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.- 1 INTRODUCTION

1.1 'Purpose_

The apphcabxhty of various technologxes for remedxatmg the Weldon Sprmg site has been
exammed in numerous separate: remedial technology evaluation studies. The purpose of this
report, the Engineering Analysis of Remedzal Action Alternatives, Phase I, (Phase 1 EAA) isto
summarize these technology eva]uanon data to support the evaluation and screening of remedial
action technologles in the Feasibility Study for Remedial Action at the Chemical Plant Area of
the Weldon Spring Site (DOE 1992a). It should be noted that the costs and design concepts |
presented throughout this -Phase I EAA report for the various remedial technologies are

‘preliminary. in nature, A companion document, Engineering Analysis of Remedial Action
~ Alternatives, Phase 1l (Phase 11 EAA) (MKF and JEG 1992a), presents more definitive data to
' support the feasxbxhty study evaluation of remedial action alternatives.

1.2  Report Organization

Data to support the initial technology screening process is summarized below in Section
1.3." The various types of waste present at the Weldon Spring site zire summarized in Section
2. Greater detail on the waste can be found in the Remedial Investigation for the Chemical Plant
Area of the Weldon Spring Site (RI) (DOE 1992b). In Section 3, individual treatment

‘technologies are identified and information is provided to support the feasibility study evaluation

of effectiveness, implememébility, and relative cost. Potentially feasible: remedial action
alternatives are discussed in Section 4. References cued are listed in Sectlon 5, and acronyms
and abbreviations are defined in Section 6.

1.3  Summary of Initial Technology Analysis .

Based on the preliminary screening process documented in Sections 3 and 4 of the site
FS, the technologies considered to be the best or appear to be the most promlsmg for treatment
and/or remediation of site wastes are retained for further consideration and analysis. In the FS,
these potentially viable technologies are assembled into a]tema_nves representing a range of
treatment and containment combinations. The rejected technologies receive no further
consideration unless additional information becomes available which warrants further evaluation.
The following discussion provides information to support this process.
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1.3.1 Removal

: As a result of eharacterizaﬁ_on work carried out at the Weldon Spring site, it has been

determined that all affected media at the site can be removed using conventional construction
equipment. Characteristics of contammated matena]s are presented in the site RI and supportmg
charactenzauon reports. :

"1.3.1.1 Standard Excavation Prhcticw; The physical nature of the site soils and -
sediment allows these materials to be removed and transported using conventional

construction/earth-moving equipment. The optimal equipment fleet would consist of backhoes

and front-end loaders for excavauon coupled with haulage trucks Selected excavation methods ,

'may include:

* Backhoe loaders, operating from the top of the soil to be excavated, will place the
~soil into over-the-highway trucks for transportation to an appropnate storage,
"loadout or d:sposa] locauon -

e Backhoe with shovel front, operating from the bottom of the excavation, will

‘place soil into over-the-highway trucks for transportation to the appropriate

storage, loadout, or disposal location.

* A front-end loader, operating from the storage area base or from the bottom of

the excavated area, will remove soils and place the matena] into over-the-highway

trucks. for dehvery to the appropnate locanon

. Scrapers will remove soils from large areas. of relanvely shallow depth and
~ transport the matenal to the appropriate location.

1342 Dredging. Neither conventional earth-moving equipment nor draglines would
be effective in removing the raffinate pit sludge because the sludge is a very fine, gelatinous

material. Because of these physical characteristics, this material is more amenable to removal

using a pumping operation. Two pumping operations were identified, a monitor slurry system
and a cutting head dredge system. “The monitor slurry system is as effective in removing sludge
~ as the cutting head dredge system. However, the monitor slurry system requires (1) that the
sludge be dewatered and recirculated. to maintain a specified percent of solids in the slurry, (2)
that the system be enclosed or (3) that continuous spraying be applied to control dust generation,
thereby significantly increasing costs and the time required to implement.
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1.3.2 Land Disposal

1.3.2.1 Off-Site Land Disposal. The Envirocare of Utah complex at Clive; Utah, can
presently accept RCRA wastes, and a permit is pending which will allow Envirocare to accept
by-product radroacnve waste including treated and untreated soils and sludges, contaminated soil,
and size reduced rubble and other material. Howeve_r all materials must pass the toxicity
characteristic leaching procedure (TCLP) criteria. This facility can accept both containerized
and bulk waste. ' - ’

* The DOE Hanford facility at Richland, Washington, is considered a representative federal
disposal facility. However, the administrative procedures required for this facility to accept
Weldon Sprmg site wastes are not m place

1.3.2.2 Transport to Off-Site Land Disposal Facility. Transport by truck or barge
to an off-site disposal facility would raise the risk of accidents which could potentially result in
spills and injuries or fatalities and would be more expensive than rail transport. Transport by
barge is more expensive than rail and approximately the same as truck. Therefore, trucking
_ containerized waste designated for off-site disposal to a railroad siding and. transporting the
material by rail to the disposal facility would appear to be the preferred off-site transport option.

- 1.3.2.3 On-Site Land Disposal. On-site lagoons and waste prles will not provrde a
long-term solution for containmeént. Wastes handled in this manner would continue to pose a
threat to human health and the environment. A cap and cover system would be appropriate for
areas of contamination which have been treated or contained in situ. :

Compared to drsposal cells, vaults may provide some 1ncrementa] addmonal protection
against contaminant migration and intruder exposure, however costs are much higher. It is also
much more difficult to incorporate design changes during both vault design and construction,
which could significantly impact cost and schedule. In addition, material placement is hampered
by equipment maneuverability constraints imposed by the vault structure.

" " Three types of ‘engineered cells were examined for containment of site wastes. The first
cbnﬁgu’ration is comprised of a double-lined engineered cell which complies with the joint
'Environmental Protection Agency -Nuclear Regulatory Commission gurdance for construction of
a combination disposal cell. This cell could effectively contain both untreated and treated
chemical and radioactive (by-product) wastes. The second type of facility consists of an unlined,
Uranium Mill Tailings Remedial Action (UMTRA)-type cell to contain untreated radioactive
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~ waste or a vitrified product. A third option, a single-lined sanitary landfill, could contain

untreated, nonhazardqus or nonradioactive wastes. Land disposal of sludge is not a viable option
without additional treatment because the untreated sludge could not support a cover. The

capacity of a particular on-site dlsposal facdlty would depend on the amount and type of waste
that is identified for emplacement :

1.3.3 Physical Treatment

- 1.3.3.1 Size Reduction. Sized reduction equipment examined in_Section 3 includes

crushers, nmpactors, shredders, shears, and cutting torches. Application of each of these
“methods is technically feasible. A rotary shear can cut and shred feed materials consisting of
" rebar, wood materials, metal siding, office and laboratory equxp_ment, conduit, pipe, tanks, and

equipment pieces.. An impact crusher can process concrete pieces, cinder block, glass, and

‘ceramics. Drums containing used personal protective equipment (PPE) can be crushed usinga

compactor. An impactor could also be used to process both concrete and metal-like materials.
A cutting torch can be used on all metal plates or materials that can be oxidized rapldly
However, many alloys are resistant to oxidation and high. temperatures. :

1.3.3.2 Dewatering and Drying. Rafﬁnate sludge dewatering and drying are considered
both as a treatment and as a precursor to subsequent treatment. Dewatering of raffinate pit

sludge using a system of cyclones, thickeners, and filter ‘plates is cons:dered to be both

technically and economically feasible. A direct- fired rotary kiln system could. also be used for .
drying sludge; however, field tests would be required to assess the feas1b1hty of this method on
‘the Weldon Spnng waste media. ‘

Because dewatering and drying have a major impact on the implementability and cost of
treatment alternatives, additional studies would be necessary- to evaluate and determine the best

“application of these processes for the Weldon Spring sludges.

1.3.3.3 Physical Separation. The physical separation methods described in Section 3 -

include screening, classification, flotation, gravity separation, evaporation, ultrafiltration, and
-electrofiltration. All of these technologies are potentially feasible. Although these technologxes
are effective in 1solatmg radioactively contaminated materials and in separating ‘metals, the
effectiveness of these technologies in isolating chemical contaminants is not known. If these
technologies are to be considered further, additional bench-scale and pilot-scale tests would be

required; a detailed evaluation of the cost to implement each technology would also be required.
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1.3.3.4 Hydrolasing and Liquid Abrasive Blasting. Hydrolasing and liquid abrasive

'.bl,as'ting are effective means of decontaminating concrete slabs and'structural steel, respectively,.
-and thereby reducing the volume of contaminated material requiring.disposal. Size reductiph

and disposal of these materials may be more cost effective than a‘long, labor-intensive '
decontamination effort. However, this expense would constitute only a small fraction of the total
cost. Other costs such as resultmg waste stream disposal would a]so need to be addressed.
1.3.4 Hydrometallurgical Tre;atment

1.3.4.1 Solvent Extraction. Neither the hitric acid léach_nor the sulfuric acid leach

methods are considered to be technically viable alternatives for reprocessing the raffinate pit '

sludges. In addition, a system involving sulfuric’or nitric acid leaching, with sequential solvent
extract of uranium and thorium and precipitation of radium, has never been constructed.

~ 1.3.4.2 In Situ Leaching. There are many fatal flaws associated with in situ leaching
technology for the Weldon Spring site. Most of the soil and sediment contamination at the site
is at or just below the surface. In situ leaching is more effective at depth. Furtherrhdre
lixiviant (leach solution) control would be extremely difficult due to the complex fracture/condult -
flow groundwater system present at the site. Finally, environmental acceptability is unlikely
because the lixiviant, if not properly controlled, would itself be a contaminating agent, '

1.3.5 Chemical Stabilization

1.3.5.1 Cement-based Stabilization. Pug mill-mediatéd chemical solidification/
stabilization using a cement/fly ash blend is a potentially viable treatment technology for the
Weldon Spring site soils, sediments, and sludges. This technology offers a significant advantage
over in situ chemical stabilization because the process allows superior mixing control and visual
observation of reagent and treatment material mixing. The treated- product would require
secondary contamment to prevent contammant mlgranon

1.3.5.2 Thermoplastic Encapsulatipn. Because xylene and toluene diffuse quite rapidly
through asphalt, asphaltic-based thermoencapsulation’ methods’ cannot be used to treat
nitroaromatic-contaminated soils. In addition, rehydration of dehydrated salts, which may form
in a sulfate-rich dewatered rafﬂnate can. cause swellmg, crackmg, and rupture of the |
encapsulating surface. -

) n:\users\ioanne\gonzalos\éaa\revpieaa.'I' L9 : 1-5



1.3.5.3 In'Situ Chemical Siaoilimtion. Several difficulties were identified regarding

in si_tu stabilization of contaminated soils, sediments, and sludges at the Weldon Spring site. -Site
soils requiring treatment are located. in thin, sporadic, discontinuous zones of contamination.
_ Raffinate sludges do not have sufficient compressive strength ;o support mixing equipment.

- Consequently, the mixing -equipment would be required to work from areas of previously
stabilized sludge, or sufficient contaminated soil would have to be added to increase the bearing
strength. In addition, maintaining quality' control during reagent addition and mixing is difficult,
and without complete solidification, the contaminants could become readily mobile.

1.3.6 Thermal Treatment

-1.3.6.1 Induction Furnace Melting. This melting decontamination process may be
technically feasible for reducing contaminant mobility and waste volume decontamination for
~ scrap metal comprised of steel, aluminum, copper, and nickel.- However, aluminum waste may.
be difficult to decontaminate if it contains a significant -anioont of magnesium. This process is

not an éffective means of .treating soils, sediments, sludges, concrete debris, or asbestos-
-containing materiéls. The effectiveness of this technology varies depending on the type of metal -
alloy(s) and the specific chemical or radiological: contaminants. . Tests would be required using. -
samples of Weldon Spring waste media to determine the effectxveness of this technology to .

decontammate the various waste matenals

1.3.6.2 Vitrification. Joule-heated ceramic melting, fossil fuel-heated ceramic melting,
and plasma arc torch meltmg technologies are potentially apphcable in treating Weldon Spring

site soils and a mixture of soils and sludges. The product of each technology is a structurally .

sound, leach-resistant glass. The higher melt temperatures achieved by the plasma arc torch’
process, however, cause more corrosion of the melter construction materials, requiring more
' ex'pénsive, complex alloys for the construction of the plasma arc system. High-pressure water
is also-required 'for cooling because of the high temperatures at the electrodes. Compared to the

~ joule-heated and fossil fuel- -heated ceramic melting systems, the plasma arch torch melting _'

system poses mcreascd difficulties associated with lmplementmg and maintaining this process

option, with no increase in effectiveness. Off-gas treatment from all vitrification processes are '

untested for large scale systems and would add to the cost of the process.

1.3.6.3 In Situ Vitrification. The results of bench-scale testing suggest that the product
of in situ vitrification of site soils and sediments will comply with U.S. Environmental
Protection Agency (EPA) minimum destruction and removal efficiency (DRE) requirements for
hazardous organics, polychlorinated biphenyls (PCBs), and dioxins under appropriate conditions,
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.

and will also meet TCLP leach test criteria. However, the raffinate sludge would not produce

a structurally sound, leach-_re'sistant vitrified glass withoﬁt the addition.of contaminated soil.

" Several difficulties may arise in attempting to nmplement in situ v1tnﬁcauon technology
at the Weldon Spring site. This technology requires that the medium to be processed be a
minimum of 5§ to 7 feet thick. Most of the widely distributed zones of surficial contamination
at the site are only 1 to 2 feet thick. Another concern regarding this.technology is the inability

to directly view the process and final product. Monitoring- the leachate and verifying the

effectiveness of st_abilization ‘would be difficult.

1.3.6.4. Hi’gb-Temperaturé Slagging Incineration. Slagging incinerators operate at

* temperatures high enough. to melt Weldon Spring soils and a mixture of soils and sludge and

produce a leach-resistant product. Refractory failure, caused by acid and metal halide attack and

‘abrasion, is a major‘ problem of direct-fired units. The spent refractory material would be a

disposal problem because of radionuclide and toxic metal contaminatidn.

1.3.6.5 Rotary Kiln Incineration. Although rotary kiln incineration is a proven
technology for the elimination of hazardous organic wastes, it is not an effective treatment
process for radionuclide and most inorganic constituents. In addition, conventional rotary kilns
do not operate at temperatures high enough to melt the soil constituents. Thve results of TCLP

leaching tests show that the-ash residue from this process is frequently suscéptible to leaching.

and usually requires either secondary containment or further treatment.

1.3.6.6 Liquid Injection Incineration. - The Toxic Substance Control Act (TSCA)-

" approved incinerator at the Oak Ridge Gaseous Diffusion Plant or a similar facility may be able

to accept the containerized, radiologically, contaminated liquid process chemicals stored in
Building 434. Further characterization of these materials is required.

1.3.7 Biological Treatment

Organic debris removed during site preparation and clearing and grubbing activities can

be composted on site. Compostmg of organic debris at the Weldon Spring s:te could result in
an 80% to 90% volume reduction over a period of one to two years. S
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" 2 CONTAMINANTS AND SOURCE AREAS

" The foIlowihg discussion describes the quantities and primary contaminants pfesent,in the

various Weldon Spring source areas. This discussion also addresses temporary site storage
facilities that will be used to control contaminated and uncontaminated matenals during interim
and final remedlal action. More detailed discussions of site contaminants can be found in the'

site RI document (DOE 1992b).

' Rafﬁnate sludges
“Soils and sediments
Temporary storage area (TSA)
Materials staging area MSA)
~ Ash Pond spoils pile
~ Mulch pile
~®  Asbestos-containing material (ACM) storage area
. Building 434
. Bu1]d1ng foundatlons and underground plpmg and sewers

21 Raffinate Sludges

 During site operations, the Weldon Spring raffinate pits received: process wastes from the
uranium feed materials plant. Pits 1, 2, and 3 contain raffinate sludges resulting from refining
of uranium ore coneentrates.' In addition to uranium processing sludge, pit 4 contains thorium
processing wastes and drums and rubble from partial dismantling of the plant when operations

ceased in the mid-1960s. These four pits cover 25.8 acres and contain approximately 220,000

cubic yards of ’contgmihatedvsludges. Contaminant ranges for radionuclides and inorganic ions
present in the sludge are listed in Table 2-1; metals concentrations are listed in Table 2-2.

2.2  Soils and Sedi;nents

An estimated 302,200 cubic yards of contaminated soils and sediments are in place at the

. various site locations described in the following subsections. Since cleanup levels and action

levels for treatment are expected to be based on the radionuclide levels, chemical contaminant
concentrations are not discussed in detail in this section. The volumes of soil presented are
based on the 15 pCi/g reference level discussed in the site RI report and do not necessarily
represent volumes based on anticipated cleanup criteria. Concentrations of specific chemical
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' TABLE 2:1 Raffinate Sludge Contaminant Ranges

Contaminant . - Minimum ’ " Meximum
Radionuciides . o .
Total Uranium~ : 10 pcig - . 3,400 pCifg
Thorium-230 - . - . 8pCilg - - 34,000 pCi/g -

. Thorium-232 . 3 pCilg ‘ 1,400 pCilg

~ Redium-226 . 1 pCilg . : 1,700 pCilg
Radium-228 e 4 pCi/g . 1,400 pCi/g
Inorganic lons . ) . : .
Nitrite ] ND 1,640 pglg

Nitrate ‘ ' ND 161,000 wglg

Sulfate . ) ~ ND . 7.683 wolg

. Chloride ST 2 296 wolg

' Fluoride i ND ) 165 wolg

ND = Not Detected
Source: Modified from DOE 1992b.
Values are based on net weight.

TABLE 2-2 Raffinate Sludge Meté&_ Summary

Contaminant Minimum .. Maximum
Aluminum g ..~ .ND 28,700 puglg
Antimony . ND ) 87 walg
Arsenic i 3 pglg i 1,060 wugl/g
Barium ND 7.740 ug/g
Beryllium ; " ND' : . 25 wglg
Cedmium , ¢ ND 321 pglg
Cealcium - ND 86,100 wuglg
Chromium ND .S 169 wo/g
Cobalt ; ~ ND ) . = - 441 pglg
Copper . - 4 yglg i 511 wpolo
Iron 30 pg/g ' 22,800 polg
"Lead : _ ND ) 644 wolg -
Lithium ND 122 wolg
Magnesium - ND - 17,110 pglg
Manganese ND 3,010 wg/g
Mercury . ND . v 15 polg
Molybdenum ND - . 1,600 pglg
Nicke! - 11 palg . 8,790 walg
Potassium ND 78 1.470 pglg
Selenium . . ND ! - 81 wglg
Silver . ; ND : 5 wolg
Sodium ND ‘ 23,800 wglg
Thallium ND - 58 wglp
Vanadium. ND . 26 pglg
Zinc - 8 polo : . 1,580 wpgl/g

Zirconium ND < 2,120 pglg

~ 'ND = Not Detected . .
Source: Modified from DOE 1992b. . = . . .
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contaminants in soxls and sediments are thoroughly addressed in SectJon 5 of the site RI report

(DOE 1992b)
2.2.1 Ash Pond

During site operations, Ash Pond received fly ash slurry from the power plant. Ash

_ Pond, which covers'a 376,345-square-foot area, contains approximately 8,200 cubic yards of
contaminated sediment and soil. The sediment is contaminated with uranium and nitrate, and

the underlying soil may also be contaminated with uranium as a result of contact with the
contaminated surface water and sediment. The pnmary contaminant of concern is uranium-238,
with concentrations ranging from 0.3 pCi/g to 14 pCilg (DOE 1992b) Above background
'concentratwns of radium-226 are present and range from 3. 810 6.5 pCi/g. The combination of
* uranium and radium contammanon in parts of the Ash Pond area result in above-mixture rule
concentrations as dxscussgd in Section 5.2.2 of the site RI report (DOE 1992b).

2.2.2 Frog Pond

* Frog Pond previously received flow from storm and sanitary sewers at the pilot plant.
This 81,338-square-foot area contains an estimated 7,000 cubic yards of contaminated soil and
sediment. Uranium-238 concentrations in the sediment range from 0.3 pCi/g to 280 pCi/g.(DOE
1992b). Soil in the berm and beneath the pond is- -expected to contain elevated concentfations

of -uranium resulting from contact with and leaching from the sediment and surface water. .

Chloride is also. expected due to the close proximity of the State nghway Department salt
storage pile. : .

2.2.3 Busch Lakes 34, 35, and 36

 Lakes 34, 35, and 36, located in the Busch Wildlife Area, receive runoff -and
groundwater recharge from the site. These three lakes contain an estimated 20,000 cubic yards
of uranium-contaminated sediment: 8,000 cubic yards in Lake 34, 5,000 cubic yards in Lake
35, and 7,000 cubic yards in Lake 36. Sample results from Lake 34 showed average uranium-

1238 concentrations in the sediment ranging from 3.0 Pci/g to 46.8 pCi/g. Average values in
Lakes 35 and 36 ranged ‘from 1.0 pCi/g to 23. 6 pCl/g and 11.4 pCi/g to 30.3 pCi/g,

respectlvely '(DOE 1992b).
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224 North Duxhp'

- Radloacnve scrap matenal and ore drums were prev;ously stored at the Nonh Dump.

The 82,506- square-foot North Dump area now contains approximately 7,600 cubic yards of -

contaminated sediment and. soil. Uramum-238 concentranons at the North Dump range from
0.3 pCi/g to 1,380 pCi/g (DOE 1992b).

2.2.5 South Dump

~ The South Dump covers 182,290 square feet and contains approximately 16,900 cubic
yards of radiologically contaminated soils resulting from prior disposal of contaminated
equipment, used ore containers, personnel protective equipment, and other refuse. Uranium-238
concentrations in the South Dump soils range from 0.3 pCi/G to 2,105 pCi/g; thorium-230
concentrations range from 0.8 pCi/g to 123 pCi/g (DOE 1992b).

7

2. 2 6 Raffinate Plts

The estlmated 153,500 cubxc yards of sox] beneath the pits and in the berms is-expected

to contain elevated concentrations of the contaminants listed in Tables 2-1 and 2xd. This volume

. -estimate includes approximately 50,000 cubic yards of pit clay bottom material that will require .

‘treatment. Contamination in this 1,123,848-square- -foot area is the result of contact with and
- leaching from the pit sludges and surface water. To more accurately 1dent1fy the contaminant
~types and concentrations in the raffinate pit clay bottom and underlying soils, additional
characterization will be performed after the surface water and sludge are removed. |

2.2.7 Other On-Site Surfaces .

* In addition to the specific sburcg: areas identified above, an additional 85,400 cubic yards .
of ‘contaminated soil are present around and beneath the chemical plant buildings and in open

areas, including the coal storage area. The area around the chemical plant. buildings

~encompasses 1,530,985 square feet.  The areas adjacent to the chemical plant were prevxously :

‘used to unload and store process materials and house electrical equipment, and contain soil

contammated with uranium, thorium, radium, sulfate, nitrate, peshcndes polynuclear aromatic

: Ahydrocarbons (PAHs), and polychlonnated blphenyls (PCBs). Past spills and overland flow have
contaminated the soils in the areas adjacent to the raffinate pits with uranium, thorium, fluoride,

sulfate, and nitrate. - An estimated 20,000 cubic yards of the above total is compnsed of
contaminated soil surrounding underground piping.
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2.2.8 Vicinity Properties

Approximately 3,600 cubic yards of uranium-contaminated soil are present on vicinity

~ properties associated with the Weldon Spring site. Vicinity-properties include certain areas
- which are near the chemical plant and quarry sites but are outside current fenced boundaries,.

and contaminated properties located along ditches, drainage ways, roads, and railroads. These
“vicinity properties include Army properties 1,2, 3, 5, and 6 (3,100 yd?®) and Busch properties

. 3,4, and 5 (500 yd?). Uranium-238 concentranons in these soils range from less than 0 5pCilg .

to 29,530 pr/g (DOE 1992b)

2.3 Raff'mate Pit Rubble

An estimated 500 cubic yards of concrete, lanks barrels, plpe, wood and structural

debris are present on the east bank of raffinate pit 4.
24 Temporary Storage-Area
An estimated 100, 400 cub1c yards of contammated material will be stored at the

temporary storage area (TSA). Approximately 96,800 cubic yards of bulk waste excavated from
the Weldon Spring quarry will be stored at the 544, 500 -square-foot TSA The varxous matenals

o include:

® - Metal build.ing and equipment debris (10,500 yd?).
. Concrete building debris. (30,200 yd?3).
. Contaminated quarry soil and sediment (52,000 yd3).

o Contaminated quarry sediments (4,100 yd®).

Chemical and radiological contamination at the Weldon Spring qﬁarry is the result 6f past

-disposal practices during site operations. Uranium, thorium, radium, and radon are the
radioactive constituents of concern. Average radionuclide concentrations in the quarry soils are
108 pCi/g for radium-226, 380 pCi/g for thorium-230, 198 pCi/g for uranium-238, 96 pCi/g for

. radium-228, and. 26 pCi/g for thorium-232 (DOE 1989). Average radionuclide concentrations.
in the quarry pond sediments are 905 pCi/g for uranium-234, 107 pCi/g for uranium-235, 889
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pCi/g for uranium-238, and 316 pCi/g. for thorium-230 (DOE 1989). Known chemical

contaminants include nitroaromatic compounds, PAHs, PCBs, and heavy metals.

Approxifn'ately'3,600 cubic yards of containerized residues from operation of the water

treatment plants at the site (3,100 yd’) and the quarry (500 yd?) will also be stored at the TSA.

These materials are contaminated with radxonuchdes arsemc, manganese ﬂuonde and
2,4-DNT. ' ‘

2.5 Material Staging Area -
The material storage area (MSA) will be used to store approximately 77,078 cublc yards
of chemically and radlologxcally contaminated materials resultmg from building demolition and

site debns consolidation. These materials will include:

e Non-friable asbestos- contammg material (ACM) removed from buildings pnor to
dlsmantlement 5,111 yd3)

.. o Debris and rubble frdm building demolition (71,967 yd®) consisting of concrete

and concrete block (18,223 yd®), metal (51,385 yd’) wood (2,078 yd*), and

: mxscellaneous other debris (281 yd?).

" An alternative storage area for concrete and concrete block would be thhm an expanded'
Ash Pond spoils pile area.

2.6 Ash Pond Spoils Pile

The 4.1-acre Ash Pond spoils pile has a ca'pac.ity of ‘approximately 40,000 cubic yards

and will serve as a temporary storage and staging area for contaminated soils removed during

site preparation activities which cannot be transported directly to an on-site disposal facility or .
to a staging area for off-site transport. This area could be expanded to encompass the remaining

Ash Pond area if required. The 5,800 CUblC yards of material currently in place include:
. Comaminated soil removed during site preparation for the TSA (4,100 yd3).

Uranium-238 contamination in the 5011 ranges from less than 2.4 pCi/g to 2, 259. 3
pCl/g (DOE 1992b).
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| . Contaminated soil removed during site preparation for the water trea'tment‘plant
. 0 ,700 ydf‘). The soil in this 91,321-square-foot area contains above—referenc_:@-
level concentrations of thorium-230 and uranium-238 to a depth of 6 inches. .

2.7  Mulch Pile

The mulch pile is located in .the northeast »portion of the site and rﬁay be used for

composting 30,652 cubic yards of cleared and grubbed material and other organic debris from

the chemical plant site and the quarry. These materials include:
. Chipped Qggetat_ion Srom the qua&y (5,300' yd?)
e Chipped railroad ties (1,200 yd?) .fljom iﬁiﬁal qu;rry cleanup acﬁvitiés -
o Chjpped debris from clearing and gfubbir;g at réfﬁnate pits >(5",.900 yd?) . - -

' o Chipped.debris from clearing and grubbing at the chemical plant area (17,500

: . ‘ o Paper debri§ rémoved during building diSmantlemént activities (2 yd?)
. Chipped railroad ties from chemical plant area (750 yd?)
2.8 ACM Storage Area:

. An ESt_imated 1,483 cubic yards of friable ACM has been double bégged and is stored
on site in Building 103. Approximately 20 pieces of equipment containing small quantities of
asbestos are also stored in Building 103. Another 3,233 cubic yards.of friable ACM throughout
the site buildings will also be removed and may be stored in Building 108, along with the ACM

relocated from Building 103. Alternatively, all friable asbestos may be containerized and stored
within an area prepared to the north of Buildings 403 and 404. :

2.9 _Bunding 434

Bu'i]_ding 434 is being used to suppoﬁ various interim response actions. The 5,139 cubic |

yards of waste matérials which are or will be stored in this building include:
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e Approxxmately 400 SS-gallon drums of waste including pamts solvents and ox]s

(111 yd’)
. Approxlmately 100 55-ga]lon drums of containerized chemxcals 1nc1udmg nitric
’ and sulfuric acid, sodium hydroxide, flammable and reactive solids, and oxidizers
(28 yd’) which will be deactlvated on sxte prior to disposal,
e Used personal protective equipment (5,000 yd3 over a 10-year period).

210 Building Foundations and Underground Piping and Sewers

Building foundations and underground piping beneath the chem1ca1 plant area are

chemically and radnologxcally contaminated. The quantity of material is estimated to be 40,591
cubic yards of concrete foundation and 1,309 cubic yards (64,240 lineal feet) of 12-inch-diameter
(average) concrete and clay piping. This material would be stored at the MSA or, altematxvely,
' ‘the concrete may be stored on an expanded Ash Pond spoils pnle

2.11 Roads vand Embankments

If a removal, -on-site treatment, and disposal altematlve is implemented, as much as
76, 930 cubic yards of road materials and aggregates may be used to stabilize working surfaces

in pits and to construct retention dikes. These materials could become contaminated during site

_ operations. If contamination occurs, these matenals would be reclaimed and placed thhm an
on- or off-site disposal cell Quantmes of requxred materials include:

T 15,400 yd3,of aggregate for ‘bottom stabilization in the raffinate pits.
e 10,800 yd?* of material for raffinate pit roads. | '
e 1,830 yd® of retention pond material.
e © 1,800 yd? of material for Army 5 and 6 access road.

. 4,000 yd® of aggregate for bottom.stabilization in Ash Pond.

. 800 yd? of aggregate for bottom stabilization in Frog Pond.

. 25,900 yd® of material for water control dikes and sediments.

. 16,400 yd® of material for chémical plant roads and work areas.
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2.12 Facilities Closure
. . Facilities closure will involve the removal and size reduction of an additional 38,300
cubic yards of building materials if a removal and on-site waste treatment remedial action

alternative is implemented. The volumes involved in facilities closure include:

o 22 OOO'yd3 of TSA foundation.

. 400 yd? of site water treatment plant.

e 14,500 yd® of MSA foundations.

. '900 yd? of waste treatment facility.

* . 500 yd?* of volume reduction facility. '

-2.13 Waste Materials an_d Quantities Summary

'I'he estlmated in-place quantities of  the Weldon Sprmg Chem1cal Plant area waste
' matena]s are summarized in Table 2-3.

TABLE 2-3 Waste Material Quantities

. . MntorinllSou_:ce . ‘ ' Quentity Tonnage

Reffinate Sludge . 220,000 cubic yerds 222,200

Soils and Sediment
e Ash Pond . . : o 8,200 cubic yards 12,480
e Frog Pond - 7,000 cubic yards 10,640
e Lakes 34, 35, 36 . ‘20,000 cubic yards _ 30,400
e North Dump =~ | 7,600 cubic yards . 11,550
e South Dump 16,900 cubic yards . 25,690
e Raffinate Pits 153,500 cubic yards 233,320
e Other On-Site Surfaces i . 85,400 cubic yards . 129,810
® Vicinity Properties - 3,600 cubic ysrds 5,470
Raffinate Pit Rubble : 500 cubic yards 3,310
TSA - 100,400 cubic yards ‘220,040
MSA 77,078 cubic ysrds . 61,885
Ash Pond Spoils Pile " 5,800 cubic yards 8,810
Mulch Pile 30,652 cubic yerds - 19,151 -
ACM Storage Area . : 4,716 cubic yards ' 2,929
.Building 434 5,139 cubic yards . 1,035
Building Foundations and Undergvound Sewers - 41,900 cubic yards - 83931 -
Subtotal - 788,385 cubic yards 1,082,428
Roads and Embenkment Removal 76,930 cubic yards 118,930
Facilities Closure 38,300 cubic yards . 78,210
Subtotal F 115,230 cubic yards ; 195,140
TOTAL WASTE VOLUME 903,615 cubic yards * ' 1,277,568

. Source: MKF and JEG 1991.
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'3 IDENTIFICATION AND ANALYSIS OF TECHNOLOGIES

The data presented in Section 2 illustrate the diversity of the Vari_ous contaminants and

~ waste media present at the Weldon Spring site. This section discusses technoldgy types and
process options which are evaluated in the FS.and may be appropriate for remediation of site '
" wastes. This Engineering Analysis of Remedial Action Alternatives, Phase I provides data to

support the FS screening and evaluation of these technologies for effectiveness, implementability,
and relative cost: It should be noted that the costs presented throughout this report are
preliminary in nature and are based on the basic technology concepts described.. If any
assumptions' regarding the technology concépts are changed, the costs will also change.'

Effecuveness focuses on the degree to which a pamcular treatment reduces the toxlcnty, :

mobility, or volume of contaminated media. Implementability focuses on the technical and

- administrative feasibility of implementing the technology. Alternatives that are considered
technically infeasible or that would require’ equipment, specialists, or facilities that are not .
available within a reasonable period of time may be eliminated from further consideration. The -

relative costs to ‘construct, operate and maintain the - treatment facrhty or supportmg
mfrastructure are also consrdered for each technology

The equrpment and operational concepts. descnbed in thrs sectron represent a reasonable

basis for conducting remedial actions. They are not intended to represent the selected equxpment
or operating methodologies.  That selection - process would be based on_ optimization
considerations and additional information developed prior to final design. '

31 Removél

- For this discussion, removal of contaminated material is interpreted to mean physical
dis’pléceinent Removal measures can be apphed to all -affected media at the site. The

| ‘appropriate technology for implementing removal of contaminated matena.l is a function of the

physical and chemical properties of the media.

Recognizing the regulatory preference for remedial actions which-emphasize treatment
as a method to permanently or significantly reduce contaminant mobility, toxicity, or volume,

‘removal of waste material by itself is not considered to be a remedial solution. Rather, removal

of specified waste media is vxewed as one step in the remedxal actron process at the Weldon
Spring srte
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3.1.1 Conventional Excavation :

Because of the phys:ml nature of site soxls sedlments and rubble these materials may
be removed and transperted using one or several combmanons of conventional construchon/earth

moving equlpment However, this equipment is not effective in removing: high-water-content

sludge such as that present in the four raffinate pits. Specific quantities of material requiring
removal may vary depending upon the specific treatment method selected (i.e., in situ
stabxhzanon versus removal pnor to treatment) ' - :

Potential excavation equipment for soils, sedlments, and rubble may include backhoes, )

front shovels, wheel front-end loaders, and other types of conventional equipment. Front-end
Joaders can excavate shallow, more areally extensive zones. of contamination, _whxle.backhoes
" can more efficiently remove localized, deeper contamination, such as contamination that may
~ be related to leaking buried pipes or sewer lines. Front-end loaders operate from the bottom of
~an ordinéry excavation face, while backhoes operate from the top of the face. Moderately sized
backhoes, such as the Cat 225, can excavate to depths in excess of 20 feet below the umt
(Caterpxllar 1984). Large front shovels, such as the Cat 245, can excavate bench heights of 30

feet. Excavation of an out ramp allows virtually any depth to be reached by either type of

equipment However, a backhoe requires somewhat less excavation to reach an cquwalem depth
since less ramping is required. Excavating small, deep holes is not practical with a front-end

loader. However, for removal of areally extensive horizons, front-end loaders and front shovels .
are excellent choices. The rapid mobility of the front-end loader also enhances the. ease of -

movement between widely spaced work areas.

Backhoes in the Cat 245 class with 3-cubic-yard buckets can only efficiently excavate a
minimum 2-foot-thick lnft on a continual basis. Front-end loaders in the Cat 988 class can
excavate approximately a mxmmum 1-foot-thick. lift but require a sufficient lateral extent of
material to be excavated to fill the bucket. Both methods demand careful monitoring to limit
. the amount of éxcess material removed. With careful supervision, 6-inch lifts may be removed
~ with some over-excavation. It may be practical to use an elevating scraper, such as a Cat 613C
~(Caterpillar 1990) to selectively remove thin lifts of contaminated waste or a motdr grader to

windrow the waste material for subsequent removal by front-end loader or backhoe. The unit

cost for excavation-using selective equipment is high. Usmg less selective and more versatile

equipment with some over-excavating may ‘be more cost effective than' using smaller more
specialized excavation equipment. ‘
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‘Contaminated soil areas at the site are numerous but isolated (DOE 1992b).

" Contamination in some areas can extend to depths of up to 10 feet. Small, isolated deep pockets .

- of contaminated material are not amenable to removal by either dozer-assisted scrapers or self-
“propelled scrapers, both of which function best in-removal of shallow soils of uniform depths
over large, geometrically simple areas. '

Draglines, ' stripping shovels, clamshells,” or bucket wheel excavators are not
_ recommended because they typically are too large and costly and lack the selecnvny necessary
for excavation of contammated soil and sediment at the Weldon Spnng site.

During excavation of contaminated soils and sediment some volume increase is likely. '
Swell or bulking, factors can range from near zero to 45% (Caterpillar 1984) However, |

v1rtua11y all of the volume increase would be reversed if the material were placed in an
' engmeered cell and compacted

Potenual transport -equipment includes dozers wheel front-end Ioaders scrapers, and

trucks. Different types of equipment have tight limits on opnmum transport distances (Pﬂetder =

1968)
Equipment - ptimum Transpo _Dijstance
Dozer - ‘ - <300 feet
'Wheel front- end Ioader 300 feet to 600 feet
Scraper S 600 feet to 1 mile

Truck . = ° 600 feet to 2.5 miles -

-Due to the size of the site and the assumption that haulage would likely be to a central
treatment, “disposal, or load out point, much of the contaminated media at the Weldon Spring
site would probably be transported distances of over 600 feet. Therefore, a scraper or truck
fleet would be the most appropriate choice for haulage.

The optimal equtpment fleet would be backhoes and front-end loaders for excavation

»coupied with haul trucks. The equipment required for excavation and movement of waste
material is readily available. o

Removal activities can be impacted by adverse weather conditions. For exampie, heavy

rainfall can cause muddy conditions that can significantly decrease the productivity of mobile

. excavation equipment due to the rolling resistance factor and reduced trafficability (Caterpillar
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1990). Heavy sndw' or icy conditioris can himpér‘ producﬁvity, and temperature extremes
typically decredse worker performance:and productivity. "

 Radiological and chemical analyses of soil, groundwater, and air samples are the primary
methods of monitoring the effectiveness of excavation activities. The WSSRAP Health and
~ Safety Manual, Environmental Protectmn Imp]ementanon Plan, and Waste Management Plan
provide for monitoring which will reqmre specialized equipment and personnel qualifications to

_ allow effective, safe handling of wastes. All on-site personnel involved in field and remediation
work require hazardous waste safety training. Equipment operators also need the specialized
skills normally required for construction operations. Environmental engineérs, geologists,

geochemists, industrial hygienists and other profeséional staff will assist the equipment operators - -

" in waste removal and correct application of appropriate technology to ensure worker safety.

The unit costs for waste removal, reclamation, and related operations listed in Table 3-1
were developed from cost estimates for the excavation, removal, and transport'of various waste
media (engineering calculations developed by the project), except where otherwise mdxcated
It should be noted that these costs are prehmmary in nature.

TABLE 3-1 Unit Cost Summary for Removal and On-Site Transport Activities,

Activity/Media - ' S - ' $ Costiyd®
Remove surface soils in the chemical plant area . 8.51
) Remove raffinate pit soils and‘clavlbonom . - C 12.58
_Remove conteminated soil surrounding underground piping and sewers . 12.85
Remove soils and sediment from Frog Pond ’ " 13.62 )

Remove soils end sediment and organic debris from Ash Pond, the North

South Dumps, end the mulch pile A _ . . ) 15.83
Place pond aggregate base o o - ’ © 2387
Remove soil and sediment from Busch Lakes 34, 35, end 36 . . .20.001®
Remove soils from Army Properties 1,2, and 3 and- Busch Properties 3, 4, and 5 ~ 207.77™
" Remove soils from Army Properties 5 and 6 ’ ‘ ’ . . ' 207.83
- Remove roads and embenkments . - : : . 10.44
Remove raffinate pit rubble . ’ . 234.08
Remove concrete foundaiions and haul to MSA . 18-.42. '
Underground piping and sewers (remove and backfill) . ) . 45.30flineer foot
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TABLE 3-1 Unit Cost Sdmmary fdr Removal and On-Site Transport Activities

" (Continued)
Activity/Media "’ . ’ . ) $ Cost/yd®
Haul material from the TSA or MSA to the VRF or on-site cell ‘ _ " 23.46
Haul material from the VRF fo on-site cell ‘ ) o ’ 23.46
Haul stabilized sludge to on-site cell . 7.47

Facilities removal : : . o
. TSA : ; ; ; ' 11.83

T e MSA ' i . 21.02
° VRF : 254.87
. Site WTP . . ' = o 254.87
Raffinate pit reclamation o
. Borrow ‘ ) - 13.80
. Berms o " . 2.55
. Topsoil ‘ . . 17.52
. Seed and mulch ' 0.046/f1?
Chemical piant reclamation ) _
. Fill - : : 8.50
. Topsoil . ; 17.52
. Seed and mulch - - A 3,700.00/acre
Operations Ce :
. MSA - : . 5,163,948, Lump Sum
. Site Water. Treatment Plant (7.5 years) ) I i - 3,466,940. Lump Sum
. Construct Decontamination Pad 5 o . o 43,016./e8
. Decontamination Pad (8 years) = = : ) 1,185,407, Lump Sum
. Dewater Raffinate Pits (53 months) : : 1,393,365. Lump Sum

&} cost Estimate for E)-rcavation and'Transporrstion of Vicinity Property Soils, MKES Report No. 5121-
V:EN-R-05-0071-00. November 1992,

&) Includes excavation, transport, decontamination, and reclamation.

3.1.2 Dredging

The raffinate sludge is a very ﬁne-grained gelatinous material averaging 27% solids and

73% water. These physical characteristics lend themselves to a pumping operation as opposed

to other, more conventxona] Temoval, loadmg, and haulmg methods

The Raﬁinate Sludge Dre_dging and Dewatering Study (MKES 1992b) examined four

" methods of removing sludge from the raffinate pits: cutting head dredge, monitor slurry system,

scraper, and dragline. The efficiency of each method necessary to provide the required results

is largely dependén_t upon the nature of the sludge material and the working characteristics of
the specific equipment. : - ,
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An initial ‘evaluation of each sludge removal method resulted in the elimination of '
scrapers and draglines as alternatives. Scrapers are rubber-tired vehicles which load and carry
the- matenal to a designated lay-down Tocation and consequently requnre the removal of surface

- water prior to operation. Due to the liquid state of the sludges, scrapers could not operate
efficiently if at all. Additionally, the sludge material would be difficult to handle since it would - '
.-not stack upon drscharge but would spread over a wxde area. While a dragline operation .
effectively removes liquid matenals from a pit area, it requires that the material be dumped.

directly into transportation vehicles in a semi-liquid condition or into a pile for subsequent ‘
loading and transporting. As in the case of the scraper, ‘the raffinate sludge material with its

‘high moisture content would not stack but would spread over a wide area.

The two sludge removal systems retained as. viable alternatives are the cutting head
‘dredge method and the monitor slurry system. The cutting head dredge method involves the use
of a dredge, suspended on the ponded water of the raffinate pit, to cut and direct the sludge
material to a slurry pump. The sludge is then pumped through a pipeline: to a sludge holding -
~ bin pnor to treatment and/or disposal. A monitor slurry system consists of a submersible slurry
pump, Wthh can handle up to 40% solids, eqmpped with an in-line solids monitor to ensure the -
‘appropriate solids concentration (25% to 30%) is maintained within the sludge slurry As with’®
the cutting head dredge method, the sludge is pumped through a pipeline to a holding bin. .
Another alternative mvestxgated is to remove surface water and to excavate on.an advancmg face
with a shovel-front and truck spread

Because water is rerained over the sludge, the dredging process will not generate
contaminated airborne particulates. The ponded water in the raffinate pits will also minimize
radon emissions during the dredging of the underlying sludge. However, enclosure of the pit
or continuous dust suppression by fogging and applying dust inhibitors, as well as remote,
peripheral operation, may be required to contain any airborne contaminants generated during the
. monitor slurry system process The monitor slurry system also requires that the sludge be

“dewatered and recirculated to maintain the proper percent of solids i in the slurry, srgmﬁcantly
increasing costs and the time required to implement. ‘

Program requirements for hazardous waste safety training, equipment operating skills,
and worker safety will be similar to requirements described in Section 3.1.1.

" Both sludge removal methods (dredge or slurry) can be combined with a dewatering
technique, either a cyclone or belt press system. Preliminary cost estimates for 220,000 cubic

yards of sludge were developed (MKES 1992b) for viable combinations of the dredging and
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. deWat,er_ing methods. These estimates include capital and operating costs -as well :as bond,
" insurance, and profit.. - ' ' L _

Dredge with cyclone .~ - $11,747,000

Slurry with t':ycl’one (T - 13,393,000 -

Slurry with belt. press E N "16‘ 235 OOO ;

Based on the costs developed by MKES (1992b), dredgmg would cost an estlmated o
$49 20 per cubic: 'yard w1thout a dewatering ‘component and $53.40 per cubic yard with
dewatering. Therefore, dredgmg the 220,000 cubic yards of raffinate sludge and pumping the
material directly to a holding tank would cost an estimated $10, 824 000 Dredgmg and momtor
“ slurry system equtpment is avmlable from mdustnal suppliers.

3.2 Land Disposal

‘Land disposal involves the controlled placement of the waste media into or onto .t'he'_
ground surface to isolate the hazardous constituents in the waste Off- and on-site land dtsposal' A
options were’ evaluated for dxsposmon of. various. Weldon Spnng site’ waste matenals land‘
disposal facilities can be constructed of naturally occurring’ materials, such as clay, soil, and
' gravel or of ‘manufactured materials such as concrete Dlsposal facxlxty conﬁgurattons for

o, contammated solid waste matenals typlcally 1nclude engmeered disposal cellsor concrete vaults :

' Smng, design, and constructxon of either an on-site or off-sxte dlsposal facxhty would be subject
to numerous regulat:ons

The W_eldon Spring waste is considered a. by-product »m"aterial resulting from the
extraction or concentration of uranium or thorium from ore (11e[2], Atomic Energy Act). The

" 'EPA regulates by-product material under the authority of Section 275, of the Atomic Energy Aet

of 1954 and' the Uranium Mlll Tatlmgs Radxauon Control Act of 1978 (UMTRCA).

 regulations provxde standards for management of uranium-and thorium by-product materials (40_ B

_CFR 192.30 et seq.).. In general, these standards require- that at the end of closure, disposal
areas must comply with the closure performance standard in 40 CFR 264.111 with regard to
nonradtologlcal hazards. Dlsposal areas must be designed to provide reasonable assurance that -
radiological haza:d control will be effective for 1,000 years (or to the extent reasonable

- achievable) and for at least 200 years. In addition, releases of radon- 220 and -222 must be

- limited. to less than 20 pCi per square meter per second above the cell. There is an exempnon
- (40 CFR 192. 32(b)(2)) for poruons of a site with land concentrations of radium-226 and -228 -
'(averaged over areas of 100 square meters) Wthh do not exceed the background level by more
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than 5 pr/g averaged over the first’ 15 centimeters below the surface and by 15 pCl/g averaged: o

over 15vcent1meter—th1ck layers more. than 15 centlmeters below the surface

A Section- l21(d)(~3) of CERCLA requires that the transfer- of hazardous substances off site
o be made only to facilities that are operating in compliance with sections 3004 and 3005 of the
-Solid Waste Disposal Act (or, where applicable, in compliance with. the Toxic Substances

Control Act or other applicable federal law) and.all appllcable state requxrements In addition,
the dlsposal cell must not be. releasmg any hazardous’ ‘waste, or constituent thereof into the

| groundwater surface ‘water, or soil, ‘and all such releases from other cells at the facnlxty must

' _be controlled by a correctwe actmn program

'3.2.1 Off-Site Land Disposal B

. Off-site land dxsposal provxdes an optron for managing contaminated matenals at sites

where on-site disposal may not be feasible. Although the principal advantage for off—sxte

'dtsposal is the permanent removal: of contaminated materials, other advantages include no
- requirement for long-term maintenance of an on-site facxhty, and greater site accessxblllty for. .

,.,-.addmonal remedial actions that may be requnred 'Disadvantages include the potentxal risks of
traffic accidents and contaminant : $pills associated - with transport to the off-site facility,
continuing responsibility for waste materials placed at an off-site facility with:less control over

" actual diSposition, and signiﬁcantly higher coSts-for off-site transport and disposal-..

The cost of off-srte transport of waste material is dependent upon the treatment method -

- selected. For example vitrification of site soils, sediment, and sludges will require transport

of less material, whereas, chemical stablllzatlon would requlre the transport of an mcreased
“volume of matenal - = :

3.2. 1 1 Ol'f-Snte Land Dlsposal Facllmes During a previous study (MFK and JEG
. 1992b), eleven off-site land dlsposal facilities were evaluated' as potential disposal sites for
~ Weldon Spnng wastes. The results of thls evaluatlon are summanzed below

o Amereco, Kin’gsville; Mis_souri_. This facility is closed.., 3

°* Envu-onmental Servncs, llnc Located in. Kansas City, Missouri. ThlS facxhty
. cannot accept or dtspose of radxoactxve waste or.mixed waste..
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Rsources Recovery, Inc. Located in Hanmbal Missouri. ThlS facxhty cannot
accept or dlspose of radioactive waste or mixed waste

Waste-Tech Sei'vics, Kimball, Nebraska. The Waste-Tech _facility'cahnot ’

accept or dispose of radioactive waste, by-product matcrial, or mixed wast'e.

Barnlwell‘ South Carolina. Managed by Chem Nuclear for the DOE, this

facility may be able to-accept by-product waste but cannot accept mxxed waste.
This facility is scheduled to close at the end of 1992.

Hanford Rmrvation, Richiland, Washington.' This facili'ty is operated by

Wéstinghouse for the DOE and may be able to accept by-product waste and store

mixed waste until an on-site mixed-waste ' disposal facility is constructed.

Administrative procedures necessary for the dlsposal of Weldon Spring waste are - |

not presemly in place at Hanford.

Beatty, Nevada. Operated by U.S. Ecology for the DOE, thfs facility can accept

by-product waste but cannot accept mixed waste. This site is also scheduled for

" closure at the end of 1992

Envirocare,v Clive, Utah.. This 'facility can accept bulk waste and does not
require that the incoming waste be containerized. The Clive facility can land

dispose of mixed waste and has submitted an application for. a license to accept

by-product waste. An environmental impact statement (EIS) is being prepared to

assess impacts associated with the facility'accepting 11(e)2 by-product waste.

The EIS is scheduled to be finalized in mid-1993. The Clive facility has
sufﬁcient.capac'ity to accept all of the Weldon Spring site wastes. However,
Condition 10 of the facility’s Radioactive Material License states that not more
than 300,000 cubic yards of radioactive material can be in storage or processing.

As stated in Condition 22, the facnhty must also receive prior approval from the
Utah Bureau of Radiation Control, on a case-by-case basis, prior to receiving by-

product waste. The moisture content of the incoming waste must be limited to .

5% of optimum as determined by the standard Proctor test. Condition 21 of the
Radioactive Material License states that waste can contain no more than 0.5% by

| volume of free standing liquid per container.
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° Midwest Compact. Th.isv facility will be constructed for disposal of low-level |

radioactive waste generated within the'compact member states. This facility is
not designed or intended for disposa] of large quantities of by-product‘ material.

3 Existing Missouri Sxtes No ex1stmg Mlssoun disposal facxlmes are hcensed to
receive mlxed or by-product waste.

.. - 'Hypothetical Missouri Site. Thc_a hypotheﬁca] disposal facility would be‘locAated.
within 100 miles of the Weldon Spring site and would be accessible by rail or

road. This hypothetical site would have to comply with all federal and state

regulatory requirements for the smng of a waste disposal facility. A difficult, .

costly, and lcngthy screening process would likely be required for site

identification. A suitable site, acceptable to the local residents, might not be

found.

Facility shutdown is a potential risk if waste is disposed of off site. Shutdown r'nay be

caused by revocation of a facility’s operating license due to regulatory violations. Generator o

“liability for wastes disposed off site presents additional risks. The generator (DOE) remains

:liable for the safety and security of the waste even though the waste is in the physical oontrql'

of the facility owner/operator. Additionally, the Weldon Spring waste may be placed with

‘wastes received from other generators. If disposal cell failure is caused by another generator’s

waste, distinguishing liability and blame among the different waste generators may be difﬁchlt
In addition, the apphcanon of ]omt and, severa] hablhty may 1mpose a much greater liability on
the DOE. - ‘

- Disposal fees at the Envirocare disposal facility range from $104.50 per ton for disposal
of 1 million cubic yards of non-RCRA soil to $156.50 per ton for 500,000 cubic yards for non-

RCRA stabilized or vitrified waste (Winner 1991). A preliminary disposal fee quoted for the -

Hanford facility is $1,944 per cubic yard or $1,296 per ton (MKF and JEG-1992b). Disposal

‘costs for Envirocare and Hanford are discussed in more detail in the Phase I1 EAA (MKF and

-JEG 1992a).
3.2.2 Off-Site Transport Requirements

The Weldon Spring site waste media include two types'of\radioactive materials (natural

~ uranium and thorium -and their respective daughter products) that are regulated by the U.S.
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: Deparm":éht of Transportation (DOT) if off-site transportation is involved. The requirements for
' the'safc transportation of radioactive materials are cited in Title 49 Code of Federal Regulations.

Spec1ﬁc reqmrements for the off-site transport of wastes are 1dennﬁed in:

. hDOE Order 5480. 3, Safety Requirements. for the Packagmg and Transportatxon
: .of Hazardous Materials, Substances and Wastes .

. | -ISOE Order 5820.2, Radioactive Waste Manageme‘nt..
e Title .1.0 CFR- Part 962, Bypr‘o&uct Matériz.x] Interpretation |
. Title 40 CFR 262, Manifest for Hézardciﬁs' Waste |

LI Title 49 CFR 1;73,'Contain¢r Requirements:

o« Ti‘tlg 49-CFl'2. 17.-4, Rail Tran_sanation |

Materials contaminated with natural uranium and thorium can be packaged aﬁd shipped
as radioactive material, limited. quantity, in accordance with 49 CFR 173.421. The material

. must be shipped in a strong, tight container, marked "radioactive,” and must include the
- shipping notice described in 49 CFR 173.421-1a. Limited quantity shipments are excepted from

specification packaging, marking, labeling, shipping papers, and vehicle placarding. . Package
limits for radioactive materials are specifically listed by isotope in 49 CFR 173.435..

The raffinate sludge contains high concentrations of thorium-230 and must be. classified
as Radioactive Material, Low Specific Activity, and transported as exclusive.use material (49

- CFR 173.425). By transporting as exclusive use material, a strong, tight container can be used

instead ofia DOT type A certified container. ‘Exclusive use shipments of radioactive materials
are excepted from the DOT package labeling requirements. However, the following DOT
requirements will still beAimposed: shipping papers, package marks, vehicle placards, and
exclusive use instructions. ' : - : ' . \

Any RCRA hazardous wasie as well as any non-RCRA DOT-listed hazardous material,
will also be regulated by the DOT. In addition to the federal DOT reqmrements some states ;
have their own special reqm_rements Many states require advance notification and permnmng _

. for shipments of radioactive material entering their domain.
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The Off-Site Transport and Disposal Options Study (MKF and JEG 1992b) identified
Envirocare’s Clive facility as the only potentially feasible commercial disposal facility for off-site
disposal of Weldon Spring waste. If the Weldon Spring waste is transported by truck or ra11 to
~ the Env1rocare site in Utah, the followmg agency coordmation will be required. :

e Department of Transportation Coordmahon is ‘'recommended, but not

required, with the DOT. However, compliance with DOT hazard classification,
~ manifesting, and shippmg requirements for the waste is mandatory.

. State of Missouri. Haulers must be registered through the Waste Management

- Program of the Depanment_of'Natural Resources to haul hazardous (but not
radioactive) waste. - Special notification is not required. Manifesting of all
shipments of hazardous wastes must be coordinated through the Missouri
Department of Natural Resources.

e _ Kansas. Haulers must obtain a Hazardous Waste Transporter Permit from the
' Division of the Environment, Department of Health and :Environment, to hau}
hazardous waste Kansas does not regulate low-level radioactive waste.

o Colorado. Haulers must obtajn a Hazard0us Material Transportation Permit from
the Colorado Public Utilities Commission to haul hazardous waste. Radioactive
waste shipments require-a permit only for highway-route -controlled quantities
(which does not apply to Weldon Spring site waste). ~

o Utah. No permits or speczal fees are required for sthment of hazardous or low-
level radloactive wastes m Utah. :

The Hanford facility near Richland, Washington, is considered a representative federal
disposa]'facility, although the administrative procedures required to dispose of Weldon Spring
_-waste are not in place. If the Weldon Spring waste is to be transported by truck or rail to the

Hanford reservation, in addition to the states of Missouri and Kansas, the shipments will also’
pass through the states of Nebraska, Wyoming, Montana, 1daho, and Washington. Each of these -

states requires that shipments of radioactive and hazardous wastes comply with all applicable
- federal regulatlons there are no state-specific permittmg or agency coordination requirements.
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3.2.3 Transpoi‘t to Off-Site Disposal Facility

Three transport options were investigated in the Off-Site Transport-and Disposal Options

* Study (MKF-and JEG 1992b); truck, rail, and barge. Transport options to off-site disposal - |

facilities were developed considering the following criteria:

. Unpackaged (bulk) waste transport

e  Containerized transport
"o Methods of loading waste

4 - Regu]atory .compliance

®  Accident potential

3.2.3.1 Truck Transport. Two trucking options were eva_iuatéd:, “bulk and

containerized. Bulk transportation would consist of transporting the waste in lined and covered '
trucks. The waste would be loaded directly into lined trucks, covered, tfansported to the -

disposal facillity, and placed directly into the disposal cell. ‘Containerized truck transport would

consist of loading the soil into enclosed containers for subsequent truck t_ra'nsport 1o the disposal -
facility. - All' trucks would be covered to prevent the loss of contaminants. Empty containers
would be returned to the Weldon Spring site for reuse. The following preliminary cost estimates . .

were developed for various off-site trucking and djspoéal options (MKF and JEG 1992b):

Clive, Utah®D (includes $96/ton disposal fee) =
Bulk transport o - -$448/ton
" Containerized transport . $560/ton

Richland, Washington® (includes $1296/ton disposal fee)
- Bulk transport T $1601/ton
Containerized transport - $1847/ton

‘Bulk transport -  $114/ton
Containerized transport A ~ $152/ton

" () 1,600 miles one way

@ 2,200 miles one way
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Truck transportation services would be provnded by trucking compames licensed to |

transport hazardous waste; however the probability of accidents occurring while en route is
directly proporuonal to the hauling distance and the. number of trips requnred for off~sxte
disposal. Truck transponanon of contammated medxa to an off-snte dlsposal facnhty could be
hampered by mclement weather.

3.2.3.2 Rail Tﬁmsport.’ Buik and containerized rail transportation options were also

developed.. The bulk rail transportation option would consist of loading the waste material

directly into trucks. The trucks would transport the material to-a rail siding where the material
would be dumped into hopper mlws The railcars would be emptied at the disposal site and
" the waste material hauled to and placed in the disposal cell. Containerized rail transportation
would consist of loading the waste into containers that could then be completely closed. The

containers would be transported by truck to a rail siding and placed on flatbed rail cars. The -

containers would be hauled to the disposal facility and the contents placed in thc disposal cell
Empty containers would be retumed to the site for reuse.: : :

} The Union Pacific and Burlington Northern Railroads serve the St. Louis area. The

Clive, Utah disposal facility can be accessed by Union Pacific. ‘The Burlington Northern
Railroad serves Richland, Washington, where a DOE-owned rail spur extends to the Hanford
reservation. The Burlmgton Northern Railroad does not allow bulk transfer of hazardous or
radioactive material on raxlroad property

Preliminary unit_costs were'deve]oped for the following off-site rail transport and disposal
options (MKF and JEG l992b):

Clive, Utah(D (mc]udes $96/ton disposal fee)

Bulk transport _ ‘ . $264/ton
Containerized transport | B
(disposal—rail haul—other cost)  .$312/ton - (96 + 57 + 159)

M 1,600 miles one way
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Richland, Washington? (includes $1296/ton disposal fee)

Bulk transport . .. $1437/ton
Containerized transport o L e
(disposal—rail haul—other cost) _ ~ .$1503/ton - (1296 + 80 + 127)

Hypothetical Missouri Site (no disposal fee |
Bulk transport : : " $133/ton
Containerized transport _ $160/ton

- All rail transport opuons wou]d also requ:re the construction of a loca} rallroad sxdmg
at an estimated cost of $4.3 million (MKF and JEG 1992b). The rail transport costs tothe
Envirocare facility and to the Hanford facility were estimated at $57/ton and $80/ton '
respectively. '

3.2.33 Bafge Transpor_'t.» The Hanford, Washington. site is the only ;svailgble non-
landlocked disposal facility. The nearest existing barge terminal to the Weldon Spring site is

~ located at Sauget, Illinois. The waste would need to be trucked through or around St. Louis,

Missouri, to the terminal for transloading to barges. Barging the material ‘\_Vould involve

transporting material down the Mississippi River, through the Gulf of Mexico and 'th_ei Panama = - |

Canal, up the Pacific coast to Portland, or up the Columbia River to Richland, Washington, a

4distance of approximately 7,000 miles. The waste would be transferred to trucks in Rnchland

for transport to thc Hanford dxsposa] facmty

A preliminary unit cost of $1,483/ton was developed for.bulk barge ‘transport to the

" DOE's Hanford facility near Rxchland Washmgton (MKF and JEG l992b) This’.unit cost

mcludes the $1,296/ton dxsposal fee
3.2.4 On-Site Land Disposal

" The volume of treated waste disposed-of on site wbu]d vary depending on the treatment -
method selected. On-site-land disposal of the various waste media would not specifi cally reduce
contaminant toxicity, mobility, or volume. However, disposal in an engineered-cell .or vault
would help meet these criteria by isolating contaminants from the environment. Placement of -
contaminated material into a land disposal facnhty does not emphasxze treatment as a prmcxpal
element and is hlghly reversible. i

(12,200 miles one way
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. _Groundwater momtonng would be requxred to venfy the effectiveness and mtegnty of .
o an on-sne land disposal facility. However, because the groundwater at the Weldon Spring site

is already contaminated, determining the source(s) of contamination could be dlfﬁcult

Geochemical characterization, contaminant transport and tracer studies, and effluent quantity -
‘from the leachate detection, collection, and removal systems built into an engineered éell would .
assist in determining whether groundwater contamination was caused by fallure of the bottom

liner.

 Disposal facility construction can be affected by weather extremes. Rain,> high winds,

and cold temperatures can cause a variety of problems. Muddy conditions slow the mobility of

equlpment while wind disrupts liner installation or can tear loose an mstalled liner. Liners
~ * become brittle and difficult to place under extremely coId temperatures ’

After May 1992’, the RCRA hazardous portion of mixed waste must be treated prior to

landfilling, as mandated by the RCRA land disposal testrictions (54 FR 48511, 40 CFR

268.35[g]). These restrictions require.that all hazardous wastes meet set treatment standards by = -
‘established deadlines. By-product material must be disposed of in compliance with regulations
promu]gated under the Uranium Mill Ta:lmgs Radlanon Control Act (UMTRCA) (40 CFR. .

192. 30)

A situation requiring additional remedial action beneath a“com‘plete'd on-site cell could .
present difficult problems and could require the waste cell be relocated. However, the other =

areas of the site would be accessible .to .additional remedial actions. The waste -would be
accessible, and other technologies could be used to treat it after excavation from the cell.

» ~ The On-Site Disposal Options (MKF and JEG 1992¢) examined on-site disposal options
for Weldon Spnng site wastes. The six options identified included ]agoons waste plles vaults,

landfills, cap/cover systems, and engineered cells.

" 3.2.4.1 Lagoons. Disposal }agoons are earthen structures equipped with a bottom liner

of clay and a leachate collection and removal system. The liner system is designed to prevent -
mlgranon of constituents into the groundwater or sml A dlsposa] lagoon would retain material

transported by a slurry pipeline. Lagoons are simple in design and easy to construct. However,
-disposal lagoons are not amenable to long-term disposal requirements.

3.2.42 Waste Plles Waste plles are a noncontainerized accumulation of matenal

usually mounded logether at ground level, by mechanical means. The waste pile is placed on .-
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a composite double liner to prevent mlgrauon of constituents into the soil or groundwater
Waste piles are’ srmple in desrgn and easy to construct However waste piles are not amenable
" to Iong-term drsposal requrrements

3.2.4.3 Vaults. ‘Vaults are Similar to engineered cells. The major difference is that the
waste is contained within a reinforced concrete structure which, in turn, can be enclosed by
‘edrth-based. bottom liner and cover systems. Vaults are amenable to long-term disposal -
‘requirements but must meet strmgent federal, state, and local design and location criteria.
Design criteria include provrsxons for liners and leachate collection systems to prevent migration
to the soils, strict siting’ limitations which will prevent contamiination of ground or surface
“'waters, and cover requirements which will limit radon emissions and infiltration. Vaults can be
designed and constructed to meet both RCRA and UMTRCA requirements. Concrete vaults are
typically used for the disposal of containerized waste. -

‘Although concrete vaults are structurally stable, these structures can be more permeable -
~ than structures constructed using clay. As a result, disposal of leachable material within a vault
“would require an additional low permeability lining of clay or other material. Compared _to'.an '
engmeered cell, the capabrhty to incorporate design changes to a vault (e.g., mcreaSe'or
decrease vault size) during both the engineering and construction phases is more dnfﬁcult and
could prolong the schedule. In addition, material placement is hampered by equrpment
~maneuverability constraints imposed by the vault structure and construction costs are greater than
“those for an engmeered cell. '

3.2.4.4 Landfills. Two typesof landfills. were considered in the On-Sire Disposal
Options (MKF and JEG 1992c): sanitary landfills constructed ‘with bottom liner and cap/cover
systems and direct-burial landfills thh only minimal cover.

A sanitary landfill has all of the basic components of an engineered cell. However, only

- a vegetative and compacted soil cap is required. The soil cap is constructed of mateérials with .

sufficient thickness to prevent radiation emrssrons The bottom liner contains a soil filter ’
- barrier, a leachate collection and recovery system, and a bottom soil liner. Only one leachate
collection system is included. Sanitary landfill costs as presented in the On-Site Disposal

Options (MKF and JEG 1992¢) ranged from $14.00 per cubic yard (590,000- yd’-capacnty) to.

$22.76 per cubic yard (114,000-yd*-capacity). - However, sanitary landfill design' and
construction standards permit only disposal of nonhazardous or non-radioactive waste. This
disposal option does not appear to be viable for the Weldon Spring site-since most of the Weldon
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* $164,500 per acre.

A direct bunal landﬁll has a similar cover. system to that of the sanitary landfill;
however, the bottom liner systém is eliminated. As direct burial landfills have no bottom liner.
system, they cannot provnde groundwater or soil protection. Unit costs- for unlmed (compacted

clay bottom), direct-burial landfills ranged from $6.64 per cubic yard (476,000- yd’-capacny) to

$6.86 per cubic yard (276 000-yd3-capa<:1ty) (MKF and JEG 1992c)

. 3.2.4.5 Cap/Cover Systems. Cappmg or covering is an alternative for areas or pockets
of waste either contained or treated in situ. The cover for in situ treated material would be
similar to the cap/cover design for an engineered cell. It also contains an erosion protection and

* drainage layer. ‘Radioactive waste that has been chemxcally solidified and stabxlxzed requires an

additional radon bamer cap.

Cap/cover systems are simple in design and easy to construct. Installatidn costs for cap
and cover systems developed by MKF and JEG (I992c) for 26- and 30.7-acre areas averaged

3.24.6 Engmeered Cells. Engmeered cells consist of an earth-based bottom liner
(possibly equipped with geosynthetic membranes and leachate collection and recovery systems)

- and an earth-based .cover system. These structures contain the waste and prevent precipitation o

infiltration, wind, erosion, intruder exposure, and contaminant migration into the environment.

The cell may be built at or below grade.. The On-Site Disposal Options Study (MKF and JEG ' _
l992c) determined that varying the shape of the footprint shape .configuration of an engmeered :

cell has no significant effect on the volume of waste that could be stored in the dlsposal cell:
However, a square cell footpnnt has advamages in ease of construction,. expansmn and

" equipment maneuverablhty

Engineered cells are_amenablé to long-term dispbsal requirements but must meet stringent
federal, state, and local design and location criteria. Design criteria include provisions for liners

and leachate collection systems to prevent migration to the soils, strict siting limitations imposed -
to prevent contamination of ground or surface waters, and cover requirements which will limit

radon emissions.

An engmeered cell can be desxgned and constructed to contain all solid waste media

present at the Weldon Spring site. The type of cell construction could be directly related to the

-treatment method selected for remediation of the waste. A disposal facility could be designed
as a combination cell (double lined) for containment of both untreated and chemically stabilized
wastes. The combination cell would incorporate a double leachate collection and recovery
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system. Alternatively, the facility could be constriicted (o incorporate a double-cetl design, with
. an unlined (compacted clay bottom) cell for vitrified wastes and a double lined cell for untreated
wastes. The double lined eell would incorporate a double leachate collection and recovery
system. ‘

A combination disposal cell could isolate chemically contaminated demolition rubble,
wood, debris, soils, and chemically stabilized and solidified waste. The cell would be comprised
of three elements: a bottom liner system, a top cover and side slopes, and the compacted
wastes. The bottom layer would consist of four sublayers. From the top down, these sublayers
would be a filter layer; a leachate collection and removal system; a second leachate collection -
and removal system; and a clay liner. The waste would be placed directly on the filter _layer '
The tdp cover, from the top down, would consist of a vegetative chock rock layer or riprap at
least 1 foot thick, a frost cover at least 2 feet thick, a filter layer at least 6 inches thick, a drain

layer at Jeast 1 foot thick, a second filter layer at least 6 inches thick, and a radon barrier layeg
at least 4 feet thick. The layered side slopes, from the top down, consist of a vegetative chock
" rock layer at .least 6 inches thick and/or a riprap layer 1 foot. thick, a filter layer, a_.frost: '
prdtectio_n layer, and the ¢ontinuation of the top cover radon barrier. - . '

. Vitrified ‘waste material could be placed'i‘n an unlined cell that retained low-level
- radiation control characteristics An-unlined cell is similar to a low-level radioactive waste
disposal cell, such as those belng designed and constructed for the DOE’s UMTRA PrOJect A
‘lining system is not required in this type .of cell, but a cover that prevents infiltration and
provides radon attenuation is required.

An unlined cell may involve both below-grade and above-grade construction. An earthen
embankment would be constructed using the excavated material to attain the cell’s design height
of approximately 35 feet. This cell would feature a cover consisting of a filter layer to maintain _
waste separation from the infiltration/radon barrier, an infiltration/radon attenuation barrier, a .
frost protection layer, and an erosion protectlon layer (riprap or topsoil with grass). Costs for

‘an unlined cell with a radon attenuation barrier cover would be a combmanon of unlined direct-
burial landfill and double lined disposal cell costs. -

Preliminaryvunit costs fora 'combination (double,—lined) cell ranged from $20.07 per cubic

yard (660,000-yd* capacity) to $36.48 per cubic yard (70,000-yd* capacity). Unit costs for

single-lined engmeered cells ranged from $13.98 per cubic yard (660, OOO -yd? capacxty) to
'$22.75 (184,000-yd? capacny) (MKF and JEG 19920)
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33 Physical Treatment

Physrcal treatment techno!ogles exammed mcluded sizé reduction, raffinate sludge
drymg/dewatenng, hydrolasing, hqmd abrasive blastmg, and physrcal separatron of contaminated
soils prior to dlsposaJ

3.3.1 Size Red'uction

Building material size reduction can be implemented as a preliminary'compor)endt of
remedial action. The types of debris, equipment, fixtures, buildings, structures and materials

_ may vary widely at a site and the variety of materials to be processed wrll guide the selection
.of equipment to separate, remove, dismantle, or demolish each type. The Size Reducnon,

Development and Evaluation of Process Options, Phase 1 Report (JEG 1992a) and the Sizing of
Building Materials and Structures Study (MKES 1992c)-identified equipment and procedures for
the dismantlement/demolition and sizing of building materials and debris at the Weldon Spring

 site. These studies emphasrzed that initial separation and processing is optimally accomplished
during dismantlement as the debris, equipment, fixtures, buildings, and structures are being

removed. Backhoes, front-end loaders, and cranes outfitted with shears, grapples, wreckmg

A balls, and hoe rams have been recommended to: accomphsh this work.

-Sizing of the Weldon Spring site waste material would result in an overall decrease in
the processed debris volume. This predicted decrease, however, would likely be rather small,
perhaps less than 10%. If land disposal was a selected method of containment, sizing of these
materials, although not required for placement within. the disposaj facility, would facilitate
handling and subsequent placement in the disposal facility. Contaminant mobility and toxicity

~ would not be significantly reduced. Volume reduction of metal building debris can also be

accomplished by induction furnace metal me]tmg, which is discussed under thermal treatment
processes. ‘

A number of regulatrons would affect material sizing work performed at the site. The

regulatory framework primarily includes air emissions limitations and worker protection

standards. The sizing process would generate dust. To control dispersion of fugitive dust, the
process equipment would be housed in an enclosed, baghouse-equlpped structure. Ermssrons

* from the baghouse must meet the EPA regulatnons for ambient air quality standards; the 24-hour
average particulate level limit is 150 pg/m . Fugitive dust from stockpiles would be controlled -

_using water sprays and wind feneesvwhere appropriate. The primary control method would be
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spraying water amended with surfactant dunng work actxvmes Water would be reapplied
. frequently to maintain effectiveness. ' '

> 3. 3 1.1 Jaw Crusher. Jaw crushers consist of vertical stationary jaws and inclined

swing jaws to provide a variable opening from the top feed point to the bottom discharge: point.

The top opening is fixed; the bottom opening is adjustable and determines the size of the product

discharged. The swing jaw action is produced: either by an overhead eccentric shaft with a

toggle arrangement to maintain the position of the bottom of the swing jaw or by an eccentric .

shaft operating a single or double toggle attached to the bottom of. the swing jaw with the top

of the swing jaw positioned by a pivot shaft. Jaw crushers are generally used for primary size
- reduction limited to a 3:1 to 4:1 size reduction. Jaw crushers can generally aceept particle sizes
--from 12 inches to 48 inches. To prevent chokmg the crushing chamber jaw crushers are
- genera]ly uniformly fed w1th a feeder. Jaw crushers can process

. Rock, non-ferrous and ferrous ores
»” . _Concrete

e ' Asphalt surfacing

. Brick.

. Metal melting slag.

' . ' ~3.3.1.2 Impactor. An impactor consists of a rotor with swing hammer and breaker
' blocks mounted on a stationary housing. The material enters through an openihg in the top of
the housing and drops vertica]ly. The rotating swing hammers strike the material driving it
against the stationary breaker blocks. The material rebounds and is again struck by the rotating
swing hammers. The cycle is repeated until the reduced size material is discharged through the
bottom opening. There are no cage bars, s0.10 crushing by attrition or compression occurs.

_ Crushing or size reduction occurs by impact on the rotatmg swing hammers and stationary
breaker blocks. Due to the repeated crushmg, cycle size reduction up to 35:1 is feasible.
Impactors are usually uniformly fed by a feeder or scalping screen. Impactors can ‘process:

e Friable rock and ore -

- e - Concrete
e  Brick
*  Floor and wall tile

. Asphalt surfacing
e . Metal melting slag
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3.3.1.3 Rotary Shear Shredder. A rotary shear shredder consists of electrical or

hydraulicly driven, disk-type knives configured either as a single rotor with breaker bars or a
counter-rotating type. -The rotating knives operate at a low speed to produce a high torque for

the shearmg action. The shredder can be continuously fed from a hopper with or without a .

hydraulic ram assist. “The matena] discharged would depend on knife or knife and breaker bar
spacing to establish the maxxmum dimension in-one dlrectxon Rotary shear shredders -can
handle: ‘ ‘

e Structural shapes in lengths, dependmg on machme w1dth knife cnrcle dxameter o

; and metal thickness
Ce Steel- and alloy-fabncated plate shapes

. Siding

e . Rebar

s . Electrical switchgear

. Transformers '

. Conduit

* Pipe _

®  Vehicles and parts’

. Railroad ties, powel_' poles, and miscellaneous timber -
. Process equipment ' ' '

L] - Concrete -

Shredders have been used effectively to brocess material in a variety of industry
applications. Weldon Spring materials which could be processed using shredders include

reinforced concrete and pavement and a large percentage of the metals. Rotary shears can easxly _

.process rebar, wooden matenals metal siding, office and laboratory equipment, conduit, pipe,
and tanks. ' '

3.3.14 Hammer Mill Shredder. “The hamrﬁef m111 §hreddef ed}léists of a rotor with

swing hammers and a statxonary housmg The top portion of the stationary housing is equipped
. with breaker blocks and the bottom pomon is equipped with cage bars. The crushing or size

reduction occurs due to impact in the upper portion as described for impactors and from attrition

and compression of the material on the cage bars by the rotatmg swing hammers. The material
enters the machine at the top through an opening oh one side of the rotor tangential to the swing
hammer circle. The material discharges through an opening in the bottom Hammer mill type
'shredders are generally umformly fed and can process: '
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e Siding
. e.-  Brick

. Floor and wa.ll trle
® . Concrete
.® ° _Vehicles -

LA Metal tu}ming-s

. 3.3.1.5" Shear. A shear consists of a horizontal table or p]atform and a vertical
gu1llotme blade driven by gravity and an energy-storing flywheel driving an eccentric motion
device. Shears are generally fed by placing the material on the horizontal platform with the

portion to be sheared off extending beyond the vertical guillotine blade and advancing the’

material after each stroke of the blade. Materials that can be processed by shears include:

e  Railroad rails

‘s - Process equipment
o Vehicles and parts
. Conduit
. Pipe-
. - Electric motors
.. Electrical switchgear and controls
e Transformers '
" Siding
. Rebar

.3.3.1.6 Cutting Torch. A cutting torch is a hand-held tool compnsed of a mlxmg

chamber with an oxygen bypass valve and a nozzle (cutting tip) to burn the gas and oxygen

mixture. A gas (such as acetylene, propane, or methane) and oxygen are pressure regulated and

supplied to the cutting torch where they are mixed and burned. Molten metal is produced under

the torch flame as the metal ‘mass is heated. Once molten metal is formed, a high volume of
oxygen is bypassed through the bypass valve and is applied through the tip to the molten metal
- causing rapid ‘oxidation of the metal. Movement of the torch across the metal plate or material
continues the rapid oxidation, causing the separation or cutting of the plate The cutting torch
can be used on all metals that can be oxldlzed rapidly. However many alloys are resistant to
- oxidation and hlgh temperatures ' :

3.3.1.7 Other eqxipment.' Concrete saws or pavement breakers can effectively cut or
fracture concrete. -This material can also be rubblized. using wrecking balls or hoe rams.
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Pulverizers can crush 'unreinforced concrete and pavement, and can crush reinforced concrete .
to separate reinforcing bar and steel beams. Tractor-crawlers may be used to-flatten pipe, tanks, ‘ '

~ . cost rankmgs are presented below in Table 3 2,

and miscellaneous eqmpment ﬁxtures, and debns.

Standard commercially avmlable compactmg machines can be used to condense and bale
garbage refuse, trash, and other similar waste. In-drum compactors, which condense material
at an 8-to-1 ratio, - ‘can process small quantmes of miscellaneous waste. The final product of

compaction, however is not as amenable to further treatment or d1sposal as the product of a

shredder.

Préliminary relative cost comparisons for the Varibus size reduction equipment and the
various waste. media to be processed were developed in a prevxous study (JEG 1992a) These

TABLE 3-2 Siz_e R'eduction.Equipment Cost Comparison -

. ’ Crusher Type Shredder Type ) ;
Waste Media ' ] Jaw Crusher ~ * Impactor Rotary Hammer Mill Shear Cutting Torch ‘
Structural Steel 1 2 3
Fabricated Steel Plate 1 2 - T
Fabricated Alloy Steel Plate 1 3
Siding 1 2 3
Re-Bar } 1 3 ‘3 3
Concrete/Rock _ 1 1 -
Brick - . 1 1 2
Floor and Wall Tile ) 1 1 2
Glass 1 2
Asphelt Surfacing 1 2 '
Tar and Gravel Roofing 1 - 2
Railroad Ties and Timber - ’ S 1 2
Railroad Rail ‘ " C _ -2
Vehicles ' ) 2. 1 1 3
‘Metal Melting Slag 1 | ‘ y
) ‘Pipe . ) ‘ . 2 3 :
Conduit A : 1 2 3
Electric Motors A & : 1 2 .
Electric Switchgear ' : 1 2 3
Transformers . .~ .~ . . : ' 1 2 3
2 - .3

Process Equipment . - . . . R

Least Costly’
Average
Most Costly

1
2
3
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3.3.2 "'Dewatering and Drying |

Dewatermg and/or drymg may be performed to facxlxtate matenal handlmg or as-a
precursor to several. treatment technologies and therefore could have a major 1mpact on the
; 1mplementab111ty and cost of these remedral technologles ’ :

3.3.2.1 Dewatering. - Dewatering is a broad term referring to any process that reduces _
the water content by’ mechanical removal of free water This action reduces the volume of waste '
which subsequently increases the solids content of the remaining waste. Three studies examined
the possibility of dewatermg the raffinate pit sludge; Weldon Spring Speczal Studies Phase 11
Report on Dewa.rermg/Drymg (JEG 1992b), Raﬁ?nate Sludge Dredging and Dewatering Study
) (MKES 1992b), and Drymg (Mechamcal and Yhermal) Development and Evaluation of Process '
Optzons (JEG 1992c)

_ , The JEG study (1992b) focused solely on a rotary vacuum ﬁlter system to dewater the
raffinate.” In this system, the drum rotates in a vat containing the suspension to be dewatered.

Liquids/solids separation is-accomplished by vacuuming the liquid from the interior and drawmg
it through a filter medium, leaving solids on the medium for separate collection. As.the drum
© rotates, ‘this medium provides a continuous filter layer which undergoes the followmg sequence:-
1) cake formation, 2) hqurd extraction or drymg with.applied vacuum, and 3) filter cake removal
A' with belt-type dlscharge High- pressure water sprays dislodge particles that could build up and
clog the medrum ' S :

The MKES (1992b) study exammed three dewatermg methods a cyclone system a belt’
filter press system, and pressurized electro-osmotic dewatering. Cyclone system dewatermg 1s
accomplished using centrifugal ‘force, plate thxckeners -and ﬁltenng methods. Belt press
-dewatering is typically accomplished using a belt. press, screen, and flocculation. Although '
-' ‘bench- scale testing of the pressurized electro- osmotxc dewatermg process has been promxsmg,
thxs method is still m the laboratory stage and was not considered further.

_ " Three categories of dewatermg methods were evaluated.in the earlier JEG study (l992c) _
- clanﬁers and thlckeners mechamcal filters, and expressron presses.

Clarifiers are employed with dilute suspensiOns to produ_ce a_'relative]y clear overflow.
~ Continuous thickeners are used in applications where large quantiu'es‘of_ solids must be

concentrated or removed from large volumes of solid- hquxd slurries. Suspended solids are
separated by gravrty settling and continuously withdrawn in the underﬂow Although clarifiers
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and thxckeners have- dlfferent smng cntena these devxces are. very similar. Clanﬁers usually ) :

employ a mechamsm of hghter oonstrucnon wnh a lower orque drive head.

Mechamcal filtration. mvolves the separatmn of fluid- sohds mlxtures by pumpmg the_ '
mixture through a porous barrier which retains most of the solid partwulates Expression
pressing is a form of solid-liquid separation. This method is different from ﬁltra;_ion in that

pressure is applied by moving the retaining walls instead of by pumping the material into a fixed
'space. Expression presses can’dewater matenals that may appear entirely. solid and not

k ‘pumpable. Contmuous expressxon equnpment mclude screw presses, rotary m:lls, and beltf' "

,presses

The Raﬁinate Sludge Dredgmg and Dewa:enng Study (MKES 1992b) predlcts achlevmg

" a product havmg a75% to 85% by weight. solids content using a belt press system and 85%

solids content using a cyclone system. In contrast, the- Weldon Spring Special Studies Phase 11

Report on: Dewatering/Drying (JEG 1992b) suggests-a product containing only 24% to 32%

~ solids (68% to 76% moxsture) by welght is possrble using a rotary drum vacuum ﬁltratxon
system ' ~ s

3

- reduction of 147,300 tons (66%). “The remaining 45,000 cubic yards of dewatered sludge would
have an estimated dens:ty of 1.67 tons per cubic yard

Nitrates and other soluble compounds would be. contamed in the wastewater. stream
pumped from the dewatering circuit to the wastewater treatment plant. Assuming that all of the
nitrates in the raffinate sludge are soluble and- that the dewatering process achieves raffinate

' sludge dewatering to 80% solids, approxrmately 90% of the nitrates would be removed from the_ :

sludge

Cyclone—based dewatermg of the Weldon Sprmg rafﬁnate has not been demonstrated.
_ Dewatering by cyclones is optimal for a suspended particle slurry, not for a gelatinous chemical
- precipitate such as the Weldon Spring raffinate. Most of the raffinate pit sludge (89-99.9%) has
~a particle size of less than 0.003 inch (i.e. particles that pass the 200 mesh sieve)

(MKF and JEG 1989). - Once the raffinate is dewatered, it could be difficult to handle and . -
particulate emissions could be difficult to control. Consequently, due to the poor weight bearing =~
'capacity of the unstable dewatered sludge, subsidence of a disposal cell cover could occur. For -
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a case study investigated for the belt press system a polymer was added to azd flocculation
- (MKES 1992b). Other potential additives could include ﬂy ash lab pac, des:ccant ﬂocculent
and propnetary chemlcals ' :

- Filtration systems require that the original mixture is sufficiently fluid to be pumpable.
. Filters cannot be optimally sized based on theory; small-scale tests must be performed to select
the appropriate filter. Many.types of filters are available for heavy duty, continuous. service. -
Expression presses can dewater material that may appear entirely solid and not pumpable In-
some apphcatrons, this technology is competitive with thermal drying. :

Most dewatering eqmpment is available from industrial equipment suppliers; this process
requnres ‘only standard machinery. Dewatering cost estimates for the'cyclone and belt filter press
systems are presented in Section 3.1.2 in conjunction with the dredgmg and sluny sludge
removal options. Preliminary costs developed for sludge dewatering using a rotary drum

- . vacuum filtration system are presented below (JEG 1992b).. These capital and operating costs

are based on a 3-year operation at 260 days per year, 24 hours per day. - The estxmated cost of
dewatering 226,993 tons of raffinate- pit and quarry sludges is summarized below Addmonal
testing will be required to determine the effectiveness of various dewatering processes

Feed Rate - Co e -
(b/day) Media - : ' _ Costs

582,000  Raffinate-and- quarry sludges  $1,700,000 ($7.49/ton) -

- 3322 Drying. Drying involves the physical removal of free water from solid
- materials by evaporation. ~ Mechanical dewatering often precedes drying because it is less ,
expenswe and 1s frequently easier.

Several alternative technologies- for thermally drying the raffinate sludge have been
studied (JEG 1992c). Thermal dryers can be classified as direct or indirect, based upon the
method of transferring heat to the wet solids. Direct dryer heat transfer is accomplished by
direct contact between the combustion gas and the wet solids. The vaporized liquid is carried
away by the hot gas. Indirect dryer heat transfer is accomplished by conduction through a hot

“surface. The vaporized liquid is removed independently of the heating medium. The thermal
. drying technologies include continuous tunnel circulation, rotary agnated pneumaﬂc conveyor,
fluidized bed solar beds, and rotary kiln.
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In the continuous tunnel system, feed material is placed in trays, trucks, or on conveyor

belts which move progressively through the tunnel chamber in contact with hot gas. Air flow
- is horizontal or across the material being dried. The tunnel drying system is workable for large

quantlty productlon situations mvolvmg most forms of partxculate solids and large solid objects ,

" Continuous feed cnrculat:on dryers are sxmllar to tunnel dryers except that the hot gas is

.etrculated verncally through a permeable bed of wet material. Success of these dryers depends

Aupon properties of the granular or pelleted feed material. - Characteristics of the feed material
must be such that hot air can be readily blown through the bed and the dry sohds can be
removed

. In a rotary dryer, feed xhaten’al moves through a. slightly inclined, horizontal, rotating

cylinder which can employ either direct or indirect drying. Direct-heat dryers are usually
equipped with interior flights for lifting and showering the. solids through the gas stream.

- Rotating dryer equipment is appllcable for processing materials Wthh are relatively free flowing.

These systems genera]ly dlscharge a granular product.

‘Agitated dryers are similar to rotary dryers, except that the housing enclosing the process

is stationary while solids movement is accomplished by an internal mechanical agitator. Like

" rotary dryers, these systems are applicable to processing materials which are relatively free

flowing. These systems generally discharge a granular product.

Pneumatic eonyeyor dryers eonsist_ of a long tube‘ca.rry'ing gas at. high velocity, a fan to

propel the gas, -a suitable feeder. for addition and ‘dispersion of particulate solids in the gas E
stream, and a cyclone collector to recover the dried solids. Pneumatic conveyor dryers are .

basically utilized for the removal of surface moisture.

, Fluidizing converts a bed of solid particles into an expanded,-suspended mass that has
“ many of the properties of a liquid Fluidized beds are successful in the roasting of sulfide ores;

' coking of petroleum residues; calcmatJon of hmestone aluminum hydroxide, and phosphate ores;

- drying; and waste combustlon

Solar drying beds usually involve spreading waste sludges on the ground for draining and

- for exposure to solar radiation. After sufficient drying, the material can be collected by common
.earth. moving eqmpment This practice is particularly effective in arid climates but can also be
utthzed with some success in other cllmates
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An,ctther study (JEG 1:9.9-2b) addressed drying as a single treatment component, that can

be incorporated into other waste treatment/handling systems. Direct-fired rotary kilns were

evaluated for drying both raw, untreated sludges and dewatered sludges. The rotary kiln dryer
consists of a revolving, elongated cylinder which is horizontally inclined and supported by riding

- rings. The cylinder is arranged so that the hot gases 'and materials pass continuously in opposite .

directions (countercurrent flow). The interior of the dryer is fitted with spiral flights at the feed

- end to quickly move the solids into.the active section where longitudinal parallel lifting. flights

pick up the material and cascade it in thin, even sheets so that drying is more efficient. The .
cylinder is rotated by a chain and sprocket arrangement in eonjunctron with a drive unit, which
features a reducer and electric motor,

Drying the rafﬁnate sludge could achieve compliance with federal restrictions on the
placement of free liquid-bearing materials into a land disposal cell. The JEG report (1992b)
suggests a product containing 1% moisture by weight is possrble usmg a drrect-ﬁred rotary
dryer '

Drying of Weldon Spring waste media, however, could release radioactive pa._rticulatest

The potential for acidic organic vapor emissions also exists, primarily for the quarry materials. .

Dust generation from the dried product could pose significant problems if adequate controls were .
not implemented. Drying of the sludges is not required nor operationally advantageous for
chemical stabilization. A dried feedstock could potentra]ly cause bndgmg durmg the feedmg of
vitrification units if this remediation technology was used. C

'Direct-ﬁred_ rotary kiln designs can be adapted relatively easily to accommodate widely.
varying quantities and characteristics of waste media. However, this system requires high_ g'as'"
throughput and has high dusting or solids entrainment characteristics. Field tests would be
required to evaluate the technical feasibility of this teehnology for drying Weldon Spring_.

~ sludges. The applicable standards for radioactive particulate emtssrons must also be determined-

to optimize the thermal drying system

. Another drymg study (JEG 1992c) examined thermal drymg processes for soil,
sedrments, and sludges and developed the relatrve cost companson presented below for ‘those

processes considered technically feasrble
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“Thermal Dryer Type - Relative Cost

~ Continuous Tunnel - “High
‘Continuous through C:rculatxon - " High
. Rotary Dryer . : ’ High
Agitated Dryer ‘ 4 High
_Pneumatic ‘Conveyor . High
Solar DryingBéd . .. . Low

The JEG (1992b) report on drying/dewatering présents preliminary capital and operating

cost estimates for drying both untreated and dewatered media using a direct-fired rotary dryer.

- Media B - - " Tons: . _Cost
Réfﬁnaté and quarry sludges (untreated) = 226,992 $8,300,000
Raffinate and quarry sludges (dewatered) - 175,037 7,100,000

Soil and clay (untreated) - ‘ 768,894 12,300,000
’fhese cost estimates are based ona 3-year operation, 260 days per year, 24 hours per day. .
333 .Physical Separafi(;n

. Physical separanon techmques involve mechanical methods of separating mixtures of
solids to obtain a concentrated form of the solids. Physxcal separation of contaminants confined
or adhering to a volumetrically minor specific size fraction of soil or sediment can, in theory,
' significantly reduce contaminant volume. A combination of processes may be needed to achievé
“the specified cleanup criteria for a given contaminant. A combination of processes may be

needed to achieve the specified cleanup criteria for a given contaminant in the soil. Potential
_methods of physically separating soils into contaminated and uncontaminated fractions evaluated
in the Evaluation of Physical Separation Techniques for the Trearment of Contaminated Soils

' (MKF and JEG 1992d) include screening, classification, flotation, grawty, evaporahon and -

ultrafiltration separation technologles

‘A primary constituent of Weldon Spring site soils is clay. The site soils generally consist
of clay-sized (30 to 48% of soil) or silt-sized (39 to 68% of soil) pai'ticles. ‘Because of the
chemical activity. of clays and the amount of clay- and silt-sized particles present, the majority
of contamination is absorbed onto the finer grained fraction of the soils. All of the separation
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techniques évaluated are effective in isolating radioactively contaminated materials and separating
" metal contaminants from the soxls The effectiveness of treating ihe chemical contaminants
needs to be venﬁed ‘ : e E L

Most phy51cal separanon processes require substantial amounts of water. The -
contaminated fraction of soil: must then be separated from the water pnor to dlsposal The

“ separated water is usually punﬁed and recycled to reduce the volume of water necessary for the R

process. Mechanical separators would require dust control measures and process water _
treatment. - ‘No additional environmental controls or permmmg would be necessary. )

The MKF and JEG report (1992d) developed relative cost data for the physxcal separatron' |
processes evaluated

T@hnology . Relative Cost

Screening ‘ Low

Classification - . - Low -
" Flotation- - High
_ Gravity ‘ . Med. -
* "Evaporation _ - Med.

Ultrafiltration ' ' High

 3.3.3.1 Screening. Screening is the mechanical separation of particles based on size,
‘which is usually achieved using uniformly perforated openings (such as sieves). Particles larger
than the screen are retained while the smaller particles pass through. Screens are generally used
to separate material that would not require subsequent treatment, such as contaminated soil
mixed with rubble. Screening is normally limited to particles larger than 250 microns. The
efficiency of screening is also affected by the amount of moisture in the soil and the amount of
clays. Screening must be performed using either a wet or dry process. Damp materials are
- poor candidates for screening because they tend to agglomerate and clog the screen- -openings. -
Wet screening requires large amounts of water; however, wet screening performs better because
- the finer particles that adhere to the coarser parucles can be washed off, achieving greater
- separation and allowing the screen to be cleaned during the process.

~ Although remote, it is possible that implementing screening to remove clay-sized grains
from the soil matrix could result in some uranium mobilization due to separation of the clay

“fraction. -In general, contaminants are more commonly absorbed_onto finer grain particles.
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Imperfect separahon of the fmchons could result in some finer parhc]es (and contaminants) -

remaining in or on the_cqarser particles. Slowing the feed process could hkely remedy thlS
. situation if it was found to be a problem. .

'3.3.3.2 Classification. Classification is the sepmticn of particles according to their
) settling rate in a fluid (usually water). Various categories of classifiers are available: = (1)

*_nonmechanical which relies on gravity or centrifugal force, (2) hydraulic nonmechanical which - -

relies on gravitational or centrifugal force to separate particles, and (3) mechanical. Three types
~.of nonmechanical classifiers commonly used are the hydrocyclone, settling conc, and elutriator
" (sized according to upward current of air or water). Hydraulic classifiers use a fluidized bed
to separate particles. Mechanical classifiers are usually used with slow settling particles which
are carried along by the fluid, while the coarser, faster settling particles are dragged upwards
agamst the flow by mechamcal methods. Commonly used types of mechanical classifiers mclude
rake, spiral, sedlmentmg, drag, counter current, and air. :

The size and quality of separation using 'ciassiﬁcation depénds on the feed rate, speed of
- removal, degree of agitation, and height of overflow. Soils containing a great deal of clay

would be difficult to process using a classification system. This problem may be remedied by.
modifying the unit design, by mlxmg the clayey soils with more silt, or by combmmg different

types of classifiers (mechanical, non -mechanical, etc )

3.3.33 Flotation. Flomion is usually applied to materials contaminated by sulfide or
metals. In flotation systems, particles are suspended in water by means of mechanical or air
‘vagxtauon at a pulp (froth) density of 15% to 35% solids. Through the use of modifying agcnts
(promoters or collectors), metals are first depressed and then, by vigorous agitation and aeration

. along with chemical additives to promote frothing, become attached to "bubbles” and rise to the

surface where they are skimmed. The effectiveness and implementability of the flotation process
is dependent upon particle si.ze,"feed rate, and control' of chemical additives.

'Flotatioh is economical Whenvsepa_rating, particles ranging from 0.01 to 0.001 mm.

Coarse materials cannot be properly or sufficiently mixed to be suspended by flotation. The
“flotation process requires using suitable modifying chemicals that are compatible with the subject
‘metallic or nonmetallic materials. However, the addition. of these chemical agents increases the
‘volume of waste. »

3.3.3.4 Gravity Sépération. Gravity separation methods are widely used because of

" their simplicity and because. they do not require chemical additives. Three types of gravity
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parators are common]y used: (1) jigs — oscillating motion, (2) shaking — horizontal motion,
and (3) sluices and troughs — slurry flows down an inclined surface (lxmlted pnmanly to
coarser gramed parueles) '

Modem gravity Separation techniques have proved to be effective for particle sizes
ranging from 50 to 100 microns. The efﬁcxency of the gravity separation method is dependent .
upon depth and surface area of the container, settling Ume/holdmg time, the drfference in density
and settling velocities between contaminated and uncontamm_ated ‘media, particle size, and flow"
rate of fluid. This process is most effective in isolating materials with extremely different
.settling velocities, such as gold nuggets from quartz sand or chromite grains from serpentine.
Gravity separation is a slow process with a low processing capacity. This method also requires
" large amounts of clean water. Gravity separation probably could not generate a releasable solid.

3.3.3.5 Evaporation. Evaporation is the physical separation of a fluid from a dissolved
or suspended solid by applying energy to volatilize the liquid. Evaporanon is effective in -
separating qumds from solids but not for - separatmg specific solid size fractions from one
- another. Application of this technology to Weldon Spring site raffinate sludges would be '
dependent upon the need to keep the sludges wet to prevent radon emlssmns .

3.3.3.6 Ultrafiltratlon and Electroﬁltratlon. Ultraﬁltratlon consists of forcing .an
aqueous ‘solution through a semi-permeable membrane. This technology is dependent upon a -
pressure driving force and a membrane that is permeable to some components in a solution and
1mpermeable to others.. Ultrafiltration can separate particles with diameters as small as 10 to
50 atomic mass units (amu) and as large as 500, 000 amu and is a proven technology in, the
treatment of radloactwe wastewater :

. El'ectroﬁltration can also achieve separation of fine-grained particles. The aqueous
solution is placed in a direct'current electric field which causes the positively charged.particles
to migratc toward the anode, and the negatively charged particles.to migrate toward the cathode.
In the cathode, the slurry/solution is filtered by vacuum filtration.

Ultrafiltration and electrofiltration are designed to separate liquids from solids, not to
separate ‘specific solid size fractions from one another. The filtration media is subject to
clogging; ultrafiltration membranes are subject to fouling by inorganic materials, ferric
materials, other particulates, and organic materials.. ' ’
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3.3.4 Hydrolasing

- A previous 'decentami,nation study (JEG 1992d) examined the ‘use of hydrolasing for

decontamination of concrete slabs at the Weldon Spring Chemical Plant. Hydrelasing, or
hydroblasting, achieves decontamination by bombarding contaminated surfaces with water
' particles at pressures -up to 35 000 psn Surface: coatings and contamination are generally

removed.

The hydrolasmg system consrsts of a hand- held hydraulic-motor-driven, high-speed water
jet, water collection sumps, water storage tanks, and conventmnal water pumps. The appllcatron

‘wand shoots a rotating pattern of water jets whxch must be. maintained at a dlstance of 1inch or .

 less to effectively clean or remove the surface of the material being decontaminated. The
removed surface debris and spent water are collected in a sump system. Solids are separated
by setthng, and the water is recycled lto the process.

' Remotely-bperated hydroblasﬁing can be used to decontaminate floors. These units
consist of a high-pressure water jet-and vacuum collection system mounted on a cart. The cart
moves in a pre-set pattern at a predetermined rate, blastmg a clean path in the concrete ﬂoor

The water and removed debris are vacuumed up and routed through hoses to a holdmg tank.

where the debris settles and is removed for dlsposal

The Weldon Spring Site Remedial Action Project Decontamination Study (JEG 1992d) A

indicates that hydrolasmg can decontaminate smooth, noncomplex, metal and concrete surfaces
such as concrete slabs. Decontammatlon is estimated to be 95% effective after one appllcanon
Approximately 446 cubic yards of contaminated concrete waste would be created by. hydrolasmg
603,000 square feet of concrete slab (0 02 ft3/ft2 surface area) e
3

Hydrolasing of structura] steel ‘is a vi_able option to ]iquid abrasive blasting. Hydrolasing
has been used extensively to decontaminate nuclear facilities and. has been emplbyed
commercially to clean bridges, piping, highways, and many other structures.

_ Surface contamination guidelines for release of surficially contaminated material for
unrestricted use are provided in DOE Order 5400.5, Radiation Protection of the Public and the
Environment. The order states that ph'or to being released, site materials shall be surveyed to

determine whether both removable and total surface contamination (including contarmnatxon
present on and under any coating) 1s greater than specnﬁed maximum level. The order also
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states that contammant removal comphes with the requirements of the ALARA process (as low -
" as reasonably achievable). -

"It may be more cost effective to treat and dispose of certain metal and concrete materials
rather than attempt a long, expensive, and labor-intensive decontamination effort.
Decontamination of 603,000 square feet of concrete slabs would cost approxxmately $540,000
($0.90 ftz) over a period of 1.5 years (JEG 19926)

'3 3.5 quuld Abrasnve Blasting

The decontammanon study (JEG 1992d) also suggested that lxquxd abrasive blastmg can‘
effectively decontaminate radioactively contaminated metal pieces with exposed surfaces, such
as structural members or siding The principle of liqdid abrasive blasting is to bombard
contaminated surfaces with a high-volume recirculating flow of solid pameles in water at a_
pressure of about 100 psi. The solid particles, made of aluminum oxide or glass beads, abrade
* the surface and remove corrosion. Surface coatings and a ‘thin layer of the parent material are
removed along with the surficial contamination. "A water layer between the c';ompomf;nt:surfacc_:
and the abrasive particles prevents particle impregnation, surface damage, and excessive
breakdown of the abrasive particles. A water rinse of the decontaminéted surface is used
 immediately after liquid abrasive biasting to remove the abrasive grit. The. surface bemg
» decontammated must be within several inches of the work nozzle for the process to be effective.

The sper.\t'grit and surfabe debris are recirculated with the s]ufry The grit must be
replaced routinely, due to grit breakdown. The spent abrasive grit and. decontamination debris
are separated from the process water suing a hydroclone. The grit and debris are placed in

" temporary storage containers to allow the solid material to settle. The clarified water is recycled

to the process, while the dewatered waste is sealed in a drum and transferred for disposal. An
estimated 0.06 cubic feet of waste will be generated from each ton of steel treated.

Liquid abrasive decontamination methods are effective for smooth, noncomplex, metal "
and concrete surfaces. Liquid abrasive blasting will effectively decontaminate structural steel,
but is not effective for decontaminating .process equipment or. piping. The estimated
decontamination effectiveness after one- application is 95% (JEG 1992d). Several control
variables affect the surface removal effectiveness of the material being decontaminated. These
-variables include water pressure, air pressure, and the abrasive material used. :
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Approxlmately 390 cublc feet | :of sludge consrsung of the removed metallic layer and

disintegrated grit would be generated by liquid abraswe blastlng 6,500 tons of structural steel”

(0.06 ft3/ton of steel)

quurd abrasive cleamng equrpment is routmely used in the chemical mdustry Water
~ abrasive techniques, both with and without an added abraswe cutting medium, have been used

!
i}
]
<

for decontammatxon for many yws

It may be more cost effcctrve to treat and dxspose of certain metal and concrete matena]sj
rather than attempt a long, expensxve and labor-mtensrve decontamination effort. ‘

Decontammat:on of 6,500 tons of structural steel over a 2.75- -year period would cost

approximately $1,190,000 or $182 per ton (JEG 1992d). The value of the scrap steel is

approxrmately $80 per ton.

34 - Hydrometallurglcall Treatmerf:t

Hydrometallurgical treatments mvolve ‘reacting a leach solution, or 11x1v1ant with .

contaminated matérial resulting in tne dissolution of the contaminants. - Separatnon of the

contaminant-bearing liquor from the insoluble residual can potentially result in an_
uncontaminated residual. The uncontaminated residual may be releasable or require less.
stringent containment than untreated -material. - The processes described in thls section are.

. considered off-site treatments. Remedxatlon of contaminated material would occur at some
existing off-site uranium mill. : L e .

34.1 Solvent Extraction

Réprocéssing the Raﬁ?nate Pit Sludges at th_e Weldon Spring Site JEG 1992¢) evaluated
two solvent extraction processes which may potentially be employed to reprocess the raffinate

pit sludges: ' (1) nitric acid leach solvent extraction process and (2) sulfuric acid leach solvent:
- extraction process. Reprocessing would be applicable only to the raffinate pit sludges. No other | '
Weldon Spring site media would be amenable to reprocessing because of the low contaminant

concentration levels present.

According to the reprocessing study (JEG 1992e), it may be technically feasible that the
'220,000 cubic yards of raffinate pit sludges could be reprocessed using the nitric acid solvent
extraction process in a new on-site plant or a modified existing building. Reprocessing could.
potentially also be carried out by drying the sludge and shipping it off site for processing using

n:\usors\joenne\éonzales\eee\revpieaé.3L9 . ] 3"36 )

L
..i

i




the sulfuric acid solvent extraction process at an existing -uranium’ mill to recover the uranium, -
- orata modified urdnium ‘mill to recovery both uranium and thorium. However it should be
noted that the reprocessmg study suggests that leach and solvent extraction recoveries 0f 99. 5%

are obtamable These values are s1gmﬁcantly higher than recovenes obtained in uranium mills.

s which are specxﬁcally des:gned to. maximize: uranium recovery. -Acid- leach uranium mills - -
typically extract 85% to 95%: 'of the uranium in- the leach cycle.. Solvent extraction systems

usually can reach an extraction efficiency of 97% to 98%. .Overall recoveries typically range

" from 90% to 95% Vanatxons in recoveries occur periodically due to changes in ore types or

mill plant operation. Resxdual matenals with levels of unleached contaminants excwdmg the

regulatory limits for simple landﬁlhng, would be produced. The reprocessmg study did not
-identify -an existing plant that was able to generate a. releasable waste.- usmg either leachmg .
"techmque < - : :

Either a hydrochloric acid leach system or a sodium ~earbona.te;amrnonium‘ hydroxide .
leach system would be. appropriate for the high-calcium-carbonate-bearing raffinate. A .-
hydrochloric acid leach system is employed to process Blind River uranium ores in Ontano

Canada. A sodium carbonate-ammonium hydroxide lixiviant was used to treat hlgh-calcxum-'_f_ _

content uramum ores in Grants New. Mexico; Riverton, Wyommg, and Three Rlvers, Texas
Alkalme leach systems usually show relatlvely low leach efficiencies of 75% to 85% -

The reprocessmg study (JEG 1992¢) suggests that the hydrometallurglcal processmg of

" the raffinate to remove uranium thorium, and radium may vyield a residual whrch requires only -
landfilling. However, there are no published guidelines deﬁmng the llmlts for radlonuclldes in ’

nonhazardous waste. Specrf ic regulatory requirements would depend on_the specific process'_

altematrve and site selected. | The reprocessing study concludes that on-site nitric acid leach.

processmg in a new or modrﬁed facility or off-site processmg in an ex1st1ng or modlﬁed uranium

mill may be techmcally feasrble

34.1.1 Nltnc Acid Leach. The objectwe of reprocessmg the Weldon Spnng rafﬁnate '
sludges usmg a:nitric acid leach process would be to produce a radxologxcally safe residue. Thls

- process, which is capable of separatmg the uranium, thorium, and radium from the remainder V

of the sludge consists of a nitric acid leach, followed by ‘solvent extractmn and precxprtahon of
uramum then thorlum and fmally precxpltauon of radium. .

Smce radium ‘must’ be dissolved to separate 1t from the remalnder of the sludge

jcomponents the 1n1txal extractlon process requires the use of nitric amd Nitric acid was
* employed as a leachlng agent,at the Weldon Spring uranium feed material plant to dlSSlee both.
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tranium and thorium. After filtration for remove insoluble materials, the uranium was extracted

- by tnbutyl phosphate (TBP) dissolved in kerosene However instead of producing uranium

- metal as was prevxously done, the sludge reprocessmg plant would produce yellow cake.’ The
. uranium would be stripped from the ;'I'BP and precipitated with ammomum hydroxide. .The
- precipitate (yellow cake) would be ﬁltered and calcmed If the prec1p1tate met commercral -

spec1ﬁcatrons it could possrbly be sold rather than processed for dlsposal

The second step in the extracnon process involves the leachmg of thonum in TBP-

‘kerosene, after the uranium has been removed from solution. The thorium is stnpped from the .

: ‘TBP by sulfuric acid. Oxalic acid is added to precxpltate thonum oxalate which is ﬁltered and
calcined to the oxnde, thona 4 . 7

. Radium is the third radionu'clide extracted. The commercial procedure involves adding
‘ barium chlonde to the solution,, followed by the addition of sulfuric acid. As the barium sulfate s

precipitates, it occludes radium sulfate in its. crystal structure. The precipitate is allowed to
settle and is filtered or trapped within‘a porous sand bed The precipitate is then dlsposed An

 alternate method of radium removal is to adsorb it onto a proprietary ion exchange resin. Since °
a small quantity of resin is requxred to adsorb the radwm the resin could be physxcally removed o

and drsposed

After extractxon of uramum thonum and radlum the remarmng ‘solution is treated with

calcined lime to precrprtate any remaining metals and to neutralize any remaining acrd The
precipitate is thlckened and filtered. -The insoluble materials obtained by leaching and the lime
precxp:tate may then be consrdered for removal and drsposal into a samtary landﬁll 1f the leached
- materials pass 2 TCLP test. - : : :

Nitric acid leach/tnbutyl phosphate solvent extractron was used at the Weldon Spnng site

to process uranium yellow cake concentrate. Neutralization of the waste stream by calcium
oxrde produced the raffinate sludges. Attemptmg to re-leach the calcium-rich raffinate sludge

’ Wlth sulfuric acid would generate ‘massive quantities of radioactive gypsum Gypsum formatron X

| would cause pluggmg of screens,’ ﬁ]ters and plpes '

A _re_latively suspension.-free aqueous'. liquor is"requir'ed to react with the extracting -
organic reagent in solvent extraction systems. Aqueous liquor, with a high suspended particle
component, tends to develop an aqueous/organic emulsion at the aqueous/orgamc interface. The.

emulsion reduces the effectiveness of the solvent extractlon process. Raffinate sludge which

is very fine gramed would be dlfﬁcult to remove from suspensnon even with the use of hrgh-'.

B
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efﬁcrency thickeners and flocculating agents.  Consequently, effective solvent extraction of
" uranium and assocxated contaminants may prove to be d:fﬁcult or 1mpossxble '

All of the soluble waste products from the nitric acid leach process would ultimately be

processed through the site water treatment plant. Since most metal nitrates are soluble, the. -

metal nitrates from the nitric a'cid leach would be added to the nitrate already present in the

contaminated water. The mtrate removal step would therefore be required to have a sxgmﬁcantly'

greater capacxty

The JEG ( l992e) report estimated that on-site nitric acid leach processmg of the raffinate.

pit sludge would cost approximately $55 million. However, as noted previously, the
effectiveness of this process would be very questionable. : B N

3.4.1.2 Sulfuric Acid Leach. Sulfuric acid is used as a leaching agent to effectively
remove uranium from most of the ores in the western United States. Since thorium and radium
are essentially absent from these ores, these facilities do not employ processes to recover any

elements that do not dissolve in the sulfuric acid. As a result, the existing uranium mills are

configured to recover uranium only, using equipment de51gned to resist the effects of sulfunc

acid but not necessarily equipped to handle nitric acid. A possible exceptron would be a mill

with an unused circuit originally intended for vanadium or molybdenum recovery. " In‘this case,
the unused circuit may possibly be modified to recover and precipitate thorium. The following
steps describe this process if it were applied to the Weldon Spring site. ' |

The first step of a typical sulfuric acid leach process would be the removal of the soluble
components from the sludge using sulfuric acid. The insoluble components would be allowed
to settle and would be filtered from the solution. The uranium would selectively removed from
solution by an organic secondary or tertiary amine dissolved in kerosene. The uranium would
then be stripped from the organic phase and calcined. The resultant product could potentially
be sold as uranium concentrate or yellow cake.

The second step in the process would be the extraction of thorium into a solution of a
primary organic amine dissolved in kerosene. The thorium would be removed from the amine
by an acid strip and precxpxtated as thorium oxalate. The oxa.late would then be filtered and
calcined to thona or thonum oxide.

The minute quantities of 'radiumb'that do dissolve would finally be extracted from solution
* by precipitation as radium sulfate, an-accepted practice at existing uranium mills. Barium
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chloride would be added to the solution causing bariuml sul'fate to” precipitate. ‘The radium
sulfate would be co-precnpnated with the barium sulfate. . The precipitate would be allowed to
: settle and would be retained wrthm the conﬁnes ofa lmed .evaporation pond.

The remaining soluble oomponents in the lea_ch solution would probably _not be

precipitated by lime in this process. Instead, these components would mix with the other - .

~ solutions already in the evaporation pond.
. Drying the raffinate sludges and shipping it off-site for processing in an-existing sulfuric
-acid leach facility would-cost approximately $50 million JEG 1992e). The sulfuric acid leach

- process would be employed in an existing mill to recover the approximate 246 tons of uranium -

contained in the sludges. If this uranium were recovered in the form of yellow cake concentrate
~ that aSsayed 65% uranium, at a price of $8.75 per pound (November 1991 p'rice), sludge

~ reprocessing could generate $4.3 million in revenue. However, a system involving sulfuric or
nitric acid leaching with sequential solvent extraction of uranium and thorium and subsequent

radium precipitation, has never been constructed. Extensive bench-scale testing would be N

. required to demonstrate the potennal for generating a releasable residual.

3.4.2 In Situ 'Leaching

The application of in situ leaching for remediating contaminated soil, sediment, and

raffinate sludge at the Weldon Spring site was evaluated in a previous study (In Situ Leaching,
Development and Evaluation of Process Options, JEG 1992f). In order to extract toxic or

" radioactive components, the in situ process involves adding chemical agents to waste media in .

place, collectmg the resultant leach solution, and recovenng the components from the leach
solution (lixiviant). o

In situ leachmg is also ‘known as solution mining,. soﬂ ﬂushmg, solvent flushing, or -

ground leachmg In solution mining, a uranium-leaching solution is continuously circulated
through the underground ore body. The pregnant leach solution is pumped from wells to the

surface, where it is processed to recover uranium. This processed (or regenerated) leach .

~* solution is re-introduced to the ore body along with fresh solution to offset solution losses.
Commonly used leaching solutions are sulfuric. acid, ammonium carbonate, and sodium
‘carbonate. In each case, an oxidant (such as air or oxygen), hydrogen peroxide, or sodium
chlorate is added to help solubilize uranium. Two leaching methods, carbonate leaching and
acid leaching, and two recovery methods, ion exchange and solvent éxtraction, were evaluated.
Although carbonate leaching with ion exchange and acid leaching combined with either ion
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exchange or solvent extraction are techmcally 1mplementab1e processes,. their use may pose a
hxgh nsk of groundwater contamination.

Attempted in situ leaching could result in uncontrolled excursions of lixiviant, .potentially
causing groundwater cbntamination. In situ leaching of sédimem at the Weldon Spring site also
appears impractical because much of the contamination is at and just below the surface. Control
of lixiviant at the surface would be. nmpossxble For sludges, permeability is a primary concern,

because solution must be circulated through the media for the process to be effective in removing - -

contamination. Because the raffinate sludges are very fine grained, it would be difficult for the
lixiviant to uniformly penetrate and circulate. Channeling of lixiviant could occur, and solution

contact and contaminant removal within the raffinate sludges would be minimized.

The JEG report (1992f) indicated that there was minimal variation in cost among the -

- solvent extraction and recovery options evaluated. The effectiveness of in situ leaching for

treatment of hazardous wastes has not been demonstrated at the project sca]e, and the -

environmental acceptabxhty of this process is questionable.

'3.4.2.1 Carbonate Leaching. A leach solution which contains an oxidant and either
ammonium carbonate or sodium carbonate is circulated through the medium. continuously. |
Uranium and other heavy metals in the medium are dissolved by and then recovered from the
leach solution. After the metals are recovered from the leach solution, the solunon is
recirculated through the medium, and make -up solution is. added as necessary. '

3422 Acid Leaching. The acid leaching process is‘ essential]y the same as the
carbonate pro¢e§s, except the leach solution contains an oxidant such as a_ir, hydrogen peroxide,'
or sodium-chlorate with the sulfuric acid. Because sulfuric acid lixiviant generates massive
amounts of gypsum, ammonium carbonate lixiviant should be used for any attempt to leach"the
raffinate sludge in situ. Unfortunately, the contaminant-bearing ammonia lmvxant 1tself would
be very dlfficult to remediate during restoration of the subject media. -

3.4.‘2.3 Ion Exchange. The leach solution is pumped through an ion exchange column
to remove uranium. - Uranium is then eluted from the ion exchange resin by contact with a

- chloride solution, or. other eluant, and precipitated with hydrochloric acid followed by -

ammonium hydroxide. The fcsulting slurry is dried to produce uranium oxide (yellow cake).
Many variations of this basic process can be used, depending on the composition of the medium,

_ components to be removed, and other factors. -
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A’ Many variations on the basic ion exchange pfocess are available, depending on the -
composition of the medium, components to. be removed, and other factors. Fixed-bed and.
moving-bed ion exchange systems are common, and ion exchange recovery can be used with

both the acid and carbonate lmchmg processcs

- 3.4. 2 4 Solvent Extractlon ThlS process is sometimes used to recover ummum and _

- other components from ac1d-l&ch hquors which have uranium concentrations greater than 1
gram per liter. Organic amines or organic phosphates are diluted with kerosene and used as a
solvent. Due to excessive solvent losses, this process is not normally used with carbonate
leaching or with less rich, acid leach liquors. Spent solvent of the type used in the solvent
extraction process is one of the components to be removed from the Weldon Spnng site, so the
feasnblllty of this technology is questlonable :

35 Chemical Stabilization -

Chemical stabilization of removed material involves mixing reagents with contaminated
~.material to solidify the media and immobilize the contaminants.

-3.5.1 Cement-Based Stabilization

Cement-based solidiﬁcation, the mixing of wastes directly with Portland cement, has been

‘implemented as a remedial technology at other sites (Rich and Cherry.1987). Most sol‘idiﬁcation :

is accomplished using Portland cement and additives. Siliceous compounds, mcludmg fly ash,

blast furnace slag, soluble sodium or potassium s111cates and proprietary agents, are commonly
used in conjunctmn with the Portland cement. Portland cement absorbs significant quantities of
water during hydration reactions, minimizing the quantity of drainable water in a solidified mass.

With the silicate-only based processes, however, a large amount of non-chemically bound water
remains in the solid after solidification. To prevent the escape of this water, a silica-only
solidified product is likely to require some form of secondary containment (Rich and Cherry

.1987) such as within a disposal cell. However, the chemically stabilized media is less likely to

settle within a cell than unsolidified material. Settlmg w1thm a dxsposal cell could ultimately
cause cell cover failure.

Chemical stabilization produces Signiﬁcant increases in tonnage (64 %) and volume (32%)

of materials. According to JEG (1992b), 32% less treated product would require disposal if the
. raffinate sludge were dewatered prior to stabilization. Chemical stabilization, using cement and
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Aly ash would 1mmob11we not destroy, hazardous compounds A mixture of silicates and
cement can stablhze a wide range of matenals 1ncludmg metals, waste oxl and solvents. '

Gilliam and Francis (1989) observed a w1de range of setting rates, duration of dramable
water, ‘and unconfined compressive strengths with varnations in reagent blend additions and.
raffinate water content. These variations suggest that strict quality control procedures be -

implemented to ensure a stable, high-quality product. . Their study demonstrated that the :addxtlon , ,

of a cement/fly ash mixture to untreated raffinate sludge results in a solidified mass with
properties similar to concrete. The study found that a blend of '40% (by weight)"Type )
Portland cement and 60% ASTM Class F fly ash mixed at a ratio of 0.6:1 (by weight) cement/. .
fly ash to raffinate sludge was required to stabilize the sludge. - This blend achieved initial set
within 1 day and final set thhin 7 days. The solidified mass met the pe'rformance criteria of
(1) no drainable water within 28 days, (2) unconﬁned compressive strength of at least 410 kPa
(60 psx), and (3) resistance to thermal cycling.

" The cementitious reactions which occur during cement-mediated stabilization result in a
significant loss of permeability. and an increase in the amount of free water. The quantity of
drainable free water from raffinate quickly decreases with time. Gilliam and Francis (1989)

_ observed that the drainage of free liquid ceased 21 days after treatment of raffinate samples .
containing approximately 80 weight percent and 65 weight percent moisture using a cement/fly
-ash stabilizing agent. Dewatenng to decrease the initial amount of free water in the rafﬁnate' _
or mixing drier soils and sediments with the raffinate may decrease the quantity and ‘duration of
drainable frec water after treatment. Upon cessation of free water drainage, “soluble
contaminants can be mobilized only through leaching. S “

~ The RCRA metals of concern generally show increased mobility in acidic solutions.
Mobilization of selenium and arsenic is also strongly influenced by the redox potential (Eh) of -
. the solution. Cement-stabilized products typically show a high capacity to buffer acidic solutions
because of the alkaline constituents, CaOH and silica.” Therefore, rapid dissolution of the
stabilized mass by acidic solutions is unlikely. A buffering capacity of 4 x 103 megq/g of pH
greater than or equal to 7 would neutralize infiltrating solutions and maintain an alkaline and
therefore less corrosive leachate for over a 100 year exposure period to acid rain.

‘Contaminant mobility is attenuated as a result of adsorption onto ferric hydroxide
precipitates, precipitation as relatively insoluble hydroxide compounds, and/or encapsulation into |
the cementitious mineral structure. The leachability of contaminants from chemically stabilized
. sludge 18 currently being 1nvest1gated Preliminary results show that all treated media will pass

n:\usersijoanne\gonzeles\eaa\revpieaa.3L9 3-43



- TCLP. Researchers have demonstrated that cement,_ fly ash, pozzolonic materials, and
proprietary additjves can effectively immobilize RCRA metals, PCBs, and volatile organics
- (Gilliam and Loflen 1985 Gilliam et-al. 1986; Stinson and Sawyer 1989; and Grube 1989). The
rate of soluble toxic component leaching will be diffusion controlled. (Bishop 1989). . Bishop
* (1989) suggests that the rate of contaminant leaching should be very slow, and the contaminants

" would disperse harmlessly into the environment. ' These authors 1nd1cate a level of uncertamty g

regarding the long-term stabxhty of the sohdxﬁed concrete mass.

leham and Francis (1989) noted that, although the consohdated waste demonstrates a

- penetration res:stance of 4,000 psi and a compressive strength exceedmg 200 psi, it.is still
possible to excavate the solidified mass. This material could be broken into excavatable blocks -

by nppmg with a dozer

‘Mixing can be accomplished ‘using commercial cement '-mixing.equipment,.ribbon
blenders, and single- or double-shaft mixers. Equipment requirements include chemical storage
hoppers, weight- or volume-based chemlcal feed equ1pment mxxmg eqmpment and ‘waste

“o handlmg eqmpment

Pug mil]-mediated chemical stabilization is a widely used and established remedial
technology. A pug mill blender can be constructed by a number of companies. This technology.
“does not require further development prior to implementation and should be readily available for -

~“full-scale use. An abundance of vendors are available to give competitive bids. .An adequate
- supply of the necessary reagents, cement and fly ash, is also available. Operation of a pug mill
blender requires minimal skill, and. specialists are not required. -

As stated previously,‘ chemically stabiiize_d waste would require secondary containment
(Rich and Cherry 1987). For Weldon Spring wastes, -burial of the chemically stabilized media
would be required to attenuate radiation. However, the chemically stabilized material must pass
the TCLP test before land disposal of restricted compounds would be permitted. Breaching of

a disposal cell containing chemically stabilized material would result in a reduced and slow ‘

release of contaminants; whereas, breaching of a disposal cell containing untreated waste could
result in a more 1mmed1ate release of contaminants.

The EPA has accepted the use of solidiﬁcation/ stabilization as an implementable remedial

~action at several Superfund sites. The Records of Decision for 62 NPL sites recommend
chemical stabilization as the remedial technique (Chemical Engineering Progress 199 1). On-line
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- sampling controls and the abrhty to make immediate modrﬁcatrons to the cement mixture would * -
ensure that this technology would meet process efﬁcrency and performance specrﬁcatxons

'Preliminary estimates indicate that the chemical stabilization plant would require
approximately 413 horsepower of électricity-driven motors, averaging 250 kilowatts. Adequate
electrical power is available at the site. Preliminary construction and operating costs for a pug |
'mill-mediated, cement-based chemical solidification/stabilization process facility are estimated A
to be approximately $19.8 million ($41.71/yd®) (MKES 1992d). This estimate is based on a 4.5- .
year operating penfod'and processing 474,700 cubic yards of sludge and .soil. As stated, these

costs are preliminary in nature. . Other estimates have ranged to $6.3 million ($28.63/yd?) for
treating 220,000 cubic yards of sludge (JEG 1992g) More deﬁnmve costs are bemg prepared.
‘in the Phase II EAA to support the site FS.

3.5.2° Thermoencapsulation

Chemical stabilization inay also involve a thermoplastic encapsulation process that can
be 'applied to a dewatered waste. This process involves sealing wastes in a matrix such as
asphalt bitumen, paraffin, or polyethylene. The waste is dried, heated, and dispensed through
a heated plastic matrix. The mixture is then cooled to form a rigid but- deformable solid.
Relative to cement-based solidification, the increase in volume is signifi cantly less and the rate
of leaching srgmﬁcantly lower. Thermoplastics are little affected by either water or mrcrobral
attack.: Brtumen solrdxﬁcauon is the most widely used thermoencapsulanon techmque

Thermoplastic solidification using an asphaltic binder is most suitable for heavy metal or
~ electroplating wastes. Toluene, which is a by- -product of nitroaromatic degradation, is known
~ to diffuse quite rapidly through asphalt. Consequently, this encapsulating media would not be
effecuve for treating the nitroaromatic-contaminated soils at the We]don Spnng site.

The plasticity of the ihermop]astic miXture‘ generally requires containers for transportaﬁon
and drsposal Moreover, swelling and cracking of the encapsulating surface can be caused by
- rehydration of dehydrated salts, such as anhydrite (CaSO,) which could form in the dewatered
raffinate sludge. High equipment and energy costs are other disadvantages of the thermoplastic
solidification process. Specralty equipment and trained operators are also requrred

The EPA (1986) reports that asphaltic-based thermoencapsulation‘methods are typically |
more expensive than. conventional chemical solidification/stabilization treatment systems.
‘Therefore, the cost of this technology would likely exceed the ccst of cement-based stabilization.
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3.5.3 In Situ Chemical Stabilization

In situ chemlca] stabxhzanon is used to solidify matenal and reduce the mobllxty of waste _
" constituents by the . addition of chemical "reagents in place. In situ chemxcal’ =

solxdxﬁcanon/stabxhzanon requires mixing an additive directly into the material using
" conventional draglines or backhoes. Mixing can also be accomplished by using equipment
speclﬁcally designed for this process and whxch a]low injection of sohdxﬁcanon/stabxhzauan

matenal concurrent w1th muung

An alternative method for in situ stabilization is the shallow soil mixing (SSM) process

by which contaminated waste is treated in place by concurrently ‘mixing soil and adding fly .

* ash/cement to solidify the mixture. The technology was developed and is being implemented
by Geo-Con, Inc. Geo-Con’s shallow soil mixer is a crane-mounted mixing system used in soft
soil and sludges which are up to 30 feet deep. Soils or sludges being mixed can vary in

‘moisture content from dry soil to fluid sludge, without adversely affecting the process. Dry -

treatment.chemicals are transferred pneumatically, and fluid chemicals-are pumped. Geo-Con
.representanves have indicated that using fluid chemicals is easier and reduces -dust errussxons

Fly ash and cement can still be uséd, but water must be added to the mixture. A bottom-opened'
cylinder, which contains the mixing blades, is lowered into the wastes, and the blades rotate

while chemicals are introduced. The blades mix through the total depth of waste in an up-and-

down motion. Negatlve pressure is maintained on the head space of the cylmder to pull any
vapors or dust into a vapor treatment system. After the mixing of the waste is complete the .

blades are retracted inside the bottom- -opened cylinder, and the cylmder 1s removed . The
cylinder is then placed adjacent to and overlapping the previously-mixed waste, and the process~

is repeated until all of the waste has been treated. - The vapor treatment system is comprised of

a dust collection system followed by an in-line activated carbon treatment system to capture any
“organic vapors. An induced draft fan is located at the carbon treatment system, and filtered air

is exhausted to the atmosphere after being monitored by an in-line organic vapor detector. . By
‘working along the penmeter of the raffinate plts the cement/fly ash reagent could possibly be -

mixed directly into the raffinate s]udge using backhoes and draglines. Once the raffinate sludge'
.cement-fly ash mixture sets, the backhoe or dragline could advance onto the stabilized zone and
.reach more untreated raffinate. Water would be removed from the ponds prior to stabilization

treatment. - ‘ '

- The in situ chemical stabilization process cannot assure uniform solidification and does
“not result in the destruction of the contaminants. Without complete ' solidification, the

contaminants may become readily mobile. Moreover, a stabilized mass will deteriorate, both
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physically and chemically, over time. In situ chemically stabilized material is not protected by
~ secondary containment, and release of contaminants from a stabilized mass cannot be controlled.
In addition, contaminants would be susceptible to leaching from the chemically stabilized mass
over time. Monitoring the leach rates.and effectiveness of stabilization requires drilling through
the hard, chemically stablhzed material. Existing groundwater contammatlon would make
groundwater monnormg and testmg results difficult to interpret.

In situ chemical stabilizau'on of raffinate sludge using Geo-Con -equipment may be
difficult. Studies have shown that the raffinate sludge has a limited compressive strength which
is too low to support the Geo-Con track-mounted auger equipment. Therefore, the auger would
have to remain on. previously stabilized .areas, always advancing into the untreated studge.
Contaminated sediment and soil could. be excavated and mixed with the raffinate sludge in an
attempt to create a media which would require less cementitious material and possess increased
bearing strength. -

The raffinate sludge could be slurry‘drédg'ed,‘ dewatered, and delivered to a process area. '
Once there; it could be mixed with excavated soil and sediment and in situ chemical stabilization
could be initiated. The dewatered sludge may require the readdition of water to allow complete
hydrauan of cementitious products during chemical sohdxﬁcauon/stabxhzanon ~Without
dewatenng, the raffmate sludge wrl] be more difficult to mix w1th other soils and sedlments

The level of ~quality control ‘that can be maintained during backhoe mixing is
questionable. Significantly different settling rates, duration of drainable water, and unconfined
compressive strengths have been shown with each different additive ratio and raffinate sludge
water content examined by Gilliam and Francis (1989). Although'methods of b]ending reagent
and raffinate sludge could probably be developed using backhoes or draglines, n is possible that
a wide range of reagent- to raffinate sludge blends would result.

' The relatively. thm widespread contaminated soils at the Weldon Spring site are not

amenable to in situ chemical stabilization. This method is desrgned to stabilize material up to
30 feet deep and is ineffi cient at 1-foot to 2-foot depths. However, it may be that the shallow
soil mixing process described earlier would allow in situ stabilization to.be used. As with the
raffinate sludge, it may be possible to use backhoes or draglines for mixing the soil and
sediment, but maintaining quality oontrol on reagent and water addition would be difficult. In
addition, multiple' equipment mobilization and demobilization set-ups would likely be required.
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Shallow soil ‘mixing is a technology presently in use, and further development of this -
technology would not be necessary for use at the Weldon Spring site. Geo-Con.is the only

vendor providing the shallow soil mixing service at the commercial level.

The in situ chemical stabilization téchnique is the‘fastest and mbst economical of the bulk
stabilization methods to implement because wastes typically are handled only once or not at all

if left in place. A preliminary cost estimate of $40,493,600 ($98 yd?) was developed for -

implementing the in situ chemical stabilization process for the 413,200 cubic yards of material
at the raffinate pits, Ash Pond, Frog Pond, South Dump, and the North Dump.". This cost
estimate is based upon a reagent adjustment, escalation to 1990 dollars, and modification of the

. unit cost presented in the Handbook of Remedial Action at Waste Disposal Siies_ (Revised) (EPA

1985). Material from the North Dump would be excavated and transported to the South Dump
where it would be mixed and treated in situ with the South Dump soils.

3.6 Thermal Treatment

Thermal treatment processes involve the application of heat to induce sintering and/or
melting to reduce. the volume, toxxcnty, or mobility of contaminants within the treated media. -

Viable thermal treatment processes ‘identified include metal melting, joule-heated .ceramic
 melting, fossil fuel-heated ceramic melting, plasma arc torch, in situ vitrification, slaggmg
= incineration, and rotary kiln and fluidized bed incineration. These treatment processes were
evaluated for effectiveness in decontaminating metals, vitrifying soils and sludges, - and
- incineration of other waste media. | ‘ - :

. Additional thermal treatment technologies are either .available or in development.
However, review of the capabilities of these processes, as described below, indicated that the

those technologies are primarily designed to remediate organically contaminated wastes.

The hi'gh-temperatpre'ﬂuid‘ wall process quickly ieduces.organic wastes to their

-elemental state ina very high temperature process (about 4,000‘_’}?)_. The process is carried out

in a patented reactor which consists of a tubular core of refractory material capable of emitting
radiant energy supplied by large electrodes in the jacket of the vessel. However, this system

is no longer commercially available. J.M. Huber Corporanon stopped manufacturmg this unit-

several years ago.

The molten salt inc.inerator is used for the 'desiructién of organic hazardous wastes,
particularly chlorinated hydrocarbons (inclqding PCBs) and chlorinated solvents. Organic wastes
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undergo catalytic destruction upon contacting molten salt maintained at a temperature between.

760°C and 1, 040°C. The Weldon Spring site soils, sediment, and raffinate sludges would not
be melted at this temperature, and consequently, contaminant leachmg ‘would not be decreased.
In addmon the molten salt mcmerator cannot process high-ash- content materials such as the
Weldon Spring site soils, sedxments and raffinate sludge

Flaring is a special catggory of combustion where wastes are exposed to an open flame,
and no special features are employed to control temperatures or time of combustion. Flaring
is only appropriate for gaseous waste streams consisting of relatively simple hydrocarbons, such

- as fuel tank emissions and landfill methane gas.

Wet air oxidation involves aqueous-phase oxidation of dissblved or suspended organic
substances at relatively low temperatures (350°F to 600°F). This technology is not appropriate
for treating the inorganic and radiologic contaminants present at the Weldon Spring site, because
only a small fraction of the waste matenals meet the chemlcal characteristics requlred to make

~ this process. feasible.

Super critical water oxidation relies on the umque phy51cal/chem1cal propemcs of water . .
when it is heated to its critical temperature (Rich and Chcrry 1987). When maintained above -

705°F and at 3,200 psi, ‘water is an excellent solvent for organics. This- technology 1sv .
inappropriate, however, for the largely inorganic and radiologic contaminants present at the
Weldon Spring site. - ; € % '

' Infrared, fluid bed, and cihculating'ﬂuid bed incinerators are designed for the
destruction of organic contaminants. Operating temperatures are insufficient to cause melting
of soil, sediment, or raffinate sludge and, consequently, will not cause a decrease in leaching .

~ of non-pyrolyzed inorganic and radiologic contaminants.

3.6.1 Induction Furnace ‘Melting

Two studies examined induction furnace melting of metal debris and decontamination of
the metal through concentration of radionuclides into an immiscible slag fraction: Special Study
Phase 11 Report—Metal Melting -Technology, Including Size Reduction Befoie Melting, for
Radzoacnvely Contaminated Metal ar the Weldon Spring Site JEG 1992h) and Metal Melting,
Development ‘and Evaluation of Process Options, Phase I Report (JEG 1988). The Weldon

| Spring Site Remedial Action Project Decontamination Study Report (JEG 1992d) also examined

various metals melting technologies as an alternative for the treatment of all categories of steel.

¢
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The melting process puriﬁes contaminated metal by induction melt refining and casting.
Melting of metal debris in induction furnaces is. derived from a commercial pyrometallurgical
process for removing internal and external radioactive contaminants from steel scrap and
recovering the refined-metal in an mgot form for potential unrestncted release

The decontammauon melung process involves heatmg the scrap metal inductively and
subjecting the resulting melt to thermochemical treatments designed to alter chemical

equtlxbnum,,thereby promoting partmomng and mlgratron of the radioactive contaminants to the.

slag phase for removal. The slag chemistry selected for preferential removal of radioactive
contaminants is achieved by small additions of fluxing agents, whereas the viscosity of the slag

- at operating temperature is controlled by the use of surfactants and diluents. Approximately 0.5
cubic feet of slag will be generated from each ton of steel that is melted

A variation of the metal melting process is to melt the metal and mold it into products
for limited use in the nuclear industry. The radioactive contaminants are not removed from the
metals but rather, these constituents become mcorporated into the metal, thereby reducing
environmental hazards. Only one company Scientific. Ecology Group, Inc., (SEG) located. m
Oak Ridge, Tennessee, offers the services required to melt and mold the Weldon Spnng scrap
-metal into products for limited use in the nuclear-industry. - :

1

- All categories of- steel and some quantities of 'copper, lead, aluminum,-and other metals _

could be decontaminated by induction furnace melting. Iron and aluminum are the major
components of scrap metal' waste at the Weldon Spring site. The Scrap Metal Progrant Phase
1 Decontamination Demonstration Pro;ect (BNI- 1988) showed that decontaminating iron waste
is techmcally feasible. However, aluminum waste was found to be difficult to decontaminate
if it contains a significant amount of magnesium.

. Based on experiments conducted by Bechtel National, Inc (BN] 1988) and Sc1ent1ﬁc
Ecology Group, Inc. (SEG 1987), melt reﬁmng can reduce alpha and gamma radiation to
acceptable levels in copper and steel, result in significant movement of nuclides. from molten
metal to slag for copper and steel and reduce uranium concentrauon and alpha radiation through

nickel refining.

‘Because the ﬂux formulatlons are specific to waste types some expenmentatron with
Weldon Spring site wastes is necessary before the effectiveness of metals melting can be
established. Effective removal of radionuclides from contaminated metal during melting should
be demonstrated prior to application of this technology to Weldon Spring site debns

. /
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Surface. contammatlon gmdehnes for release of surficially contammated material for

: unrestncted use are prov1ded in DOE Order 5400.5, Radtanon Pro:ecnon of the Public and the

Environment. The order states that prior to being released site materials shall be surveyed to
determine whether both removable and total surface contamination (including ‘contamination
present on and under any coatmg) is greater than specified maximum levels. The order also -

. states that contaminant removal complies with the requirements of the ALARA process (as. low- .

as reasonably achievable). The federal government has no regulatmns regardmg the release of

'_mternally radloactwely contaminated metal.

.The use of mducuon melting as a reﬁnmg technique for . purifying radxoactxvely ‘
contaminated stee] scrap has been suocessfully tested at the DOE Oak Ridge Operations facility. '
Success of metal melting and refining for Weldon Spring debris can be established only after
testing representative samples of scrap metal. Melting scrap metal and molding it into products
for limited use in the nuelear;industry-would cost approximately $750 't'o‘ $1,000 per ton of
metal, including transportation. Decontamination of structural steel would cost approximately -

' $1,438 per ton. Decontamination of all categories of steel would cost approximately $307 per
~ton (JEG 1992d). The wide cost range reflects the efficiencies of scale.

' 3.6.2 Vitrification

Vitrification is the process of melting the contaminated waste media which, upon ceoling’,v

.SOildlﬁeS into a glass-like product. Vitrification processes were evaluated as a treatment method
- for the Weldon Spring site sludge, soils, and sediment. Metallic bu1ldmg debris is not amenable

to vitrification. Vitrification methods are being used for the treatment of high- -level radioactive
waste at quantities up to several hundred tons at a few select locations.

3.6.2.1 Joule-Heated Ceramic Melting. The joule-heated ceramic melting (JHCM)
process involves feeding contaminated soil, sludge, or liquid with glaSs-forming additives into
an enclosed tank and passing an alternating electric current through the contaminated materials.
Heat is generated by the resistance of the material in the melt to the potential applled to it; this
is known as the joule pnnc1ple

Both horizonta] and vertical melter configurations exist. Horizontal melters consist of

a relatively long, shallow chamber of refractory linings which can be half filled with molten

glass. Electrodes are situated in arrays along the length of the melter. Horizontal melters are
similar to the standard fuel-fired melters traditionally used in the glass-making industry. These

~ melters allow a longer residence time for off-gases produced in the vitrification process than do
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vertical melters, Which may ensuré more complete combustion of any organic compounds -

present.

chcal melters are a newer desxgn they have a smaller volume capacity but requnre a
shorter melt residence time. In the vertical configuration, feed is generally added on top of the
" molten mate_nal. and is withdrawn from the bottom of the melter. The feed material can be
placed uniformly on the surface of the entire melt at a rate equal to withdrawal or production
~ (pull) rate, which helps to incorporate volatile materials into the melt. This'is referred to as the
cold-cap or batch blanket method. Variations in the cold-cap method include the cold top
- (complete cover) and semi-cold top (partia] cover) and involve the type of feed'qharging system

used for the melter. A true cold top is achieved only when the feed material is evenly fed to .

 the entire surface of the melt. ‘A semi-cold top occurs when a fixed position batch charger is

used to feed the melter. The cold top method is preferable for the vxtnﬁcauon of waste
materials containing volatile compounds and for overall melter process control (Stextz and
" Hlbscher 1980).

Koegler et al. (1988, 1989) examined the use of JHCM tcchﬁology to vitrify Weldon
Spring raffinate sludge, soil, and sediment. The studies determined that JHCM is capablc» of
- producing. a leach-resistant product with desirable structural properties (such as an unconfined

compressive strength > 50 psi). Glass—forming'additives are ‘required to adjlést the electrical |
. conductivity and to lower melting temperatures. Quantities of required additives might be . .

significantly reduced if higher processing temperatures ‘are used. In general, higher melting
" temperatures produce a glass, which is more resistant to leaching. The lowest leaching rates
attained for glasses are associated with a narrow range of compositions (Marples 1988).

Koegler et al. (19_88,"1989) also determined that to optimize melting behavior a 25% by
weight addition of 90% by weight Na,O and 10% by weight B,0, to the contaminated media

was required. These studies demonstrated that raffinate sludge only génerated an excessively

devitrified inferior glass product. The addition of an equal dry weight portion of soil to raffinate
sludge was suggested by Koegler et al. (1988, 1989) to generate a leach-resistant glass product.

Modification of the additive mixture may be required due to different raffinate sludge chemical

compositions. Variation in sludge chemlstry is somewhat minimized by the addition of relatively
uniform soil and melt modifiers.

Soil is generally not a véry conductive material, but its conductivity increases with
temperature allowing conductance through the molten soil instead of through the refractory lining

of the melter. For this reason, a molten glass starter must exist in the melter prior to the -

1
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addition of waste materials. Tcmperatures of up to 1,200°C can be obtained in the melt (Buelt
*.1989). Higher temperatures may be obtained through the use of specially designed melters.
Optrmum process conditions occur when the melting temperature is between 1,070° C and.
1,250°C, the mixture has a viscosity of 100 poise (Marples 1988), and the electrical conductmty .
is between 0.18 and 0.5 ohm-cm’l (Koegler et al. 1989)

A melt composed of only mxsmble phases is desirable. Elevated sulfur content in the feed -
. may cause an immiscible sulfur phase to develop and separate from the silicate melt, parUcularly
upon addition of sodium as a melt-modifying additive. Tobie and Weisenburger (1990)
demonstrated that the formation of even a thin immiscible metallic layer causes severe electrode
corrosion and failure. The severe electrode corrosion is induced by overheating due to excess
* local current density. Excluding all metal debris from the JHCM is critical to efficient -
operation. Data developed by Tobie and Weisenburger (1990) and Buelt and Farnsworth (1990)
also suggest that the development of an immiscible molten metal 'phase can readily occur, and
the immiscible phase poses a serious problem to conventional electrical melting techno]ogies y
Development of an immiscible metal melt fatally flaws the 1mp1ementat10n of conventional
electrically heated melters. :

Feed materia]s for the JHCM require sizing. Moisture content of the feed can range
from dry to a wet slurry Because the cost of removing water from the melter feed material is
usually high, a low ‘moisture content feed is preferred. However, a feed whrch is too dry can
create dust emissions and possibly cause bridging problems in the melter feed system The final
~ product of the process is discharged from the melter while still in-the molten state; this product,
can be poured into storage containers, shaped, quenched in water to produce a fnt or poured: :
as a slag. Joule-heated ceramic melting allows direct visual observation of the process and real-
time modifications to melt chemistry and process temperatures. Therefore, a structurally sound -
glass product is possﬂ)le The JHCM process typically achieves a 50% volume reducuon

Some volatilization ot’ ,mercury, arsenic, and cadmium is expected. 'Vapor phases of
these elements are capturéd by the off-gas treatment system. Radon emissions from the joule-
heated ceramic melter (JHCM) product does not represent an air emission hazard. Inorganié ind
radionuclide contaminants, derived from melted metal or concrete, are partitioned into the silicé
melt and encapsulated upon cooling. Material may be charged to the melter, with off-gas

_products captured by the off-gas treatment system and ash incorporated into the melt.

- If the vitrified waste material is to be :~dispos¢d on-site, only a relatively cool glé.ss
* product can be placed in the cell; molten or near-molten glass is more difficult to transport and
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place within the disposal cell. Consequently, the vitrified product will need to be containerized
cooled, or fritted in water pnor to dlsposal Fritted glass is expected to. have a partxcle size of
Vs to % inch. : w5 Ao :

- JHCM teennology_ has had limited application: for large-scale waste remediation.
However, bench-scale testing is being conducted at the Vitreous State Laboratory, located at
Catholic University in Washington, D.C. These bench-scale tests will be used to develop a
: process parameter database and a basis for design of a pilot-scale facility.

Joule-heated eeramic'mel'ting is eurrently applied as a vitrification method for liquid high-
* level nuclear wastes worldwide (Buelt 1989). In the United States, this process is being used
for the DOE's Hanford Reservation near Richland, Washington, and at the West Valley Site in.
New York Both of these JHCM melters are slurry- fed systems.

. Approximately 0.5 to 2 acres are required for the process facility. Joule-heated ceramic
melters and ancillary upstream processing/feeding and downstream handling/mplding equipment -
are available from a number of vendors. JHCM nnits are available which process 100 tons per
day. Larger units have not yet been developed Penberthy Electromelt representatives indicated B
they could mobilize needed specrahsts to operate the system from among their ceramic- and
glass-making mdustry contacts

Based on data pro'vided by 'Ko'egler et al. (1989), the capital and operating costs for a
JHCM to process 334,100 cubic yards (386,000 tons) of sludge, soil, and sediment would be -
approx1mately $59 006, OOO ($lS2 86/ton) :

3.6.2.2 Fossil Fuel-Heated Ceramic Melting. The fossil fuel-heated ceramic m_eldng
. (FFHCM) process is an adaptation of commercial glass-making technology. Contaminated soil,

sludge, or liquid is fed into an enclosed melter and melted by heating with a fossil fuel-generated

flame. The addition of an oxidant gas to the fossil fuel is required to generate a flame. Usually
 the oxidant gas is air, but the air may be supplemented with oxygen to increase the temperature
~ of the flame. Temperatures of up to 1,900°C can be obtained in the melt; organic and °
nitroaromatic compounds are readily destroyed at these temperatures A

Vorte¢ Corporation has a 20-ton-per-day fos_sil fuel-fired plant in operation. This plant.
can be used as a small-scale production facility or as a pilot plant. The construction of larger-
capacity plants is possrble Vortec employs patented and patent-pending processes Wthh are
reﬁnements of the fuel-fired glass—makmg processes.
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“One of the Vortec refinements to the fuel-fired melters is a more efficient heat exchanger

" for the recovery of heat energy from the off-gas stream. “This development 51gn1ﬂcantly reduces

"the fuel consumption per ton of glass produced. The melter is completely enclosed, unlike
conventional glass-making furnaces. Another refinement of the Vortec melter is the use of a.
proprietary cyclone melting system. Waste material is injected into a counter-rotating vortéx '
- combuster where incineration and melting occur. This allows for a hlgher retention of volatile
morgamcs and lower partxculate emissions. : : .

The FFHCM process yields a glass product similar to that produced by JHCM. A

. .significant reduction in volume is achieved (68%) with respect to the JHCM treatment volume

* reduction (50%), because the JHCM process required additives to reduce melting temperatures..

. Melt-modifying reagents are not required because of the high operating temperatures
(>1,600°C) that can be achieved with the FFHCM process. However melt modlﬁers can be
added to decrease the melting temperature and save on fuel costs.

Feed requirements for the FFHCM vary. Typically, FFHCM systems are not very _
sensitive to variations in feed. However, depending on the feedstock, additives may enhance
the vitrification proCesseS ‘Waste glass, as an -additive, may be used instead of the more
expenswe high-purity. additives typically used for glass making. “The addition of glass may be
necessary to vitrify the raffinate sludge. Feed material is fed to the melter by a screw. convcyor ,
_pneumatic transport (dry), or by slurry. Fossil fuel-heated ceramic melting allows direct v1sual
observation of the process and real-time modifications to melt chemistry and process}
temperaturcs ensuring a structurally sound glass product that will not devitrify. |

Air emissions could result from the volatilization of waste . constituents and the
combustion of the fossil fuels, and an off-gas collection and treatment system will be required.
Combustion of the fossil fuels may cause a higher level of NOx and SOx in the flue gas than
could be normally attnbuted, to the waste. Emissions from the melter could be reduced through
the use of plasma arc torch boosting or joule heating electrode boosting. The latter is the most
 common method of emissions reduction for fossil fuel-heated melters in the glass industry:

If the vitrified waste material is to be disposed of on-site, only a relatively cool glass

product can be placed in the cell; molten or near-molten glass will be more difficult to transport

“and place within the cell. Consequently, the vitrified product will need to be containerized,
cooled, or fritted in water prior to disposal. '
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A fossil fuel-heated ceramic melter requires. approximately 0.5 acre for facility
construction. Vendors can construct turnkey units and provide trained operators and treatment
process management However, the advanced fossil fuel-heated ceramic melting process. with -
counter-rotating vortex has:limited availability; and only one vendor, Vortec Corporation, was
identified. Other direct-fired systems are more widely available. In addition, the Vortec systein
is developed only to the pilot scale at 20 tons per day. It has not seen widespread usage and
operators may require specialized training. Based on data provided by Vortec Corporation -
(1990), the capital and operating cost of processing 334, 100 cubic yards (386,000 tohs) of soils,
sediment, and sludges using the - FFHCM process would be approx1mately $30,362,000
($90. 88/yd3) (including labor costs) ' :

© 3.6.2.3 Plasma Arc Torch Melting. The plasma arc torch process is a stabilization/ -
~ destruction process which vitrifies waste materials using electrical energy. As with other
vitrification technologies, the final product is a leach-resistant material with a significantly
reduced volume. The process is similar to- other eleetrically powered vitrification methods.
However, the energy source used to vitrify the materials is an electrically generated plasma
which can create extremely’ hxgh temperatures, 51gmﬁcant1y reducing the requxrement for |

additives.

A plasma is created when gases are io_nized‘by passing through an electric field which
‘strips electrons from the gas molecules. The aggregate gas remains electrically neutral because
it-is made up of equal numbers of positively and negatively charged particles. The charged
particles contain a high energy level. When the ionized species in the plasma recombine with
the stripped electrons, significant amounts of energy are released (Staley 1990). Temperatures
ranging from 12,000°C to 20,000°C can be created in the arc path (Lee 1989). Airis generally
the gas used to generate the plasma, but a variety of other gases can also be. used Air, argon,
oxygen, carbon monoxide, hydrogen, methane, nitfogen, helium, and various mixtures of these
gases have been used to fuel plasma arc torches.. '

Many conﬁguratlons of plasma arc torches are available for use in industrial apphcatlons
The commercially available torches are one of two configuration types: the transferred type or ‘
the non-transferred type. Heat energy is delivered to the work piece from the transferred torch. ,
by plasma-heated gas and is generated in the work: piece itself by the resistance of the arc

- attachment point (joule-heating). The heat energy from the non-transferred arc torch is delivered- .

to the. work piece by the plasma-heated gas alone.
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Two process technologies for plasma arc torches also exist: direct injection and 1nd1rect

heating. . qul.lld and gaseous. wastes can be dlrectly injected into the plasma plume where the

plasma energy breaks apart molecules of the compounds in the feed into their constituent atoms.
Indirect heating uses the plasma to create a bath of molten material into which solid or liquid

“waste 1s fed. “The waste is then heated by radiative heat transfer or conductive heatmg and

melted. Non-volatile components are incorporated into- the melt. - Organic components are
destroyed and the breakdown products of the volatile organic components remain in the hot ﬂu1d'

- along with the destruction products from the organics.

Melt t'empe'ratures can reach 3,000°C. The 'higher melt temperatures achieved by the

: plasma arc torch could cause more loss of volatile metals and metalloids. High temperatures

also cause more cofrosion of the melter construction materials-and require more:expensive
complex alloys for the construction of .the plasma arc system. The hlgh temperatures at the
electrodes require hrgh-pressure water for cooling. :

Plasma arc technology advantages over more conventional vitrification technologies
include faster heat transfer, a high operational temperature, and relatively easy incorporation of
metallic. debris into the melt. Metal in the melt can actually improve the effectiveness of the
process by providihg higher heat retention. Operation at higher temperatures geherally negates
the need for feed additives to process the material, with the exception of the raffinate sludge.
Because the raffinate sludge lacks sufﬁcrent glass -forming elements, addmon of soil or sedlment o
will be requxred ' : : -

The electrodes are the only directly consumable part of the torch and can be made from
a-variety of materials. Copper alloys, steel, tungsten, and graphite are typical materials used.
Torches with an electrode life in excess of 1,000 hours in oxidizing enviro_nments are available,
The Weldon .Spring materials would probably also be vitrified in an oxidizing environment;
however, the various process parameters have not yet been determined. ‘

A significant reduction in volume 18 achxevcd compared to that achxeved -using JHCM
technology Melt modifiers can be added to decrease the melting - temperature and save on
electricity costs. Plasma arc torch melting allows direct visual observation of the process and

real-time modifications to melt chemistry and process temperatures. - Therefore, a strong, leach-

resistant glass product is possible.

As with the JHCM process, the plasma arc torch process is an adaptatlon from the
commerclal metal melting industry, but is only in the developmental phase for hazardous waste
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apphcatlon Based'on vendor discussions and pnlot-scale testmg, it appears thls method can be
apphed to large -scale waste dlsposal systems and could be used to treat Weldon Sprmg wastes.

| T Plasma arc tcchnology is currently .used commercially in steel works for ladle heating-, '
* production of ferro-alloys, reclamation of platinum from catalytic converters, melting of scrap.

iron in foundries, and in the treatment of hazardous wastes at Love Canal. Other applications
are in varying stages in the steel, ceramics, cement, and chem_ical industries.

Plasma arc equrpment is wndely avaxlable from numerous vendors Vendors can construct.

turnkey umts and can also provnde trained operators and treatment process management..

Complete systems" for handling large volumes of mixed and radioactive wastes are in the .

" development stages. Experienced operators are few, but may be available.

Based on data provided by ‘Plasma,Energy Corporaﬁon ( 1990)_, a preliminary capital and
operating cost for processing 334,100 cubic yards (386,000 tons)-of soil, sediment, and sludge
using the plasma arc torch melt.i'ng process would be approximately $57,994,000. -

3.6.2.4 In Situ Vitrification. In situ vitrification (ISV) is the process of elec_trically
melting -inorganic materials to thermochemically treat free or contained contaminants present

within the treatment volume, Most ISV applications involve melting of natural soils; however, -
other naturally occurring materials or process residuals, such as sludge, tailings, and sediments,

may also be treated. Using soil, the process simultaneously destroys and removes ‘organic
contaminants while chemically mcorporatmg inorganic contaminants into a chemically inert,
stable glass product

Four electrodes are placed in the material to be treated to the desired treatment depth.
~ Because soil typically is not sufficiently electrically conductive to allow initiation of the ISV
process, a conductive mixture of graphite and glass frit is placed on the surface of the material

between the electrodes to serve as a starter path. ‘As electric potential is applied between the
electrodes, current flows through the starter path, heating it and the adjacent soil to temperatures

above 1,600°C. Upon melting, the electrical conductivity of the soil increases, and.the molten

mass becomes the pnmary conductor and heat transfer medium, allowmg the process .to

cormnue

Continued application of electric energy causes the molten volume to grow downward
and outward, eventually encompassing the desired treatment volume. Individual settings (i.e.,

the melt involved with a single placement of electrodes) may grow to encompass a total melt
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mass of up to 1,000 tons and a maximum width of about 28 feet. Single setting depths as great

- as 30 feet are considered possible with the existing large-scale ISV equipment. Several methods,
' based on geophysical, opncal and thermal principles, may be used to determine the physxcal
“extent of meltmg for control purposes. .

A ' The molten soil mass is usually in the 1,600°C to 2,000°C temperature range; specific
temperatures are dependent on the overall chemistry of the melt. A vigorous, chemically
reducing envnronment is present within the melt. Because the soil has low thermal conductivity,
a very steep thermal gradient (i.e., 150°C to 250°C per inch) precedes the advancing melt
surfaces. In most cases, the 100°C isotherm is less than 1 foot awéy from the molten mass;

"however, the isotherm moves an additional § to 7 feet away before the molten mass cools.

The large-scale ISV systems-melt soil at a rate of 4 to 6 tons per hour. ‘Accordingly, the
rate of melt advance is in the-range of 1 to 2 inches per hour. As the thermal gradient advances

“on solid or liquid organic materials, these materials first vaporize and then pyrolyze into

elemental components Pyrol ysis is decomposmon in.the absence of oxygen. Organic pyrolysis
products are typlcally gaseous; these gases move slowly (because of the high viscosity of the
molten material) through the melt toward the upper melt surface. Some of these gases may
dissolve into the molten mass; remaining gases move to the surface where volatiles, combust in
the presence of air. Pyrolysis and combustion products are collected in an, off-gas collectmn

. hood and are subsequently treated to ensure process air emissions meet regulatory requ1rements

Because of the high temperature of the melt, vxrtuany none of the original orgamc contaminants i
remain in the v1tnﬁed product * :

As the melt grows in size, its electrical resistance decreases, making it necessary to
penodlcally adjust the ratio between the voltage and the current to maintain operation at the
desired power level. When the power is shut off, the extent of melting is limited to the point
achieved at that r_noment and the melt begins to cool. - Gaseous emissions from' the melt cease
within a few hours, and the off-gas hood may be removed. The subsidence volume may then
be filled to the desired depth with clean backfill. The melt should not be force-cooled. Slow
cooling produces a vitreous‘(amorphous) and micro-crystalline structure which provides excellent
structural properties. The vitrified product is monolithic in nature. Assuming contiguous
settings at a site, a single large monolith could be produced. '

: _ : , : ,
~ Power is provided by a utility distribution system or by on-site generators and
transformed to the voltages required for processing. The voltage-adjusted power is supplied to

_ the array of electrodes placed in the soil. The maximum spacing between electrodes is about
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18 feet, which allows formation of a maximum melt width of about 28 feet. The processihg area
is covered by an octagonal-shaped ‘collection hood -through which off-gases, combustion

products, and air are drawn into the treatment system. The off-gas treatment system includes

~_ the following unit processes: quenchxng, PH controlled scrubbing, mist elimination, temperature
. and dew point control, particulate { filtration, and acttvated carbon adsorptton Off-gas treatment

~ wastes are continually recycled to subsequent vitrification processes, necessitating disposal of

only the waste generated during the last ISV setting. A self-contained glycol cooling system is
used to cool the quenching/scrubbing solutmn reducmg the need for water. A backup off-gas
 treatment systcm and generator are included in the event of a power failure.

The ISV process incorporates'contaminants into the melt, thermally decomposes organic’

materials, and vaporizes some elements.- Total destruction/removal efficiencies (DRE) for
typical organic contaminants exceed 99.99%. Conversely, the percent retention of mercury,
arsenic, and cadmium is 97%, 99.98%, and 99.96%, respectively (Hansen and FitzPatrick
 1989). During ISV, the precursor to radon-222, radium-226, is immobilized by chemical
incorporation into the ISV residual product ‘When the radium-226 decays to radon-222 within
the monolith (less than four days); the radon gas'is contained within the vitrified product until
it decays back to a solid form, polonium-218. This capability is a significant advantage of the
ISV process for remedlatmg radon-producmg wastes.

The behavior ,of certain inorganic materials, upon exposure to the advancing thermal

gradient, is similar to that of the organics. Inorganic compounds may thermally decompose or
otherwise enter into reactions with the melt. Nitrates and sulfates, for eiample yield gaseous
decomposition products such as N,, SO,, and O,, which may dissolve into the melt, or may
evolve through it and be collected in the off-gas collection hood. The elements of the inorganic

compounds originally present are incorporated into the vitrified residual. As with organics, it~

is possible for some inorganics to evolve from the melt in the vapor state; the percentage
evolved is usually quite 'small, often less than 0.1%. The degree of retention of inorganic
‘vapors within the melt is a function of elemental vapor pressure, solubility in the glass, and

depth of melt. For hazardous i morgamcs the ISV residual product will meet EP TOX and TCLP

leach testing criteria.

The void space present in particulate materials (e.g., 20% to 40% for typical soils) is
. eliminated during ISV processing, thereby reducihg the volume. Also since some of the
‘materials (humus, organic contaminants, and limestone, for- example) present in the soil are
removed as gases and vapots during processing, further volume reduction occurs. Calculations
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demonstrate a 68% decrease in volume of contaminated material. The volume reduction creates
a subsidence volume .above the melt and an angle of repose in the soil adjacent to the melt.

A Vitrification Technologies Jfor Weldon Spring Raffinate Sludges and Contaminated Soils
Phase 11 Repont: Screening of Alternatives (Koegler et al., 1989), determined that the vitrified
Weldon Spring product. had a significantly lower normalized elemental release than high-level
nuclear waste borosilicate glass through 7-day and 28-day MCC-1 'and MCC-3 leach test. -
procedures. Radon emanation was 0.1% of the maximum theoretical radon emission level from
the glass. . Air emissions from the’ vitrified product can be considered safe (Koegler et al.,

. 1989). - ‘ ' :

The ISV prooess can accommodate sxgmﬁcam quantities of mclusnons in the treatment.‘
volume. Inclusions are defined as “highly concentrated contaminant layers void volumes, -
containers, metal scrap, general refuse, demolition debris, rock, or other non- homogeneous,
materials or conditions within the waste volume. Most inclusions, with the excepuon of very
. high melting point ceramics, are treated in the same manner as the hazardous orgamc and.'
inorganic contaminants during ISV '

Buelt and Famsworth ( 1990) determined that the ISV processing of metal-bearing soils,
such as those present at the Weldon Spring site, requires a self-feeding electrode- technique.
Molten metal pooling on the bottom of the melt chamber was found to cause shorting between
electrodes as well as severe electrode corrosion. The new electrode feedmg system has only
-been successful in bench-scale tests.

, Monovalent atkali catiohs such as sodium and potassium, are necessary to provide the
degree of eléctrical conducnvxty needed for the process to operate efficiently. This requlrement
- can be satisfied by adding ﬂuxlng materials to the base morgamc material. Most naturally
occurring soils, sediments, tailings, ‘and process sludges such as those present at the Weldon
Spring site, meet these conditions. :

Differences in soxl types (e.g., clay versus sand) relate pnmanly to particle size and’
shape differences and mineral types resulting from weathering of rocks. These drfferences affect
smportant soils properties such as permeability and density, but do not generally affect overall
chemical composition and ability to be processed by ISV. These dlfferences can, however
affect melt temperature and electrical conductivity. |
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"~ The ISV processirig rate is dependem upon the water content of the processed material.

A high water content slows ISV processing. Therefore, a higher than expected water content

. of the mixed sludge/soll could drasm:ally slow the ISV processmg rate.

-

_ Several di_fﬁcuhies l_nay arise in iattempting to apply ISV techno]ogy to the Weildon- Spring

site. The economic limit on minimum thickness to vitrify is S to 7 feet. The areas to be
- remediated at the Weldon Spring site include relatively thin, widely dlsmbuted 1-foot- to 2- foot-

thick zones of surface soil contammanon Moreover, the raffinate sludge will not produce a
high-quality glass product (Koegler et al., 1989). -Inadequate silica content causes the melted

raffinate sludge to excessively devitrify upon cooling, yxeldmg an mfenor product.- Mixing of .

soil with the sludge would solve the above concerns, but not dewatenng the sludge prior to ISV
processing may overtax the off-gas treatment system, may slow melting rates, and may cause

'excesswe consumption of elecmc:ty

" The process and final product of ISV treatment cannot be directly viewed. Durihg

processing, thermocouples can measure the temperature regime. However, even during bench- .
~ scale testing of the ISV technology, the thermocouples continually failed. -After processing,

subsurface sonic measurements could be performed to identify non-vitrified zones. - However,

as described for in situ chemical stabilization, site monitoring after in situ vitrification would be .
difficult. Monitoring the leach rates and effectiveness of vitrification would require drilling
through the hard, vitrified waste and would be espécially difficult to verify at the deepest extent .
of the melt. Remediation. of deficient zones would also be very difficult. The absence of

secondary containment protection for the ISV-treated media could potentially allow contaminants
escaping from poorly vitrified maté,rial to be released into the environment.

- The ISV process has been tested over 70 times on 18 different soil types (Geosafe 19§0)

'co,llected from government and pﬁvéte-sites throhghout the United States and Canada. In

addition, ISV has been selected -for cleanups at 7 Superfund sites and 2 military bases.

| _HoWever, Geosafe, Inc., is the only firm presently providing this technology. Geosafe holds
worldwide exclusive rights to the usé of ISV technology in the field of hazardous waste -

remediation. Geosafe can supply their technology as a contractor or as a subcontractor. No
competitive bids are possible, except for related site preparation and contractor support work.
“The commercial experience base is not sufficiently developed to warrant imp]ementétion without
a thorough evaluation of all aspects of ISV applicability. Importantly, the DOE recently
suspended the use of the ISV Vprocess indeﬁnitely after a fire started during large-scale testing
of the process at the Hanford Reservation near Richland, Washington..

-
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The cost of implementing ISV is impacted s:gmﬁcantly by the numerous applications that
~ would be required at the Weldon Spring site. For example, based on a- maximum electrode
spacing of 18 feet, allowing formation of a 28-foot-maximum melt width, 1 ,400 applxcauons'
would be required for treatment of the raffinate pit area alone. -

The thﬁcation Cost Study (MKES 1992e) Ireported two independently derived
~ preliminary cost-estimates for implementing the in situ vitrification process to treat 569,000
cubic yards (752,680 tons) of sludge, soil, and sediments. The capital and operating costs
derived by Pacific Northwest' Laboratory (PNL) were $128,946,381 ($266.62/yd?), compared
to an MKES estimate of $112,421,506 ($197.58/yd®). These estimates are very similar for this
level of study (within +50/-30%). -

3.6.3 High-Temperatui'e Slaggihg lncine_ration

Slaggmg incinerators, unhke convennonal rotary kﬂn or fluidized bed incinerators,
operate at temperatures sufficient to induce melting of the soil constituents. Upon cooling, the
melt forms a glass. Orgamc contammants are pyrolyzed, and residual inorganics are contained
within the leach-resistant glass. Volatilized inorganic compounds are captured in the off-gas
. treatment system. ' ' 3 ‘

Weldon Spnng Special Studtes Phase 11 Report on Slaggzng Incineration (JEG 19921).
examined the applicability of slaggmg incinerators to remediate contaminated’ materials at the
Weldon Spring site. Direct-fired units are simply rotary kiln incinerators that operate at
temperatures ranging from 1,200°C to 1,400°C. These temperatures are sufficient to cause .
_melting of soil and sediment. Raffinate sludge alone can be melted only when the appropnate'
melt- modxfymg reagents are added.

Refra'ctory failure is a major problem for slagging incinerators due to acid and metal .
ha.llde attack and abrasion JEG 1992i). The spent refractory may be a disposal problem at the
Weldon Spring site because of radlonucllde and toxic metal contamination.

Melting studies indicate that a temperature of 1,400°C is required to melt soil from the
Weldon Spring site (JEG 1992b). Raffinate sludge melts at 1 ,200°C and generates a fluid (1
poise), highly corrosive melt. Upon cooling, the melt undergoes complete devxtnﬁcanon
"yielding a soft, granular product. The excessive devitrification is due to the low silica and high-
alkahne earth content: of the sludge.
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Prev:ous tests have shown that a mixture of 50% soil and 50% raffinate sludge begin to

melt at 1,150°C but are not completely molten until the temperature reached 1,250°C.

. Consequemly, a 50:50 soil/raffinate mixture probably could be melted in a slagging incinerator

without the addition of melt—modlfymg reagents. Soil and sediment alone, however, probably
would not melt without the use of melt-modifying additives. In this case, the required use of

mtn ﬁcatlon tech“"]og‘es which do not require additives.

i ;iu

Slagging incinemtion could achieve approxnmatcly a 50% reduction in tonnage primarily

as a result of the volatilization of water. Density is increased due to sintering. . The temperature .
reached during slagging ‘incineration causes decomposmon of nitroaromatics. However, the .
) temperature is not sufficient to induce meltmg without the use of additives. Consequently, the

toxicity and mobility of inorganic and radioactive components is unchanged Radon emanation
‘flux rate is also unchanged. Unlike the products generated by vitrification, the incinerated
product would probably require physwa] isolation for ﬁnal disposal.

lnformatmn was obtamed from two vendors: Von Roll and WTE Umwelttechmk Thexr

_ '.expenence has involved units with throughput capacities ranging from 1 ton per day (FLK-60) :
~to 600 tons per day (Von Roll). The FLK-60 slagging incinerator operating-at the Belgian )

Nuclear Research Center in Mol, Belgium is not commercially available. Approxlmately 1 acre
“would be requnred for a slagging incinerdtor process fac111ty

. Preliminary'costs developed in the Weldon Spn‘ng Special Studies Phase II Report on
~ :Slagging Incineration (JEG l992i) estimate a cost of approximately $105 per ton ($87.2 million)

for implementing a direct-fired slaggmg incinerator to treat 573,360 CUblC yards (832 120 tons) - - |

of soxls, sludges, and debris over a 4.8-year penod

... - . TotalCost . - Duration - Cost/Ton
Direct-fired ' $87.2 million 48yrs $105

‘Electrically heated $170 million  23.1 yrs $210
364 Rjothry‘:Kilu _Iucinerat‘ion |
'I‘wo studies exammed the applxcatxon of rotary kiln incineration for remedxanng Weldon

Spnng s1te matenals Evaluanon of Rotary Kiln and Fluidized Bed Incineration Technologies
for the hearment o_{ Comammated Sozls:and Sludges (JEG 1992]) and Special Study Phase 11

" "eagents s:gmﬁcantly 10wers the volume and tonnage reduction that can be achleved using other .



Report—ThennaI Trearment of Sozls/Sedzmean Sludges and Combusnble Debns at the Weldon :
Spring Site (JEG l992k)

A rotary kiln incinerator is a slightly inclined, refractory¥lined rotating cylinder. Solid
. waste and auxiliary fuels are introduced into the high end of the kiln. The rotation of the kiln .
agitates the solid materials and improves the burnout of and heat transfer to the solids.

Combustible wastes are oxidized to gases and inert ash in the kiln where temperatures exceeding »

1,000°C are achieved. Solids are removed at the lower end of the kxln flue gases are passed
through a secondary combustion chamber, or after bumner, for further oxidation. Gas
| temperatures in the secondary combustion chamber exceed 1,200°C. The gases are ﬁnally
passed ‘through air pollution control units for partxculate and acid gas. removal.

Rotary Kiln incineration is a proven technology for the elimination of hazardous organic
waste (McCormick and Duke 1989). Radionuclide and most inorganic constituents are not
destroyed by incineration. - The Special Study Phase 11 Report—Themxal Treatmem of
- Soils/Sediments, Sludges, and Combustible Debris at the Weldon Spring Site (JEG 1992k)

. examined the ENSCO Environmental Services rotary kiln incineration system.. ThlS _system is -

permitted by the’ EPA and has successfully demonstrated the destruction and detoxrﬁcatxon of
hazardous organic wastes. -

_ The solid product of incineration is an ash residue. The results of EP TOX and TCLP. .
-leaching tests show that ash is frequently susceptible to leaching of contaminants and usually

requires further treatment or containment. Unlike slagging incinerators, conventional rotary kiln o

- “incinerators do not operate at temperatures high enough to melt the soil constituents.

Rotary kiln incineration technology has been demonstrated at full scale and is available |

from a number of vendors. However, the applicability of on-site incineration is affected by a
number of factors such as heating value and the contents of the feedstock 1nclud1ng monsture
halogen sulfur, phosphorus, alkali metal, and toxic metals.

Rotary kjln incineration technology has high capita] and operating costs. Preliminary
capital and operating costs were estimated in the JEG report (1992k) for thermal treatment of
507,000 cubic yards (769,000 tons) of soil/sediment, 62,000 cubic yards (61,300 tons) of dried
sludges, and 6,000 cubic yards (1,800 tons) of combustible debris over a 3-year penod These
costs were:
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Soils/sediment - . . = $70,000,000
Dried sludges = P $ 8,000,000
Combustible debris . , '$ 2,700,000
© 3.6.5 Liquid Injection Incineration

A liquid injection system consists of a single or double refract;iry-lined combustion

chamber and a series of atomizing nozzles. Two-chamber systems are more common. The = -

primary chamber is uSually a burner where combushble liquid and gaseous wastes are mtroduced

downstream of the burner in the secondary chamber. Single-chamber incinerators are used for

~ systems handlmg only combustible wastes.

The most oommonly ‘used liquid injection incinerators are horizontally and vertically fired
units. A liquid waste has to be converted into a gas before combustion. The liquid is atomized

during passage through the bumnér nozzle while entering the combustor. This is necessary to -

ensure complete evaporation and oxidation. If viscosity precludes atomization, mixing and
_heating or other means should be applied prior to atomization to reduce waste viscosity.

The operating temperatures vary from 1,300°F to 3,000°F, with the most common .

_ temperatures being about 1,600°F. Residence times vary from less than 0.5 seconds to 2
‘seconds. The process usually requires 20% to 60% excess air-to ensure complete combustion..

Li'quid injection can be -used"to destroy virtually any pumpable waste or gas and . the -

process can effectively destroy organic contaminants. These units have been used for the

destruction of PCBs, solvents, still and reactor bottoms, polymer wastes, and pesticides (EPA .

1985). Unlikely candidates for destruction include heavy metal wastes and other wastes high
in inorganics. It does not have a need for a continuous ash removal system other than for
pollution control.- However, when combustible wastes are oxidized to gases, an ash residue is

generated. The ash is susccpuble to leaching and typically requires restncnve dxsposal or

treatment.

Liquid injection incineration is applicable to wastes having sufﬁcient]y low viscosity
- values (less than 750 Saybolt Seconds Uriiversal [164.63 centipois;j) such that the waste can be
atomized in the combustion chamber (EPA '1985). However, viscosity is temperature dependent
so that while liquid injection may not be applicable to a waste at ambient conditions, it may

become applicable when the waste is heated. In addition, the waste particles and the

concentration of suspended solids need to be sufﬁclently low to avoid clogging of the bumer
nozzle (or atomwer opemngs) '

n:\users\ioanne\qonzaleﬁ\eaa\revpie'ae.3L9 . 3-66

:



_ L1qu1d injection mcmerators have no moving parts and requnre the least maintenance of
- all types of incinerators. The major limitations of liquid m;ectron are 1ts ability to mcmerate
only wastes which can be atomized in the burner nozzle and the burner’s suscepubrhty to
clogging. It also needs a supplemental fuel. These incinerators are also highly sensitive to -
waste COmposition and flow Changes ‘Therefore, storage and mixing tanks are necessary o
ensure a reasonable steady and homogeneous waste flow. : ' '

Because of- the radioactive constituents  in drummed process chemxcals bemg held in._ N
controlled storage at the Weldon Spnng site, no 'I’SCA-permmed commercxal facility will accept
this material for mcmerauon However, the DOE recently developed a Toxic Substances' t
Control Act (TSCA) mcmerator designed to destroy uramum—contammated PCB waste. and '
- hazardous organic materials. The TSCA incinerators will provide disposal capab:lmes for seven
. DOE facilities: Oak Ridge Gaseous Diffusion Piant, Paducah Gaseous Diffusion Plant, Y-12
‘Plant, Portsmouth Gaseous Diffusion Plant, Feed Materials ‘Production Center, Oak Ridge

‘National Laboratory; and RMI Extrusion Plant. The K-1435 incinerator, located at Oak Ridge, L

~ is designed to destroy liquid, sludge, and solid' PCB contaminated materials and hazardous
waste. Dependlng upon the results of more detailed waste characterization, the DOE’s K- 1435 :
e mcmerator ‘may be able to accept and incinerate the drummed. process chemxcal wastes. .

Prehmmar) data mdtcates that incineration costs at the Oak Rldge facmty could be'
- ',approx1mate1y $2 10 $4 per gallon, with an additional $1 per square foot for. storage (R.E.
Hlavacek 1990). It is anticipated that transport of 400 drums. (111 yd3) of containerized liquid
chemicals to Oak Rldge and mcmeratlon in the K- 1435 mcmerator would cost about $995 per

- cublc yard
3.9 Biological Treatment

Bloremedxatlon 1s the process of reducmg the concentration or volume of a contaminant

-_usmg bxologlcal organisms. Bioremediation may. be conducted in situ or ex-situ and generally
involves the use of bactena_ or fungi to break -down organic compounds in their metabolic
. processes. . ' - | '

371 Bioremediation of Soils

. Bloremedlatlon processes, such as 'surface 1mpoundments, contact “digestion, attached
~ growth, and land application, are effective in treatmg organic contaminants. These processes,,
“however, are not effective in treating inorganic contaminants such as the metals and
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o

radxonuchdes and ‘inorganic contammants Wthh predommate in the site soils. onremedxatxon :
would be apphcable onlytoa hrmted volume of orgamcally contamlnated soils as a pre-treatment '

'to chemical stabilization.

~

3.7.2 Composting'

Compostmg mvolves the aeroblc degradatlon of a waste matenal p]aced in small pxles or'v -

windrows so that the heat produced by mlcrobxal action is contamed Vegetation, wood, and

. other orgamc debns are chipped and pIaced in a compost pile to facilitate biodegradation.

Maintenance of an abundant supply ‘of oxygen in the compost pile, coupled with elevated

temperatures and sufficient monsture, results in a much more l'apld degradatnon process than

'would otherwise. occur.

Chipped vegetation and organic debris could be composted prior to disposal. - This
material may consist of clear and grub materials, railroad ties, wooden buxldmg ‘materials, and -

other wood products. Composting can result in an'80% to 90% volume reduction over a penod
of . one to two years, -depending on the compost component. - ‘Maximum .volume reduction can
be achxeved by addmg bacteria and nutrients and by mamtammg optimal temperatures within the

‘pile. Runoff or leachate from the compost pile may contain contaminants and therefore must

be contamed, momtor_ed, and treated.  No permits or agency coordination ;s_requ:red. -

: Tho EPA (1985) ‘sta‘tes-'thalt bioremediation costs are  a function of site geologyi_,and

- geohydrology, the extent of contamination, type and concentration of contaminants, and soil -
. requiring treatment. Costs provided by actual site c]eanups indicate that blologlcal treatment can '

" be far more economical as an alternative to or in conjuncnon with excavation and removal.

~Costs to compost clear and grub materials and other organic debris are expected. to be minimal..
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'~ 4 PRELIMINARY ASSEMBLY OF ALTERNATIVES

The assembly and evaluation of remedial action alternatives.is a primary purpose of the
Feasibility Study for Remedial Action at the Chemical Plant Area of the Weldon Spring Site .
(DOE 1992a). - The 1nformauon presented in this section supports the ‘FS assembly and-
evaluation process and includes a brief description of the basic concepts of each alternative.

41 Description of Alternatives

- A number of pOtentia]“ly. feasible remedial action alternatives ‘have been identified by..

“combining the various treatment and containment options described in Section 3. A no action

alternative has been included as a baseline option in accordance with CERCLA guidance.

e . No Further Action

. Minimal Treatment and On-Site Disposal - .

e.  Minimal Treatment and Off-Site Disposal

e . In'Situ Chemical Stabilization and On-Site Disposal _
e In Situ Chemical Stabilization and Off-Site Disposal *
® °In Situ Vitrification and On-Site Disposal L
L In Situ Vltnﬁcatlon and Off- Sue stposal

.. Chemical Stablhzatxon and On-Site Disposal

¢ " Chemical Stabxhz_mlon and Off-Site Disposal

. Thermal Treatment and On-Site Disposal

- Thermal Treatment and Off-Site Disposal -

4.1.1 No Further Action

The no further action alternative is based on the assumption that no additional intrusive-

‘actions would be undertaken at the site other than the interim response actions (IRA) identified

for implementation by the U. S. Department of Energy (DOE) with the concurrence of the U.S.
Envxronmental Protection  Agency (EPA) :

Under this alternative, contaminated soil, raffinate sludges, and sediment would remain
in place, and surface water, groundwater, and air monitoring would. be continued..

’ Implementanon pf this altematwe would involve operation and majn‘ten,ance' of the material -

staging area (MSA), the temporary storage area (TSA), and the site and quarry water treatment '
plants. The rafﬁnate pit dikes, pond dikes, roads, the remaining buildings, as well as the fences
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~and other institutional controls would also requnre ongomg mamtenance Long-term sne
security would also be requrred Annual inspections would be requnred to ensure the facﬂlty s
integrity. ' :

year,

" 4.1.2 Minimal Treatment and On-Site or Off-Site Disposal

.- Thisalternative provides for minimal treatment of contaminated material followed by on-
site or off-site disposal in an engineered cell. Minimal treatment of the soil and sediment would

. consist of excavating and hauling contaminated media using conventional construction equipment.

The raffinate sludge would be dredged and dewatered using a cyclone system. Contaminated :

building materials would be size reduced to facilitate handling, compaction, and disposal. -

Under the on-site disposal option, the engineered cell would be an earthen structure

.designed to contain the dewatered raffinate sludge, contaminated demolition rubble, debris, and
soils. However, since the dewatered raffinate sludge would be difficult to place Within the N
. disposal facility, this material would require blending with soils prior to placement. A double-
* lined (combination) cell would be used to accommodate the radioactive and chemiéally hazardous .~
waste. Under the off-site disposal option, the contaminated material would be containerized and .
hauled off-site by rail to Envirocare’s Clwe Utah, facﬂlty or the DOE’s Hanford facmty in s

Richland, Washmgton for disposal.

. Minimal treatment and on- sne disposal would cost an estlmated $75,729, 849. Off-site
. disposal at Clive, Utah, and Richland, " Washmgton would cost $404 362,626 and
$1,745,769,252, respectlvely

4.1.3 In Situ Chemical Stabilization and On-Site or Off-Site Disposal

ThlS altematxve involves the in situ solidification/stabilization of the rafﬁnate pits, Frog'
Pond, North Dump, South Dump, and Ash Pond. Material from the North Dump would be -
relocated to the Ash Pond for treatment to minimize the surface area requiring capping and to

provide more area for construction materials staging. The 3,600 cubic yards of water treatment
plant residues would be mixed with the raffinate sludge prior to in situ stabillizat'ion.f A cap and
- cover system would be installed. at each of the in situ treated areas (48.7 acres) after the
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stabilization process has been 1mplemented Contammated building. debns would be size reduced
to facilitate handhng, compactlon and d1sposa1 :

) Under the on-site disposal ‘option, the soils and sediments from the remaining source
areas which cannot be effectively stabilized in place would be removed and disposed of in an
on-site engineered disposal cell. Because the materials requiring on-site disposal would consist_
of both untreated radioactively and chemically contaminated media, the disposal cell would
include a double liner syster'n double leachate collecvtion and removal system; a leachate
detection, collectxon and removal system; and a cover system that includes a radon attenuation .

barrier. Building dismantlement/demolition debns would be sxze reduced to facrlxtate handling, .
.compacnon and dxsposal '

- Under the off-site disposal option, the remainiﬁg r&dioaétivelyﬁ and chemically
contaminated materials would be containerized and hauled off site by rail to either Clive, Utah,

or Richland Washington, for disposal. In situ stabilization and on-site disposal would cost an .

estimated $85,867,716 if the raffinate pit soil is not treated in situ and $100,910, 712 if the
raffinate soil is treated. In situ treatment ‘and off-site disposal at Clive, Utah would cost
$293,557,476 if the rafﬁnate pit soil is not treated in situ and $308,600,476 if the raffinate pit
soil is treated in place. Disposal at Hanford would cost $1,155,363,885 if the rafﬁnate soilis
not treated in situ and $1,170,406,885 if the soil from the pits is treated in situ.

4.1.4 In Situ Vitrifieation and On-S‘iteor Off-Site Disposal :

" This remedial action aJtemauve involves the in situ v1tnﬁcanon (ISV) of the rafﬂnate :
pltS Frog Pond, North Dump, South Dump, and Ash Pond. As with the in situ chemical

- stabilization alternative, material from the North Dump would be relocated to Ash Pond for

treatment, and the 3,600 cubic yards of water treatment plant residues would be treated with the
raffinate pit sludges. A cap and cover system would be installed over the treated areas (48.7
acres). Effeetive in situ treatment of the raffinate pit sludge would require mixing the sludge
with 60,000 tons of excavatéd soil, -which further reduces the amount of material requiring
disposal. Contaminated rubble and debris would be size .reduced to facilitate handling,
compaction, and disposal. ' '

Under the on-site disposal option, the untreated materials would be removed and disposed .

of in.an engineered cell and would cost an esnmated $132,348,374 if the raffinate pit soil is not
treated in situ and $167,792,634 if the rafﬁnate pit soil is treated in sxtu
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"Under the off-site disposal option, these materials would be containerized and hauled off-

site by rail to either Clwe Utah, or Richland, Washmgton for disposal. Treatment and disposal -
at Clive ‘would cost $318,758,086 if the raffinate pit soil .is not vitrified in place and
$354,202,346 if these soils are treated in place. Treatment and disposal at the DOE’s Hanford -

facility would cost $1,091,239,495 if the raffinate pit soils is not treated m place and
$1,126,683,755 if these soils are treated in situ. -

4.1.5 Re'moval Chemical Stabilization and On-Site or Off-Site Disposal

_ Under thls alternative, the raffmate p1t sludge and clay bottom the water treatment plant,
resxdues, and contaminated quarry soils would be chemxcally solidified/stabilized in a pug mill-,
- mediated process facility. Contaminated debns would be size reduced to facilitate handhng,-

compaction, and disposal.

The on-site disposal optidn. involves the ‘4disposél of the stabilized product énd the

remaining untreated materials in an on-site disposal facility. This facility would be a double-

Jined disposal cell equipped with a leachate detection, collection and‘removal system which

incorporates features of ‘both low-level radioactive waste cells and chemical waste cells. .
~ Chemical sohdxﬁcatton/stabxhzanon and on-site dxsposal would cost an estxmated $98,358,417..

An off-srte d:sposal optlon would requ:re that the chemically-stabilized product be a soil-
like material to facilitate removal from the containers and handling and placement at.the off-site

dxsposal facility. The stabilized product and‘remammg untreated materials would be placed mé'
containers and hauled off-site by rail to either Clive, Utah, or Richland, Washington, for

disposal. Treatment combined with disposal at Clive would cost an estimated $540,703,866.
Disposal at the DOE’s Hanford facility near Richland would cost approximately $2,350,162,773.

4.1.6 Removal, Thermal Treatment and On-Site or Off-Site Disposal

‘This alternative involves the on-site thermal treatment of soils, sediment, dewatered

raffinate pit sludge, and water treatment plant residues. The fossil fuel-heated ceramic melting
process was selected for this alternative. Contaminated building debris would be size reduced
to facilitate handling, compaction, and disposal.

~ The thenhally—treéted waste and the remaining untreated materials would be disposed into - -

two on-site engineered cells under the on-site disposal option. The vitrified waste cell would

be an unlined facility while the untreated ‘material would be placed in a single lined facility.
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Altematwely both treated and untreated waste could be placed in the same smgle lmed dlsposal'

'_ fac1hty For the off-site disposal optlon material would be contamenzed and hauled by rall to
. either Clive, Utah or Richland, Washmgton : -

Thermal treatment usmg a fossil fuel-heated ceramic melter, and on- srte disposal of the"

" treated product and remaining' materials would cost an estimated $100,560, 063. Treatment and -

off-site disposal at Clive, Utah, or Richland, Washmgton would cost’ approxlmately )
$421,225, 983 or $1,710, 329 844, reSpecuvcly '

4.2 Cost Analysis

Preliminary cost estimates were developed for each of the altemat:ves descnbed above '
and are summarized below in Table 4-1. These cost estimates are considered study- estimates 4
with an expected accuracy of +50% to -30%. The estimates, summarized in Table 4-1, are for.
comparison purposes only and should not be considered to be final engineering or constructlon‘

estimates. The basis for the cost estimates developed for each altematwe are presented in Tables ,
AA4 -2 through 4- 12

- TABLE 4-1 Alternative Cost Estimate Summary .

Waste . Dis‘posel T Total .Cost .

Alternative A o " Queantity (yd?) . Volume (yd?) - Project Cost  Pér yd® of Waste
' ’ ' ($) sy .
No Further Action 7 : - 7 . : .
Table 4-2 C " NA NA 1,181,320 Jjyr  NA
choval Mlmmal Treatment and Dupoul 1902,715 . 727,604
Table 4-3 . ' : } ]
On-site disposal . . T E _ 75,729,849 . 84
Table 4-4 : . i ' .
_-Off-site disposal-Envirocare - . % : T : 404,362,676 : 448
Off-site disposal-Hanford . _ : 1,745,769,252 1,934
In Situ C8S & Disposal’ , 882,515 465,576 -
Table 45 S e o= S '
.. On-site disposal : _ : S 85,867.712 '@ 95
- e - . ' ' 100,910,712 ® 114
Table 46 o - : , - g .
Off-site disposal-Envirocare. - , 293,557,476 o 333
v 4 5 . ; i 308,600,476 o 350
Off-site disposal-Hanford = ' ' “ 5 ; - 1,165,363,885 .°! 1.309

1,170,406,885 11,326
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TABLE a1 A‘Al‘te‘rr_\_ative Cost Estimate Summary (Continued)

v

’ ", Waste Disposal Total Cost
Alternative - Quentity Volume (yd®) - . Project Cost Waste (yd?)
- - ' %) ()
In Situ Vitrification (‘pupqcul o - | 882,518 416,234
Table 4-7 ’ : . a4 ‘ L . B . .
. " On-site disposal | 132,348,374 o 150 -
' o 167,792,634 '® 190
i .
Table 4-8 . It ; -
Of-site disposal-Envirocare a= 318,758,086 (o 361
' N 354,202,346 ® . 401
Off-site disposal-Hantord 1, 1,091,239,495 (o '1,237
- . R 1,126,683,755 1,277
Removal, CSS, snd Disposal 1 903,615 . 1,007,065
. Table 4-9 o : : -
On-site disposal 98,358,417 109
B 3 ‘ )
Table 4-10 : . !_ - - ~
Off-site disposal-Envirocare -~ * - 540,703,866 . 598
Off-site disposal-Hanford g 2,350,162,773 2,601
Removal, Vitrification, and Disposal " 903,615 682,414
Table 4-11 : : . o
On-site disposal 100,560,063 B Al
Table'4-.12 o : ) L
Off-site disposal-Envirocare i 421,225,983 . 468
: 1,710,329,844

Off-site di'sposal-Hanford

(ol Rattinate pit soil (153,500 yd?) not treated in situ

o) Reffinate pit soil (153,500 yd®) treated in situ .

1893
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.'. " TABLE 4-2 No Further Action

Unit Cost ($) A

3 x 10,000 x 0.10 PW
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_ Activity " Quentity’ Total ($)
Environmental Monitoring
Monitoring Wells - 49 x 4 times/year 196 EA 604.00 118,384
Surface Water - 15.x 4 times/year 60 EA 604.00 36,240
Surface Water - 5 x 12 times/year 60 EA 604.00 36,240
Radon - 19 x 12 times/yeer 228 EA 102.00 23,256
Air Monitoring - 40 x. 4 times/year 160 EA 1,080.00 172.80Q
Air Monitoring - 8 x 104 times/year 832 EA 36.00 29,952
. : <o b
Equipment _ _ 12 MO 1,500.00 18,000
Labor - * Weekly - 52 x 1.25 days x 8 x 2 1,040 MHRS eo.o_d 62,400
' Quarterly - 4 x 5 days x 8 x 2 320 MHRS 60.00 19,200
Report - 40 days x 8 x 2 640 MHRS ' 60.00 38,400
Insgectior{s
Annual Site Walk Through )
3daysx 8 x 2 48 MHRS -60.00 2,880 -
 Report - 2 days x 8 x 2 32 MHRS 60.00 1,820
Annual Berm Inspection . X

2deysx8x2. 32 MHRS ~ 60.00 1,920

Report - 1 day x 8 x 2 16 MHRS '60.00 - 960
Annual Detailed Inspec}ioﬁ . . A

20 deys x 8x 3 . 480 MHRS 60.00" "+ 28,800

Report - 10 days x 8 x 3 240 MHRS 60.00 14,400
Equipment 25 DAYS 125.00 3,125
Security o

24 hrs 7 days/week )

365 x 24 x 1.33 11,650 HRS’ 8.25 96,113
Equipment ' 12 MO -1,500.00 18,000 '
Maintenarice S ) ] .

Grade Roads - 20,000 x 20/9 A 44,400 YD? 0.15 6,680
Seal Coat Roads - 10,000 x.‘ 26/9 x 3 years 9,600 YD? 0.65 6,240
~ Mowing and Maintenance - 50 acres 50 AC 200.00 10,000
Berm Repair Allowance - 15 YD* 15 YD? 30.00 450
General Building Repair/Demolition 1 L0T i 5,006.00 5,000
Fence - replace 3 times/100 years )
3,000 LF

45,000



TABLE 4-2 No Further Action kContinued)

i

Unit Cost ($)

Activity - ; " Quantity Totel (8)
Gravél R‘osds - ropiace 6 times/100 years ' -
6 x 20,000 x 20/9 x 0.10 PW : 27,000 YD? 250 67,500
Aspheait Roads - replace 4 times/100 years ' ) '
. 4x10,000 x 26/9 x 10 PW = 11,500 YD* o _
Binder Cost - 1% " ’ 11,500 YD? 3.50 - 40,250
. Weering Coat - 1%" _ g 11,500 YD? 3.80 43,700 -
Monitoring Wells - replace 60 wells every tw& years 30 LF - 30.00 900
Monitoring Equipment N 1 LOT 1,500.00 1,500
Operate Water Treatment Plant. Lo > ‘
Single. Train = % (462,259) 1.YR ‘LUMP SUM 231,130
. ANNUAL COST Jjas81 I320

Note: PW = Present Worth
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. . TABLE 4-3 'Mihimal Treatment and On-Site Di's.po'sal

CActivity - Quantty  Unit Cost (8) Total (8)
. Removal and Transgdr-t _ .
- AshPond - o . 7o ; ' B,200 YD* 13.83 113,406
Frog Pond - ' ' 3 7.000 YD* 13.62 95,340
Lekes 34, 35, 36 , ' 20,000 YD* 20.00 400,000
North Dump (Relocate to Ash Pond) E o ’ 7,600 YD* ' 13.83 105,108
South Dump N _ - 16,900 YD* . 13.83 233,727
Raffinate Pit Soils . ' R 153,500 YD? " 1258 1,931,030
Other Si-la Surché Soils . ‘ ‘ 65.400 YD? 8.51 ) 556,554
Underground Soils o v 20000 YO 1285 "257,000
Vicinity Property . . 3,600 YD 207.80 . 748,080
Raffinate Pit Rubbl’er ' ' 500 YD* - 234.08 ' 117,040
TSA ‘ 100,400 YD? - 2348 2,355,384
MSA . o o : 77.078 YD? 23.46 1,808,250
Ash Pond Spoils Pile ] ; 35,400 YD © 1383 | 489,582
. Muich Pile T aoesavor 13.83 423,917
‘ ACM Storage 4716 YD . 23.48 110,637
' Building 434 - Drummed process chemicals = _ 111 YD! 994.601 . 110,401
. ) ' P.PE and drummed waste i ) $.028 yp2'e '23.48 '117,957
. Buitding Foundations ’ . e '40,591 YD? . 47.41 1,9_24,419
~ Underground Piping e - 64,240 LFY 45.30 2,910,072
Haul Fqundelions & Pipe to \)olurﬁe Reduction Facility - 441,900 YD? . 53.46 982,974
Haul from Volume Redu.ction Facility - 122,000 YD?* ’ 23.46 2,862,120
Rosds and Embankments ' 76,930 YD 1044 -~ 803,149
Facilities Remo>va| - TSA . . 22,000 'YD’ 11.93 262,460
MSA ' : 14,500 YD* 2102 304,790
Volumo_Reduction Fapili'ty 500 YD? i 254.87 - ) 127,435
Site Water Treatment Plant 400 YD? | 254.87 101,948

' 5,800 + 22,000 + 7,600

bl g2 tons @ $0.60/b to Oak Ridge
€ 6,000 yd® + 28 yd*, respectively .
@ 9,309 yd*

. m:\usors\joanne\gop'zalas\eaa\revpieaa-. 4.9 4-9



TABLE 4-3 Minimal Treatmen

t

and On-Site Disposal (Continued)

|
}
)
i
i
13
h
o
'
!
!
'

Total ($) .

i @ $0.60/b

) $18.92/yd" x 1.2 ancillary tacilities = $22.70/yd?

le} '$22,70/2.025 tons per yd* = $11.21/ton
Production through shear is about 1/8 that through crusher: $11.21/ton x 8 = $90.00/ton

™ Original waste quantity
Less to Osk Ridge
Less treatment plant
Less dewatering raffinate sludge
" Total cell waste -

il @5.02x2 = 10.04Nd’

m:\users\joanne\gonzales\easa\revpieaa.4L9

903,615 (yd*)
111
~ -900
-175,000

727,604 (yd?®)

4-10

20.07

Activity Quantity Unit Cost ($)

. Tributy! Phosphate ! 30.3 TON 1,200.00'°! 36,360
Place Pond Aggregate Base A 20,200 YD* 23.57 476,114
Ogoravtions . :
MSA § YRS LUMP SUM 5,163,948
Site Water Treatment Plant 7.5 YRS LUMP SUM 3,466,940
Construct Decontamination Pad 1 EA LUMP SUM ' 43,016
Operate Dacontaminstion Pad 8 YRS : LUMP SUM 1,185,407
Vold_me Reduction :

. Concrete/Rock 90,800 YD* 22,70t 2,061,160
" Metals/Debris 33,000 TON - 96.00'9 2,970,000
Raffinate Pit Sludge - Dredge and Dewater 220,000 YD* 53.40 11,748,000
Dewater Raftinate Pits 53 MO~ LUMP SUM 1,393,365
Cell Construction . e e
Engineering Design Y LOT LUMP SUM 1,550,250
Haul Treated Waste to Cell 45,000 YD? 7.47 336,150
Piace Waste -  Total Cell Waste . 727,604 YD*™ e ‘
Ratfinate Sludge 45,000 YD’ " 10.041 451,800
Remaining w;ste . 682,604 YD? 5.02 l 3,42@,672 '
Dewater Cell 727,604 YD? 0.74 538,427
" Cover pnd Foundation ‘72‘7.604 YD?* .

14,603,012



. TABLE 4-3 Minimal Tréatmeri_t and On-Site Disposal (Continued)

Activity ' : _ Quantity Unit Cost ($) Total ('Si)
" Reclamation
Reffinate Pits e ) S ) .
' Borrow 111,400 YD? 13.80 1,537,320
‘Berms 180,000 YD*' 2.55 459,000 -
Topsoit , . _ 50,000 YD* 17.52 876,000
' Seed and mulch _ . 2,178,000 FT? 0.046 100,188
" Chemicel Plant N ~ : -
F . : ' 263,000 YD . 850 2,235,500
Topsoil g ' 37,000 YD? 17.52 648,240
Seed and mulch _ - 46 AC 3,700.00 . 170,200
TOTAL COST - . L. - ael 25,729,849

. ) 9 411 ¥ _

rn:\users\jcanne\gonzales\eaé\revpieaaALS



TABLE 4-4 I_V.I‘invimal Tre_atment

‘and Off-Site Disposal .

8 92 tons @ $0.60/b to Osk Ridge

® 5000 yd.’ +‘- 28 yd?, respectively

e} 4,309 yd? ‘
' 122,000 - 5,000 = 117,000 yd*
* @ $0.60Mb

m:\users\joanne\gonzales\eaa\revpieaé.4L9
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Activity : o Quantity ** Unit Cost {$) Total ()
Remova! and Transport ' . .
Ash Pond . 8,200 YD? 13.83 113,406
Frog Pond , o N 7.000°YD* 13.62 95,340
Lakes 34, 35, 36 ' 20,000 YD* 20.00 400,000
North Dump R 7,600 YO? 13.83 105,108
South Dump ’ ~ 16,900 YD* ' .13.83 233,727
" Raffinate Pit Soils 153,500 YD* 1258 £ 1,931,030
Other Site Surface Soils 65,400 YD? 8.51 556,554 .
‘Underground Soifs 20,000 YD* 12.85 257,000
. Vicinity Property 3,600 YD* © 207.80 748,080
Raffinate Pit Rubble . 500 YD* 234.08 117,040
Building 434~ Drummed process chemicals : 111 YD* 994.60' 110,401
PPE and drummed waste 5.02§ yD2®! 23.46 117,957
Building Foundations 40,591 YD? . 47.41 1,924,419
Underground Piping 64,240 LF® 4530 2,910,072
Haul to Volume Reduction Facility 117,000 Y0*!¥! 23.46 2,744,820
'Roads and Embankments 76,930 YD? 10.44 803,149
Facilities Removal - TSA 22,000 YD? 11.93 262,460
MSA 14,500 YD? 21.02 304,790
Volume Reduction Facility ] 500 YD? 254.87 127,435
; " Site Water Treatment Plant 400 YD? 254.87 101,948
Drummed Tributyt Phésphax_e 30.3 TON 1,200.00' 36,360 -
Place Pond Aggragsie Baze 20,200 YD? . 2357 476,114
Operations
MSA » 5 YRS LUMP SUM 5,163,948
Site Water Treatment Plant 7.5 YRS LUMP SUM 3,466,940
Construct Decontamination Ped 1 EA LUMP SUM 43016

i
1]
'
)
|



- TABLE 44 Minimal Treatment and Off-Site Disposal {Continued)

. Total ks)

" ¢1s. 92/yd' x 1.2.ancillery facilities = szz 70/yd‘ ‘

© $22.70/2. 025 tons per yd® = $11.21/ton
Productlon lhrough shear is about 1/8 that through crusher:

m:\users\joerine\gor_\zales\.oaa\rovpioaa.4L9 :

471'3 '

$11.21/ton x 8 = $90.00/ton

Aty Quantity ° Unit Cost ($)
Operate Docontammanon Pad . S ‘8 YRS LUMP SUM 1.185,407- '
Volume Reductlon ' 2 o ’ . . .
Concrete/Rock 80,800 YD* . 22,70 12,061,160
Metals/Debris 33,000 TON 90.00'9 - 2,970,000
Raffinate Pit Sludqe Dredge and dewuter . 2‘_20.000. YD* $3.40 11,748,000
Dewster Raffinate Pits : " 53'MO - LUMPSUM . 1,393,365
Reclamation
Raffmate Pits o . . " :
Borrow 111,400 YD* © 13.80 1537320
" Berms .- . 180,000 YD* . 255 459,000
Topsoil . 50,000 YD* " 17.52 876,000
'Seed and muich 2,178,000 FT* - - 0.046 - 100,188
 Chemical Plant * ’ . 5 me . : , -
Fill - 263,000 YD? 8.50 2,235,500
Topsoil 137,000 YO 1752 " 648,240
Seed ond'n.wlch.‘ a6 AC 3.700.00 ' 4'1,79,zoov
SUBTOTAL 48,555,494 :



.

TABLE 4-4 Minimal Tre‘atmgntf-and Off-Site Disposal (Continued)
i
¢l ) -
‘ Acti’Vit‘v‘..‘l." .3 . ‘ ;oga'ntixy" Unit Cost (8) '-1T‘otvavl_($)

i

|
—
-
oy
!

l_.ood-and Tfansgon. Off-Site o

' To Envirocare by Rail/Container to Clive, Utah?"-' e v1,1§6.285 TON .
.Added Cost Siudge Placement’. * . . | . 145,000 YD**

+

Railroad Siding " 1EA

. TOTAL FOR OFF-SITE DISPOSAL AT ENVIROCARE FACILITY
To Hanford by Rail/Container to Richland, Washington"‘_', : .
o - R S 1,126,286 TON
Added Cost Sludge Placement S . 45,000 YD

Reilroad Siding : SR P 1 EA

TOTAL FOR OFF-SITE DISPOSAL AT DOE’S HANFORD FACILITY

M Total Tons Waste . - © U .. .1,277,568
Less to Oak Ridge . ) : ©-92
. Less treatment facility | ' t -3,890
. Less dewatering Fa m -147,300
. . e g ) ) - 1,126,286 tons
_ m:\users\josnne\gonzales\eaairevpieas. 49 - . - 4-14

312,00
. 5.02

" LUMP SUM

1,503.00
502
LUMP SUM

351,401,232

225,900
4,300,000

404,462,626

et — —"

1,692,807,858

225,900
4,300,000

1,745,869 252



TABLE 4-5 Ir_i Situ Chemical Stabilization and On-Site Disposal

Activity Quantity Unit Cost ($) " Total ($)
Remo\}al and Transp. ort . : .
Lakes 34, 35, 36 ©20,000 YD* 2000 : 400,000
North Dump (Relocate to Ash Pond) 7,600 YD* 13.83 e 195.108
Other Site Surface Soils 65,400 YD* 8.51 £56,554
Undargrotind Soils 20,000 YD* 12.85 . 257,000
Vicinity Property 3,600 YD* 207.80 ‘ 748,080
Reffinate Pit Rubble 500 YD* 23408 A 117,040
TSA ‘ 100,400 YD* . - 23.46 . 2,355,384
MSA 77.078 YD* 23.46 - . 1,808,250
Ash Pond Spoils Pile - 27,800 YD*'#! 13.83 B 384,474
Mulch Pile 30,652 YD' . 13.83 _ 423917
'ACM Storage 4,716 YD? 23.46 ) 110,637 .
Building 434 - Drummed process chemicals 111 YD* © -994.601 - 110,401
- . PPE and drummed waste 5,028 YD 2346 . 117,857

Building Foundstion 140,591 YD 47.41 | 1,924,419
Undsrground Piping 64,240 LFW) 4530 B 2,910,072
Haul Foundations & Pipe to Volume Reduction Facility 41,900 YO* . - 23.46 - 982,974
Haul from Volume Reduction Facility 122,000 YD* 23.46 2,862,120
Roads and Embankments 56,730 YD*!*! 1044 592,261
Facilities Removal - TSA . 22,000 YD? " 83 . 262460

‘MSA 14500 YO © 21.02 304,790 .

Volume Reduction Facility 500 YD* 254.87 127,435

Site Water Treatment Plant 400 YD? l - 254.87 i01.948
Tributyl Phosphate 303 TON  1,20000" 36,360
Operstions ) -
MSA 5 YRS LUMP SUM 5,163,948
Sitg Water Treatment Ffi,ant,

. l& 5,800 + 22,000
b 92 tons @ ﬁq.sonb to Oak Ridge
&l 5,000 yd* +.28 yd®, respectively
@ 1,309 yd*
lo} 76,930.- 20,200 pit.a'ggregate A
* @ $0.60/b :

m:\users\joanne\gonzales\eaa\revpieaa.4L9
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7.5 YRS LUMP SUM . 3,466,940



i
I
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|
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‘TABLE 4-5 In'Situ Chemical St!abilization and On-Site Disposal (Continued)

!

 Activity " Quantity Unit Cost ($) Total ($)

Constfuct Decontamination Pad .1 EA LUMP SUM A 43,016
Operate Dacontamination Pad. 8 YRS.  LUMPSUM 1,185,407 .
Volume Raduction : ‘

Concrete/Rock . 90,800 YD* 22.70'0 2,061,160

Metals/Debris - 33,000 TON 90.00™ 2,970,000
In Situ Stabilization Total Sludges 263,328 YD 98.00 25,806,144

_ With Raffinate Soils ' 416,828 YD*U 98.00 40,849,144

Dewater Reffinate Pits ' 83 Mo LUMP SUM 1,393,365
Cell Construqtion .
Engineering Design 1L0T LUMP. SUM . 1,550,250
Place Waste 465,576 YD 5.02 2,337,192
Dewater Cell 465,576 YD* 0.74 344,526
Cover and Foundation - 465,576 YD* - 25.47" 11,858,220 -
CapIn Situ 48.7 AC 164,500.00 8,011,150

v

o) $18.92/yd® x 1.2 ancillary facilities = $22.70/yd?

i $22.70/2.025 tons per yd* = $11.21/ton
Production through shear is about 1/8 that through crusher:

il Ratfinate sludge
Ash Pond
Frog Pond
South Dump i o
North Dump (relocated to Ash Pond)
. Water treatment plant and drums

@ yn situ stebilized sludge
" Raffinete soils

& Original weste quantity
‘Less to Oak -Ridge
Less treatment plant
Less in situ treatment
Less pond aggregate

220,000 yd*
8,200 vyd® -
‘7,000 yd*
16,900 vyd®
7,600 yd?
3,628 vyd’
263,328 yd*

263,328 vyd’

— 153,500 yd*
416,828 yd®

903,615 yd*
-1
-900

-416,828

-20,200

465,576 yd®

" (36.48 - 20.07) + (660,000 - 70,000) x ‘(4ss,oo'o - 70,000)]

16.41 + 590,000 x 396,000 = 11.01
36.48 - 11.01 = 25.47

m:\users\]oanne\gonzales\aaa\révpieaa.4L9
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$11.21/ton x 8 = $380.00/ton




TABLE 4-5 In Situ Chemical Stabilization and On-Site Disposal.(Continued)

Activity - Quantity Unit Cost ($) Total ($)
Reclamation
- Raffinate Pits : : o
‘Chemical Plant *~ o .- R
" Fil e 178,840 YD - '8.50 1,520,140
Topsoil. , o 25,160 YD 17.52 ' 440,803
Seed and mulch o 31.3 AC 3,700.00. 115,810
TOTAL COST FOR ON-SITE DISPOSAL
1) Raffinate pit soil (153,500 vd’) not treated in situ 85,867,712
2) Raffinate pit soil (153,500 yd?®) treated in situ 100,910,712

-

Im Sludge volume increase 220,000 x 1.32 = 290,400 yd*
Soil volume increase 153,500 x 1.32 = 202,620 yd®
Cap = 48.7 x 43,560 x 3 + 27 = 236,000 yd*
Required 111,400 + 180,000 + 50,000 = 341,400 yd?
No added backfill required o ‘

"} 31.3 Acres + 46 = 0.68
0.68 x 263,000 yd®* = 178,840 yd®

) 0.68 x 37,000 yd® = 25,160 yd®

rn:\users\joanno\gonzales\eea\revbieaa.4L9 4-17



 TABLE 4-6 In Situ Chemical stab

ilization and Off-Site Disposal

Activity Quentity Unit Cost ($) Total ($)
Removal énd Trensport
Lekes 34, 35, 36 120,000 YD? 20.00 400,000
North Dump (Relocate to Ash Pond) 7._600 YD* 13.83 10V5.108
Other Site Surface Soils 65,400 YD 8.51 ' 556,554
Underground Soiis 20,000 YD 12:85 257,000
Vicinity Property 3,600 YD* 207.80 748,080
Raffinate Pit Rubble 500 YD* 234.08 117,040
Building 434 - Drummed process chemicals 111 YD 994.602 110,401
'PPE and drummed waste 5,028 YD 23.46 117,957
Building Foundations ” 40,591 YD* 47.41 1,924,419
Undorgrt;und Piping 64,240 LF'° 45.30 2,910,072 -
Haul to Volume Reduction Facility 117,000 yp*@ 23.46 2,744,820
Roads and Embankments 56,730 YD*®). 10.44 592,261
Facilities Removal - TSA 22,000 YD? 11.93 262,460
‘ MSA 14,500 YD? -21.02 ' 304,790 ‘
Volume Reduction Facility . 500 YD? 254.87 127,435
. Site Water Treatment Plant " 400 YD? ' 254.87 101,948
‘Tributyl Phosphate 303 TON 1,200.00" 136,360
,Ogemtions S 7
MSA 5 YRS LUMP SUM - 5,163,948
Site Water Treatment Plant 7.5 YRS LUMP SUM © 3,466,940
Cons(’ru.ct Decontamination Pad . 1 EA VLUMP SUM - 43,016 »
Operete Decontamination Pad 8 YRS LUMP SUM 1,185,407
‘el 92 tons @ $0.60/b to Oak Ridge
5,000 yd* +'28 ya*, respectively
© 1,308 ya* -
19 122,000 - 5,000 = 117,000 yd°
lo) 76,930 - 20,200 pit aggregate
" @ $0.60/b
m:\users\joanne\gonzales\eas\revpieas.4L9 4-18



.  TABLE 4-6 In Situ Chemical Stabilization and Off-Site Disposal {Continued) -

v Activity. . - T ‘ . -Quantity - Unit Cost ($) Total ($)
Volume Reduction o _ : - .
Concrete/Rock ~ - S 90,800 YD* 22701 2,061,160
* Metels/Debris - A ¢ 33,000 TON - “90.00" 2,870,000
Dewater Reffinete Pits . -~ .~ © samo LUMP SUM 1,393,365
in Situ Treatment -~ . s 263,328 YD1 98.00 -.25,806,144
_ "~ 416,828 YO!U! 98.00 40,849,144
Cell Construction - ] ) ) ; . .
Cep In Situ . ' . - 48.7 AC 164,500.00 . 8,011,150
Reclamation
Chemical Plant C . . : . . :
o , - . 178,840 YD* 8.50 1,520,140
Topsoil : . o 25,160 YD . 17.52 440,803
_Seed and mulch 31.3 AC . 3,700.00 " 115,810
SUBTOTAL n R'affinate pit soil (153;500 yd?) not treated in situ 63,594,588
. 2) Reffinate pit soil (153,500 yd?) treated in situ 78,637,588

189 '$18.92/yd? x 1.2 encillary facilities = $22.70/yd?
th $22.70/2.025 tons per yd® = $11.21/ton

Production through shear is about 1/8 that through crusher: $11.21/ton x 8 = $90.00/ton

) Rattinate pit soil (153,500 yd®) not treated in situ.

0 Ratfinate pit soil (153,500 yd?) treated in situ.

m:\users\jaenne\gonzales\eaa\revpieaa.4L9 "o 4-19



 TABLE 4-6 In Situ Chemical Stabilization and Off-Site Disposal (Continued)

Aciviy . ¢ Quentity -~ Unit Cost ($) . Total ($)
Load and Yransport Off-Site o C . » . o :

* To Envirocare by Rail/Contsiner to Clive, Utah - 723,599 TONS™ 312.00 .. 225,762,888
Railroad Siding ' ‘ Y rEa LUMP SUM - 4,300,000
TOTAL FOR OFF-SITE DISPOSAL AT ENVIROCARE FACILITY

1) Reffinete pit soil not trested in sity . - _°" ' 293,657,476
2) Raffinate pit soil treated in ‘situ 308|700|476' ]
To Hanford by Rail/Container to Richland, Washington - 723,599 TONS®. = '1,503.00 11,087,569,297 -
' LUMP SUM 4,300,000

 Railroad Siding 1 EA
TOTAL FOR OFF-SITE DISPOSAL AT DOE'S HANFORD FACILITY

1) Raffinate pit soils not'btres}tod in situ

_ 2) Raffinate pit soils treated in situ '

1,277,568

& Total tons waste : _
Less to Oak Ridge - - : -92
Less treatment facility - - s -3,890
~ ) Less in situ treatment . -519,283
-30,704

Less pond aggregate
: . s 723,599 tons
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'J,156.463,885

1,170,506,885 °
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. " TABLE 4-7 In Situ Vitrification and On-Site Disposal

o) 5,800 + 22,000

b} 92 tons @ $0.60/b to Oak Ridge
¢} 5,000 yd? + 28 yd?, respeclively
@ 9,300 ya* o

¢} 76,930 - 20,200 pit aggregate
! @ $0.60/b

'm:\users\joanne_\gonza'es\eaa\revpieaa.4L9
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Activity Quantity”  Unit Cost ) Total ($)
Lekes 34, 35, 36 20,000 YD* 20.00 400,000
. North Dump {(Relocate to Ash Pond) 7,600 YD? 13.83 . o 105,108
Other Site Surface Soils. 65.400 YD* ) 8s1 556,554
* Underground Soils 20,000 YO* 1285 257,000
Vicinity Property 3,600 YD 207.80 748,080
Raffinate Pit Rubble 500 YD* 234.08 ' 117,040
TSA 100,400 YD* 23.46° 2,355,384
MSA-, 77,078 YD? © 23.48 '_ 1,808,250
Ash Pond Spoils Pile 27,800 YD 13.83 384,474
Mulch Pile 130,652 YD* 13.83 423,917
* ACM Storage 4716 YO© 23.46 " 110,637
Building 434 - Drummed process chemicals 11 yO? 994.60® - ' 110,401
PPE and drurmed waste 5,028 YD 23.46 117987
Building Foundations 40,591 YD? 47.41 1,924,419
" Underground Piping 64,240 LF'Y 45.30 2,310,072
Haul Foundations & Pipe to Volume Reduction Facility 41,800 YD* ‘ é3.46 _ ._ 982,974
" Haul from Volume ﬁoduction Facility ' 122,000 YD? 23.46 n ‘ 2,862,120
Roads and Embankments ' 56,730 YD 1048 592,261
Facilities Removal - TSA 22,000 YD? ] 11.93, ‘ ) 262.460j .
MSA 14,500 YD? 2102 304,790
Volume Reduction Facility 500 YD? 254.87 . 127,435
‘ Site Water Treatment Plant 400 YD? 254.87 - 101,948
Tributyl Phosphate . ‘303 TON  1,200.00" . 36,360
MSA , 5 YRS LUMP SUM 5,163,948
Site Water Treatment Plaﬁt _

7.5 YRS LUMP SUM 3,466,940



TABLE 4-7 In Situ Vitrification and On-Site Disposal (Continued)

Activity Quentity Unit Cost ($) Total ($)

' Construct Decontamination Pad 1 EA LUMP SUM 43,016
Operate Decontamination Pad 8 Y_RS LUMP SUM 1;185,40? '
Volume Reduction . . ‘

Concrete/Rock 90,800 YD* 22.709 2,061,160

Metals/Debris 33,000 TON' 90.00" 2,970,000

In Situ Stabilization Mix with éludqo 49,342 YDl 1o.§4 495,394

Without Raffinate Pit Soil 312,670 YD 232.10 72,570,707

With Raffinate Pit Soil 466,170 Yo-_"" zaz.io 108,198,057

Dewater Raffinate Pits -83 MO LUMP SUM, 1,393,365

Cell (’;onstruclion )

Engineering Design _ 1. LQT o LUMP SUM 1,550,250
Place Waste 416,234 YD*! 5.02 2,089,495 -

Dewater Cell . 416,234 YD? 0.74 308,013

Cover and Foundation 416,234 YD? 26.86'™ . 11,180,045

48.7 AC 8,011,150

Cap In Situ

o g18. 92/vd' x 1.2 ancillary facilities =

$22.70/yd?

th g22, 70/2 025 tons per yd®> = $11.21/ton

Production through shear is about 1/8 that through crusher

i goil mix for raffinate pit sludge
60,000 ton + 80 = 75,000 ton wet
75,000 + 1.52 = 49,342 yd?

Mix with sludge 5.02 x 2 = 10.04

©  without 153,500 yd* raffinate pit soil

263,328 (Table 4-5) + 49,342

- Wwith 153,500 yd* raffinete soils treated in situ

416,828 (Teble 4-5) + 49,342

' Table 4-5
Less Mix Soit

im|

465,576 yd®

. o-49,342

(16.41 + 590,000) x 346,000 = 9.62

36.48 - 9.62 = 26.86

m:\users\joanne\gonzales\eaa\revpiesa.4L9

416,234 yd’
(135 48 - 20.07] + (660,000 - 70 ,000]) x (416,000 - 70, OOO)
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164,500

$11.21/ton x 8 = $90.00/ton

e




: ‘ : TABLE 47 In S_it_ u \./itrif_iéatio‘n and On-Site Disposal (Contiﬁhed)

Activity : "~ Quentity .- ‘UnitCost($)  Total ($) .
Bg' clamation
Raffinate Pits . § " . : ; . .
-1) Without soil - Berms _ o 71,800 YD ©2585 183,090

'2) With soil — No backfill required

Chemical Plant

Fil - - 178,840 YD'® - @50 . 1,520,140
Topsoil . e - 25,160 YD*®! 17.52 ~ 440,803
Seed and mulch : "31.3 AC 3,70000 - 1 15,810

TOTAL COST FOR ON-SITE DISPOSAL

‘1) ¥f raffinate pit soil (153,500 yd®) not treated in situ ~ S T 132,348,374
2) If raffinate pit soil (153-.560 yd?) treated in situ - : 1673’92’3;34 "

+In) Sludge Volume Increase - 220,000 x 0.153 = 33,600 yd® -
- - . Soil Volume Increase 153,500 x 0.68 = 104,380 yd* '
» Cep = 48.7 x 43,560 x 3 + 27 = 236,000 yd? '
Required 111,400 + 180,000 + 50,000 ='341,400 yd®
Berm 341,400 - 269,600 = 71,800 yd® .

o) .31.3 Acres + 46 =.0.68 ,
0.68 x-263,000 yd* = 178,840

¥ 0.68 x 37,000 yd* = 25,160

. | e 423 .
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TABLE 4-8 In Situ Vitrification and Off-Site Disposal

Unit Cost{$) = Total ($)

Activity : - Quantity
" Removel end Transport - : - .
Lokes 34, 35,36 S 20,000 YD* 2000 ' . 400,000
North Dump (Relacate to'Ash Pond) ) ) ' 7;800 Yo* 13.83., . 105,108
Other Site Surface Soils .- 65400 YO* - 8.51 ‘ §56,554
‘Underground Soils _ "~ 20,000 YD 12.85 . 257,000
Vicinity Property 3,600 YD* 207.80 - 748,080
Raffinate Pit Rubble _ . 500 YD* 234.08 117,000
"~ Building 434 . Drummed process chemicals Sy 994 60! - 110,401
© " PPE and drummed waste 5,028 YD*®! 2346 . - 117,957
Building Foundations . - 40,5917 YD? 47.41 1,924,419
Underground Piping ‘ 64,240 LF'/ 4530 ' - 2,910,072
Haul to Volume Reduction Facility 117,000 YD* 23.46 2,744,820
Rosds and Embankments 156,730 YD** 1044 592,261
Facilities Removal — TSA 22,000 YD* 11.93 .. . 262,460 :
' MSA : 14,500 YD* - 2102 304,790 s,
< v;.m Reduction Facility 500 YD* ' '254.8_'7 127,435 ‘ :
’ _ Site Water Treatment Plant 400 YD 254.87 ' '101.943" .
Tributyl Phosphate ' 303 TON _H,zdo.oo"’ 36360 '
Operations - ) : 3 : . o .
MSA . . 5 YRS - LUMP SUM 5,163,948
: Site Water Treatment Plant = 7.5 YRS LUMP SU'M " . - 3,466,940
Constrict Decontamination Psd ©1EA LUMP Sum 43,016
Operate Decontamination Ped " 8 YRS: LUMP SUM’ . +1,185,407
) "92 tons @ $0.60/b to-Osk Ridge _
by 5.060 yd? + 28 yd",.res‘pectivaly ',
1308y . ‘ ' ]
@ 122,600 - 5,000 = 117,000 yd* :
(o} 76,930 - 20.206 pit‘aggregato
f @so.eomb
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® “TABLE 4-8 In Situ Vitrification and Off-Site Disposal (Continued)

J

Activity

Unit Cost ($)-

2) Raffinate pit soil trested in situ

© $18.92/yd" x 1.2 ancillary facilities = $22.70/yd?

(N §22.70/2.025 tons per yd* = $11.21/ton
Production through sheer is sbout 1/8 that through crusher:

il stebilization mix for raffinate pit sludge:

60,000 tons « 0.80 = 75,000 ton wet + 1,52

Mix with sludge 5.02 x 2 = 10.04
0 see Table 4-7.
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= 49,342 yd’

4-25

$11.21/ton x 8 = $90.00/ton

" Quantity Total ($)
Vol.umo Reduction
‘Concrete/Rock 90,800 YD? 22.70'9 2,061,160
Metels/Debris - 33,000 TON 90.00" 2,970,000
Dewater Raffinate Pits . 53 MO LUMP SUM 1,393,365
In Situ Trestment'! 49,342 YD* 10.04 495,394
Without raffinate pit soil trested in situ 312,670 YD*U 232.10 72,570,707
With raffinate pit soil treated in situ 466,170 YD*!! 232.10 108,198,057
Haul Stabilization Soil 49,342 YD* 23.46 1,157,563
Cell Construction . ) c
Cap_In Situ ' 48.7 AC 164,500.00 8,011,150
Reclematioﬁ
Raffinate Pits _
. 1) Without soil — Berm 71,800 YD? '2.55 183,090
2) With soil — Not required
Chemical Plant - Fill 178,840 YD? 8:50 1,520,140
Top Soil 25,160 YD? 17.52 " 440,803
Seed and Mulch 31.3 AC 3,700.00 115,810
SUBTOTAL _ 112,195,198
1) Ratfinate pit soil not treated _in situ
147,639,458



'TABLE 4-8 In Situ Vitrification and Off-Site Disposal (Continued)

.

 UnitCost($)- - Total ($)

Activity ‘ . _‘.‘ . ’ Quantity
Load and Transport Off-Site . ) ) _
To Envirocare by Rail/Container to Clive, Utsh - 648,599 TONS™ 312.00 © 202,362,888
' LUMP SUM 4,300,000

Railroad Siding - . e g } .1 EA
TOTAL FOR OFF-SITE DISPOSAL AT ENVIROCARE FACILITY
1) Raffinete pit soil not trested in situ -

2) Raffinate pit soil treated in situ

To Hanford by Rail/Container to Richland, Washington 648,599 TONS™!
Railroad Siding LA 1 EA

TOTAL FOR OFF-SITE DISPOSAL AT DOE’'S HANFORD FACILITY

1) Raffinate pit soils not treated in situ

2) Raffinate pit soils trested in situ

& Total tons waste ' 1,277,568

Less to Osk Ridge : e -92
Less treatment tacility : -3,890
Less in situ treatment . -519,283
Less pond sggregate’ . -30,704-
Less mix soil : L -75,000

648,599 tons

3
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318,858,086

354 302,346

e ———
1,503.00 974,844,297

/LUMPSUM . . 4,300,000

b

© 1,091,339,495

< 1|126l783|?55



TABLE 4-9 Chemical Stabilization-and On-Site Disposal

Totel ($)

e 5800 + 22,000 + 7,600

® 92 tons @ $0.60/b to Oak Ridge
€} 5,000 yd* + 28 yd*, respectively

@ 7,309 yd?
* @ $0.60/b
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Activity - Quantity Unit Cost ($)
Removal snd Transport . :
Ash Pond , . 8,200 YD 13.83 113,406
Frog Pond (Relocate to Ash Pond) 7,000 YD* 13.62 95,340
Lekes 34, 35, 36 20,000 YD* 120.00 400,000
North Dump (Relocate to Ash Pond) 7.600 YD* | 13.83 105,108
South Dump ‘ ’ . 16,900 YD* - 13.83 233,727
Reffinate Pit Soils 153,500 YD* 12.58 1,931,030
- Other Site Surface Soils " . 65,400 YD 851 556,554
Underground Soils 20,000 YD? "12.85 257,0_00
Vicinity Property 3,600 YD* 207.80 748,080
Reffinate Pit Rubble 500 YD 234.08 - 117,040
TSA £100,400 YD? 23.46° 2,355,384
MSA 77.078 YD* 23.46 1.808,250
Ash Pond Spoils Pile 35,400 YD*'®! 13.83 489,582
Mulch Pile 130,652 YD*. 13.83 423,917
ACM Storage . 4716 YD 123.46 110,637
Building 434" - Drummed process cherlcals 111 YD? 994.60" 110,401
PPE and drummed waste 5,028 'YD*'©! 23.46 11_7,§sz
Building Foundations 40,591 YD* . 47.41 1,924,419
Underground Piping 64,240 LF'Y 45.30 2'.'910.972‘
Hau!l Foundations & Pipe to Volumq Reduction Facility’ ’ 41,900 YD? 23.46 o 982,974
Hau! from Volume Reduction Facility 1 21,900 YD? '23.46 . . 2,883,234
Roads and Embankments 76,930 YD* 10.44 803,149
Fecilities Removal ~  TSA 22,000 YD? 11.93 262,460
' MSA 14,500 YD* 21.02 304,790 -
Treatment Facility 800 YD? 183.30. . 164,870
Volume Reduction Facility 500 YD 254.87 127,435
Site Water Treatment Plant 400 YD* 254.87 101,948
Tributyl Phosphate ©30.3 TON 1,200.00 © 36,380



. TABLE 4-9 Chemical Stabiliz'a;ion and On-Site Disposal (Continued) ~

5 &

Berms

' 18.92/yd® x 1.2 encillary facilities = $22.70/yd’

18} $22.70/2.025 tons per yd* = $11.21/ton
Production through shear is about 1/8 that through crusher:

NRatfinate pit sludge
Quarry and raffinate soil
Water treatment plant sludge
Drummed waste .

i 323,628 x 1.32 (CSS swell) = 427,189

0 QOriginal waste
Less To Oak Ridge
CSS swell (323,628 x 0.32)
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220,000
100,000
3,600

28

323,628 yd’

' '903,615 yd®

AN

103,561

1,007,065 yd?
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$11.21/t0n x 8 = $90.00/ton

Activity Quantity " Unit Cost ($) Total ($)

: Plbcg Pond Aggregste Base 20,200 YD* 23.87 . 476,114
Operations . : .
MSA _ 5 YRS LUMP SUM 5,163,948
Site Water Treatment Plar,\t. 7.5 YRS LUMP SUM 3;4é6,840
Construct Decontaniination Pad 1 EA LUMP SUM 43,016
Oparate Decontamination Pad BYRS  LUMPSUM 1,185,407
Volume Reduction ‘ : : ; 4

Concrets/Rock 91,700 YD? 22.70t 2,081,530
_ Metals/Debris 33,000 TON-, 90.00%! 2,970,000
Ratfinate Pit Sludge - Dredge 2;0.006 YD? 49.20 10,824,000

~_ Treat Waste - CSS 323628 YO - 417 13,498,524
Dewater Raffinate Pits 53 MO LUMP SUM 1,393,365
Cell Construction ) :
Engineering Design .1 Lot LUMP SUM . 1,550,250
Haul Treated Waste to Cell. 427,189 YO 7.47.- 13,191,702
Place Waste o 1,007,065 YD 5.02 5,055,466 -
Dewater Cell ©1,007,065.YD* 0.74 745,228
Cover and Foundation 1.007,055' YD? 20.07 ' 20,211,795
Reclamation
Ratfinate Pits. .

Borrow 111,400 YD? 13.80 1,637,320
180,000 YD* 2.55 459,000

N



-

TABLE 4-9 Chemical Stabilization and On-Site DiSposal (Continued)

Unit Cost ($)

» "Activity Quentity Total ($)
Topsoil 750,000 YD* 17.52 876,000
Seed and mulch 2,178,000 FT* 0.046 100,188
phemical Ptant - o
Fill 263,000 YD* . 8.50 2,235,500
Topsoil 37,000 YD* 17.52 848,240
Seed and mulch 46 AC 3,700.00 170,200
TOTAL FOR ON-SITE DISPOSAL 98,358,417
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TABLE 4:10 . Chemical Stabilization and Off-Site Disposal

Activity - . Quantity ~ - Unit Cost ($) " Total ($) .

-

Remova! and Transport 9 . . . - L ’ )
Ash Pond . ' ) 8,200 YD? 13.83 © 113,408

Frog Pond . : . ' , 7,000 YD* 13.62 95,340
Lakes 34, 35, 36 A S 20,000 YD* 2000 © . 400,000
North Dump ' ' . o _ 7,600 Yo* - ia.‘_as S " 105,108
' South Dump v ' © 16,900 YD’ 1383 - 233727
Raffinate Pit Soils - - . . 153,500 YD* . 12.58 : 1,931,030
Other Site Surface Soils o 65,400 YD* 8.5 . 556,554
Underground Sails . S 20,000 YO* . 12.85 " 257,000
. Vicinity Property e o o o 3,600 YD*. . 207.80 ' 748,080
Raffinate Pit Rubble - P 500 YO*  234.08 117,040
Buildir\.g 434 - Drummed process chemicals . 111 YD? : 994.60';" : 110,407
PPE and drummed waste 5,028 YD 23.46 . sy 7
.Building Foundations i . ! ' . 40,531 YD? 47.41 : 1,924,419
" Underground Piping e 64,240 LF© ' 45.30 .. 2810072
Haul to Voldmgnoducxion Facility =~ . " 117,900 YD 23.46 1 2765934
Roads end Embankments - 76,930 YD* - 10.44 o '.qos,,us
Facilities Removal - TSA 5 0. 22,000 YD? 11.93 o “262,460 )
' © MsA o 14,500 YD*. 21.02 . 304,790
freatmem Facility ’ o 900 YD* ] 183.20 164,880
Volurhe Reduction Facility - 500 YD* 254.87 127,435
> _ Site Water Treatment Plant 400 YD? _ 254.87 101,948
Tributyl Phosphate ' _ o ) - 30.3 TON ~ 1,200.00'" _ . 36,360
Place Pond Aggregste Base g - g 20,200 YD? 2357 . 476,114

" Opetations

MSA : ' ' ’ ' 5 YRS LUMP SUM 5,163,948
- Site Water Treatment Plant - v ) . -1.5YRs LUMP SUM ] -3_,466,940
Construct Decontarnination Pad , ’ 1EA .  LUMPSUM 43,016

o). 92 tons @ $0.60/1b 1o Osk Ridge.
bl 5,000 yd* + 28 yd®, respectively '
(c) 1,309 .yd'
1 122,900 - 5,000 = 117,900 yd?
' @ $0.60b
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TABLE 4-10 -~ Chemical Stabilization and Off-Site Disposal (Continued)

. Activity ' © Quentity UnitCost (§) ~ Total (§)

Operate Decontamination Pad  8YRS - LUMPSUM 1,185,407

Volume Fioduction ) o # )  we .

Concrete/Rock . . 91,700.YD? - 2270 2,081,590

Mmts/bebris - 33,000 TON © 90.00% ' 2,870,000
Reffinete Pit - Dredge . ' ~ 220000 YO* - 49.20 10,824,000

Troat Waste - CSS ' ' ' 323,628 YD . 13,498,524

_ Dewaster Reffinate Pits o ‘ 53'MO LUMP SUM © 1,393,365

Haul Quarry Soil o ©+ 50,000 YD 23.46 1,173,000

Reclama(ioﬁ . ’ : ) B

Reffinate Pits - Borrow ) i 111,400 YD? ) 13.80. C 1,537,320

A Berm £ 180,000 YD 2.55 459,000

Top Soil - 50,000 YD* . 17.52 : 876,000

Seed and Mulch -~ 2178,000 SF 0.046 100,188.

Chemical Plant  Fill S 263.800 YD 8.50 2,235,500

o Top Soil " , 37,000 YD* 1752 648,240

. : Seed and Mulch " as AC . 3.700.00 170,200

SUBTOTAL 5 . ' - o 62,489,442

) - $18.92/yd® x 1.2 ancillary facilities = $22.70/yd?

) $22.70/2.025 tons per yd* = $11.21/ton _ - :
Production th[ough shear is about 1/8 that through crusher: $11.21/ton x 8 = $90.00/ton

‘
)
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TABLE 410  Chemical Stabilization and Off-Site Disposal (Continued) '

Activity B o Quentity ~ * Unit Cost () Total ($)

- Load and Irar.\sgon QH-Sit:o

- To Envirocare by Rail/Container 1o Clive, Utah - 1,519,277 Tons™  © 312.00 .. 474,014,424
Reilroad Siding ' ‘ " 1 EA LUMP SUM © 4,300,000
TOTAL FOR OFF-SITE DISPOSAL AT ENVIROCARE FACILITY. - . " 540,803,868 -
To Hanford by Rail/Container B " 1,519,277 TONs™ 1,503.00 2.283,473,331

" to Richland, Washington . = : : .
Railroad Siding 1EA LUMPSUM 4,300,000
TOTAL FOR OFF-SITE DISPOSAL AT DOE'S HANFORD FACILITY - :  2,350,262,773

) Totel tons waste : 1,277,568

Less to Oak Ridge - i "o -92

Added cement stabilization : 241,801
: 5 1,519,277 tons

323,628 yd' treated x 1.32 = 427,189 yd* @.1.45 tonlyd'

= 618,424 tons less original tons (377,623
= 241,801 increased tons
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TABLE4-11  Thermal Treatment and On-Site Disposal

+

Activity i . ) Quantity :Unit Cost ($) A Total ($)

Removal and Transport » . . 8 .
Ash Pond A "8,200 YD? . 1383 113,406 -
Frog Pond o ' ' 7,000 YD* 1362 . 95,340
Lakes 34, 35, 36 . S ' 20,000 YD* § 20.00. 1 400,000 -
North Dump (Relocate to Ash Pond) - - 7,600 YD* _ 1383 . 105,108
Spuih,oqmp _ L " 16,900 YD* . 1383 233,727
Raffinate Pit Soils o ‘ o . 153,500 YD?* - 1288 1,931,030
Other Site Surface Sois | ; . 65,400 YD* 851 556,554
Underground Soils 2 Lo 20,000 YD* 1285 | - - 257.000
Vicinity Property ' . 3,600 YD* 207.80 e 748,080
~ Ratfinate Pit Rubble ' ' , 500 YD* 23408 117,040
TsA ) o 100,400 YD* 2346 2,355,384
MSA 2o ' ' © . 77,078 YD? 23.46 1,808,250
Ash Pond Spoils Pile L }» 35,400 YD*'® 13.83 . 489,582
" Mulch Pile : " 30,652 YD? ‘ 13.83 - " 423,817
' ‘ ACM Storage ‘ , ' 4,716 YD* . 23.46 110,637
. Building 434 - Drummed process chemicals 111 YD? . 994,60 - ) 7110.491 )
o PPE and drummed waste ' . 5,028 YDl ~ 23.46 / 117,957
Building Foundations ; . 40,591 YD? 47.41 1,924,419
Underground Piping ' 64,240 LF¥Y 4530 2,910,072
Haul Foundations & Pipe to Volume'Ret.juction F;_acility . 41,900 YD? . 23.46 982,97447
Haul from Volume Reduction Facility _ 122900 YD* 23.46 . 2,883,204
Roeds and Embankmems "~ 76830 YD 10.44 803.149
Facilities Rémoval - TSA - v ) 23,000 YD* o 11.93 - - 262,460
© T MsA ’ ' 14,500 YD? 21.02. 304,790
Treatment Facility 900 YD* - 183.30 164,970
Volume Reduction Facility 500 YD* : 254.87 - 127,435
Site Water Treatment Plant 400 YD* ) .254.87 | 101,948

() -s,a'oo + 22,000 + 7,600

' g2 tons @ $0.60/b to Oak Ridge
) 5,000 yd* + 28 yd?, respectively
@ 1,309 yd* ' o

m:\users\joanne\gonzales\eas\revpiesa.4t9 - - 4-33




TABLE 4-11 .~ Thermat Tréatnient and On-Site Disp:osal (Continued) | ,

Activity 3 . Quentity ©  Unit Cost ($) Total ($) :
 Tributyl Phosphate ‘ T 30.3 TON - 1,200,001 36,360 ‘
Place Pond Aggregate Base I B 0 ' 20,200 YD* . - 23.57.. ~ 476,114
Operations . : . : . . ‘ ‘
MSA » Y _ 0 - BYRS  LUMPSUM , .5,163,948 . o
Site Water Treotment Plant o o - ' 7.5YRs . LUMP SUM _ 3,466,940 ;
Construct Decontaminstion Pad . 1EeAa T wwesum 43016
Operate Decontamination Pad - o o 8 YRS LUMP SUM .. 1,185,407
'Volﬁmo Reduction. ] - o . : A ‘
Concrete/Rock : _ 91,700 YD* 22.70" . 2,081,590
. Metals/Debris : S . 33,000 TON ~ 90.00% -2,870,000 .
Raffinate Pit Sludge - Dredge and Dewater . 220,000 YD* 53.40 11,748,000
Treat Waste ~ FFHCM _ _  a23628.vD*™ . . g0.88 . 29,411,313
Dewater Raffinate Pits . - S B3 Mo LUMP SUM 0 .- 1,393,365
.Engineering Design - ) ' 1 L0T - LUMP SUM . . 1,550,250
Vitrified-Waste Cell S : .. 102,538 YD . 686 - . .703,411 w
Single-Lined Cell , ’ 579,876 YDl 1548k 8,9_84;883

) @ $0.60Mb _ T _
" $18.92/yd® x 1.2 ancillary facilities = $22.70/yd® -

8)  $22.70/2.025 tons per yd* = $11.21/ton , ]
Production through shear is about 1/8 that through crusher: $11.21/ton x 8 = $90.00/ton

) Raffinate pit sludge . : 220,000

Quarry and ratfinate soil ‘ 100,000
Water treatment plant sludge 3,600

Drummed waste SO 28
S 323,628 vyd®

@ 220,000 x 1.01 x 0.27 59,994 tons

100,000 x 1.52 x 0.80 121,600
‘.9824

(3,400 + 23) x 0.27 . :
. 182,518 tons + 1.78 = 102,538 yd*

— Volume Reduction = (323,628 - 10_2,539)7323,628 = 68%

@ original waste quentity . 903,615 vyd® .
Less vitrified waste cell’ ' -323,628

Less to Oak Ridge 111
' - 579,876 yd’
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TABLE 4-11 * Thermal Treatment and On-Site Disposal (Continued)

Activity g R Quentity _Unit Cost ($) Totsl ($)
Heul Vitrified Weste to Cell - 117,919 YO 7.47 880,855
Place Waste ' . 697,795 YDU™ - 5.02 " 3,502,931
Dewater Cell S T 697,795 YD* o 0.74 . . 516,368
Reclamation
Raffir_lm Pits . . R .
Borrow : 111,400 YD* , 13.80 ; 1,537,320
‘Berms T 180,000 YD*, , 2.55 453,000
Topsoil . _ - 50,000 YD* 1782 876,000 .
Seed and mulch . 2,178,000 FT? 0.046 100,188
Chemica! Plant o x o . - '
Fill o : . - 263,000 YD* 8.50 2,235,500
Topsoit ' - o 37.000 YD* 1752 ) 648,240
. Seed and mulch o 46 AC " 3,700.00 170,200
‘ : 100,560,063
: . " TOTAL FOR ON:SITE DISPOSAL

) gingle-Lined Cell ' ‘ } ;
(122.75 - 13.98] « [660,000 - 184,000}) x (580,000 - 184,000}
(8.77 + 476,000} x 396,000 = 7.29
e 22.75-7.29 = 15.46. .

) Clay Binder 102,538 yd* x 1.15
m 117,819 + 579,876 .

. ‘ )
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TABLE 4-12 - Thermal Treatment and Of_f_-Site'.DisposaI

'Ur'\it Cos.t {($)

Operate Decontamination Pad

{8 92 tons @ $0.60/b to Oak Ridge

) 5,000 yd* + 28 yd*, respectively

teh 1,309 yd*

122,000 - 5,000 = 117,000 yd?*

-

9 @ $0.60/b:
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Activity . 'Quanli!'y' Total ($)
Remova! and Transg. on 7 : . ‘ L ’

" Ash Pond 18,200 YD* 13.83 “ 113,406
Frog Pond ' 7,000 YD? 13.62 T s 95,340
Lekes 34, 35, 36 : 20,000 YD* 2000 400,000
North Dump : 7,600 YD* 13.83 . 105,108
South Dufnp 16,900 YO* 13.83 233777
Reffinste Pit Soils - 153,500 YD* 12.58 . 1,931,030
Other Site Surface Soils © 65,400 YD* 8.51 556,554

* Underground Soils ' - 20,000 YO 1285 257,000
Vicinity Property 3;600 YD* 207.80 : 743,_030
Raffinate Pit Rubble 500 YD? 234.08 117,040
Building 434 - Drummed process chemicals - 111 YD* 994.60' 110,401

PPE and drummed waste 5,028 yDrb! . 23.46 _ 117,957 ¢
Building Foundations ) ’ ) 40,591 ’_YD' 47.41 . : 1,924,419
Underground Piping 64,240 LF'e! 45.30 - 2,910,072
Haul to Volume Reduction Facility - 11‘7,900 ypr!d! 23.46 " 2,765,934
Roads and Embankments 76,930 YD 1044 . . 803,149
Facilities Removal - TSA 22,000 YD’_ 11.93 . 262,460
MSA 14,500 YD? 21.02 . 304,790
Treatment Facility 900 YD* 183.20 164,880
Volume Reductior; Facility SOQ' YD? 254.87 ' 127,435
$ite Water Treatment Plant - 400 YD* 254.87 101,948

“Tributyl Phosphate ) 30.3 TON 1,200.00!¢" - 36,360
Place Pond Aggregate Base 20,200 YD? 23.87 476,114.
Operations
MSA 5 YRS LUMP SUM 5,163,948
Site Water Trestment Plant ‘ 7.5 YRS LUMP SUM ) 3,466,940 .
Construct Decontamination Pad 1 EA LUMP SUM 43,016

: 8 YRS LUMP SUM

. 1,185,407



.
i

e

'TABLE 4-12

~Therrhal 'T_reathwent and Off-Site Disposal (Continued)

. $18.92/yd* x 1.2 ancillary facilities- = $22.70/yd®
(o) §22.70/2.025 tons per yd* = $11.21/ton

Production through sheer is about 1/8 that through crusher: $1 ‘l.é‘l/ton‘x 8 = $§0.00/ton
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" Adtivity . Quantity UnitCost (§)  Total ($)
Volume Reduction * _ .
Concrete/Rock 91,700 YD* 22.70" 2,081,590
Metals/Debris - 33,000 TON . 90.000 - z.szo,ood
Reffinate Pit — Dredge and Dewater 220,000 YO* 53.40 11,748,000
Trest Waste - FFHCM 323,628 YD* 90.88 29,411,313
Dewater Raffinate ?its 53‘M0' LUMP SUM 1,393,365
Haul Quarry Soil 50,000 YD* 23.46 1,173,000
Reclamation
Raffinate Pits o i g : . :
Borrow . 111,400 YD? 13.80 1,637,320 -
Berm 180,000 YD? 255 458,000
Top Soil 50,000 YD? 17.52 876,000
Seed and Mulch 2,178,000 SF 0.046 100,188
Chemical Plant ) .
Fill 263,000 YD? 8.50 2,235,500
Top Soil - . 37,000 YD* " 17.52 648,240
Seed and Mulch 46 AC. 3,700.00 170,200 .
~ SUBTOTAL 79,326,231



TABLE 4-12 : 'fhemialTre_atr’rienf and Off-Site Dispbsal (Continued) |

Activity. - Quantity  ~ UnitCost(s) Totel ($)

Load end Transport Off-Site . , ’
To Envirocare by Rail/Container to Clive, Utah - - 1,082,371 ToNs™ 312.00 ' 337,699,752

Reilroed Siding : L . 1EA LUMP SUM 4,300,000

TOTAL FOR OFF-SITE DISPOSAL AT mmmnanqm :
e . - 421,325,983

To Hanford by ﬁaillContainer . ' ;v 1,082,371 Tons™ _ 1,503 - 1,626,805.613
" to Richland, Washington D o . .
* Railroad Siding : A 1EA LUMPSUM - 4,300,000
TOTAL FOR OFF-SITE DISPOSAL AT DOE’S HANFORD FACILITY - B 1|710|42§|844
"“Total.tons waste . % 1,277,568
: Less to Oak Ridge -92
Less sludge ' -222,200
Less raffinste soils -76,000
Less quarry soils . - ) = -76,000
Less water treatment plant Sludge - -3,400
Less drummed waste : ] -23
. . £ 899,853 tons
“Vitrified waste L 182,518 tons

1,082,371 tons
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L

“In general, costs contained in the Off-Site Tr&izspon/DisposaI Options Study, the On-Site

" Disposal Optiornis, the Raffinate Sludge Dredging and Dewatering Study, and the Vitrification

Cost Study were based on industry standards, state-of-the-art equipment, and vendor-supplied.
quotes. Costs have been adjusted to account for reduced working efficiencies resulting from the .
use of personal protective equipment. ' ' '

Assumptions and methods used . were standardized wherever -possible to minimize

- variability in cost estimate development among the remedial action alternatives and include the

following:

1) Vendor cost quotes for specific equipment items or treatment systems were
' obtained when possible for estimating capital costs. However, some costs were
only available on a dollar per unit quantity of material treated basis.

2) Where possible, labor crews were identified regarding size _ahd.types required’ -

‘ (i.e., laborer, mechanic, equipment operator) for each remedial action work task.
Some costs were only available on a dollar per unit quantity of material treated
basis. ' ’

3) Costs for items such as power, chemicals, fuel, maintenance supplies, and other
annual - consumable supplies were derived using specific information when
available. :

4) Efficient qualified labor is available to-suppori construction and scheduiing needs.

. 5) Construction activities are based on 8-hour shifts with 6.5 productive work hours :
per shift. No allowance has been provided for a winter shutdown.

6) ConStrugti_on dﬁrations will be dependent on size and/or quantity of equipment
" selected. ' ‘

7)  The following percentages were used to develop the cost estimates for each -
construction activity required to complete a remedial action alternative. These

percentages repre%eht standard estimating multipliers for this type of work.

a) Site p'repafation and restoration: capital costs x 10%
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' b) D Labor eqnipntent mobilization and demobiltzation:u cépital cost x 5%
B c) '_ Direct Iabortaxes and in:s.txranee: diteet labor cost x 24.66%”?
Q) Indirect ’Iat;or: direct labor ‘.c_o‘st".x.25%_ |
E) indirect ‘labovr fringes, taxes and insut'ance_:_' indirect labor cost x 38’.7%
n Indirect 6perating enpenset ‘dit'\ec't labor c&st ;-_o.ssA% : |
g Proﬁt maxgm total job. cost X 10% | |
- h) .Bond premmmsv total jOb cost X 2%

i) Package insurance policy: total 'job cost x 20%

These estimates were developed on the presumption that a prime contractor will be -

| responsible for all work required for the remedial action alternative. As such, the prime

contractor will be responsible for overall site. preparation and restoration, equipment and labor

mobilization' and demobnhzatxon construction management, monitoring and support, and
development of facilities to support the implemented remedxal action alternative.

The pricing structure for determin_ed cost (engineering calculations developéd by the
project) was developed for a 1990 dollar base using the following criteria:

1) . Current labor rates and fringe benefits were computed using as general guidelines
~ the current Davis-Bacon wage determmatlons An FICA rate of 7.51% was
~ applied to a $49,500 annual 11m1t and a BIPD rate of 3.35% was 1ncluded

2) State unemployment was calculated at 3% with a $9,500 annual limit with _federa]
unemployment based upon 0.8% with a 7,000 annual limit.. Woxfkrnan’s

compensatxon was included at an average rate of 10%.

3 Indirect labor was determined using 25% of the direct labOr with the addition of

17.60% for fringe beneﬁts Indirect taxes were ca]culated at21.16% of mdu'ect -

- labor and fnnges e
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" 4)  Plant costs were estimated at 8.8% of the direct labor.
S) Margin was based upon 10% of the total direct cost plus indlrects and plant cost.
"6) Bond was estimated at 2% of the summatmn of the total dlrect cost indirect cost,
' plant cost, and margin. ‘ ‘
D . Package insurance’ was calculated at 10% of the total pl'O_)ect cost mcludmg
" margin and bond. : :
8) Other direct costs were determined as follows:
. 'Eqmpment rates - 80% of the Rental Rate Blue Book by Dataquest A
January 1989 Volume. :
e Miscellaneous supplies - 5% for uncontammated a:eas and 15% for '
B contammated areas.
. Materials prices - supplier quotations and means.

9) Productivity rates for handling contaminated materials were adjusted to.6.5,ho’urs _
of productive time per. 8 hour shift. Manual labor productivity associated with
wearing protective clothing was addressed by mc]udmg redundant labor to assure
full crew productivity. - -
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6 LIST OF ACRONYMS AND ABBREVIATIONS

 Following is a list of the acronyms, initialisms, and abbreviations used in this document:

ACM

- AEC

ALARA

AMU

ANL

- ARAR

ASTM

BCY
BNI
Btu.

o

CAA
CAT

CERCLA

CFR
Ci

cm
CMS
CRV '
CSR
CSS

‘CWA

A

Asbestos-containing material
Atomic Energy Commission.
As low as reasonably achievable .
Atomic mass unit '

- Argonne National Laboratory : .
- Applicable or Relevant and Appropriate Reqmrement

American Society for Testing and Materials

. B
Bank cubic yards

Bechtel National, Inc. -

British Thermal Unit

Degrees Celcius

Clean Air Act

Caterpillar Tractor Company

Comprehensive Environmental Response Compensatxon and Liability Act of
1980 .

Code of Federal Regulanons ,

. Curie(s)
_Centimeter

Combustion/melting system

Counter- -rotating vortex

(Missouri) Code of State Regulatlons
Chemical solidification/stabilization

“Clean Water Act
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DOE

- DOT

DRE
dscf

~  Eh

CEIS
-EPA
EP-TOX

OF -
FCY

FFHCM -

FHA

FS

ft2 :
ft>

gpm

HDPE
HLLW
HMTA

hr

'Dinitrotoluene

U.S. Department of Energy

-U.S. Department of Transportation .

Destruction and removal efficiency

- Dry standard cubic foot

-E-

Chemical redox ‘potential
Environmental Impact Statement

U.S. Environmental Protection Agency

Extraction Procedure Toxicity Test . :

-F-

Degrees Farenheit
Fill cubic yard

Fossil fuel-heated ceramic melter
. Federal Highway Administration

Feasibility study

Square foot
Cubic foot
;(;.}
Gram(s)
Gallon(s)
Gallons per minute
-H-

High-density polyéthy]ene

High-level liquid waste

Hazardous Materials Transportation Act
Horsepower :

- Hour(s)
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in
IRA
ISV =~

JEG

- JHCM

4 1

@ v

-7 LCRS
LDCRS

LLRW

LLW *

~ Inch(es)
" Interim response action

In situ vitrification

-J-

' Jacobs Engineering Group, Inc.
. Joule-heated ceramic melter -

..K‘
-7, Kilogram(s)"'
~ Kilowatt(s) -
Kilowatt hour(s)
Liter(s) -
_Pound(s)

. Leachate. collecnon and remova] system

. Leachate detection, collectlon and removal system .

. Low-level radioactive ‘waste
Low-level waste :
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- Meter(s)

m
m? Square meter(s) |
m - Cubic meter(s) - ;
'MDNR Missouri Department ‘of Natural Resources
MDOC ‘Missouri Department of Conservanon
mg - Milligram(s) .
mi- - Mile(s) :
MKF MK-Ferguson Company . : é
- MKES MK-Environmental Services Group .
.ml Milliliter(s) ,
. mm - Mllhmeter(s)
. mrem - Mllhrem(s) ,
MSA Material staging area
pCi - Microcurie(s)
ug Microgram(s)
pm . Micrometer(s)
_-N-
NCP National Contingency Plan
NORM "Naturally occurring radioactive material -

- NPDES - National Pollutant Discharge Ehmmatxon System -
NPL National Priorities List '
NRC . Nuclear Regulatory Commission

-o.' ‘
- OSHA | " ‘Occupational Safety and Health Administration
OSWER . Office of Solid Waste and Emergency Response.
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PAH

. PAT .

PCB
pCi

PIC
PNL .
PPE

ppm

psi

RCRA

. RI
~ ROD

SEG
SOu
SSM

TBP
TCLP

TSA
TSCA

ucs

UMTRCA
UMTRA

Po]yaromatlc hvdrocarbons
Plasma arc torch
Polychlorinated bxphenyl
‘Picocurie(s) .
- Negative log of hydrogen ion actmty

Products of incomplete combustion
Battelle Pacific Northwest Laboratory
Personal protective eqmpment

Parts per million ‘ ‘

- Pounds per square inch -

-R-

Resource Conservation and Recovery Act of 1978

Remedial investigation -
Record of decision

-S-
Second(s) _
Science Ecology Group, lnc
Separate operable unit
Shallow soil mixing

-T-

Tributyl phosphate

Toxicity Characteristics Leachmg Procedure
Trinitrotoluene

- Temporary storage area

Toxic Substances Control Act

-U-

" Unconfined compressive strength -
- Uranium Mill Tailings Radiation Contro! Act of 1978
"~ Uranium Mill Tailings Remedial Action (Project)
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V-

VerticalA
-W-
' WSSRAP Weldon Spring Site Remedial Action Project

wt. - Weight B -
wt. % . . Weight percent

-_Y-“
yd Yard(s)
yd? Square yard(s)
yd? -Cubic yard(s)
n:\u;elrs2\joanne\gonzalos.\a.aa\iovpiona.6L9 . : 6-6



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148

