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Abstract

Rocky Mountain Remediation Services, L.L.C. (RMRS) has deployed a cost-effective metals
stabilization method which can be used to reduce the cost of remediation projects where
radioactivity and heavy metals are the contaminants of concern. The Envirobond process
employs the use of a proprietary chemical process to stabilize metals in many waste forms,
and provides an excellent binding system that can easily be compacted to reduce the waste
into a shippable brick called Envirobric . The advantages of using chemical stabilization are:

(1) Low cost, due to the simplicity of the process design and inexpensive reagents.
(2) Chemical stabilization is easily deployed in field applications, which limit the

amount of shielding and other protective measures.
(3) The process does not add volume and bulk to the treated waste; after treatment

the materials may be able to remain on-site, or if transportation and disposal is
required the cost will be reduced due to lower volumes.

(4) No secondary waste.

The simplicity of this process creates a safe environment while treating the residues, and the
long-term effectiveness of this type of chemical stabilization lowers the risk of future release
of hazardous elements associated with the residues.

Introduction

Over the past four years, RMRS has deployed an innovative, easy to use process for
immobilizing heavy metals in soils and soil-like waste. This process uses a non-hazardous
chemical binder called Envirobond that chemically binds metal contaminants, preventing
leaching under the most stringent conditions. Envirobond™ employs the use of a proprietary
formulation of phosphate and select additives. The reagents are brought in contact with metals
to form a new compound that incorporates the metal into the phosphate structure. The metals
are chemically bound at two or more sites on the ligand, resulting in a ring formation that is
inherently stable. This bond cannot be broken in the harsh oxidizing environment of the Toxic
Characteristic Leachability Performance (TCLP) test or with multiple extractions with acid.
Envirobond™ has been adapted in a variety of ways at mining sites, soil washing projects,
sediment removal sites, and others to produce a treated product that meets criteria for on-site
containment, storage, or off-site disposal. The technology can be adapted for a variety of waste
streams, and binds many types of heavy metals at high levels of contamination, including
arsenic, barium, chromium, lead, silver, cadmium, selenium, and zinc below the Resource
Conservation and Recovery Act (RCRA) treatment standards. Laboratory data also indicate
that the Envirobond™ reagents can be effective in treating radionuclides such as uranium,
thorium, radium, and strontium.
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Envirobond™ Process Chemistry

The Envirobond™ metals treatment process uses a patented phosphate chain that sequesters a
wide range of metal ions (including radionuclides) to form insoluble phosphate metal
complexes. As shown in Figure 1, metal ions bond to the oxygen sites on the phosphate
ligand. Envirobond™'s multiple site bonding capability results in metal phosphate complexes
that have extremely low Ksp (solubility product) values and the ability to capture metals with
2+ and 3+ valences. Typical results of treating sludge with heavy metals are seen in Table I.
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TMFigure 1: Envirobond process chemistry

,TMTable I: Envirobond sludge treatability results for select metals

Metal

Arsenic

Barium

Cadmium

Chromium

Lead
Mercury

Selenium
Vanadium

Zinc

Pre-Treatment
TCLP (ppm)

17

34,083
147

61

680

500

190

1.7

108

Post-Treatment
TCLP (ppm)

0.13

0.03

0.41
<0.10

0.15
0.07

0.89
<0.50

2.00

Regulatory Levels

RCRA UTS
5.0

100

1.0

5.0

5.0

0.2

1

NS

NS

5.0

21

0.11

0.65

0.75
0.025

5.7

1.6

4.3

NS = no standard
Example Projects

The following are case studies of sites using Envirobond to successfully stabilize lead, arsenic,
cadmium, and other RCRA metals. The examples cited are typical of the types of sites where
Envirobond™ has been deployed and include remediation of a "Brownfield" type of site, a
former battery recycling site, and waste water sludge treatment.

In-situ Treatment of Mining Waste at Former Mining Site

The effectiveness of the Envirobond™ process with mining waste and mill tailings has been
superb. In addition to meeting the Environmental Protection Agency (EPA) standards for TCLP,
the results of the TCLP testing have typically met the more stringent Universal Treatment
Standards (UTS). At a mining site in Central City, Colorado, arsenic, lead, and zinc were the
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contaminants of concern, exceeding the EPA's threshold level. Untreated soil was given the
TCLP test, and lead and zinc exceeded the standards without treatment. Arsenic was present at
4 ppm, which is just below the RCRA standard. After treatment with Envirobond™, all three
metals were below the UTS standards. The primary objective of the project was to stabilize the
waste to levels that would meet the EPA criteria for releasing the site for development.
Equipment included a front-end loader, a road grader, a tractor-tiller, spreading equipment, a
water truck, and a sheep's foot field compactor.

This project demonstrated the versatility of Envirobond™. Less than 4 wt. %, Envirobond™ and
fly ash were added to the volume of soil, and it was mixed using field equipment. The treated
soil was used to form a base for future construction. The soil was successfully layered, mixed
and compacted to meet the proctor specifications for construction. Finally, Envirobond™ did
not add bulk to the waste, which is especially important when the waste is transported to a
disposal facility.

Costs are reduced when compared to cementation or excavation and hauling. With cementation,
the additional bulking of the waste can easily add a 100% volume increase. The cost of
materials handling and mixing is also higher. With excavation and hauling, there are additional
transportation and disposal costs, and the excavated material would have to be replaced with
clean fill dirt.

Treatment of Metals Contaminated Sludge

,TM

The Envirobond product can also be used to treat contaminated sludge from water treatment
plants, evaporation ponds, waste treatment plants, and mining and milling operations. Typical
contaminants in sludge include cadmium, lead, chromium, arsenic, aluminum, zinc, and barium.
The treatment plant in this case study treats water from a mining district where the primary
metals of concern are cadmium, zinc, and manganese. If the treated sludge exceeds 1 ppm
cadmium, it must be shipped to a hazardous waste disposal site. The other metals are not a
factor in shipping, but it is desirable to reduce them to a level as low as possible.

The plant produces between 800 and 1,400 cubic yards of 40 wt. % sludge per year. The plant
uses a typical co-precipitation process that generates the sludge. In addition to the co-
precipitation process, the plant treats the sludge to stabilize the cadmium to a level that will meet
the RCRA TCLP standard for land disposal (less than 1 ppm cadmium). Envirobond™ was
successfully used to treat this sludge. The flow sheet for the process estimates the weight
percent of the cadmium, zinc, and manganese to be 0.017 wt.%, 1.9 wt. % and 3.64 wt. %
respectively. Envirobond™ has treated the cadmium in the sludge to below 1 ppm TCLP.
Significant reductions were also seen in the zinc and manganese. It is estimated that the cost to
treat the sludge with Envirobond™ is about one-half the traditional treatment.

Treatment of Battery Recycle and Disposal Sites

Envirobond™ has been used at battery sites. The levels of lead at battery sites are usually very
high, often more than 90,000 ppm total, and as much as 1,200 ppm after extraction using the
TCLP test. There are many sites where spent lead-acid batteries were reprocessed to recover
metals. The batteries were typically cut open and sulfuric acid was allowed to drain into holding
ponds. Soil contaminated by these ponds was saturated with the lead-containing acid, which
accounts for the high levels present. The battery casings were then discarded and lead was
recovered and smelted into ingots for reuse in the battery industry. Typical contamination
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around battery sites includes surface, groundwater, and soil that are contaminated with acid and
extremely high concentrations of heavy metals such as lead, cadmium, and arsenic. The lead is
typically very leachable due to the high acid content of the soil.

Table II: Results of Envirobond™ Treatment of Lead Battery Site

Contaminants Total Lead Pre-Treatment
TCLP

Envirobond™
Treated TCLP

Treatment
Standard

Lead
(Treatability Result)
Lead
(Treatability Result)
Field Results
(1,000-ton batches)

1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons
1,000 tons

74,800 ppm

47,800 ppm

47,000 ppm to
95,000 ppm

956 ppm

1,160 ppm

956 ppm to
1,160 ppm

1.97 ppm

1.47 ppm

3.7 ppm

3.96 ppm
2.07 ppm
1.54 ppm
0.13 ppm
0.91 ppm
0.30 ppm
1.61 ppm
1.0 ppm
1.2 ppm
0.33 ppm

5 ppm

5 ppm

5 ppm

5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm
5 ppm

Treatment of these soils with Envirobond™ reduces the leachability of the lead and other metals
found in contaminated soil to the RCRA TCLP standards. Table II shows the treatability results
and actual site results for a typical battery site. For this project, the soil was transported to a
mixing area of about 1,000 square feet. Approximately 1,000-ton batches were mixed. The
contaminated soil was layered in two layers with Envirobond reagents in the middle. Mixing
was accomplished with a backhoe.

The results show that excellent results were obtained, with all batches achieving the RCRA
standard of 5 ppm after TCLP testing.

Summary

RMRS has deployed an innovative, cost-effective, easy to use process for immobilizing heavy
metals in soils and soil-like waste. This process uses a non-hazardous chemical binder called
Envirobond™ that chemically binds metal contaminants, preventing leaching under the most
stringent conditions.

The metals stabilization method reduces the cost of remediation projects where radioactivity and
heavy metals are the contaminants of concern. It is easily deployed in field applications, which
creates a safe environment while treating the residues and limits the amount of shielding and
other protective measures. Furthermore, there is no secondary waste produced that eliminates the
generation of additional radioactive waste typical in many processes. The long-term
effectiveness of this type of chemical stabilization also lowers the risk of future release of
hazardous elements associated with the residues.
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