the surface 

envlronrnent at the seep, and 2) possible leachlng of the alkalinity o f  

Trench 7 to a level such that it would lose Its capacity for retention 

of strontium-90. 
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INTRODUCTION 

H l s t o r y  o f  Seep 

It I s  n o t  known whether t h e  groundwater seep e a s t  o f  t h e  d i s p o s a l  

s l t e  e x l s t e d  p r l o r  t o  t h e  c o n s t r u c t i o n  and o p e r a t i o n  o f  Trench 7 o r  I f  

I t  developed due t o  t h e  excess h y d r o s t a t i c  pressure c rea ted  d u r i n g  

t r e n c h  use. P o t e n t i a l l y ,  a maxlumum o f  approx lmate ly  35  f e e t  o f  head 

I n  t h e  area may have been c rea ted  when t h e  t r e n c h  was operated a t  f u l l  

c a p a c i t y  (maximum e l e v a t i o n  o f  t o p  o f  waste, approximate e l e v a t i o n  799 

f t  minus e l e v a t i o n  o f  groundwater ad jacent  t o  t h e  seep area, 

approx imate ly  764 f t ) .  Al though a memorandum w r i t t e n  i n  t h e  e a r l y  

w i n t e r  o f  1962 caut ions  t h a t  "spr ings  o r  seeps may occur d u r i n g  

opera t ion  o f  t h e  t r e n c h  i n  wet l a t e  w l f i t e r  months o r  e a r l y  s p r l n g  

months" ( I n t r a - L a b o r a t o r y  correspondence. de Laguna t o  Struxness, 

December 5, 1962), t h e  f i r s t  re fe rence t o  t h e  s u b j e c t  seep found t o  

da te  i n d l c a t e s  t h a t  i t  was i n l t i a l l y  noted on December 19, 1962, a 

maximum o f  80 days a f t e r  waste d i s p o s a l  commenced I n  Trench 7. 

Apparent ly,  i i q u i d  f rom t h e  t r e n c h  was a t  t h a t  t i m e  movlng r a t h e r  

r a p i d l y  a long d i s c o n t i n u i t i e s  ( j o i n t s ,  beddlng p lanes,  and f a u l t s )  I n  

t h e  I n t e n s e l y  weathered Conasauga s t r a t a  and emlnat ing a t  t h e  seep. 

Ut i l1z. lng Darcy 's  Law, an assumed p o r o s i t y  o f  0.03 (Davis  e t  a l .  1983). 

and an 80-day t r a v e l  t ime, a h y d r a u l i c  c o n d u c t i v i t y  o f  1 .25  x 

cm/sec can be c a l c u l a t e d  f o r  t h e  s t r a t a  d i s c o n t i n u i t i e s  between 

Trench 7 and t h e  seep, Th ls  I s  t w i c e  t h e  average h y d r a u l i c  
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conductivity used in the sectton of t h i s  report on hydrogeology o f  the 

site. However, as described in that section, thls hlgher hydraullc 

conducttvity i s  in the direction o f  geologlc strike and faulting which 

is considered to account for the higher vaiue, 1.e.. the strata i s  

anisotropic. 

Transport Mechanisms 

Tuo mechanisms for transporting radionuclldes at Trench 7 are 

consldered in ORNLITH-8839: "the percolation of perched groundwater 

along relict contamlnatlon layers during drainage and seepage after 

periods of prolonged rainfall, and a seasonal rise in the groundwater 

table and Its saturation of either relict mlgratlon layers or the 

contaminated alkallne zone at the northern end o f  the  trench." Both 

mechanisms are driven by precipitation yet would require somewhat 

different corrective actions. It i s ,  therefore, appropriate to 

evaluate the relatfve slgniflcance o f  each mechanlsm In order that 

technically sound and cost effective mltigating actfon can be 

determined. To do so requires some knowledge of the construction and 

operation o f  Trench 7 and its assoclated transfer llne, as well as the 

geohydrology of the site. 
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PERTINENT DETAILS OF TRENCH 7 CONSTRUCTION AND OPERATION 

Trench 7 Excavation Descriptlon 

Figure 1 i s  a topographic map of the Trench 7 site showlng the 

location of its monltorjng wells and seep area. Construction dranings 

of the trench and associated waste transfer pipeline are shown in 

Figures 2, 3, and 4, and Flgures 5 and 6 are photographs taken during 

trench construction In 1962. As shown in the drawlngs and photographs, 

Trench 7 I s  dlvided into two north-south trending sectjons, A and 8, 

with a non-excavated sectlon 30 feet fn length dividtng the two 

100-foot long excavations. Drawings (e.g.. Fig. 3) show both 

excavations to bottom at an elevatlon of 789 feet; however, normal 

construction practlce i s  such that thls would be the mlnlmum depth and, 

therefore, the excavation may be slightly deeper. The bottom width of 

the excavation is 4 feet with walls of the excavation extending to the 

ground surface on a slope of 4 vertical on 1 horlzontal. The 

excavations are filled with crushed limestone to an approximate 

elevation of 800 feet; at this level the excavation l s  9 feet wlde. 

Waste Transfer Plpeline 

The 2-inch diameter pipeline, which carrled the waste to each 

section of the Trench, parallels the west side of the Trench at a 

distance of approximately 24 feet (Flg. 4) from the centerline, wlth an 

discharge plpellne to the mid-point o f  each sectlon at an approximate 

elevatlon of 799 feet. The flow of waste was controlled by two 

separate va lves  located the 2 - I n c h  diameter lines leadin9 to each 

sectlon. 



/' Figure i. Map o f  Trench 7 S i t e  
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The valves are located (Figs. 2 and 4) opposite the mid-point of 

the northern-most trench section (Trench 78) and are accessible through 

individual valve boxes open to the ground surface (Flg. 2). The 

pipellnes and valves are approximately 3.5 feet below the ground 

surface at thls point and from there continue northward on an upward 

grade for a distance o f  approximately 400 feet to a valve box at an 

approximate elevation o f  835 feet. At the upper valve box, the line 

was at'one time connected to a now abandoned line to the old 

hydrofracture operation. The line to Trench 7 Is now physically 

separated from the hydrofracture waste line by the removal of the 

flow-control valve and capplng o f  the Trench 7 line at the upper 

control box. 

Trench 7 FI11 Materlal 

An overflow plpe extends across the non-excavated section 

connecting sections A and 6 of Trench 7, and a total of f o u r  mon tor Ing 

wells, spaced 25 feet from the ends of each section, are installed to 

the bottom o f  the excavatjons. A s  seen In the constructlon photographs 

(Fig. 6 ) ,  the crushed limestone placed in the Trench was f'rrst 

stockpiled along the west side o f  the excavations. It is n o t  known 

whether the excess stone was entirely removed from thls area but normal 

construction practice did not generally require that this be done in 

situations similar to this excavation. If not removed, even a thqn, 

continuous layer of crushed stone could provide a permeable pathway for 

surface drainage to enter Trench 7. The portion o f  the excavations 

above and elevation o f  approximately 800 feet was backfllled with earth 



-1 2- 

materials and was initially at least 2.5 feet above the ground surface 

at the centerline, with a 1 vertical on 2 horizontal slope to each slde. 

Surface Runoff from Trench 7 Asphaltic Cover 

Discussion wqth ORNL personnel familiar with the faclllty indicates 

that the trench was r i m e d  by a gravel-surfaced road during its perlod 

of operation. At some later date, the upper surface of the Trench was 

covered with the present asphaltlc concrete that extends from the 

centerline of the Trench to a distance of approximately 16 and 19 feet 

on the east and west sides, respecttvely, making the total width of the 

cover approximately 35 feet. As the asphalt surface I s  approximately 

240 feet in length, this represents a surface area projected to a 

horizontal plane of appraximately 8400 square feet. Although obscured 

by forest litter, gravel 1s presently found rtmmtng the asphaltic cover 

to a width of up to 10 feet and to depths commonly from 0.5 to 1.0 

feet, but may be deeper at some points on the lower elevation west slde. 

The ground surface along the east side o f  the facility is higher 

than that along the west stde, and i s  nearly horlzonta1,therefore. 

adequate surface drainage I s  not promoted. Much of the rainfall that 

strikes the cover drains from east to west toward the two valve boxes 

imnediately west of Trench 6. After a 1.06-Inch rainfall on February 

13, 1984, four inches o f  water was measured in the bottom of these iwo 

valve boxes. A 1-inch rainfall translates to 700 cublc feet of runoff 

from the asphaltic cover. A large portion of thts runoff could be 

Infiltrating to the groundwater through hlghly contaminated 
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materials Immediately adjacent to the Trench. 

conceivably be flnding Its way dtrectly into the Trench through 

posslble permeable pathways such as-the plpellnes and ditch backflll, 

and remnant crushed stone fill orlglnally stockpiled on the west side 

of the Trench. 

Some o f  the runoff could 

Abandonment of Waste Transfer Llne 

Operation of Trench 7 was dlsconttnued In April 1966, vhen the 

2-inch dlameter transfer line burst underground at a point 

approxlmately 270 feet northwest o f  the end o f  Trench 78, resulting in 

liquid waste erupting to the ground surface and flowing down the ridge 

toward Trench 7. The log report o f  the incident estimates that 

approxlmately 3000 gallons of liquid waste escaped under pressure at 

this potnt prlor to being dlscovered and pumping stopped. Some o f  the 

radloactlve liquid waste splll material may have been dlsposed of by 

burial In a trench excavated withtn approxlmately 100 feet of the north 

end of Trench 78,  however, records are unclear. The operatlonal log 

states that contaminated materlal north of Trench 78 was covered with 

five feet of earth. It cannot be ascertained that the ruptured point 

in the llne was ever repalred or sealed. 
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HYDROGEOLOGY OF THE SITE 

Slte Geology 

LLW Trench 7 is located in intensely weathered rock of the 

Conasauga Group on a northnest-southeast trending ridge just north of 

White Oak Creek (Fig. 1). The site has a maximum rellef of 

approxlmately 50 feet and 

and west sides uhlch emoty into Whlte Oak Creek. Work at nearby 

SWSAs 6 and 7 indlcate that the average strike of strata In this area 

is 55’ NE and dip to the SE (wlth dips ranging from near horizontal 

to high angle), and that folds and faults are common. Further, 

weathering commonly extends to depths o f  30 to 40 feet with the 

material generally consisting of shales, siltstones, and occasional 

thin beds of nonweathered llrnestone at the deeper depths. The shales 

and siltstones are so highiy fractured that spacing o f  fractures in 

these materlals i s  commonly as close as one centlmeter, providing an 

excellent secondary porosity for groundwater movement. Outcrops 

visible at the site of Trench 7 do not indicate any significant 

differences from the data collected f rom nearby sites. 

s drained by two unnamed creek”s on the east 

Geologic Structures at Slte 

ORNL/TH-8839 identifies three high-angle faults visible In the west 

sideslope of the east-access road going up the side of the Trench 7 

ridge. The central fault passes downward through the axls of a small 

anticlinal structure consisting of limestone. If these structures 

follow the average geologic strlke of the area, which i s  likely, the 
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westward projection of the southernmost fault would cross the central 

area o f  Trench 7A, and the northernmost fault would cross the central 

area o f  Trench 78. A westward projection of the central fault and 

anttcljne would cross the faciljty at the southern end of the 

non-excavated plug between Trenches 7 A  and 78. It i s  speculated that 

the movement of fluids In the subsurface I s  accentuated along these 

faults, particularly the southernmost fault, resultlng In the 

radloacttve seep area east of Trench 7. 

Groundwater Table at Trench 7 

The groundwater table (potentlometric) contour map presented in 

Figure 7 i s  based on water levels measured In monltoring wells on 

February 1, 1984, (see Table 1). For comparison purposes, Table 1 also 

lists water levels measured on December 1 5 ,  1983. It can be seen from 

Table 1 that the increase in water levels that occurred from December 

to February in wells at the north end o f  the slte 1s reflected t o  a 

much lesser degree In the wells at the southern end o f  the site. The 

dampening of well response towards the southern end of the slte is also 

noted in ORNL/TH-8839. Based on the potentiometric surface, It i s  

inferred from Figure 7 that the groundwater divlde i s  somewhat west of 

the topographic dlvide at the Trench 7 slte. Thls Indicates that some 

of the recharge to groundwater from Infiltration on the west slope Q f  

the ridge moves eastward under the trench towards the seep area. 

Subsurface profiles of the site (Figs 8a through 8c) visually deplct 

thls situation. Figures 8b and 8c are drawn parallel to the assumed 

geologic strike (55' NE) and Flgure 8a I s  approximately 
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Table 1. Water-level elevations (ft) in monitorlng wells 
a t  LLW Trench 7. 

Water level Water level 
Elevation top elevation elevation 

Well No. o f  casing 12/15/83 2/1/84 

T7-1 
T7-2 
T7-3 
T7-4 
T7-5 
T7-6 
T7-7 
T7-10 
T7-13 
T7-20 
T7-21 
T7-22 
T7-23 
T7-24 
T7-25 
T7-26 
T7-27 
T l -29  
WT7-5 
58-2 
58-4 
SB-6 

808 0 
814.3 
809.5 
807.0 
800.7 
800.4 
807.6 
783.0 
771.1 
809.6 
784.3 
786.8 
791.4 
795 * 7 
801 .O 
816.5 
806.9 
809.0 
768.1 
812.9 
810.1 
806.6 

777.3 
795.1 - 
I 

767.4 
770.9 

764.6 
763.6 
767.4 
764.4 
764.9 
765.5 
766.5 

780.5 
771 .O 
777.2 
760.8 
776.9 
175.8 
777.1 

- 

767. i 

777.0 

768.7 
766.2 
766 -8 
770.7 
783.5 
164.3 
763.7 
767.7 
764.1 
764. s 
765.0 
766.8 
768.8 
783.8 
770.9 
778.7 
760.9 
778.3 
776.5 
779.6 

798.4 
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perpendicular to strike. Radioactivity, as sumnarlzed f r a m  

ORNL/TH-8839, i s  lndlcated at the appropriate well borlngs appearing In 

these profiles. 

Groundwater Recharge Source Area Analysis 

Potentlal Recharqe Sources. To determine effectqve and feasible 

mitigating actlon at Trench 7, it Is necessary to know the relationship 

between quantttles of groundwater movIng laterally down-gradlent Into 

the slte, and that derived from direct infiltration on the site. Only 

that portIon of laterally movlng groundwater that could be recovered by 

a gravity drain system is of interest In this evaluation. Interest i s  

further llmlted to only that  recoverable quanttty that would have moved 

through the area intersected by a drain prlor to Its constructlon. 

Thls l s  a lesser quantity than would actually f l o w  to a constructed 

drain because presence o f  an efficient drain would induce additional 

flow during wet periods from upgradient o f  the draln at thls site. If 

thls lateral flow proved significant compared to the infiltratlon 

quantity, the constructlon o f  an interceptor drain would he an 

attracttve mitigating alternative to be considered. 

Selected Model Drain. To perform thls evaluation a "best site" was 

selected for a model of a groundwater Interceptor drain such as was 

constructed at SWSA 6 (Davis and Stansfield 1984). Thls site I s  shbwn 

in Figures 9a and 9b, and passes just north of Trench 7, extending from 

the gully on the east of Trench 7 to a polnt just west o f  the apparent 
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groundwater divide. The choice of this location I s  based on mlnlmlzing 

depth and length o f  excavatlon while maxlmlzing the groundwater 

intercepted, and also to reduce the chances of withdrawlng Contaminated 

groundwater to the surface. Further, the discharge would be In the 

head of the gully already contaminated by the radioactive seep. At 

this site, the drain would be less than 400 feet in length and reach a 

maximum depth of approximately 35 feet opposite the north end of 

Trench l-where it could intercept groundwater down to elevation 

775 feet. Constructed on a 1% grade, the draln would discharge to one 

catch basin at approximate elevation 773 feet. 

Recharqe at the Slte by Lateral flow Above Elevation 775 Feet. As 

reported in ORNL/TM-8839, the hlghest water level recorded in 

monitoring wells adjacent to Trench 7 was elevation 789.36 feet 

measured in well T7-1 on February 26, 1962. This level was sllghtly 

higher than the design elevation of the bottom of the then to be 

constructed Trench 7. In the years since thls record high, the 

groundwater table has not been recorded higher than several feet below 

the bottom of Trench 7 .  Data in Table 2 indicate that the period of 

December 1961 through February 1962 had the m o s t  precipltatlon for that 

normally wet three-month period o f  any o f  the 14 years listed. 

Therefore, it can be assumed that the frequency o f  occurrence of any 

hlgher water level than that measured In 1962 would be Insiginf7cant 

for the purposes of this analysts. Referring to the water table 
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Table 2 .  Winter season preclpltation (Inches) a t  ORNL 
for  the years 1961-1971,* 1982, and 1984.** 

Year January February March December 

1961 
1962 
1963 
1964 
1965 
1966 
1967 

7 969 
? 970 
1971 
i 981 
1982 
7 983 
1984 

1968 

1.52 
5.77 
2.96 
4.63 
4.38 
3.13 
3.39 
4.12 
4.03 
2.60 
4.71 

6 . 2  

2.7 

7.43 
8.21 
3.55 
3.93 
2.89 
5.42 
3.68 
0.85 
5.18 
2.99 
4.69 

4.7 

6.32 
5.52 
9.69 
6,29 

10.98 
2.03 
5.43 
4.54 
2.23 
3.67 
4.50 

6.1 

9.80 
3.33 
2.45 
4.71 
0.70 
3.52 
7 . 7 1  
4.24 
7.89 
3.88 
6.27 
3.6 
6.7 
6.3 

*Data from Natjonal Oceanographic and Atrnospherlc Adminlstration, 
1972. 

**Data f r o m  ORNL. EnVIPOflrnenkil Sciences Dlvlslon 
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contour  map I n  F ig .  7 ,  It can be est imated t h a t  t h e  maximum groundwater 

l e v e l  a long t h e  model i n t e r c e p t o r  d r a i n  would have been no more than 

5 f e e t  h lghe r  than a t  w e l l  T7-1, 1.e.. maxlmum e l e v a t i o n  794 f e e t .  

Using t h l s  e l e v a t i o n  and g e n e r a l l y  f o l l o w i n g  t h e  February 1, 1984 

groundwater s lope ( F i g u r e  Sb), t h e  area o f  a q u i f e r  I n t e r c e p t e d  a t  

h ighes t  f l o w  c o n d i t i o n s  I s  c a l c u l a t e d  f r o m  F igu re  9b t o  be 

approx imate ly  4500 square f e e t .  I n  accordance w i t h  Darcy 's  Law, the  

q u a n t i t y  of l a t e r a l  f l o w  through t h l s  area can be c a l c u l a t e d  when t h e  

h y d r a u l l c  c o n d u c t l v i t y  and g r a d l e n t  a re  known. 

h y d r a u l i c  g r a d l e n t  remains t h e  same under h l g h  water  cond i t l ons ,  a 

g r a d i e n t  o f  0.13 i s  est jmated f rom t h e  water  t a b l e  map ( F i g .  7 ) .  

ORNL-NFW-83/13 (DavIs e t  a l .  1983) r e p o r t s  a log-normal ized mean va lue  

Assuming t h a t  t h e  

f o r  h y d r a u l l c  c o n d u c t i v i t y  de r i ved  f r o m  t e s t s  on 36 w e l l s  i n  Conasauga 

s t r a t a  as 6.31 x 10-5cm/s (0.1789 f t / d ) ,  and an e f f e c t i v e  p o r o s l t y  

f o r  t h a t  s i t e  o f  0.03. Using these assumed values, t he  maximum 

q u a n t l t y  o f  water f l o w l n g  l a t e r a l l y  southward towards Trench 7 through 

t h e  p o r t i o n  o f  t h e  a q u i f e r  t h a t  cou ld  be i n t e r c e p t e d  by the  n o r t h  face 

o f  a g r a v i t y  d r a i n  I s  est imated t o  be i n  t h e  o rde r  o f  105 cub ic  

feet /day.  This  cou ld  on l y  occur when t h e  groundwater t a b l e  i s  a t  t he  

maximum recorded l e v e l  (February 26, 1962). 

The December 5, 1961 water l e v e l  i n  m o n i t o r i n g  w e l l  T7-1 I s  

repo r ted  as e l e v a t i o n  775.16 f e e t  ( I n t r a - L a b o r a t o r y  correspondence. 

de Laguna t o  Morgan, Ju l y  1 9 6 2 ) .  Agatn f rom t h e  water  t a b l e  contour  

map ( F i g .  7 )  i t  can be est imated t h a t  t h e  groundwater t a b l e  a t  t h a t  

t ime would have been a t  approximate e l e v a t i o n  780 f e e t  o r  5 f e e t  above 
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t h e  bottom o f  t h e  model d r a i n  (E lev .  775 f t . ) .  Therefore,  a t  t h e  

beg lnn ing  o f  December 1961, t he  model d r a i n  would have been 

I n t e r c e p t i n g  an a q u i f e r  th ickness  26% as g rea t  as i t  would a t  t h e  end 

of February 1962, when t h e  a q u i f e r  th ickness  would be a t  I t s  p r o j e c t e d  

recorded maximum o f  e l e v a t i o n  794 f e e t  a t  t h e  d r a i n .  

To determine how f l o w  through the  a q u i f e r  th ickness  l n t e r c e p t e d  by 

t h e  model d r a i n  may have va r ied  d u r l n g  t h e  w i n t e r  months o f  1961/62 I t  

I s  necessary t o  examlne pas t  r a i n f a l l  records .  Table 2 l i s t s  

p r e c l p l t a t l o n  data a t  ORNL du r lng  t h e  w i n t e r  seasons o f  1961162 t o  

1970/71 and f o r  1981/82; and a l s o  f o r  t he  months o f  December 1983 and 

January 1984. Table 3 l i s t s  d a i l y  p r e c i p i t a t i o n  a t  ORNL f o r  

December 1961 and f o r  January and February 1962. For t h e  t h r e e  months 

o f  December 1961 through February 1962, a t o t a l  o f  23.78 inches o f  

p r e c i p i t a t i o n  was recorded, making i t  t h e  w e t t e s t  three-month p e r i o d  

du r ing  the  14 years shown I n  Table 2.  I t  i s  determlned f r o m  Table 3 

t h a t  by Oecember 18, p r e c i p i t a t l o n  t o t a l e d  8 .6  inches so f a r  t h a t  

month. Fo r  t h e  purposes o f  t h l s  ana lys l s ,  we a re  l n t e r e s t e d  I n  

es t ima t ing  t h e  maximum amount o f  f l o w  t h a t  would have occurred toward 

Trench 7 through t h e  th lckness  o f  a q u i f e r  i n t e r c e p t e d  by t h e  model 

d r a i n  du r ing  t h l s  ext remely wet three-month per iod .  Consider ing the  

r e l a t i v e  r a p i d  response o f  w e l l s  t o  r a i n f a l l  t h a t  i s  e x h l b l t e d  l n  

Conasauga s t r a t a  (Davls  e t  a l .  1983) ,  i t  i s  n o t  I n a p p r o p r i a t e  t o  arsume 

t h a t  by December 18, 1961, f l o w  o f  groundwater through the  area 

In te rcep ted  by the  model d r a i n  cou ld  have r j s e n  l l n e a r l y  f r o m  

approx imate ly  27 cub lc  feet /day (26% o f  105 cublc  ( f e e t / d a y )  t o  I t s  
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Table 3. D a l l y  precipitation (hundreths o f  inches) at ORNL for the 
months o f  December 1961,  January and February 1962. 

Day December 1961 January 1962 February 1962 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
1 3  
14 
15 
16 
17 
1 0  
19  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Total 

0 
4 
0 

24 
18 
0 
0 
0 

144 
52 

152 
51 
0 
0 
0 

133 
198 

74 
0 
0 
0 
0 

12  
1 
0 
0 

86 
0 
0 
0 

21 
_L 

9ao 

11 
0 
0 
0 

38 

0 
2 

20 
05 
0 
0 
0 
0 

58 
0 
0 
0 

1 4  
0 
0 

43 
60 
53 
37 

49 
57 
0 
0 
0 

577 

4a 

a2 

- 

0 
0 
0 
0 

15 
0 
0 
2 

1 4  
0 
0 
0 
0 
0 
0 

23 
0 

36 
4 
0 

101 
5 

266 
I] 

30 
8 

57 
149 

- 
821 

*Data from Natlonal Oceanographlc and Atmospherjc Administratjon, 1972. 
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estlmated maxjmum of slightly less than 105 cubic feet/day. Therefore, 

the total subject flow during the month of December would have been 

2550 cublc feet based on an average of approximately 66 cubic feet/day 

for the flrst 18 days and 105 cubic feet/day for the last 13 days of 

the month. Further assuming that a record high flow of 105 cubic 

feet/day continued through the month o f  January (even though the 

recorded precipitation of 5.77 inches for the month of January 

indicates a probably lessening of flow through the model drain area) 

and February, an estimated maximum flow quantity towards Trench 7 that 

would have been intercepted by the model drain is calculated at 

approximately 8700 cubjc feet for the three-month pertod. 

Recharse bv Inflltratton at the Stte. 

quantlty of lateral groundwater flow towards Trench 7 that could be 

intercepted by a gravity drain system during the perlod o f  a 

record-hlgh water table, It is appropriate to compare this wtth an 

estimate of the quantity that would enter recharge by direct 

infqltration of precipitation on the site south o f  the model drain. An 

estimate of this recharge area can be made from the water table map 

(Fig. 7). This recharge area shown in Figure 9a, some o f  which I s  

certain to be a source of supply to the seep area, amounts to 

approximately 1.78 acres. A simulated study in Conasauga strata at 

SWSA 6 (Arora et al., 1981) found that during perlods when 

evapotransplratjon i s  at a minimum, 49% o f  precipitatton Inflltrates to 

groundwater recharge. Using thls recharge percentage and a total 

precipitation o f  23.78 inches from Table 2 for the period December 1961 

Having an approxtmatlon o f  the 
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through February 1962 , It I s  estimated that the 1.78 acre area south 

of  the model drain was directly recharged by approxlmately 75,300 cublc 

feet o f  water through lnflltration. 

Rechartae by Lateral Flow Versus Inflltratlon. Utillzlng the above 

esttmates, which are believed to overestimate the quantlty of lateral 

flow, it appears that the Trench 9 site is recharged by dlrect 

Inflltratqon by a factor approximately 9 tlmes tlmes greater than the 

lateral groundwater flow toward Trench 7 that could be intercepted by a 

gravjty drain. This would be durlng a perlod of maximum ralnfall and a 

record hlgh water table at the s l t e .  Matlona? Oceanograpklc and 

Atmospherqc Admtnlstration (NOAA) records indicate that a total of 

approximately 16 inches is normal for the Oecember through February 

period rather than the 23.78 inches used in the foregoing analysis. It 

is readily apparent that as the water table declines reflectlng a 

lessening ralnfall, the ratio and importance of direct recharge at the 

site by inflltratIon as compared with Interceptable lateral flow will 

Increase. for example, if the water table fell to elevatlon 975 feet 

at the model draln as could be expected during periods o f  low ralnfall, 

no laterally moving groundwater would be intercepted resultfng in the 

ratio becornlng an lnfln5tely large number. Thls statement is supported 

by the following data: Well SB-01 I s  located .in line of the model 

draln ( F l g s .  9a and 9b) and on November 22, 1982, the water level 

recorded at the well was elevation 771.22 feet (Olsen et al. 1983). or 

almost 4 feet below the bottom of the model drain. Preclpltation 
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(QRNL, Environmental  Sciences D l v i s i o n  records)  f o r  t h e  prev ious  month 

o f  October was 2 . 2 5  Inches, and 5.09 Inches f o r  t h e  f i r s t  22 days o f  

November. Again, u s l n g  t h e  f i g u r e  o f  49% (Arora  e t  a l .  1981) of 

p r e c i p i t a t l o n  t o  recharge, i t  i s  c a l c u l a t e d  t h a t  t h e  1 . 7 8  acre  recharge 

area south o f  t h e  model d r a i n  was recharged by approx imate ly  16,000 

cub ic  f e e t  f rom d i r e c t  f i l t r a t i o n  d u r t n g  t h e  f i r s t  22 days of 

November. The d r a i n  would n o t  have i n t e r c e p t e d  any f l o w  I n  t h l s  

per iod .  Thus, It appears t h a t  t h e  most e f f e c t i v e  s t r a t e g y  f o r  

minim’izlng recharge t o  t h e  groundwater I n  t h e  Trench 7 v l c i n l t y  1 s  t o  

p revent  sur face  i n f i l t r a t i o n .  
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PROPOSED MITIGATING ACTIONS 

General 

It I s  indlcated by the foregolng analysis that infiltration from 

the surface I s  a more important water source to the contamjnated seep 

area and for the possible leaching o f  alkallnity of Trench 7, than 

lateral, high water-table flou, from the north. Therefore, mitigating 

actions that are likely to be most beneficial are those which consqder 

thjs situation. Three such actions are  proposed and dlscussed I n  the 

paragraphs below. They are: 1 )  extend the present asphaltic cover on 

Trench 7; and collect the runoff from the Impermeable cap with a gutter 

system, transporting I t  doun-gradient o f  the recharge area of Trench 7; 

2) severlng and plugging of the waste transfer pipeline and backfilled 

ditch at a point north o f  Trench 1 ;  and 3) grout Injection jnto the 

subsurface between the contamlnated seep and Trench 7 ,  and also at the 

north end of the Trench. 

Control of Surface Runoff 

S i  tuation Description. 

from the asphaltic cover I s  finding i t s  way fnto the subsurface 

imnediately adjacent to the edge of the cover. The crushed stone whlch 

rlrns Trench 7 provtdes an excellent uater-holdlng medium for up to lA0OX 

of the runoff from the asphalt surface, the percentage may vary with 

the intensity of the rainfall. 

rainfall on the cap translates into 700 cubic feet of runoff. A 

portion of this quantity could very well be finding its uay djrectly 

It appears that considerable surface runoff 

A s  previously noted, every inch of 



-30- 

i n t o  Trench 7 b u t  e x i t i n g  through t h e  l a r g e  s u r f a c e  area o f  t h e  Trench 

a t  a r a t e  f a s t e r  than t h e  I n f l o w ,  t h e r e f o r e  I s  n o t  measured I n  any o f  

t h e  f o u r  m o n i t o r t n g  w e l l s  t h a t  were I n s t a l l e d  i n  t h e  Trench a t  t h e  t lme 

o f  c o n s t r u c t i o n .  Even I f  t h e  r u n o f f  does n o t  e n t e r  t h e  Trench 

d l r e c t l y .  sur face water  r e t a i n e d  i n  t h e  crushed stone and s o i l  

perco la tes  t o  t h e  groundwater t a b l e  through m a t e r i a l s  h l g h l y  

contaminated by t h e  o r i g i n a l  waste d isposa l  opera t ion .  

M i t i s a t i n s  A c t i o n  Oescr iDt lon.  Proposed c o r r e c t i v e  a c t l o n  f o r  t h e  

fo rego jng  s i t u a t i o n  Inc ludes  extendlng t h e  present  a s p h a l t  sur face  up 

t o  10 f e e t  i n  a l l  d i r e c t i o n s  i n  o rder  t o  cover t h e  crushed stone 

rimming t h e  f a c i l i t y .  Our lng c o n s t r u c t i o n ,  a proper  seal  must be 

formed between t h e  new and o l d  a s p h a l t  p o r t l o n s .  C l e a r i n g  probably  

w i l l  n o t  be necessary and r e q u l r e d  grad lng  w i l l  be mlnlmal t o  

accompl ish t h l s  t a s k .  Also.  a system f o r  c o l l e c t i n g  t h e  r u n o f f  from t h e  

paved area should be prov ided t o  c a r r y  t h e  s u r f a c e  water  t o  a d ischarge 

p o i n t  down-gradient o f  t h e  groundwater beneath Trench 7 .  An open 

g u t t e r  system o f  a s p h a l t i c  pavement would s u f f i c e .  Unless grad ing  was 

Invo lved t o  change t h e  grade on t h e  eas t  s lde,  two p o i n t s  o f  d ischarge 

w i l l  p robably  be requ i red ,  one f o r  each s i d e  o f  t h e  t rench.  

P r e l i m i n a r y  Cost Est imate.  For comparison purposes, cos ts  o f  t h e  above 

work a r e  i n i t i a l l y  est imated t o  be on t h e  order  o f  $15,000. Th ls  would 

inc lude:  $4900 f o r  100 square yards o f  a s p h a l t l c  pavement I n  p l a c e d t  

$l.OO/square yard; $1000 for p r e p a r a t i o n  f o r  pavement; $5600 f o r  400 

l i n e a r  yards of a s p h a l t i c  g u t t e r  a t  $14.00/ l inear  yard;  $2000 f o r  

c l e a r i n g  and grad ing  f o r  200 yards o f  t h e  g u t t e r ;  and $1500 f o r  

miscel laneous expenses. 
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Securing Abandoned Waste Transfer Pipeline 

I Situatlon Destrlption. Historically, abandoned pipelines are 

frequently found to provide flow pathways for fluids infiltrating from 

the surface. 

pipe surface in the uncompacted backfill surrounding the pipeline, 

Inside a non-plugged pipeline through openings in the line, or in 

gravel or sand bedding sometimes placed at the bottom of the plpellne 

ditch durlng construction. The waste transfer pipeline and surroundlng 

materlal were subjected to considerable dlsturbance at the time of line 

rupture and clean-up operations. The line has a negatlve gradlent o f  

approximately 35 feet vertical in the 400 feet horizontal from the 

valve box,  where it i s  dlsconnected and capped, to Trench 7. Wlthin 

this distance it i s  not improbable that during a wet period, surface 

water may find entrance to one o f  more of the above listed pathways and 

discharge into Trench 7 or its immediate area. 

Hitlqatlng Action Descrlptlon. Proposed corrective action includes 

making a shallow excavation to 2 feet or more below the transfer 

pipellne at some convenient location north of the north end of Trench 7 

but south of well T7-2. A 2-foot or more section of pipe should be cut 

from the llne, and cement grout pumped Into the section of line leading 

to Trench 7. If the old ditch cross-section does not seem to be a 

major pathway for lnflltrating surface water (as evidenced by visually 

observable low soll moisture content), this single excavation needs 

only to be filled with compacted clay. 

does seem to be a major pathway as evldence by wet soll conditions, 

Such pathuays MY exist along the outside of the smooth 

If the ditch backfill material 
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consideration should be given to placing etther a foundation type drajn 

system discharging on a 1% grade to the closest point on the west side 

of the rtdge, or a second clay plug in the line approximately 50 feet 

or SQ north of the first. In order that the judgment as to s o l 1  

moisture be vlable, the first excavation needs to be accomplished and 

examined during a wet period. 

Prelimlnarv Cost Estimate. For comparlson purposes, costs of the above 

work are estimated preliminarily to be between $3000 and $5000, 

depending upon whether more than the one clay plug i s  necessary. 

Subsurface Grout Injectlon 

Sltuatlon OescriDtion. Movement o f  contamlnated groundwater above and 

below the water table at the site I s  belteved to be mostly along 

discontinuities (secondary porosity) in the Intensely weathered 

Conasauga strata. Further, this water follous some o f  the same paths 

that contamlnated waste migrated along durlng and since the waste 

disposal operation at Trench 7. Ouring operation, the waste level 

could reach a maximum elevation of 799 feet throughout Trench 7, and as 

reported in ORNL/TH-8839, various relict zones of contamlnatlon are 

known prlmarlly east and west of the site from that elevation to 

several feet below the water table (Figs. 2, 3, 4, and 8). Both 

infiltrating water from the surface and laterally moving groundwate? 

pass through these relict zones of contamlnatlon. A s  previously 

stated. a maxlmum o f  80 days elapsed between the tlme that waste was 
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flrst pumped to Trench 7 and when radioactivity was flrst found at the 

seep. This I s  rapid movement and indicative of  a prominent subsurface 

pathway or pathways between the Trench and the seep. 

Hitiqattnq Action Descriution. Grout jnjection Into the subsurface 

will use the same characteristic of the strata that results in the seep 

and possible leachlng of alkalinity but in a manner to alleviate these 

adverse effects. This characteristic I s  the secondary porosity o f  the 

strata due to its discontinuities. Injection of grout under pressure 

can be expected to enter and fill these discontinulties in the vicinlty 

of the Injection point. Grout enters the wider discontinuities more 

readily and travels further than in the narrow openings. During the 

waste disposal operatlon, the wider discontinultles carried much o f  the 

waste and it I s  reasonable to assume that now these Felict wider 

pathways are a major contributor to the contamination to the seep and 

leaching of alkalinity. By fllllng fissures (dlscontinultles) in the 

strata, the contamination that resides on the walls o f  a flssure will 

be held more tightly in place and the movement of groundwater through 

it is inhibited or prevented. 

water table and will, therefore. be effective in the zones of 

percolation and lateral groundwater flow. 

. 

Grout can be injected above or  below the 

Grouts cons sting of a mixture of water and solid particles such as 

f l y  ash, bentonite, or lime are not generally belleved Portland cement 

to enter a fissure much less than 0.5 m in width. However, some 

narrower fissures can be enlarged by hydraulic pressure during the 

grouttng process. Chemical grotits-containtng no solid particles and a 
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viscosity similar to water are obtatnable, but some are considerably 

more expensive than the particulate grouts (Spaldlng, Hyder, and Munro 

1983). 

Grout Injectlon in flrm rock is accomplished by drllling holes vlth 

conventional types of drllllng machinery. However-, some companles have 

developed specialized equipment that greatly reduces the tlme required 

for grouting in soils and can be used in some Intensely weathered 

rocks. One such company demonstrated Its technique In the Conasauga 

strata at SWSA 6 on September 8, 1983. using a grout slurry of lime and 

fly ash. The equipment included a unlt with multiple injection lances 

that could be pressed hydrauljcally to depths of up to 40 feet, and 

grout indected under pressure up to 100 psi as the lances were 

wi thdrawn. 

The location of a proposed grouted zone of strata I s  shown i n  

Flgure 10. 

of 3 rows of injection holes wide), and approxlmately 40 feet .in 

depth. It extends from near the lower part o f  the east access road, 

pass the north end of Trench 7, to a point on the west access road that 

i s  beyond the groundwater divide. This is a compromise route, partly 

selected because only a minimum of grading and clearlng will have to be 

performed to accommodate any type of grouting equipment that I s  

selected. Groutlng o f  thls route can be expected to lnhiblt: 

1) movement of some of the groundwater through contaminated fissures 

between the trench and the seep; and 2) movement o f  groundwater 

The grout llne will be 15 or more feet in wldth (a mlnimum 
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durlng record high wet seasons through contaminated flssures at hlgh 

elevatlons adjacent to the north end of Trench 7. The proposed 

groutlng wlll physlcally block some of the major fissures leading t o  

the seep. It I s  not antlclpated that thls groutlng will cause any 

significant changes In the water table because there wlll s t l l l  be 

hydraullc connectlons to both sldes o f  the grout llne via routes below 

the grouted zone and around the ends of the line. A grout llne 

posltioned slightly east of the road would have the advantage of 

separating a larger area, known to contaln contaminated flssures, from 

the seep. However, such a route would requlre considerable disturbance 

of the area ln the form o f  clearlng and gradlng In order to provlde 

access for the groutlng equlpment. The route following the present 

roadway I s  therefore proposed as a satlsfactory alternatlve. 

Prellmlnary Cost Estlmate. For comparison purposes, costs of qroutlng 

by conventional groutlng techniques with a partlculate grout are 

lnltially estimated to be on the order of $150,000. Estimated unit 

quantltles and costs are provqded in Table 4. Costs for grouting wlth 

a sodium slllcate chemical grout, I f  Indicated durlng groutlng or by 

prior testing, would probably be only sllghtly more. Based on 

discusstons wlth personnel of the company which performed the groutlng 

demonstratlon at SWSA 6, cost by thls method would be considerably 

lower and may be in the range of $700,000. 
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Table  4. Pre?imlnary cost esttmate for construction of  grout 
llne at Trench 7; based on assumed llne 600' long, 
3 rows wide, holes on 5' centers and 40' deep. 

Item Quantl t y  Unlt Cost c o s t  

Orill holes 14400 ft. $4.OO/f t . 357.600 

Connections to 
grout holes 360 ea $5 .OO/ea $ 1.800 

Placing grout 9000 cu.ft. $5.00/cu.ft. $45,000 

Grout 9000 cu.ft. $4.00/cu.ft. $36,000 

Pipe and flttlngs 1080 l b s .  $3.00/1 b. $ 3 ,240  

Hob1 11 zatl on and 
demo b 1 1 1 za t 1 on 1 ob 

Estimated total cost 

I 7.000 

$1 50,640 
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ACTIONS CONSIDEREO BUT NOT PROPOSED 

Groundwater I n t e r c e p t o r  Dra in  

General. A groundwater i n t e r c e p t o r  d r a i n  a t  severa l  l o c a t l o n s  around 

Trench 7 was considered. The l o c a t i o n  shown i n  F igures  9a, and 9b, and 

used i n  t h e  recharge source a n a l y s i s .  was deemed t o  be t h e  b e s t  s i t e .  

A t  t h i s  l o c a t i o n  o n l y  one ca tch  b a s l n  i s  necessary and I t would 

d lscharge i n t o  t h e  dralnageway a l ready  contaminated by t h e  seep. 

Fur ther ,  a t  t h l s  p o s i t l o n  t h e  d r a i n  would have t h e  l e a s t  chance o f  

w i thdrawing  contamtnated groundwater t o  t h e  catch-bas in d lscharge.  Two 

types o f  g r a v i t y  i n t e r c e p t o r  d ra Ins  were considered: a sur face  

excavated t r e n c h  b a c k f i l l e d  w i t h  crushed stone as was cons t ruc ted  a t  

SWSA 6 (Davls and S t a n s f i e l d  1984), and a h o r l r o n t a l l y  augered tunne l .  

The tunnel  would have been 2 f e e t  i n  dtameter and l i n e d  w i t h  a 

p e r f o r a t e d  s t e e l  l i n e r .  No v e r t i c a l  dra inage w e l l s  would have been 

necessary w i t h  t h e  tunne l  d r a i n  as i t  was l a r g e  enough so  t h a t  t h e  

groundwater cone o f  depress ion would n o t  have r l s e n  above t h e  e l e v a t t o n  

o f  t h e  tunne l .  Both types o f  d r a i n s  would have been approxlrnately 380 

f e e t  i n  l e n g t h  and 35 f e e t  i n  depth a t  t h e l r  deepest p o i n t .  

Pre l i rn lnarv Cost Est lmate.  For comparison purposes, t h e  c o s t  o f  t h e  

sur face  excavated d r a i n  9s i n i t i a l l y  es t imated  t o  be $90,000. This  

est t rnate i s  based upon cos ts  f o r  t h e  SWSA 6 p r o j e c t  and Inc ludes  

$40.000 f o r  t h e  r e n t a l ,  m o b i l i z a t i o n ,  and d e m o b i l i z a t l o n  o f  t h e  a 

backhoe s i m i l a r  t o  t h e  one used on t h a t  p r o j e c t .  The c o s t  o f  b o r i n g  
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the horlzontal tunnel draln, Including the perforated steel liner Is 

Initially estlmated to be $40,000. This Includes 330,000 for borlng 

the tunnel and settlng the steel llner, and $10,000 for site excavatlon 

for the borlng machlne and construction of the catch basin. 

The groundwater Interceptor draln I s  not presently proposed for 

reasons discussed under geohydrology. Bslefly, In thls particular 

sltuatlon, It Is not believed to be as cost effective as the proposed 

actlons. 

Seallng the Surface of the Recharge Area 

General. Sealing the ground surface to prevent infiltration o f  

groundwater through zones of  rellct contamlnatlon undoubtedly would be 

helpful. The recharge source analysls lndlcates thls to be a major 

source of recharge at the slte. However, as. esttmated from the water 

table contour map and shown I n  Figure 9a, thls would mean sealing a 

surface area of 1.78 acres. Groundwater recharge at the slte would 

still occur by lateral recharge at depths that could not be Intercepted 

by gravlty drains, and Contaminated zones presently exist below the 

water table. Therefore, contaminated water would continue to surface 

at the seep area, although the level o f  contamination would be 

anticipated to be reduced. 

Prellmlnarv Cost Estimate. For camparlson purposes, the cost of 

sealing 1.78 acres I s  Initlally estimated to be on the order of 

$184,000. This esttmate i s  based directly upon a 1978 lnltlal 
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estimate by ORNL Eng 

seallng SWSA 4. 

Slurry Trench 

neer ng Division o f  $21.33 per square yard far 

A slurry trench was superflclally considered as i t  Mould provlde a 

barrier of extremely low permeability. However, at an estlmated unlt 

cost of between $10 and $20 per square foot, the total cost would be 

several times that of  the grout llne that I s  prooased. A l s o ,  pressure 

grouting can penetrate flssures and immoblli ze contaminates held 

theretn which i s  not accomplished by slurry trenches. Further, a 

slurry trench would have the added disadvantage o f  having to excavate 

and dispose of contaminated strata. 
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MONITORING RESULTS OF MITIGATING ACTIONS 

Mitlgatlon of Adverse Effects 

It may take a perlod of several years to determine whether the 

collective actions taken effectlvely lessen the level o f  radlonucllde 

contaminatlon of the seep water and the leachlng of alkalfnity from 

Trench 7. This is due to residual contamlnation at the seep and east 

of the proposed grout line. However, sampling and analysfs of the seep 

water at the dry and wet seasons can be expected to show a decrease jn 

contamination wlth tlme. 

Effecttveness of Construction 

Controllins Surface Runoff. The effectiveness o f  the action of 

diverting surface runoff from the asphalt surfacing to outslde the 

recharge area of Trench 7 could be deterrnlned by measurlng the runoff 

under present conditlons. After construction, runoff f r o m  the gutters 

can be measured. Any Increase In the percent of runoff determlned, 

represents water that prior to the mitigation actlon, would have been 

contaminated by Inflltratlon tn the l m edlate area of Trench 7. 

Securinq Abandoned Waste Transfer PTueline. The effectlveness of 

severing and plugglng the transfer plpeline and backfilled ditch may 

not be speclflcally measurable. However, under the circumstances it 

would seem to be good practlce to be assured of the security of thls 

potential source. In the perhaps unllkely event It was considered 
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necessary t o  I n s t a l l  a d r a i n  f rom t h e  b a c k f l l l e d  d i t c h ,  t h e  o u t l e t  p i p e  

cou ld  be monl tored f o r  d ischarge.  

Grout I n l e c t l o n .  

r e l a t e d  t o  t h e  r e d u c t i o n  I n  h y d r a u l i c  c o n d u c t l v l t y  obta ined.  The 

q u a n t l t y  o f  g r o u t  p laced Is n o t  a r e l i a b l e  I n d i c a t o r  as t o  t h i s  

reduc t lon .  To determlne t h e  reduction, severa l  t e s t s  would have t o  be 

conducted i n  t h e  grouted zone, be fore  and a f t e r  t h e  opera t ion .  

The e f f e c t i v e n e s s  of g r o u t i n g  programs a r e  g e n e r a l l y  
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CONCLUSIONS 

Interdependence and Timing of Mltlgating Actjons 

A s u m r y  of proposed mitigating actlons w i t h  prellmlnary cost 

estimates i s  shown I n  Table 5a. A s u m r y  o f  actIons whlch were 

considered b u t  n o t  proposed a t  t h l s  tlme i s  shown w i t h  cost estimates 

in Table 5b. The success o f  each o f  the proposed acttons i s  

independent of the others, and no order o f  action I s  necessary. 

Howevcr, o f  the three proposed mitjgating act tons,  the propasal 

extending the asphaltic cover, and divertlng the collected runoff t o  

outside the recharge area of the Trench has the potential t o  be the 

most cost  e f f e t t l v e .  The ra te  of 700 cublc fee t  of runoff from the 

asphalt surface per inch of ra infa l l  amounts t o  an average of over 

36,000 cubic f e e t  of water per year. A s  previously dlscussed, a 

sizable portion o f  t h i s  I s  suspected t o  be Infql t ra t lng t o  the 

groundwater table lmnediately adjacent t o  Trench 7 .  

Only the proposed actlon t o  sever and  p l u g  the abandoned waste 

transfer pipellne carr ies  a preference as t o  the best season for 

constructlon. Because of the judgement required as t o  whether the 

backfil l  I n  the old dltch col lects  and transports water d u r i n g  wet 

weather, i t  uould be helpful t o  accomplish t h l s  task i n  l a t e  winter or 

early sprlng. 
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Table 5. Summary o f  p r e l l r n i n a r y  t o n s t r u c t l o n  c o s t s  
o f  p o s s i b l e  m l t l g a t l n g  a c t l o n s  

(a) Proposed r n l t i g a t l n g  a c t l o n s :  

Action - c o s t  

1. Extend a s p h a l t i c  cover  and c o n t r o l  sur face  r u n o f f  $ 15,000 

2. Plug waste t r a n s f e r  p l p e l l n e  and b a c k f i l l e d  d l t c h  $ 5,000 

3 .  Const ruc t  g r o u t  c u r t a l n  between t h e  Trench and t h e  
contarnlnaed seep, and a t  t h e  n o r t h  end o f  t h e  
Trench $1 50,000 

(b )  Ac t lons  consldered b u t  proposed: 

A c t i o n  - c o s t  

1. Const ruc t lon  o f  groundwater I n t e r c e p t o r  d r a i n  

2 .  Const ruc t lon  o f  groundwater I n t e r c e p t o r  d r a i n  by 

3 .  Seal ing  t h e  ground sur face  t o  prevent  I n f l l t r a t l o n  

by open-cut excavat ion $ 90.000 

hor Izonta1  b o r i n g  machjne $ 40.000 

o f  precipitation $1 34,000 

4. Const ruc t lon  o f  s l u r r y  t r e n c h  c u t a f f  $10 t o  J20/ 
S Q . f t .  
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As indicated above, the three proposed mitigatlng actions can be 

performed in any order, and none of the three methods effect the 

success of the other two. This i s  not the case for the actions 

considered but not proposed at this tIme (Table 5b). For example, I f  

either type of a groundwater interceptor drain was constructed prior to 

construction of the proposed gtout curtain, there i s  a high probability 

that the drain would become ineffective due to pluggfng o f  some portlon 

of I t  by the pressure-injected grout. However, i f  for some reason it 

became desirable to also install a groundwater Interceptor dratn after 

a grout curtin had been constructed, it uould be possible to do so 

without affecting the integrity of the grout curtain. 

prior grouting of the subsurface adversely effect the subsequent 

construction of an interceptor drain. 

Neither would 

Potential for Groundwater Level Changes Due to Grouting 

As previously stated, changes 'In the potentiometric surface of the 

groundwater due to grouting are antlcipated to be minimal. This i s  

because hydraulic continutty w i l l  be maintained around the ends and 

beneath the grout curtaln; also, there will be some leakage through the 

curtain. However, the Conasauga Group Is known to possess anisotropic 

hydraulic conductivity In directions o f  strike and dip (Davis et al. 

1983) and may well possess a similar characterlstlc In the vertlcal 

direction. If the hydraulic conductivity in the vertical direction 1 s  
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l o v e r  than I n  the  h o r i z o n t a l  d l r e c t i o n ,  t he re  may be a l essen ing  o f  t he  

e q u a l i z i n g  e f f e c t  o f  t he  h y d r a u l l c  connect ion beneath t h e  g r o u t  c u r t a t n  

on the  p o t e n t i o m e t r i c  sur face  o f  t he  groundwater. I t  appears poss lb le ,  

t he re fo re ,  f o r  t h e  groundwater sur face  t o  I n c u r  a l o c a l i z e d  inc rease I n  

e leva t i on ,  perhaps on the  n o r t h  o r  west s lde  o f  t h e  g r o u t  c u r t a l n .  A t  

some undetermtned r i s e  i n  e l e v a t i o n  ( I t  would appear t o  have t o  be 

h ighe r  than the  record  h lgh  o f  February 1962 and for a cont inued 

pe r lod )  new groundwater seeps could p o s s i b l y  develop. I f  such a seep 

developed n o r t h  o f  t h e  Trench I t  very w e l l  may be f r e e  o f  contamlnat lon 

and no remedial a c t i o n  wou ld  be necessary. I n  the  event a contaminated 

seep d l d  develop I n  some area, remedla l  a c t I o n  cou ld  perhaps be I n  t h e  

for in  of a d d i t i o n a l  g r o u t l n g  o r  drainage, bu t  app rop r ia te  a c t t o n  would 

depend upon t h e  s l t u a t l o n  a t  t h e  t lme. 

Test Grout i ng 

T e s t  g r o u t l n g  a s h o r t  sec t l on  a t  t he  s i t e  would be most h e l p f u l  

p r t o r  t o  c o n t r a c t l n g  t h e  main program. From t h l s  t e s t  I t  cou ld  be 

es tab l i shed whether the  s t r a t a  w i l l  accept p a r t l c u l a t e  g r o u t  o r  If 

chemtcal g r o u t  w i l l  be requ i red .  A lso ,  t h i s  i s  t h e  bes t  method t o  

es t imate  the  amount o f  g rou t  t h a t  w l l l  be I n j e c t e d  d u r i n g  the  f u l l  

program. A sec t l on  o f  perhaps no more than 50 f e e t  i n  l eng th  would be 

adequate f o r  t e s t i n g  purposes and cou ld  be tncorpora ted  as a p o r t l o n  o f  

t h e  designed l j n e .  
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Replacing and Modifying Existing Monltorlng Wells 

Durlng the grouting program, monltorlng wells adjacent to the grout 

line will be blocked with grout. It w911 be necessary to replace 

several of  the wells but not all, as some have served their purpose. 

The replacement of monitorjng wells has not been Included In the 

preliminary estimate o f  groutlng costs. 

The first monltorlng wells drllled at Trench 7 In 1961 and 1962 

were drilled to depths of up to approxlmately 70 feet. It may be that 

there is vertical movement o f  groundwater in some o f  these deeper 

wells. If so, conslderatlon should be gtven to sealing these wells to 

prevent cross contamlnatlon between various depths, or malntainlng 

groundwater mounds around any wells wlth possible upward flow. To 

determine i f  this condition exists, piezometers could be set i n  a 

sample o f  these wells (T7-1 and T7-2) approximately 30 to 40 feet below 

the ground surface. 
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ABSTRACT 

To reduce i n f i l t r a t i o n  i n  t h e  a r e a  imnediately ad jacent  t o  Low 
Level Waste Trench No. 7 and thereby l i m i t  t he  movement of groundwater 
from t h e  t rench toward a s u r f a c e  seep  area t o  the  east of the  s i t e ,  t h e  
a s p h a l t  cap  ove r  t he  t rench  w a s  extended and recontoured t o  r e rou te  
dra inage  away from t h e  per imeter .  Before cap ex tens ion ,  t he  a spha l t  cap 
covered approximately 880 m2 (18% of  t h e  s i t e  dra inage  a r e a )  and 
runoff  from the  a s p h a l t  s u r f a c e  could p o t e n t i a l l y  i n f i l t r a t e  t he  s o i l  a t  
t h e  cap per imeter .  Af te r  ex tens ion  and recontour ing ,  t he  c a p  covered 
approximately 1750 m2 (36% o f  t h e  s i t e  dra inage  a r e a ) ,  and runoff  from 
t h e  a s p h a l t  s u r f a c e  w a s  rou ted  v i a  a d r a i n  and c u l v e r t  t o  an ephemeral 
a t r e d m  approximately 30 m down-gradient of  t he  new cap per imeter .  
Surface runoff  monitor ing a t  ephemeral dra inages  t o  t h e  e a s t  and west of 
t h e  s i t e  was conducted dur ing  a 60-d per iod immediately before  ( A p r i l  24 
t o  Ju ly  1, 1985) and for a 414 per iod  immediately a f t e r  (August 24 t o  
October 3 ,  1985) cap ex tens ion  and recontour ing .  

p r e c i p i t a t i o n ,  and t h e  minimum r a i n f a l l  necessary to genera te  su r face  
runoff  dec l ined  from 9 t o  1.8 mm fol lowing cap  ex tens ion  and r e rou t ing .  
Fur ther ,  fol lowing t h e  remedial  a c t i o n ,  t h e  d i s t r i b u t i o n  and i n t e n s i t y  
of s u r f a c e  runoff  changed from a s l i g h t  dominance v i a  the  e a s t  drainage 
t o  a l a r g e  dominance v i a  the  w e s t  drainage.  Before cap ex tens ion ,  a t  
least 45% of the  p r e c i p i t a t i o n  i n t e r c e p t e d  by the  cap i n f i l t r a t e d  the  
s o i l ,  presumably a t  t h e  cap per imeter .  
recontour ing  and curb ing ,  60% o f  the  p r e c i p i t a t i o n  in t e rcep ted  by the  
cap could no t  be accounted f o r  a s  s i t e  runoff  o r  a s  i n t e r c e p t i o n  s io rage  
and evapora t ive  loss from t h e  cap s u r f a c e ,  and could be t h e  r e s u l t  of 
(1)  i n f i l t r a t i o n  of dra inage  water i n  t h e  un l ined  d i t c h  i n t o  which the  
c u l v e r t  d i scha rges ,  ( 2 )  a n  underest imate  of evapora t ive  loss, o r  ( 3 )  an  
underest imate  of s i t e  runoff  because of  t he  l a r g e ,  sharp  pulses  of flow 
a f t e r  cap ex tens io i .  A l t e rna t ive ly ,  a l eak  may have developed in  the  
d r a i d c u l v e r t  system t h a t  could a l low i n f i l t r a t i o n  i n  t h e  v i c i n i t y  o f  
the  t rench.  Monitoring of s u r f a c e  runoff  should be cont inued ,  and the  
d r a i n  and c u l v e r t  should be t e s t e d  f o r  leaks  t o  determine t h e  f a t e  of 
p r e c i p i t a t i o n  in t e rcep ted  by the  expanded a s p h a l t  cap. 

August 1985 dec l ined  as would be  expected dur ing  the  spring-summer 
per iod.  Groundwater e l e v a t i o n  a t  t h e  s i t e  on May 7 ,  1985, w a s  
approximately 0.2 t o  0 .6  m higher  than  t h a t  measured on February 1, 
1984, and on December 15,  1983. Yeasurements of  groundwater l e v e l s  i n  
monitoring w e l l s  a t  t h e  s i t e  should be  cont inued t o  determine if t he  
reduct ion  i n  i n f i l t r a t i o n  i n  the  v i c i n i t y  of t h e  t rench  r e s u l t s  i n  
lowering o f  t h e  water t a b l e  dur ing  the  win te r  per iod  (compared with 
previous y e a r s )  when i t  is a t  a maximum. 

Surface runoff  from the  s i t e  increased  from 8.4 t o  12% of  

Af t e r  cap  ex tens ion ,  

Groundwater e l e v a t i o n  a t  t h e  s i t e  dur ing  t h e  per iod from ?lay t o  





INTRODUCTION 

The purpose of t h i s  r e p o r t  i s  t o  desc r ibe  t h e  su r f ace  hydrologic  
c h a r a c t e r i s t i c s  o f  t he  Trench 7 s i t e  be fo re ,  and f o r  a s h o r t  per iod 
a f t e r ,  t he  ex tens ion  of  t h e  a s p h a l t  cap and the  rou t ing  of  i n t e rcep ted  
p r e c i p i t a t i o n  away from the  t rench.  
dur ing  t h e  s tudy  per iod  are a l s o  compared with those  measured i n  1983 
and 1984. 

A t o t a l  o f  3 . 2  X l o4  m3 of low-level l i q u i d  wastes generated 
from r o u t i n e  Oak Ridge Nat ional  Laboratory ope ra t ions  were disposed of 
i n  Trench 7 between 1962 and 1964. The wastes contained about LO7 GBq 
of f i s s i o n  nuc l ides  (p r imar i ly  137Cs and gOSr), a c t i v a t i o n  products 
(p r imar i ly  6oCo) , a c t i n i d e s  (p r imar i ly  232Th and 238rJ decay series 
nuc l ides )  , and t r ansu ran ic s  (p r imar i ly  241Pu and 241Am). Gamma-log 
p r o f i l e s  of t he  we l l s  nea r  Trench 7 i n d i c a t e  t h a t  t he  waste l i q u i d s  
seeped along d i s c r e t e  l a y e r s  p a r a l l e l  t o  bedding and along t h e  s t r i k e s  
of  f a u l t s  and f o l d s  (Olsen e t  a l .  1983). Although most of the  
r a d i o a c t i v i t y  has  been r e t a i n e d  by s o r p t i o n  r e a c t i o n s  with t h e  t rench 
fill, s o i l s ,  and weathered bedrock, groundwater i n  t h e  v i c i n i t v  of  t he  
t rench shows e l eva ted  l e v e l s  o f  r a d i o a c t i v i t y ,  p r i m a r i l y  3H, 99Tc, 
6oCo , and *%. 
near  the  t rench i n d i c a t e s  t h a t  r ad ioac t ive  contaminat ion may be leached 
from t h e  t rench o r  from t h e  r e l i c t  migra t ion  l a y e r s  when t h e  groundwater 
l e v e l  rises t o  s a t u r a t e  these  zones,  o r  when perched water from 
p r e c i p i t a t i o n  seepage pe rco la t e s  i n t o  t h e  t rench o r  a long these  r e l i c t  
migra t ion  l a y e r s  dur ing  drainage.  Two suspected t r anspor t  pathways from 
t h e  trench t o  a nearby seep  a r e a  w e r e  i d e n t i f i e d ,  one of  which appears  
t o  r e s u l t  i n  leaching of a l k a l i n i t y ,  thus  a f f e c t i n g  the  r e t e n t i o n  
capac i ty  for 90Sr (Olsen e t  a l .  1983).  On t he  b a s i s  of chemical,  
geo log ica l ,  and hydro logica l  s t u d i e s  of  t h e  Trench 7 s i t e ,  Olsen et a l .  
(1983) and S t a n s f i e l d  (1984) recommended remedial  a c t i o n s  t o  reduce 
i n f i l t r a t i o n  i n  the  a r e a  immediately ad jacen t  t o  the  t rench and t o  
prevent  t he  movement of groundwater from t h e  t rench toward the  seep 
area. A p a r t  o f  t h i s  remedial  a c t i o n  involves  ex tens ion  of  an e x i s t i n g  
a s p h a l t  t rench cap t o  i n c r e a s e  t h e  amount of  su r f ace  water  d ive r t ed .  

Groundwater e l eva t ions  a t  t h e  s i t e  

Seasonal v a r i a t i o n  i n  r ad ionuc l ide  concent ra t ions  i n  groundwaters 

SITE DESCRIPTION 

Trench 7 i s  loca ted  southwest o f  t h e  Oak Ridge National Laboratory 
(OWL), south o f  Sol id  Waste Storage Area 4 ( S W S A - 4 )  and w e s t  of  SIJSA-5 
(Fig.  1). Fig. 2 i s  a topographic  map of  t h e  Trench 7 s i t e  showing t h e  
l oca t ion  of i t s  monitor ing wel ls ,  seep a r e a ,  and grave l  access  road. 
The s i t e  has  a maximum r e l i e f  of approximately 15 m and covers  
approximately 4800 m2 which i s  dra ined  by two unnamed, epheueral  
drainages on t h e  east  and w e s t  s i d e s  - both of which empty i n t o  Whiteoak 
Creek. A l s o  shown i n  Fig. 2 are t h e  l oca t ions  o f  runoff  gaging s t a t i o n s  
e s t ab l i shed  on ephemeral streams d ra in ing  the  s i te .  'Ihe s i t e  
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F i g .  2. Topographic map o f  the Trench 7 site showing locations of 
monitoring wells and surface runoff gaging stations. 
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is loca ted  i n  in t ense ly  weathered rock of t h e  Conasauga Group on a 
northwest-southeast  o r i en ted  r i d g e  j u s t  nor th  of  Whiteoak Creek, Work 
a t  nearby SWSA-6 and 7 i n d i c a t e s  t h a t  t he  average s t r i k e  of  s t r a t a  i n  
t h i s  a r ea  i s  55* NE and d i p  t o  t h e  SE, and t h a t  f o l d s  and f a u l t s  a r e  
common. 'be shales and s i l t s t o n e s  dominating the  s i t e  a r e  h ighly  
f r ac tu red  and provide e x c e l l e n t  secondary po ros i ty  f o r  groundwater 
movement. A more d e t a i l e d  d e s c r i p t i o n  of s i t e  geology i s  given i n  
ORNL/NRJ-84/8 ( S t a n s f i e l d  1984) and ORNL/TM-8839 (Olsen, e t  a l . ,  1983). 

rec tangular  p i t s ,  each 30.5 m (100 f t )  i n  length  and 3 . 6  m (12  f t )  i n  
width a t  the  t o p ,  t ape r ing  t o  1.2 m (4  f t )  a t  t he  bottom. Ihe p i t s  
were excavated t o  approximately 5 m (16 f t )  depth (bottom e l eva t ion  of 
approximately 240 m (788 f t ]  above MSL) and were separa ted  by a 
nonexcavated s e c t i o n  9.1 m (30 f t )  i n  length.  The excavat ions were 
f i l l e d  with crushed l imestone t o  an approximate e l eva t ion  of 244 m 
(800 f t )  MSL; a t  t h i s  l e v e l  t he  p i t  i s  approximately 2.7 m (9 f t )  wide. 
The por t ion  of t h e  excavat ions above t h i s  e l e v a t i o n  w a s  back f i l l ed  w i t h  
ear th  ma te r i a l s  and w a s  i n i t i a l l y  a t  l e a s t  0 .75 m (2.5 f t )  above t h e  
ground su r face  (approximately 245.5  13. I805 f t l  above MSL) a t  t h e  
c e n t e r l i n e ,  with a 1 v e r t i c a l  on 2 h o r i z o n t a l  s lope  t o  each s i d e .  A 
5-cm (2-in.)  diam p i p e l i n e ,  which c a r r i e d  t h e  waste t o  each s e c t i o n  of 
t he  t rench ,  p a r a l l e l s  t h e  w e s t  s i d e  of  t h e  t rench a t  a d i s t ance  of 
approximately 7 m ( 2 4  f t )  from t h e  c e n t e r l i n e ,  with a connect ing 
d ischarge  p i p e l i n e  t o  the  midpoint of  each s e c t i o n  a t  an  approximate 
e l eva t ion  of  244 m (800 f t )  .MSL. 

Following c e s s a t i o n  of low-level l i q u i d  waste d i sposa l  i n t o  t h e  
t rench ,  the  upper su r face  of t he  t rench w a s  covered w i t h  an a s p h a l t i c  
concre te  t h a t  extended from c e n t e r l i n e  of t he  t rench t o  a d i s t ance  of 
approximately 5 and 6 m (16 and 19 f t )  on t h e  e a s t  and w e s t  s i d e s ,  
r e spec t ive ly ,  making the  t o t a l  width o f  t h e  cover approximately 12 rd 

(39 f t ) .  As t h e  a spha l t  su r f ace  i s  approximately 73 m (240 f t )  i n  
length ,  t h i s  r ep resen t s  a su r face  area pro jec ted  t o  a h o r i z o n t a l  plane 
of approximately 880 m2 (18% of  t h e  area dra ined  by the  gaged 
ephemeral streams). A l aye r  of g r a v e l ,  approximately 15 t o  30 cm 
(6-12 i n . )  deep i n  most a r e a s ,  r i m s  t h e  a spha l t  cover  t o  a width of up 
t o  3 m (10 f t ) .  Further  d e t a i l s ,  drawings, and photographs of  t rench 
cons t ruc t ion  and ope ra t ion  a r e  included i n  a r epor t  by S tans f i e ld  (1984). 

The ground su r face  along the  east s i d e  of Trench 7 i s  h igher  than 
t h a t  along the  west s i d e  and i s  nea r ly  ho r i zon ta l .  Therefore, much of 
t h e  r a i n f a l l  s t r i k i n g  t h e  cover  dra ined  from east  t o  w e s t  (S t ans f i e ld  
1984). Fur ther ,  a l a r g e  p o r t i o n  of t h e  runoff  from the  a s p h a l t i c  cover 
could be i n f i l t r a t i n g  t o  the  groundwater through rad ionucl ide-  
contaminated s o i l  immediately ad jacent  t o  &he  t rench.  Some of  t h e  
runoff  could conceivably b e  d i r e c t l y  e n t e r i n g  the  t rench through 
p o t e n t i a l  permeable pathways such as the  p i p e l i n e s ,  d i t c h  b a c k f i l l ,  and 
remnant crushed s tone  f i l l  o r i g i n a l l y  s tockp i l ed  on the  west s i d e  of t h e  
t rench.  

Fig. 3 and i s  based an water l e v e l s  measured i n  monitor ing w e l l s  on 
February 1, 1984 (S tans f i e ld  1984).  Based on the  poten t iomet r ic  
su r face ,  i t  is  in fe r r ed  from Fig.  3 t h a t  t h e  groundwater d iv ide  i s  

Trench 7 w a s  cons t ruc ted  by excavat ing two north-south-oriented 

A groundwater t a b l e  (po ten t iome t r i c )  contour  map is presented i n  
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Fig.  3. Groundwater t a b l e  contour map o f  t he  Trench 7 s i t e  f o r  
February 1984 ( f r o m  Stansfiela 1984). 
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somewhat w e s t  o f  t h e  topograph ic  d i v i d e  a t  t h e  sit.,. This i n d i c a t e s  
t h a t  some o f  t h e  r e c h a r g e  t o  groundwater from i n f i l t r a t i o n  on t h e  upper  
p o r t i o n  o f  t h e  w e s t  s l o p e  o f  t h e  r i d g e  cou ld  move eastward under t h e  
t r e n c h  toward t h e  s e e p  a r e a .  F u r t h e r  d e t a i l s  on s u b s u r f a c e  hydrology 
a r e  g iven  by S t a n s f i e l d  (1984) and Olsen (1983).  

s i t e  geology and hydrology o f  Trench 7 (documented i n  ORNL/NFW-84/8), 
S t a n s f i e l d  (1984) concluded t h a t  s u r f a c e  i n f i l t r a t i o n  r a t h e r  t han  
lateral ,  h igh  wa te r - t ab le  f l o w  from t h e  north w a s  a more impor t an t  
s o u r c e  of  water  t o  t h e  contaminated s e e p  area. To p reven t  s u r f a c e  
i n f i l t r a t i o n  and the reby  minimize r echa rge  t o  t h e  groundwater i n  t h e  
Trench 7 v i c i n i t y ,  S t a n s f i e l d  proposed t h a t  (1) t h e  a s p n a l t i c  cover  on 
Trench 7 be  extended and runof f  from t h e  extended impermeable cap  be 
c o l l e c t e d  with a g u t t e r  system and t r a n s p o r t e d  down-gradient; ( 2 )  t h e  
waste t r a n s f e r  p i p e l i n e  and t h e  b a c k f i l l e d  d i t c h  be  severed and plugged 
a t  a p o i n t  n o r t h  o f  Trench 7; and ( 3 )  a g r o u t  i n j e c t i o n  i n t o  t h e  
s u b s u r f a c e  be made between t h e  contaminated seep and Trench 7 ,  and a l s o  
a long  t h e  n o r t h  end o f  Trench 7 .  

From h i s  i n v e s t i g a t i o n  o f  c o n s t r u c t i o n ,  o p e r a t i o n ,  c l o s u r e ,  and 

DESCRIPTION OF CORRECTIVE ACTION 

Plans  f o r  t h r e e  s e p a r a t e  r emed ia l  a c t i o n s  were developed as a 
r e s u l t  of  S t a n s f i e l d ' s  p roposa l .  These a c t i o n s  a r e  a s  fo l lows :  

Extend t h e  p r e s e n t  a s p h a l t  s u r f a c i n g  and add a cu rb  t o  
t r a n s p o r t  s u r f a c e  r u n o f f  away from t h e  t r ench  a r e a  v i a  a c a t c h  
b a s i n  and d r a i n  p i p e s .  

Expose t h e  e x i s t i n g  5-cm (2- in . )  waste t r a n s f e r  supp ly  l i n e  t o  
t h e  t r e n c h ,  c u t  and remove a 1.2- ( 4 - f t )  s e c t i o n ,  and plug 
t h e  open ends o f  t h e  l i n e .  B a c k f i l l  t h e  e x c a v a t i o n  with a n  
impermeable c l a y  t o  serve as a b a r r i e r  t o  t h e  f low of  water 
a long  t h e  p i p e l i n e .  

Cons t ruc t  a g r o u t  b a r r i e r  on t h e  east  s i d e  between t h e  s e e p  
and t h e  t r ench  by p r e s s u r e  g r o u t i n g  approximately 12 m (39 f t )  
deep t o  seal  f i s s u r e s  and  d i s c o n t i n u i t i e s  i n  t h e  s h a l e  and f i x  
t h e  e x i s t i n g  contaminants  w i t h i n  t h e  f i s s u r e s .  The g r o u t  l i n e  
w i l l  c o n s i s t  o f  h o l e s  1 . 5  m ( 5  f t )  on c e n t e r ,  3 rows v i d e ,  and 
183 m (600 f t )  long.  

1 and 2 were begun on J u l y  9, 1985, and completed by August 23 ,  
1985. 
r econ tour ing  t h e  s i t e  a t  t h e  p e r i m e t e r  o f  t h e  e x i s t i n g  cap.  S o i l  and 
g r a v e l  were brought  i n  from o f f - s i t e  t o  b u i l d  up t h e  a d j a c e n t  5711 wide 
area t o  t h e  west of  t h e  e x i s t i n g  c a p ,  which fo rmer ly  s loped  away from 
t h e  cap. Photographs showing v e g e t a t i o n  removal,  r e c o n t o u r i n g  a d j a c e n t  
t o  t h e  t r ench  p e r i m e t e r ,  and t h e  f i n a l  a s p h a l t  cover  w i t h  t h e  c o l l e c t i o n  
d r a i n  are p resen ted  i n  Fig.  4 t o  3. 

"he a s p h a l t  cap  e x t e n s i o n  involved v e g e t a t i o n -  removal- and-  

The new a s p h a l t i c  c o n c r e t e  cap  
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extends  t h e  e x i s t i n g  cap  (approximately 
new cap  width of approximately 22 m ( 7 2  
g r e a t e r  on t h e  east s i d e  of  t h e  o l d  cap  

12 m [39 f t l  i n  wid th)  t o  g ive  a 
f t )  (Fig.  9 ) .  The ex tens ion  w a s  
(approximately 7 m) than on t h e  _.  

w e s t  s i d e  (approximately 3 m). 
t h e  cap  a t  i t s  per imeter .  
c o l l e c t e d  by a new ca tch  bas in  (F ig .  7) l oca t ed  i n  t h e  cap and routed  
v i a  a PVC p ipe  t o  t h e  west dra inage  which i s  approximately 31 m (100 f t )  
from t h e  cap per imeter .  

The grout  b a r r i e r  i n s t a l l a t i o n  (Act ion 3)  w a s  scheduled t o  begin i n  
October 1985. I ts  impact on s i t e  hydrology is not  included i n  t h i s  
r e p o r t .  

h i n t e g r a l  a s p h a l t  curb  was formed i n t o  
A l l  water  i n t e r c e p t e d  by t h e  cap i s  now 

SITE EMROLOGIC MONITCRIGG P R I O R  TO C A P  EXTENSION 

Methods 

To measure and cont inuous ly  monitor  s u r f a c e  runoff  from the  Trench 
7 s i t e ,  s t reamflow gaging s t a t i o n s  were e s t a b l i s h e d  on ephemeral s t reams 
t o  t h e  east (Fig.  10 and 11) and w e s t  o f  t h e  s i t e  (F ig .  1 2 ) .  The 
s t a t i o n s  were cons t ruc t ed  by (1) excavat ing  a pool w i th in  the  e x i s t i n g  
channel ,  (2 )  b u i l d i n g  a darn a t  t h e  downstream end of  t h e  POOL,  

( 3 )  implant ing  a cor roga ted  s tee l  p ipe  i n  t he  dam t o  d r a i n  the  pool ,  and 
( 4 )  cover ing  the  pool  bottom, t h e  d i t c h  leading  i n t o  t h e  pool ,  and the  
dam face  wi th  a heavy p l a s t i c  l i n e r .  
w e i r  p l a t e  was mounted in t h e  p ipe  a t  t h e  downstream o u t l e t .  A small 
s tandpipe  w a s  mounted i n  t h e  poo l ,  and water  l e v e l  w a s  cont inuous ly  
recorded by g Manning Por t ab le  Flowmeter ( S e r i e s  F-3000A) d r iven  by a 
12-V b a t t e r y .  Fig.  LO i s  a photograph of t he  e a s t  gaging s t a t i o n .  

A t h e o r e t i c a l  r a t i n g  curve f o r  t h e  combination V-notchlrectangular  
w e i r  w a s  developed (F ig .  13). For f low cons t r a ined  e n t i r e l y  w i t h i n  t h e  
V-notch ( l e s s  than  0.14 L / s )  , flow (Q, L / s >  vas  computed according t o  
the  equat ion  f o r  a 90-degree t r i a n g u l a r ,  sharp-crested weir: 

A combination V-notchl rec tangular  

where M = head above base  of  V (m). 

For flows t h a t  exceeded the  c a p a c i t y  of t h e  V-notch, f l o w  w a s  computed 
as t he  sum of  t h e  maximum V-notch flow (12  L / s )  and the  flow computed 
according t o  t h e  equa t ion  f o r  a r ec t angu la r ,  sharp-cres ted  w e i r :  

where H = head above r ec t angu la r  base (m), 

B = weir width (m). 

Fie ld  measurement of  water l e v e l  and flow c l o s e l y  agreed with the  
t h e o r e t i c a l  c u m e  f o r  flows less than  1 L I S .  Neasurement of  w a t e r  level. and 
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Trench 7. F i e l d  awl l a b o r a t o r y  nteasurements are a l so  
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f low i n  a l a b o r a t o r y  flume i n t o  which t h e  w e i r  had been mounted a l s o  c l o s e l y  
ag reed  wi th  t h e  t h e o r e t i c a l  cu rve .  The t h e o r e t i c a l  r a t i n g  cu rve  w a s  used t o  
compute flow from s t a g e  h e i g h t  a t  bo th  w e i r s .  

w a s  monitored du r ing  t h e  pe r iod  from May through August 1985 by measuring 
dep th  t o  water  i n  17 o f  t h e  mon i to r ing  w e l l s  ( s e e  Fig.  2 ) .  Measurements 
were t a k e n  a t  2- t o  4-week i n t e r v a l s  du r ing  t h e  pe r iod .  

R a i n f a l l  a t  t h e  s i t e  w a s  c o l l e c t e d  and con t inuous ly  recorded by a 
B e l f o r t  30.5 c m  (12-in.)  r e v e r s i n g  r a i n  gage (Mfg. No. 8130) .  The r a i n  gage 
w a s  p o s i t i o n e d  a t  t h e  c e n t e r  o f  t h e  t r ench  d u r i n g  t h e  pe r iod  A p r i l  24 t o  
J u l y  1 ,  1985, and d u r i n g  t h e  p e r i o d  August 26 t o  October 3 ,  1985. During 
t h e  pe r iod  o f  c o n s t r u c t i o n ,  J u l y  9 t o  August 25,  1985, t h e  r a i n  gage w a s  
p o s i t i o n e d  a t  t h e  west runof f  mon i to r ing  s t a t i o n .  R a i n f a l l  d a t a  du r ing  t h i s  
p e r i o d  may b e  i n f l u e n c e d  by a p a r t i a l  t ree  canopy a t  t h i s  l o c a t i o n .  

To de te rmine  changes i n  t h e  w a t e r  t a b l e  a t  t h e  s i t e ,  groundwater l e v e l  

R e s u l t s  

During t h e  p recap  e x t e n s i o n  pe r iod  from A p r i l  24 t o  J u l y  1, 1 9 8 5 ,  t h e r e  
were 29 d a t e s  on which measurable  ( g r e a t e r  t h a n  0.1 mm) r a i n f a l l  w a s  
recorded.  Su r face  runof f  w a s  r eco rded  on seven of  t h o s e  d a t e s ,  with a 
minimum of  approximately 9 mm o f  r a i n f a l l  needed t o  i n i t i a t e  measurable 
runof f  (0.1 mm) ( s e e  Table  1 ) .  For t h e  s i x  d a t e s  on which runof f  w a s  
measured a t  bo th  s t a t i o n s ,  t o t a l s  v a r i e d  from 3.2 t o  16.9% o f  p r e c i p i t a t i o n ,  
w i th  t h e  l a r g e r  v a l u e s  g e n e r a l l y  o c c u r r i n g  f o r  l a r g e r  r a i n f a l l  e v e n t s .  

A p r i l  24 t o  J u l y  1, 1985, was 197.8 mm with a maximum 1-d v a l u e  of  34.5 mm. 
T o t a l  runof f  recorded a t  t h e  east  and vest gaging s t a t i o n s  w a s  15.6 rmn, 
al though t h i s  v a l u e  does n o t  i n c l u d e  flow a t  t h e  east s t a t i o n  on June 18, 
1985, when t h e  wa te r - l eve l  r e c o r d e r  ma l func t ioned  (Table  1 ) .  On t h e  b a s i s  
of  t h e  d i s t r i b u t i o n  o f  runof f  on June  12 and June 1 7 ,  1935, f o r  s torms o f  
similar i n t e n s i t y  and d u r a t i o n  t o  t h a t  on June 18, runof f  a t  t h e  east 
s t a t i o n  was e s t i m a t e d  t o  be approximately 1 mm on June  18, 1985. T h e r e f o r e ,  
t o t a l  s u r f a c e  runof f  from t h e  Trench 7 s i t e  d u r i n g  t h e  precap e x t e n s i o n  
pe r iod  from A p r i l  24 t o  J u l y  1, 1985, was approximately 16.6 mm, which was 
8.4% o f  p r e c i p i t a t i o n .  The d i s t r i b u t i o n  o f  t h i s  r u n o f f  w a s  skewed toward 
t h e  e a s t  s i d e  o f  t h e  s i t e .  Approximately 59% o f  t h e  t o t a l  s u r f a c e  r u n o f f  
d u r i n g  t h e  pe r iod  occur red  v i a  t h e  e a s t  d r a i n a g e .  

Using t h e  a s p h a l t  c a p  a r e a  (880 rn2) o n l y  a s  a b a s i s ,  measured runof f  
from t h e  s i t e  d u r i n g  t h e  A p r i l  24 t o  J u l y  1 pe r iod  t o t a l e d  90.7 mm, which 
w a s  46X o f  p r e c i p i t a t i o n .  
( w e t t i n g  t h e  s u r f a c e )  by t h e  a s p h a l t  cap  and e v a p o r a t i o n  from the cap d u r i n g  
r a i n f a l l  could accoun t  f o r  some o f  t h e  p r e c i p i t a t i o n  i n t e r c e p t e d  by t h e  
cap. I n t e r c e p t i o n  s t o r a g e  probably accoun t s  f o r  up t o  0 .2  t o  0.5 mm of  
i n c i d e n t  p r e c i p i t a t i o n  d u r i n g  each e v e n t .  Assuming t h e  l a r g e r  v a l u e ,  cap  
i n t e r c e p t i o n  s t o r a g e  cou ld  account  f o r  approximately 13 n m  o f  p r e c i p i t a t i o n  
d u r i n g  t h e  pe r iod  A p r i l  24 t o  J u l y  1 (26 p r e c i p i t a t i o n  e,vents g r e a t e r  t han  
0.5 mm, Table 1).  k t e s  o f  e v a p o r a t i o n  from t h e  c a p  d u r i n g  p r e c i p i t a t i o n  
a r e  probably on t h e  o r d e r  o f  0 .1  mm/h. .bsuming a n  ave rage  e v e n t  t i m e  o f  
2 h ,  e v a p o r a t i v e  losses dur ing  r a i n f a l l  from A p r i l  24 to J u l y  1 were 
approximately 5.2 nrn. The re fo re ,  i n t e r c e p t i o n  s t o r a g e  and e v a p o r a t i o n  from 
t h e  c a p  probably accounted f o r  a n  a d d i t i o n a l  18.2 mm ( 9 % )  o f  p r e c i p i t a t i o n  

T o t a l  p r e c i p i t a t i o n  a t  t h e  Trench 7 s i t e  d u r i n g  t h e  6 9 6  pe r iod  from 

I n  a d d i t i o n  t o  s i t e  r u n o f f ,  i n t e r c e p t i o n  s t o r a g e  
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Table 1. Daily precipitation (nm) and runoff (nm) 

during the precap extension period - April 24 to July 1, 1985. recorded at the Trench 7 site (4800 m2) 

No entry under runoff indicates no measurable runoff 
(less than 0.1 mm) on that date  

Runoff Fractional 
Date Precipitation East West Total Runoff ( Z >  
April 24 0.5 
April 2 7  
xay 1 
Play 2 
May 7 
May 8 
Hay 9 

May 12 

Flay 21 
May 22 

?lay 28 

May 11 

May 16 
May 17 

May 23 
May 24 

June 2 
June 6 
June 7 
June 10 
June 11 
June 12 
June 14 
June 17 
June 18 
June 24 
June 26 
June 30 
July 1 

To tal 

1.6 
2.4 
30.9 

4.0 
0.5 
0.8 
1 .o 
0 .8  
5.3 
6.9 
0.1 
1.2 
2.3 
6.5 
3.8 
1.7 

33.8 
0.2 
0.6 
15.7 
0.3 
13 .O 
12.6 
0.9 
9.1 
34.5 
4.1 

2.8 

197.9 

1 a 0  

3.7 

1.0 

0.4 
a 

0.1 
2 .6  

8.8+ 

0.4 1.4 4.5 

2 . 0  5.7 

0.7 1.7 

0.5 0.9 
0.8 a 

0.2 0.3 
2 .2  4.8 

5.8 14.8+ 

16.9 

10.8 

6 . 9  

3.3 
13.9 

a Water-level recorder malfunctioned on June 18, 1985. See text for 
runoff estimate. 
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t o  t h e  ca?. Summing runof f  from t h e  s i t e  wi th  i n t e r c e p t i o n  s t o r a g e  and 
e v a p o r a t i v e  l o s s  from t h e  c a p  c o u l d  account  f o r  up t o  5 5 %  o f  
p r e c i p i t a t i o n .  The re fo re  , a t  l e a s t  45% o f  p r e c i p i t a t i o n  i n t e r c e p t e d  by 
t h e  c a p  d u r i n g  t h e  A p r i l  2 4  t o  J u l y  1 pe r iod  must i n f i l t r a t e  t h e  s o i l  
a f t e r  l e a v i n g  t h e  c a p  s u r f a c e .  S t a n s f i e l d  ( 1 9 8 4 )  sugges t ed  t h a t  t h e  
area immediately a d j a c e n t  t o  t h e  c a p  pe r ime te r  may have a l a r g e  
i n f i l t r a t i o n  c a p a c i t y  caused by d i s t u r b a n c e  d u r i n g  t r ench  excava t ion  and 
b a c k f i l l i n g  and by t h e  g r a v e l  p l aced  on t h e  s o i l  s u r f a c e .  The d a t a  
p r e s e n t e d  h e r e  s u p p o r t  t h i s  h y p o t h e s i s .  

p rev ious  s t u d i e s  i n  1983 and 1984 are p resen ted  i n  Table  2. Groundwater 
e l e v a t i o n s  on May 7 ,  1 9 8 5 ,  were g e n e r a l l y  0.2 t o  0.6 m h i g h e r  than those  
on February 1, 1 9 8 4 ,  and on December 1 5 ,  1983.  Groundwater l e v e l  
d e c l i n e d  du r ing  t h e  pe r iod  from May 7 u n t i l  August 1 5 ,  1 9 8 5 ,  with t h e  
g r e a t e s t  d e c l i n e  (1 m on  t h e  a v e r a g e )  o c c u r r i n g  i n  t h e  a r e a  t o  t h e  
north-northwest  o f  t h e  t r ench  a t  t h e  groundwater e l e v a t i o n  maximum 
( w e l l s  T7-26, T7-29, SB-2, SB-6;  see Fig.  2 ) .  Groundwater e l e v a t i o n  
d e c l i n e d  l e a s t  du r ing  t h i s  pe r iod  ( ave rage  d e c l i n e  of  0 . 2 5  m )  i n  t h e  
area t o  t h e  east  o f  t h e  t r ench  where groundwater l e v e l  w a 5  a t  a minimum 
( w e l l s  T7-21 ,  T7-22, T7-23). P r e c i p i t a t i o n  a t  t h e  s i t e  du r ing  t h e  
pe r iod  May 7 t o  August 1 5 ,  1 9 8 5 ,  w a s  587 mm. By August 1 5 ,  1 9 8 5 ,  
groundwater e l e v a t i o n s  a t  t h e  s i t e  were v e r y  s i m i l a r  t o  t hose  on 
December 1 5 ,  1 9 8 3 ,  and g e n e r a l l y  lower than  t h o s e  on February 1, 1984.  

Based on p o t e n t i o m e t r i c  c o n t o u r s  developed from t h e  February 1,  
1984,  groundwater l e v e l  su rvey ,  S t a n s f i e l d  ( 1 9 8 4 )  concluded t h a t  t h e  
groundwater d i v i d e  w a s  w e s t  o f  t h e  topographic  d i v i d e ,  and t h e r e f o r e ,  
s l i g h t l y  w e s t  o f  t h e  t r ench  a t  t h e  s i t e  ( F i g .  3 ) .  Consequent ly ,  
S t a n s f i e l d  hypo thes i zed  t h a t  some o f  t h e  r e c h a r g e  t o  groundwater from 
i n f i l t r a t i o n  on t h e  w e s t  s l o p e  o f  t h e  r i d g e  (west o f  t h e  t r e n c h )  moved 
t o  t h e  e a s t  under t h e  t r ench  toward t h e  s e e p  a r e a .  The groundwater- 
l e v e l  d a t a  o f  1985 c o n t i n u e  t o  s u p p o r t  t h i s  hypo thes i s .  For example, 
groundwater e l e v a t i o n s  along a n  east-west a x i s  n e a r  t h e  middle of  t h e  
t r ench  (T7-6, T7-20, and T7-22) i n d i c a t e  a c o n s i s t e n t  d e c l i n e  from west 
t o  e a s t .  

One of  t h e  primary o b j e c t i v e s  o f  expanding and r e c o n t o u r i n g  t h e  
a s p h a l t  cap  w a s  t o  reduce i n f i l t r a t i o n  o f  runof f  from t h e  cap  i n  t h e  
a r e a  immediately a d j a c e n t  t o  t h e  cap  p e r i m e t e r .  Xeducing i n f i l t r a t i o n  
a t  t h e  cap  p e r i m e t e r  would i n  t u r n  reduce groundwater r e c h a r g e  i n  t h e  
v i c i n i t y  of t h e  t r ench  and s u b s u r f a c e  t r a n s p o r t  o f  r a d i o a c t i v e  
contaminat ion downgradient from t h e  t r e n c h  (toward t h e  e a s t ) .  
Groundwater e l e v a t i o n  i n  t h e  immediate v i c i n i t y  o f  t h e  t r ench  and t o  t h e  
e a s t  o f  t h e  t r ench  should c o n t i n u e  t o  d e c l i n e  i f  t h e  cap  expansion i s  t o  
s u c c e s s f u l l y  m e e t  t h i s  o b j e c t i v e .  Yeasuremenc o f  water l e v e l  i n  t h e  
s i t e  mon i to r ing  w e l l s ,  p a r t i c u l a r l y  t h o s e  t o  t h e  e a s t  o f  t h e  t r ench  
(T7-3, T7-4, T7-20, T7-21,  T7-22, T7-23, T7-24, and T7-25) ,  should be 
con t inued ,  a t  least  bimonthly , t o  de t e rmine  i f  groundwater e l e v a t i o n  h a s  
indeed been lowered by t h i s  a c t i o n .  

Groundwater e l e v a t i o n s  d u r i n g  t h e  t h i s  s t u d y  and those  from 
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T a b l e  2 .  Groundwater elevations (m) in monitoring 
wells at Trench  7 on dates in 1983 ,  1984 ,  and 1985 

(this study) 

Well No. 1 2 / 1 5 / 8 3 a  0 2 / 0 1 / 8 4 a  0 5 / 0 7 / 8 5  0 6 / 1 3 / 8 5  07/10/85 081 1 5 / 8 5  

T7-3 --- 
T7-4 -- 
T7-5 
T7 -6 
T7-7 --- 
T7-20 
T7-21 
T7-22 
T7-23 
T7-24 
T7-25 
T7-26 
T7-27 
T7-29 
SB-2 
SB-4 
SB-6 

234.3 235.2 235.0 234.9 234.8 
233.5 234.5 234.3 234.1 234.0 

235.0 234.9 235.1 234.7 234.7 234.5 
238.8 238.1 237.8 237.5 237.3 

233.9 234.0 234.5 234.3 234.0 233.8 
233.0 232.9 233.1 233.0 232.9 232.9 
233.1 233.0 233.2 233.2 233.0 233.0 
233.3 233.2 233.3 233 .  I 233.9 233.0 
233.6 233.7 233.9 233.8 233.7 233.6 
234.0 234.3 234.4 234.4 234.3 234.1 

235.0 235.0 235.1 235.1 235.0 234.9 
236.9 237 ,3  237.9 237.6 237.3 237.1 
236.8 237.2 237.7 237.5 237.3 237.0 
236.5 236.7 237.2 236.9 235.7 236.5 
236.9 237.6 238.1 237.6 237.3 237.0 

233.9 233.7 234.3 234.1 234.0 233.9 

237.9 238.9 239.2 238.7 238 .4  238.0 

a Groundwater elevations from Stansfield ( 1 9 8 4 ) .  
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SURFACE RUNOFF AFTER CAP EXTENSION 

The a s p h a l t  cap  e x t e n s i o n  a t  Trench 7 w a s  completed by August 23, 
1985. "he new c a p  r e p r e s e n t s  a n  i n c r e a s e  i n  impermeable a r e a  ove r  t h a t  
o f  t h e  o l d  c a p  by ap rox ima te ly  a f a c t o r  of 2 ,  from 880 m2 t o  

t h e  new c a p  i s  c o l l e c t e d  and r o u t e d  away from t h e  s i t e  v i a  a d r a i n  
system ( s e e  Figs .  7 and 8 ) .  Formerly,  p r e c i p i t a t i o n  i n t e r c e p t e d  by t h e  
t r e n c h  cap  w a s  shed t o  t h e  pe r ime te r  o f  t h e  c a p  where i t  cou ld  
i n f i l t r a t e  t h e  s o i l .  

During t h e  p e r i o d  August 2 4  t o  October 3 ,  1985, measurable  
r a i n f a l l  occu r red  on 13 d a t e s ,  r ang ing  from 1.3 t o  31.2 nun (Table  3 ) .  
t l ea su rab le  r u n o f f  ( g r e a t e r  t han  0.1 mm) w a s  r eco rded  a t  t h e  w e s t  gaging 
s t a t i o n  on a l l  o f  t h e s e  d a t e s ,  w i th  t h e  e x c e p t i o n  o f  October 3 when 
less t h a n  0 .1  mm (200 L) was r eco rded .  Measurable runof f  was recorded 
a t  t h e  e a s t  gaging s t a t i o n  on only two d a t e s  (August 2 4  and September 
24, 19851, a l though no d a t a  are a v a i l a b l e  f o r  f i v e  d a t e s  due t o  
wa te r - l eve l  r e c o r d e r  ma l func t ion  ( s e e  Table 3 ) .  Occasional  v i s i t s  t o  
t h e  s i t e  on some o f  t h e s e  d a t e s  i n d i c a t e d  t h a t  i t  i s  d o u b t f u l  that. 
measurable  runof f  occur red  a t  t h e  east  w e i r  on most o f  t h e s e  d a t e s ,  
T o t a l  s u r f a c e  r u n o f f  r eco rded  f o r  t h e  pe r iod  August 24 t o  October 3 ,  
1985, w a s  1 7  mm (Tab le  3 ) .  Omit t ing t h e  pe r iod  August 26 t o  September 
10, when t h e  east  gaging s t a t i o n  w a s  i n o p e r a b l e ,  75.2% o f  t h e  t o t a l  
r u n o f f  ( 1 2 . 5  mm) from t h e  s i t e  occur red  v i a  t h e  west d ra inage .  The 
r u n o f f  d a t a  fol lowing t h e  e x t e n s i o n  o f  t h e  a s p h a l t  cap  a t  Trench 7 
c l e a r l y  i n d i c a t e  a d rama t i c  s h i f t  i n  t h e  runof f  p a t t e r n s  a t  t h e  s i t e  
from a d i s t r i b u t i o n  skewed toward t h e  e a s t  d r a i n a g e  (59% of  t o t a l  
runof f  from A p r i l  2 4  t o  J u l y  1, 1985) t o  a d i s t r i b u t i o n  h i g h l y  skewed 
toward t h e  west d r a i n a g e .  

October 3 ,  1985, (17 nun) amounted t o  12.0% o f  t h e  141.3 QUI o f  r a i n f a l l  
r eco rded  du r ing  t h i s  pe r iod  (assuming n e g l i g i b l e  runof f  v i a  t h e  e a s t  
d r a i n a g e  on t h e  f i v e  d a t e s  t h e  s t a t i o n  was i n o p e r a b l e ) .  On i n d i v i d u a l  
d a t e s ,  runof f  v a r i e d  from a high o f  28% of r a i n f a l l  on August 24 t o  
3.8% of  r a i n f a l l  on October 2 ,  1985 (Tab le  3 ) .  

On t h e  b a s i s  o f  runof f  i n  t h e  expanded cap  a r e a  o n l y  (1750 tu2, 
36% of t h e  s i t e ) ,  t o t a l  runof f  from t h e  s i t e  accounted f o r  47 mm o f  t h e  
141.3 m of  p r e c i p i t a t i o n  i n t e r c e p t e d  by t h e  cap  s u r f a c e .  
a d d i t i o n a l  0.5 a m  o f  i n t e r c e p t i o n  s t o r a g e  and 0 . 2  mm o f  e v a p o r a t i v e  
loss  d u r i n g  each p r e c i p i t a t i o n  e v e n t ,  approximately 55.1 rim o f  t h e  
141.3 mm of  p r e c i p i t a t i o n  i n t e r c e p t e d  by t h e  c a p  was accounted f o r .  
Th i s  l e a v e s  approximately 60% o f  t h e  p r e c i p i t a t i o n  i n t e r c e p t e d  by t h e  
expanded a s p h a l t  cap  unaccounted f o r .  The f a t e  o f  t h i s  water  is 
u n c e r t a i n ,  a l though f o u r  p o s s i b i l i t i e s  e x i s t :  

approximately 1750 m 5 . I n  a d d i t i o n ,  a l l  p r e c i p i t a t i o n  i n t e r c e p t e d  by 

T o t a l  runof f  r eco rded  from t h e  s i t e  d u r i n g  t h e  pe r iod  August 24 t o  

Assuming a n  

(1) Runoff from t h e  cap  r o u t e d  t o  t h e  w e s t  d r a i n a g e  v i a  t h e  d r a i n  
and p i p e  could p a r t i a l l y  i n f i l t r a t e  t h e  s o i l  i n  t h e  10 m o f  
un l ined  streambed upstream from t h e  gaging s t a t i o n ;  
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Table 3. Dai ly  p r e c i p i t a t i o n  (mm) and runoff  (mm) 
recorded a t  t h e  Trench 7 s i t e  ( 4 8 0 0  m2) 

during t h e  postcap ex tens ion  per iod 
August 24 t o  October 3, 1985. No e n t r y  

under runoff  i n d i c a t e s  no measurable runoff  
(less than 0.1 mm) on t h a t  d a t e  

Run0 f f F rac t iona l  
Date P r e c i p i t a t i o n  East West Total Runoff (%)  

August 24 
August 25 
August 26 
August 30 
September 5 
September 6 
September 10 
September 23 
September 24 
September 26 
October 1 
October 2 
October 3 

2 4 . 6  
8.9 
9.1 
12.1 
1.8 
9.1 
8.3 

11.5 
12.6 

5 . 5  
31.2 

5 .3  
1.3 

2 .9  4.0 
0.9 

a 1.7 
a 1.7 
a 0.2 
a 0.3 
a 0.6 

0.6 
0.2 1.2 

0.3 
2.2 
0.2 

6.9 28.0 
0.9 . 10.1 
1.7b 
1 .7b  

0.3b 
O , f j b  
0.6 5.2 
1.4 11.1 
0.3 5.5 
2.2 7.1 
0.2 3.8 

0 . 2 b  

To ta l  141.3 3.1 13.9 17.0 

a Water-level recorder  malfunctioned. 
Assuming neg l ig ib l e  runoff  v i a  t h e  e a s t  d ra inage  (see t e x t ) .  
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( 2 )  

( 3 )  

( 4 )  

Evaporative loss from the  cap su r face  may be much g r e a t e r  than 
assumed (0.2 nm per  event )  due t o  ponding and h i g h  heat of 
absorp t ion  o f  a s p h a l t ;  

Systematic underest imat ion of runoff  measured a t  t h e  west 
gaging s t a t i o n  fol lowing cap'  ex tens ion  due t o  t h e  l a rge  and 
sharp water- level  changes a t  t he  w e s t  gaging s t a t i o n  (occurr ing 
wi th in  minutes of  t he  onse t  of  runof f )  which may have been 
underestimated i f  t he  Manning recorder  responded too slowly; 

A l eak  may have developed i n  t h e  dra in-cu lver t  system b u i l t  
i n t o  the  expanded cap ,  a l lowing i n f i l t r a t i o n  of  runoff  from t h e  
cap,  

Of the  fou r  f a c t o r s  l i s t e d  above, t he  f i r s t  two ( i n f i l t r a t i o n  i n  the  
unl ined  streambed and h igher  than es t imated  evapora t ive  loss probably 
occurred t o  some ex ten t .  In p a r t i c u l a r ,  evapora t ive  loss from the  
a spha l t  su r f ace  may have been g r e a t l y  underest imated by the  assunpt ion 
o f  t h e  0.2 mm va lue  f o r  each storm. The per imeter  curb anbd contouring 
of  t he  expanded a s p h a l t  cap r e s u l t e d  i n  much longer  con tac t  t i m e  between 
in t e rcep ted  r a i n f a l l  and t h e  a s p h a l t  sur face .  High hea t  of absorp t ion  
of t he  a spha l t  dur ing  t h e  w a r m  months of August and September combined 
with longer  con tac t  t i m e  l i k e l y  r e s u l t e d  i n  much g r e a t e r  evaporat ive 
loss of in t e rcep ted  r a i n f a l l  fol lowing cap ex tens ion  compared t o  before  
extension.  However, i t  i s  doubt fu l  t h a t  underest imat ion o f  cap 
evapora t ive  l o s s  could account f o r  most of t he  85.2 cm of in t e rcep ted  
r a i n f a l l  which was not  accounted fo r .  F i n a l l y ,  only the  l a s t  f a c t o r  
l i s t e d  above ( a  leak  i n  t h e  dra in-cu lver t  system) could r e s u l t  i n  
i n f i l t r a t i o n  of cap runoff  i n  t he  v i c i n i t y  of Khe t rench ,  and 
consequent ly ,  c o n t r i b u t e  t o  groundwater recharge and subsurface 
t r anspor t  of r ad ioac t ive  contamination away from t h e  trench. 

Despite our  i n a b i l i t y  t o  account f o r  runoff from t h e  expanded 
a s p h a l t  cap ,  su r f ace  runoff  from t h e  s i t e  a s  a whole, a s  a f r a c t i o n  of 
p r e c i p i t a t i o n ,  w a s  g r e a t e r  a f t e r  than before  cap ex tens ion ,  a s  i nd ica t ed  
by t h e  t o m 1  runoff  va lues  and the  range of  va lues  f o r  ind iv idua l  d a t e s  
(Table  4 ) .  In a d d i t i o n ,  the  amount of p r e c i p i t a t i o n  needed t o  genera te  
measurable runoff  v i a  the e a s t  or w e s t  drainage dec l ined  a f t e r  cap 
extension.  Before c a p  ex tens ion ,  6.9 run of  r a i n f a l l  on Hay 21 ,  1985, 
r e s u l t e d  i n  no runoff  (Table l ) ,  whereas 1.8 mm o f  r a i n f a l l  on September 
5 ,  1985, r e su l t ed  i n  about  0 . 2  mu of  runoff  (Table 3 ) .  Fina l ly  t h e  
t iming of  su r face  runoff  a t  t h e  s i t e  has  a l s o  been g r e a t l y  a l t e r e d  by 
cap ex tens ion ,  with runoff  occur r ing  much more r ap id ly  a t  t h e  onse t  of  
heavy r a i n f a l l  and subsiding more quick ly  than before  extension.  For 
example, r a i n f a l l  t o t a l l i n g  12.1 mm over  a 30-min per iod on August 30, 
1985, r e s u l t e d  i n  1.7 mm o f  runoff  a t  t he  w e s t  d ra inage ,  with more than 
90% of  i t  occurr ing  over  a 4 5 a i n  per iod.  However, before  cap ex tens ion  
on June 12, r a i n f a l l  o f  14 mm over a 20ln in  per iod r e s u l t e d  i n  0.7 mm of 
runoff  a t  t he  w e s t  d ra inage  and 1.0 mm a t  the  east dra inage ,  with l e s s  
than 50% of  t h e  t o t a l  runoff  occur r ing  i n  t h e  f i r s t  45 min (an  
a d d i t i o n a l  1.7 mm of r a i n f a l l  occurred about 5 h before  the  1 4 m  event 
bu t  r e s u l t e d  i n  no runof f ) .  
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Table 4. Comparison of s i t e  runoff charac ter i s t i c s  
for  a period before  cap extension (April 24 t o  July 1 ,  1985) 

with a period following cap extens ion (August 24 t o  October 3 ,  1985) 

Lowest 
T o t a l  Run0 f f Fractional Run0 f f 

Period P r e c i p i -  Generating Total Runoff ( % )  Distribution 
(d )  rat ion Prec ipi tat ion Runoff Total Range East West 

(mm) h m )  

Pre- 197 .8 9.1 16.6 8.4 3.2-16.9 59 41 
extension 
(68 d )  

Post- 141.3 1.8 17 .O 12 3.8-28.0 25 7 5  
extension 
(41 d) 



26 

CONCLUSIONS AND RECOMMENDATIONS 

Extension of t h e  a s p h a l t  cap a t  Trench 7 increased  t h e  i m  ermeable 
area over  contaminated l i q u i d  wastes  from approximately 880 IT$ t o  1 7 5 0  
m2. 
a l l  water i n t e r c e p t i n g  the  cap t o  the  s i t e ' s  west dra inage  v i a  a 
c o l l e c t i n g  d r a i n  and pipe.  

This  c o r r e c t i v e  a c t i o n  r e s u l t e d  i n  an  inc rease  i n  t h e  f r a c t i o n  of 
r a i n f a l l  t h a t  l eaves  t h e  s i t e  v i a  s u r f a c e  drainage and a reduct ion  i n  
t h e  t i m e  requi red  f o r  runoff  t o  respond t o  p r e c i p i t a t i o n .  In  add i t ion ,  
t he  c o r r e c t i v e  a c t i o n  g r e a t l y  a l t e r e d  t h e  d i s t r i b u t i o n  of  runoff  a t  t h e  
s i t e ,  from s l i g h t  dominance o f  t he  e a s t  d ra inage  ( 5 9 %  of t o t a l  runof f )  
t o  l a r g e  dominance of  t h e  west drainage ( 7 5 %  of  t o t a l  runof f ) .  
t h e  c o r r e c t i v e  a c t i o n  increased  su r face  runoff  from small  r a i n f a l l  
events .  In t h e  Zmonth period before  cap ex tens ion ,  a 6.91mn r a i n f a l l  
event  produced no measurable runoff  f r s m  t h e  s i t e ,  but  a f t e r  cap 
ex tens ion ,  a 1.8-mm r a i n f a l l  produced about 0.2 mm of runoff .  

impermeable a r e a  from 18 t o  about  36% of t h e  t o t a l  a r e a  drained by the  
e a s t  and west drainages.  During the  precap ex tens ion  per iod Apr i l  24 t o  
Ju ly  1, 1985, measured su r face  runoff  from the  s i t e ,  i n t e r c e p t i o n  
s to rage ,  and evaporat ion during r a i n f a l l  accounted f o r  approximately 5 5 x  
of p r e c i p i t a t i o n  in t e rcep ted  by the  cap su r face ,  Because t h i s  may a l s o  
inc lude  runoff generated from a r e a s  o t h e r  than the  cap s u r f a c e ,  more 
than 45% of t h e  cap runoff  i n f i l t r a t e d  the  s o i l  a t  t h e  s i t e ,  presumably 
w i t h  most occurr ing a t  t he  cap p e r i m e t e r  w h e r e  i t  could recharge 
groundwater i n  t h e  v i c i n i t y  of t he  t rench.  PLpandinq, recontouring and 
curbing t h e  cap per imeter  and c o l l e c t i n g  r a i n f a l l  i n t e rcep ted  by t h e  new 
cap increased t o t a l  runoff  a t  t he  s i t e  by  about 50%. However, of t h e  
p r e c i p i t a t i o n  in t e rcep ted  by t h e  new c a p  s u r f a c e  approximately 60% 
(185.2 cm) was not  accounted f o r  as s i t e  r u n o f f ,  i n t e r c e p t i o n  s to rage ,  
and evapora t ive  loss dur ing  t h e  s tudy  per iod  a f t e r  cap extension (August 
24 t o  October 3, 1985). Some i n f i l t r a t i o n  of drainage water may occur 
i n  t h e  v e s t  d i t c h  i n  t h e  LO m between t h e  o u t l e t  of t h e  pipe d ischarg ing  
water co l l ec t ed  from cap in t e rcep t ion  of r a i n f a l l .  It i s  a l s o  l i k e l y  
t h a t  evaporat ive loss from the  recontoured cap was underest imated.  
Therefore, t h e  i nc rease  i n  runoff  and evapora t ion  r e s u l t i n g  from cap 
ex tens ion  and recontouring may be g r e a t e r  than  ind ica t ed  by the  da t a  
presented here .  F i n a l l y ,  it is poss ib l e  t h a t  a r e l a c i v e l y  l a rge  leak  
h a s  developed i n  t h e  d r a i n  culvert system d i v e r t i n g  drainage from the  
cap su r face  t o  t h e  w e s t  gaging s t a t i o n .  If so, groundwater i n  t h e  
v i c i n i t y  of t h e  trench may s t i l l  be recharged t o  some degree by runoff  
from t h e  cap sur face .  

In t h i s  s tudy ,  su r f ace  runoff  a t  t h e  Trench 7 s i t e  was monitored f o r  
a r e l a t i v e l y  s h o r t  per iod a f t e r  completion of  t h e  a s p h a l t  cap 
extension.  Monitoring of runoff  should be cont inued,  p re fe rab ly  using a 
24-h char t  i n t e r v a l  r a t h e r  than &he l-week chart  i n t e r v a l  used f o r  t h i s  
s tudy ,  t o  provide a b e t t e r  record of t h e  r e l a t i o n s h i p  between 
p r e c i p i t a t i o n  and runoff .  A t e s t  of t he  d r a i n  and c u l v e r t  system should 

In add i t ion ,  t h e  per imeter  of t he  new cap was contoured t o  rou te  

F ina l ly ,  

The extens ion  o f  t h e  a spha l t  cap a t  Trench 7 increased the 
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be made to determine if a leak has developed. 
wells at the site should also continue to be monitored, approximately 
bimonthly, t o  detennine if the reduction in infiltrarion from cap 
extension and rerouting of intercepted rainfall results in permanent 
reduction in groundwater elevacions. 

Groundwater level in 

c 
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