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DISCUSSIONS

This document resulted from observations made and discussions held during a visit to the landfill site on 14 September 1995. It contains discussions of technical issues and the rationale for conclusions and recommendations.


The requirements for the cover on the landfill at Operable Unit (OU) 2 were discussed in the office in building 625 before visiting the site. Based on existing data, the following covers were proposed by the contractors: (1) a flexible membrane, (2) a clay blanket, or (3) a combination of 6 inches of topsoil over an 18-inch layer of clay soil compacted to produce hydraulic conductivity (K) of 1x10-5 cm/sec. The contractors recommended the third option because it is the least expensive of the three, provides an adequate cover, and is likely to be accepted by the regulators.


The MITRE Corporation agreed that the third option (Cover 3) is adequate to protect human health and the environment. MITRE also pointed out that Cover 3 will function similarly to an Evapotranspiration (ET) Cover because it contains no drainage layer and vegetative roots will probably grow to the bottom of the clay layer. The rationale for this conclusion is presented below.


Water is the most limiting natural resource for grass growth in eastern Colorado. Six inches of topsoil can store no more than 1 inch of rainfall as plant-available soil water storage (available water-holding capacity [AWC]) and much of it will normally be lost by direct evaporation and, thus, be unavailable to plants. If the roots of the cover vegetation extended no more than 6 inches deep, then the cover soil could support only a sparse stand of desert-type plants, which would not control wind or water erosion of the soil cover at Lowry Air Force Base (AFB). However, experience shows that soils similar to Cover 3 do support adequate vegetation for erosion control in eastern Colorado. If plant roots grow into the clay, they have access to the potential plant-available soil water supply of more than 4 inches, which should support a satisfactory stand of desirable grasses.


Many natural soils contain layers with K values near 1x10-5 cm/sec, and plant roots grow in these layers. For example, see the discussions in Larsen and Brown (1971) of soils near Lowry AFB and the data from the SCS Soils 5 database that are shown in Table 1. The K value and pore space of the compacted clay layer will probably increase as a result of seasonal wetting and freezing cycles, and root penetration, thus enhancing root growth within the clay layer. MITRE believes that Cover 3, with the compacted clay layer, will function as an ET Cover and that grass roots can penetrate to the bottom of the clay layer.

Table 1. Properties of Soil Mixtures, Lowry AFB

Estimated properties for mixtures of soils removed from the surface to the depth shown. Properties computed from data in the SCS Soils 5 database. All of these soils occur within 12 miles of Lowry AFB (Larsen and Brown, 1971).

	
	High available water-holding capacity (AWC)

ET Cover depth <= 2.0 feet1
	Low AWC

ET Cover depth > 4.5 feet1

	Soil
	Fondis
	Weld
	Nunn
	Buick
	Renohill
	Litle
	Bresser
	Ascalon
	Truckton

	
	
	
	
	
	
	
	
	
	

	Soil depth2, inches
	60
	60
	70
	60
	30
	22

S3
	36
	60

S3
	60

	Clay, %
	35
	28
	35
	? 442
	42
	44
	13
	14
	11

	Silt, %
	33
	48
	29
	? 42
	38
	42
	12
	23
	19

	Sand, %
	32
	24
	36
	16
	20
	14
	75
	63
	70

	
	
	
	
	
	
	
	
	
	

	AWC5, m/m
	0.18
	0.17
	0.16
	0.16
	0.17
	0.18
	0.11
	0.12
	0.10

	
	
	
	
	
	
	
	
	
	

	O.M.6, %
	.5
	.7
	.6
	? .5
	.6
	.8
	.5
	.6
	1.0

	pH
	7.0
	7.0
	7.0
	7.0
	7.0
	7.0
	7.0
	7.5
	7.0


Properties of Single, Natural Soil Layers

	K7, (layer)
cm/sec x 10-5 
	13
	9
	9
	28
	9
	4
	92
	92
	282


1. Estimated depth of ET Cover required to prevent infiltration into waste.

2. Soil depth = Depth to the parent materials under the natural soil profile.

3. Low level of soil salinity in one or more layers of natural soil; a mixture should be acceptable. Use these soils after testing for suitability or if no other acceptable soils are available.

4. ? = Estimated value, no data in Soils 5 database.

5. AWC = Plant-available soil water-holding capacity, meters/meter, dimensionless.

6. O.M. = Soil organic matter content.

7. Measured hydraulic conductivity (K) of the layer with lowest K in a natural soil profile.


The contractors suggested that the cost for compaction of the 18-inch clay layer will be between $0.10 and $0.50/square yard. This results in a clay compaction cost between $36,000 and $182,000 for the 74-acre site. Using costs from the 1995 Army Corps of Engineers’ Unit Price Handbook, MITRE derived costs for compaction and wetting of the 18-inch clay layer of $240,000. The dry climate at Lowry AFB may incur higher than average costs to establish and maintain adequate water in the clay soil and to demonstrate correct compaction to achieve a K value of 1x10-5 cm/sec for the compacted clay layer. MITRE believes that the actual cost to compact the clay layer will be at least $182,000 and may be $240,000 or more.


There are no compaction or water costs associated with placing the soil for an ET Cover. Because the ET Cover has less stringent requirements for soil properties than a clay layer, the required soil should be easier to obtain and less expensive than the clay needed for a compacted clay cover. As a result, use of the ET Cover should result in lower construction costs than any of the three covers described above.

SITE VISIT

The group toured some open land areas on the base, visited the landfill site to observe the setting, including the adjacent flood-control dam and reservoir, and closely examined the surface soils at several locations on the current landfill cover. There appeared to be limited soil resources available on the base that could be used for landfill cover except for the nearby golf course and the current landfill cover.


The landfill area was covered primarily by cool-season grasses and forbs. The existing surface soils on the landfill contain a significant amount of sand and gravel in sizes up to an inch or more in diameter. The soil was crusted and less than 25 percent of the surface was covered by crowns of grass or forb plants. Field examination indicated that the existing cover soils are probably too sandy for use in a “compacted clay” layer and that they possess low water- and plant-nutrient–holding capacity. Rainfall during the past season was described as “above normal;” however, most of the soil surface was bare and exposed to water erosion in spite of the 2- to 3-foot height of the existing plant cover. The sparse ground cover by grass plant crowns may indicate plant nutrient deficiencies that could be caused by the sandy nature of the surface soil.


The surface soil at numerous locations contained black particles that appeared to be asphalt, ranging in size up to 2 or 3 inches in diameter. At some locations, the surface was covered by ash and slag similar to that derived from coal-fired boilers. The surface soil at some locations contained lumps of coal.


The soils that form the current cover were recently sampled at 11 locations, but the results of the analyses were not available on the day of the site visit. Based upon field observations, MITRE makes the following recommendations:

· None of the existing cover soil that contains ash or slag should be used in the final cover. These soils should be covered as wastes because they pose a risk for heavy metal contamination of soils or water.

· Existing cover soils containing asphalt may be used to reshape the surface for drainage. Their use in the final cover requires a more complete evaluation than could be accomplished during the site visit.

CLAY SOURCE

Representatives of Gomez-Mtarri presented for examination two samples of clay. Visual observation and simple field examination indicated that these samples may be suitable for use as a compacted clay layer. Final determination of their suitability for use should be determined by the results of standard engineering tests for soil compaction. The representatives of Gomez-Mtarri stated that they did not know the site of origin for the clay. Therefore, it was not possible to view these clay soils in place nor to estimate hauling costs. The selection of a clay source should be based upon an adequate number of separate tests of clay properties that represent the entire volume of borrow material proposed for the landfill cover.


Before using these clays in the landfill cover and periodically during the construction, MITRE recommends that the Air Force require standard engineering tests for compacted clay. In addition, because maintenance of good grass cover requires that roots grow into the clay layer if the Cover 3 option is used, and because there are some radioactive materials in the area, the following tests should also be conducted:

· Radioactivity

· Particle size distribution, including clay less than 2 microns in size.

· Cation Exchange Capacity (CEC)

· Electrical conductivity of the saturated extract

· Sodium adsorption ratio (SAR)

· Plant-available nitrogen, phosphorus, and potassium

SOIL SOURCES


Lowry AFB is surrounded by urban development, although its intensity decreases east of the base. Arapahoe County includes a small part of the eastern side of Lowry AFB and extends more than 50 miles to the east. Soils within western Arapahoe county and near Lowry AFB were examined for their suitability for use in a landfill cover (Larsen and Brown, 1971, and The SCS Soils-5 database, 1993).


The area covered by some soil associations less than 12 miles east to southeast of Lowry AFB and lying within Arapahoe County are shown in the following table. The individual soils are described in Table 1.

	Soil Association
	Square Miles Covered Within:

	No.**
	Names
	5 Miles
	5-12 Miles

	10
	Fondis‑Weld
	8.5
	14.6

	7
	Nunn-Bresser_Ascalon
	0
	5

	6
	Renohill-Buick-Litle
	2+
	15.5

	8
	Truckton-Bresser
	9
	9


** Soil association numbers are shown on the General Soil Map in Larsen & Brown (1971).


The Litle soil and possibly the Renohill soil may be suitable clay materials for use in constructing a compacted clay layer with 1x10-5 cm/sec hydraulic conductivity. Selected layers from the Nunn and Weld soils may also be suitable. At least 10 square miles of land with soils suitable for a compacted clay layer may be found within 5 miles of Lowry AFB. An additional 30 square miles of land lying between 5 and 12 miles from Lowry AFB contain soil materials that are suitable.

ET COVER

MITRE has previously documented the ET Cover concept (Hauser et al., 1995 and Hauser & Shaw, 1994). MITRE’s specific analysis for Lowry AFB indicates that an ET Cover built with a mixture of Fondis soil to a depth of 1.5 feet and with summer perennial grasses growing on the surface would allow no precipitation to infiltrate below the cover. A 5-foot cover composed of a mixture of Bresser soil would also prevent the infiltration of precipitation into the waste. These soils represent both very good and less desirable soils that are easily available near the base.


The soil placed for an ET Cover should not be compacted more than is normally achieved by bulldozers or other soil-spreading machinery. The maximum bulk density should be 1.5. If mixtures of the Fondis-Weld association of soils are used for the ET Cover, it should be about 2 feet thick. Because the ET Cover requires no soil compaction, it should cost between $182,000 and $240,000 less than a compacted clay cover. The cost for vegetation establishment is the same for any cover used.


Because it is a natural, self-renewing cover, allows no more precipitation to enter the waste than a conventional cover, and costs less to construct, MITRE recommends that the Air Force use the ET Cover for the landfill in OU 2.

ET COVER SOILS

Properties of mixtures of soil profiles that are located near Lowry AFB are shown in Table 1. The soils that are most suitable for an ET Cover should have a high AWC. The Fondis, Weld, Nunn, Buick, Renohill, and Litle soils are all well suited to use in an ET Cover, and the required thickness should be no more than 2 feet to prevent percolation of precipitation into the waste. The Fondis, Weld, Nunn, and Buick soils are most desirable because they can be mixed and mined to a depth of 60 to 70 inches, thus minimizing cost for land purchase to acquire cover soils. If the soil source can be mined 5 feet deep and the required ET Cover thickness is 2 feet, then about 0.4 acres are required for each acre of landfill covered.


The Bresser, Ascalon, and Truckton soils may be used in an ET Cover; however, because they require a substantially thicker cover, more soil must be hauled and more land purchased to acquire cover materials. If these soils can be found close enough to the landfill to minimize hauling costs—and thus total construction cost—then they may be suitable alternatives for an ET Cover.


Soils used in an ET Cover should be capable of long-term support for vigorous plant growth. Such soils require adequate cation exchange capacity to hold plant nutrients, low soil salinity, and good soil structure. Soil organic matter content above 2 percent is desirable, although soils with otherwise good properties may be adequate with less than 0.5 percent organic matter content.


Desirable soils for an ET Cover at Lowry AFB should contain more than 25 percent clay and less than 35 percent sand. The soil mixture should result in an AWC of 0.16 m/m or more. Small amounts (less than 5 percent) of calcium carbonate or caliche rocks may be included although even small amounts will reduce the AWC.


All depths of the soils shown in Table 1 may be mixed together and used in an ET Cover. The mixing method is important because it is essential that the ET Cover soil be thoroughly mixed. Good mixing is achieved by bucket-wheel loaders such as those used in strip-mining. Bucket-wheel loaders are an economical way to excavate the soil and mix it in a single operation. Other machines that produce similar effects would also be adequate.


The depth to parent material under soils may change over small distances; therefore field-loading machines may dig into and include parent material in the cover soil. Some parent materials are clearly unsuitable and must be excluded from the mix. Other parent materials may be suitable for use if mixed with the overlying soil in small quantities. For example, weathered shale is acceptable if it is low in total salt content and contains no materials that are toxic to plants. Therefore, the parent materials below the soil to be excavated should be examined to determine the effect of including small amounts in the soil mix.
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