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1.0 PROJECT DESCRIPTION !
1.1  QPERABLE UNIT 4 BACKGROUND 2
The Fernald Environmental Management Project (FEMP) is a contractor-managed federal facility once 3
used for the production of purified uranium metal for the United States Department of Energy (DOE) and 4
United States Department of Defense (DOD). The FEMP is located on 425 hectares (ha) (1050 acres) 5
in a rural area approximately 27 km (17 mi) northwest of Cincinnati, Ohio. On July 18, 1986, a Federal 6

_ Facilities Compliance Agreement (FFCA) was jointly signed by the United States Environmental.. _._ .= 7.

Protection Agency (USEPA) and the DOE to ensure that environmental impacts associated with past and 8
present activities at the FEMP are thoroughly investigated so that appropriate remedial actions can be 9
assessed and implemented. This is a requirement under the Comprehensive Environmental Response, 10
Compensation and Liability Act (CERCLA). In 1989, the FEMP was added to the USEPA’s National 11
Priorities List (NPL) as one of the sites most urgéntly requiring remedial response. 12
The process of investigating the site and developing remedial actions is known as the Remedial 13
Investigation/Feasibility Study (RI/FS). The RVFS schedule for the FEMP was established in a Consent 14
Agreement (signed in 1990 and amended in 1991) between the DOE and USEPA. To make this process 15
more efficient, the FEMP has been segregated into five sections, depénding on physical location and types 16
of waste. These sections are known as Operable Units. Operable Unit 4 is defined as a geographic area 17
that includes Silos 1 and 2 (K-65 Silos), Silo 3 (metal oxide silo), the unused Silo 4, and their ancillary 18
structures. Remediation of Operable Unit 4 will address all of these items as well as any contaminated 19
soils within the geographic boundary, and any contaminated perched water encountered while conducting 20
Operable Unit 4 remedial activities. 21
Operable Unit 4 is located at the western periphery of the site, south of the waste pit area. The Remedial 22
Investigation (RI) was conducted to determine the nature and extent of contamination in Operable Unit 23
4 and to establish remedial action objectives. The Feasibility Study (FS) for Operable Unit 4 evaluates 24
remedial action alternatives for the silo structures, the materials stored in the silos, and contaminants in 25
the surrounding soils, perched water and all structures within the Operable Unit 4 boundary. Through 26
the FS process, a wide range of potential remedial -actions were developed and screened. Reasonable 27
alternatives underwent detailed and comparative analyses. The "preferred alternative” for Operable Unit 28
4 remediation was proposed and submitted for public review in the Proposed Plan (PP). ‘The Record of 29
Decision (ROD), which is the final step in the RI/FS process, formally approves the alternative(s) that 30 '
will be used for remediation. For Operable Unit 4, the approval of the ROD is scheduled to occur on 31
or before October, 1994, : 32

1-1
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In addition, it is DOE policy to integrate the National Environmental Policy Act (NEPA) into the
procedural and documentation requirements of CERCLA wherever practicable. On May 15, 1990, a
Notice of Intent (NOI) was published in the Federal Register indicating that DOE planned to prepare an
Environmental Impact Statement (EIS) consistent with NEPA to evaluate the environmental impacts
associated with the cleanup actions for each of the five FEMP operable units. Consistent with the NOI,
the resulting integrated process and documentation package are termed a Feasibility Study/ Pfoposed Plan-
Environmental Impact Statement (FS/PP-EIS).

Currently, the five FEMP operable units are at different stages for evaluating cleanup alternatives;
however, each operable unit has identified a leading remedial alternative (see Appendix K of the FS
Report for Operable Unit 4). As the cleanup process moves ahead, the leading remedial alternatives may
be modified based on new information or on public comments and support agency [EPA and Ohio

‘Environmental Protection Agency (OEPA)] comments. Functioning as the lead CERCLA/NEPA

integrated document, the Operable' Unit 4 FS/PP-EIS addresses cumulative environmental imp‘acts for
implementing the leading remedial alternatives for each FEMP operable unit. The NEPA cumulative
analysis focuses on the potential impacts to human heaith and the environment as the result of
implementing one or all of the leading remedial alternatives for the five FEMP operable units. The
CERCLA/NEPA integrated documents prepared subsequent to Operable Unit 4 will be derived from, or
be fully encompassed by, the impact analysis presented in the Operable Unit 4 FS/PP-EIS. If the leading
remedial alternatives for any of the operable units change, additional NEPA review will be performed
and documented as appropriate to evaluate the impacts to human heaith and the environment. This

additional analysis will be presented in the integrated CERCLA/NEPA documents for the remaining

operable units where appropriate.

1.1.1 Silos 1 and 2. Characterization Summary Data

As part of the RI, Silos | and 2 were sampled in 1989 and again in 1990/1991 for a full range of analytes
including radionuclides and organic and inorganic chemicals.

Analytical results from these samples confirmed prior process knowledge and provided additional data
regarding the distribution of contaminants within the silos and their specific concentrations. The
analytical results also identified the presence of previously unknown organic constituents.

Silos 1 and 2 contain 6120 m3 (216,300 ft3) of waste materials. The materials are primarily a silty clay
with an average moisture content of 40 percent. Present within the waste volumes of the two silos are
in excess of 3700 Curies (Ci) of Ra-226, 600 Ci of Th-230, and 1900 Curies of Pb-210. It is also
estimated that the silos contain more than 28 metric tons of uranium. Other significant metals include
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more than 118 metric tons of baﬁum, 830 metric tons of lead, and 2.6 metric tons of arsenic. The silos
also contain elevated concentrations of Aroclor-1248, Aroclor-1254, and ‘Aroclor-1260 (PCBs) and
tributyl phosphate (a chelating agent for uranium).

Radiological contaminants show a well-defined distribution pattern in the silos. Analytical results confirm
homogeneity in the horizontal direction and heterogeneity in the vertical direction. These results are
consistent with the waste materials having been slurried into Silos 1 and 2 in 6-in. lifts. Concentrations
of Ra-226, Th-230, Pb-210, and uranium generally increase in concentration with depth. This increase
is consistent with LheAknkoledge that .higher assay ores were px:ocessed earlier in the project. The
1990/1991 sampling event, which provided analytical results from samples obtained near the bottom of
Silos 1 and 2, allowed engineers to establish an upper bound on the waste contents of the/silos.

1.1.2  Silo 3 Characterization Summary Data

As part of the RI, the contents of Silo 3 were sampled in 1989. The sampling event yielded eleven
samples each for radiological and HSL inorganic analyses. four samples for HSL and organics analyses,
and eleven samples for EP Toxicity testing. In addition, four samples were analyzed for physical
characteristics and one sample for Toxicity Characteristic Leaching Procedure (TCLP) i-adiological

analyses.

Radionuclides identified in the residues included Ac-227, Pb-210, Pa-231, and isotopes of radium.
thorium, and uranium. Thorium-230 had the highest activity concentration, ranging from 21,010 to
71,650 pCi/g. These sample results are consistent with process knowledge.

Of the 23 'inorganic constituents detected, those which represent the highest relative hazard include arsenic
at a mean concentration of 1950 mg/kg and vanadium at a mean concentration of 1820 mg/kg.

The 1989 Silo 3 volatile organic analyses and a portion of the semi-volatile data were rejected during data
validation. Additional sampling was deemed unwarranted based on process knowledge. Only two
organic compounds, kerosene and tributyl phosphate, were used in the uranium extraction process at the
FEMP facility. Silo 3 materials were generated as part of the same process that produced the materials
in Silos | and 2. Before transfer to Silo 3, waste residues were dried and then calcined. The calciners
operated in a temperature range from 510°C (950°F) to 820°C (1500°F). Following calcining, -the

- residues were pneumatically conveyed to Silo 3. This process would have combusted or volatilized

organics present in the metal oxides prior to their transfer to Silo 3. This conclusion is supported by the
absence of PCB aroclors in Silo 3 samples in spite of their presence in Silos 1 and 2 residues.
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1.2 HISTORY AND OPERABLE UNIT DESCRIPTION

Constructed in 1951, Silos 1 and 2 were used for the storage of radium-bearing residues which are by-
products of uranium ore processing. Silos | and 2 received approximately 6120 m3 (216,300 ft3) of
residues from 1952 to 1958. Raffinate filter cake (residue from a uranium solvent extraction process)
was pumped into the silos as a slurry where the solids settled. The free liquid was decanted through a
series of valves and piping vertically spaced symmetrically at various levels along the height of the silo
wall. This pumping of slurry, followed by the settling and decanting, continued until the waste material
was approximately 1.2 meters (four feet) below the top of the vertical wall. Historic analyses of the K-65
Silo residues indicate elevated levels of Ra-226, Pb-210, Th-230 and natural uranium (U-238) are present
in Silos 1 and 2.

Radon and the elements resulting from its decay (referred to as daughter products or progeny) are the
nuclides of concern from a health and environmental perspective. Radon is known to be emanating from
the silos through cracks and at structural joints.. Radon is relatively mobile and capable of migrating
through air and water. Through the RI characterization effort, it was found that the berms and subsoils
contain localized areas of elevated levels of Pb-210 and Po-210, which are daughter products of radon.

As part of the Silos 1 and 2 Removal Action (Removal Action Number 4 per the Consent Agreement),
a layer of Bentogrout (consisting of 30% bentonite clay in water) was placed over the K-65 residues in
Silos 1 and 2 to attenuate radon releases to the environment and, in case of a structural failure of the silo
dome, reduce the risk of uncontrolled airborne contamination. It is presupposed that the added
Bentogrout will be remediated in the same manner as the K-65 material.

Silos 3 and 4 were constructed in 1952 in a manner similar to Silos 1 and 2; however, Silos 3 and 4 were
designed to receive dry materials. Raffinate filtrate from refinery operations was dewatered in an
evaporator and spray-calcined or kiln-dried to produce a dry waste for plécemem in Silo 3. The material
was blown in under pressure to fill Silo 3.

Silo 3 contains approximately 3900 m3 (137,500 ft3) of calcined residues consisting of aluminum,
calcium, iron and magnesium oxides, sodium salts; 18,000 kg (39,500 Ibs) each of uranium and thorium;
and a relatively small amount of radium and other metal oxides. There is no evidence that Silo 3 is a
source of contamination to the surrounding areas and underlying soils. Nevertheless, Silo 3 is considered
a potential hazard because its contents are radioactive and, in their dry, powdery state, are susceptible
to airborne dispersal if exposed to wind.
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Silo waste characterization information was extracted from the RI Report for Operable Unit 4, November - 1

1, 1993, and is included in Appendix A of this Work Plan. Silo 4 was never used. Except for rainwater 2
infiltration, which has been observed in the past, it remains empty today. 3
The Pilot Plant program wiil provide the design data necessary for the construction of the full-scale 4
vitrification plant for final remediation of Operable Unit 4. 5
_L.2.1 Remedial Alternative Description .. 6 _
Several remediation approaches were considered for Operable Unit 4. These alternatives have been 7
described in detail in the DOE report “Initial Screening of Alternatives for Operable Unit 4, Task 12 '8
Report, October 1990." In this report, the contents of Silos 1 and 2 are treated by the same alternatives 9
because the materials in the structures are similar. Silo 3 is treated in separate alternatives. The 10
alternatives have since been revised and analyzed in depth in the FS for Operable Unit 4, February 1994. 1
The vitrification technology considered in these alternatives consists of heating the residues to sufficient 12
temperatures to induce the formation of glass-like mass. The resulting vitreous solid would have a 13
reduced volume. The mobility (leachability) of the constituents of concern in the K-65 and Silo 3 14
residues would be greatly reduced, and the stabilized waste form would have a greatly reduced radon 15
emanation rate. The vitrified material would be well suited for long-term disposal. ' ' 16
The following remedial alternatives for Silos 1, 2, and 3 contents have been developed and were 17
identified as the preferred alternatives in the Proposed Plan. : _ 18
Alternative 3A.1 - Removal, Stabilization and Off-Site Disposal _ - 19
This alternative involves the removal of the Silos 1 and 2 contents, the stabilization of the contents by 20
either vitrification or cement stabilization, and the off-site disposal of the stabilized wastes. The wastes 21
would be transported to the disposal facility either by rail and/or truck. : 22
Alternative 3B.1 - Removal, Stabilization and Off-Site Disposal . 23
This alternative requires the removal of the Silo 3 contents, the stabilization of the contents by .24
vitrification or cement stabilization, and the off-site disposal of the stabilized wastes. The wastes would 25
be transported to the disposal facility by rail and/or truck. . ’ ‘ 26
1-5
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To support the continued development of these alternatives, Phase II of the Pilot Plant program includes
process demonstrations for:

Hydraulic removal of K-65 residue from Silo 1 or 2
Pneumatic removal of dry metal oxides from Silo 3
Vitrification of K-65 material and metal oxides
Off-gas control and treatment (i.e., radon treatment).

1.3 INTRODUCTION TO THE PILOT PLANT PROGRAM

1.3.1 Purpose and Obijective

Operable Unit 4 personnel are currently preparing for the third tier of the USEPA-outlined approach for
conducting treatability studies at a Superfund site (refer to Section 1.5). (Although the FEMP is not
utilizing Superfund monies, this approach is applicable to the Pilot Plant program.) The third tier
[Remedial Design/Remedial Action (RD/RA) Treatability] will consist of the design, construction, and
operation of a one metric ton (2,200 lbs) per day output pilot scale facility for vitrification of K-65,
bentonite clay, and Silo 3 material. Waste retrieval from the silos and adequate control of radon gas will
also be demonstrated. This third tier will be conducted in phases. Phase I of the Operable Unit 4 Pilot
Plant program will utilize bentonite and surrogate materials, the pilot scale vitrification facility, and Silo
4 as a test bed for demonstrating waste retrieval technologies. Phase II, which follows Phase I, will
utilize bentonite, actual K-65, and Silo 3 materials which will be retrieved from the silos. This Work
Plan covers Phase II of the Pilot Plant program. Phase II will also demonstrate the treatment of radon
gas since actual radon emitting materials will be processed. The results of this third tier treatability

tésting will be used to develop the design of facilities and equipment for the final remediation of Operable |

Unit 4.

As stated above, the Operable Unit 4 program for vitrification, waste retrieval. and radon treatment is
to be conducted in two phases. It must be noted that while both the vitrification and waste retrieval
demonstrations are included in the »PhaISe I pilot program, their operations are considered independent.
Phase I will utilize a non-radioactive surrogate material, consisting of silty sands, Bentogrout, and water,
that will be placed in Silo 4. Prior to being fed to the vitrification furnace, a metallic stream and sulfates
will be added to the surrogate material to more closély simulate silo material. Phase I is the equipment,
process, and methodology proving stage for the vitrification facility and waste retrieval. The waste
retrieval demonstrations will include (1) hydraulic mining and material handling, (2) silo dome
modification (enlargement of the center manway), and (3) depioyment methods to emulate an
environmentally controlled process within the silo. The vitrification facility will be designed for a one

1-6

G3Ga19

(o NN V. R T O V¥




-0027

metric ton (2,200 Ibs) per day of product and will likely operate over a three month period. It is i
anticipated that Phase [ will require approximately 20-30 metric tons (44,000 - 66,000 lbs) of surrogate z
material to adeqﬁately demonstrate vitrification, however, waste retrieval will require as much as 1,500 :
metric tons (1,650 tons) to be placed in Silo 4 to fully demonstrate the success and effects of a hydraulic

mining process. The following is a summary- of the activities included in thg scope of Phase I

®  Superstructure and Equipment Room Construction €
® Silo 4 center manway enlargement - '

e Silo4 surrogate material loading , ' _ g
® Hydraulic and mechanical material retrieval demonstrations (Silo 4) <
® Pilot scale vitrification facility construction ‘ B (¢
®  Operation of the vitrification facility with surrogate materials. L
Phase II of pilot scale testing for vitrification will be implemented in the vitrification facility constructed | 1z
for Phase I. The design for Phase I is being deveioped for the utilization of actual K-65 and Silo 3 1
material; therefore, the facility should require minimal modification for Phase II. In addition to the 1<
hydraulic removal of actual K-65 material, and the pneumatié removal of material from Silo 3 (both to. 1¢
‘be used for Phase I vitrification), Phase II will also include radon control for the Silos 1and 2 headspace 1e
gas utilizing the existing radon treatment system with upgraded duct and valving. Radon control at the 17
K-65 silos and off-gas treatment from the vitrification facility will be independent treatment systems. All 1
lessons learned during Phase I, with regard to the process control and equipment operation, will be 1¢
incorporated into Phase II. Similar to Phase I, it is anticipated that adequate testing will require ple
approximately 90 days using 20 metric tons (44,000 Ibs) or 10.38 m3 367 ft3) of Silo 2 material and 2
10 metric tons (22,000 Ibs) or 10.38 m3 (367 ft3) of Silo 3 material. Silo 2 residue surface will be o
resealed with bentonite clay following material removal. Glass formulations currently being developed 22
and optimized will be tested and further optimized (if required) during this phase of pilot scale testing. 2:
[n addition to several process sampling points, the final glass product will be sampled and tested to ensure 2s
that it meets the process acceptance criteria addressed in Sections 3.0 and 6.0. The following are the 2t
major activities to be included in the scope of Phase II: , ' 27
° K-65 Silo Radon Treatment System (RTS) upgrade (valves & ductmg) and operation ' 2
® Vitrification facility modification (if required) : 2¢
® K-65 hydraulic material retrieval : 3C
® Silo 3 pneumatic material retrieval A ‘ 31
® Operation of the vitrification facility using actual K-65 wastes and Silo 3 material ' 3z
® Treatment of process off gases. B ' : 32
1-7
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Information obtained from the Phase I & II Pilot Plant program will be used to generate quantitative
performance data and to further refine the cost estimate for full-scale remediation. The design will focus
on the following remedial alternatives:

vitrification treatment (Alternative 3A.1 for Silos | and 2)
hydraulic waste removal (Alternative 3B.1 for Silos | and 2)

® pneumatic removal and vitrification treatment of Silo 3 material (Alternatives 3A.1 and 3B.1
for Silo 3). ' ’

1.3.2  QOrganization of the Work Plan

This work plan describes Phase II of the Operable Unit 4 Pilot Plant program for waste retrieval,
vitrification and off-gas treatment. It is organized in accordance with EPA guidance (1992) and includes
the 15 EPA suggested sections.

In addition, a discussion of the regulatory requirements governing construction and bperation of the Pilot
Plant, including a permit information summary for Phase II, is included.

This Phase II work plan outlines the implementation actions required for the hydraulic removal of the
K-65 material from Silo 1 or 2, the pneumatic removal of the metal oxide material from Silo 3. the
vitrification of the ac_tual K-65 and metal oxide material, and the treatment of off gases.

1.4 PREVIOUS VITRIFICATION STUDIES

The Operable Unit 4 RD/RA Treatability Study for vitrification of the silo materials is being conducted
based upon encouraging results from previous laboratory and bench-scale testing. The following sections
summarize these resuits.

1.4.1 Laboratory Testing by Pacific Northwest Laborato NL) in 1991
In February 1991, Westinghouse Materials Company of Ohio (WMCO) published the results of FEMP
K-65 residue vitrification tests in the Treatability Study Report, "Characteristics of Fernald’s K-65

Residue Before, During, and After Vitrification." The following, which is text from that report, details
the background for conducting the vitrification tests, as well as several key findings and test resulits:
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" . . Vitrification of radioactive and hazardous wastes has been under thorough investigation since the
mid-1950s. During the Ihigh-level waste development program, the U.S. Department of Energy
accumulated over 40 years of operating experience with the vitrification process ( Chapman and McElroy,
1989). Vitrification has endured international scrutiny and is the preferred international treatrment method
for the most radioactive and hazardous high-level radioactive wastes (DOE/RL-90-27). Other compelling
factors support the use of vitrification for treating many types of hazardous and radioactive wastes:

. __ @ __The US EPA has promulgated vitrification as the trearment standard {i.e.., best demonstrated - -
available technology (BDAT)} for high-level radioactive mixed waste (Federal Register, June .

1, 1991), and a BDAT for arsenic-containing hazardous wastes (Federal Register, ca. May,
1990). .

® The glass, formed with, ar most, minor chemical additions to the waste, generally tests by
the Toxicity Characteristic Leachate Procedure (TCLP) or by the Extraction Procedure (EP)
toxicity criteria as nonhazardous.

®  Volume reduction for solids is typically greater than 60 percent. "

“In a vitrified matrix, the diffusion of gases with atomic radii equal to or greater than krypton (1.03
angstrom) and xenon (1.24 angstrom), such as radon (1.34 angstrom), is nil. Thus, once vitrified,
release of radon from the residue will be limited to the modest amount of externally exposed surface area.
It has been found that volcanic glass has the highest radon retention ability of the 59 rock samples
studied. Based upon these favorable prdéessing and product characteristics, vitrification of the K-65
residue is an environmentally progressive and technically sound option for treating this material.”

"For the work repoﬁed in February 1991, Pacific Northwest Laboratory (PNL) received approximately
15 Ibs (7 kg) of the K-65 residue from Silo 1 for vitrification tests. The objectives of the tests were to
determine the quantity and composition of off-gas evolved during vitrification, the radon emanation rate
from both the original K-65 residue and the vitrified product, and the leachability of the vitrified material.

® Virrified K-65 residue (Specific Graviry = 3.1) has a volume that is 35 percent of dried,
tamped K-65 residue (Specific Gravity = 1.06), a 65 percent volume reduction.

® The radon emanation flux from the K-65 residue was reduced by more than 33,000 times
when vitrified. The flux from the original material was measured to be 1.5 million pCi/hr
or 52,400 pCi/m*-S, while glass was 48 pCi/hr or 1.56 pCi/m*-S (an order of magnitude
below the US EPA limit of 20 pCi/m’-S). We predict that during full-scale processing, the

Sflux may be further reduced by a rotal factor of up to 90,000 to 2,400,000 because the test -
crucible had both unmelted material and a coat of glass on the crucible walls. Therefore,

the actual surface area exceeded the assumed surface area by a factor of more than 3.
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® The off-gas data indicate that for the chemicals present, 99.5 percent to 99.95 percent is
retained in the glass. This is typical of results obtained during thousands of hours of melter
- testing with simulated high-level radioactive waste slurries.

®  As measured by the TCLP, the vitrified K-65 residue tests as nonhazardous. The two TCLP
heavy merals present in the glass were barium at 4.4 wt% and lead at 9.9 wt%. The
leachate concentrations were 0.98 ppm and 0.3 ppm for barium and lead, respectively,
which is well below the limits of 100 and 5 ppm for barium and lead. Results from EP
toxicity tests for this (untreated) K-65 residue show a leachate concentration of 0.76 and 630
ppm for barium and lead, respectively. Thus, the vitrified product improved the leach
resistance for lead by a factor of over 2000.

®  The virrified product is so durable that it could not be dissolved in a hot mixture of
concentrated nitric and hydrofluoric acid by Controls for Environmental Pollution (CEP),
Inc., during their analyses of the glass.”

The TCLP leachate results from the previous laboratory test for the vitrified K-65 waste are presented
in Figure 1-1. The results are well below the established TCLP limits.

1.4.2 Treatability Study for the Vitrification of Residues from Silos 1, 2, and 3

As described in 1.4.1, preliminary vitrification tests for the K-65 material yielded promising results. This
supported the development of a more comprehensive vitrification treatability study program for the
treatment of all Operable Unit 4 silo materials. The objective of this subsequent vitrification treatabil:ity
testing (bench-scale), as described in the vitrification work plan ["Opefable Unit 4 Treatability Study
Work Plan for the Vitrification of Residues from Silos 1, 2, and 3" (approved by the USEPA in April,
1992)], was to provide data to allow comparison of vitrification to other remediation treatment
technologies based upon the following criteria: |

® Leachability of the final product
® Reduction in volume achieved through processing
® Reduction in radon emanation from the waste material.

Physical and chemical characterization of the silo material was performed to evaluate vitrification
performance. Initial laboratory screening meits were carried out .to investigate different glass
formulations. Bench-scale melts were then performed. For this, glass formulations were developed tor
four different mixtures of the K-65, Silo 3, and Bentogrout material. A vitrified product was made and
tested in duplicate for each of these mixtures (see Table 1-1). The study results [Operable Unit 4
Treatability Study Report for the Vitrification of Residues from Silos 1, 2, and 3 (May, 1993)] included
the following findings:
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° "The measured radon emanation rate from the glass is approximately equal to the
emanation rate from natural building materials such as brick and concrete, even though
the radium content of the waste glass is 10° to 10° times greater than that of natural
building materials. A reduction in the radon emanation of about 500,000 times was
_obtained in the bench-scale vitrification tests. "

tn oty ) e

@ "Essentially all of the radon initially present in the sample is released during vitrification,

providing an upper bound to the expected radon concentration in the off-gas from the B
vitrification system. " g
° "The final glass product (density from 2.7 to 2.9 g/cn’) has a volume of about 32 percent ¢
to 50 percent of the initial waste volume, representing a volume reduction of 50 percent 1¢
to 68 percent.” A 11
o "The PCT results show the durability of the glasses from all four sequences to be 1z
comparable to the durability of glasses developed for high-level waste. The normalized 12
leach rates for the elements considered (K, Na, Si, Li, B, U, Th, Ra-226 ranged from 1<
0.0002 to 0.09 g/m’/d. Leaching of radium-226 was one to two orders of magnitude less 1
than the leaching of the major constituents of the glass.” 1¢
L "The vitrified residue from all sequences tested nonhazardous as measured by the TCLP. I
Previous testing found the untreated K-65 and Silo 3 materials to test hazardous for 1t
several metals (lead for K-65, arsenic, cadmium, chromium, and selenium for Silo 3). 1
Lead concentrations in the leachate from the glass were reduced several hundred times X
relative to the untreated K-65 material, while for the Silo 3 material, arsenic was reduced 2
about 100 times, and cadmium, chromium, and selenium were reduced to less than or 2
near less than detection limits. " 2
° "The fractional release of radionuclides from the glass was similar to that of the major 2.
constituents of the glass, indicating that selective leaching of radionuclides did not 2:
occur.” 2
00Go24
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TABLE 1-1

Summary of Vitrification Tests for Operable Unit 4 Bench-Scale Treatability Testing

- 0027

APPROX.
TYPE OF AMOUNT
SEQUENC || TEST* | MATERIA OF DESCRIPTION
E L MATERIAL
| P e e - - - -
0 K-65 As required | Small melts of approx. 100 to 150
Silo 3 grams each to develop glass
Bentogrout formulations for the Sequence A
through D tests and to test the system
and operating procedures.
A , Open K-65 1.0 kg K-65 material and glass forming
, reagents as determined in the Sequence
0 tests. . Radon concentration
A monitored in the off-gas stream.
A Closed K-65 1.0 kg Duplicate of open system test. Off-gas
' - collected for analysis.
B Open K-65 0.5 kg K-65 material, Bentogrout, and glass
Bentogrout 0.5kg forming reagents as determined in the
Sequence 0 tests. Radon concentration
_ monitored in the off-gas stream.
B Closed K-65 0.5 kg Duplicate of open system test. Off-gas
Bentogrout 0.5 kg collected for analysis.
C Open Silo 3 1.0 kg Silo 3 material and glass forming
reagents as determined in the Sequence
0 tests.
C Closed Silo 3 1.0 kg Duplicate of open system test. Off-gas
collected for analysis.
D | Open K-65 0.7 kg K-65/Silo 3 material and glass forming
Silo 3 0.3 kg reagents as determined in the Sequence
0 tests. Radon concentration monitored
in the off-gas stream.
D Closed K-65 0.7'bkg Duplicate of open system test. Off-gas
Silo 3 0.3 kg collected for analysis.

*Open and closed refers to off-gas system configuration

03GJz26



Some of the report’s recommendations follow:
4

o "Appropriate giass formulations should be déveloged and acceptable limits of material
variability of the waste determined."

o "Small-scale tests of systems for removal of radon from the off-gas stream are needed
to provide data for designing a radon control system for processing operations."

e "Pilot-scale testing in_a continuous melter should be carried out to_validate the glass

formulations developed in crucible melts and to provide data necessary for sizing and '

design of the full-scale system."

The first item was pursued as a CRU4 subcontracted glass development project. A radon adsorption
experiment utilizing granular activated carbon is currently being implemented at the FEMP site by
CERCLA/RCRA Unit 4 (CRU4) and data should be available by January 1995. Detailed design (Title
II Design) of the Operable Unit 4 Pilot Plant is currently nearing completion. Any modifications required
for Phase II operation will be based on lessons learned from the Phase I operation. '

1.4.3 Glass Formulation Development

Glass scientists at PNL were authorized to conduct a follow-on study based on the results of the
Treatability Study. This follow-on effort focused on optimizing recommended glass formulations for use
in the Pilot Plant facility. The development of glass formulations in crucible meits has been completed.

This optimization of glass formulations reduces the risk and will improve the Pilot Plant operational
performance. Optimization addresses formulating a glass that has acceptable durability, viscosity,
conductivity, and phase stability properties. The program determined the acceptable ranges of additives
to respond to the variability in the waste composition at lowest practical furnace temperatures. TCLP
results were obtained for the optimized formulation. The operating envelope for the Phase II Pilot Plant
tests will focus on processability and robustness of the formulations.

The glass formulations developed in this study used the data from the prévious bench-scale melts
(performed as a part of the treatability study testing) with particular emphasis being given to the

objectionable characteristics that were observed in some of those prior tests. The process concerns were:

® Separation of a molten sulfate layer
® Formation of a reduced metal phase
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Maintenance of the proper viscosity with BentoGrout/K-65 mixtures
® Crystallinity of the Silo 3 glasses.

Changes in the formulations to achieve increased glass durability were also investigated.

Beyond accomplishing these specific goals, the general objective for the glass optimization study was to
develop glass formulations suitable for use in the pilot-scale vitrification facility. These formulations
were to be compatible with the following processing objectives: o
Processability in a joule-heated melter

Simple, robust formulations

A durable glass product

Mini»mum waste volume.

The waste mixtures considered were K-65 alone, a mixture of K-65 and BentoGrout, Silo 3 alone, and
a mixture of K-65 and Silo 3. Recommended formulations are listed in Tables 4-1 and 4-2.

To achieve these objectives, a philosophy that consisted of four primary considerations was established
as a basis for conducting the study:

® Engineering versus scientific approach
More than anything, an engineering approach is a recognition of the nature of the problem

’ from a practical, application oriented viewpoint. The scientific approach to the glass
formulation problem gives a great deal of attention to small details without recognizing the
big picture. An example would be to take a sample of the waste and very carefully develop
a glass formulation, optimizing additives to tenths of a percent for that specific sample. This
would be fine if the entire waste stream were uniform, but fails to recognize that variability
in the waste stream will greatly change the composition from this optimum or can require a
complex feed preparation system to maintain this composition. The engineering approach
recognizes that variability in the system (especially the waste composition) is large, and that
a practical glass formulation must be insensitive to small variations in glass compositions.
Scientific detail is obtained as necessary to assure processability and product quality.

0GCO28
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® Simple formulations
Simplicity is a natural result of the engineering approach since the formulation is developed
with the application firmly in mind. Simple formulations are those requiring few additives
and having little or no variation of the formulation during processing (as a result of variation
in the feed composition). Very detailed formulations (i.e., setting strict compositional limits)
are difficult to justify given the large degree of variation in the waste feed material.

® ' Robust formulations :
The formulations should be tolerant of compositional variations in the feed material. A less
robust formulation requires more analysis of the waste and adjustment of the formulation to
stay within specified limits because the acceptable operational limits are narrower in a less
robust formulation. The ideal formulation would have no limits for the given waste stream,
i.e., the waste would be blended and processed without requiring any analyses or adjustment
to the formulation. '

® Minimize waste volume , .
A great benefit of vitrification is the ability to effect a large reduction in the treated waste
volume. Minimizing waste volume implies maximizing the waste loading. Greater waste
loading increases the sensitivity of the glass composition to variability in the feed composition;
therefore, a balance is required between increased waste loading and robustness of
formulations. The waste loading should be as high as can be achieved while maintaining an

adequate degree of robustness.
®

" Glass scientists at PNL optimized glass formulations using data from the previous bench-scale melts

performed as part of the treatability study testing (with a reference waste composition material). During
screening tests, 100 g (0.22 Ib) test meits were made with several different glass formulations. Melts
were made with nonradioactive simulants; however, the melt at reference composition for each
composition was duplicated using the actual K-65 material. The criteria for deciding on the optimum
formulation was based on the TCLP results of the reference glass. the processability, the phase stability
and the ability to handle variation in the waste feed composition. The formulations chosen from these
screening tests were quantitatively studied during optimization of the formuiation. Conclusions from the
study are summarized below:

® Partial substitution of CaO for NayO prevents the formation of a sulfate layer in the K-65
material in the crucible melts of K-65 material.

<
&
¢3
&
¥

A s WN

30

31




-0022

Formation of a sulfate layer in the crucible melts is an indication of potential problems with
_ sulfate in a continuous melter. If the material forms a significant molten salt layer in the crucible
melt, continuous processing of metric ton quantities would produce a significant and continually
accumulating sait layer. Even if a sulfate layer does not show up in crucible melts, it is likely
to be present in continuous processing melter as a result of temperature distribution in the cold
cap and the reaction equilibrium. Whether this poses a problem or not depends upon the rate at
which sulfate enters the melter versus the rate at which it leaves (through solubility in the glass,

and loss in the off-gas via decomposition). Processing at low temperature in the Research Scale . .

Melter (RSM, this type of melter as opposed to all other data coming from crucible melters) has
shown that most of the sulfate in the K-65 material can be retained in the glass, although in a
somewhat more leachable form. Sulfate was observed on the surface of the melt, but did not
appear to be accumuiating. Other tests in crucibles mimicking the continuous feeding to a melter
at high temperature indicated that the sulfate would not pose a problem at high temperature. The
amount of sulfate present at the interface between the cold cap and the molten glass appeared to
be the amount that results from equilibrium reactions, not the accumulation of an insoluble
sulfate.

Reduced metals are avoided by eliminating carbon from the formulations. Prior work showed
that carbon was effective in preventing the accumulation of an insoluble sulfate layer, but carbon
reduced certain compounds to their metallic state. Partial substitution of CaO for Na5O allowed
carbon to be eliminated from the formulation. The reduction of metals in the melt was then no
longer a problem in these tests.

Proper viscosity can be maintained in glass formulations for K-65/BentoGrout mixtures by basing

the amount of additives on the alumina content of the waste feed.

The alumina content of the BentoGrout is significantly higher than that of the bulk K-65 material;
therefore, the melt becomes thicker as the amount of BentoGrout in the waste increases. Since
the materials are otherwise similar in composition, the amount of alumina in the waste is
indicative of how much BentoGrout is blended with the K-65 material and also a good measure
of the quantity of flux required to achieve an acceptable viscosity in the melit.
. .

A moderate reduction in the waste loading and minor changes in the formulation for the Silo 3
glass results in a vitrified product with a much greater resistance to devitrification/crystallization.
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® Robust formulation applicable to the full range of waste compositions ranging from pure K-65
to pure BentoGrout

As such, this formulation covers and expands upon Sequences A and B from the treatability tests.
A practical consideration of the retrieval operation leads to the conclusion that a formulation for

the vitrification of the Silo 1 and 2 material would optimally be able to handle the full range of

compositions of K-65/BentoGrout mixtures. This formulation ensures the melt has an adequate
viscosity for any proportion of K-65 and BentoGrout in the retrieved waste. The effect of
variability of the waste composition on the formulation is currently under investigation; however,
the variability observed among the different zones in the analysis carried out for the treatability
testing does not appear to be great enough to have adverse impact on the glass.

® Simple formulation with common and inexpensive additives.

® Proportion of additives to waste is varied based upon the alumina content of the waste.
As discussed above, this maintains a proper processing viscosity. A simple measurement for a
single element is all that is required to determine the amount of additives to mix into the waste.

® Simple formulation in that the proportion of additive to waste remains the same.

® Several other formulations of somewhat different compositions also yielded reasonable glasses.
' demonstrating significant robustness of the formulation.

Increasing the durability of the Treatability Study Glasses
® Treatability study glasses were very durable.
®  Over 30 new and modified formulations for the K-65 material were tested.

This included matching formulations reported in the literature as being acid-resistant, as well as

modifying the treatability formulations with additives known for increasing the acid-durability of
glasses.

®  Only relatively minor improvements in the glass durability.can be expected.

“Relatively minor" is relative to the desired goal of radionuclides in leachate. Maximum
improvement in durability as indicated by the leaching of Pb was about a factor of 2. Additional
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lowering of the leachate concentrations was a result of lower waste loadings (dilution of the waste

with additives).

As the initial glasses were very durable, the changes in leaching are minor

compared to what is required to meet the desired levels. And as simplicity is a key philosophy
being followed, the simple formulation of soda and calcia additives would meet this need.

Based on this test data, glass formulations for initial Pilot Plant operation were developed. The

recommended formulations are presented in Section 4.1.2.

1.5  USEPA TREATABILITY GUIDANCE

According to USEPA guidance on conducting Treatability Studies, as many as three tiers of treatability

testing may be required (see Figure 1-2):

® Remedy Screening (Laboratory Screening)‘

-Operable Unit 4 is curremlyqpreparing for the third tier, RD/RA treatability testing for vitrification.

Remedy Selection (Bench-scale or Pilot-scale Testing)

RD/RA (Pilot-scale or Full-scale).

RD/RA treatability studies are conducted after the Record of Decision, which states the remedial action
selected for the operable unit. The post-ROD study is intended to provide the detailed design, cost and
performance data required to optimize the treatment process and the design of a full-scale treatment
system. It compiements the information obtained during the RI/FS phase; which in the case of Operable
Unit 4, is the earlier laboratory and bench-scale treatability studies (see Figure 1-3). As the figure shows,
Phase [ and II of the pilot-scale testing will occur after the ROD.

The USEPA Guide for Conducting Treatability Studies under CERCLA (1992) lists potential reasons for
performing RD/RA treatability testing, including "to support the design of treatment trains." Previous
Operable Unit 4 laboratory and bench-scale treatability study resuits indicate that vitrification of Operable
Unit 4 materials is a viable treatment alternative. However, the proposed vitrification process must stil
be proven on a continuous, pilot-scale level prior to performing a full scale facility design. Phases I and
IT of the Pilot Plant program will accomplish this by providing information on continuous operation

performance, maintainability, constructability, equipment sizing, material handling, process upset and

recovery, side-stream and residuals generation and treatment (i.e. waste water, radon), energy and reagent
usage (i.e process additives), and sampling and analysis of the process and the final product.-
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2.0 REMEDIAL TECHNOLOGY DESCRIPTION 1

[

Phase II begins with a Pilot Plant that has been thoroughly tested on surrogate material during Phase I _

operations. All instruments will have been calibrated and ail vessels will have proper inventories of 3
liquid, solid, or slurry material. The furnace wiil be thermaily hot and contain an inventory of moiten 4
surrogate glass. ' 5
2.1 DESIGN ACTIVITIES/DESIGN BASIS ' « 6
2.1.1 Equipment Design for Silo Activities ‘ - 7
Hydraulic Mining and Deployment Equipment _ 8
The hydraulic mining device will consist of a slurry pump and a sink ring with spray nozzles into one | 9
compact portable assembly. The device will be deployed through an existing (unmodified) manway in 10
Silo 2 and supported by a mobile crane. Its primary purpose will be to supply K-65 material as feed for o
the vitrification facility. The pump’s mining performance will produce only a small opening in the 12
bentonite cap to reduce the amount of additional bentonite needed to repair the breach. The pressurized 13
spray nozzle discharge shall dislodge in Silo 2 approximately 2,270 kg/hr (5,000 Ib/hr) dry weight solids 14
to the pump inlet. The slurry pump shall be capable of operating in submersible conditions, provide an 15
18 m (60 ft) minimum bressure héad, and remove slurry at up to 190 Lpm (50 gpm) at 15 to 20 weight 16
percent solids. The cutting action of the pump will be directed downward rather than radially to form 17
a cylindrical cut into the bentonite cap and K-65 residue using a sink ring to cut a hole the approximate 18
diameter of the pump. The sink ring water jets will be supplied recycled water at about 200 pounds per 19
square inch gauge (psig). Pieces of consolidated material which cannot be broken up by the water jets 20
and pump agitator will remain in the silo. The device must ultimately supply the pilot scale vitrification 21
facility with about 20 metric tons of K-65 material. Upon removihg an adequate amount of K-65 22
material, the residue surface will be resealed using bentonite clay. : 23
Radon Control at Silos . : 24
Radon control will be attained during a bag-in/bag-out glove-bag procedure while inserting the slurry 25
-pump into Silo 2 without allowing a direct route for radon to escape to the atmosphere. "Bag-in/bag-out" 26
refers to the use of a heavy-duty, transparent plastic glove bag to maintain a seal on the silo. Equipment 27
to be inserted into a silo is encased in the glove bag and the bag is sealed to the silo manway before the 28
manway lid is removed. Once the lid is removed, the bag becomes the seal between the silo headspace 29
and the atmosphere. The existing recirculating 1,000 Standard Cubic_Feet per_ Minute (SCEM) . RTS will:. - ____ _30-
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be upgraded by replacing the valves and PVC pipe with stainless steel ducting. The upgraded RTS will

be run as needed to provide a reduction of the radon concentration in the Silo headspace. The RTS will
be operated as a function of the need for personnel access and the penetrating radiation dose levels on
the silo dome surface. The trigger level for opera{tioh of the RTS wiil be 100 mrem/hr at the dome
surface when personnel require access to the domes.

Silo 3 material produces much less radon than does the K-65 material. Silo 3 radon can be adequately
controlled by using bag-in/bag-out techniques to keep the Silo 3 headspace atmosphere isolated from the
ambient atmosphere during material removal activities.

The job-specific Health and Safety Plan will require monitoring.when personnel are working in the silo
area.

Pneumatic Removal Equipment

The pneumatic removal of material from Silo 3 will be via a vacuum gulping system, which will draw
the material out through a pipe inserted through an existing manway. A mechanical arm controiled by
an operator will manipulate the gulper pipe. '

The pneumatic removal system will pull about 2,730 kg/hr (6,000 Ib/hr) of dry metal oxides from Silo
3 to a mobile hopper. ‘The removal system is designed as a closed-loop system. Conveying air and solids
will be separated in a bag-house dust collector. The solids will drop into a hopper and the air will go
to the vacuum blower unit. The air passes through a pre-filter and High Efficiency Particulate Air
(HEPA) filter prior to the blower and is then discharged back into the Silo 3 headspace. The filled
hopper will be moved via truck or crane to the vitrification facility. Sufficient material will be
inventoried to last the estimated duration of the Phase II vitrification runs.

2.1.2 Equipment Design for Vitrification ProcesS

The pilot-scale vitrification facility will be located east of the K-65 Silos (see Figure 2-1) and will include
interim storage of the vitrified product. The majority of the holding tanks and vitrification support
equipment will be located outside the building on diked concrete pads. However, the melter and product
forming equipment along with the process controi system and other support functions will be housed in
a pre-engineered metal building. The preliminary list of equipment and materials required are listed in
Section 5.0. A preliminary process flow diagram (see Figure 2-2) and a block flowchart (see Figure 2-3)
for the vitrification facility were also developed.

2-2
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FIGURE 2-3
Pilot Plant Program Block Flowchart
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~ Additives

Chemical additives, such as Na,CO, (sodium carbonate) and CaCO, (calcium carbonate), needed for the
vitrification process will be weighed and then fed to the slurry tanks and blended with the K-65 and Silo

3 materials. The additive addition equipment will be a standard bag slitting and dumping station. The

bag dump station will have its own ventilating fan and dust filters to control fugitive dust during the
dumping operation. The additives will be pneumatically conveyed into a filter/receiver unit. Exhaust

from the filter/receiver will be vented to a vacuum blower and HEPA filter unit prior to discharge via '

the exhaust stack.
Thickener

The slurried K-65 material will be pumped from Silo 1 or 2 to a 20,000 gallon stainless steel thickener
tank through double containment piping. The feed will enter the centerwell of the thickener at 15 to 20

percent solids. Slurry flow rates and percent solids will be measured by a flow indicator installed in the
feed line.

Control of thickened solids in the underflow will be by an adjustable, air-operated diaphragm pump that
will pump the material to one of two slurry tanks. A density controiler in the thickener underflow line
will control the density of the solids by adjusting the diaphragm pump flow rate. The undérﬂow is
designed for 50 percent solids and will be confirmed as part of the Pilot Plant operations. The thickener
overflow will flow by gravity to the recycle water tank where it will be used to supply the quench tower
and the hydraulic miner (as required). A flow indicator similar to the one in the thickener feed line will
be installed in the thickener discharge (underflow) line.

A flocculant will be necessary to ensure an adequate settling rate of the solids in the thickener and will
be added using a flocculant mixing and feeding system. A settling test utilizing bentonite is planned
under a separate sub-project.

The thickener mechanism will be supplied with protective instrumentation to automatically lift and lower
a set of 30 ft diameter rakes. depending on torque. Torque alarm annunciation will occur on the
activation of a high torque sensor and automatic shutdown will occur on the activation of a high-high
torque sensor.

2-6
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Slurry Tanks

The feed will be pumped from the thickener tank to one of the stainless steel slurry tanks by the thickener
underflow pump at a rate of 72 Lpm (40 gpm).

The two agitated slurry tanks (700 gallohs each) will alternate between feed preparation and melter feed

functions. While one tank feeds the melter, the other tank will receive about 810 kg (1780 Ib) of solids

as thickener underflow. This represents about one day’s production, so the complete cycle of slurry tank

fill, additive addition, mixing, and verification shall take place in 24 hours (or less).

Dry metal oxide material will be pneumatically conveyed from the relocated surge bin (transferred from
Silo 3) and mixed with K-65 material in the slurry tanks, as testing dictates. After all the Silo 3 material
in a slurry tank has been mixed, a sample will be taken and analyzed to determine the additives needed.

Melter J

The pilot-scale electric melter is of welded steel construction on a steel base frame and is the prime
component of the Pilot Plant facility. The vitrification furnace will be an electric-heated melter capable
of melting a wide range of waste materials, with minimal additives, at moderately high temperatures.
The slurry will be delivered from the slurry tank to the melter by an air operated diaphragm pump. The

- feed will enter the melting chamber and be deposited onto the molten glass surface. Since the feed to
~ the melter would be very low on a continuous basis, the slurry will be fed at a higher, intermittent rate.

The melter will utilize joule heating, which means that the electric current passes directly through the
molten glass, and will be designed to produce a consistent. durable, stabilized glass with minimal effluent.
The melter will be lined with high temperature refractorv bricks and will generally operate in the range
of 1,050 to 1,400°C (1,922 - 2,552 °F). Melter and melt chamber temperatures will be controiled by
power adjustments to the heating electrodes and supplemental area heaters. The melter will have agitation
incorporated into its design to allow uniform glass production at the lowest possible temperature and
molten glass retention time. Agitation will be incorporated either by a mechanical stirrer or by bubbling

 air through the molten glass. The molten glass will be retained for the necessary retention time in order

to attain homogeneous vitrification. The melter will normally be kept at a slightly negative pressure.
This will be accomplished by venting the melter into an induced-draft, once-through off-gas system.

The operating parameters are as follows:

Discharge Rate 1.0 metric ton(2.200 Ib)/day
- Operating Temperature ~ 1,050 - 1,400°C (1,922-2,552°F) .
~ Feed Moisture 40-50 percent by weight
27
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Feed Temperature 10 - 40°C (50 - 104°F)
Bath Surface Area 9 ft* (0.84 m?)
Bath Volume - - 27 ft* (0.76 m?)

- Product Forming Machine

While feeding is in progress, molten glass inventory will be accumulated in the melting cavity and
discharged through the forehearth into the gem forming machine or directly into a casting container.
The shape and size of the glass product will facilitate containerization and anticipated final packaging.
The gem forming machine consists of a mechanism to break the moiten glass stream into droplets which

fall onto a rotating platen and will support a production rate of 400-800 Ib/hr.. The gems are air-cooled |

on the platen and mechanically ploughed off into a drum. (The design of the gem-forming machine is
based on an existing gem maker that is currently being used in the Minimum Additive Waste Stabilization
(MAWS) program. The design or the actual mechanics of the Pilot Plant gem maker is subject to change
when the procurement is awarded and design approved.) A back up waste form is the cast monolith
which will also be tested as part of Phase II activities.

Off-Gas System

The off-gas system will consist of a quench tower, scrubber, desiccant tower, radon adsorption carbon
beds, HEPA filter, blower, and stack. The quench tower is constructed of carbon steel and receives hot
gases up to 426°C (800°F) from the melter and quenches it using 72 Lpm (40 gpm) recycle water. Tower
internals will consist of stainless steel spray nozzles and/or baffles. The scrubber is stainless steel and
will use a recirculating caustic solution to remove sulfur oxides (SOy) and any other acidic gases from
the gas stream. The desiccant tower consists of a desiccant bed to reduce the relative humidity to under
15 percent. Two parailel carbon bed trains constructed of carbon steel will be used. each designed to
reduce the radon content of the 250 SCFM off-gas stream by 97 percent. If more radon removal is
needed. the two trains can be run simultaneously. The HEPA filter is a cartridge unit which will be the
final off-gas treatment process before discharge through the exhaust fan and out the stack. The stack will
be equipped with an isokinetic sampler which will monitor the off-gas system to verify that particulate
and gaseous radionuclide emissions are within regulatory limits during vitrification of K-65 and Silo 3
residues. The off-gas system will vent the thickener, slurry tanks, recycle water tank, and melter. Air
throughput will be minimized (nominally 250 SCFM) to maximize the effectiveness of the carbon beds.

. Radon control during Phase II will be based on regulatory limits as listed in the Applicable or Relevant

and Appropriate Requirements (ARARs) in Appendix C.

Waste Water Treatment System
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The waste water treatment system will be sized to handle approximately 38 Lpm (10 gpm) of waste water
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(containing suspended solids and- salts) on an intermittent basis as required. Treatment will consist of a 2
multimedia, deep bed, pressure filtration system. Backwash from the filter will go to the thickener. Two 3
filters will be used so one is available when one is being backwashed. The filtered water will be pumped 4
to the existing High Nitrate Tank and become feed for the existing Bio-Denitrification System (BDN). 5
At this time, the Advanced Waste. Water Treatment System (AWWTS) will be on-line to receive BDN 6
effluent. This wastewater stream will be characterized to determine the appropriate means of treatment. 7
in the sitt AWWTS with the treated effluent being discharged under the National Pollutant Discharge 8
'Elimination System (NPDES) permit. The AWWTS will use pH adjustment, flocculation, sedimentation, =~
and ion exchange to remove dissolved radionuclides (for additional discussion of WWT, see Section 10
11.0. 1
Cooling Tower 12
A cooling tower, constructed of galvanized steel, will circulate water at the rate of 760 Lpm (200 gpm) 13
through the heat exchanger used to cool the quench tower effluent being recycled to the thickener, and 14
possibly other minor users such as cooling the product-forming machine. The heat exchanger has a heat 15
transfer rate of 2EE6 BTU/hr and is designed for 494 Lpm- (130 gpm) on the shell side, leaving 266 Lpm 16
(70 gpm) for vitrification equipment cooling. 17
2.2 CHECKOUT AND START-UP ACTIVITIES 18
Following the sucéessﬁxl completion of Phase I, operating procedures will be modified to reflect all 19
“process changes and lessons learned. 20
2.2.1 Checkout Activities 21
The following is a preliminary list of checkout activities: 22
A. All liquid process lines will be flushed to remove residual materials used during Phase I 23
testing. 24
B. Waste retrieval equipment (cranes, pumps, vacuum blowers, cameras, etc.) and the system 25
as a whole will be tested for proper operation. 26
C. The thickener will be emptied of surrogate material and left filled with water to the point of 27
oo e <o e OVerflow. into.the recycle water tank.. - - — 28

O
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D. The recycle water tank will be checked to make sure it is at a 60 percent to 70 percent level
indication. ’

E. The quench tower will be checked for proper (about 50 percent) water level.

F. The exhaust fan will be started, and air flows from the process through the off-gas system
will be remeasured and balanced.

G. The cooling tower will be checked for proper water inventory and treatment chemicals will
be added as needed. The cooling tower pump will be run to purge air from the system.
The cooling tower fan will be started and adequate air flow verified.

H. The transfer equipment for the glass additives will be checked to confirm proper operation.

~ L. Slurry tanks will be emptied and flushed.

J.  The furnace will be checked for proper temperature controt.

K. Both of the waste water filters will be back-flushed and ready for use.

L. During the checkout operations, the Distributed Control System will be monitored for
correct indications of measured variables, control action, and status of motors and valves.

M. Safety alarms will be checked and emergency shut-offs will be tested for proper settings and
functionality.

N. Isokinetic stack sampler will be tested in accordance with EPA methods.

2.2.2  Start-up Activities N

Start-up activities at the Silos involve filling the surge bin with Silo 3 material and inserting the slurry
pump into Silo 2 only. Start-up activities for vitrification involve introducing K-65, Silo 3, and additive
materials into the system and inventorying tanks and bins so that continuous operation can be achieved.
These activities consist of the following essential steps:

The Silo 3 material surge bin will be filled -and relocated to the Pilot Plant facility.
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The K-65 Silo radon treatment system wiil be started and checked for satisfactory operation,
if required. '

The slurry pump will be inserted into Silo 2 and slurry transfer to the thickener will
commence.

When adequate percent solids is reached in the thickener, the first radioactive "hot" melter

feed batch will be initiated by transferring the correct amount of thickened solids to one of

the slurry mix tanks.

Additives will then be added to the slurry tank. After the additives are sufficiently mixed
in the slurry tank, short furnace feeding runs wiil be used to test the furnace feed system on
this material and get an initial assessment of the response of the furnace to the feed.

Molten glass draw and the product forming equipment will be tested in short runs to
properly establish control parameters during the switch over from surrogate material to "hot"
glass.

The recycle water system, off-gas treatment system, waste water filters (as required), and
cooling tower will all be operating during this time.

These start-up activities will cease when all systems have been tested sufficiently such that

continuous operation is judged to be viable.

Control software quality checks will be conducted.
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3.0 TEST AND DATA QUALITY OBJECTIVES

3.1 PHASE Il PROGRAM OBJECTIVES

2
The overall program objectives for Phase II of the Pilot Plant Project are as follows: A 3
A. Demonstrate the removal of K-65 residue from Silo 2 via hydraulic slurry mining. 4
B. Demonstraie pneumatic removal of oxides from Silo 3. 5
______C. Demonstrate continuous conversion of these residues into a vitrified (glass) product. ... _______6_
1) Determine melter retention time/throughput rates 7
2) Determine redox state in melter 8
3) Determine waste loading (additive requirements) 9
4) Demonstrate salts/suifate layer treatmém 10
5) Verif); the glass formulation(s) developed in the Operable Unit 4 glass program 11
6) Evaluate the glass product with reséect to waste acceptance criteria for off-site disposal 12
D. Determine slurry settling rates (dewatering) in thickener. 13
E. Control radon build-up and release using the furnace off gas and the Silo radon treatment 14.
systems. 15
F. Demonstrate stabilization of metals and radionuclides in vitrified matrix. 16
G. Meet radon emanation rate regulatory requirements for glass product (40 CFR 61 Subpart 17
Q). 18
H. Reduce waste volume by 50-68 percent. 19
[.  Demonstrate prod.uct forming, packaging, and handling. 20
| J. Demonstrate electric power reduction for furnace heating using mechanical agitation. 21
This pilot demonstration is intended to provide all the data required to scale up the vitrification process 22
for final remediation of the material in Silos 1, 2, and 3. 23
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32 PERFO_RMANCE OBJECTIVES

This section addresses the speciﬁé performance objectives that must be met to demonstrate waste retrieval -

and the successful production of a stabilized waste form: The following information is summarized below
Table 3.1.

3.2.1  Hydraulic Mining

To demonstrate hydraulic mining, the slurry mining machine will be lowered into Silo 2 through an
existing manway. The hydraulic miner will operate intermittently to transfer silo material to the
thickener. The hydraulic mining machinery must successfully remove the material from the silo at a rate
of approximately 2,270 kg (5,000 lbs) per hour, dry solids basis and a concentration of 15-20 wt percent
solids. The device must ultimately supply the pilot scale vitrification facility with about 20 metric tons
of K-65 material. |

3.2.2 Radon Control During Removal Operations

The K-65 RTS must control the release of radon and maintain radon concentrations below required levels

during hydraulic device installation and operation. After hydraulic removal, the residue will be resealed

with bentonite slurry. A discussion of radon regulatory requirements, both during material removal and
vitrification operations, is presented in Section 11.4.

3.2.3 Pneumatic Removal

The pneumatic removal of the dry metal oxides in Silo 3 will be via a simple dilute vacuum system
pulling directty from Silo 3 to a filter/receiver located above a hopper mounted on a mobile trailer. The
filtered off-gas discharges into the Silo 3 headspace. The transfer rate will be approximately 2,730 kg/hr
(6,000 Ib/hr) with the target quantity being approximately 10 metric tons. The filled hopper will be
moved from Silo 3 to the vitrification building for unloading.

3.2.4 Solids Dewatering

Solids dewatering consists of the gravity thickener which is designed to increase solids content of the
transferred slurry to 50 wt percent. This equipment will be tested on the material mined from Silo 2.

The solids content target must be met within about 8 hours of transferring solids to the thickener. The

)
settling of bentonite clay is difficult, therefore, slurry mixed with bentonite will likely require special
attention and additional time to meet the target.
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3.2.5 Vitrification

The primary objective is to demonstrate vitrification furnace operation at a continuous throughput of

1,000 kg (2,200 1b) of glass product per 24 hour day. A secondary objective is to verify that the .

formulations developed from the Operable Unit 4 bench-scale studies and glass development program will
produce a satisfactory glass product. The glass product will be judged to be adequate by its resistance
to leaching, its physical properties, and compliance with the acceptance criteria of the disposal location
(Nevada Test Site) identified in the Proposed Plan for Remedial Actions at Operable Unit 4. Another

_secondary objective is to demonstrate the relative effect of agitation on the expected salts/sulfate layer. .

and the required furnace temperature. It is predicted that agitation will minimize phase separation and
thus reduce the required furnace temperature. It is also intended to determine the optimum retention time
in the furnace. This is the maximum throughput the furnace can accommodate while producing a
satisfactory glass product.

3.2.6 Final Product Handling

The molten product must be cooled, formed, and packaged for storage. Product in the form of gems that
are placed in a drum is the primary approach, but the capability to bypass the product-forming machine
to produce glass slabs or monoliths is included in the design. The product forming machine and drum
filling equipment must accommodate the furnace throughput.

3.2.7 Furnace Off-gas Treatment

The furnace off-gas treatment system includes the quench tower, scrubber, desiccant tower, carbon beds.
and final HEPA filter. This system must meet design specifications and result in an atmospheric
discharge within regulatory limits. Monitoring will be conducted on the off-gas stream prior to entry into
the quench tower, and then within the stack to verify acceptable performance of the control equipment
on particulates and gaseous effluents. Further discussion of regulatory compliance for the off-gas system
is found in Chapters 10 and 11. Regulatory limits are also listed in Appendix C.

In addition to off-gas monitoring, existing radon detection instruments at the FEMP fenceline and new
monitors at the Pilot Plant will be closely watched to verify adequate radon control.

3.2.8 Off-site Disposal

A primary objective is to meet acceptance criteria for disposal at NTS in accordance with NTS waste
acceptance criteria (NVO 325 Rev. 1), and pertinent Department of Transportatxon requxremems
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33 DATA QUALITY OBJIECTIVES (DQOs)

Previous studies of K-65 and Silo 3 materials using vitrification on bench and laboratory scales have
shown positive results which will support remediation of Operable Unit 4. The pilot scale facility will
test and develop formulations for vitrification which will support the Operable Unit 4 Proposed Plan
Alternatives 3A.1 and 3B.1. The pilot plant testing will develop the final remediation vitrification-
processes, if this alternative is selected by the USEPA.

The Phase [I Work Plan sampling identified in Section 6.0, Tables 6-1 and 6-2 will provide data to
determine the optimum operating parameters for the Pilot Plant and will verify the facility performance
using the K-65 Silo materials and Silo 3 metal oxides. Other data objectives included in this work plan
include process controls activities necessafy to support the testing required for this work plan. These are
provided in Table 3-2 as they impact final process design operation. Sampling and analytical information
for measured parameter variables is provided in Section 6. The Analytical Support Levels (ASL) and
quality assurance sampling requirements are identified in the Table 6-1. Based on Tables 6-1 and 6-2,
the SCQ requirements for completeness, representativeness, and comparability will be achieved for the
treatability studies.

Based on previous studies, several formulations used in the bench and laboratory tests produced the glass
required. The pilot plant will study these formulations for scale up and process controls. The
formulations should produce the desired results, however it is necessary to study the larger scale process
which may vary the previous test results. It is necessary to develop and determine the optimum process
using the variables for durability, reduction, chemical and physical mixes, results from TCLP and PCT
tests for leachability and other process requirements. If several formulations are equal and successful,

then other variables such as schedule and cost may be considered in the determination of the final
process.

The treatability study does not include treatment of soil removed from around the Silo 4 area.

FERMCO’s Waste Management Department issued a letter [M:RSO:(WM):94-0050, CRU4 Pilot Plant
Construction Project, dated January 14, 1994] stating that characterization is complete.
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TABLE 3-1
PHASE I PILOT PLANT
PERFORMANCE OBJECTIVES

TEST COMPONENT

PERFORMANCE OBJECTIVE

Hydraulic Mining (K-65 Material)

At least 2,270 kg (5,000) (Ibs)/hr.
15-20 wt percent solids.

Pneumatic Removal (Silo 3 Material)

At least 2,730 kg (6,000 Ibs)/hr.

s - Thickener - - - -~ -~ - — | > 50-wtpercentsolids. -~~~ -~~~ -
Slurry Tanks > 60 wt percent solids (Silo 3 material will be
added at the slurry tanks).
Melter 1,050-1,400 °C (1,922-2,552°F).

1.0 Metric ton/day.

'Product Forming Machine

400-800 1bs/hr.

~ Glass Product

Meet RCRA leachability limits.
<20 pCi/M?/s radon emanation rate.
> 50 percent volume reduction.

Quench Tower

Reduce off-gas temperature to
<38°C (100°F).

Scrubber

299 percent efficient SO, and other acid gases
removal.

Desiccant Tower

< 15 percent relative humidity.

Carbon Beds

250 SCFM flowrate.
Radon control necessary not to exceed
environmental limits (see Section 11.0).

HEPA Filter

>99.97 percent efficient particulate removal.

3-5
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4.0 EXPERIMENTAL DESIGN _ t

4.1 PILOT PLANT EXPERIMENTAL DESIGN VARIABLES 2

The objective of this operational phase is to achieve design processing rates on a continuous operation 3
basis and to determine steady-state and optimum parameters while producing an acceptable glass. The 4
majority of this phase of Pilot Plant testing will include equipment operation, sampling, observation, and ]
subsequent process correctxon Phase II vxmﬁcatlon testing is targeted to end when sufficient samples 6
" and data have been collected to demonstrate artainment of the performance objectives and goals to support 7°
remedial design. It is estimated that this will require approximately 20-30 metric tons of K-65 and Silo 8
3 material to be vitrified. The following identify specific variables and component testing that will occur 9
during Phase II Operation to achieve program objectives. 10
4.1.1 Egquipment Operation » : ' o
K-65 Silo Material Retrieval draulic ‘ 12
Testing of K-65 Silo material retrieval will include successful manipulation of the slurry pump, 13
demonstration of the ability to control radon emissions, and removal of Silo material at the design rate. 14
Slurry samples will be taken once per batch. Total solids content of the slurry is targeted at 15-20 wt 15
percent solids. These data will be used to monitor the performance of the hydraulic mining system. Thé 16
slurry pump operating pressure and flow will be adjusted to determine its operating range and optimumal 17
operating parameters. _ 18
Feed Make-Up | 19
The glass formulation (i.e., the required amount of additives) for Phase II will be based on the resuits 20
of the current bench-scale Opérable Unit 4 glass development program. The material will be melted ‘and 21
the resultant glass analyzed and tested. If the glass is determined to have characteristics that indicate poor 22
durability, i.e-., phase séparation, excessive leachability, or improper viscosity at the desired temperature, 23
an adjustment to the formulation will be made. Section 4.1.2 describes Phase II feed formulations that 24
will be tested. , : 25
A 26
Thickener . ' 27
Thickener performance is measured by achievable solids concentration. The solids in the effluent will 28

————————-be -sampled-ranging-from-1 to-10-samples per-run-(as-needed)-for-each-sample:—The-samples will"be 29—
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tested for weight percent solids (targeted at approximately 50 percent). The thickener overflow water
will also be sampled for clarity. The addition of polymer flocculation agents to the thickener feed at
various rates, will be tested to determine the reagent consumption for desired settling properties.
(Laboratory tests have shown that the presence of the bentonite clay will make the thickener operation
more difficult, requiring high levels of polymer and possibly pH adjustment. The ability to adequately
thicken K-65 residues plus bentonite is crucial to the success of the Phase II program.)

Slurry Tanks

The alternating batch operation of the two agitated slurry tanks will be tested. The ability to substantially
empty the slurry tank to the furnace before receiving the next batch from the thickener will be
demonstrated.

K-65 and Silo 3 material will be mixed in one of the slurry tanks. Thickener unc‘ierﬂow at 50 percent
solids by weight to the slurry tanks will be raised to a higher percent solid with the addition of dry
additives and Silo 3 material. The slurry will be sampled and analyzed (once per tank batch) for cations,
anions, radionuclides, and moisture to determine the correct additive mix. The amount of additives will
be based primarily on the silica to alumina ratio. The solids content desired in the final slurry is
approximately 60 percent. Recycled water will be added to lower the percent solids in the slurry tanks
to approximately 60 percent, if required. |

The agitator blends the surrogate material and the additives so that a homogeneous mix is fed to the
vitrification furnace. The slurry tank material will be sampled to ascertain the agitator’s effectiveness
(

while the slurry material density will be monitored.

Crucible testing will be performed on the mixed composition. This crucible melt testing of a small
sample of the slurry tank contents has two purposes; to provide an initial indication of the behavior of
that specific batch, and to identify any problems (such as phase separation) associated with vitrification
of that particular batch.

Vitrification Furnace

Furnace feed materials will be sampled once per feed batch for percent solids, targeted at 60 percent prior
to entry into the furnace. Furnace operation wiil be carefully monitored and adjustments to temperature,
hold time, feed, etc., will be made, as required, to ensure an acceptable glass product. Operation of the

. melter at its lower temperature range coupled with the use of agitation will be tested to determine the

minimum temperature required to produce a glass product. Of particular interest will be the effect of

4-2
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agitation on glass phase separation. One sample per vitrification run will be taken for final product

—

acceptance testing and will include TCLP analysis to determine leachability. Under certain operating 2
conditions, lead and other heavy metals may form and could settle to the bottom of the molten material 3
within the furnace. Molten material at the furnace bottom will be drained as required from a low point 4
and evaluated for the presence of metallic inclusions. The formation of metals is not anticipated from ]
the vitrification process because the glass formulations are designed-to preclude reducing conditions in 6
the furnace, so analysis of the drained molten material will confirm the absence of metals. 7
Tefnp_erature Control 8
The furnace is expected to operate between 1,050 and 1,350°C (1,922 - 2,462 °F). The ability to 9
maintain a constant glass melt temperature during operations will be tested due to its importance in .10
“producing a uniform glass product that flows out of the furnace at a constant rate. The furnace lid 11
temperature and discharge temperature will be monitored hourly. The meit pool temperature will be 12
continuously monitored in various locations to ensure that the furnace is within the operating ranges. 13
Foaming : ' ' 14
Foaming occurs in a glass furnace by the release of gases that form at high temperature from the 15
decomposition of feed materials - mostly carbon dioxide (CO,) from carbonates. Because it'is critical 16
to be able to continuously operate the furnace without foaming problems, the extent of foaming will be 17
observed by remote video monitoring and the glass formulation adjusted accordingly. 18
Molten Material Removal ‘ 19
Controlling the molten material flow from the furnace is important to the subsequent product forming 20
operation. Testing will involve methods to maintain a constant delivery of molten material. 21
Product Forming ‘ 22
The product forming equipment will be a mechanical device which will cut the molten glass stream from 23
the furnace into small pieces and cool the pieces in a controlled way to produce a product with acceptable 24
physical parameters, chemical (leach resistance), and radiological (radon retention) properties. Samples 25
of the glass product will be taken and analyzed once per vitrification run to check these parameters. The 26
operation and mechanical reliability of the system will also be tested. 27
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Quench Towelf and Scrubber

The function of the quench tower and scrubber is to condense the water vapor from the furnace and
remove sulfur oxides and any acid gases produced in the furnace. The sulfur oxides and acid gases will
be scrubbed by a caustic solution. During testing, the quench tower and scrubber will be monitored for
pressure drop,. water inventory control, and water temperature rise. The scrubber reagent will be sampled
once per batch for total dissolved solids to determine salt content in the sump and alkalinity to determine
the reagent consumption. Both of these parameters will be measured for process control. '

Off-gas Treatment System

The off-gas treatment system must be tested to demonstrate reliability and capability of handling the
design throughput. It will consist of a dehumidification section (desiccant tower), a carbon bed adsorption
section, and a final HEPA filtration section. During operations, the parameters to be monitored of the
air entering the carbon beds are the volumetric flow rate, the temperature and humidity, the pressure'drop
through the system, and the radon removal efficiency. Volume flow rate will be continuously monitored

for calculation of the emission rate. The off-gas stream will be sampled once per batch to determine .

concentrations of selected components (as noted in Table 6-1). Radon concentration leaving the furnace
and discharging through the stack will be measured and corrected for flow.

Cooling Tower

Cooling water will be needed to cool the water from the quench tower being recycled to the thickener
and possibly the furnace electrodes and parts of the product forr;_ling equipment. Cooliné towers are
generally simple and reliable and require minimal attention. (Full-rate testing of the process in Phase I
will verify that adequate cooling capacity exists in the cooling tower.) Cooling tower water will be
sampled once per week to determine the buildup of soluble salts and the proper amount of treatment
chemicals required. Treatment chemicals for the cooling tower water are: 1) phosphate, 2) calcium
sulfate dispersant, and 3) chlorine.

Waste Water Treatment

The net amount of water removed from the process will exit mostly through the recycle water tank and
the waste water filters. Suspended solids will be sampled once per run and will be the only items
requiring pre-treatrhent in this water; therefore, treatment will consist only of a multimedia pressure
filtration system. The ability of the filter to successfully handle the bentonite clay must be monitored.
The pre-treated, filtered water will be pumped to the existing High Nitrate Tank and become feed for the

4-4.
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existing Bio-Denitrification System (BDN). At this time, the Advanced Waste Water Treatment System 1
(AWWTS) will be on-line to receive BDN effluent. This wastewater stream will be characterized to

[}

determine the appropriate means of treatment in the site AWWTS with the treated effluent being -3
discharged under the NPDES permit. The AWWTS will use pH adjustment, flocculation, sedimentation, 4
and ion exchange to remove the remaining dissolved radionuclides. 5
Distributed Control System ' 6
R :I'heAcckJri't'rblis&stérmrwil'l éathér data from the \rlitriﬁicAaadr{opét";tichrﬁﬁifb_r ;iigﬁléy én screens in the control 7
room. Likewise, control devices [valves, dampefs, Silicon Control Rectifiers (SCRs) for furnace 8
electrodes} and motors will have their status displayed. Phase II operations will continue to test the 9
reliability of this equipment and provide information on any deficiencies of the control scheme to be used 10
for final remediation. - 11
4.1.2 Planned Formulations: 12
K-65 and K-65/BentoGrout Mixtures 13
Initial testing will be on K-65 material slurried from Silo 2. o 14
Weight percent oxides in the upper portion of Tables 4-1 and 4-2 represent the quantities of the oxides 15
in the final glass product. The quantities of additives in the lower portion of the tables are needed to 16
obtain those weight percent oxides in the final glass product in addition to the oxides already present in 17
the K-65 material. Table 4-1 presents formulations based on the following equations which resulted from 18
crucible testing. ‘ ' 19
To the K-65 (or K-65/BentoGrout) material, add CaO and Na,O such that: ‘ 20
wt percent Na,0 = 0.4 * wt percent A,O, + 5.0 ' ) 21

wt percent CaO = 2.0 * wt percent Na,0O 2 2

where: 23
the wt percent = the final value after mixing of the additives and waste. : 24

The additives need not be in the oxide form; for example, sodium carbonate would be the likely additive 25
to provide the soda. 26

4-5
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K-65 and Silo 3 Mixtures

b

After successful vitriﬁcz;x;iion of K-65 material. Silo 3 material will be introduced into the feed stream.
Table 4-2 presents the mjgst promising formulation which resulted from crucible testing.
For every 100 grams ofi;f dry mixture of K-65 (70 percent) and Silo 3 (30 percent) add:

ol

ALQO;; 113 g

B,0;; 98g ¢
Ca0; 56g
Na,0; 44¢g

Total additives will amomnt to approximately 386 kg/(850 1b/day) as required by the Battelle formulation.
Actual amounts will vai_g to optimize glass properties once Pilot Plant operations begin. Silo 3 is only
based on Silo 3 surroga® performance.

W1
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TABLE 4-1

RECOMMENDED K-65/BENTOGROUT FORMULATION
(WT PERCENT OXIDE CALCULATED FROM BATCH)

-0029

OXIDES PRESENT IN GLASS PRODUCT K-65/BG | K-65/BG | K-65/BG | K-65/BG
AlO, 3.2 5.8 8.0 12.0
BaO - 5.5 3.9 2.4 0.0
CaO 12.6 14.6 16.4 19.6
- - R “Fe@y ~— -0 - A2 3T 3.4 | 2.7
K,0 - 0.8 0.7 0.7 0.6
MgO 1.5 2.4 3.3 4.8
Na,O 6.3 7.3 8.2 9.8
P,0, 0.7 0.8 0.9 1.1
PbO 10.7 7.6 4.8 0.0
Sio, 54.7 53.2 51.8 49.5
Waste Loading Percent, 83.9 81.2 78.7 74.5
Volume Expressed as a Multiple of the Initial Volume 0.39 0.41 0.43 0.47
FORMULATION ADDITIVE PROPORTIONS ‘ PARTS BY DRY MASS
K-65 100 75 50 0
BG 0 25 50 100
Ca0 10.4 12.9 15.5 - 20.7
Na,O 4.4 5.4 6.3 8.2

4-7
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TABLE 4-2

- RECOMMENDED FORMULATION

FOR K-65/SILO 3 BLEND

(WT PERCENT OXIDE CALCULATED FROM BATCH)

WT PERCENT

OXIDES PRESENT IN GLASS PRODUCT

AlO, 15.0

B,O, 10.0

BaO 33

CaO 7.8

Fe.,O, 4.9

K.O 1.0

- MgO 3.9

Na,O 7.1

P,Oq 3.2

PbO 6.5

Si0. 37.4

Waste Loading Percent _ 68.4

Volume Expressed as a Multiple of the Initial Volume 0.40
FORMULATION ADDITIVES PROPORTIONS PARTS BY DRY MASS

K-65 70.0

Silo 3 30.0

AlLO, 11.3

B.O, 9.8

Ca0O 5.6

Na,O 4.4

4-8
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42. PHASE Il TESTING - , I

As part of the startup activities, a detailed Test Plan will be developed that defines tasks and the 2
sequences of those tasks. The tasks will be executed in cooperation with specific success criteria and test 3
objectives. Operating procedures wiil be written and executed at the operating level to conform with 4
Phase II Test Plan tasks and objectives. _ . 5
4.2.1 Phase II Test Objectives - : ‘ P 6
1. Demonstrate deployment and operation of the 50 gpm 'hydraulic mining machine through an 7
existing manway in Silo 2 pumping a 15-20 percent solid surrogate slurry to the thickener tank. . 8
2. Demonstrate pneumatic removal of Silo 3 material and placement into a bin. 9
3. Achieve 50 weight percent solids content in the underflow from the thickener. ‘ - 10
4, Achieve low enough solids content in the overflow from the thickener for satisfactory reuse at 11
the thickener and the quench tower. , . 12
5. Demonstrate transfer of the thickened solids slurry to the two slurry tanks. . 13
6. Demonstrate pneumatic transfer of additives and Silo 3 material to the two slurry tanks. 14
7. ‘Successfully recirculate sturry from the slurry tanks to the meiter and back, and feed the melter 15
with a slip-stream from this loop. - V 16
8. Demonstrate adequate temperature control in the melter and the ability to produce 1,000 kg of 17
glass per 24 hr day using the glass formula equations developed by Battelle. 18
9. Successfully convert moiten glass into gems and monoliths. 19
10. Demonstrate radon reduction in off-gas through the carbon beds at a minimum 97 percent 20
efficiency. _ 21
49
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Phase I Test Sequences

Silo 3 waste retrieval initiates Part 1 of Phase II Testing. The dilute pneumatic vacuum system
will be staged on a low-boy trailer adjacent to Silo 3. The assembly consists of a blower, filter
receiver, storage bin, and HEPA filtration. The extraction process will be done through a glove
bag arrangement at the perimeter northeast manway using a manually operated suction nozzle.
To further mitigate a potential environmental release, the return line from the vacuum system will
be routed back to one of the remaining Silo 3 perimeter manways. Pressure drops, flow rates,

and production output will be measured. These is data will be supplemental in support of

remedial design.

A crane-deployed 50 gpm mining pump will be used to extract approximately 20 tons of K-65

and bentogrout from Silo 2. At 20 percent solids, the mining unit is estimated to operate nine
hours to complete the campaign. The extraction will be done continuously until the thickener
tank is full (approximately 20 ton capacity at 50 percent solids). After completing the extraction,
the mining unit will be retracted following a detailed glove bag procedure. A second piece of
equipment will be deployed to fill the 20 ton void and cap the K-65 waste with bentogrout. The
capping process is necessary to re-obtain low steady state radon gas emanation.

Part 2 testing will consist of charging the furnace with K-65, bentogrout, and glass making
additives such as Sodium Carbonate (Na,CO,) and Calcium Carbonate (CaCO,). Sodium
Carbonate will act as a flux and help reduce melt temperatures. Calcium Carbonate is to 'modify
the glass chemistry and make a more durable glass (control leaching of fluxes). Furnace
parameters (i.e., flowrate, temperature) will be adjusted and monitored. Glass properties and
TCLP characteristics will be measured. Formal test and sampling procedures will be written to
instruct technical personnel during test operations to obtain specific data in support of formula
optih&ation and remedial design.

Part 3 testing will consist of a K-65 and a Silo 3 material mix. Test and sampling procedures
will agﬁin be identical to Part 1 testing. Aluminum Oxides (Al,O,), Calcium Oxide (Ca0), and
Boric Acid (H,BO,) will be used as additives to make the glass more stable or vitreous, prevent
phase separation and crystallization. Aluminum Oxide will support a more durable glass by
reducing the crystallization effects of phosphates in the glass. Carbonate is added to control
sulfate phase separation of the glass. Plus, as mentioned earlier, Calcium can help control
leaching of fluxes. |
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4, Part 4 testing will charge the furnace with Silo 3 material glass formers [i.e. sand, Silicon Oxide i
(5i0,)], and glass making additives such as Aluminum Oxides (Al,O,) and Boric Acid (H,BO,). 2
Due to the imbalance of Silo 3 glass making constituents, Silicon Oxide will be added. Silicon 3
Oxide (a glass former) is needed since Silo 3 itself contains little glass former. In Part 3, the 4
glass formers came from the K-65 material. 5
4.2.3 Critical Parameters and Analysis , 6
T T T Production o o I
e Continuous operation : 8
® Scale-up factors (power, feed, additives, agitation) A 9
® Recycle water supply. ‘ 10
Furnace , o 1
® Cooling ' 12
® Operating temperature 13
® Residence time ) ' , 14
®  Glass displacement between formula runs ' 15
® Material and heat balances | | 16
® Electrode erosion rate ' : 17
o Refractory erosion rate : ’ 18
®  Operation of taps & drains 19
® Power input to glass _ ' 20
® Mixing : 21
® Level control ' ' ' 22
® Consistent product delivery. ' 23
Feed ' , _ ‘ 2
® Chemical and radiological analysis . .25
® Bulk density 26
®  Moisture content ' : 27
® Solids, specific gravity and sieve analysis : ' 28
® Slurry, specific gravity ' 29
®  Viscosity o _ 30
® Settling rates (thickener performance). 31

4-11
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Glass Product

Conductivity

Viscosity (melting point)
Specific gravity

Crystal structure

Radon emanation

TCLP and PCT

Gems - bulk density
Sulfate precipitation
Metal inclusions

Elemental makeup.

Off-Gas Treatment

Concentration in verses concentration out (efficiency) on a continuous basis

Temperature
Pressure drop
. Filtration

Cooling effectiveness.

Product Forming Equipment
® Consistent production
® (Cooling & annealing
® Gem size & quality.
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5.0 EQUIPMENT AND MATERIALS

Table 5-1 provides a preliminary list of equipment required to complete the Pilot Plant testing. Note that
several of the items listed have been identified as existing at the FEMP Site (Detail: "Use on site
equipment”). On-site equipment has been identified and incorporated into the Pilot Plant design. Plans
have been made with the appropriate on-site departments to remove, decontaminate if necessary, and
deliver the equipment to the Pilot Plant for installation and testing.

Equipment operations procedures and manufacturers requirements for preventative maintenance and
calibration will be identified and controlled using FERMCO Maintenance Programs and Procedures.
Equipment checks will be performed as required by the manufacturer or FERMCO operations, whichever
applies. prior to initiating any operation of the Pilot Plant. Consideration for Health and Safety
requirements will be identified in the Project Specific Health and Safety Plan that is required for Phase II
Pilot Plant operation. Table 5-2 lists the chemicals that will be used as additives during Phase II testing.
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TEAEL 1 [
[LEGEND " TABLE 5-1 (CONT.)
* = HLOBQUIPMENT NOTE: ARO = After Receipt of Order
3 « Wt PACiUTYROUIY ADA = After Drawing Approval
D.S. = Data Sheet only
BOLD = Delayed until Final Remediation :
, CRU4 PILOT PLANT PROGRAM — PHASE 1 AND 2
* . - EQUIPMENT LIST =
MATERIAL RETRIEVAL AND VITRIFICATION
DESIGN. ON SITE EQ. APPROX |DELIVERY| SPEC.

EQUP NO. DESCRIPTION QTyY] HP SPEC. NO. CAPACITY CAPACITY | REQ. NO. | WEIGHT (#)| (WEEKS) | RESPONS. DETAL VENDOR
5-PM-28 Cooling Tower Pump (1 non -tastsibd spere)l 2| 10 18~T5-109 | 220 GPM (200 gpm) 109438 641 7-9ARO | FERMCO [Parscns prepered Deta Shoets FERMCO
S-TK-29A  |Shrry Teok (Virification) ' 1 18-TS-101 | 700 GAL Parsoos (D.S. Subx
$-TK-29B  |Shury Teak (ViuNication) 1 18-TS-101 | 700 GAL Parsoms (D.S. Subcoatractar
$-TF-30 Usoh Sub 1 2000 KVA - FERMCO | Use o she equip
$-8G-)31 Medium Vohage Switchy 1 600 Asyp ——— FERMCO | Use cm she oquip
$-8G-32 Low Voltage Switch g 1 3200 Amp -—=- FERMCO, | Use on shte oquip s
S-MC-33AB | Mota Control Center 2 600 AMP 600 AMP e FERMCO | Use om ske equip .
S-PM-34AB |Shrry Taok Pumip (for $-TK-29AB) . 2 18-TS-104 40 GPM @40 pe} 109421 181 oa 6-8 ARO FERMCO | Parsons prepered Data Sheots FERMCO
$-FC-40 Flocculant Addltive System 1165 Toy 02-40-040 1.2 GPM, 200 Gsl 0-$ pm, 2002 - == FERMCO | Use om ske equlp
§-CN-41 Furnace Room Mooarsi) Holst . 1 16-TS~320 1Ton 109453 820 8 ARO FERMCO FERMCO
$~-GE-43 Emagency G | 1 18-TS-143 150 KW 109436 4600 8-10ARO | FERMCO FERMCO
S-CM-44 Alr Conprensor Package System | 1] 78 18-TS-144 220 CFM @ 100 ps} 109437 5700 Toe 8-12AR0 | FERMCO | Pursoss prepared Duta Sheets FERMCO
S-BH-46 Drum Hdlg Statios (Final Product) 1 18-TS- 146 1 TONNE/DAY 109442 FERMCO FERMCO
$-Cs—-47 Dats Acqulsition and Comtrol System 1 400 POINTS 1200 POINTS ~-—= FERMCO | Use om site squip -
$~FL-48AB | HEPA Fiker (Vit. Offgas)(i lnstalled spere) 2 18-TS—148 | 250-500 cfm (237 cfm) 109443 800 o2 12 ARO FERMCO FERMCO
$-PM-30AB | BuildiogSump Pump (1 bestalied spare) 2] 35 5 GPM 30GPNM 250 0e -== Parsows (D.S.] Use oo she equip )
$-TK-56 Spears Storage Task 1 18-TS-101 24,000 GAL, 25'S/5 Parsoss (D.S. Subx
$-PM-57 Spere Storage Tesk Pump 1 18-TS~187 90 GPM @45 pel 109441 130 6 ADA FERMCO | Parsons pr apared Dats Sheets FERMCO
$-PM-~-58 Taok Pad C ) Swmp Pump 1 3 25 GMM 30 OR 100 GPM 1500 - Parsoas (D.S.] Use on shks equip
S-PM-60 Caustic Motaring Pump 1] 174 18-TS~ 160 13 GPM 109419 s Parsoas (D-S. FERMCO

15-BG-64 Bag Duop Statlon w/ Filer (Additives) 1] 18 18-TS~ 163 6000 LB/HR 109448 900 8-12ARO0 Parsons FERMCO
$-DC-65 Fllmi/Recotwr (Additives) 1 18-T3 -~ 168 6000 LBVHR 109448 1200 8-12AR0 Persoms FERMCO
S-BL-66 Portable Vacvum Blower w/ HEPA 1 10 18-TS-163 150SCFM 109443 1000 8-12AR0 Parsons FERMCO
5-PO-69 U.PS. (DACS) | 1 18-TS-169 125 KVA 109446 1500 6-8 ARO FERMCO FERMCO
S-PM-70 C o Sump Pump (Thick ) 1 18-TS-157 90 GPM @43 pel 109441 130 6 ADA FERMCO FERMCO
$-RV-T1 Rotary Alrlock (Additives Fitar/Recolver) 1| 112 18-T5~- 163 6000 LB/HR, 8" 109445 228 8-12AR0 Persous FERMCO
$-sC-n Platfarm Scale (Addhives) 1 14501 400 LB - Parsons | Use oo ske equip !
$-VL-73 Diverter Valve (Sllo 3 material) 1 18-T5-163 6000 LB/HR, 8°, 30 deg 109443 100 8-12AR0O Parsoss FERMCO
$-SU-4 Bullding Suap Teok 1 18-TS-101 1700 GAL FERMCO | Psrsous prepared Data Sheets Subx
§-VL~-7$ Divarter Vaive (p L fa sys.) 1 18-TS - 16§ (ak) 3% 225 deg 109443 80 8-12AR0O Parsoss FERMCO
$-AU-76 Maks -Up A¥ Haudling Unk 1 15 15781 3200 CFM Parsoss Subx
$-AC-T Alr Coodhioning Usk — Comp Room 1 [X] 15786 1250CFM ' Parsoss Sube
$~AC-T8 Alr Coaditioning Ustt - Comp Room 1 [R] 15786 1250 CFN ~ Parsons Subcantr
$-AU-% Hesting & Vestilation - Alr Hendling Ush ! 3 15835 1480 CFM Parsoas Subx
5-CB-80 Cosdesting Usk : | 1 0.2 15671 3Toa Parsons Sub
§-cn-81 Coudensing Uolt | 1 0.2 15671 3Tom Parsoms Sube
S-FA-82 Exbsust Fos ~ Centrifugal Blows: 1] 3 13860 6000 CFM 6000 CFM -—— Persoas | Use 0w ske equipment ‘
$-FA-83 Eshaust Fan — Wall Mounted il <« DS. culy 130 CPM Parsons (D.S. Subcoatr
S-FA-B4 Exh Fsa = Roof Mounted 1 3 D.S. caly 15.000 CFM Parsoms (D.S. Subcontraciar
$~FL-85AB | HEPA/MEPA Filwrs (Bulldlng HVAC) 2 6000 CFM 6000 CFM 210000 --- Parsoms Use on site squip i
S-HT-86 Duct Heater { 1] $3kw 15500 3200 CFMN Parsons Sub
$S—HT-8? Duct Heater i t 20kw 15500 1480 CFM Parsons Subx
S-HT-88 Uoh Heawr ! 1] 1S kw 15500 1100CFM Parscos Subcontractar
$S~HT-89 Uah Heater i 1] 15kw 15500 1100 CFM Parsoos Sube
$-HT-9% Ush Heamr 1] 15 kw 15300 700 CFM Parsons Subcontactar
$-AT-92AB | Bin Vitrator (For 4- BN-29) . 2 18-TS-101 Parsoos Subcontractar
s-DrP-93 Baromeric Dampar | 1 15500 24° X 36°, 2000 CFM FERMCO Subcootrsctar
S-VN-94 Gravity Veniibtor (Roof) 1 15500 15,000 CFM Persons Subcostractar
S-PM-~-96 Pump - LabSink ] 15400 Pansoos Subcontractar
S-PM-97 Pump - Change Room Siok 1 15400 Parsous . Subcontraciar

ISSUE DATE 29— Jul-94 . _
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ISSUC DATE 29-Jul-94

LEGEND ,
« - nLoBOUIFLEDNT NOTE: ARO = After Receipt of Order
3 « IT.FACIITY RO ) ADA = After Drawing Approval
D.S. = Data Sheet only
BOLD = Delayed until Final Remediation .
_ . "CRUA4 PILOT PLANT PROGRAM — PHASE 1 AND 2
o EQUIPMENT LIST
MATERIAL RETRIEVAL AND VITRIFICATION
DESIGN ON SITE EQ. APPROX. |[DELIVERY | SPEC. :
EQUIP NO. DESCRIPTION Qarty| HP SPEC. NO. CAPACITY CAPACITY | REQ. NO. | WEIGHT (#)] (WEEKS) |RESPONS DETAL VENDOR
3-SU-98 Secondary C. b Task 1 ) Modifisd sbite metal box FERMCO
Ro Maskars (Active) 4 18-T8~220 109449 FERMCO FERMCO
- [ Portable Ra Moshars (Passive) 4 18-TS-220 109449 X FERMCO FERMCO
r 1 Moohorteg Statios (Chenge Room)| 1 FERMCO
Radiation Monhar 2 FERMCO | Ous Victarees svafiable an sits. FERMCO
1sokinetic Samp 1 Use om site squip
18-TS-201 Subeos
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: TABLE 5-2

CRU4 PILOT PLANT
PHASE II ADDITIVES LIST

0029

ADDITIVE FORMULA GRADE QUANTITY
. SodaAsh [ NaCO, | Industrial | __ _6,000lbs -
Lime CaO Industrial 8,000 Ibs
Alumina AlL,O, Industrial 6,000 lbs
Borax Na,B,O, Industrial 8,000 Ibs
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6.0 SAMPLE AND ANALYSIS MANAGEMENT

Sampling described in this CRU4 Work Plan is to support waste retrieval and treatability study testing
of the vitrification of the K-65 Silos and Silo 3 materials, which is presented as a potential remedial
engineering alternative in the CRU4 Feasibility Study Report.

The Sitewide CERCLA Quality Assurance Project Plan (SCQ) does not describe Sample Collection Logs
for work performed under Treatability Studies. CRU4 will develop Collection Logs for sampling
activities identified in Tables 6-1 and 6-2 (see Pages 6-2 thru 6-12) of this Work Plan. The logs will

number the sample collected, the sampling point, the date and time of collection and other sampling =

information necessary to identify and track the sample. Sample custody will be in accordance with
requirements of the SCQ. Sample analysis reports will be generated, validated, assessed, and reported
as required to support the Final Report requirements of Section 13.0. '

6.1 SAMPLING OBJECTIVES
Pilot Plant sampling will:.
A. Provide data for scaling up the process, using K-65 and Silo 3 materials for feed.
B. Determine the correct additive requirements.
C. Establish the full-scale operating parameters.
D. Establish.the final waste form (gems or monolith).
E. Finalize quality acceptance criteria of the vitrified final product.

F. Provide for the testing of wastes and residuals from the process for determining compliance
with the project’s site environmental programs.

Based on test objectives presented in Section 3.0 and the experimental design described in Section 4.0,
this section describes all sampling and analysis which will be used to evaluate and control the Pilot Plant
operations. Table 6-1 summarizes the Sampling and Analysis Plan (SAP) developed for the overall CRU4
Pilot Plant Phase II Study. ~For each sampling matrix, the table outlines the sampling parameters,
rationale, sampling methodology, sampling frequency, sample preparation, analytical methodology,
Analytical Support Level (ASL), and Quality Assurance (QA) requirements. Process control parameters
which are discussed in Section 4.0 and characterization parameters are both presented in Table 6-1.

--—-———- -— —Sampling-locations are presented-in Figure 2-2;"CRU#4 Pilot Plant Process Flow Diagram™- Phase II.™

6-1

GOGIL8

© ® wu o W
,

10
11

12
13 .
14
15
16

17

19
20

21
22
23 |
24
25
26
27

~ g




os]
)
P
£
2
‘7>ud
qe] ASPO POy JLIN uonisodmoo
+-T 9198l ) o_%a L UOI)BAIISAI P39) 19818y yoral 0) SIANIPpPE
@ ¢-T 9J9BL o xipuaddy ofpnys woiy| yoyeq Yuw) ‘sisAeue h% paxinba1| sunnieiep o) pue sjuenyNSUOd q 910W00,] 39§
$ wolies - OOS| o ODS-dDI pasowa uonnjos | . Jod 90up s19)| 9 jo odures qein 9pI[oNuUOIpel SUMILIAAP O sapIonuoIpey
(OoL)
poyjem qe| qoeq Yuw) sisATeue 10j pasmbas . Xopa3 uoqte)
Jod ploy opdures| g 0906-9V8-MS PoyIaN 194 Jad 20uQ [w g7 jo ojdures qein| sse|3 wo sorueSio Jo yoeduny om0 B0,
qe aNsuQ _ (1IN
T'SLE ‘IMe"S9E ‘1°€SE uonisodwos paoj 3o5re) Yowas pus ‘opLIo[y)
@ poyu ‘T°0ve ‘I1e"00¢ , 0 S3ALJIppe SUTULINAD 0) pue|  ‘ajeydsoyd/siejng
qe| Jod ploy ‘2°STE SPOYION [oreq Yue) sisATeuw 10} pasinbai | sontadoid yjowysseld Sunosyye ‘opuony)
oldureg| g prepuels vdd POYION 14 Iod 9ouQ s19)] ¢ jo opdwes qean sjuouoduwos Ajnuenb o, suory
(dpS ® VpS) Mod Bundureg yugy, Lun[s/3pnis gy pue ‘vp
qe] .
seodng 3NISUO €°091 POYIRIN Papasu su sisAJeuae 10} pasinbal aousuIo)rod 0L
$ uones-00S| 4 pIepuel§ ydd POYIRI Jod | unt 3od Q-1 [W QST jo s[jdures qeln 1oUNOIY) SINSESJN | SPIJOS Jo 98wuaoIag
(€S) uB], A1m|g 0} JPUHIIY ], woaj dur] Aum[g/spnis ¢
qe7] aisug :
ayeoldng €091 POYIPIN yojeq sisf[eue 10j paiinbai 9ousuLIOo)Iod QoL
b uohdss-0DS| 4 prepuels vdd POYISIA Jod Jod supg [W QST jo sjdwies qelr) autgoew Aunjs 2nsesjy | SPIjoS Jo adeiucorad
(ZS) UMY, 0) OIS W0y dur] ALM[G/A3pPN[S T
aoyse 1o :
apeorydng 2°091 prepuels vdg sisA[ewe Joj paiinbar (qur) WAJSAS JUSUIBa)) Jajem , spIjoS
b uonxss - 0OS| 4 987 OO POYR Jod | unu sad auQ | sraypijinu og jo ojdures qein| oy 0) sindur oy surILIANSQ popuadsng [e10],
f1oyeroqe IO ’
v-T SIq8L 19LL %® ‘09¥L . . :
@ T-T 9lqeL ‘090L ‘0109-9Y8MS sisA[eue jo pannba WIISAS JuauIeal) Jojem 0 9)0mOo0,] 39S
p wonoag - OOS| 4 SIdDI ‘dod PoyIeIN 194 | uru od ougp s19)1] ¢ Jo ojdures quin| oy 0) synduy oy SuTIIN(Y s[eRN AreoH
T 9IqeL, A1oye10qE] AISPO 'z>ud . ,
@ T°T 9198l $-D 9IqBL.- O pIoy JIMIN| sisA[eue Joj parinbas WO)SAS JuaUI)LaI) JAjEMm q 92j0u)00,] RS
$ uol1)20g - WOm d | xwpuaddy QDS - dDI uonealesald | uwr 1ad oup s19)1| 9 jo ojdwres qein|  oyj o3 syndmt o) suIULILA(Y saprjonuoIpey

sojdures vO

1SV

mA3ojopoyley
[eonAeuy

uoneredaiq ojdureg

Kouanbary

KSotopoyapy Surpdureg

3AnRfqQ/sreuoney

(IS) Juanpyyg Y1 J3YBA ANSEM °]

Jojourered _

ueld sisdjeuy pue 3uidweg jueld Jo1id pNYD 1-9 3qeL




-0027%

|

€9
., i
Jo1uod ssaoosd | aigeiaduo)
suoN| v ajdnooounsoy |, SuoN Knoy mis ut | Joj - Anpinbiy sse[8 aunsus o, a31eyosig
m [onuod ssasoid
suoN| v sjdnooounsay], auoN AjnoH nys ut Joj - 9asueuntojrad oo aimeiodwa) pi
| {01ju0d ssaooxd ﬁ uonpuod
10 - uonenjeas souewIojiad | pUe SUOISUAUIIp
siadijes 79 ‘uvonoadsui uSredures s[BlIaeW ,J9)8 puB 210J9q, ! 9poIjosle pum
suoN| v fensia ‘sydesfoloyg auoN LT W nyis ul} 1o eyep suijaseq spiaoxd o], Koyoe1yay 199
|  (6S) PIPK '8
~dozee m
10 1°01€ POYRIN jonuod ,
prepuwIS vdg sisAJeue 10j paninbai ssao01d 10j-uondunsuod |
suoN| g ‘uoneni], auoN |ygs 1ad auQ [w sz jo 9jduies qein juaSeas sunuIagep of, ! Auieyyy
T obsT WIS |onu0d |
10 1°091 POYRIN 10 yojeq sisA[eue Joj paiinbas ssa001d 10j - duins a2y ! spijos
aeondng| g piepumis vdq POYIN 3od Iad auQ [w 067 jo ajdwies qeiny| Ul JUIUOD )[ES SUINLIANAP Of, . | peatossi [e10],
i (LS) 1o ajdureg saqqniag/uadeay 1aqqnadg °f
©ooLbL uonisodutod pasy "
‘0109 ‘000L-9¥8-MS 1231e) yoeas o) yuey dn ayew | ®2)0Uj00,] 39
aeoldnp ‘1a1em qe[ NSO yoyeq sisKjeur 10§ pasinbai P29) UOLEILLIIA O} pappe i uomisodod
1q Aueiq ppRId | 4 VV-VVd49-dOl . POYII 33 | p29j sad auQ s1al1] T jo ajdwes qein| aq o) sannurenb aunusap o, [e2tway
! . (9S) U] IPAIY JPUINIIY L, 0} JIMO ], YOUIN()/II)BAL JIMO ], YouIng) ‘9
. €091 POYIRIN yojeq sis{[sue 10} paiinbaa LuLojun b =10},
sjeonidng| g piepuels vddq  PoYIeN 194 | peay 1ad aup [w OsZ jo sjdwes qein P23} 20vwIny 2insesul o, | spijos jo a8ejuassog
” (SS) aur] pady adewny/Aun|g °§
; yoyeq yue) sisAjeue Joj painboas ainjerodwa) snsioa m
aeoydng| v 1ZPA-NISV SUON Iad 20uQ o gsz jo ojdures quin ssof 1ySam suruLIAep of, : W3om
1 i P
) |
: yojeq yuey sisfjeue Joj pasinbai Lo
seoldng | v €9-TTHA-NISV uoN Jad aduQ I gz jo sidures qein juswrdojarap waisAS peay ; SisA[euy aa01g
” : uonisodwods paay 1281y yovas |
€091 POUPIN yoyeq jue) sisA[sue J0J paiinbai 0} SOAL}IPPR SUIULISIAP O} W (aamsiopy)
aeoyidng| g plepuels vdd poyiewr Joj Jad aouQ Tw sz jo sdwes qein| 29 juswmdo[aasp walsAS paag | PHOS U019
“ ‘sasAjeur payroads h
, 10 JUIRIUOD Sa:%o.a% |
M ue 0} pod Jurdutes "
_ - uonejs Sulpuslq paa) Y Wwolj i
o xipuaddy - QDS . Yyoreq yue) poadiojsuely aq |[Im 23pn|s I
suoN| g - swnjoA ‘Y31ap | 19m paatadal - auoN Iad a0uQ Jo [w gz jo ajdwes qein yuawdojarop waIsAS peay | Apsuo( 1M
. —
wA3o[opoyey _ "
sojdwes v 1SV feonkjeuy | uoneredosy sjdwreg|  Aouanbaig K3ojopoyia|y Surjdweg aanoa{qo/ereucniey X Ia)ourered

urld ssAjeuy pue Suydweg Jued 100d YD 1-9 AqeL



]

RN SRV

9

‘sasA[eue paij1oads
1o} saureiuod seudordde
Ue 0} paLI9jsuel) pue
Xad Suipasy| ‘pejood ‘emyd peaj oY) wWol
-(ngs) Adossosoy sinoy| Pa1oa[[od 9q [[Im SWASd sse| UONEBIIJLIIASP JO ,
seondng| v | uoioeg Suruusog JUON 9 1ad | Jo i ggz Jo opdwes qeany| adAy pue yuaixa ouunraep of, ajonng [eski)
swad sse|3 ay)
sAep pue yojeq paaj passjdwos sy
081 pue ‘96 ‘gz| sosAteue ioj ‘uonesedaid | jo uononpas Aoixo),Aijiqow
‘1 ‘L 18 paoRqoa| paosles aq ajdwes | Dd pue 410L . ay) asedwos 0)
aq [[im ojdwres sse[d | |im sajdwres| udomiaq Jnpds aq [jim spdweg| puw sarpms Jayjo ul pauteiqo| o 7p q s9joujooy 9§
o) wolj evYow| paure)as ‘sisJeue 10j paxinbai| eyep aouvuuojiad mm.uw aisem uonisodwod
amoldng | g d¥1S - vdd 1em 9, 06 IV | P jog 19)1] [ jo afdwes qesn|  [9A9}-y31y yim aredurod of, [eonuay’)
sfep -uotyesedaid surof sse|3 oy
081 pue ‘96 ‘ST ‘p1 ajdwes |0d pue JIOL| Pue yoreq Bm pas[dwos oy
(dA1S) 2anpadoid ‘L 1B PR13[0d 2q ‘urg | uoamiaq 1yds aq [jim ajdwes| jo uononpar AidixoyAijiqowt | 5 % q SANOU00,] IS
JojemuUIRy 9eyoea] | [[im odutes sse|d oy | uwoneOYLIIA ‘sisAjeue 10y parinbai| ay; aredwiod o) pue Apjiqesnp uonisodwod
amondn| g paruls - Vg | wouy aeyoes| Iajep Jad 90uQ 0 | jo ajdues qein w19)-§uoj suruLIdjep o], [estway)
-uoneredaxd| swod sse|d oy pue
aidwes [Dd pue J1OL!  yoreq psey parejdwod ayy jo
‘ua | usamiaq nyds aq [jIm 2ajdureg |uononpar Liv1xo)/Ajjiqow ayy 3 2)0Uj00,] 99§
11E1-POYRIN UONEIFLNA ‘sisjeue Joj pasinbai|  aredurod o) pue Ajjqeyoes) uonisodutod
asn aweondng | 4 piepumis vddq d10L Jad 20uQ Jo)1y | jo sjdwes qein JO 2inseow urejqo of, [edtuay)
‘ (01S) 28ea0)s yonpoad sse|3 03 nyd Pady/(Ised Suraq st yjjouow v Ji jdures sse|d uajjow 10) suR sseyn) °6
Jojerado Suuojyiuows . [onu0d ssaooxd Joj -
suoN| v [ 4Aq uonearasqo [ensip suoN| snonunuo) ouoN | 193j9w 0y 2je1 Pag) [0NUOD Of, yuarxa deos pjop
|oduo2 ssaood
1o} - sa8ues Sunesado myum
S1a)2Un[0A Sunoyuow s1o)awresed ainsuo (o sse|d
suoN| V 79 s1vpounuy auoN| snonunuo) s ui| o) indur 1omod sununiayep o } sieeuresed [wouosig
‘ [o33u0d
ssacoad Joj - seuel Sunerado
uly)im 2INSUI PUE SUOIIBOO]
Suwuoyuow snouea ui ainjeraduo) uonnquysip
suoN| v ajdnosouuay], suoN | snonunuo) mis ul jood jjow suruIARp OF, amnjeladwa) o
. [o1)u0o ssapoid sanjuiaduway
auoN | Vv 9]dnooouurog ], QuoN| poxmnbas sy s Joj - 2oueuniopied 1o urelp wonog
. [onuos ssasoad 10j| (eoeds peay I9olN)
auwoN| v 98ned anssaig UON Apnoy nyis ui | - souewsojlod wayss sed-j30 a1nssald
[o41u05 ssao01d h% - J9)p5wW
ut arnssard aanedou aunsuo se3-jj0 0
suoN| V 93ned ainssalg QuUoN Aoy mis ut| ‘ooueuntoprod wasks sed-jy0 | sunssaad fenuasyig
: mABo[opoyiay :
sojdwres v ASY [eonijeuy | uoneredard ojdureg| Aouanbaig A3ojopoyre|y Surjdureg aAnoalqo/aeuoney Jgueled

,

uryg sisjruy pue 3ugdweg yueid 101 pNYUD 1-9 dIqrL




-0027%

_
‘ _
| | N
_ 59 | >
‘ | &
)
| ! S
) | ()
| i |
. m wrup . uoInpas _
auoN| V wrup yrom QuoN Jod ouQ SUON | SUINJOA [[BISA0 QUIULISNOP O, | swnjop
m soue[e |
| SSEUWI pUw IOULULIO}ID |
80] juawainseow wa)sAs’ ‘sajes uononpord | soue[eq
suoN| v y3om pajenuinooy suoN | peonpoid sy peonpoud sy sse[d auruuaep of,|  ssew/ndino sse|n
' 98exoud _
uLoj 3)5BM [BUY 3uipaq) ULIOJ Q)SeM [BUY
ASAINS SUBIDIUYDD) aIym _ aY) Jeau pue 20BJINS ) IB b
auoN| v sa1sAyd yifesH auoN | Kep 1ad aug paonposd sy | asop uoneipes suruugep of, aso(q uoneipey
; ‘sasjeue poarjioads
| 10} J9ulnuod Jeudoidde
UB 0) Paildjsuel) pue
” Suipagy| ‘petood ‘@nyd peay ay) wol swoad
uolBURWS oiym|  pa109]oo oq [im swad sse[d| jonpord woly sjes uolBURWS _
suoN| v uopes - wojsn) auoN Kep aad | Jo [w gz Jo sjdwes quin . uopes SUTULINP Of, uoneUEW UOpRY
“ ‘sasf[ere payioads
" Jojy 1aureyuod ojendosdde
_, UB 0) paLIojsuel) pue lonuoo
i 401SZ Suipagy| ‘pejood ‘@nyd poay ay wol ssaoco1d Joj - aamesadwa)
10 ['0Z1 POUSIN I PR199}]09 aq [{1M surad ssu] sns3aA KjAnonpuod Lian
aeoydnq| v plepuels vdq sse|d oy Kep 1ad | Jo qu gz jo adures quin oW ourusep of,|  -onpuo) jesN9lg
_ ‘sasA[sue potjioads
10j JaureIuod aeudosdde
| UB 0) PaLIdjSiRy) pue
, Suipagy| ‘pejood ‘ainyo pesy oy uro . {onuoo ssadoid
o aiym|  pa1oa[[od aq [[Im Swiad sse| 10} - aumyeiadwia) snsIaA
aeadngl v A1sodstA 1PN sse|3 jjowoy Kep aad | Jo qu o6z jo ajdies quin|  AJSOISIA J[oW SUIULIAAP O], KNsoosip
,, ‘sasAjeue pay1oads
loj Jautejuod sreudosdde |
: e O} paMI9)suel) pue |
m P 1-N.LS 3uipadg | ‘pojood ‘ainyd podj ayy wol
- Adoosoiyoads sinoy| Ppa1oa]joo aq [[im SWad sse| wIS
sreordng | v Joneqssopy POYPIN 394 9 Jad | Jo [w Qg7 jo ajdwes qein XOpa1 sSB[8 QUIULIdJep O], E)s XOpY
| ‘sas{jeue payioods
| Joj 1suteiuod 9jenrdosdde
| e 0) pallajsues) pue
, Bmpagy ‘Po1ood fanyd pa3) Ay wod
,. sinoy|  p=312a]jod aq |[Im Swad sse| Juawaowadero)s
aestidag | 4 #8-£690-W.LSV POy J2d 9 5ad | Jo [w gz jo ajdures qein Joj eiep aptaosd o], _ AnsuaQq
wk3ojopoyioy !
sajdures v SV [eonkjeuy | uoneredorq sjdueg| Aouonboiy KSojopoyay Surjdweg aanoalqQ/eeuoney Ispuered
|

urlg sishjruy pue Juydweg ueld joid pNAD 1-9 AYTL




- X
9-9 e
<
<D
joe)
-
: %L_
t uohosg owwm POYRW ‘d xipuaddy
- Apwon -A 19 44D Op Jod
ayeotdnp Anjowonoadg eydjy _.M vedqng 19 YJ4D OF ynm 5
‘Ol wl [ suonnjos - Ansiwayooipey [dwod pue weas)s sed-Jjo{ pue q s9)0U)00,] 39S
ajioq pasnup) : VVdID Sunjdureg S poyr|  ul sjuauodinod payasfas Jo uonsodwod
jueiq paid| O o xipuaddy QDS suoN| snonunuo) ‘v xipuaddy ‘09 ¥4D 0| Suone)USUOD JUIMLIINP O], aenonted
(Z1S) asaydsoune oy adxeydsip a10)3g/sed-JJO PAyvaLL, “11
: [o1ju0d
ssa001d pure sourvusjuIEW ._m.*
‘dOS-ISA pue suonedijioads sjusuoduroo
98ned (N1 0) s,Jeanjorjnueiy wasAs [[e ssoson
ainssaid [enualayjip Suuoyuout EoEm_svm jewm1S1IQ | sjenuasagyip aunssaid
auoN| g 2 9jdnosounray |, suoN| snonunuo) nis uj ynm oouerjdutos ainsse o, pue arnjeradura],
uoNdALI0d 7 POYPIN [o1uo3 ssavoid Joj
ameiaduio) Suuojtuows ‘v xipuaddy ‘g9 MO OF| - 9es voissiwa jo uolR|NO[ED :
auoN| g PIM Jajol MOl auopN | snonunuo) - nys uj 10J 9JBJ MO}j QUIULIIIP Of, 91e1 mopy mum&o_
(9-v) p11 11 poyld
POYIPN e. i Suuojiuopy ﬁm ﬁw:umk@
‘g xipuaddy snonunuoy) ‘19 44D O - ZZZ-uopey 7TZ-uopey -
81 POYPN -  sowedip soluediQ -
‘19 VST 10 6T POYIR - Om,r uoqien
440 o - TTT-uopey 01 poylsy g xtpuaddy owediQ [e10], -
19ued ¥4O 0v - °d wnijjAisg -
$01 poysIN gel 10 Vel POy - d ‘sapuoniy [B10], -
. ‘v xipuaddy 92 POYRK -  JOH apLoyD
09 Y40 OF - =4 HL 40 L POYRIN -  ON uosgoIpky -
D9 10 9 pPoyR - ‘0S sopIxQ Ua3omN -
:mojaq ajou se 1daoxa V€ 10 € poysiN - *0D sapixol(] Inyjng -
uwnjod A3ojopoyia N g01 20 01 POYPRN - 0D spixoig uogie] -
Sundureg 2y *pajoU ASIMIAYI0 weay)s sed-jjo |apixouoly uoqie)) -
, ut paylisap! poyioN Ju2A2 ojdures | ssojun %. xipuaddy ‘09 ¥JdD ul sjusuodwiod payds[as Jo uonisodwod sen
@mwndngt o vd3g Ied sisAjeuy SuoN aum oug ot Jad spoyiopy sjdutes ||y | suonenuaduod ouuLIANPp Of,
¥ uon S
- b.quw._m-oOo% -4
eotdnp
‘01 ul | suonnjos o xipuaddy QDS weal)s sed-jjo| o 7p q 20uU00, 9§
9[noq pesnur) - 1uaAs aydwes S POYIPN ut s)jusuodwiod payoalas Jo uonisodwod
yuelq pietd| O | Answonoeds-A ‘g0 JUON auty suQ ‘v xipuaddy ‘09 YD OF| suonenusdoUOd AUTULISIIP O] aenotued
(11S) 13m0} youanb asogag/sed-}o 01
wX8olopoyp
sojdwreg v ISV [eondjeuy | uoneredaid ajdureg| Aouonbosy ASojopoyrey Surjdueg aAnaalqo/ejeuoney Iotouresed

ueyd sisdjruy pue uydweg jueld 1oid pNYD 1-9 AqeL




«002§

|
L9 ”
: 2
w O
S[eOMUAYO ,
juswean jo Noam Joutejuoo ayeudosdde S|BOMUSYD JUSIeas) Jo U
sjdwes aeordng| g | Jopusa £q pauusojiag suoN 1ad sup ue 0) ojdwes jo iojsues],| junowe sodosd sunussyep of, Ansnuay) Jajepy
: : d1el UMOpMO|q |
_ J0vST QUIULISIOP O} J3)EM JOMO) .
10 1'091 POYIRIN Yoom Iouinyuoo seudoidde Buijoos ayy w1 s)pes ajqnjos | SPI[OS PAA[OsSI(
ojdwes ajeonydnq | g vdd piepuels POYIPN 134 Jad JuQ ue 0 apdures jo Jojsued |, Jo dnpjinq surunap o, ' "Jo adruoosag
(SIS) aur] Jgep| Jamo], Suijoo)/1lEp Jamo], Suljoo) ‘¢]
JusWINSEIW . ‘stsAjeue 10} pasinbal
suoN| V Hd pIoy prepuwig auoN |yys sad sup 19)1] | jo ojdwes quin Hd 2y sunuesp o, Hd
. Dopst dooj
10 1°091 POUIRIN *sisAjeue 10j paiinbas ajofoa1 ay) ut syjes a[qnjos | Sp1jOS PaA[osSI(]
ojdures apesiydng | g vdd piepuwg poydpy 194 |yys 1ad sug 19911 | jo ajdwes qesn Jo dnpjing sunuiajep of, " "Jo o8ejusorag
40vST _ :
10 7'091 PO ‘sisAjeure 10j paiinbai Jouayduyp, sp1jos pepuadsng
sjdwres ayeondny| g vdd piepue)s poy1ay 124 {yys Jad suQ 1911] 1 jo ojdwes qein| Jo SSAUIANRJJD FUIULIARP Of, ~ Jo o8wmuadrag
(P1S) 19m0], Youand) 0] 3ul] JAIBAM IJPARNY/DIBM IPARY 71
_ [onuod ssasosd sjusuodutod
28ned pum aduruMUIRW {JOS wasAs |8 ssosou
aanssaxd [enuaseyyip Suuojiuow “ISA pue suoneoy1xads WFO | sjenuasayyip ainssasd
suoN| g 7 opdnosounsay |, auoN| snonunuo) mis uj yim souetjdurod ainsse o], 'pure aanjerodwa],
uoI1192.110 7 POYIPIN Jo11u0d ssas0id Joj
ameroduwoy 3uuojtuow ‘v xipuaddy ‘09 Y4D Op| - 21ws uoIssIwa Jo uonENo[Ed
suoN| g Yiim 1930 MO sauoN | snonunuop - WIS uj JOJ 9JBl MO[J PUIULIAIP O], 2w moy sed-}O
(9-v) cl1 POt |
$11 POYW Suuojiuopy ‘q xipuaddy |
‘g xtpuaddy snonunuoy) ‘19 44D o - TZZ-uopey ”
9 A 81 POYIRN -~ sonmedip | zzz-uopey -
¥4 OF - TTT-uopey VST 10 6T POYN - DOL ; Solussl() -
S POYIRK - | | uoqren
b0l POy gel Jo vel POy - A duediQ 8o, -
‘v xtpuaddy 97 POYR - [OH wnijjhisg -
‘09 44D oF - 74 L 10 L POYISN - ON Sopuon| [e10], -
. : D9 10 9 poyPK - - ‘0S apuoly) uadoipAH -
:mo[aq ajou se 3daoxa Vg 10 € poyay - ‘0D : sap1xQ uadoN -
uwnjod A3ojopoyiay €401 Jo 01 POYBIN - 0D Sunsay souewiojtad sapixoi(] Jyng -
Surpduweg a "pRIou astmIaylo Joj wreasis sed-jjo apixoi(q uoqie) -
ul palnuapt poyroN juaA2 ojdwes | ssajun y xipuaddy ‘g9 ¥.4D ut syusuodwos pajoajas Jo| opIxouoly uoqie) -
o wondng| g vdd sod sisAjeuy auoN awn suQ ot 12d spoyioy ajdwes |jy | suonenuasuod sunusd)ep of uonisodwiod sen
wh3ojopoyoy . :
sojdureg v SV [eonfjeuy | uonesedasg sjdweg| Aousnbeiy KSolopoy1ajy Surjdureg aanoafqo/seuoney , BEIEIALE ]

ueld sisdjeuy pue Suydweg jueld jopd pAD 19 AqeY,




7T

3

%]
\ wﬁu
o
-
2
2
‘ASojopoyisw [eonA[ewe o) jo wed se payioads aie sYUR|Q POYjoUWl puUE UONEIQI[ED JUSLUNIISUL SB Yons sjuswasinbas josjuo) Ljend @
"(qT661 JOQ) Uvld 1afoid aouvinssy Kond YIOYID 2pimans 2y)ul punoj aie HJS pajaqe] sa13o[opoyialy [ednheuy o
N ‘1S ‘eN ‘U ‘S ‘od ‘e ‘d ‘IV opnpoui osje Kew fag ‘qq ‘SH ‘(useaexay) 1D ‘pD ‘e ‘sy ‘Sv apnjous sajApuy R
Moz Nszz ‘Myez UWloez ‘ULz “Ulorz Ulsez Ulizz Oles Bz ‘Bl .o&c_m ‘Adgre .an:m ‘oz OV, 2PRPU sajjeuy q
1S ‘BN ‘SN 1T Y ‘2d 8D ‘ed ‘Q ‘IV opnjoul saikjeuy .
aovst
10 T°091 POYIPN .
speonydng prepuels vdd sis{[eur Joj pasinbas wasAs jusurjeas) Jajem spijos
b uonas - 00S| 4 qe] ODWHHA poyIoly Jod | uns Jad auQ [ur 0og jo 2|dutes quin| sy o1 syndut sy surLISRQ papuadsng [810],
q¥] ANSPO
b-T dqel, OLYL "19LL
@ C-T 2198l ‘090L ‘0109-9P8MS sisf[eue 1oj pasinbai waysAs juatnjeal) Jajem 2 9)0W00,] 3G
p uoides - OOS| 4 SIdDI ‘doda poyieIN 154 | una xad suQ s1a ¢ jo sjduies qein a3 0 Indur 9y sumILEqg SN AAeoH
$-T 9lqel qe] 2UsPO
+-O 9lqel :
o T 2|98l 0 7> Hd pv sisAjeue 10§ parmbai WIISAS JuaUNBaL} 19)BM q 9}0Uj00,] 9§
p uon2as - OOS| g | xwpusddy OOS - dD1| ounN uoneasssery | una sad sug | s1a| 9 Jo ojdures qerny| oy o3 syndur oy surIARQ sopijonuolpey
_ (L18) ywenyyy dumg 3upping S|
20¥ST _ dooy
10 1°091 POYRI sisAjeue Joj paiinbas a1o£oa1 ay) ut sjjes a|qnjos SpIjOS pRA[ossi(]
ojdures ageoijdng| g vdd piepuels poydN 394 |yigs 1od 2up Tw QoS jo ojdures qein Jo dapjing sunuiayep of, Jo a8eyuadsrag
. aorst
10 7°091 Poyldy sisfjeue Joj paiinbai Jouayounyj, spijos pepuadsng
ajdwres oeordn| g vddq prepuwmg poieIN 1o |yrys Jad suQ [w QS jo ajduies qein)| Jo SSOUIANOR)JQ SUTILISP O], Jo a8ejuadiad
(91S) MoyIAQ PUIPIYY, “pl
wX3o[opoyio
sajdures v ISV Jeondjeuy | uonesedsid sjdweg| Adousnboiy . A3ojopoyoy Sundweg aAnoalqo/eareuoney Iswere]

uryd sisdpay pue Sundweg Jurid Jopd YD 1-9 A4TY,




-00272

i

GBC076

‘|o11u0d s59001d 10} papasN “AUO UONEULIOJUI 1O

[01U0)) §S2203(

ammjesadway a8reyosiq

[onuo) ssa01d

amesadwrdyy pry

"udisap A)1|1oej pazis-|[ny Joj papaeN "Ajuo uoneuLIojul Jo

-uS1sop ANj1ov) pazis-{iny 10} popaoN “AJuo wonEULIOJuI 104

udisa( sso9001d

uonIpuod

(6S) SIPN '8

‘uonduinsuoo Juagesas SUNLIAAP 0) POPAdN

[01UO)) 53001

{

pUB SUOISUSWIP 3poNA[3 pue AI0joR1ySY ISP
|
i

Aapeyy

"uBisop A)[1ov) pazis-[I1y Joj papaeN AJuo uonEuLIOjul 10,

uSisa(q s59003J

spijog peajossi(] [EI0L

(LS) Hod ajdureg Jaqqnidg/yus3eay SAqqIdS °L

‘Johiuod ssasoad 10j pepoaN “A[uo uoneuLiojul ._om_

[o3uo) ssaooyd |

B 9)0Uj00,] 29§ uonisodwod [eormey)

(9S) dur] IPAIY JAUINIIY |, 0) JIMO J, YIUINT)/IANEAL JIMO L, Youany) ‘9

‘[o5u0d Wmmouoa Joj papaaN A|uo uonBuLIOJUl 104 &oo_

Jo1juo) ssao0d |

[®10], SPI[OS jo 98ejuadIag

-4

‘[o1ju0o ssao01d 10§ papasN °A[uo mONEULIOJUT 1O

udisaq ss9%01g

(SS) aur] pasy euang g °g
M WBem

‘ugisop juswdinbo Joj papeaN "AJuo uoneuwojur Jog

udiso ssas01d

¢ sisA[euy aAalg

*104ju0d ssas01d J0J papasN A[UO UOHEULIOJUL JO,]

[o11u0)) ssao0ld

(2IISIOfN) PO 1u0019g

‘udisap Ajijioey pazis-|[ry Joj papaaN |

uSisaq ssa001d

| Ansua( M

.ad1001 1snfpe 0) popasN °A[uo uoleuLIOjuUl JOg

[031u0)) ssad01d

q 910UJ00,] 39§ SOploNuUOIpRY

W.&_ooh 1snfpe 0) papasN ‘AJuo uoneuLIojul 10|

[onuo) ssaooid

(D0.) uoque) d1uediQ [Bl0],

W.om_oe isnfpe 0} papaaN "A[uo uoljEULIOTI 1O

[onuo)) ssasold

(o1e1NIN
pue ‘opuoly) ‘oreydsoy/srej[ng ‘apuionyy) suowry

(ars »® vps) .s._ Suydureg yue |, Lun[§/e3pniS gy pue ‘v

‘udisap Aiijtoe) pazis-{Iy 10 papaaN "o/m %0 |

udisaq ssao0yd |

{2101, SPIjOS Jo a8muociag

(£S) ue], Aunjg 0y saudaxdry |, woajy dury Anigadpals ¢

' ~uisop Aij1oey pazis-jiny Joj paN “o/m %07 |

udisaq ssao0y |

_

[210], SPIIOS jo 38ejuaaIay

(zS) JuapIY ], S oIS wouj dur] A1ngR3pn|s 7

"ud1sop A)j1oe) pazis-|jny Joj papaaN AJuo uoyEuLIOjUY Jof

ugisaq ssad0lyg

spijos vo_ucommsm re10L

‘eI '9ourIdacoe juoumieon) J21EMO)SEM 9)IS JOSU IS

LO-1-SYLEDVO
yuLad S3AdN

5 9j0Uj00,] umm sfereN AAeaH

"eu9)LId aoueidaooe :—uﬁ:.ﬂv.: JI1BEMIISEM IS 199Ul SN

LO-1-SPLEDVO
e SHAdN

|
q 910U100,] 293G SAPI[ONUOIPBY

'
)

—

(IS) Juanyyyg )14 JIIBA 3ISBM °|

" REYETITEALE |

u |

SINTNNOI/TVOD

JIAIA

sjeon Sudweg jueld 1011d PNYD T-9 AYTL

!
!
i
v
{
|
|
|
!



o1-9

o
)
2
)
-uSisop Anj1oej pazis-[jry Joj papaaN ‘Kjuo uonewiojul hon__ ugdisaq mmoooi_ _ 2 79 q om0, 29§ uonisoduiod aje[noNIL]
(11S) 13m0} youanb axogag/sed-Po 01
_"2Wn[OA U UONONPAI % 89-0S uSisa(g ss9%01d aunjop
*s9yel uononpoid 10§ pasN udiso(q ss90014 aouejeq sseuwt/indino sse[n
-udisap Jaurejuod
10} pue vV 1o} pasnbay sy pesdes sAep g¢ ‘pesois sy :wnugqijinbo uj
‘ufisop Jsurejuod pue YYV-IV 1oj pasinbsy :paonposd sy uBisa( ssa001d aso(] uoneipsy
ajdutes a1 | (uopey 30j SAVHSIAN)
ut wnipes jo junoure 3y} oy jeuoipsodold 9q pinoys uonjeuwwd uopey -ssui/ind or>| O Medqng 19 ¥AD OF , uoneuBwIz UopRy
‘lonuod ssacoxd 10j papeoN °Ajuo uonruriocjul o4 [onuo) ssasold Ananonpuo) fesuxny
‘lonuod ssad01d Joj papesN "Ajuo uoleuLIojul 10, [o11U0)) $539014 £31s00s1A
-udisop Anj1oe} pazis-[[y Joj pepa’N A|uo uoljeuriojur 104 |- udisa(q ss3%01d 918)S XOPoY
‘uoneuodsues) pue o8e10)s Joj papaeN 93/8 67T - L'T udisa(] ssa001g Ansuaq
. *PAAISSQO 2INJOTUIS uI[BISAII ON [onuo) ssacold . amponng [eski)
*SO1)SLA)oRIBYO SAneiedwod 10  10d [oJ1u0) s5220i1(
sywif Ajiqeyoes] VYOY 1PN d10L VI10330/VHOd 2 79 q $2j0Uj00,] 205 uonisodwod [eonuAYY
‘sonsu9jorIeyd saneredwios lod  :1Dd [o11U0)) $Sa001
sl Ajiqeyoes] vYOY 199N d10L VI1O08dD/VION 9 79 q s2j0U)00,] 935 uonisodwod [RONAYY
*soNISUAoRIRYD IAneiedwod Jod  :1Dd Johuo)) ssas0ld
st Aijiqeyoes] VYO 1N d10L V123390/vViOod 2 9)0Uj00, 99§ uohisoduwiod feanuay)
(01S) 23eJ0)s onpoad sse[d o nYd pa,f/(Ised Jusaq st yjouows € §i djdures ssed udjjow J0) surR3 sse|n ‘¢
"[011u09 s59901d JOJ pope3N A[UO UOHEULIOJUI 1O [o1ju0)) 559201d . wapxe deo pjop
*Jonuod ssav0id 10j papaaN Ajuo uonEWIOJUL IO [onuo)) ssasold siarowrered [eolos|q
‘|o11u0d ssas01d 1oj papaaN Ajuo uoljeuuojul 1oy [onuo)) ssa001d uonnquisip aanyesaduray 32N
*[011u0d $59201d 10§ papaaN ‘AJUO UONEULIOJUT 104 [o31U0) $53201d : ainjeradwia) uresp woyog
‘[o1u03 ssad01d 10} papasN -A[uo uoljpuLIOjuUl IOy [o1uo)) $sa%01d . (eoeds peay 19)j3JN) 2inssaid
: _ - -*[onuod ssasoxd 10§ papasN ‘Ajuo uoneuLiojul Jo, [onuo) ssa001d se3-}jo 0) ainssaid [enualaliq
__ _ _ _ _ . . RESETNGALS |
SINIIWWNODJ/TV0D JIANd

siron Jundweg jurig 1011d PNAD 7-9 29nL




w | 1-9 | wm
o | | 3
o | ~ o
| . ﬁ ©
s ‘ugisop A1oe) pazis-[jny Joj papesN AJuo uoneuLIOUI 10 ‘%S> udisa(] ssad01d spljos EZOw&Q Jo afrusoisg
‘ugisop A)ij1oe} pazis-|[ny Joj papadN AJuo uoneuIojul 104 ‘%1 > udisa ssa%01d sptjog papuadsng Jo a8ejuadiag

(H1S) 4am0 ], Youany) 03 duly JIjeM I[IAIIY /1M IPARY °Z[

; -ouretjduod moys 0y pasinboy

syuouoduroo wojsAs
[Ie sso1oe s[enuasoyp aInssaid pue aimessduro],

Kouaroyy Sunsoudug a1z moy ses-}0

.oona:mﬁgBoamo-muo:u_zo_ao::ottomoavoEmwoS_

Tgg-uopey -
sotuediQ) -
uoqJe)

. onrediQ BIo], -

| wnyfeg -
sspuony 810, -
apuoly) ua30IpAH -
sapIxQ uadony -
sepixol( nj|ng -
apixolqg uoqiw)) -
9pIXOUO uoqie)) -
‘uonisodwod sen

€
HO $°00bS_19PI0 HOQ |

K8ojouyoa],
ajqejleAy Isog
£(V)SO-1£-ShLE DVO

‘sjuswasinbar joo

(are w1 SO0Q) €
HD S'00¥S 19p10 90d !
H wedans 19 W10 ob _ .
S0-10'v0LE DYO 2 pue q s9j0Uj00,] 355 uohisodwod Ae[nanred

(Z1S) aroydsoune o0y adaeyosip asojg/sed-1yO parwaay, ‘11

“ugisop b___,,oe P3z1s-[[n} 10J PapadN “Auo uonEuLIOjUl JO

sjusuodwios wa)sAs

uSisaq ssa001 [t ssolor s[enuaidjyip ainssard pue aimeiadwia],

‘uSisap A11j1o8) pazis-{|ny Joj papeaN A[uo uonEuLIOjul 1o

udisa(g ss9001g o1 moy sed-}Jo

'uB1sop A)|1oB) pazis-|[1y 4o} papaaN AJuo uoyEuLIOjul JOf

| TCT-uopey -
i soluesiQ -
i uoqie)

JwediQ [elo], -

| wnyjhiog -

sapuonj] [ewo], -

apuoy) uedolpAH -

sap1xQ uagomiN -

sapixol( Jny[ns -

apixol(] uoqie) -

apIXQUON "oqIE)) -
uonisodwod sen
udisa(g ssad01d

I

t
N |

" NPueIe] _

‘ l
__ : SINIWWOD/TVOD

|

dIAA

A, : siwon Fundweg 1weld 101d PNYD T-9 A198L




‘ASojopoyaw [eonA[eue oY) jo ped se payloads aIe SUR|Q POY)SW PUB UOKRIQI[ED JUAWNISUI SB Yons sjuawalinbar jonuo) Aitjend
(qz661 30A) Unld walosg aouvinssy Gyrnd VIDYTD 2Paans ay) ui punoy ar QDS pajaqe] sa1ojopoyialy esnAjeuy

N 1S ‘BN ‘U ‘SN ‘e ‘®D ‘g IV pnjout os[e Aew (oG ‘qd ‘SH ‘(1uLjeAexaH) 1D ‘pD ‘Bg 'Sy ‘8y apnpout sajh[euy

Nsez Nsez ‘Mee Wloge Wleee Ulorz Uz ‘ULizz “Odes ®Uorz Pz Odoy ‘Adorz, ‘Bd e Motz 'OV ,z; PNIOM sajA[euy
. 1S ‘eN ‘8 11N ‘2 ®D ‘Bd ‘d ‘IV 9pnjoul saifjeuy

@
[{}]

‘gloIUD dourydadoe JUSUIEII) JO)EMIISEM ]IS JIIUT ISNIN udisa(] $590014 sptjog papuadsng [10],
LO-1-SHLE OVO

"eUIILID 90ourydodoe Juouneal) Jajemalsem IS Ja0W IS nuusd SHAJN 2 9198, s{e’N AaeeH
LO-1-S¥LE DVO

"eLI2ILY 2oue)dosoe JUSUIEII) JOJEMAISBM ]IS 190U 1SN nuisd SN q 9]qe], sapijonuocipey

(L18) wanyyy dumg Suipping “s|

‘ugisap Ajij1oe) pazis-||ny 10j popadN %S> udisa(g ssad01g SpIjOS paajossi(] Jo 98euadIag

-uisap Anj1oe) pazis-[[1y 1oJ popadN %1 > udisa(] ssa%01d spijoS papuadsng jo 93e)uadIad

(91S) moyRRAQ JRUIPIYL ‘v

‘[o13u03 ssac03d 10§ popooN “Ajuo uoneuniojut Joj -gHd [oNu0)) ssa001d Ansnuay) Jorem

. *Jo11u0d ssasoid 10) papaaN AJuo uoljeuwitojur 104 ‘% T/ > {o1nuo)) ssa004d spijog paajossi(q Jo a8ejusdiad

. (SIS) urg 19)epy Jamo ] 3uljoo))/1a)ep| Jamo], ulo0) gl

SINIWWNOD/TVOD JIANA \=

YR

i

sjron Juydureg ueld 1011d $NAD T-9 A4RL

bR
(N

VY




- 0024

6.2 TREATABILITY STUDY SAMPLING o 1

*

The following subsections present the treatability study sampling and test requirements for vitrification, 2
waste water treatment, and off-gas systems. 3
6.2.1 Vitrification 4

Figure 2-2 highlights the sampling points for the Pilot Plant process. Materials are pumped from Silo

5

" 2to the thickener and sampled (Point S2 on Figure 2-2) for percent solids to measure the slurry pump 6
performance. Underflow from the thickener (S3) will be sampled for percent solids testing to measure 7
the thickener performance. Silo 3 material has been characterized and does not require sampling. The 8
9

materials are pumped from the thickener into the slurry tanks (S4A or S4B) and sampled for Total

Organic Carbon (TOC), anions, radionuclides, wet density, total solids and moisture content, particle size 10
distribution, and weight. Furnace feed materials are sampied (S5) for percent solids determination prior 1
to entry into the furnace. The first furnace feed batch will be analyzed for TCLP as a baseline to judge 12
the effectiveness of vitrification in reducing TCLP results. _ ' 13

" Enough glass product will be collected from the gem forming machine (S10) to perform the following 14
analytical, visual and mechanical tests: compression, crush strength, visual appearance of fracture planes, 15
and analysis of the leachate from TCLP and Product Consistency Test (PCT) extraction. TCLP and PCT 16
methods will be used to determine leaching resistance, long term durability, and for comparison of the 17
glass results with performance data from previous high level waste studies. Destructive compression 18
crush tests on some gems will be performed to determine the ability of the glass to deal with external 19
stresses. A minimum crush strength of 100 psi has been:chosen (i.e., the force exerted on waste buried 20
under about 120 feet of soil). Additional process control tests include: Density testing to provide data 21
for storage and transportation of the glass, viscosity testing to assure process control of glass flowability, 2
power input control tests for control of melt temperatures, glass output/mass balance for production rates, 23
and system performance and mass balance. Also, testing will be performed to determine the reduction 24
in radon emanation from the final product, radiation from the final product, and the overall volume 25
reduction achieved by the process. ' - 26
6.2.2 Process Off-gas Systems , 27
Process off-gas will be sampled and tested at two locations in the process. The process off-gas will be 28
sampled before the quench tower (S11) and before discharge to the atmosphere (S12) for particulate 29
composition of selected analytes, gas composition (including radon), and off-gas flow rates. Temperature 30

. ______and pressure differentials will be.measured throughout the off-gas-system. -An-isokinetic-sampler-will- be-——---- 31—
6-13
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used to determine the type and amount of particles in the off-gas stream before release to the atmosphere.
The system will have alarms at the operations control panel to alert operations personnel of the need to
take appropriate specified actions, as necessary. '

6.2.3 Waste Water Treatment

Waste water sampling at the filter effluent point (S1) includes analysis for radionuclides, heavy metals,
and suspended solids. Recycled water (S14) will be sampled and analyzed for percentage of suspended
solids and percentage of dissolved solids for determination of the effectiveness of the thickener and
buildup of salts in the recycle loop. Cooling water will be tested (S15) and analyzed for percentage of
dissolved solids for soluble salt buildup and water chemistry prior to waste water treatment.

6.3 SAMPLING METHODOLOGY

" Sample collection procedures, sample size. sample containers, and preservatives will be determined
according to Table 6-1 and Appendix K (sampling method) of the SCQ (DOE 1992b). Sample tracking
and control documentation will be conducted in accordance with Section 7.1 of the SCQ and sample
packaging and shipping will be conducted as specified in Section 6.7 of the SCQ. All packaging and
shipping of hazardous materials (both on-site and off-site) will comply with DOE Order 5480.3 (Safety

Requirements for Packaging and Transportation of Hazardous Materials) and FEMP Procedure PP-0314

(Procedures for Packaging and Transportation of Hazardous Materials).

6.4 ANALYTICAL METHODS

To the extent possible, analytical methods from the SCQ will be utilized. Additional process and
analytical procedures may be presented or developed by laboratories used to perform analyses to support
this effort. These procedures will be reviewed and approved as required by the SCQ prior to performance
of any analyses. The level of confidence in the analytical methods used for this pilot scale test will be
comparable to confidence levels in SCQ methods.

~ 6.5 DATA QUALITY OBJECTIVES AND ANALYTICAL SUPPORT LEVELS

Based on the requirements of Section 3.0 and Section 4.0, Data Quality Objectives have been developed

 for sampling, analysis, and data management for data collection and sampling performed under this Work

Plan. End use data will be presented according to the SCQ qualitative and quantitative statements for data
‘quality. The FEMP analytical support levels defined in the SCQ (analogous to the 1987 EPA-defined
levels) are shown in Table 6-1 as the FEMP assigned ASLs. Data characterized at Analytical Support

6-14
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Level "A" do not require validation. Analytical Support Level "B" will not require validation of data |

collected because testing is mechanical, but it will require the recording of the resuits of duplicate or 2
triplicate samples collected for these tests. Analytical Support Levels of "C" and "D" will require 3
sampling, analyses, and data management to support the validation of data required by the SCQ. 4
6.6 QUALITY ASSURANCE REQUIREMENTS " 5
Quality Assurance for the Phase II program will be in accordance with quality program elements 6
" identified in FERMCO RM-0012, Quahty AssurinEéMPl%éra“mf Descnptxon for the management of the 7
_program. The SCQ will be used for quahty program elements for sampling, analysis, and data reporting 8

- activities covered by this Work Plan. For TCLP testing, quallty assurance shall be guided by 40 CFR 9
Part 261, Appendix II. _ 10
Specific CRU4 quality elements applicable for the management of the project include Personnel Training 1
and Qualifications, Quality Improvement, Documents and Records, Work Performance, Inspection, and 12
Acceptance Testing. Sections 6.8, 6.10 and 6.11 provide specific QA requirements necessary to be 13
performed for this work. ) 14
6.7 DATA REDUCTION, VERIFICATION AND QUANTIFICATION » o 15
Data reduction, verification, and quantification will be conducted according to Section 8.0 of this Work 16
Plan and Section 11.0 and Appendix D of the SCQ. : 17
6.8 PERFORMANCE AND SYSTEM AUDITS | 18
Performance and system audits of the activities covered by this Work Plan will be performed in 19
accordance with Section 12.0 of the SCQ and FERMCO RM-0012. Self-assessments in the form of 20

~ surveillances will be performed and scheduled by CRU4. Independent audits will be performed and 21

~ scheduled by FERMCO QA. Other independent audits may be performed by the DOE or USEPA as 2
required. 23
6.9 CALCULATIONS OF DATA QUALITY INDICATORS ‘ 24
Equations used to calculate data quality indicators and results determining instrument linearity, ongoing 25
instrument calibration compliance, precision, and accuracy will be performed in accordance with 26
requirements of Section 14.0 of the SCQ. _ ' 27 |

6-15
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6.10 CORRECTIVE ACTION

Corrective action will be performed in accordance with requirements of Section 15.0 of the SCQ and
FERMCO Quality Assurance Programs and Procedures.

6.11 QUALITY ASSURANCE REPORTS TO MANAGEMENT

Section 16.0 of the SCQ will be used to direct activities for requirements of quality reports to
management.

6-16
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7.0 DATA MANAGEMENT

Data and records generated by the Phase II Pilot Plant Project used to support the Operable Unit 4
Feasibility Stﬁdy aiternatives for treatment via vitrification will be managed in accordance with Section
4.4 and Appendix F (applicable sections) of the FEMP Records and Document Control Administration
procedures (as applicable) and the SCQ, respectively. Field and laboratory data collected as part of Phase
II will be maintained and recorded in accordance with applicable SCQ requirements. Phase II process
operational tests and engineering design data will be managed in accordance with FEMP and CRU4

* Records Management requirements where the SCQ is not applicable.

Where they are identified, field and laboratory records will be maintained in log books or on SCQ forms
that are reviewed, signed and dated by the responsible persons. These reviews include Quality Control
reviews of field generated records, laboratory reviews of analysis records generated, and data validation
records generated on data required to be validated by this project plan. Where necessary, CRU4 will
generate records using forms which wiil identify Phase II operation testing requirements, equipment
calibration and preventative maintenance, verification of numerical results, checks for data entries,
transcriptions and calculations, and records of training performed. '

Computer programs for modeling in support of Phase II will be verified and validated. Data will be
backed up on disks and printouts of processed data will be filed in appropriately labeled binders or
~ notebooks as required by the SCQ. '

Based on the requirements of Sections 12 and 14 of the SCQ, quality records generated for this project
will be identified, and information on corrective actions taken will be provided in final reports, if
applicable. These records will be managed in accordance with SCQ and CRU4 Document Control
program requirements.

19
20
21
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8.0 DATA ANALYSIS AND INTERPRETATION 1

Sampling and analysis data generated to provide characterization for Resource Conservation and Recovery 2
Act (RCRA) and radiological programs will be validated according to FEMP Data Validation Program 3
requirements for ASLs identified in Table 6-1 (Section 6.0). ASL B data resulting from the activities 4
defined by this work plan will not require validation. Field sampling documents will be reviewed by the 5
FEMP Quality Control organization to verify completeness and intércomparabili;y of information. 6
~Sampling and analysis data from start-up and operation will be analyzed based on performance and data 7
quality objectives identified in Section 6.0. Operational sampling identified as ASL C and D will be 8
validated using FEMP Data Validation program requirements. Data generated by the activities defined 9
in this work plan under ASLs A and B will not require validation because it is limited to the support of 10
Phase II design and operation and is not tied to regulatory concerns. ‘ 11
Data generated from this project will be used to support the Feasibility Study for Operable Unit 4 12
alternatives for treatment via vitrification. Results will be incorporated into the remedial deéign 13
documents if vitrification is presented and approved as the remedial alternative in the ROD. ’ 14

8-1
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9.0 HEALTH AND SAFETY

All activities conducted within the confines of Operable Unit 4 are governed by the requirements of the
"FERMCO Comprehensive Environmental Occupational Safety and Health Program Manual”
(ESH-1-1000), and the "CERCLA/RCRA Unit #4 General H&S Plan for Operable Unit 4 Operations, "
(18-HS-0001). . In addition to these general requirements, a Project Specific Health and Safety Plan
(PSHSP) is prepared for each project or major new act1v1ty ‘A PSHSP will be prepared for both Phase
[ and Phase il acuvmes of the Pilot Plant program.

The Comprehensive Safety and Health Program addresses environmental, occupational, industrial, and
construction health and safety. Also included in this Comprehensive Program are the Industrial Hygiene
Program, the Fire Protection Program, the Emergency Preparedness Program, the Emergency Response
Program, Medical Services, and the Radiological Protection Program.

The General Health and Safety Plan (HASP) identifies the hazards within the Operable Unit 4 area, and
establishes the guidelines and requirements for safety of personnel during the conduct of the field
activities within the confines of Operable Unit 4. All FERMCO employees, visitors, vendors;
contractors, and subcontractors are required to abide by the provisions of the approved "CERCLA/RCRA

Unit 4 (CRU4) General HASP." As previously stated, while the general plan identifies and reviews the -

hazards common to Operable Unit 4 field activities, it does not address hazards associated with specific
tasks/operauons

The Operable Unit 4 HASP was prepared in accordance with the requirements of the Occupational Safety
and Health Administration (OSHA) Regulations 29 CFR Part 1910.120 (Hazardous Waste Operations and
Emergency Response, Final Rule - 6 March 1989). ‘

Management and supervision have the responsibility for assuring that the requirements of the applicable

Health and Safety (H&S) plans are met. Occupational Safety and Health field personnel (Technicians,

Specialists and Engineers) have the authority to enforce the requirements of the applicable H&S plans.
All personnel have stop-work authority for imminent safety hazards and noncompliance with the
applicable H&S plans.

2
3
4
5
6
7
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10.0 RESIDUALS MANAGEMENT

This section describes the management of residual materials resulting from Pilot Plant Phase II operations.
Sampling and analytical locations, parameters, procedures, and methods to be used to characterize
residuals for proper management are described in Section 6.0 of this work plan. DOE is considered the
lead agency for management of all residuals from construction and operation of the Pilot Plant project.
Regulatory requirements for management of residuals are described in Section 11.0 and listed in
Appendix C.

10.1 VITRIFIED RESIDUES

Phase II operation will include a campaign of about 30 operating days, with an assumed processing rate
of one metric ton per day (mtpd), based on 24-hour continuous operation. The actual time frame of Pilot
Plant operations will cover several months. The vitrification process will preferably form the glass in
the shape of small spheroids. flattened on one side, of one to two cm in diameter. Alternately,
monolithic castings may be produced. At a processing rate of one mtpd, approximately 30 metric tons
(66,000 1b) of vitrified material will be produced. Unprocessed silo material will remain in the silos
pending final remediation.

The vitrified waste will be packaged in drums placed inside individual shielded casks for storage at the
Pilot Plant and transported to on-site interim storége. Additional shielding will be used as required to
protect personnel at the drum filling and staging area. Approximately three drums will be required for
each metric ton of material. The drums will be immediately moved from the proposed vitrification
facility area to an approved on-site storage facility for interim storage pending final disposition consistent
with the Record of Decision for Remedial Actions at Operable Unit 4. The drums will be placed on
standard size pallets, stacked three pallets hi'gh, and will occupy an area of approximately 28 m* (300 ft?).
Material management will be in accordance with all pertinent ARARs, DOE orders, and Site Standard
Operating Procedures (SSOPs).

10.2 WASTE WATER TREATMENT RESIDUES

The waste water pre-treatment system will be a mixed-media filter with a backwash system. Samples will
be collected from the system discharge line, possibly at the filter, and characterized prior to release to
the site treatment system. This liquid fraction of the waste water, if approved through characterization,
will be sent through the FEMP Advanced Waste Water Treatment System under the existing National
Pollutant Discharge Elimination System (NPDES) permit. Solids from backflushing the filter will be

returned to the thickener for processing. All materials will be managed in compliance with all pertinent

<o ARARS-and-SSOPss—— o e e e R —

1041

G3CGHRY

R G T NV O R S
.

w [P w (%] (] W w [ [ N t9 ~ [\ N N ~ [ — — — — — — — — — —
:J‘ =, w L w () [l o o o0 ~ (=23 n & w [ 3] — (=] o oo ~J [,} (%] & (%4 [354 - o

t

(73
00



oo

. .
e et

L

t Yy

10.3 RESIDUES FROM AIR POLLUTION CONTROL

The design parameters of the air poilution control system, potential release points, and types of pollutants
which could potentially be released are discussed in this section.

Radon emissions: The proposed vitrification process design requires two parallel activated

- carbon bed sets, each with a nominal 250 SCFM air flow rate. With a 97 percent collection

efficiency, the expected release rate of radon from this system is 1100 pCi/liter in 250
SCFM while the furnace is being fed. This will result in about 0.3 Ci of radon being
released over a 30 day campaign. This estimated quantity of radon does not exceed the
concentration guide lines established in DOE Order 5400.5 for exposure of members of the
public to radon. The off-gas system will be designed to limit the concentration of radon in
any worker occupied area to occupational exposure limits. Additional environmental limits
for radon control are discussed in Section 11.4

The Sampling and Analysis Plan addresses confirmation that the off-gas composition will
meet regulatory requirements.

To limit radon release from the silos during removal of material, the proposed silo waste
retrieval design requires bag-in/bag-out deployment of the slurry pump to contain the silo
headspace gases. The existing RTS will be refurbished and will be used as described in
Section 2.1.1 to reduce the radon concentration in the silo headspace so that dose rates for
workers at the silo are acceptable.

Air Particulates: HEPA filters with a design efficiency of 99.97 percent will be used to
control particulate emissions.

- SOx emissions: These will be scrubbed by caustic solution in a 99 percent efficient

counterflow scrubber and will be in compliance with OAC 3745-31-05(A)(3), which requires
the use of Best Available Technoiogy (BAT). Spent scrubber solution will be discharged to
the site wastewater treatment system for treatment in the AWWTS prior to discharge via the
existing NPDES permit.

Nitrogen Oxide (NOx) emissions: Emissions are estimated to be approximately 2.0 Ib per
hour, or 50 ppm in 6250 SCFM. This would be 8.8 ton per year if the Pilot Plant were
operated continuously. Prevention of Significant Deterioration (PSD) requirements become
effective at 40 tons per year, so PSD requirements will not apply. As required by OAC
3745-23-06(B), "..., all stationary nitrogen oxide emission sources shall minimize nitrogen

10-2
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oxide emission by use of the latest available control techniques and operating practices in
accordance with best current technology." Since no hourly limits for NO, emissions exist
and yearly estimates of NO, emissions are relatively small due to the short (30 day)
operating run for the Pilot Plant, a NO, destruction unit is not required.

e Cooling tower: This will release uncontaminated water vapor and mist containing non-
hazardous dissolved solids, i.e., this is a standard cooling tower operation.

o  Plant stack size, diameter, and monitoring: The stack size will be based on a 7000 SCFM
maximum flow fate, with 250 SCFM_ as the nominal flow rate expected from the Pilot Plant
process off-gas, 6000 SCFM from the furnace room ventilation system, and 400 SCFM

- intermittent flow from the additives/Silo 3 solids transfer blower. Refer to Table 6-1 for
parameters to be sampled at the stack.

Compliance with all pertinent ARARs will be achieved for the management of residual materials produced
from the off-gas control systems.

10.4 WASTES FROM CHARACTERIZATION AND OPERATIONS

All wastes will be properly characterized and managed in accordance with existing site procedures.

Characterization of all waste generated during construction projects, including soils, is currently

- performed using SSOP-0044. The project engineer initiates this process by completing the Construction
Waste Identification/Disposition (CWID) form which identifies types and amounts of waste that will be
generated during the project. All other wastes generated are currently characterized according to SSOP-
0002. This process is initiated by the generator completing the Material Evaluation Form (MEF). A
MEF is completed for each waste stream and provides essential information which is used to complete
the characterization. All waste characterizations are currently performed by the Waste Characterization
Group. If any SSOPs, forms, group names, or responsibilities referenced above are changed, then waste
generated through this project will be characterized according to those changes. All samples and other
wastes from testing or characterization efforts will be dispositioned in accordance with ARARs identified
for the project, and with approved site procedures. '

[n addition to the vitrified materials produced, the following waste streams will be produced during this
operation: '
e  Personnel protective equipment (PPE) from an estimated 30 person crew

*  Carbon from radon control equipment

10-3
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e HEPA Filters

e Process building lab waste

e  Sample residuals returned by offsite laboratories

e  Operations, ‘maintenance, and office cleaning waste, etc.
e  Waste from decontamination of equipment

e Glove bags and expendable ﬁttings

10.5 WASTE MINIMIZATION

As a National Priorities List (NPL) site, the FEMP is making efforts to reduce the generation of waste
requiring special handling. By eliminating unnecessary waste generation, the FEMP reduces the cost,
risk, and burden on available waste management facilities during management of the waste. Several
aspects of Pilot Plant construction and operation were designed to facilitate waste minimization.

There will be provisions for the segregation of waste streams. All waste disposition will be dictated by
characterization of each waste stream. Dumpsters will be used to collect non-contaminated (i.e., non-
radioactive) and non-hazardous scrap for disposal at a commercial sanitary landfill. This will avoid the A
disposal cost of shipping the material to NTS as Low Level Radioactive Waste (LLRW) znd will provide
a means to ségrégate the material to avoid contamination as it is being accumulated. '

The hydraulic mining process uses water to slurry the material to facilitate removal. The water will be
collected and recycled through the process in a closed-loop system which substantially reduces. the
generation of waste water requiring treatment before release. This will also reduce the cost of
transferring the water to the FEMP site treatment system and the management of the additional sludge
that would be generated there. '

The waste water filter sludge will be recycled via backwash to the thickener for incorporation of the
solids into the vitrified product. |

Additional waste minimization efforts may be identified as the project progresses and will be evaluated
at that time. - The minimization efforts referenced above may also be modified as the project progresses
or as the need arises.
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11.0 REGULATORY COMPLIANCE

Regulatory requirements governing construction activities and operation of the Phase II Pilot Plant for
vitrification and waste retrieval are discussed in this section. The. vitrification facility will be designed
to produce a consistent stabilized glass with minimal effluent. In Phase II, the systems will be tested
using K-65 and Silo 3 (i.e., radioactive) materials. '

[
~ The project will include running power and process lines to the silos, operation of waste retrieval

equipment at Silo 1 or 2 and 3, operation of the pilot plant, and dispositioning of residuals as discussed
in Section 10.0. ,

11.1 REMOVAL SITE EVALUATION (RSE) GUIDANCE

Construction during this project might require excavation of soils, and could generate construction rubble
and debris. Pursuant to the NCP under 40 CFR Part 300.410, a Removal Site Evaluation (RSE) must
be conducted to assess the potential for an activity to release hazardous substances to the environment.
The purpose of this requirement is to determine whether a removal action should be conducted prior to
remediation of an unknown, or previously uncharacterized area. The activities proposed by this work
plan are to be conducted in an area where there has been previous investigation and data collection under
the RI for Operable Unit 4. Based on analysis of these data, process knowledge of operations conducted
in the area, and current knowledge of "hot spots," no removal action would be warranted for activities
conducted in this area prior to the remedial activities, including construction and operation of the Pilot
Plant.

The activities proposed in this work plan will be conducted in support of the remediation of Operable
Unit 4 under CERCLA Section 104. Since treatability studies are part of the response action planned for

‘Operable Unit 4, a formal RSE is not required. A letter from the DOE, dated April 16, 1993 (see

Appendix B), supports this position. Documentation of existing data and information, along with
engineering controls and procedures described in this work plan, will meet the substantive requirements
of an RSE as outlined in 40 CFR Part 300.410. The construction activities described in this work plan
will comply with the requirements of site procedure SSOP-0044, Management of Soil, Debris, and Waste
from a Project. If "hot spots" are encountered during construction, or if at any time during this phase
of opeiation it is determined that a potential exists for release of hazardous substances to the environment,
an RSE will be conducted to determine whether a removal action is warranted.
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11.2 NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) COMPLIANCE

The National Environmental Policy Act (NEPA) is applicable to all FEMP activities that may impact
environmental resources, including biota, wetlands, cultural, historical, anthropological or socio-economic
factors. NEPA requires assessment of environmental impacts associated with all proposed DOE projects.
The DOE wiil determine the appropriate documentation required in accordance with regulations
implemented under 10 CFR Part 1021, DOE Orders 5440.1D and 5400.4, and Site Procedure SSOP-
0031. A request package containing the "Request for NEPA Services" and "Environmental Compliance
Questionnaire,” along with a project schedule and scope of work. is standard procedure to initiate a
NEPA determination for a site project. NEPA documentation for Phase II of the Pilot Plant Project has
been approved as a Categorical Exclusion (CX) by the DOE.

11.3 RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) COMPLIANCE

The minimal amount of construction envisioned for Phase II is not anticipated to produce any hazardous
wastes. However, all wastes will be Subject to characterization. If the waste characterization indicates
any waste material contains hazardous waste constituents, the material would be subject to the substantive
RCRA requirements for the management, storage, and final disposition as RCRA hazardous waste.

The residues in Silos 1, 2, and 3 are by-product material which is excluded from regulation under RCRA
by 40 CFR Part 261.4. The residues resulted from the production of uranium metal from source material
such as pitchblende ores. Since the waste materials meet the exciusion, the RCRA regulations are not
directly applicable as ARARs. However, the excluded materials stored in the silos contain elevated levels
of natural metals such as lead which exhibit a characteristic of RCRA hazardous waste. Due to the
hazard associated with the toxicity of the metals, the substantive requirements of RCRA are adopted as
relevant and appropriate to ensure protectiveness during this activity.

11.4 RADON REQUIREMENTS

The Pilot Plant Treatability Study project is being conducted under CERCLA. As required under
CERCLA, DOE has identified potential applicable or relevant and appropriate requirements (ARARS) to
be followed during the project (see Appendix C). Although not specifically identified as ARARs for this
project, existing site legal documents, and regulations pertaining to worker safety may also contain
requirements that affect the management of radon. Refer to the conditionaily approved Operable Unit
4 Feasibility Study/Proposed Plan-Draft Environmeéntal Impact Statement (FS/PP-DEIS) for a compiete
discussion of regulatory requirements, including ARARs, that pertain to remediation of radon producing
silo material under Operable Unit 4.
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Three regulatory requirements have been identified that would govern the management of radon during L

Phase II Pilot Plant activities. Following is a summary of these requirements: 2
1. The primary requirement for management of radon during Pilot Plant operation is not an ARAR, 3
but is a "to be considered” (TBC) requirement found in DOE Order 5400.5 as a Derived 4
Concentration Guide (DCG) which limits the concentration of radon which may be released into 5
the accessible environment during DOE operations. This level will govern permissible site 6
boundary radon concentrations during Pilot Plant operation which are established at an anmual 7
average of 3 pCi/L. _ 8
2. Another TBC, which would govern management of radon released from the vitrified silo .9
residuals, is found in DOE Order 5400.5 Chapter IV.6.b.. This TBC limits releases of radon 10
into the air above an interim storage facility to the following: 11
® 100 pCi/L concentration at any given point; 12
® An annual average concentration of 30 pCi/L over the facility site; and 13
® An annual average concentration of 3 pCi/L at or above any location outside the facility site. 14
Note: This TBC would not pertain to interim storage of material in the silos. which is subject 15
to an existing legal agreement. 16
3. A potential ARAR which would also govern management of the vitrified silo residuals is found 17
in USEPA’s 40 CFR Part 61 Subpart Q. This Clean Air Act (CAA) NESHAP limits releases 18
of radon into the air during periods of storage and disposal to less than or equal to 20 pCi/m?-s 19
of radon-222 as an average for the enti:é source. . 20
Note: Disposal of the vitrified residuals from Pilot Plant operations will be in accordance with 21
the ROD for Operable Unit 4. Interim storage of material in the silos is also governed by an 22
existing legal agreement. 23
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11.5 PERMITTING ISSUES

CERCLA Section 121(e)(1) states that no Federal, State, or Local permit shall be required for the portion
of any removal or remedial action conducted entirely on site, where such remedial action is selected and
carried out in compliance with Section 121.

As a treatability study preceding CERCLA remedial actions, this Pilot Plant project is not required to
obtain any Federal, State, or Local permits. However, the project must be conducted in accordance with
the terms and conditions of those permits that otherwise would have been required. As a consequence,
only the substantive portions of those ARARs governing environmental regulatory requirements have been
identified in the ARAR table (see Appendix C).

Section XIII.B of the Amended Consent Agreement requires the DOE to identify those permits that would
otherwise be required, along with the standards, requirements, criteria, or limitations that would have to
have been met to obtain each permit. The DOE must report these findings to the USEPA, along with
an explanation of how the response action will meet these standards, requirements, criteria, or limitations.

The following summarizes the permits, permit requirements, and plans to meet those requirements for
Phase II operations.

11.5.1 Air Permits
Compliance with existing Permits to Operate (PTOs) for Silos | and 2 will be maintained.

Construction and Phase II operation of the Pilot Plant may generate nuisance dust during construction,
and off-gases from operating the vitrification furnace to melt the waste materials. Releases of dust and
particulates will be controlled by approved site -standard operating procedures and best available
technology, including off-gas control equipment.

A. Identification of Air Permits That Would Otherwise be Required

Federal Permits

NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR POLLUTANTS (NESHAP) -
40 CFR PART 61, SECTION 61.07(a): The owner or operator shall submit to the Administrator
an application for approval of the construction of any new source or modification of any existing
source. Unless exempted in a specific subpart, an application for approval would have to be
submitted for sources subject to a National Emission Standards for Hazardous Air Pollutants
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(NESHAP) standard. The Operable Unit 4 Pilot Plant is subject to the requirements of Subpart 1
H of 40 CFR Part 61. '

[

40 CFR PART 61, SUBPART H - NATIONAL EMISSION STANDARDS FOR EMISSIONS 3
OF RADIONUCLIDES OTHER THAN RADON FROM DOE FACILITIES - Section 61.96(b) 4
states that an application for approval does not have to be filed for radionuclide sources if the 5
effective dose equivalent (EDE) caused by all emissions from the new construction or 6
modification is less than.0.1 mrem per year. Emissions from the Pilot Plant have not yet been 7
determined. The EDE shall be determined using an approved USEPA computer model. The . 8
source term to be entered into the model, to determine the necessity of an application, shall be 9
- developed using Appendix D to Part 61 - Methods for Estimating Radionuclides. ) - 10
40 CFR PART 61, SUBPART Q - NATIONAL EMISSION STANDARDS FOR RADON B!
EMISSIONS FROM DOE FACILITIES - Subpart Q does not provide an exemption for new 12
construction or modifications having the potential to emit radon. Ordinarily, an application 13
would have to be submitted for approval. Only radon released from interim storage facilities and 14
during storage of vitrified material is subject to the requirements of 40 CFR Part 61 Subpart Q. 15
State Permits 16
- PERMIT TO INSTALL - Ohio Administrative Code (OAC) 3745-31-02 (A): Unless exempted 17
by OAC 3745-31-03, no person shall cause, permit or allow the installation of a new source of 18
air pollutants or cause, permit, or allow the modification of an air contaminant source without 19
first obtaining a Permit to Install. Under ordinary circumstances, an air Permit to Install would 20
have to be obtained for the proposed vitrification Pilot Plant. : 21
PERMITS TO OPERATE - OAC 3745-35-02 (A): Except as otherwise provided in paragraph 22
H (Conditional Permits to Operate) of rule OAC 3745-35-02 and in OAC rules 3745-35-03 23
(variances) and 3745-35-05 (permit exemptions and registration status), no person may cause, 24
permit, or aillow the operation or other use of any air contaminant source without first applying 25
for and obtaining a Permit to Operate. Under ordinary circumstances, Permits to Operate would 26
have to be obtained for the proposed vitrification Pilot Plant. 27
B. Identification of the Standards, Requirements, Criteria or Limitations that Would Have to be Met 28
to Obtain the Above Permits/Notifications ) : 29
Federal Requirements 30
NESHAP SUBPART H - 40 CFR PART 61, SECTION 61.92: Emissions of radionuclides 31
(except radon?? and radon™) to the ambient air from Department of Energy facilities shall not 32
exceed those amounts that would cause any member of the public to receive in any year an 33
effective dose equivalent of 10 mrem/yr. 34
NESHAP SUBPART H - 40 CFR PART 61, SECTION 61.93: Continuous measurement of 35
radionuclide emissions is required for point sources having the potential to cause an EDE in 36
excess of 0.1 mrem/yr. The EDE is again determined by an approved USEPA computer model. .37
However, for the purposes of determining monitoring requirements, the estimated radionuclide 38
-~~~ release rates are based on normal facility operations, without the benefit of any pollution control 39
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equipment. Additionally, all radionuclides which could contribute greater than 10% of the
potential EDE for a release point shall be measured.

NESHAP SUBPART Q - 40 CFR PART 61, SECTION 61.192: No source at a Department of
Energy facility shall emit more than 20 pCi/-m?-s of radon® as an average for the entire source,

into the air. This applies to the design and operanon of DOE owned storage and disposal
facilities that emit radon™ into the air.

State Requirements

PERMIT TO INSTALL - OAC 3745-31-05 (A): Installation of the proposed Pilot Plant facility
must not prevent or interfere with the attainment or maintenance of applicable ambient air quality
standards; and must not result in a violation of any applicable laws; and must employ the best
available technology (BAT) to control emissions.

PERMITS TO OPERATE - OAC 3745-35-02 (C): The proposed Pilot Plant facility must be
operated in compliance with applicable air pollution control law; must be constructed, located or
installed in compliance with the terms and conditions of a Permit to Install; and must not violate
NESHAPs adopted by the Administrator of the USEPA.

Explanation of How _the Response Action Will Meet the Standards, Requirements, Criteria, or
Limitations Identified in Item B Above

NESHAP Subpart H:

The Pilot Plant emission control systems will be designed to prevent the facility from exceeding
the 10 mrem/yr EDE standard. Emissions from the vitrification facility shall be vented through
a vitrification off-gas system. Radon emissions from the silos shall be vented through a carbon
bed/HEPA filter control system.

A stack monitoring program will be established for the vitrification exhaust gases. This
monitoring program will conform to the sample collection and analytical requirements of 40 CFR
Part 61. Appendix B. Method 114. An isokinetic sampler shall be used to continuousiy withdraw
a sample from the stack. The sample will be drawn through a filter to collect particulate matter
for analysis. Using the results of the sample analyses, the annualized EDE shall be determined
using an approved computer model and shall be incorporated into the sitewide annual NESHAP
report.

Though not yet modeled, preliminary estimates of the source term derived under 40 CFR Part
61.96(b), indicate that the EDE will be greater than 0.1 mrem/yr.  This, normally, would
require the submittal of an application for approval. However, in accordance with Section 121(e)
of the CERCLA statute, compliance with only the substantive requirements of an ARAR must
be met. Demonstration of compliance with administrative requirements, such as submittal of
permit applications, is not required.

The EDE used to evaluate stack monitoring requirements has not been calculated, though it is
also expected to be greater than 0.1 mrem/yr. A continuous, isokinetic stack sampler will be
installed to measure emissions from the vitrification process.
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NESHAP Subpart Q: ' 1

As with NESHAP Subpart H, compliance with administrative requirements of an ARAR under
CERCLA, including submittal of a permit application, is not required to be demonstrated. 3

t2

Data from the treatability study indicate that radon emissions from storage of the vitrified product
will be less than 20 pCi/m?%s. This will comply with the substantive requirements of 40 CFR 5
Part 61 Subpart Q.

Estimates of both Subpart H and Subpart Q emissions from the Pilot Plant project are being
~ - developed. These emission estimates, and the results of any associated computer modeling runs '8
will be forwarded to the USEPA as a separate document.

The off-gas system, described in Section 2.1.2, is being designed to meet the requirements of 10

Best Available Technology for control of emissions. The vitrification unit will be heated 11
electrically, and as such, will not be a major source of criteria pollutants. The material to be 12
processed contains limited amounts of compounds which could produce an air toxic hazard. 13
Ambient air quality will not be adversely impacted by emissions from this source. 14

The Pilot Plant will be operated in such a manner so as to not interfere with the attainment or 15
maintenance of any applicable air quality standards, nor cause a violation of any applicable laws. 16

11.5.2 Wastewater Permits ’ ‘ 17
This project will resuit in the generation of wastewater which will be discharged to the FEMP Advanced 18
‘Waste Water Treatment System (AWWTS) under the NPDES permit. 19
Generated wastewater streams will include the combined discharge of process wastewaters and the 20
accumulations of rain water from diked concrete pads in the Pilot Plant area. This wastewater stream 21
will be characterized to determine the appropriate means of treatment in the site AWWTS, with the 22
.treated effluent being discharged under the NPDES permit. 23
Also, under the Clean Water Act (CWA), permits are required for activities which discharge material into 24
U.S. waters (including wetlands). Although the Pilot Plant will not be constructed in a wetland area, 25
some wetiand areas will be impacted by the installation of several utility lines to serve the proposed Pilot 26
Plant. . 27
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Identification of Wastewater Permits that Would Otherwise be Required

Federal Permits

CLEAN WATER ACT - SECTION 404: Pursuant to Section 404 of the Cleah Water Act

(CWA), a permit from the U.S. Army Corps of Engineers (ACOE) would be required to
discharge materials into the wetland areas.

State Permits

PERMITS TO INSTALL - OAC 3745-31-02 (A): Unless exempted by OAC 3745-31-03, no
-person shall cause, permit or allow the installation of a new disposal system, or cause, permit,
or allow the modification of a disposal system without first obtaining a Permit to Install. Under
ordipary circumstances, a wastewater Permit to Install would have to be obtained for the
proposed vitrification Pilot Plant.

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) - OAC 3745-33-
02 (A): No person may discharge any pollutant or cause, permit, or allow a discharge of any
pollutant without applying for and obtaining an Ohio NPDES permit. The FEMP currently
. operates under an approved Ohio NPDES permit.

SECTION 401 WATER QUALITY CERTIFICATIONS - OAC 3745-32-02(A)(2):" A Section
401 State Water Quality Certification is required to obtain a Section 404 permit from the ACOE.

Identification of the standards, requirements, criteria, or limitations that would have to be met
to obtain the above permits/notifications

Federal Requirements
\

CLEAN WATER ACT - SECTION 404: The temporary sidecasting (up to three months) of
excavated material into wetlands during construction of utility lines is authorized under
Nationwide Permit (NWP) 12 as codified in Appendlx B to 33 CFR Part 330, provnded the
following permit conditions are met:

e Navigation. The activity must not cause more than a minimal effect on navigation.

e Proper Maintenance. Fill authorized by the NWP must be properly maintained, including
maintenance to ensure public safety.

e  Erosion and Siltation Controls. Appropriate erosion and siltation controls must be used and
maintained in effective operating condition during construction, and all exposed soil and
other fills must be permanently stabilized at the earliest possible date.

* Agquatic Life Movements. The activity must not disrupt the movement of those species of
aquatic life indigenous to the body of water (wetland) where the activity is being conducted.

* FEquipment. Heavy equipment working in wetlands must be placed on mats or other
measures must be taken to minimize soil disturbance.
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Wild and Scenic Rivers. The activity cannot occur in a component of the National Wild and
Scenic River System.

Tribal Indian Rights. The activity must not impair reserved tribal rights including but not
limited to reserved water rights and treaty fishing and hunting rights.

Water Quality Cemficatlon A State Water Quality Certification or waiver thereof is
requxred ’

Endangered Species. The activity must not jeopardize the continued existence of any
threatened or-endangered-species-or-adversely-affect-their-habitats in-any-manner.————-- -

Historic Properties. The activity must not affect historic properties listed or eligible for
listing in the National Register of Historic Places.

Water Supply Intakes. The discharge of excavated material must not occur in close
proximity of a public water supply intake.

Shellfish Production. No discharge of material is allowed in an area of concentrated
shellfish production.

Suitable Material. The discharged material must be free of unsuitable materials (trash,
debris, etc.) and toxic pollution in toxic amounts as per Section 307 of the CWA.

Mitigation. The discharge of material must be minimized or avoided to the maxlmum extent
practicable at the project site.

Spawning Areas. Dlscharges in spawnmg areas during spawning season must be limited to
the maximum extent practicable. :

Obstruction of High Flows. To the maximum extent practicable, discharges must not
permanently restrict or impede the passage of normal or expected high flows or cause
relocation of the water.

Waterfowl Breeding Areas. Discharge into breeding areas for migratory waterfowl must be
avoided to the maximum extent practicable.

Removal of Temporary Fills. Any temporary fills must be removed in their entirety and the
affected areas returned to their preexisting contours.

State Requirements

PERMITS TO INSTALL - OAC 3745-31-05 (A): Installation of the proposed Pilot Plant facility
must not prevent or interfere with the attainment or maintenance of applicable ambient water
quality standards; and must not result in a violation of any applicable laws; and must employ the
best available technology.
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NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) - OAC 3745-33-
02 (A): All discharges authorized under the NPDES permit shall be consistent with the terms
and conditions of the permit. Facility expansions, production increases, or process modifications
which result in new, different or increased discharges of pollutants must be reported.

SECTION 401 WATER QUALITY CERTIFICATIONS - OAC 3745-32-02(A)(2): The Ohio
Environmental Protection Agency (OEPA) granted Section 401 State Water Quality Certification
for NWP 12 on January 17, 1992. Work conducted under NWP 12 need only comply with the
following conditions of the Water Quality Certification to be authorized.

e  Bank Stabilization. All necessary steps shall be taken, upon completion of the project, to
ensure bank stability.

¢ Damages to Immediate Environment. All damage by equipment needed for construction or
hauling shall be repaired immediately.

e  Water Quality. Care must be employed throughout the course of the project to avoid the
creation of unnecessary turbidity which may degrade water quality or adversely affect
aquatic life.

¢ Forested Wetlands. NWP 12 can not be used to authorize utility lines greater than 1000 feet
in length in forested wetlands.

Explanation of How the Response Action Will Meet the Standards, Requirements. Criteria, or
Limitations Identified in Item B Above :

Federal Requirements
The proposed project will be conducted.in compliance with the conditions of NWP 12 as follows:
¢ Navigation. The proposed project will not affect navigation.

e Proper Maintenance. Any fill discharged as a result of the project will be maintained and
stabilized as soon as practicable upon compietion of the project.

¢ Erosion and Siltation Controls. Appropriate erosion and siltation controls will be-used and
maintained in effective operating condition during construction. and all exposed soil .and
other fills wiil be permanently stabilized at the earliest p0551ble date after completion of
construction.

® Agquatic Life Movements. Construction will not disrupt the movement of any indigenous
aquatic species.

¢ Equipment. When heavy equipment must be used to conduct work within the wetland mats,
other measures will be utilized to minimize disturbance within the wetland area.

e  Wild and Scenic Rivers. The wetland in which work will be conducted is not part of the
National Wild and Scenic River System.
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® Tribal Indian Rights. The project will not impair reserved tribal Indian rights in any
manner. . 2

*  Water Quality Certification. OEPA granted State Water Quality Certification for NWP 12 3
on January 17, 1992.

* Endangered Species. No known threatened or endangered species inhabit the area in which 5
work will be conducted. '

¢ Historic Properties. The project will not affect any historic propertles whlch are listed or

eligible for listing in the National Register of Historic Places. - - T8
e  Water Supply Intakes. ‘There are no public water supply intakes in close proximity to the 9
proposed project location. 10
e  Shellfish Production. The prOJect will not be conducted in an area of concentrated shellfish 11
production. 12
¢  Suitable Material. All material discharged during the course of the project will be free of 13
unsuitable materials (trash, debris, etc.) and toxic pollution in toxic amounts as per Section 14
307 of the CWA. 15
e Mitigation. Impacts to the wetland area will be minimized to the maximum extent 16
practicable during construction. Disturbances will be allowed only in those areas m which 17
they are absolutely required. 18
* Spawning Areas. The proposed project is not being conducted in a spawning area. 19 -
e Obstruction of High Flows. The project will not result in the permanent restriction or 20
impediment of flows within the wetland. All fill discharged into the wetland will be 21
removed with three (3) months. _ 2
e  Waterfowl Breeding Areas. The project area is not known to be a breeding area for 23
migratory waterfowl. : 24
* Removal of Temporary Fills. All fill material will be removed from the wetland area - 25
immediately upon completion of construction and the affected wetland areas will be returned 26
to their pre-existing contour elevations. In addition, any exposed areas will be stabilized as 27
soon as practicable. . 28
State Requirements ' 29
This project will not interfere with the attainment or maintenance of any water quality standards; 30
nor will it result in a violation of any applicable laws. Wastewater streams generated by the 3
vitrification process will not significantly alter the character of the plant effluent streams. Best 32
available technology will be satisfied with the installation of a filter used for the removal of - 33
suspended solids. Effluent from the filter will be dxscharged to exxstmg systems for the treatment 34
- necessary to-meet current NPDES effluent limitations. T - 35
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The proposed project will comply with all conditions of the Section 401 State Water Quality
Certification for NWP 12 as follows:

® Bank Stabilization. All necessary steps will be taken, upon completion of the project, to
ensure bank stability.

® Damages to Immediate Environment. All damage cause by equipment needed for
construction or hauling will be repaired immediately, upon completion of construction.

®  Water Quality. Care will be taken to avoid the creation of unnecessary turbidity which may
degrade water quality or adversely affect aquatic life.

® Forested Wetlands. The proposed project does not invoive work within a forested wetland.

11.6 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARSs)

Activities of this Pilot Plant program include the potential for generation of wastewater streams, emission
of radionuclides, off-gas emissions and the generation of RCRA hazardous waste, or waste sufficiently
similar to RCRA waste to require regulation under RCRA, as discussed in Section 11.3. In addition,
there is the potential for the generation of dust partic'ulates and other emissions as the result of
construction and operation of the waste retrieval systems and vitrification facility, and for generation of
additional waste streams needing characterization.

Applicable or relevant and appropriate: requirements (ARARs) and To Be Considered (TBC) criteria
which pertain to the types of contaminants that may be generated, or the location of activities associated
with the Pilot Plant, have been identified. Appendix C presents the potential regulatory requirements for
this project and the compliance strategies associated with each requirement.
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, 12.0 COMMUNITY RELATIONS o !

Treatability studies and community information and involvement activities are required in the CERCLA

[

process. Community relations activities will be conducted to explain the role of treatability studies in the 3
Operable Unit 4 RI/FS. This will confirm confidence in the cleanup alternatives, technologies identified 4
in the alternatives screening/analysis process, and in the preferred alternative for Operable Unit 4. 5
In accordance with CERCLA and the National Oil and Hazardous Substances Pollution Contingency Plan 6
(NCP), information regardmg this document and the vitrification technology will be provided to 7
individuals via Fernald site publications; briefings at community, township, and Fernald Residents for 8
Environmental, Safety', and Health (FRESH) meetings; and the public participation activities. 9
In addition to attending community meetings and participating in Fernald-related activities, individuals 10
can also obtain information by examining the Administrative Record, which contains documents relevant 11
to the RI/FS for the site, including Operable Unit 4. The Administrative Record is located in the Public 12
Environmental Information Center, 10845 Hamilton-Cleves Highway, just south of the Fernaid site. 13
Public Environmental Information Center Hours 14
Phone: 513-738-0164 : ) 15
Monday and Thursday, 9 a.m. to 8 p.m. 16
Tuesday, Wednesday and Friday, 9 a.m. to 4:30 p.m. _ 17
Saturday, 9 a.m. to | p.m. 18
Although the law does not require a formal public comment period on treatability study work plans, 9
individuals will have opportunities to provide input regarding the Vitrification Pilot Plant and other 20
Operable Unit 4 projects through public participation activities that will be conducted to promote 21
communications between the FEMP and the community. ' » ' 22
For more information about this document or the Fernald site, individuals may contact:
Mr. Ken Morgan Mr. Jim Saric
Public Information Director _ Remedial Project Director
DOE Field Office, Fernald U.S. EPA 5HRE 8]
P.O. Box 398705 77 West Jackson Boulevard
Cincinnati, OH 45239-8705 Chicago, IL 60604
Phone: 513-648-3131 Phone: 312-886-0092
12-1
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13.0 REPORTS
13.1 MONTHLY REPORTS

The progress made in meeting the Pilot Plant Phase II Program milestones and identification of any
technical issues that may develop during the course of work will be reported to the USEPA via the
"Consolidated Consent Agreement/Federal Facility Compliance Agreement/Federal Facility Agreement
to Controf and Abatement of Radon-222 Emissions Monthly Progress Report.”

13.2 BI-WEEKLY STATUS MEETINGS

A regularly-scheduled bi-weekly status meeting is held with the DOE-FN to summarize the progress made
in the Pilot Plant Phase I construction, start-up and operation and to discuss any relevant issues that may
develop during the course of work. Regularly-scheduled status meetings will continue to be held through
Phase II on a schedule that is commensurate with the needs of the program.

13.3 FINAL REPORT

A final report will be generated following the completion of Phase II of the project. The report will

include a description of all of the work performed in Phases I and II, along with summary data from both
laboratory and site operations performed in the project, technical discussion, results, and conclusions.

Preparation of this report is the responsibility of the Project Director and submittal to DOE-FN will be

scheduled to occur within ninety (90) days after completion of the Phase II project. A suggested format

for the final report is presented in Table 13-1. This format is based on USEPA guidance for Treatability

Study Reports that are conducted as CERCLA activities.
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TABLE 13-1

Suggested Organization of the Treatability Study Final Report

[ntroduction
1.1 Site description
1.1.1 Site name and location
1.1.2 History of operations
1.1.3 Prior removal and remediation activities
1.2 Waste stream description
1.2.1 Waste matrices
1.2.2 Pollutants/chemicals
1.3 Treatment technology description
-1.3.1 Treatment process and scale
1.3.2 Operating features
1.4 Previous treatability studies at the site
Conclusions and Recommendations '
2.1 Conclusions
2.2 Recommendations
Treatability Study Approach
3.1 Test objectives and rationale
3.2 Experimental design and procedures
3.3 Equipment and materials
3.4 Sampling and analysis
34.1 Waste stream
, 342 Treatment process
3.5 Data management
3.6- Deviations from the Work Plan

13-2
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TABLE 13-1 -
(continued) : 2
4.0 Results and Discussion 3
4.1 Data analysis and interpretation : e s , - R L3
4.1.1 Analysis of waste stream characteristics s
4.1.2 Analysis of treatability study data - 6
4.1.3 Comparison to test objectives ' 7
4.2 Quality assurance/quality control 8
4.3 Costs/schedule for performing the treatability study 9
4.4 Key contacts 10
References . _ 11
Appendices , ‘ ' 12
A. Data summaries _ 13
B. Standard operating procedures ‘ 14
13-3
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14.0 SCHEDULE ‘ ) 1
Figure 14-1 includes activities required to complete the Phase II Pilot Plant Treatability Study (for
vitrification of K-65 and Silo 3 material) and the Remedial Action programs for the Silos and the

Operable Unit 4 area. The schedule of activities is driven by the milestones that are incorporated in the

2
3
4
Amended Consent Agreement and the resource-loaded schedules inciuded in the DOE-approved five-year 5
plan. Any and all changes to this baseline schedule require approvals that are obtained via a formal 6

.

change control procedure. . S L .

14-1
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& 15.0 MANAGEMENT AND STAFFING
The Pilot Plant Programi ﬂiapports the remediation of Operable Unit 4 at the Fernald Environmental
Management Project. The governing document is the Amended Consent Agreement between the
U.S. DOE and the USEPA:.Region V, signed in September 1991. As such, ultimate project management
responsibility lies with Lhme two agencies as defined by this agreement. In addition, the OEPA has been
granted regulatory autho;it’il over certain RCRA activities. Each agency has engaged contractors to

perform identified scopes éf work related to their prime areas of responsibility for ‘site remediation.

Figure 15-1 shows this responsibility matrix, and Figure 15-2 identifies the lead personnel.

Within each agency, various organizations and offices have been delegated specific program
responsibilities. Direct management of this Pilot Plant Phase II program is delineated as described in
Section 15.1.

15.1 PROJECT MANAGEMENT

The Pilot Plant programv is being developed for, and will be implemented as, the third tier RD/RA
(Remedial Design/Remedial Action) Treatability Study of the USEPA-outlined approach to conducting
treatability studies at a S\éerfund site (1992). Thus, the 1991 Amended Consent Agreement is the overail
governing' document, with the project being conducted in compliance with EPA guidance for CERCLA
activities and site operatiéns being conducted in compliance with DOE Orders. (Note that DOE Orders
are currently included as 'TBCs in the list of ARARs and TBCs for remediation under CERCLA).

The Phase II program will be conducted in compliarice with this Work Plan document as approved by

the Remedial Project Director, USEPA Region V. The DOE Office of Environmental Restoration will
oversee the program via its Fernald Field Office (DOE-FN). The DOE has retained the Fernald
Environmental Restoration Management Corporation (FERMCO) as the Environmental Restoration
Management Contractor (ERMC) for site remediation. Remediation projects for Operable Unit 4 are
managed by CERCLA/RCRA Unit 4 (CRU4), so named in recognition of the principal legislation
governing remedial activities.

FERMCO wiil implement the program for the DOE-FN via its own workforce and subcontractors. The
Architectural/Engineering firm, Parsons, is under contract to FERMCO to perform engineering design
services for remediation. -When required, other subcontractors and FERMCO home office support from
teaming partners is utilized to accomplish specialized tasks or uniqué scopes of work. Within FERMCO,
the CRU4 Director has lead responsibility for implementing the overall Pilot Plant Phase II program.

15-1
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15.2 STAFFING

The FERMCO organization consists of project divisions (such as CRU4), support divisions (such as
Engineering), and service departments (such as Analytical Services). The support divisions supply full-
time personnel to the project on a matrix basis. This may range from a single point of contact (such as

a procurement representative) to a full department (such as Environmental, Engineering, or Construction)..

Service organizations (such as Analytical Services) provide support on a request-for-services basis from
a document that is generated for each specific work request. Figure 15-3 is an organization chart that
depicts the CRU4 responsibilities for the Pilot Plant program activities.

Within the CRU4 organization, operations are conducted in accordance with "CRU4 Operating

‘Procedures,” 18-PR-001 which became effective on February 28, 1994. These CRU4 division procedures

address the 12 major areas of operations for which the CRU Director. is responsible. These procedures
define responsibilities, interactions within the CRU4 organization, and relationships with the home
divisions for matrixed personnel.

Briefly, the function responsibilities within the CRU4 brganization are as follows. The CRU4 Director
is the Program Manager. The Assistant CRU4 Director, Engineering and Construction, serves as the
Pilot Plant Project Manager during the design and construction phase. The Assistant CRU4 Director,
Operations and Remediation is responsible for all RI/FS program and environmental compliance activities
as well as startup and operations activities. The Engineering Department Manager is responsible for
facility and process design, as well as Project Engineering support activities. The Construction Manager
is responsible for facility construction. The Engineering, Construction, and Operations and Remediation

Departments maintain responsibility through the check-out and start-up phases. As a treatability test’

program. the actual testing will be directed by profession'al staff; the CRU4 Remedial Site Operations
Manager is responsible for supplying building services and equipment operators.
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16.0 BUDGET !

086115

The budget for the Pilot Plant project is contained in the "FEMP Baseline for FY 94 -99," WBS Element 2
1.1.1.1.4, which is titled "Operable Unit 4, Silos 1-4." The FEMP Baseline document contains the 3
resource-loaded schedules for the individual components of the integrated program, and that document 4
is the reference for the budget details. Summary level totals for each major component by fiscal year 5
are shown here. These costs do not include the operation and eventual demolition and environmental 6
restoration costs for the project. Table 16-1 shows the total cost including design. Tables 16-2 and 16-3 ... . 7
'show the equipment and construction costs. 8
TABLE 16-1.
Total Estimated Costs for the Integrated Pilot Plant Project
ITEM FY-94 FY-95 FY-96 TOTAL
FERMCO Labor 1,659,877 905,109 115,080 2,680,066
Subcontractors 5,518,832 6,273,223 0 11,792,055
Materials 4,695,951 3,449 2,988 4,702,388
TOTAL ESTIMATED COST 11,874,660 7,181,781 118,068 19,174,509
TABLE 16-2
Costs for the Pilot Plant Facility
ITEM FY-94 FY-95 FY-96 TOTAL
FERMCO Labor 146,808 263,528 0 410,336
Subcontractors 1,721,466 5,859,895 0 7,581,361
Materials 4,639,511 0 0 4,639,511
TOTAL ESTIMATED COST 6,507,785 6,123,423 0 12,631,208
16-1
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TABLE 16-3
Costs fbr Waste Retrieval and Transfer
ITEM FY-94 FY-95 FY-96 TOTAL
| FERMCO Labor 293,033 104,124 0 397,157
Subcontractors 1,301,673 207,209 0 1,508.882
Materials 0 0 0 0
TOTAL ESTIMATED COST 1,594,706 311,333 0 1,906,039

FERMCO labor includes only the direct labor charges made by FERMCO employees. The

"Subcontracts" costs represent the estimated costs of subcontracts for design and construction. The

"Materials" costs represent the cost of materials purchased to operate the facility.

16-2
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- FEMP-QU4FS-6 FINAL
February 1994

TABLE A.1-1

SUMMARY OF RADIONUCLIDE ANALYSES
FOR SILOS 1 AND 2 RESIDUES

Frequency Arithmetic Upper 95% Range
of Mean® CI on Mean* of Detects®
Analyte? Detection® Rejected (pCi/g)* (pCi/g)* (pCi/g)*
SILO 1
Actinium-227 13/20 0 5960 7670 4320-17390
Lead-210 20/20 0 165000 202000 -~ 48980-381400
Polonium-210 13/13 0 242000 281000 144000-434000
Radium-226 20/20 0 391000 477000 89280-890700
Thorium-228 2/20 0 422 2280 835-2280
Thorium-230 : 24/24 0 60000 68900 10569-105372
Thorium-232 8/20 0 424 1110 661-1106
Uranium-234 - 21721 0 . 800 932 326-1548
Uranium-235/236 14120 0 38 54 19.1-105
Uranium-238 20/20 0 642 693 : 387-920
SILO 2
Actinium-227 11/14 0 5100 6640 2905-10450
Lead-210 14/14 0 145000 190000 58160-399200
Polonium-210 . 88 0 139000 - 1231000 55300-241000
Protactinium-231 1/14 0 2350 4040 4041-4041
Radium-226 14/14 0. 195000 263000 657-481000
Thorium-228 5/14 0 645 7360 411-7360
Thorium-230 15/15 0 48400 76200 8365-132800
Thorium-232 3/14 0 402 985 851-985
Uranium-234 13/13 0 961 1160 121-1465
Uranium-235/236 11/13 0 73 94 35.6-172
Uranium-238 14/14 0 912 1120 46-1925

*Sample numbers used in this data set include: (Silo 1) 99728, 99743, 99870, 99885, 99909. 99930,

99939, 99948, 99966, 99975, 100004, 100025, 100039, 100108 through 100114; and (Silo 2) 99359,
99710, 99774, 99802, 99811, 99831, 99846, 99861, and 100115 through 100120.

*Rejected data not included in total number of samples.

‘Values qualified with an R are excluded. The mean and upper 95% confidence interval (CI) on mean
have been rounded to show three significant figures. The mean is calculated using one-half the Sample
Quantitation Limit (SQL) for nondetects.

‘Values expressed in picoCuries per gram (pCi/g).

. HRARRE - B
FER/OU4FS/LAW. WP996A. 1-1/08/05/94 8:40am A-1 , Gocii9



TABLE A.1-2

INVENTORY OF K-65 RADIOLOGICAL CONSTITUENTS

S -0022

FEMP-QU4FS-6 FINAL

February 1994

silo 1* Silo 2¢
Mean UCL Mean UCL

Inventory* Inventory* Inventory® Inventory®
Analyte i SCH . (C) . (Ci) (Ci)
Actinium-227 40 52 30 39
Lead-210 1110 1360 844 110
Polonium-210 1630 1890 809 1340
Protactinium-231 ND¢ ND? 14 24
Radium-226 2630 3210 1140 1530
Thorium-228 2.8 15.3 3.8 43
: Thoriﬁm—230 403 463 282 444
Thorium-232 2.9 7.5 2.3 5.7
Uranium-234 5.4 | 6.3 5.6 6.8
Uranium-235/236 0.26 0.36 0.43 0.55.
Uranium-238 43 4.7 53 6.5
Total Uranium® 129 14.1 15.9 19.5

*Based on a volume of 3280 cubic meters (m®) and a dry mass density of 2.050 grams per cubic

centimeter (gm/cm?).

*Based on a volume of 2840 m* and a dry mass density of 2.050 gm/cm’®. |
‘Values for mean and Upper Confidence Limit (UCL) calculated using value taken from Table 4-2 of
the Remedial Investigation Report for Operable Unit 4 (RI Report for OU4).
IND - Analyte was not detected. _
“Total uranium mass values in metric tons (MT). Calculated from the isotopic distribution of

uranium.

. FER/QU4FS/LAW.WP996A.1-2/08/05/94 8:40am
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FOR SILOS 1 AND 2 RESIDUES

TABLE A.1-3

CHEMICAL ANALYSES

FEMP-QU4FS-6 FINAL

February 1994

Frequency Arithemetic ~ Upper 95% Range of
of Mean°® CI on Mean® Detection
Analyte? Detection® Rejected (mg/kg)* (mg/kg)* (mg/kg)*
SILO 1 ‘ 3
General Chemistry
Ammonia 4/7 0 1.19 8.9 1.1-8.9
Chloride 717 0 - 637 1340 269-1349
Fluoride 217 0 1 394 15-394
Nitrate _ 5/5 2 2930 4764 2216-4764
Oil and grease 7/8 0 3650 27000 11.7-27000
Phosphorus 8/8 0 1130 3290 0.4-3290
Sulfate 6/6 1 1300 3460 444-3460
~ Total Kjeldahl 717 0 479 676 51.6-782.5
nitrogen }
Total organic carbon 8/8 0 19200 26200 5166-34800
Total organic nitrogen 8/8 0 448 623 51.6-782
Metals |
Aluminum 13/19 0 1050 1320 450-2460
Antimony - 11/12 7 21 26 13.3-46.2
Arsenic 18/19 0 22 55 3.1-68.4
Barium 19/19 0 11600 14200 1970-22100
Beryllium 17/19 0 | 1 0.59-2.8
Boron 12/12 0 46 50 23.8-61.7
Cadmium 11/18 1 2 4 0.56-8
Calcium 19/19 0 2960 3650 799-5700
Chromium 19/19 0 42 55 19.7-165
Cobalt 19/19 0 936 1100 349-1870
Copper 19/19 0 285 331 122-475
Cyanide 19/19 0 2 3 0.52-4.4
Iron 19/19 0 14700 21100 4280-75100
Lead 19/19 0 81700 95500 17400-133000
Magnesium 19/19 0 2880 3380 - 1500-6020
Manganese 19/19 0 72 97 25.6-257
Mercury 18/19 0 0.6 0.9 0.15-2.8
FER/OUSFS/LAW. WP996A. 1.5/08/05/94 8:41am A3 GUCizi
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 TABLE A.1-3
(Continued)
Frequency Arithemetic  Upper 95% Range of
of Mean* CI on Mean® Detection
Analyte? Detection® Rejected (mg/kg)? (mg/kg)* (mg/kg)®
Molybdenum 12/12 0 4850 6290 968-8600
Nickel 19/19 0 1790 2290 629-3380
Potassium 19/19 0 429 493 158-715
Selenium S99 0 287 T340 5852810 N
Silicon 12/12 0 723 853 359-1290
Silver 19/19 0 11 13 5-23.3
Sodium 19/19 0 8670 - 10700 360-16700
Thallium 8/18 1 O._3 1.4 0.09-1.4
Vanadium 19/19 . 0 136 161 63.1-293
Zinc 14/19 0 28 37 7.7-212
SILO 2 '
General Chemistry
Chloride 6/6 0 65 ' 141 28-141
Nitrate 5/5 1 5430 8900 3490-8900
Oil and grease 4/4 0 301 541 207-541
Phosphorus : 515 0 1130 1400 623-1400
Sulfate . 6/6 0 8610 19300 2590-19300
~ Total Kjeldahl 3/3 0 204 220 176-220
nitrogen '
Total organic carbon - 5/5 0 6090 24400 148-24400
Total organic nitrogen 4/4 1 232 289 176-289
Metals ‘
Aluminum 8/14 0 845 ‘ 1110 363-2250
Antimony ' 7/8 -6 26 44 14.4-77.4
Arsenic 14/14 0 432 1550 57.5-1960
Barium 14/14 0 6970 19900 89.2-19900
Beryllium 14/14 0 2 3 0.59-6
Boron 58 0 38 51 18.4-81.2
Cadmium 13/14 0 5 7 2-19.1
Calcium 14/14 0 33300 301000 64-301000
Chromium l4n4e 0 40 _ 51 _ 0.207-83.1 .~
Cobalt S 14/14 0 984 2430 6.2-2430
. Copper 13/13 1 531 818 220-1790
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FEMP-QU4FS-6 FINAL

February 1994

TABLE A.1-3
._! (Continued)
Frequeﬂcy Arithemetic Upper 95% Range of
of Mean® CI on Mean® Detection
Analyte* Detection® Rejected (mg/kg) (mg/kg)? (mg/kg)*
Cyanide 13/13 1 3 5 0.9-7.1
Iron 13/13 | 16500 28900 4010-40000
Lead 14/14 0 48200 299000 153-299000
Magnesium - 14/14 0 3800 6410 805-8740
Manganese 14/14 0 163 259 40.6-403
Mercury 13/13 1 09 1.2 0.182.3
Molybdenum 8/8 0 291 440 148479
Nickel 14/14 0 1380 1720 14.6-2640
Potassium 14/14 0 217 337 37.8-653
Selenium 13/13 1 110 124 49.6-155
Silicon 8/8 0 851 1148 507-1780
Silver 13/13 1 17 22 7.4-34.9
Sodium 14/14 0 2430 3200 226-4940
Thallium 9/12 1 1 2 0.33-5.7
Vanadium 14/14 0 237 : 298 21.9-535
Zinc 14/14 0 54 91 11.2-159

*Sampie numbers used in this data set include: 99359, 99704-99806, 99711-99713, 99715, 99718,
99769-99771, 99775-99778, 99781, 99723-99725, 99729-99732. 99735, 99738-99740, 99745-99747.
99750, 99806-99808, 99812-99815, 99818, 99826-99828, 99832-99834, 99837, 99839, 99841-99843,
99847-99850, 99853, 94856-99858, 99865-99867, 99871-99874, 99877, 99880-99882, 99886-99889,
99904-99906, 99910-99913, 99916, 99925-99927, 99934-99936, 99940-99943, 99946, 99963-99963,
99980-99984, 99986, 99987, 99999, 100000, 100001, 100026-100029, 100032, 100034-100036, and
100115-100120. '

*Rejected data not included in total number of samples.

‘Values qualified with an R are excluded. The mean and upper 95% CI on mean
has been rounded to show three significant figures. The mean is calculated using one-half the SQL for

" nondetects.

*Values expressed in milligrams per kilogram (mg/kg).
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TABLE A.14
ORGANICS ANALYSES FOR SILO 1 RESIDUES

Frequency ‘ Arithmetic ~ Upper 95% Range of
of Mean°® CI on Mean® Detection®

Analyte* Detection®  Rejected (mg/kg)* (mg/kg)* (mg/kg)*
PCBs and Pesticides
4,4’-DDT ‘ 2/19 0 0.21 0.07 0.014-0.068
4,4’-DDE- - - S =219 - 0~ 0.22-° 70127 0.029-0.12°
Aldrin /19 0 0.09 0.056¢ e
Aroclor-1248 N7 2 1.2 2 1.7-10
Aroclor-1254 : 17/17 2 7.4 10 1.1-20
Aroclor-1260 2/19 0 2.6 3.5 1.3-3.5
Dieldrin 1/19 0 0.21 0.093¢ e
Endosulfan-I 2/19 0 0.1 0.092 0.011-0.092
Endosulfan II 2/19 0 022 . 0.26 0.082-0.26
Endrin 1/19 0 0.2 0.089° e
Heptachlor epoxide - 2/19 0 0.11 0.2 0.022-0.2
Semivolatile Organics '
Benzoic acid 4/12 7 0.53 0.12 0.075-0.12
Bis(2-Ethylhexyl)phthalate 12/16 3 0.7 1.5 0.07-6
Di-n-butylphthalate ’ 2/19 0 0.21 0.057 0.046-0.057
Di-n-octylphthalate 8/19 0 0.3 0.97 0.045-0.97
Dimethyl phthalate 5/12 7 0.16 0.16 0.068-0.16
N-nitroso-di-n-propylamine 1/12 7 0.24 0.059° e
Phenol 1/12 7 0.28 0.4 e
Tributvl phosphate 9/9 2 15 51 - 0.2-51
Volatile Organics
2-Butanone 4/11 7 0.007 0.022 0.002-0.022
2-Hexanone 6/11 7 0.007 0.017 - 0.002-0.017
4-Methyl-2-pentanone 3/11 7 0.005 0.003 0.002-0.003
Acetone 6/11 7 0.05 0.15 0.064-0.15
Methylene chloride 2/11 7 0.02 0.19 0.0380-0.19
Toluene 4/11 7 0.02 0.05 0.002-0.19

*Sample numbers used in this data set include: 99733, 99875, 99914, 99931, 99944, 99722, 99733,
99737, 99748, 99864, 99875, 99879, 99890, 99903, 99914, 99924, 99931, 99933, 99944, 99958,
99959, 99977, 99979, 99890, 100009, 100019, 100030, 100033, 100040, and 100108 through 1001 14.
*Rejected data not included in total number of samples. :

°Values qualnﬁed w1th an R are excluded The mean and upper 95% CI on mean _

nondetects.
‘Values expressed in milligrams per kilogram (mg/kg).
*Analyte was detected in a single sample.
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TABLEA.1-5
SUMMARY OF ORGANICS
ANALYSES FOR SILO 2 RESIDUES
Upper 95%
Frequency Arithmetic Clon Range of
of Mean® Mean°® Detection®

Analyte? Detection®  Rejected (mg/kg) (mg/kg) (mg/kg)*
PCBs and Pesticid&
Aroclor-1254 8/8 6 6.6 15 0.42-15
Aroclor-1260 1/14 0 1.4 0.034° e
Semivolatile Organics
Benzoic acid . 3/9 4 0.57 0.39 0.076-0.39
Bis(2-ethylhexyl)phthalate 8/8 5 0.55 1.2 0.19-1.9
Diethyl phthalate 17 6 0.24 - 0.41° e
Fluoranthene 1/13 0 0.18 0.064¢ e
N-nitroso-di-n-propylamine 377 6 0.17 0.26 0.083-0.26
Pyrene 1/13 0 0.17 0.047° e
Tributyl phosphate 5/5 1 29 ) 7.5-73
Volatile Organics '
2-Butanone 17 7 0.007 - o0.01° e
Acetone in 7 0.02 0.07 0.033-0.072
Carbon tetrachloride 18 6 0.005 01T - e
Methylene chloride 2/8 6 0.013 0.047 0.015-0.047
Tetrachloroethene 1/8 6 0.005 0.14¢ e
Toluene ' 1/8 6 0.008 0.01° e
Total xylenes 117 7 0.006 0.003® e

*Sample numbers used in this data set include: 99359, 99701, 99702, 99768, 99779, 99796, 99803,
99805, 99816, 99825, 99835, 99840, 99851, 99855, 99862, and 100115-100120.

*Rejected data not included in total number of samples. |

‘Values qualified with an R are excluded. The mean and upper 95% CI on mean has been rounded to
show three significant figures. The mean is calculated using one-half the SQL for nondetects.

‘Values expressed in milligrams per kilogram (mg/kg).

‘Analyte detected in a single sample.
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TABLE A.1-6

EP TOXICITY RESULTS FOR SILOS 1 AND 2 RESIDUES - 1989*

Maximum
: A Concentration
Frequency » Standard of
Analyte? 5 of B Mean Deviation =~ Minimum  Maximum  Contaminants®
etection (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Arsenic 6/7 0312 0.144 ND* 0.484 5.0
Barium 717 4.362 4.399 0.079 14.5 100.0
Cadmium 6/7 0.027 0.031 ND - 0.1 1.0
Chromium  ~ _7/7 0.333 0.277 0.02 0.964 5.0
Lead 717 561 278 0.159 904 5.0
Mercury 0/7 ND ND ND . ND 0.2
Selenium 717 0.535 0.238 0.217 0.997 1.0
Silver 6/7 0.074 0.040 ND 0.121 5.0
Silo 2 | | |
Arsenic 606 0.389 0.137 0.163 0.592 5.0
Barium 6/6 1.087 0.755 0.095 2.62 ©100.0
Cadmium 6/6 0.102 0.091 0.017 0.278 1.0
Chromium 4/6 0.380 - 0.365 ND 1.02 5.0
Lead 6/6 322 266 0.155 714 5.0
Mercury 0/6 ND ND ND  ND 0.2
Selenium 6/6 0.705 0.488 0.24 1.56 1.0

Silver 4/6 0.087 0.076 ND 0.213 5.0 -

“The data presented in table have not been validated.

*The sample numbers used in this data set include: (Silo 1) MM3336 through MM3343; (Silo 2)
MM3340 through MM3348. '

‘Data obtained from 40 CFR 261.24.

IND - Not detected
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TABLE A.1-11

FEMP-QU4FS-6 FINAL.

ESTIMATED INVENTORY OF K-65 SILOS METALS

February 1994 -

FER/OU4FS/LAW WP996A.113/08/05/94 8:44am

A-13

Silo 1* . Silo 2°
Mean UCL Mean uCL
Inventory®  Inventory® Inventory® Inventory®
Analyte (MT) (MT)* MT)¢ (MT)
Aluminum’ 7.06 8.88 4.92 6.46
Antimony 0.14 0.17 0.16 0.27
Arsenic - 0.15 0.37 2.52 9.02
Barium 78.0 95.5 40.6 116
Beryilium 0.007 0.007 0.01 0.02
Boron 0.31 0.35 0.22 0.30
Cadmium 0.013 0.027 0.029 0.04
Calcium 19.9 24.5 194 1750
Chromium 0.28 0.37 0.23 0.30
Cobalt 6.29 7.40 5.73 14.1
Copper 1.92 2.23 3.09 4.76
Cyanide 0.013 0.020 0.02 0.03
~ Iron -98.8 142 96.1 168
Lead 549 642 281 1740
Magnesium 19.4 227 22.1 37.3
Manganese 0.48 0.65 0.95 1.51
Mecury 0.004 0.006 0.00s - 0.007
Molybdenum 32.6 42.3 1.69 2.56
Nickel 12.0 15.4 8.03 10.0
Potassium 2.88 3.31 1.26 1.96 .
Selenium 1.92 2.29 0.64 0.72
Silicon 4.86 5.74 4.95 6.68
Silver 0.07 0.09 0.10 0.13
Sodium 58.3 71.9 14.1 18.6
Thallium 0.002 0.009 0.006 0.012
Vanadium 0.91 1.08 1.38 1.73
Zinc 0.17 0.25 0.31 0.53
*Based on a volume of 3280 m’ and a dry mass density of 2.050 gm/cm®. ’
*Based on a volume of 2840 m® and a dry mass density of 2.050 gm/cm’.
‘Values for mean and UCI concentrations taken from Table 4-4 of the RI Report for QU4.
Units are in metric tons (MT).
GSGA3A
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*Sample numbers used in this data set include: 100097 - 100107.
."Rejected data not included in total number of samples.

‘Values qualified with an R are excluded. The mean and upper 95% CI on mean

February 1994
TABLE A.2-1
CONCENTRATIONS IN SILO 3 RESIDUES
Frequency Arithmetic Upper 95% Range
of ‘ Mean® CI on Meéan°® of Detection®
Analyte * Detection®  Rejected (pCi/g)* (pCi/g)* (pCi/g)*
SILO 3 ’ .

_ Actinium-227 9/9 2 618, 925 ©234-1363 - -
Lead-210 11/11 0 2620 3480 454-6427
Protactinium-231 9/11 0’ 487 627 266-931
Radium-224 11/11 0 290 ' 367 64453
Radium-226 11/11 0 2970 3870 467-6435
Radium-228 9/11 0 297 406 82-559
Thorium-228 7/11 0 590 747 459-996
Thorium-230 11/11 0 51200 60200 21010-71650
Thorium-232 8/11 0 656 842 411-1451
Uranium-234 11/11 0 1480 1730 348-1935

* Uranium-235/236 10/11 0 93.6 17 42-158
Uranium-238 11/11 0 1500 1780 320-2043

have been rounded to show three significant figures. The mean is calculated using one-half the SQL for

nondetects.

‘Values expressed in picoCuries per gram (pCi/g).
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February 1994

TABLE A.2-2

INVENTORY OF SILO 3
RADIOLOGICAL CONSTITUENTS

Silo 3
Mean UCL
: Inventory® Inventory®

Analyte (Ciy* (Ciy
Actinium-227 54 8.2
Protactinium-231 43 5.5
Lead-210 . 23.2 30.8
Radium-224 - . 2.6 3.2
Radium-226 ‘ 26.3 34.2
Radium-228 2.6 3.6
Thorium-228 52 . 6.60
Thorium-230 } 453 532
Thorium-232 5.8 7.4
Uranium-234 _ 13.1 ' . 15.3
Uranium-235/236 0.83 1.04
Uranium-238 o 13.3 15.7

Total Uranium® 39.9¢ S 472

*Based on a volume of 3900 m® and a dry mass density of 2.267 gm/cm’.
*Values for mean and UCI concentrations taken from Table 4-19 of the
RI Report for QU4.
“Values expressed in Curies. A
*Total uranium mass values in MT. Calculated from isotopic

. distribution of uranium.

Gi36233
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FEMP-QU4FS-6 FINAL
February 1994

TABLE A.2-3

SUMMARY OF INORGANIC ANALYSES FOR SILO 3 RESIDUES

Arithmetic Upper 95% Range of -
Frequency of Mean® CI on Mean® Detection®
Analyte? Detection® Rejected (mg/kg) (mg/kg) (mg/kg)*
Metals '
Aluminum 1/11 0 17200 19800 _  10800-23700
Antimony /1 10 5.5 e e
Arsenic 11/11 0 1950 3170 532-6380
Barium 11/11 0 217 278 118-332
Beryllium 11/11 ) 24.2 29.1 10-39.9
Cadmium 11/11 0 60 94 21.5-204
Calcium 11/11 0 29400 33400 21300-39900
Chromium 11/11 0 288 395 139-560
Cobalt 10/10 1 2100 2890 1100-3520
Copper 111 0 2550 3340 1610-7060
Iron 11/11 0 - 37800 - 52200 13900-67600
-Lead 11/11 0 1730 2380 646-4430
Magnesium 1/11 0 58600 68900 38200-80900
Manganese 11/11 0 4380 5160 ' 2420-6500
Mercury 3/3 8 0.4 0.7 0.3-0.69
Nickel 10/10 1 3150 4290 1760-6170
Potassium 11/11 0 7260 14000 1300-22800
Selenium 11/11 0 174 229 101-349
Silver 11/11 0 16 18 9.2-23.8
Sodium RS TAY! 0 36100 40800 22900-51700
Thallium 10/10 1 21 56 4-73.9
Vanadium 11/11 0 1820 3490 418-4550
Zinc 11/11 0 |

450 535 301-672

*Sample numbers used in this data set include: 100097 through 100107.

*Rejected data not included in total number of samples.

‘Values qualified with an R are excluded. The mean and upper 95% CI on mean has been rounded to
show three significant figures.

-Values expressed in milligrams per kilogram (mg/kg).

“Analyte detected in a single sample.

006134
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TABLE A.2-4

INVENTORY OF SILO 3 METALS

FEMP-0U4FS-6 FINAL

February 1994

Silo' 3*

Mean UCL .

Inventory® Inventory®
Analyte (MT)" (MTY
Aluminum 152 175
Arsenic 17.2 28.0
Barium 1.92 2.46
Beryllium 0.21 0.26
Cadmium 0.53 0.83
Calcium 260 295
Chromium 2.55 3.49
Cobalt 18.6 25.6
Copper 225 29.5
Iron 334 462

Lead 15.3 21.0 .
Magnesium 518 609
Manganese 38.7 45.6
Mercury 0.004 0.006
Nickel 27.9 37.9
Potassium 64.2 124
Selenium 1.54 2.02
Silver 0.14 0.16
Sodium 319 361
Thallium 0.19 0.50
Vanadium 16.1 309
Zine 3.98 4.73

“‘Based on a volume of 3900 cubic meters (m’) and a dry mass density of 2.267 gm/cm’.
*Values for mean and UCI concentrations taken from Table 4-20 of the RI Report for

- OUA4.
‘Units are expressed in metric tons (MT).

A-17
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FEMP-QU4FS-5 DRAFT FINAL

TABLE A.2-5

EP TOXICITY RESULTS FOR SILO 3 RESIDUES - 198¢°

December 1993

FER/QU4FS/LAW. WP996A..2-5/08/05/94 8:45am A-18

Maximum
Frequency Standard Allowable
of Mean Deviation =~ Minimum Maximum  Concentration®
Analyte® Detection (mg/L) (mg/L)* (mg/L)* (mg/L)* (mg/L)*
Silo 3 B - - . _
Arsenic 9/11 9.481 12.393 ND* 41.5 5.0
Barium 11/11 0.080 0.046 0.02 0.156 100.0
Cadmium 11/11 0.847 - 1.740 0.108 6.32 1.0
Chromium 11/11 5.05 3.22 0.336 11.9 5.0
Lead 7/11 0.239 0.327 ND* 1.01 5.0
Mercury 2/11 0.0005 0.0009 ND* 0.003 0.2
Selenium . 11/11 2.65 3.00 0.92 11.7 1.0
Silver 1/11 0.007 0.008 ND* - 0.032 5.0
“*The data presented in table have not been validated.
*The sample numbers used in this data set include: MM3325 through MM3335.
‘Data obtained from 40 CFR 261.24.
‘Values expressed in milligrams per liter (mg/L).
*ND - Not Detected.
08G136
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FEMP-OU4FS-6 FINAL
February 1994

TABLE A.2-6

TCLP RADIOLOGICAL ANALYSES FOR SILO 3 RESIDUES

Radiological Parameters® Concentration (pCi/L)"

Actinium-227 5.54 £ 1.94
Gross alpha 3150 + 830
Gross beta 670 £ 340
Lead-210 87.1+ 9.2
Polonium-210 245 + 110
Protactinium-231 < 647
Radium-226 2455 + 558
Radium-228 < 110
Thorium-228 3,17+ 1.42
Thorium-230 104 2.8
Thorium-232 < 1
Uranium-234 ' 92.2 +13.8
Uranium-235/236 509 +1.59
Uranium-238 86 =13

*Data from sample 100074 (11/12/92).
*Values for concentration taken from Table 4-22 of the RI Report for OU4,
expressed in picoCuries per liter (pCi/L).

650137
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FEMP-04FS-6 FINAL
February 1994

TABLE A.2-7

SUMMARY OF SUBSURFACE SOIL
RADIOLOGICAL ANALYSES

Frequency Standard

, of Mean* Deviation® Range*
Analyte? Detection® Rejected (pCi/g)! (pCi/g)¢ (pCi/g)*
Radium-226 15/23 3 0.80 0.27 0.53-1.5
Radium-228° 823 3 066 026 0411
Strontium-90 4/19 8 1.18 1.09 0.5-2.8
Technetium-99 2/26 0 2.85 1.06 2.1-3.6
Thorium-228 12726 0 0.850 0.206 © 0.631-1.3
Thorium-230 23/26 0 1.46 0.963 0.716-4.8
Thorium-232 6/26 0 0.808 0.262 0.6-1.3
Total Thorium 23/23 0 5.04 3.50° 1.3-15¢
Total Uranium 19/21 4 6.60° 7.92¢ 1.64-37.1¢
Uranium-234 20/26 0 1.24 0.760 0.6-3.4
Uranium-238 23/26 0 1.79 2.98 0.6-15

“The sample numbers used in this data set include: 7407, 7504, 8188, 8272, 8279, 8854,
32456, 32465, 32766, 32773, 33083, 33090, 55998 through 56004, 56013 through 56021,
56023, 56025, and 56029.

*Rejected data not included in total number of samples.

‘Values qualified with a R or < are excluded. The mean and standard deviation have been
rounded to show no more than three significant figures.

*Values expressed in picoCuries per gram (pCi/g).

*Values expressed in micrograms per gram (ug/g).
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APPENDIX B

DOE Letter (DOE-0817-93), April 16,1993, T.J. Rowland to N.C. Kaufman, REMOVAL SITE
EVALUATION, APPLICABILITY TO OPERABLE UNIT 4 PILOT PLANT

03C139
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Department of Energy CRU4
Fernaid Environmentai Management Project RECZIVED
P.O. Box 398705

Cincinnati. Ohio 45239-8705 le (6 242 fH '93
(513) 738-6357

A &} !‘} m

APR 1 4 1993
DOE-0817-93

Mr. N. C. Kaufman, President
Fernald Environmental Restoration
" Management Corporation

P. 0. Box 398704

Cincinnati, OH 45239-8704

Dear Mr. Kaufman:
REMOVAL SITE EVALUATION, APPLICABILITY TO OPERABLE UNIT 4 PILOT PLANT

The Department of Energy, Fernald Field Office concurs with the enclosed
Fernald Environmental Restoration Management Corporation position which states

that a Removal Site Evaluation is not required for the Operable Unit 4 pilot
plant project.

'If you or your staff have any questions, please contact Randi Allen at
FTS/Commercial 513-748-6158. _

Sincere]y,
Tho J. Row]and
FN:Allen ; Act1 g Manager
Enclosure: As Stited
cC w/enc.:
‘ FERMCO
W. Pickles, FERMCO/52-4 |_CRU4 DIRECTOR
R. Frost, FERMCO/52-4 : :mw [CC | RT
LARMSTRONG
LERASLEY.
DALY,
| EMERTON
| FROST
(GALE
| GLASSEY.
JUSOIA
MALLORY
| NTXON
Frn

@ Recvcled and Recvclable ';__‘_'.
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‘estoranion Management Corporation  P.O. Box 398704 Cincinnati; Ohio 45239'8704 (513) 738-6200

T PR
PR ]

December 22, 1992

U. S. Department of Energy
Fernaild Environmental Management Project
Letter No. C:0P:92-067

Mr. James J. Fiore, Acting Manager -
DOE Field Office, Fernald

P. O. Box 398705

Cincinnati, Ohio 45239-8705

Dear Mr. Fiore:
CONTRACT DE-AC05-920R21972, RSE APPLICABILITY TO CRU4 PILOT PLANT ACTIVITIES

_ As part of final remediation for Silos 1, 2, and 3, CRU4 is constructing a Pilot Plant for
demonstration of vitrification capability for Silo 3 and K-65 type material. Existing site
Regulatory Compliance Guide (RCG) M-1, dated November 7, 1990, requires the preparation
of a Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
Removal Site Evaluation (RSE) for all site excavation activities that invoive over 1yd® of soil
in areas with above background concentrations of hazardous substances, including
radionuclides.

The purpose of this letter is to transmit for your concurrence the CRU4 position regarding the
applicability of this guidance to planned Pilot Plant construction activities. Since the Pilot
Plant will not be constructed over an abandoned site, but will be a part of the RI/FS
treatability studies to support final remediation of the Silo contents, CRU4 does not believe
an RSE is warranted or required to meet the intent of the National Contingency Plan. CRU4
desires to proceed with the Pilot Plant project as scheduled, while minimizing the procedurai
and regulatory compiexity and paperwork associated with site requirements of limited or
outdated applicability. CRU4 intends to comply with all legal requirements applicable to
CRU4, and meet the ARARs and substantive requirements of 40 CFR 300.410 for an RSE
using existing, approved site procedures. This approach will be outlined in the project
workplan.



I

i

NS

Mr. James J.-Fiore
Letter No. C:0P:92-067
December 22, 1992
Page 2 -

The Pilot Plant will be used initially to demonstrate the technology and process on an inert
material (sand) and then be modified to perform treatability studies on the K-65 material.
CRUA4 is proceeding on the basis that an RSE is not required for the initial phase, but wiil
probably be required for the second phase testing.

Our construction schedule requires site preparation activities to begin no later than March
1993. Since preparation and approval cf an RSE, if required, takes several weeks to
complete, it is critical to receive the concurrence of DOE-FN on our proposed direction no later
than the first week in January. Please let me know if we need to meet to further discuss this

" approach. Our point of contact is Robert Frost (X 8941).

Very truly yours,

AR
N. C. Kaufmar
President

NCK:RHF:slk
Attachment

cc: R. B. Allen, DOE-FN
J. R. Craig, DOE-FN
D. P. Dubois
R. Mendeisohn, DOE Contract Specialist
D. Paine
W. S. Pickles
W. Quaider, DOE-FN
M. J. Strimbu
J. W. Theising

Central Files
DW:92-0477.1

A7
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APPENDIXC

Potential ARARs and TB.C Criteria for the Phase II QU4 Pilot Plant Program
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Chemical,
Location, or Action

Requirement

A .wx:an

Strategy for neav_?:nn

Treatment, Storage,
or Disposal Facility
Preparedness and

Prevention

40 CFR 264, Subpart C
OAC 3745-54-31

TSD operators must design, construct, maintain and operate facilities to minimize the
possibility of a fire, explosion or any unplanned sudden or non-sudden release of
hazardous waste to air, soil, or surface water which could threaten human health or the
environment.

OAC 3745-54-32

All facilities must be equipped with an internal communication or alarm system, a
telephone, or a two-way radio for calling outside emergency assistance, fire control,
spill control and decontamination equipment and water at an adequate volume and
pressure to supply water hose streams, foam producing equipment, automatic sprinklers
or waler spray systems.

OAC 3745-54-33

All fire and spill-control and decontamination equipment must be tested and maintained
as necessary to assure proper emergency operation.

OAC 3745-54-34

All personnel must have immediate access to emergency communication or alarm
systems whenever hazardous waste is being handled at the facility.

OAC 3745-54-35

t
Aisle space must be sufficient to allow unobstructed movement of personnel, fire and
spill control, and decontamination equipment.

OAC 3745-54-37

Operators must attempt to make arrangements, appropriate lo the waste handled, for
emergency response by local and state fire, police and medical personncl.

Relevant and
Appropriate

The existing site-wide internal
communications/alarm system will
be modified as necessary to
accomodate operation of the Pilot
Plant facility. A fire uvI:w_n-
system will be included as part of
the design of the Pilot Plant. In
addition, portable fire
extinguishers and spill control and
decontamination equipment will be
placed at accessible locations to
assist in emergency response. The
facility will be designed to include
adequate aisle space. The site’s
Emergency Response Team will be
n.<w=n7_o. with assistance from
local and state personnel, for
responding to emergency situations
rclated to the Pilot Plant. In
addition, site mz_o_.mosow Response
Team personnel will be trained to
adequately respond to emergencies
specifically related to the Pilot
Plant.
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Chemical,
Location, or Action

Requirement

ARAR/TBC

Strategy for ne:.v:n:.na

Treatment, Storage,
or Disposal Facility
Contingency Plan
and Emergency
Procedures

40 CFR 264, Subpart D
40 CFR 264.51
OAC 3745-54-51

Each facility operator must have a contingency plan designed to minimize hazards to
human health or the environment due to fires, explosions, or any unplanned releases of
hazardous waste constituents to the air, soil, or surface/groundwater.

40 CFR 264.52
OAC 3745-54-52

Contingency plans should address procedures to implement a response to hazardous
waste incidents, and provide internal and external communications, arrangements with
local emergency authorities, an emergency coordinator list, a facility emergency
equipment list indicating equipment descriptions and locations, and a facility personnel
evacuation plan. A copy must be maintained at the site as well as submitted to
appropriate emergency agencies.

40 CFR 264.55 and .56
OAC 3745-54-55 & 56

Each facility must have an emergency coordinator who has responsibility for
coordinating all emergency response measures, is on the premises or on call at all
times, is thoroughly familiar with all aspects of the contingency plan, facility .
operations, location and characteristics of waste handled, location of pertinent records,
and facility layout, and who has the authority to commit the resources necessary to
implement the contingency plan in the event of an emergency.

Relevant and
Appropriate

-Specific procedures to respond to

emergencies and unplanned events
or releases associated with the
Pilot Plant will be addressed in the
project specific Health and Safety
Plan.. Existing site procedures,
such as the FEMP Emergency Plan
(PL-3020), Emergency Response
Team Procedures Manual (ERT-
001), Spill Incident Reporting and
Cleanup (SSOP-0067), and Event
Notification and Reporting (ED-
0001) will be implemented as is
appropriate for spills, fires, or
other emergencies. In addition,
procedures specific to operations at .
the K-65 silos, i.e., "K-65 Silo’
Numbers 1 and 2 Area
Emergencies (SOP 65-C-201)" and
"Radon Treatment System
Emergencies (SOP 66-C-909)",
will be revised and implemented as
applicable to the new conditions.

_April 29, 1994
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Chemical, Requirement ARAR/TBC Strategy for Compliance
Location, or Action _
Restriction on OAC 3745-17-11 Applicable The facility design will ”m:o__ao
Particulate , - HEPA filtration to minimize
Emissions from Any. source (operation, process, or activity) shall be operated so that particulate particulate emissions lo less than
Industrial Processes emissions do not exceed allowable n::.mmmo: rates specified in this regulation (based on these maximum emission rales.

processing weights (Table 1) or uncontrolled mass rate of emissions (Figure 11)). _
A mw,:qon complies with Table 1 requirements if its rate of particulate emission is |
always equal to or less than the allowable rate of panticulate emission based on the | i
maximum capacity of the source: i
Process Rate at Allowable Rate of ,,
Maximum Capacity Particulate Emission W
(Ib/hr) (Ib/hr)" W
i
M 100 , 0.551 |
: 200 0.877 ‘
400 1.40
600 1.83
800 222
i 1000 2.58 “
” !
' Excerpted from Table 1 of OAC 3745-17-1 ,
Prevention of Air ORC 3704.01-.05 Applicable Where appropriate, the facility

Pollution Nuisance

OAC 3745-15-07

Measures shall be taken to adopt and maintain a program for the prevention, control,
and abatement of air pollution in order to protect and enhance the quality of the state’s
air résource so as to promote the public health, welfare, and economic vitality of the
people of the state. .

The emission or escape into open air from any source whatsoever of smoke, ashes,
dust, dint, grime, acids, fumes, gases, vapors, odors, and combinations of the above in
such a manner or in such amounts as to endanger the health, safety, or welfare of the
public or to causc unreasonable injury or damage to property shall be declared a public
nuisance and is prohibited.

design will include HEPA filters to
control particulate emissions and
an off-gas scrubber for treatment
of acidic gas emissions.
Excavations, excavated m,o: and
other sources of particulate
emissions will be controlled, as
appropriate, through established
FEMP construction practices.

|
,

)

+

!
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Chemical,
Location, or Action

Requirement

ARAR/TBC

Strategy for Compliance

Permit to Install

OAC 3745-31-05(A)(3)

The installation of new sources or modification of existing sources requires the use of
best available technology to control emissions.

Relevant and
Appropriate

Though a permit to install is not
required for the Pilot Plant
(permits are administrative
requirements which are excluded
under CERCLA), the substantive
requirements must be met by
employing BAT for treating
particulate and off-gas emissions
from the Pilot Plant vitrification

unit. This requirement will be met
by using an off-gas scrubber for
treatment of acidic gas emissions
followed by HEPA filters for
particulate removal. :

Nationwide Permit
Program

33 CFR 330 , .h

The discharge of dredged or fill material into wetlands or waters of the U.S. must be
conducted in compliance with the terms and conditions of the U.S. Army Corps of
Engineers’ (ACOE) Nationwide Permits (NWPs) as promulgated in 33 CFR 330
Appendix A. .

Applicable

Construction of Pilot Plant access __
roads and utility lines will result in
minor wetland disturbances. All
dredge and fill activities related to
construction of these access roads
and utility lines will be conducted
in accordance with the substantive
terms and conditions of
Nationwide Permit 12 - Utility
Linec Backfill and Bedding. The
OEPA has been granted Section
401 State Water Quality
Certification for NWP 12.

NEPA Compliance

10 CFR 1021

DOE actions must be subjected to NEPA evaluation as outlined by Council on
Environmental Quality regulations in 40 CFR 1500-1508.

Applicable

This requirement is applicable
because FEMP is a DOE facility,
and this requirement requires
NEPA evaluation for specific
actions at DOE facilities. NEPA
documentation will be prepared for
this project in accordance with
established site procedures.

April 29, 1994






