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Abstract 

The Vitrification Facility (VF) at the West Valley Demonstration Project (WVDP) was designed to convert 
stored radioactive waste into a stable glass for disposal in a federal repository. The Functional and Checkout 
Testing of Systems (FACTS) program was conducted from 1984 to 1989. During this time new equipment 
and processes were developed, installed, and implemented. 

Thirty-seven FACTS tests were conducted, and approximately 150,000 kg of glass were made by using 
nonradioactive materials to simulate the radioactive waste. By contrast, the planned radioactive operation is 
expected to produce approximately 500,000 kg of glass. The FACTS program demonstrated the effectiveness 
of equipment and procedures in the vitrification system, and the ability of the VF to produce quality glass on 
schedule. FACTS testing also provided data to validate the WVNS waste glass qualification method and 
verify that the product glass would meet federal repository acceptance requirements. 

The system was built and performed to standards which would have enabled it to be used in radioactive 
service. As a result, much of the VF tested, such as the civil construction, feed mixing and holding vessels, 
and the off-gas scrubber, will be converted for radioactive operation. The melter was still in good condition 
after being at temperature for fifty-eight of the sixty months of FACTS. However, the melter exceeded its 
recommended design life and will be replaced with a similar melter. Components that were not designed for 
remote operation and maintenance will be replaced with remote-use items. 

The FACTS testing was accomplished with no significant worker injury or environmental releases. During 
the last FACTS run, the VF processes approximated the remote-handling system that will be used in 
radioactive operations. This run also was used to document the validity of the WVNS waste qualification 
method, which was based on knowledge of the feed composition and processes. Following this run—which 
lasted 45 days—the VF was disassembled for conversion to a radioactive process. Functional and checkout 
testing of new components will be performed prior to commencement of radioactive operation. 

IX 
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1.0 EXECUTIVE SUMMARY 

The Vitrification Facility (VF) at the West Valley Demonstration Project (WVDP) was designed to convert 
stored radioactive waste into a stable glass for disposal in a federal repository. The Functional and Checkout 
Testing of Systems (FACTS) program was conducted from 1984 to 1989. During this time new equipment 
and processes were developed, installed, and implemented. 

Thirty-seven FACTS tests were conducted, and approximately 150,000 kg of glass were made by using 
nonradioactive materials to simulate the radioactive waste. By contrast, the planned radioactive operation is 
expected to produce approximately 500,000 kg of glass. The FACTS program demonstrated the effectiveness 
of equipment and procedures in the vitrification system, and the ability of the VF to produce quality glass on 
schedule. FACTS testing also provided data to validate the WVNS waste glass qualification method and 
verify that the product glass would meet federal repository acceptance requirements. 

The system was built and performed to standards which would have enabled it to be used in radioactive 
service. As a result, much of the VF tested, such as the civil construction, feed mixing and holding vessels, 
and the off-gas scrubber, will be converted for radioactive operation. The melter was still in good condition 
after being at temperature for fifty-eight of the sixty months of FACTS. However, the melter exceeded its 
recommended design life and will be replaced with a similar melter. Components that were not designed for 
remote operation and maintenance will be replaced with remote-use items. 

The FACTS testing was accomplished with no significant worker injury or environmental releases. During 
the last FACTS run, the VF processes approximated the remote-handling system that will be used in 
radioactive operations. This run also was used to document the validity of the WVNS waste qualification 
method, which was based on knowledge of the feed composition and processes. Following this run~which 
lasted 45 days—the VF was disassembled for conversion to a radioactive process. Functional and checkout 
testing of new components will be performed prior to commencement of radioactive operation. 
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2.0 INTRODUCTION 

2.1 Background 

The West Valley Demonstration Project (WVDP) was established in 1980 by Congress (Public Law 96-368) 
as a U.S. Department of Energy (DOE) high-level radioactive waste management project to be conducted at 
the Western New York Nuclear Service Center in West Valley, New York. The mission of the project was to 
demonstrate solidification techniques that could be used to prepare high-level radioactive waste for 
transportation and disposal to a federal repository. The DOE contracted with West Valley Nuclear Services 
Company, Inc. (WVNS)-a subsidiary of the West-inghouse Electric Corporation-to manage the project. The 
high-level radioactive waste at West Valley resulted from the reprocessing of approximately 640 tons of 
spent nuclear fuels by a previous site operator. 

In July 1983, the DOE formally selected borosilicate glass as the waste form for disposal at the WVDP. The 
process and equipment to be used for vitrification processing had been developed previously by the DOE for 
high-level waste (HLW) immobilization. The fundamental technology of the melter had been used in the 
glass industry for production of the highest quality commercial glass. It was adopted for vitrification of 
radioactive waste glass. 

The purpose of this report is to describe the Functional and Checkout Testing of Systems (FACTS) program 
that was conducted at the WDVP. The FACTS program was a major component of activities carried out to 
bring the vitrification design to a state of readiness for radioactive operations. 

An aggressive management philosophy was pursued by WVNS to expedite the vitrification program and 
minimize cost. Care was taken to ensure that this management philosophy did not compromise quality 
assurance, public and worker health and safety, or environmental protection. The overall approach to 
expediting the program was to maximize use of existing technology; minimize new development; and 
commit to hardware on the more clearly defined tasks while still designing and/or developing other portions 
of the system. It was realized that this procedure, in some cases, would necessitate design verification during 
construction or testing. The potential for rework this involved was weighed in terms of potential costs and 
schedule adherence. WVNS minimized potential cost and schedule problems in this respect by utilizing a 
greater than normal degree of peer review, as well as formal and disciplined design reviews, and technology 
exchange on a national and international basis. The aggressive management approach resulted in the first 
glass being produced 20 months after WVNS began operations at West Valley. 

The design of the Vitrification Facility (VF) is described in Vitrification Process Equipment Design for the 
West Valley Demonstration Project (Chapman and Drosjack 1988). Preliminary designs were developed by 
WVNS. These designs were developed into construction bid packages and equipment ordering data by 
Ebasco Services, Inc., the project architect-engineer. Concurrently with the work by Ebasco, major 
vitrification process components were designed jointly by WVNS and Battelle Pacific Northwest 
Laboratories, Inc. (PNL). 

2.2 Vitrification Process Description 

The following section provides a summary description of the vitrification process. Except as noted, 
components and procedures used during FACTS will be used for radioactive operations. No radioactive waste 
was used during FACTS, but nonradioactive species (nonradioactive isotopes and actinide surrogates) were 
used to simulate the radioactive species in the HLW. 
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The vitrification process is illustrated in Figure 2-1. Prior to introduction into the VF, the HLW will be 
pretreated for vitrification (Carl et al. 1986). It will then be transferred to the concentrator feed makeup tank 
(CFMT) to remove excess water. The general process envisioned is to batch-transfer a sufficient amount of 
waste to supply about 100 hours of melter feed. Vitrification process waste streams, such as recycled material 
from the off-gas scrubbing apparatus, will be combined in the CFMT with additional waste from the HLW 
waste tanks and the residual "heel" from the previous batch. A CFMT sample will be collected and the 
CFMT contents will be concentrated. The sample will be transferred to the analytical lab for determination of 
chemical and radiochemical composition. Based on this information, the need for chemical additives can be 
determined. The additives will be premixed in the Cold Chemical System (CCS) and then transferred to the 
CFMT. The CFMT mixture will be adjusted until the composition is such that it will result in the target glass 
composition when it is fed to the melter. The target glass composition is one that will exhibit good melting 
characteristics consistent with the Waste Acceptance Preliminary Specifications (WAPS) (DOE 1990). The 
target glass composition was developed simultaneously with FACTS testing by WVDP in conjunction with 
outside laboratories. 

Following verification of the desired composition, the prepared mixture will be transferred to the melter feed 
hold tank (MFHT). The melter will be continuously fed from this tank. The slurry feed rate will vary 
depending on the composition and concentration of the melter feed and on melter operating conditions. 

In the melter, water will evaporate from the slurry and the remaining solids will calcine. The calcined wastes 
and glass formers will melt into the glass pool, where they will homogenize. After approximately 40 to 70 
hours of mean residence time in the melter (depending on the slurry feed rate), the glass will be drained into a 
canister for disposal. Canisters will be positioned under the melter drainage spout by the turntable, a four-
position, four-canister device. During normal operations, while one canister is being filled, two are cooling, 
and the fourth position is accessible for canister removal and replacement. 

The subsequent canister handling systems that will be used in the radioactive system were not tested during 
FACTS, but will be tested prior to activation of the radioactive system. After cooling and removal from the 
turntable, the canister will be transferred to a capping station. Here the canister lid will be welded to the top 
flange of the canister. The canister will then be transferred to the canister decontamination system, where the 
desired level of decontamination will be achieved by chemical etching. Following decontamination, the 
canister will be dried and placed on a transfer cart, which will accommodate several canisters. When the 
transfer cart is filled, it will move the canisters to the Chemical Process Cell of the former reprocessing plant, 
where they will be placed in racks for interim storage. Final storage will be in a designated federal repository. 
The radioactive system is expected to produce approximately 500,000 kg of glass. The FACTS testing 
produced approximately 150,000 kg. 

During melting, steam, volatile elements evaporating from the molten pool, and feed particles entrained in 
the process off-gas will be vented to the off-gas treatment system. The off-gas treatment system will be a dry 
system except in the first stage. The first stage will include a submerged bed scrubber (SBS), where the off-
gas will be drawn to the bottom of a submerged column of ceramic beads. The gas will then percolate up 
through the beads and liquid and will be scrubbed by the liquid. 

Following the SBS, the off-gas will be drawn through a high efficiency mist eliminator (HEME) to remove 
mist and fine particulate, and a high efficiency particulate air (HEPA) filter to remove particulates. 
Alternatively, prior to the HEME, the off-gas can be heated above its dew point to eliminate mist. This may 
increase efficiency of the HEME and extend the filter changeout period of the HEP A. 

After having passed through the HEPA filters, the off-gas will be essentially free of radiochemical pollutants. 
The off-gas will then pass to another building via an underground trench about 100 meters long. In this 
building, oxides of nitrogen (NOx), which are nonradioactive and chemically the same 
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as the pollutants emitted by conventional sources such as automobiles, will be removed. A pilot-scale version 
of the selective catalytic reduction (SCR) system selected for radioactive operations NOx abatement was used 
during FACTS. A final stage of particulate filtering will then be provided before the off-gas is vented to the 
environment through the plant stack. 

The primary process vessels will be vented by the vessel vent system. This system will maintain the CFMT, 
MFHT, and other process components under partial vacuum, as well as provide an emergency bypass of the 
SBS in case the melter off-gas line becomes plugged. The vessel vent gas will pass from the vessel vent 
header to a condenser and then join the melter off-gases prior to the HEME preheater. 

2.3 FACTS Summary 

FACTS testing was conducted on VF equipment and procedures from December 1984 to December 1989. 
The purpose of FACTS was to perform verification tests of components and systems, and to establish the 
operating parameters necessary for radioactive operations. The approach described in Section 2.1 meant that 
some components and systems were installed and tested as others were being designed and built. Temporary 
or substitute components were used for components not yet in place. Melter temperature was maintained at 
molten glass levels throughout the FACTS testing period, including during idle times between runs. 

As expected for a test program of this nature, some components and procedures did not perform to desired 
standards during initial implementation in FACTS. Resolutions of these matters are summarized in this 
document. Due to the exhaustive approach to design assurance described above, these problems did not 
significantly affect the FACTS schedule or budget. Design and fabrication of many of the major components 
of the VF, as well as the civil structure, included quality assurance documentation that will allow their use in 
the radioactive facility (NQA-1 1983). 

The early FACTS runs were characterized by equipment and procedure shakedown (Barnes et al. 1986). As 
shown in Table 2-1, the major vessels were first tested during the period from December 1984 to October 
1985. As soon as equipment became available for use, it was included in the FACTS tests. Figure 2-2 shows 
the melter/ turntable combination installed for use during early FACTS runs. The glass compositions in the 
early tests were based on those developed for the Defense Waste Processing Facility (DWPF) at Savannah 
River, Ga. This was reasonable because of the similarity between the WVDP and the DWPF waste streams. 

In the later FACTS runs, the emphasis was shifted to gathering data demonstrating that the glass product 
would comply with the WAPS. Operating techniques used in earlier runs were refined based on glass 
qualification objectives. Glass qualification during radioactive operations will be determined primarily by 
knowledge of feed composition and process control. The glass product quality will be verified by selected 
product sampling and analysis. Validation of this approach was one of the major objectives and achievements 
of the FACTS testing. 

The reference feed is nitrate-based. However, the FACTS program was implemented using non-nitrate feed, 
that is, glass frit or hydroxide-based feed, in the initial runs. Nitrate-based feeds were used following the 
installation of NOx abatement equipment. 

The waste glass tested was as close as practical in composition to the glass that will be processed in the 
radioactive system. When possible, nonradioactive isotopes were used in place of radioactive elements in the 
high-level waste; however, some elements have no nonradioactive isotopes. These elements were simulated 
using other nonradioactive species with similar behavior. 

The arrangement of the major process vessels used during FACTS is illustrated in Figure 2-3. The figure 
shows the relative size and location of the various vessels. 
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Vitrification equipment utilized during FACTS testing was removed after the final run for post-testing 
examination. The VF will be converted to a remote operation facility. The reassembled facility will reuse 
some of the major components (for example, CFMT, MFHT, SBS, and CCS). However, the majority of the 
equipment will be replaced. Prior to operation of the final facility, functional and checkout testing of 
components and systems not possible during FACTS will be performed. The final testing will involve 
integration of all operational facets of the facility. 

Table 2-1. Vitrification Equipment Installation and Initial Testing Dates 

Component 

Slurry Fed Ceramic Melter 

- Melter Box 

- On Site Bricking 

Turntable 

Submerged Bed Scrubber 

Melter Feed Hold Tank 

Air Displacement Slurry Pump 

Test High Efficiency Mist Eliminator 

Test High Efficiency Particulate Filter - Air 

Concentrator, Feed Make-up Tank 

Infrared Television 

Temporary Cold Chemical System 

Wall Sample System Station 

Delivered Assembled and Installed 

6/22/84 

First Operated 

12/24/84 

— 11/9/84 — 

12/6/84 12/17/84 12/24/84 

5/16/85 5/24/85 6/19/85 

7/23/85 8/2/85 8/13/85 

8/7/85 8/9/85 8/22/85 

8/22/85 10/7/85 10/23/85 

9/16/85 10/10/85 10/23/85 

7/1/88 7/8/88 11/1/88 

5/15/88 9/15/88 9/16/88 

1/23/89 3/7/89 5/9/89 

9/1/88 2/12/89 5/9/89 
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Figure 2-2. Melter/Tumtable Installed for Early FACTS Runs 

7 

'r;?:%M'.mi%Fz: 



Melter 

Condenser 
\ 

SBS 

Turntable 

MFHT 

HEME 

HEPA 

CFMT 

Figure 2-3. Arrangement of Vitrification Equipment During FACTS 



2.4 Organization of This Document 

The remainder of this document briefly describes the VF and the FACTS program. The major individual 
topics are as follows. 

Feed Makeup 

Feed Delivery 

Slurry-fed Ceramic Melter 

Process Chemistry 

Turntable/Canister 

Off-Gas Treatment System 

Control/Documentation 

Waste Qualification 

Sections 3 to 10 of this report provide a comprehensive description of the evolution of the VF during the 
FACTS period. Section 11 provides specific information on the individual FACTS tests in terms of 
objectives and findings. 
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3.0 FEED MAKEUP 

Preparation methods and conditions for feed makeup and glass qualification evolved through several stages 
during FACTS. The incorporation schedule of components, feed types, and procedures for feed makeup are 
shown in Figure 3-1. The schedule of glass compositions, tests, and models for waste glass qualification is 
shown in Figure 3-2. Glass compositions are defined in Table 3-1. 

Dry frit, that is, ground glass, of WV-183A composition was utilized initially in order to allow the test focus 
to remain on the melter. The feed type was later changed to a slurry. The first two slurries were mixtures of 
frit in water, but were different compositions (WV-192B and WV-205). Beginning with the third slurry run, 
process chemicals were added to frit to make up the slurry. A hydroxide-based slurry was used rather than the 
design nitrate-based slurry to allow the testing to focus on glass melting behavior and melter performance, 
without process complications that would be caused by NOx production. The frit and hydroxide-based 
slurries produced glass of composition WV-205. During the third slurry run, melter problems arose that were 
traced to the amount of calcium in the feed composition. Consequently, the WVDP supernatant treatment 
system, which is used to pretreat HLW for vitrification, was altered to reduce the amount of calcium. 
Following completion of the off-gas treatment system, nitrate-based slurries were used in all slurry runs. The 
glass composition was altered (to composition ATM-10) to produce a glass that was more durable and 
processible. Later FACTS runs were used to further refine the recipe to produce a glass that was at the mid 
range in terms of processibility. This was known as "West Valley Reference 4 (Ref. 4)" glass composition. 

3.1 Feed Preparation 

Initially, dry frit was directly fed into the melter using an auger. The first slurries were prepared in two 1,000-
gallon fiberglass reinforced plastic (FRP) mix tanks situated outdoors adjacent to the CTS. The slurry was 
pumped from the FRP tanks into the melter using a peristaltic pump. Process chemicals arrived on site from 
the vendor premixed and preweighed in packages. The chemicals were manually added to the FRP tanks. 
Balances, scales, beakers, etc., were set up in temporary locations in the work area and removed after the 
slurry was prepared. The FRP tanks were later moved inside to a temporary structure attached to the CTS. In 
later runs, process chemicals were not premixed, but were mixed on-site. 

After the Temporary Cold Chemical System (TCCS) was put into operation, the FRP tanks were used as 
auxiliary tankage for secondary waste generated from the FACTS testing. This allowed for sampling and 
analysis prior to disposal. 

The TCCS was a mechanized chemical measurement and handling system. It was designed to accelerate feed 
production and ensure high accuracy and consistency in composition of product slurries utilizing both bulk 
and minute quantity ingredient additions. The TCCS consisted of a series of vessels and related equipment 
located inside the CTS, including a main mix tank, a shim tank, and a nitric acid tank. The TCCS provided 
for the pneumatic transfer of chemicals from their shipping containers to the 18,000-liter main mix tank and 
for the preparation of the slurry according to the recipe provided. The 1,800-liter shim tank was used to 
prepare the mixtures of chemicals to be added to the main mix tank slurry for adjustment. Refinement of the 
TCCS occurred over several runs. For example, grinding of the chemicals was introduced. Grinding was 
shown during FACTS testing to increase accuracy of chemical analyses. 

The TCCS significantly reduced feed preparation time when compared to the use of FRPs, while greatly 
enhancing the accuracy, worker safety, and environmental protection aspects of the operation. In the final 
system, the TCCS will be known simply as the Cold Chemical System (CCS), and will reuse the same 
vessels. 
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Figure 3-1. Schedule of Testing of Components, Prodedures, and Feed Types Used in Feed Makeup 
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Table 3-1. Target Glass Compositions Used During FACTS 

OXIDE 

A1A 

*A 
BaO 

CaO 

Ce0 2 

Cr 20 

Cs 20 

Fe 2 0 3 

K,0 

LaA 
Li 2 0 

MgO 

MnO 

Mo0 3 

Na.0 

N^O, 

NiO 

PA 
Ru0 2 

S0 3 

Si0 2 

SrO 

Ti0 2 

YA 
ZnO 

Zr0 2 

(all weight-percent) 

WV183 

2.41 

15.60 

0.13 

0.70 

0.17 

0.68 

0.10 

12.38 

0.17 

1.36 

0.10 

0.49 

14.8 

0.96 

0.45 

2.61 

0.09 

0.20 

44.86 

0.04 

0.03 

0.02 

1.66 

WV192 

2.46 

13.94 

0.04 

0.73 

0.46 

0.74 

0.32 

12.25 

0.21 

0.03 

0.72 

0.31 

0.81 

13.57 

0.88 

2.91 

0.20 

0.24 

46.05 

0.01 

0.15 

0.00 

0.01 

2.70 

WV205 

3.30 

9.94 

0.06 

0.61 

0.16 

0.22 

0.10 

11.81 

3.50 

0.12 

3.04 

1.31 

1.73 

11.0 

0.70 

2.51 

0.08 

0.50 

45.09 

0.12 

0.97 

0.02 

3.11 

ATM-1 

6.68 

9.51 

0.07 

0.47 

0.13 

0.13 

0.08 

11.50 

3.41 

0.04 

2.89 

1.24 

1.01 

10.59 

0.16 

0.24 

2.38 

0.21 

46.25 

0.02 

0.93 

0.02 

2.03 

REF4 

6.55 

10.28 

0.07 

0.50 

0.16 

0.14 

0.10 

12.12 

3.74 

0.04 

3.15 

0.91 

1.00 

0.05 

11.44 

0.17 

0.25 

2.50 

0.23 

43.43 

0.03 

0.81 

0.02 

0.02 

2.30 
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Prior to the final two FACTS runs, feed preparation was a single-step process using frit and/or process 
chemicals according to recipes. It became a two-step process during the final two runs, when process 
chemicals were used to prepare a simulated waste prior to the run and chemicals were used to adjust the 
simulated waste to achieve the recipe. Simulated waste in the CFMT was sampled and analyzed, and based 
on the analysis, chemicals prepared in the TCCS were added to the CFMT. Types and amounts of chemicals 
to be added were determined using the CHEMADD computer program (Arakali 1989). 

Laboratory analyses of feed and glass samples from early FACTS runs were used in the CHEMADD and an 
alternative feed makeup computer program to determine glass former addition requirements. The computer-
generated results were compared with manual calculations to check the accuracy of the programs. The 
CHEMADD program provided the better results and was adopted. 

Disposition of excess chemicals also was improved during FACTS testing. By the last FACTS run, excess 
chemicals were returned to the supplier. Previously, they had been sent to licensed operators for disposal. 

3.2 Concentrator Feed Makeup Tank (CFMT) 

The preliminary design of the VF included two CFMTs that would operate in an alternating mode to feed a 
smaller melter feed tank (MFT). Upon testing Tank V-011, which was planned as one of the CFMTs, it was 
found that its internal heat transfer coils accumulated a significant layer of dried feed that could not be 
dislodged except with high-pressure water jets. Additionally, based on analysis of the HLW, it was 
determined that corrosion attack of the tank material (304 stainless steel) could be significant during boiling. 
This meant that the service life of the tank might not be sufficient if it were used as a CFMT. Since it was 
expected that this tank would provide adequate service at lower operating temperatures, the melter feed 
concept was altered to allow use of the tank as the Melter Feed Hold Tank (MFHT). The change in concept 
eliminated the duplicate CFMT approach. It specified one CFMT, one large MFHT, and no smaller MFT. 
Due to the CFMT corrosion concern, a more corrosion-resistant material (HastelloyR C22) was selected for 
the CFMT. 

Other factors influenced the CFMT design. Subsequent to conceptual design/layout in early 1983, the 
Nuclear Waste Policy Act was enacted and WAPS were developed for the WVDP. These specifications 
required increased scrutiny and control of the VF processes, and design of the CFMT and feed sampling 
systems to assure the level of homogeneity required by the WAPS. This resulted in greater emphasis on 
slurry agitation in the CFMT and improved design of the bottom of the CFMT. The FACTS test logic also 
was upgraded to allow demonstration of proper variance control. 

The CFMT that was used (Tank V-001) was a 3-meter diameter vessel with a nominal capacity of 18,900 
liters, plus a 3,700-liter heel. A cutaway view of the assembled unit is illustrated in Figure 3-3. 

To avoid the problems of slurry caking mentioned above, the CFMT included half-pipe heat exchange jackets 
outside the vessel on the sides and bottom. These heat exchange jackets provided both heating (steam) and 
cooling (water) for the vessel. To minimize caking, the heat transfer area was limited to the minimum height 
of the slurry during slurry concentration. Testing during FACTS verified that the CFMT design permitted 
adequate heat transfer. 

To provide a homogeneous slurry, the CFMT included a remotized, commercially available 30-kw agitator 
equipped with dual high-efficiency impellers that rotated at 188 rpm. This agitator was significantly larger 
than the 11-kw version used in the MFHT (see description of MFHT in Section 4.1). The basic requirement 
for the agitator was to continuously maintain a uniform suspension of solids (98% homogeneity) in the 
slurry. The agitator also had to be capable of resuspending solids that might settle out during a power outage 
or other upset conditions. In addition, the "clean" inner wall design of the CFMT (that is, without internal 
heat exchangers) was influenced by the tests on Tank V-Ol 1, which resulted in unnecessary accumulations 
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Figure 3-3. Cutaway View of Concentrator Feed Makeup Tank 
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of materials, which would complicate ultimate decontamination and decommissioning of the VF. 

Homogeneity testing of the slurry within the CFMT was performed. A typical set of homogeneity test data 
(for silicon) is shown in Figure 3-4. Descriptions of the sample types are provided below. Homogeneity was 
demonstrated in that all group means and confidence intervals about their means overlapped each other and 
also overlapped the grand mean and confidence interval about the grand mean (O-Ahoofe 1990). The testing 
demonstrated that the CFMT maintained homogeneous composition over the range of tank levels, and thus 
that the CFMT was capable of feed preparation that would comply with the WAPS. 

A particularly intransigent problem was level determination in the CFMT. Level measurement is critical in 
that the amount of glass formers added to the CFMT depends on the quantity of waste in the CFMT as well 
as the composition of the waste. Early FACTS runs used manual dipstick level measurements until remote 
measurement devices were installed. Devices suitable for remote application that were tested included 
capacitance probes, pneumatic diaphragm pressure measurement probes, and bubblers in various 
combinations. 

The capacitance probes were affected by the wetting and drying cycles caused by boiling or spattering of the 
slurry. The pneumatic diaphragm probe utilized a set of diaphragms that responded to changes in head 
pressure. The original pneumatic diaphragm data did not agree with dipstick data within acceptable limits. In 
the first test following replacement of the probe diaphragms, acceptable data accuracy (within 2% of dipstick 
measurements) was obtained. However, this level of accuracy was not obtained in subsequent tests. Further 
refinement of this technique was thought to be possible, but based on simultaneous test results for the bubbler 
devices, it was determined to use the bubblers for radioactive applications. 

In early tests, the bubblers quickly became plugged. During the last two tests, a three-bubbler approach was 
used to enable prompt detection if one of the bubblers became plugged. When a tube began to plug, the 
density reading would immediately show a difference from the other two tubes. These bubblers were 
routinely purged with air, but in case of plugging, an air or water "blowdown" was used to clear the 
blockage. Dipstick measurements taken to check the bubbler readings indicated that this method was 
acceptable for level determination. The system that will be used in radiological service will consist of three 
bubblers per tank. 

An infrequent problem noted during CFMT boildown was attributed to inadequate freeboard and/or foaming 
excursions of the slurry. When observed, the CFMT ventilation air flow to the vessel vent system through the 
demister exhibited a high pressure drop when boildown was initiated. Repeated water flushes of the pad had 
minimal effect. When this was observed, boildown operations could be continued by reducing the 
evaporation rate until the slurry level dropped to a point that would permit design heat loads. At that time the 
boildown could continue at design levels. Foaming excursions will be precluded during radioactive 
operations by use of anti-foaming agents in the CFMT and process control of initial evaporation rate. 

Different approaches were tested for transferring the contents from the CFMT. The procedure that proved 
most useful was to transfer the entire contents above the suction pipe inlet, that is, to a level below the 
agitator blades (rather than leave a heel to a level above the blades). This procedure was adopted because it 
resulted in higher glass production rates, as a greater portion of a given CFMT batch was transferred to the 
MFHT. This was critical because the time to prepare and certify a CFMT batch approached the time required 
to consume the MFHT contents at the design glass production rate of 45 kg/hr. Testing verified that slurry 
composition was not altered by this method of transfer. This meant that the CFMT composition could be 
used as a basis for waste product qualification. 
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3.3 Wall Slurry Sample Station (SSS) 

From the beginning of FACTS testing, sampling of process vessels was accomplished utilizing nonremote 
techniques. Sometimes a dip sampler, consisting of a bottle taped to a long rod, was used. Sometimes a 
recirculating sampler technique was used (samples were collected by tapping into a recirculating feed line). 
Both methods served their purpose. However, a more accurate and precise and remote method suitable for 
radioactive operation was needed. To meet these requirements, the wall slurry sample station (SSS) was 
designed and implemented. 

The SSS was located on the north wall of the VF, above the MFHT. It is an adaptation of a device used at the 
DWPF. Air Displacement Slurry (ADS) sample pumps were used to transfer slurry flows from both the 
CFMT and MFHT to the sample station. The primary feature of the SSS was the HydragardR sampler. Prior 
to collecting a slurry sample, slurry was pumped through the SSS line and the Hydragard* sampler to flush 
the system. The duration of the flush was based on results of the FACTS tests. FACTS homogeneity tests 
showed that the HydragardR system introduced no statistically significant sample bias and performed 
equivalently to the other sampling methods (O-Ahoofe 1990). 

3.4 Analytical Laboratory Interface 

Throughout the FACTS testing program, samples of feed, glass, condensate, and other solutions and gases 
were collected and analyzed. The large quantity of data returned to the vitrification engineers was difficult to 
correlate with process data. To remedy this situation, there was a continual effort to computerize data 
processing and incorporate all data into the process computer. 

During the early FACTS tests, data was hand-manipulated and recorded by laboratory technicians, and copies 
were hand-carried to VF personnel by laboratory personnel. This technique resulted in human errors in data 
transfer, and limited the timely dissemination and utility of the data. 

For the initial computer processing, the analytical data was manually entered into tables using RS/1R 

software, which enabled data manipulation such as calculation. Later, when an electronic mail system was 
implemented on-site, the data was electronically transferred from the laboratory to the VF, which facilitated 
correlation with process data and use of the data by the engineers. 

Microprocessor-controlled analytical devices, such as the Inductively Coupled Plasma (ICP) spectrometer, 
were utilized to analyze solutions for several metals simultaneously. Eventually these devices were connected 
to the process computer. This enabled the laboratory to perform their ICP calculations automatically and to 
enter the resultant values directly under individual sample numbers. The data was then statistically checked 
using the computer to determine data quality during the feed preparation process. When an analysis was 
approved, it was transferred using electronic mail to the person or persons who requested it. 

Expeditious reporting of analytical data was especially critical during melter feed preparation, which was 
limited by design to a 107-hour cycle. To maintain continuous design rate feed flow to the melter, the batch 
had to be completed in time to replenish the feed tank. Sampling included a minimum of three sets of 
samples (waste, glass formers, and final feed), which had to be analyzed and statistically examined before the 
feed batch was complete. The minimum number of samples for each set was established based on statistical 
confidence limits determined through previous FACTS testing. 
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3.5 Feed Verification 

During early FACTS testing, feed verification consisted of good engineering practices as applied in the glass-
making industry. Compositional tolerances for the feed slurry were those applied in the production of good 
quality industrial glass. 

When WAPS requirements were established, compositional tolerances became more restrictive. New 
procedures and operating criteria were developed by WVNS to demonstrate achievement of acceptable 
tolerances. These included procedures for laboratory analyses and evaluation of statistical data, and 
defensible melter feed acceptance criteria. 

During the final FACTS runs, all feed batches were verified prior to introduction into the melter. Separate 
verification was performed on simulated waste, glass formers, and the simulated waste and glass former 
mixture. 

The acceptance criteria at each step applied statistical checks to laboratory analyses of 28 chemical species 
and five physical properties considered necessary for feed verification. The acceptance criteria also included 
mass balance checks on the chemicals, based on laboratory analytical and process data. Random error 
tolerances (95 percent confidence limits using the two-sided t-statistic) established during FACTS testing 
will be used to generate a test matrix for laboratory verification of glass product acceptability. The observed 
values for each parameter also had to meet target error tolerances that were specific for each measurement. 
Chemicals were added as necessary to shim or adjust batches to achieve target values. Target values did not 
apply to the simulated waste, since in radioactive operations there will be little control over waste 
composition. 
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4.0 FEED DELIVERY 

4.1 Melter Feed Hold Tank (MFHT) 

The logic resulting in the use of a MFHT was described in Section 3.2. The adoption of the MFHT was thus 
a direct result of the FACTS testing. The use of the MFHT allowed continuous feed to the melter 
simultaneously with feed batch preparation in the CFMT. The MFHT was the transition point between the 
batch feed makeup process and the continuous melting process. 

The MFHT is a 3-meter diameter by 3-meter high vessel of 22,000-liter capacity. A cutaway illustration is 
provided in Figure 4-1. The MFHT included an 11-kw agitator to maintain waste solids in suspension, and 
four internal baffles for vortex suppression. 

The MFHT was originally tested and rejected for use as a CFMT. The vessel was equipped with internal heat 
transfer coils. The MFHT function did not require heat transfer, but the coils were left in the tank during 
FACTS testing. The coils may have dampened agitation in the vessel. In addition, the coils constituted a crud 
trap that would present difficulties in terms of ultimate decontamination and decommissioning of the vessel. 
Thus, it was determined to remove the coils prior to radioactive service. 

Slurry in the MFHT, like that in the CFMT, was extensively tested by sampling to verify that the agitation 
provided a homogeneous slurry composition to required tolerances. 

Slurry was transferred from the CFMT via a submerged steam jet system to the MFHT. Level measurement 
problems in the MFHT were similar to those described for the CFMT and were solved in a similar manner, 
using multiple bubblers. 

4.2 ADS Pump 

It was originally envisioned that slurry feed would be transferred from the CFMTs to the 3,000-liter MFT by 
means of a two-stage airlift metering system as used in other radioactive vitrification plants (see Section 3.2). 
However, a difficulty with this concept was uncovered in tests performed at Marcoule, France, by the 
Commissariat a PEnergie Atomique (CEA) for the Societe Generale Pour Les Techniques Nouvelles (SGN). 
A plexiglass mock-up of the airlift arrangement was tested. Some characteristic of the slurry feed (possibly 
related to the presence of zeolite in the feed) caused significant foaming in the metering and in the 
recirculating airlift head pots. This frothing and foaming could not be curtailed with screens or chemical 
additives. 

In parallel to the testing of the airlift system, PNL successfully demonstrated operation of the ADS pump 
(Peterson et al. 1986). It was determined that use of the ADS pump would allow elimination of the MFT as 
well as the airlift metering system, at significant cost savings. Based on the PNL demonstration and the 
French test results, the two-stage airlift system was eliminated from the VF design, and the FACTS program 
was adjusted to include evaluation of the ADS feed metering pump. 

The ADS pump was an adaption of a similar device that had been considered for use at the DWPF. This 
pump is shown schematically in Figure 4-2. The ADS is an air displacement slurry transfer device with a 2-
liter pump chamber located near the bottom of the tank. The bottom check valve was opened to permit flow 
of slurry into the chamber. After a programmed period of time, the valve was closed and air added to the 
chamber, pushing slurry out of the pump. The advantage of the ADS over alternative pumping systems was 
that it allowed remote operation. Operating parameters such as time settings and air pressure were controlled 
by systems outside the hot cell. Other advantages of this pump included the high slurry velocity during 
pumping and the relatively high back pressure. Both characteristics significantly reduced the potential for 
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Figure 4-2. ADS Pump Cycles 



plugging, which is normally the dominant maintenance problem in slurry lines. The high back pressure 
tended to dislodge temporary plugs in the melter feed line. The ADS pump tested during FACTS could 
provide slurry flow rates from 50 to 300 L/hr. During FACTS testing, operating parameters and monitoring 
methods were developed which minimized plugging of lines. 

The SSS described in Section 3.3 also used two ADS pumps of the design described in this section. The 
decision to use identical pumps was to allow a common design and development program for pumps that 
were to be used for similar operations, and provide other benefits of common design, such as 
interchangeability of parts. 

Because of the importance of providing continuous feed to the melter, a different philosophy was applied to 
ADS pump development than other VF components. Until ADS operational parameters were developed 
during FACTS, the ADS pump was used in conjunction with backup pumps, such as air diaphragm pumps. 
These backup pumps would have been unsuitable for remote operation. Eventually, the ADS pump was used 
without backup, and a computer graphic for its operation was added to control room capabilities. 

4.3 Measurement of Feed Flow Rate to SFCM 

Accurate data on slurry feed flow rate to the melter was important for control of melter operation. Too low a 
rate would result in a low glass production rate. Too high a rate could result in "cold cap" bridging, that is, 
creation of a cap of nonmolten slurry extending from wall to wall over the melt. This bridge would 
eventually collapse into the melt, resulting in a sudden high rate of steam generation. 

Flow measurement of slurry is difficult in a constant flow rate system. Measurement of the pulsating flow 
from the ADS pump was even more of a challenge. An early meter tested during FACTS runs was the 
MicroMotionR. The relatively narrow-bore flow path of this meter resulted in plugging during FACTS. A 
more successful device was the Krone11 magnetic flow meter. Good flow rate information was obtained by 
using three-hour moving average values from this meter. Instantaneous values could not be obtained because 
of the pulsating nature of the ADS pump flow. 

Flow rates of slurry to the melter also were estimated based on level measurements in the MFHT, glass level 
rates of increase in the SFCM, and/or glass pour quantities. The estimates were used to confirm the flow 
meter data. 
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5.0 SLURRY-FED CERAMIC MELTER (SFCM) 

5.1 General 

Figure 5-1 illustrates the development of SCFM elements during FACTS. A cutaway schematic 
representation of the melter is provided in Figure 5-2. (See also, Chapman and Drosjack 1988.) 

The function of the melter was to dry and melt the slurry fed to it, converting it to glass. The basic shape of 
the melter vessel was an inverted prism. The walls of the vessel sloped inward toward the bottom. The 
heating system utilized three electrode plates in the melter in contact with the glass. Two of the three 
electrodes were located in the sides of the vessel. The third electrode was in the floor of the vessel, at the base 
of the inverted prism. Electricity was conducted through the molten glass between any two of the three 
electrodes. The shape of the vessel was selected: 1) so that precipitated conductive phases or materials (if 
any) would collect on the bottom electrode, where it would cause minimal interference with electrode 
operation; 2) to enhance the structural stability of the refractory lining; and 3) to minimize the inventory in 
the melter in the event of system failure. The SFCM also was equipped with a cooling air supply and a closed 
loop cooling water system to cool the electrodes, critical refractory wall areas, and the metal jacket outside 
the melter refractory. 

The melter startup system used radiant heaters, inserted through the roof, to create the initial molten glass. 
Molten glass was required for use of the bar electrodes. After it was determined that heat was being supplied 
to the melt by the electrodes, the radiant heaters were removed. 

In addition to the main chamber melting cavity, the interior of the SFCM included the overhead plenum and 
two drainage channels. During normal operation, the inventory of molten glass contained in the melting 
cavity was 860 liters. The glass surface area was approximately 2.2 m2. The distance from the molten glass 
surface to the refractory roof was 0.91 m. The plenum acted as a settling chamber for spattering feed, 
minimizing the amount of feed carryover as particulate to the off-gas treatment system. 

The ceramics used in contact with the molten glass were considered the best available for long-term service, 
based on industry practice. Examination of the refractory and other aspects of the SFCM was scheduled to be 
conducted prior to design of the melter for radioactive operations. 

Drainage of molten glass was achieved by activating an "airlift" mechanism. Air was bubbled into the SFCM 
discharge passage, displacing glass and raising the level of the melt in the discharge channel, causing it to 
flow from the melter in an intermittent rather than continuous flow process. 

There were two discharge channels, one for primary service and an installed spare. The discharge channel 
was heated by a silicon-carbide radiant heater to maintain the temperature of the melt and prevent it from 
hardening before exiting the melter. The heater could be moved as necessary to the discharge channel in use. 
The life expectancy of the heating elements was established during FACTS to be about 10 months. 

Complete draining of the melter was accomplished using an evacuated canister suction technique, following 
maximum drainage with the airlift. Figure 5-3 shows an evacuated canister that was used to remove the glass 
heel. The canister was a closed vessel equipped with a suction pipe sealed with a fusible aluminum plug. The 
canister was placed under vacuum and the suction pipe inserted into the melt, which immediately melted the 
aluminum plug. Atmospheric pressure caused glass flow into the canister to a level equivalent to one 
atmospheric head of molten glass. The height of the glass in the canister can be seen from the discoloration of 
the canister to about mid-height. The evacuated canister technique was used twice during FACTS. Each time 
approximately 95 percent of the glass was removed from the melter. 
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Figure 5-2. Cutaway View of Slurry-Fed Ceramic Melter 



Figure 5-3. SFCM and Evacuated Canister 
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The electrode firing pattern for the melter was initially single-phase current across the top electrodes, with 
shunting to the bottom electrode. The pattern was later changed to a regular sequence among all three 
electrodes, using silicon control rectifiers (SCRs) to control the pattern. Current skewing was conducted to 
enhance the melt rate. Different levels of current were provided through the various circuits. The current flow 
configuration was such that the majority of the current was supplied across the wall electrode-bottom 
electrode circuits (current flow between each wall electrode and the bottom electrode was 145 percent of flow 
between the wall electrodes [see Figure 5-4]). This kept the bottom of the melter hotter than upper areas. 

The weight of the SFCM full of molten glass was approximately 47.2 tonnes. The melter was supported by 
and traveled on a rail track system. Removal of the melter from the VF required placement of a bridge over 
the pit containing the major process vessels (see Figure 2-2). The capability of removing the melter remotely 
was tested at the conclusion of FACTS. After five years of operation, the force required to dislodge the 
melter from the cell walls (breakaway force) was found acceptable (less than 9,000 N) for hot operations. 

5.2 Instrumentation 

The glass level probe and two thermowells were the primary control instrumentation in the SFCM during 
FACTS. These devices were installed directly into the molten glass in the SFCM. The glass level probe 
consisted of three InconelR tubes, which in combination were able to discern glass level, glass density, and 
plenum pressure. This information was calculated based on back pressure measurements of supplied purge 
air. The glass level information was used as confirmation of glass output to canisters, as a correction factor in 
calculating system output, and as an indicator of foaming within the pool. 

The two thermowells, each of which contained up to 10 type K or N thermocouples, were used to measure 
temperatures and vertical temperature gradients at two locations. The thermowell design and locations were 
changed during the FACTS tests to provide more comprehensive data and to extend the lifetime of the 
thermowells. The thermowells were found to have a life expectancy of approximately six months. 

Top 

^ W W W W W W W W V -
Slde Electrode 

Bottom Electrode 

Figure 5-4. Current Skewing 
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5.3 Infrared Television (IR-TV) 

The IR-TV consisted of a video camera, a periscope, and a port through the shield wall of the hot cell to 
accommodate the periscope. The IR-TV system was used to provide a video picture of the melter plenum, 
which was displayed on a monitor inside the Distributed Control System (DCS) control room. The IR-TV 
provided a general view across the surface of the melt. The view was diagonal across the glass surface and 
included the feed line outlet. The image was colorized based on the received infrared light intensity to 
indicate thickness across the surface of the cold cap. Various light intensities were displayed in different 
colors on the monitor. 

5.4 Power Control 

In the early FACTS tests the current to the melter electrodes was set manually and maintained at a constant 
level. The objective was to provide a nearly constant glass temperature. This objective was met. However, the 
use of manual control of amperage resulted in complex oscillations in both current levels and feed rates 
during changes in glass production rates. When the DCS was implemented, algorithms were employed to 
maintain the melt at constant temperature without the current and feed rate oscillations. The DCS system was 
successful in controlling the average glass temperatures to ±10°C. 

5.5 Pressure Control 

The melter plenum was kept at a negative pressure to minimize potential for release of vapors to the cell. The 
pressure control air (see Figure 5-5) was used to maintain constant negative pressure in the melter by 
maintaining a constant off-gas flow rate into the SBS. Operating parameters to accomplish this were 
developed during early FACTS runs. The pressure control air was added to the off-gases downstream of the 
film cooler. An emergency vent was provided in case melter vacuum was lost as a result of plugging of the 
off-gas line or other upset conditions such as high vaporization rates of the slurry. 

5.6 Melter Operations 

Approaches to melter operations evolved during FACTS as the lessons from early runs were incorporated 
into later runs. These approaches involved initial placement of feed in the idle melter, changing steady-state 
conditions through correlation of feed rate and plenum temperature, and return to an idle condition between 
FACTS runs. During idle conditions, temperature was maintained in the melter but no feed was added, and 
apparatus that FACTS testing revealed would deteriorate during idle conditions, such as the film cooler, were 
removed. The control room was not continually staffed during idle conditions. 

29 



Flow 

Film Cooler Air —»f f l Q 
Fr=ri ' Pressure Control 

Air Addition 

Overflow 
Section 

4'-8 

Evaporation 
Entrainment 
and Steam 

3*-0 

Figure 5-5. Pressure Control for SFCM 
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One goal of the FACTS testing was to operate the melter at as close to a steady-state as possible, to minimize 
off-gas production due to fluctuations in the magnitude of the cold cap, and to simplify process modeling by 
modeling a steady-state condition. Test conditions such as feed rate and power input were established based 
on objectives of the FACTS testing, such as glass production rate or glass composition. These test conditions 
were not always found to be compatible with steady-state operation. As a result, melter power was adjusted 
based on glass temperature (see Section 5.4). Melt rate could change based on several variables such as feed 
composition (see Section 6.1). During early FACTS runs the method of achieving steady state in the melter 
was through adjustments based on visual inspections of the molten glass surface. This method resulted in 
substantial feed rate oscillations until the steady state was reached. Based on data from early runs, a 
predictive model for melter control was developed. Using this model, a theoretical relationship of feed rate 
versus plenum temperature was developed that allowed more rapid achievement of target steady-state 
conditions, reducing the number and magnitude of fluctuations. Feed rate was adjusted based on plenum 
temperature, which was indicative of melt rate, which could not be measured directly. Typical data (from the 
last FACTS run) using this approach is shown in Figure 5-6. This figure shows progression from idle 
conditions to a steady feed rate of 110 L/hr in less than one day. 

Another approach to monitoring melter conditions was by Principal Components Analysis (PCA). Using 
FACTS data, a computer program to monitor and evaluate melter operation was developed for WVDP by the 
University of Washington Center for Process and Analytical Chemistry (CPAC). The program employs a 
multivariate statistical process control scheme using primary VF process control variables to generate a 
reduced set of variables (principal components) that would capture most of the variables by ranking based on 
eigenvalues. When the principal components changed sufficiently that they would lie outside normal 
operation limits, the process was out of statistical control and needed to be adjusted. The PCA technique was 
tested during FACTS runs as a supplement to the traditional control approach. The PCA technique is being 
further developed into an advisory system for melter operation. In addition to displaying individual principal 
components as a function of time, another variable (Q), representing the overall status of the process, was 
charted. Figure 5-7 shows data for the Q variable. A significant increase at sample number 270 indicated a 
statistically significant change in process control. The process change was correlated with a failure of a 
thermocouple, indicated as variable number 5 on Figure 5-8. The thermocouple failure was not noted in the 
Control Room at the time. 
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Figure 5-8. Typical PCA Data 2 
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6.0 MELTER OPERATION PROCESS CHEMISTRY 

Two aspects of SFCM operation, melt rate enhancement and reduction/oxidation (redox) of the molten glass 
pool, related to process chemistry rather than components. They are expounded in the subsections below. 

6.1 Melt Rate Enhancement 

The SFCM had a designed output of 45 kg/hr. This rate was achieved during the initial FACTS tests using 
either frit or hydroxide-based slurries. But when nitrate-based slurry was used, glass output fell below the 
design rate. The following techniques were used in attempts to raise the melt rate to the design value using 
nitrate feed: 

Heat sources were added to the feed. Sugar was added in the MFHT to provide a combustible mixture in 
the melter, as well as to control the redox of the glass (see Section 6.2). 

The solids concentration of the feed was increased to reduce the amount of water that would have to be 
driven off by evaporation. This approach minimized heat requirements not directly contributing to glass 
melting. 

Electrical current skewing (see Section 5.1) was used to enhance convective mixing in the glass pool. 
This resulted in increased heat transfer to the cold cap and a modest increase in melt rate (<5%). 

A bubbler was used to agitate the melt and reduce the thickness of the boundary layer between the molten 
glass and cold cap. The bubbler consisted of an InconelR tube through which air was injected into the 
melt. The bubbler was found to increase the melt rate by 5 to 10 percent. The bubbler also altered the 
redox of the molten glass (see Section 6.2). The bubbler is not planned for use in radioactive operations, 
however, because it resulted in a high rate of deposition of glass spatter in the film cooler. 

6.2 Reduction/Oxidation 

The need for reduction/oxidation control did not occur prior to the use of nitrate-based slurries, which 
produced foam on the melt surface. The foam had the effect of insulating the melt from the plenum, 
inhibiting heat transfer. The foaming was caused by excessive release of gases as highly oxidized metal 
melted into the glass at a lower equilibrium oxidation state. 

On the other hand, highly reduced glass can result in reduction of the metal oxides of the glass to the point of 
precipitating spinels and sulfides, which may be conductive. Such materials could settle to the melter floor 
and eventually short out the electrodes (Jain et al. 1990). 

In addition, redox was found to have a measurable effect on crystal content in the canistered glass (Jain 
1991a) and on the leach rate of the glass (Buechele et al. 1991). 

The oxygen-rich foam was controlled with the addition of sugar to the melter feed. The sugar acted as a 
reducing agent. The sugar content of the slurry was adjusted (in the MFHT) during feed makeup and during 
melter operation to correct for changes in melter parameters such as temperature, pressure, and rate of air in-
leakage. However, the sugar additions had to be controlled to avoid precipitating conductive materials. These 
two objectives established the redox control limits for the glass. 
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Initially, sugar additions to the slurry were made based on feed reduction index (FRI), which is a quantitative 
estimate of the level of oxidizing agents in the glass. The FRI was reported as ferrous/ferric (Fe^TFe34). The 
Fe^/Fe3* couple was measured and used for control because the other metals of concern in the WVDP glass 
all have greater redox relative reduction potentials than the Fe^/Fe3*. That is, this couple is indicative of the 
stability of the glass melt redox state (Bowan 1990). 

A problem with FRI was that it took too long with this method to obtain results that would be useful for VF 
control purposes. A quicker method was developed to estimate the FRI based on elemental analysis of the 
feed solution. For this, the feed reactions in the melter were classified as either oxidizing or reducing. At the 
target glass composition, cation concentrations will be constant, leaving nitrates and water as indicative of the 
oxidizing reactions, and carbon (as sugar) as indicative of reducing reactions. During later FACTS runs, the 
amount of sugar added to each feed batch (calculated by the elemental analysis method) was established as 
approximately 0.053 grams carbon/grams oxide for the Ref. 4 feed composition. This target value was 
substantiated based on correlation of the elemental analyses to the FRI values of the feeds used in prior 
FACTS runs. The use of this value, which was modified slightly as the nitrate concentration varied, resulted 
in successful control of melter redox. 

An alternate approach to laboratory analysis for redox control was use of a redox probe inserted in the melter 
glass to measure redox directly. This instrument measured glass redox as the difference in electrical 
potentials between the probe's two dissimilar electrodes. The redox probe values were in agreement with 
measured FRI ratios from the glass samples. Although melter power had no effect on the redox probe 
readings, testing of the probe was limited by the highly corrosive nature of the glass melt. Corrosion of the 
electrodes in the molten glass environment limited the useful life of the probes to one day in the initial test 
and two days in a second test. The redox probe was not further tested during FACTS. 

Air added through a bubbler submerged in the'glass was another method of controlling redox. This method 
was used only when the glass was inadvertently overreduced. The oxygen in the air reoxidized the glass. The 
plan for the radioactive campaign is to achieve proper feed chemistry, including proper redox, in the CFMT 
prior to feed transfer to the MFHT. 
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7.0 CANISTER-RELATED SYSTEMS 

Canister design evolved based on FACTS testing results and the WAPS. For example, the geometry and 
dimensions of the canisters had to match repository requirements detailed in the WAPS. Canister/turntable 
elements tested during the FACTS program are illustrated in Figure 7-1. 

7.1 High-Level Waste Canister 

The first FACTS run utilized a single canister similar to the DWPF reference design. However, because of 
differences between the WVDP and DWPF canister filling process, alternative canister designs were 
developed and tested. The first alternative canister design was the "procan," short for "process canister." The 
term also indicated that these cans were expected to be later placed within an outer canister for shipment to a 
repository. Canisters of different wall thicknesses were tested in the early FACTS runs. The wall thickness 
was selected to preclude failure during filling and provide sufficient mechanical strength for handling. A 
major objective of the wall thickness criterion was to allow the maximum volume of glass to be placed in a 
canister of a given circumference. 

The procan was the reference design canister through much of the FACTS testing. However, the procan was 
eventually replaced with the current reference West Valley design canister (see Figure 7-2), which does not 
have to be placed within an outer can. The current design was developed after adoption of the WAPS. 

The WAPS state that the canister design must be able to withstand the impact of a seven-meter drop without 
rupture. To verify that the WVDP canisters could meet this criterion, five canisters were filled and shipped to 
PNL for drop testing. The PNL tests demonstrated that the West Valley canister fulfilled this criterion. 

Also as part of the WAPS qualification, to verify that the canisters had not become deformed out of round 
due to the thermal effects of filling (to ensure that the canisters could be placed in engineered structures at the 
repository), each canister was measured before and after filling. This was done by placing the canister in a 
reference cylinder and measuring the annular gap between the canister and the cylinder at numerous 
locations. 

Another WAPS requirement involved canister wall thickness. To provide data on metal loss due to corrosion 
during filling, canister wall thickness was measured before and after filling using an ultrasonic technique at 
numerous locations. To provide data on metal loss during canister decontamination, which will use an 
etching technique, metal from canisters that had been filled during FACTS was tested using the proposed 
etching technique in a laboratory (Westerman and Mackey 1991). 

Another purpose of the laboratory testing of the etching effect was to verify that canister labeling (using weld 
marking) was still legible following the etching. 

7.2 Canister Turntable 

The function of the turntable was to accurately position an empty canister under the melter drain spout for 
filling, then move it out from under the spout for initial cooling and then replacement with another can. The 
turntable provided the capability of placing the canisters under either of the two melter drains. A perspective 
drawing of the turntable is shown in Figure 7-3. The initial turntable installation is shown in Figure 7-4. 

In early runs, canister positioning under the pour spout was checked visually. To allow correct positioning in 
remote use operations, a Linear Variable Differential Transmitter (LVDT) system was developed. The LVDT 
system detected lobes on the rotating turntable carousel. Each position had a different lobe signature to allow 
identification of the specific position. 
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Figure 7-1. Schedule of Testing of Canister/Turntable Elements 
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Figure 7-4. Initial Installation of Turntable 
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The turntable provided a sealed hatch airlock that allowed changeout of canisters to and from the turntable 
while maintaining the turntable apparatus and melter at process vacuum (see Figure 7-5). When tested during 
the last FACTS runs, canister changeout was successfully performed without interfering with process 
vacuum. 

An operational requirement was to change out the canisters at a consistent fill level. During FACTS (as also 
in radioactive operations) the ultimate determination of the amount of glass produced was by weighing the 
filled canisters. These weights were compared to the weight of glass added as determined through material 
balance data. Process control in the radioactive system will require remote indication of canister glass level. 
In addition, required documentation on each radioactive canister will include contents of the canister, 
including mass, composition, and fill level. The level detection method to be used in radioactive operations 
was not available for FACTS testing. 

Load cells were employed to allow monitoring of canister weight as the canister was filled, but the load cells 
did not yield accurate measurements. In view of the hostile environment, high temperatures, and eventual 
high radioactivity levels, the load cell was located outside the turntable to facilitate replacement. A 
mechanism employing a beam and a pin was used to transfer a known fraction of the canister weight to the 
load cell, where it could be measured. The system was of limited utility due to problems with thermal 
expansion and possibly the introduction of small glass shards into the close-tolerance mechanism. 

A different method for determining canister glass level was by means of a series of thermocouples installed at 
various heights inside the canisters. This method was generally accurate, but not practical for radioactive 
operations because of the difficulty of accommodating the thermocouple leads in conjunction with the 
rotating turntable carousel. 

Canister glass level also was monitored by material balance calculations based on glass level changes in the 
melter. Canister weight calculated in this manner was routinely accurate to plus or minus 10 percent of actual 
weight. 

Visual confirmation of the canister glass level using a set of stainless steel mirrors proved accurate. When a 
canister was filled, the glass could be seen in the mirror. The image in the mirror was transmitted by video 
camera to a monitor in the control room. This method was used in later runs instead of the thermocouples. 
However, the use of mirrors in radioactive operation would be limited by the difficulty of keeping mirrors 
clean and properly oriented and maintaining a camera in the turntable environment. 

To enhance cooling of the glass, the turntable was provided with external water jackets. However, because of 
the effective thermal radiation shield provided by the turntable between the water jackets and the canister, the 
cooling rate was little influenced by the water flow rate. 

FACTS test data is currently being reviewed to evaluate the need to redesign the turntable. The new 
apparatus would be an open rather than enclosed system, would not be mechanically cooled, would provide 
level detection by means of infrared sensors, and would monitor canister weight with an alternative type of 
load cell. 

41 



Figure 7-5. Canister Changeout in Turntable 
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8.0 OFF-GAS TREATMENT SYSTEM 

A flow diagram of the off-gas system tested during FACTS is presented in Figure 8-1. Equipment in the CTS 
removed particles and condensibles from the off-gas. The basic components in the CTS were the film cooler, 
SBS, HEME, and a HEP A. Equipment in the 01-14 building was used to remove NOx. The basic 
components in the 01-14 building were NOx scrubbers, another HEP A, and a blower. Elements of the off-gas 
system tested during FACTS are presented in Figure 8-2. 

Also tested as a NOx abatement device was an SCR pilot unit. The pilot unit was located in the CTS and 
treated gas taken from a slip-stream of the off-gas downstream of the HEP A. 

The crucial component of the off-gas system was the HEP A. The advantage of the HEPA is that it allows 
verification of removal efficiency. The disadvantage of the HEPA is that the filter medium must be replaced 
after accumulating a relatively small amount of aerosols. The basic purpose of the off-gas treatment 
equipment installed prior to the HEPA was to remove as much of the aerosols as possible, thereby 
maximizing the time period between HEPA filter replacements. The SBS was a condenser and gross particle 
remover. The HEME was a fine particle remover that should not require replacement, but the efficiency of 
the HEME can not be verified in the radioactive application. 

8.1 Film Cooler 

The initial component of the melter off-gas system was the film cooler. This device was located at the 
beginning of the off-gas pipe from the melter. It consisted of a louvered insert that supplied a cool air flow 
along the inner surface of the pipe. This served two important functions. It provided a boundary layer of clean 
air between the mainstream of the off-gas and the inner surface of the pipe; and as the boundary layer mixed 
with the mainstream, it cooled the off-gas to a temperature below the glass melting point. Prior to 
introduction of this device early in FACTS testing, plugging of the off-gas line was a recurring problem. The 
device used at West Valley was designed by PNL based on a film cooler concept developed at DWPF 
(Randall and Sabatino 1986). A cutaway view of the final design of this unit is provided in Figure 8-3. 

Two designs were tested. Fabrication limitations of the first design resulted in large variations in slot sizes, 
which caused variations in the depth of the boundary layer along the circumference of the off-gas pipe. This 
resulted in excessive deposition of soft materials in the pipe and consequent plugging. Moreover, the bottom 
plate was observed to suffer unacceptable corrosion. 

In the second design, fabrication tolerances were tightened to improve the uniformity of the film depth. The 
corrosion resistance of the bottom plate also was improved in the second design. When the second version 
was initially tested, at a cooling air flow rate of 40 SCFM, it became plugged on the second day of operation. 
This flow rate was selected to establish a substantial laminar air flow boundary layer along the inner surface 
of the film cooler. The system was then shut down and the film cooler was removed and cleaned. When it 
was returned to service, the operation was recommenced at 140 SCFM, creating a turbulent boundary layer, 
which improved cooling, but resulted in a less substantial underlying laminar boundary layer. During the rest 
of the run, the film cooler had to be cleaned (rodded) hourly to remove the sticky glass buildup on the bottom 
plate. But at the new air flow rate, film cooler problems occurred only during periods of high melter plenum 
temperature. As the plenum cooled during addition of slurry to the melter during start-up from idle, 
accumulations of sticky giass became deposited on the bottom plate of the film cooler. This was thought to 
be due to spattering as feed slurry came into contact with the molten glass. This problem was minimized once 
the cold cap formed over the molten glass. As the film cooler became coated with material, the air path was 
interrupted, resulting in an increased rate of deposition. In an attempt to solve the problem of glass buildup in 
the film cooler, later test runs were started up from idle using a higher initial feed rate. This had the effect of 
accelerating the establishment of the cold cap. 
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Figure 8-2. Schedule of Testing of Off-Gas Treatment System Elements 
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Since a rodding technique to clean the film cooler is not acceptable for radioactive operations, an adjustable 
air lance was tested. The air lance technique also was ineffective. Currently, the film cooler is being 
redesigned with two additional air inlets at the bottom to prevent deposition. A schematic drawing of the new 
design is provided in the detail insert of Figure 8-3. A pneumatically operated brush also is being designed to 
clean the film cooler. The brush will be operated at regular intervals to prevent sufficient buildup to 
necessitate a more elaborate technique. A schematic drawing of the brush cleaner is provided in Figure 8-4. 

8.2 Submerged Bed Scrubber (SBS) 

Off-gases from the melter, consisting of melter vapors, film cooling air, and melter pressure control air, were 
drawn into the SBS. The SBS was a double-tank configuration. The inner tank was the scrubber tank and the 
outer tank was an overflow tank. A cutaway view of the SBS is presented in Figure 8-5. The SBS was an 
adaptation of the submerged gravel scrubber developed for use in scrubbing containment effluent from the 
Fast Flux Test Facility (FFTF) at Hanford, Washington (Hilliard et al. 1981). The FFTF technique for 
scrubbing large particles was adapted for West Valley because of its inherently passive characteristics. The 
design was done by PNL (Siemens et al. 1986). 

The gases were drawn by a vacuum to the bottom of a submerged bed of 9-mm diameter alumina spheres and 
then allowed to percolate up through the submerged bed. The percolation through the bed resulted in 
condensation of water vapor and removal of particulates from the gas. As the water vapor condensed, the 
inner tank overflowed to the outer (receiver) tank, where the water (condensate) accumulated. Particulate 
removed by the scrubber bed accumulated as a sludge in the bottom of the inner tank. Periodically, the sludge 
in the inner tank and the liquid and sludge in the receiver tank was recycled to the CFMT to be included in a 
subsequent slurry feed batch. 

The submerged bed removed nearly all particles larger than one micron in size. A small fraction of the SBS 
liquid was entrained into the off-gas stream with the air due to the bubbles bursting on the water surface. A 
portion of this entrained liquid was removed by the SBS demister pad. The liquid from the demister pad 
drained into the SBS receiver tank. The SBS is the only wet scrubbing device planned for use in the 
radioactive melter off-gas system. 

Laboratory testing suggested that an improvement in collection efficiency of submicron particulate may be 
realized if surfactant was added to the SBS (Ruecker and Scott 1987a, 1987b). As a result, surfactant was 
added to the SBS during FACTS testing. 

8.3 Vessel Vent System (FACTS Test System) 

A primary function of the vessel vent system as utilized during FACTS was to remove steam from the CFMT 
and condense it in the vessel vent condenser. The condensate was sampled and disposed of according to the 
analytical results. Noncondensible vapors passed through the condenser and were mixed with the melter off-
gas flow prior to the HEME. Another main function of the vessel vent system was to maintain a partial 
vacuum on the feed tanks. 

It was necessary that addition of the vessel vent flow into the off-gas system be accomplished without 
compromising the ability of the off-gas system to maintain negative pressure on the melter. Operating 
parameters for the melter off-gas system had been developed prior to development of the vessel vent system. 
To integrate the two off-gas systems, the vessel vent system was tested in stages. 

Early in the FACTS program, the vessel vent system was used just to condense steam from the feed makeup 
vessels, with the melter in idle condition, and therefore at atmospheric pressure. In later tests, with the melter 
in use, and therefore at negative pressure, the vessel vent system was used to maintain negative pressure in 
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the feed tanks, with the tanks in idle condition, that is, not preparing feed and therefore not producing steam. 
During the last two FACTS runs, when feed makeup occurred during the run, all functions were tested 
simultaneously. The results of these tests were that feed makeup, including steam condensation, was carried 
out with no discernible impact on maintenance of negative pressure on the melter. 

8.4 High-Efficiency Mist Eliminator (HEME) (FACTS Test System) 

The HEME was a cylindrical cartridge filter that utilized several inches of compressed fiberglass medium to 
remove nongaseous material from the off-gas. The ordinary function of the HEME is to remove fine liquid 
droplets, but the device also removes particulates. A heater was added during FACTS, which allowed the 
option of using the HEME as a dry particulate filter. A cutaway view of the HEME is shown in Figure 8-6. 

The advantage of the HEME and the reason it was utilized is that it is able to be regenerated by flushing the 
accumulated particles. The flushing occurred either as a self-flush, when operated in the wet mode, as the 
captured mist dripped through the filter, or an operator-controlled flush, in the wet or dry mode, using an 
installed set of spraying nozzles. In either case, the captured liquid was transferred back to the SBS receiver 
tank. 

Based on information from PNL, the HEME configuration was altered during the FACTS tests. The 
alteration consisted of the following: 

Adding a low-efficiency mist eliminator downstream of the SBS to remove large entrained droplets from 
the SBS effluent (see Section 8.2). 

Adding a heater upstream of the HEME to permit operation of the HEME as a dry filter. The heater 
enabled raising the off-gas temperature above its dew point. 

Adding a mist eliminator downstream of the HEME to capture moisture that could be entrained in the 
off-gas stream as a result of liquid dripping through the fiberglass in the HEME. 

When the HEME was operated as a mist eliminator, that is, without preheating the off-gas, the pressure drop 
across the HEME did not increase, indicating the efficacy of the self-flushing. On three occasions, the HEME 
was operated in the dry mode, using the preheater. On the first two occasions, the operator-controlled 
flushing system was employed when indicated by the pressure drop across the HEME. The manual flushing 
served to return the pressure differential to normal. A graphic representation of the pressure differential is 
shown in Figure 8-7 (at approximately 425 hours, the preheater was turned off, converting the system from 
dry to wet operation, whereupon self-flushing occurred, returning the system to the previous pressure 
differential). On the third occasion, the manual flushing was not effective. The HEME was then completely 
flooded to ensure thorough flushing. This also was ineffective. The HEME filter element was then replaced 
and the run continued with no further HEME problem. Examination of the failed filter element revealed that 
the cause of the failure was not excessive accumulation of particulate matter on the element. Testing is 
continuing to determine the cause. Preliminary results indicate the surface characteristics of the fiberglass in 
the failed filter may have been altered due to the addition of excessive surfactant in the SBS. 

8.5 High-Efficiency Particulate Air (HEPA) Filter (FACTS Test System) 

The HEPA was used continually from early in the FACTS runs, in combination with a preheater that was 
used to heat the gases above the dew point. The HEPA unit was designed, built, and installed according to 
ANSI/ASME N-509/N-510 standards ("Nuclear Power Plant Air Cleaning Units and Components," 1980; 
and "Standards for Testing of Nuclear Air-Cleaning Systems"). It was a disposable unit rated to remove 
99.96 percent of particulates 0.6 micrometers in diameter and larger. 
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8.6 NOx Treatment 

NOx scrubbing equipment was originally installed in the 01-14 building by Nuclear Fuel Services, Inc., 
previous operator of the West Valley facility, for removal of iodine from off-gases during nuclear fuel 
reprocessing. 

The equipment was adapted by WVNS for NOx removal from CTS off-gas. To remove the NOx, the melter 
off-gases were percolated through primary and secondary scrubbing columns containing an aqueous hydrogen 
peroxide solution. The efficiency of this system averaged only 60 percent, significantly less than the 91 
percent that will be required by the New York State Department of Environmental Conservation for the 
radioactive system in continuous operation. The scrubbing operation was then tested using various 
combinations of water, peroxide, and caustic. The results showed removal efficiencies up to approximately 
70 percent. 

Because of the low efficiency of the scrubbing system, an SCR pilot plant was tested as a possible alternate 
NOx removal method. In this process, anhydrous ammonia was injected into the off-gas stream, and the 
stream was preheated to approximately 300°C and passed over a zeolite-based catalyst bed. This treatment 
reduced the NOx to nitrogen per the following exothermic reaction (to simplify, the equation has been 
reduced to an unbalanced form): 

catalyst 

NOx + NHj > N2 + H 20 

This was a dry process that resulted in formation of nitrogen and water vapor, both suitable for direct stack 
discharge after filtration without further treatment. Test results using the SCR showed a NOx removal 
efficiency of approximately 90 percent, with minimal ammonia (less than 1 ppm) in the exhaust. NOx 
removal efficiencies as high as 97.5 percent were observed upon increasing the ammonia-to-NOx ratio, with 
a resultant increase in reactor exhaust ammonia concentration to approximately 90 ppm. This level of 
ammonia was not a concentration of concern. 

Ammonia injection in the SCR was controlled based on continuous sampling and analysis of NOx 
concentrations in the off-gas. The sampling and measurement techniques were developed during FACTS and 
refined as required for radioactive operations. 

Once the utility of the SCR was demonstrated and operating parameters established, a control logic for 
ammonia injection rate was successfully implemented using the DCS. Accurate and responsive control of 
ammonia addition to obtain any target ammonia-to-NOx ratio was achieved. 

Total exposure time of the SCR catalyst bed during FACTS was over 2,000 hours. During this time, the 
observed loss of NOx removal efficiency was approximately 5 percent, indicating satisfactory durability. 

8.7 Off-Gas Sampling 

Sampling was begun early in FACTS to establish the particulate removal efficiency of the off-gas treatment 
equipment. 

Buchler condensation traps were used during the early runs to collect condensible vapors, and PallR filters 
were used to collect particulate. This design was improved through use of thimble and later flat filters for 
collection of particulate. The final system utilized was a combination of EPA-specified apparatus and stack 
sampling method (EPA 1986), with WVNS modifications. The modifications included extended sample 
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collection durations, necessitated by the very low concentrations present in the HEME effluent, and 
replacement of acetone with pure water where specified by EPA, necessitated by strict material controls 
utilized at WVNS. The modifications did not compromise but improved the accuracy of testing results. 

A sample of preliminary data is displayed in Figure 8-8. Decontamination Factor (DF) is inlet concentration 
divided by outlet concentration. The data was grouped by chemical type as alkali metals, alkaline earth, 
refractory metals, and transition metals. The DFs were computed for each of the primary off-gas treatment 
components. 

In the last two FACTS tests, an outside sampling contractor was retained to perform the sampling. This 
approach provided independent verification of the values previously measured by WVNS. 

Due to the low concentrations of particulates exiting the HEPA in the CTS, the EPA sampling technique was 
not practical. Therefore, for later FACTS runs, samples were collected directly from the HEPA, which had 
the same collection efficiency filter media as the EPA method samplers. After the melter was idled, the 
HEPA sample was collected and analyzed for cesium accumulation via neutron activation analysis. This 
analysis did not provide instantaneous concentration values, but did provide average values over the duration 
of the test run. 

Low observed average values indicated acceptable removal of fine particulates by the off-gas system 
upstream of the HEPA. 
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9.0 VF OPERATION 

In addition to testing VF components, the FACTS program was conducted to develop and test VF operations, 
including safety and reliability. Facets of operations included organization and personnel, control 
documentation, instrumentation and control, data interpretation, and test documentation. The evolution of 
operational control hardware, software, and documentation is shown in Figure 9-1. 

9.1 Organization and Personnel 

The engineering group responsible for the design, fabrication, and installation of the HLW remediation 
systems planned for the WVDP consisted of 17 engineers at the time of the first FACTS test. Seven of these 
engineers were responsible for design of VF process components, initial startup, operation, and equipment 
evaluation. During the four years of FACTS testing, the FACTS engineers were organized into a process 
development group and a vitrification testing group, each composed of approximately ten engineers, and a 
much larger design group. 

Six months prior to CTS start-up, four operators and one supervisor were transferred from other WVDP 
departments to the CTS, where they were trained and qualified on the SFCM and the support equipment. 
These personnel were the operating staff for initial equipment checkout and operation. The vitrification 
operations group was later expanded to twelve operators and two supervisors, supplemented as needed during 
long-duration FACTS runs. 

9.2 Control Documentation 

All FACTS runs were rigidly controlled by formal documentation that required site review and approval. In 
the early tests, each run was controlled by an individual Run Plan that provided complete documentation for 
test control. This method proved cumbersome. In later runs, to expedite review and approval, the plans were 
divided as described below. 

TEST REQUESTS: Each run was planned using a Test Request (TR). The TR contained descriptions of test 
objectives, acceptance standards, and basic procedures, including identification of specific Test Procedures. 
The TR also listed personnel qualifications, data review, retention and storage requirements, and test 
reporting requirements. 

TEST PROCEDURES: The Test Procedures (TPs) provided complete details on how to conduct the testing 
outlined in the TR. 

TEST EXCEPTIONS: Test Exceptions (TEs) were used to facilitate changes to TPs, as well as provide 
documentation of and a means for tracking problems identified during FACTS tests. 

9.3 Instrumentation and Control (l&C) 

I&C evolved during FACTS from manual data collection using equipment gauges and multipoint recording 
devices to the DCS process control system and process computer for data collection and manipulation. 

Meter power equipment in the first runs consisted of indicator and control hardware connected to a multipoint 
recorder. Additional melter thermocouples were connected to a second multipoint recorder specifically set up 
for thermocouples. Data from the recorders and from various indicators was manually collected. 
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After several runs, work was begun to provide computer-aided data presentation and manipulation. This 
process used the WVDP mainframe computer with an interface to the recorder. This temporary approach was 
used until the DCS was installed and implemented. 

The DCS transferred control of the vitrification system from local manual control to remote control. This 
facilitated adjustment of the system control logic, and increased the efficiency of data acquisition. In 
addition, the DCS minimized control room errors by facilitating presentation of process historical data and 
computer-generated graphics of subsystem operations. During later runs, the DCS was expanded to include 
more data collection and control functions. A Data Historian feature was included as a feature of the DCS, 
but its reporting abilities were limited and it lacked the resolution needed for many types of troubleshooting. 

Shortly after the DCS was operating, a process computer was purchased and installed in the CTS control 
room to enhance data acquisition capabilities. This replaced use of the site mainframe computer. Programs 
were written to transfer Data Historian data from the DCS to the process computer, and later for direct data 
collection from the DCS into the process computer. 

The combination of the data collection capability of the process computer and use of the RS/1R automated 
graphing data analysis software greatly facilitated data analysis. Later in FACTS, real time data was made 
accessible to the RS/1R program for viewing and analysis. Before the end of the FACTS program, the process 
computer was upgraded, doubling processing speed. 

The TCCS control system operated independently of the DCS applied to the rest of the vitrification 
operation. Operation of the TCCS was accomplished per Standard Operating Procedures (SOPs) and Special 
Instruction Procedures (SEPs). Prior to implementation of the TCCS, chemicals were manually added to the 
FRP tanks per standard WVDP work orders. 

9.4 Data Interpretation 

Initial data interpretation was accomplished by manual graphing techniques. In the early testing phases, data 
was manually entered into the site mainframe computer and plotted as elementary graphs. Off-shift use of the 
mainframe was necessary due to the slow response during peak working hours. 

In later runs, the DCS provided process data acquisition and limited presentation of data The presentation 
was often inadequate for process analysis. The data could be represented and reprocessed in the process 
computer for improved resolution, but little flexibility was available. 

The introduction of direct data collection using the process computer greatly expanded the data analysis 
capabilities and activity. The data was stored in weekly files that were backed up and protected by security 
provisions in the computer. The data could be read and copied, and the copy manipulated as desired. Modem 
connections were available to access the data from on-site and off-site locations. 

9.5 Recording of Run Activities 

Run activities were recorded on a continuing basis by means of the following types of logs and reports. 

Operations Logbook: This logbook contained a chronological history of all FACTS activities and 
observations. Entries included equipment and system information, changes in procedures, problems observed, 
safety issues, unusual events, and routine tasks. Each logbook was eventually transmitted to the Master 
Records Center at the WVDP for permanent retention. 
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Shift Summary Logbook: This logbook contained the supervisor's and shift engineer's summaries of events 
that happened on each shift. This logbook was then used to pass needed information "up the line" and "down 
the line," and contained appropriate "night instructions" from upper management. This log also was 
eventually transmitted to the site Master Records Center. 

Morning System Status Report: This report provided support organizations and management with summary 
information on the status of the process system and major tasks performed during the previous 24 hours. 
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10.0 WASTE QUALIFICATION 

A major objective of the later FACTS runs was to collect data to demonstrate WAPS compliance. The 
FACTS testing demonstrated that glass quality could be ensured by controlling melter feed composition and 
process variables. This control was effected through material balance checks and process modeling, as 
discussed below. (Collection of WAPS compliance data for canister handling and placement in the repository 
is discussed in Section 7.1.) 

The validity of the approach will be checked during radioactive operations by obtaining a sample (a shard) of 
glass from the top of each canister prior to weld sealing the lid on the canister. This approach was verified 
during the last run to provide shard chemical composition for all the elements that have significant effect on 
waste acceptance. The shard data was statistically identical to that of glass samples taken from throughout the 
canister. 

10.1 Material Balance 

Material balance was determined by tracking species quantities through the vitrification process and 
comparing vessel influents and effluents. Material balance calculations (feed composition analyses and level 
measurements) were performed for materials in the CFMT, then in the MFHT, then in the melter. The data 
were then compared with results of analyses and weight measurements of materials in the canisters and the 
off-gas system. The transfer of materials from the CFMT to the MFHT was a batch process, and the material 
balance had to consider heels in both vessels. The transfer to the melter was a continuous process, and the 
material balance had to consider slurry feed rate and composition, as well as the rate of change of inventories 
in the two vessels. Transfer to the canisters was another batch process, and the material balance had to 
consider changes in inventories. Melter material balance inventory included slurry feed, glass transfer to 
canisters, losses to off-gas, and additions due to refractory and other melter materials dissolving into the 
glass. 

Typical results using a steady-state model of the material balance for the melter are displayed in Figure 10-1. 
As shown in the figure, feed composition correlated well with analytical data on product glass. Modeled and 
actual glass compositions approximated the target glass product composition and remained within allowable 
composition tolerances, which were more stringent than the WAPS limits. In addition, the figure illustrates 
good control over feed composition from batch to batch and good control over the process following feed 
preparation. 

10.2 Process Models 

Process modeling permitted WAPS tolerances of the product glass to be correlated to feed tolerances. The 
objectives of the modeling included demonstrating that the composition of the product glass could be 
predicted based on feed composition and process parameters, so that the vitrification process would yield a 
quality product for disposal (Drobot 1989). 
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10.2.1 Tank and Melter Models 

Tank and melter models were used to demonstrate that materials in the CFMT, MFHT, and SFCM were 
adequately mixed (homogeneous) and to document the relationship of changes in feed composition to 
changes in product glass composition. 

Homogeneity of material in the CFMT and MFHT was established within each vessel using an extensive 
sampling and analysis routine. Sampling of feed was conducted from various heights in the vessels to verify 
homogeneity of the feed mixture and effects occurring during transfer from the CFMT to the MFHT (see 
Section 3.2, Figure 3-4). The majority of the testing was conducted during idle periods using various species 
to track concentrations throughout the system. The findings from these tests indicated that over the entire 
operating range in the feed vessels, relative standard deviation of the suspended solids was satisfactory (less 
than 5%). The validity of these results was confirmed with the full system in operation. 

In one instance, the tracer tests conducted during full system operation involved the addition of two separate 
soluble species, barium hydroxide and strontium hydroxide, to the MFHT (Bowan and Routt 1989). The 
barium hydroxide was added at the start of the run, and the strontium hydroxide was added after the SFCM 
reached steady-state. The data for this tracer test is displayed in Figures 10-2 and 10-3 for the barium 
hydroxide, and Figures 10-4 and 10-5 for the strontium hydroxide. As shown on Figure 10-4, strontium was 
added to the melter feed at 120 hours into the test. The resultant increase in strontium concentration in the 
glass (shown in Figure 10-5) basically agreed with the model prediction and was used to refine the model. 
The resultant melter model simulated "two well-mixed tanks" in series, the two "tanks" being the cold cap 
and the molten glass pool. The model was confirmed by tracer data from subsequent FACTS tests. In 
addition, the tracer tests demonstrated that initial feed addition to the melter following idle condition had 
negligible effect on glass mixing and was not of concern for verification of glass product quality. 

10.2.2 Canister Model 

The purpose of the canister model was primarily to predict the cooling behavior of the glass within the 
canister. This information, in conjunction with time/temperature/transformation (TTT) data (see below), 
could be used to estimate the amount of crystal growth that would occur as the glass cooled in the canister. 
Excessive crystals are undesirable because they are considered to enhance the dissolution rate of glass in 
water. Heat transfer calculations based on a two-dimensional axisymmetric model of canister cooling were 
used to predict temperature history of the glass at various locations in the canister. The axisymmetric model 
was developed using canister temperature data from three FACTS tests. Each of the three runs used a 
different glass composition, and in one of the runs, three different glass pouring rates were used. Glass frit 
was used as the feed material in the runs designed to facilitate determination of glass histories. The 
temperature data was collected from thermocouple arrays installed in the canisters. Figure 10-6 illustrates the 
cooling history of a typical glass canister (Jain 1991b). 

TTT data is the crystal growth rate for each glass composition at various temperatures. The TTT data was 
developed by measuring the percentage of crystals in glass heated in crucibles to various temperatures and for 
various time periods. The TTT plots for West Valley glasses were developed at the Institute of Glass Science 
and Engineering at Alfred University, Alfred, N.Y. Preliminary results indicated that cooled glasses of the 
WVDP composition would contain less than 5 percent crystals. This amount of crystals was within WAPS 
criteria. 

Separately, the actual thermal history of canister glass samples was replicated in the laboratory using 
correlated samples from the glass pour stream. Examination of the canister glass and the pour stream samples 
revealed similar crystallinity, confirming the validity of the TTT data for canister glass produced at West 
Valley (Jain 1991b). 
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11.0 SUMMARY OF FACTS RUNS 

Highlights of each FACTS run are summarized in subsections below in chronological order. 

Designations and dates of the FACTS runs are presented in Table 11-1. Runs, beginning the Log-In-Eight-
Four (LIEF) project to TC-3 (the last procan test) were used to define melter, turntable, and canister 
parameters. Runs SF-1 to SF-3 were used to define feed system parameters. Initial glasses produced were 
melted from slurries of glass frit. The first simulated waste stream tests used hydroxide slurry. Nitrate-based 
slurry, which was required for the reference glass, was not used until run SF-4, when the NOx abatement 
equipment was placed on-line. The main objective of the initial nitrate runs (SF-4 to SF-6) was to establish 
reliable processing equipment, instrumentation, and control systems. The early runs also identified major 
problems such as the occurrence of foaming in the melter. 

Runs SF-7 to SF-9B were preliminary operational tests to assure a reasonable understanding of the facility 
and process, with emphasis on matters such as redox control and film cooler operational requirements 
(Barnes et al. 1988). The SF-10 series of runs required this level of assurance to permit extended steady-state 
operation. Extended steady-state operation in the SF-10 series was used to assess process equipment 
integration, sampling and analytical techniques, and cold chemical preparation methods. The SF-10 runs were 
the last FACTS proof-of-principle tests. They provided the data required to demonstrate that the WVDP 
waste form would meet WAPS criteria. SF-10 series test results for operating characteristics of principal VF 
components and of the integrated process were as follows: 

Key process variables and their permissible operating ranges were identified; 

Data was collected for statistical studies of process and analytical error propagation; 

Residence time distributions and individual batch concentrations in the CFMT, MFHT, SFCM, and 
canisters were estimated; and 

Correlations were developed to predict product glass composition from analytical data on individual 
wastes and cold chemical additions. 

In runs SF-11 and SF-12 the VF was operated as it will be during the radioactive campaigns, except that 
simulated waste (that is, waste containing a nonradioactive species to simulate the radioactive species that 
will be used in radioactive operations) was used. The simulated waste composition was not identified to the 
operating staff, but feed composition was adjusted based on sampling and analyses, as it will be in 
radioactive operations. These runs were conducted using prototypical remote technology to the extent the 
existing facility would permit. SF-11 was performed to verify the operating methodology in preparation for 
SF-12, which will serve as the basis of qualification of the WVDP vitrification system components and 
process to dispose of high-level radioactive waste. In addition, run SF-12 was fully documented in 
accordance with OGR/E-14 (DOE 1988). Based on the change in approach in the last two runs, the name of 
the facility was changed from CTS to VF. 
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Table 11-1. Designations, Dates, and Data for all FACTS Runs 

RUN CODE START DATE END DATE GLASS COMPOSITION GLASS KG CANISTERS FILLED RUN I 

UEF 12/20/84 12/26/84 WV-183A 4050 1.00 6 

AT-1 01/13/85 01/13/85 WV-183A 550 0.25 0 

AT-2 02/14/85 02/14/85 WV-183A 650 0.25 0 

SPRVIL N 02/18/85 02/18/85 WV-183A 250 0.25 0 

TCPREP 03/29/85 03/29/85 WV-183A 200 0.25 0 

TC1AIRL 04/26/85 04/26/85 WV-183A 250 0.25 0 

TC-1 05/02/85 05/03/85 WV-192B 1450 1.00 1 

TC-2 05/17/85 05/17/85 WV-192B 1550 1.00 0 

TC-3 05/28/85 05/28/85 WV-192B 3650 2.00 0 

OH 06/07/85 06/07/85 WV-192B 500 0.25 0 

SF-1 06/19/85 06/21/85 WV-192B 300 0.25 2 

SF-2 07/19/85 07/22/85 WV-205 3400 2.00 5 

SF3A 08/13/85 08/23/85 WV-205 3100 2.00 10 

SF-3B WV-205 400 0.25 

EVAC 08/28/85 08/28/85 0 4.00 0 

CIEF WV-205 1600 0.00 

SF-4A 10/31/85 11/03/85 WV-205 1900 1.00 3 
SF-4B WV-205 N 0 3 500 0.25 

SF-5 12/13/85 12/23/85 WV-205 1400 1.00 10 

SF-6 01/18/86 01/28/86 WV-205 2600 2.00 10 

T C 4 05/11/86 05/20/86 WV-205 7000 3.00 9 

SF-7 07/24/86 08/01/86 WV-205 3500 2.00 8 

SF-8 08/26/86 09/01/86 WV-205 3450 2.00 6 
SF-9 10/27/86 11/06/86 ATM-10 7600 4.00 10 

SF-9A 02/17/87 02/20/87 ATM-10 2100 1.00 3 

TC-5 05/28/87 06/05/87 WV-183-205 12300 6.00 8 

SF-9B 07/21/87 07/31/87 ATM-10 6450 3.00 10 
SF-9CA 11/16/87 11/20/87 WATER 0 0.00 4 

SF-9CD 12/14/87 12/17/87 ATM-10 1050 1.25 3 

SF-10 05/02/88 05/26/88 ATM-10 9600 5.00 16* 
SF-10A 09/28/88 10/12/88 WVRG 7200 4.00 10* 
SF-10B! 12/06/88 12/12/88 WVRG 5300 3.00 6 

SF-10BH 12/16/88 12/22/88 WVRG 5600 3.00 6 

T & 6 03/27/89 04/06/89 WVRG 7900 4.00 10 

SF-10C 05/09/89 05/19/89 WVRG 11000 5.00 10 

SF-11 07/20/89 08/09/89 WVRG 14000 7.00 15* 
SF-12 10/02/89 11/22/89 WVRG 26600 15.00 46* 

TOTALS 158950 85.50 218 
* Off-Gas Sampling Continued After Slurry Feeding was Stopped 



11.1 Lief 

The Log-In-Eighty-Four (LIEF) Project was the initial melter and canister turntable operation. The melter 
was preheated with removable silicon carbide heater units. When the melter was sufficiently heated, glass frit 
was added until it filled the melting cavity. After the glass frit melted and electrical current flow was 
established between the melter electrodes, the start-up heaters were removed and a canister was filled. A 
temporary off-gas system consisting of a wet dust scrubber was used to control dust emanating from the 
melter. This system was used until SF-1. The melter start-up process was accomplished over an 11-day 
period. 

Figure 11-1 shows CTS components tested in runs LIEF to "Open House." Test components are not shaded. 
Temporary components serving functions of components in the shaded portion of the figure were used as 
necessary to conduct the tests. Major test components used at this time are shown in a photograph in Figure 
2-2. 

11.2 Airlift Tests 

11.2.1 AT-1: Airlift Test No. 1 

A one-day test was conducted of the airlift (that is, glass pouring) mechanism. A drum was filled with glass 
during this test. 

11.2.2 AT-2: Airlift Test No. 2 

This was the second test of the airlift mechanism. 

11.3 SPRVIL N: Springville Night 

This was a demonstration of the SFCM for public attendance. Glass frit was fed to the SFCM and glass was 
produced. 

11.4 Procan Tests (TC Prep [P-Procan], TC1AIRL [Procan PREP], TC-1 [Procan 1], TC-2 
[Procan 2], and TC-3 [Procan 3]) 

While additional process equipment was being installed, the melter and turntable were tested to determine 
how much deformation would occur in canisters of various wall thicknesses due to filling at representative 
pour rates. Canisters of 6-mm, 5-mm, and 3-mm wall thicknesses were tested. In all cases, canister 
deformation observed was well within the +1.5 cm, -1.0 cm WAPS criterion. 

11.5 OH: Open House 

This was an open house demonstration of the SFCM. Glass frit was fed to the SFCM and glass was 
produced. 
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Vitrification 

Figure 11-1. CTS Components Tested in Runs LIEF to Open House 



11.6 SF-1: Frit Slurry Test No. 1 

This was the first slurry-fed operation of the melter. Slurry feeding could not be performed previously 
because the temporary off-gas treatment system could not accommodate condensation of water evaporating 
from the melter. The run was designed to check out the auxiliary equipment required to feed and ventilate the 
melter. Melter feed was prepared in the outdoor FRP tanks using vendor-supplied frit. The feed was delivered 
to the melter by a peristaltic pump drawing from a recirculation loop driven by a diaphragm pump. This test 
included the first operation of the off-gas system, which included just the SBS and blowers. The run duration 
and slurry processing rates were restricted by air leakage into the melter/turntable system. Off-gas was 
sampled to monitor performance of the off-gas components. 

Figure 11-2 shows components tested in runs SF-1 and SF-2. 

11.7 SF-2: Frit Slurry Test No. 2 

This was the first time reference glass WV-205 was processed. 

This test verified that system upgrades following SF-1 were effective and evaluated the melter and turntable 
performance at the flow sheet glass production rate of 45 kg/hr. The average feed rate was 95 L/hr 
(corresponding to a glass production rate of 33 kg/hr); a maximum sustained rate of 150 L/hr (corresponding 
to a glass production rate of 52 kg/hr) was maintained for a 26-hour period. 

11.8 SF-3 

These were the first tests that used the MFHT (V-011) as an evaporator (and correspondingly, the vessel vent 
condenser and header) and the ADS slurry pump. The first test used frit remaining from SF-2. The second 
test used hydroxide-based WV-205 feed composition. The peristaltic pump was retained as a backup to the 
ADS pump for melter feed. 

Figure 11-3 shows the components tested in runs SF-3A and SF-3B. Figure 11-4 is a photograph of the major 
components used at this time. 

11.8.1 SF-3A Frit Slurry Test No. 3 

A total of 8,800 liters of frit slurry was processed by the melter at an average rate of 80 L/hr. The slurry 
throughput rate was limited by a viscous, foamy layer (later found to be calcium phosphate) that formed at 
the glass surface. This foam layer was eliminated in subsequent runs by a change in the reference waste 
composition. This was implemented by reducing the calcium content of ion exchange media in the WVNS 
supernatant treatment system. 

11.8.2 SF-3B Hydroxide Slurry Test No. 1 

This test used a melter feed of hydroxide-based process chemicals to produce WV-205 reference glass. A 
total of 900 liters of hydroxide slurry was fed to the melter at an average rate of 70 L/hr, and a maximum 
sustained feed rate of 100 L/hr. 
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Figure 11-4. CTS Components Including Melter, Turntable, MFHT, and SBS 
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11.9 Evacuated Canister Suction Test 

To allow for construction of the vitrification cell wall immediately behind the melter, the melter electrode 
systems were de-energized for a two-month period. Prior to de-energizing, the glass in the melter was 
removed to avoid devitrification during the construction period, since the only available heat sources were 
radiant electric silicon carbide elements. Due to the high infrared absorption properties of HLW glasses, these 
radiant heaters would not have been capable of maintaining the entire glass pool above the liquidous 
temperature. To accomplish the removal of the glass, the evacuated canister suction technique, proposed for 
draining the melter during radioactive service, was tested. The bank of resistance start-up heaters was 
reinstalled in the melter lid and four evacuated canisters were sequentially immersed into the glass pool. 
Approximately 95 percent of the glass was removed, leaving only about 50 L. The average time required to 
fill each canister was approximately 10 minutes. Upon completion of the construction activities, the glass 
inventory of the melter was restored using a glass frit and the melter electrodes were re-energized. 

11.10 SF-4 

The design feed composition was a nitrate-based slurry. Use of nitrated feed had been deferred until the NOx 
scrubbers became functional, due to the high levels of NOx that would evolve from the melter using this 
feed. The NOx scrubbers and several other off-gas components were initially tested in this run, including the 
film cooler, test HEME, and test HEP A, prior to the introduction of the nitrate-based feed during run SF-4B. 

Figure 11-5 shows components tested in runs SF-4A to TC-5. 

11.10.1 SF-4A: Hydroxide Slurry Test No. 2 

SF-4A consisted of an integrated test of the new components. The test was performed using hydroxide-based 
slurry. The hydroxide-based feed stream processed extremely well. Melter feed rates of up to 180 L/hr were 
achieved. The average feed rate was 150 L/hr. A total of 5,800 liters of hydroxide-based feed was processed. 

11.10.2 SF-4B: Nitrate Slurry Test No. 1 

Design levels of nitrates were fed for one day following the SF-4A test. The nitrated feed did not process as 
readily as its hydroxide analog. The average slurry feed rate fell to 100 L/hr. A total of 1,600 liters of nitrate-
based feed was processed. 

11.11 SF-5: Nitrate Slurry Test No. 2 

Initial data for process/product modeling was gathered during SF-5, which was conducted following 
installation of a remotely operable slurry sampler in the MFHT. The DCS was first used in this test to control 
selected process components. 

Maximum slurry processing rates were limited by glass foaming to between 50 and 60 L/hr. The foaming 
was apparently due to redox-induced glass reboil, stabilized by a highly viscous glass and slurry composition 
variations. The slurry feed was found to be rich in silicon and poor in boron and alkali metals. These 
composition variances were believed to be caused, at least in part, by feed segregation in the FRP tanks of the 
temporary feed preparation systems. Approximately 4,400 liters of slurry was vitrified in this test, producing 
1,400 kg of glass. The backup of the ADS pump was a progressive cavity pump. 
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Figure 11-5. CTS Components Tested in Runs SF-4A to TC-5 



11.12 SF-6: Nitrate Slurry Test No. 3 

The DCS was used for data collection/logging, in addition to its control function. Process off-gas sampling 
techniques were improved to upgrade the vitrification mass balance, especially with regard to semivolatile 
radionuclides. 

One of the major objectives of test SF-6 was to modify the SF-5 feed composition to the desired WV-205 
formulation, and assess the effect of this change on slurry processibility. The results were an increase in 
maximum feed rate from approximately 60 L/hr to approximately 100 L/hr. The slurry processing rate was 
limited by bulk glass reboiling rather than behavior related to melting. A total of 8,600 liters of simulated 
waste slurry was fed to the melter during this run and 2,600 kg of glass was produced. 

11.13 TC-4: Canister Cooling Test No. 1 

This was the first canister cooling run. The feed used was glass frit of composition WV-205. The test was 
designed to investigate worst-case canister cooling behavior. Glass frit was melted at a rate of 80 to 100 kg/hr 
to rapidly fill the canisters, and cool at a slower overall cooling rate than would occur with the design melt 
rate of 45 kg/hr. This was the slowest cooling rate tested during FACTS, providing a worst-case scenario for 
enhanced crystal growth. 

11.14 SF-7: Nitrate Slurry Test No. 4 

Full control of the glass oxidation state (redox) was achieved in SF-7 for the first time following the use of 
design nitrate levels in the feed slurry. Glass processing rates had been limited in the SF-5 and SF-6 tests (the 
first extended tests with foil nitrate loading) by reboil foaming events. Redox control was achieved through 
addition of sugar as a reducing agent to the feed slurry. The Fe2+/Fe3+ ratio was controlled within the 0.05 to 
0.2 range by the sugar additions. Control of the reboil foaming yielded a test with sustainable feed rates up to 
145 L/hr and an integrated process on-stream efficiency of 95 percent. 

Feed makeup activities included recycling water from the SBS receiver to study accumulation of sulfur in the 
glass. Sulfur was removed from melter off-gas by water scrubbing in the SBS. 

11.15 SF-8: Nitrate Slurry Test No. 5 

Confirmation of the sucrose additions to control the glass oxidation state was accomplished during SF-8 by 
control of the Fe2+/Fe3+ ratio within the 0.05 to 0.1 range. As in SF-7, elimination of reboil foaming events 
enabled higher slurry processing rates. The maximum feed rate achieved during this test was approximately 
200 L/hr. 

Glass production during SF-8 was limited due to corrosion of the off-gas line film cooler. Without a 
functional film cooler, slurry feeding periods were limited to less than 24 hours, after which the off-gas line 
had to be removed and cleaned. These interruptions precluded measuring the maximum steady-state glass 
production rate. 

The oxidation state of the glass, as measured by the Fe^/Fe3* ratio, was monitored following SF-8 as it 
changed to its new equilibrium state during the melter idle period. The ferrous iron content of the glass in the 
melter dropped below detectable limits approximately 60 hours after the end of the run. This did not result in 
foaming, however, because no feeding was being performed at this time. 
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11.16 SF-9: Nitrate Slurry Test No. 6 

The highest glass production rate was achieved during this test. Sustainable glass production of up to 84 kg/ 
hr (correlating to 240 L/hr of slurry feed) was achieved. However, these rates did not represent steady-state 
operation. This was the first run to produce glass simulating the ATM-10 composition, a glass similar to 
WV-205 but with a higher aluminum content for improved durability. This also was the first run in which 
feed chemicals were not purchased premixed, but were mixed on-site. 

The melter temperature control algorithm installed in the DCS was first tested in this run. The initial version 
resulted in control of the bulk glass temperature to within 15 degrees C of the set point. The algorithm was 
later revised to provide nearly constant glass temperature (5 degrees C). This method adjusted electrical 
current based on the average temperature of six thermocouples located in two thermowells. 

A second-generation film cooler was first used in this run. The new film cooler developed unacceptable 
deposition along its inner surface on the second day of the run, despite a laminar boundary layer of clean air 
along the surface. It was then cleaned, after which it was successfully operated at a higher air flow rate. 

11.17 SF-9A: NRC Demonstration Run 

Nuclear Regulatory Commission (NRC) personnel were present to observe typical vitrification testing 
operations. A total of 6,800 liters of simulated ATM-10 composition feed was processed, resulting in 2,100 
kg of glass. This was the first run to use the current canister design (see Figure 7-2), replacing the procan 
design. 

11.18 TC-5: Canister Cooling Test No. 2 

This test was a dry frit run designed to test canister and turntable design at the low end of the range of 
cooling rates. This test was similar to TC-4, except that it used the new design canister. As in test TC-4, frit 
was added to the melter at rates of 80 and 100 kg/hr to retard canister cooling rates in order to determine 
maximum possible crystal growth. The resultant glass was later sampled for crystal content. The cooling rate 
information provided initial guidance for the glass thermal stability and TTT investigations being conducted 
at Alfred University. 

Six of the newly designed canisters were filled with remelted frit either of WV-183 or WV-205 composition. 
Drop tests were performed on these canisters to assess the possibility of ruptures during transport. 

11.19 SF-9B: Nitrate Slurry Test No. 7 

The slurry feed was adjusted in this run to produce a more precise ATM-10 glass composition. As 
anticipated, the higher alumina glass formulation (producing higher viscosity glass) resulted in SF-9B slurry 
processing rates of approximately 80 L/hr, which was below the rates achieved during SF-9. Based on later 
analyses, the cause of the reduced processing rate was attributed to crystal growth (see Section 11.20.2). The 
on-stream efficiency for this run was 91 percent, significantly above the target efficiency. 

During the later stages of the run, a silicon-based surfactant was added to the SBS for the first time to assess 
its affect on scrubbing efficiency. The surfactant concentration was maintained in the SBS during virtually all 
remaining FACTS tests. 

Off-gas system innovations in this run included the SBS mist eliminator and the HEME preheater. The 
HEME preheater was successfully used to deliver a dry gas stream to the HEME. The pressure drop across 
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the filter increased from approximately 900 Pa to 3,200 Pa over a 10-day period. The pressure differential 
was reduced to the original value after the filter element was washed using internal water spray nozzles. 

Figure 11-6 shows components tested in runs SF-9B to SF-9C(B). Following SF-9B (during the idle period), 
the sparging system installed in the SBS to suspend accumulated particulates was tested for the first time. 

11.20 SF-9C: CPAC Water/Slurry 

This test was designed to provide melter performance data for key parameters for use in process modeling by 
CPAC. 

SF-9C consisted of two phases. The feed in the first phase was water. The purpose of this phase was to 
establish melter control characteristics. The second phase used slurry that remained in the MFHT from the 
previous run, SF-9B. Run Plans were replaced with TRs, TPs, etc., for the first time in these tests. 

11.20.1 SF-9C(A): CPAC Water Test 

The purpose of this run was to investigate the possibility that water content in the feed slurry could affect 
glass resistance, and therefore melter power requirements. An increase in glass resistance of approximately 5 
percent was attributed to 100 percent water feed. 

Melter data from this run was collected at constant power and constant glass temperature operating modes. 
The data was analyzed using a PCA procedure by the CPAC. Water (specifically SBS condensate) was fed to 
the melter, and the melter power system was tested (glass was not produced during this run). In the automatic 
control mode, power was varied to maintain constant temperature. In the manual mode, power was kept 
constant, and temperature was allowed to vary. These tests defined both the operating characteristics of the 
melter and the response of the DCS-based melter temperature control. 

11.20.2 SF-9C(B): CPAC Slurry Test 

The objective of the slurry feed phase of SF-9C(B) was to investigate the reason for differences in feed and 
production rates during runs SF-9 and SF-9B, when the feed composition was nominally the same (ATM-
10). During SF-9, feed was processed at 170 L/hr or greater. During SF-9B, feed was processed at only 
approximately 80 L/hr. Run SF-9C(B) used feed left over from SF-9B, and achieved a process rate of 
approximately 90 L/hr. However, the relatively short duration of SF-9C(B) (3 days) did not result in a steady-
state condition. 

Slurry compositions for the subject runs were analyzed and statistically compared. Glass pour samples also 
were analyzed for the presence of secondary crystals that would have been present in the melt and that could 
have affected glass production rates. The data seemed to show the presence of these crystals in the glass 
product. The cause of these crystals was not determined. The appearance of these crystals (which were not 
found in laboratory crucible tests) in the pour samples from SF-9 and SF-9B indicated that the ATM-10 
composition was sensitive to a variety of melter parameters outside the control capabilities of the West 
Valley equipment. 
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Figure 11-6. CTS Components Tested in Runs SF-9B to SF-9C(B) 



11.21 SF-10: Waste Qualification Preparation Test 1 

The primary objective of this run was to attain and maintain steady-state operation to allow tracer studies and 
corresponding melter performance model development. Steady state was reached after 75 hours and 
maintained through the rest of the run. Samples of off-gas were collected and analyzed, and canistered glass 
samples were collected and subjected to crystallinity tests. 

Another objective of the run was to operate the SFCM at a constant slurry feed rate until the plenum 
temperature cooled to steady state (that is, cooled from idle temperature with creation of a cold cap). The 
constant feed rate resulted in a relatively slow creation of the cold cap. This resulted in excessive glass spatter 
(prior to creation of the fully established cold cap) and deposition of spatter material in the film cooler. 

Modeling studies of the SFCM based on a nearly complete cold cap coverage of the melt indicated that the 
melter could sustain a steady-state slurry feed rate of 72-90 L/hr with SF-10 feed. Statistical analysis of the 
MFHT readings indicated that the average slurry feed rate over the full 15 days of the SF-10 run was 
approximately 77 L/hr, which was in good agreement with the model prediction. Additional thermocouple 
instrumentation was added to the SFCM to precisely measure various temperatures required to test the SFCM 
model. 

Soluble barium and strontium tracers were added to the MFHT to investigate glass mixing behavior in the 
SFCM. The data showed that the melter mixing was equivalent to that of two well-mixed tanks in series 
(using volumes estimated for the cold cap and the glass pool), both at startup and at steady state. 

A pilot plant built by The Norton Co. was operated for the first time during this run to evaluate the feasibility 
of using SCR for removal of NOx from the melter off-gas. The data showed a NOx removal efficiency of 
approximately 90 percent, with minimal ammonia in the exhaust. NOx removal efficiencies as high as 97.5 
percent were observed upon increasing the NH3:NOx ratio from its optimal value, with a resultant increase in 
reactor exhaust ammonia concentration to approximately 100 ppm. 

The pneumatic diaphragm level detector was first used in the MFHT in this run. The level indication varied 
within 2 percent of measuring stick values. 

This run was used to collect samples for the product crystallinity studies at Alfred University. Glass from the 
pour stream was subjected to the same temperature history in a laboratory setting as glass in the canister (see 
Section 10). 

Samples were collected to document off-gas cleaning under various conditions, including different SBS 
operating temperatures and using the HEME as a mist eliminator (wet) and as a dry filter (in conjunction with 
the preheater). The HEPA was used in this run as a particulate sampling device. Following the run, the HEPA 
filter medium was analyzed for cesium accumulation using neutron activation analyses. 

A FACTS test version of the vessel vent system was used in conjunction with the melter off-gas system for 
the first time during this run. This system consisted of a controlled air flow from the MFHT as simulation of 
anticipated in-leakage into the radioactive tanks. The test identified a problem with the blowers planned for 
radioactive operation. Moreover, the logic used to control vessel vent air flow apparently affected flow in the 
melter off-gas system, which in turn accelerated plugging of the film cooler. To avoid this problem, control 
logic was altered in succeeding FACTS runs and controlled through the DCS. 

A redox probe also was tested during this run. The probe failed after one day due to the corrosive nature of 
the glass. 

Figure 11-7 shows components tested in runs SF-10 to TC-6. 
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11.22 SF-10A: Tracer Test 

The Ref. 4 composition glass was first produced in this run. The primary objective of the run was to achieve 
steady-state conditions at a feed rate of at least 90 L/hr. The steady-state feed rate achieved was 90 to 95 L/hr. 
The feed slurry for this run contained a higher than normal oxide loading (420 gm oxide/L) to increase glass 
production per liter of feed. The result was an enhanced glass production rate (38 to 40 kg/hr) compared with 
SF-10 (approximately 28 kg/hr). The process on-line efficiency exceeded 99 percent in this run, while 
feeding approximately 17,000 liters. 

Two possible melt rate enhancement techniques were tested prior to the feed portion of the run, but were not 
used during the run. These techniques were current skewing to enhance glass convection, and increasing the 
temperature of the wall electrodes to reduce the heat removed by relatively cold electrodes. 

Current skewing resulted in the desired increased circulation of the melt, but with the unacceptable 
consequence of localized heating of the thermowells, which conducted electricity and overheated. Following 
the run, the thermowells were replaced, and current skewing was successfully tested in subsequent runs. The 
second technique, increasing the temperature of the wall electrodes (by reducing the cooling air flow to the 
electrodes) was found to have a negligible effect on the boundary layer temperature gradient. 

Initially in the SF-10A run, a combination of higher than desirable glass viscosity and the presence of a thick 
molten glass thermal boundary layer resulted in a feed rate less than the target 90 L/hr. These conditions were 
attributed to insufficient time between the addition of sodium as a flux to the melter and the start of feeding 
(flux was added to alter the melt viscosity at the end of the idle period to a target range for the Ref. 4 glass 
composition), and to insufficient time to stabilize molten glass flow patterns following resetting of electrodes 
after current skewing that was performed prior to the run. Eventually, the hampering conditions improved 
and the feed rate was able to be increased to 90 L/hr. 

A high initial feed rate was used in this and subsequent runs to minimize deposition of material in and 
plugging of the film cooler during the cool-down period, prior to creation of the cold cap. The high initial 
feed rate also was used to quickly cool the plenum to achieve steady-state conditions as rapidly as possible. 

Zinc oxide was added to the feed as an insoluble tracer to study mixing of suspended solids in the MFHT as 
the volume decreased. Analyses were performed to track the zinc through the melter into the glass. 

Feed makeup manual calculations were compared to the results of two feed makeup computer programs 
during this run. Based on the comparison, one of the computer programs was selected for subsequent FACTS 
runs. 

Computer-based tracking was instituted to coordinate sample identification and analytical results from the 
time samples were collected through analyses by the WVNS Analytical and Process Chemistry Laboratories 
and reporting. This tracking was applied to the several hundred samples collected during the run. 

The IR-TV was used for the first time in this run, providing experience with installation and operation of the 
mechanism. Of particular importance were the flows required to cool the apparatus and protect the lens from 
spatter deposition in the plenum. 

The new logic used to control the vessel vent flow rate resulted in the absence of further problems with the 
film cooler related to the vessel vent system. 

DCS control of both the SCR (for NOx treatment) and the ADS pump used to feed the melter was 
successfully implemented during this run. Melter feed was supplied at ±5 percent of the demand flow rate. 

During this run, three different solutions were used in the NOx absorber primary scrubbers, namely, caustic 
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soda, water, and hydrogen peroxide. The best NOx removal efficiency was achieved using caustic soda 
solution at 68 percent. Hydrogen peroxide was used in the secondary scrubber in all cases. 

11.23 SF-1 OB: Processing Test 

The objective of SF-10B was to demonstrate sustained design glass production rates of 45 kg/hr. This run 
was the first to use the CFMT and to employ current skewing and bubblers to enhance melt rates. 

Tests of current skewing performed before the start of this run indicated that current skewing could be used to 
produce a maximum of 5 to 10 percent variation in boundary layer thermal gradient without localized 
overheating of the thermowells. The current flow configuration was set so that the majority of the power was 
supplied across wall electrode-bottom electrode circuits (current flow between each wall electrode and the 
bottom electrode was 145 percent of flow between the wall electrodes). This kept the bottom of the melter 
hotter than upper areas. 

During the run, nitrogen flow through a bubbler located in the glass pool was initiated about 12 hours into the 
run in ah attempt to increase convective heat transfer from the glass pool to the cold cap. Nitrogen was 
selected to avoid adding additional oxygen to the glass, which would have the potential to alter the Fe+2/Fe+3 

ratio. This caused the melt rate to decrease, however, due to nitrogen interference with the decomposition 
reactions of sugar in the feed. When the nitrogen was replaced with low-pressure air, the melt rate improved 
significantly, with no measurable effort on glass redox ratio. 

This run was suspended after six days due to seizing of the diesel-driven off-gas blower. The blowers had a 
positive displacement, dual rotating lobe design, and were sensitive to foreign material. Prior to the 
suspension, the SFCM was kept at steady state for 50 to 60 hours at a feed rate of approximately 80 to 90 L/ 
hr (37 to 42 kg of glass production per hour). 

Following repair of the off-gas blower and replacement of intake and discharge screens, the run was restarted. 
As in previous runs, the SFCM was initially fed at a rate of 150 L/hr to quickly lower the plenum 
temperature. The feed rate was then reduced to a target of approximately 90 L/hr. The plenum temperature 
reached steady state about 30 hours into the second portion of the run. After reaching steady state, the run 
was continued for approximately 90 hours at a feed rate of 90 to 95 L/hr. This corresponded to a glass 
production rate of 46 to 48 kg/hr. 

Near the end of the run, air flow to the bubbler was turned off for about an hour to permit off-gas sampling 
without the effect of the bubbler. The average plenum temperature dropped 85° C during this period, 
indicating that use of the bubbler resulted in significant increased heat to the plenum. This heat was a result 
of thermal radiation through a hole in the cold cap caused by air bubbling through the cold cap. As a result of 
use of the bubbler, the feed rate was increased by about 10 L/hr at steady state. 

The bubbler had several negative effects as well. The glass spatter caused by the bursting air bubbles at the 
surface of the molten glass was entrained in the off-gas stream and carried into the film cooler, where it 
solidified on the surface of the cooler. Gas flows through the bubbler between 3.5 SCFM and 7.5 SCFM 
caused sufficient spatter that the film cooler required cleaning on an hourly basis. When the bubbler flow was 
reduced to less than 2.0 SCFM, the apparatus needed cleaning about once a day (which would still represent 
a serious problem for radioactive operations). Analyses of off-gas when "fog" was visible in the plenum were 
inconclusive in determining the composition of the fog. It is likely the fog was a mixture of several of the 
more volatile components of the glass, including oxides of boron and alkali metals. 

The feed rate predicted by the computer model for the second batch of feed was 95 L/hr. For the feed 
composition of this run (508 gm/L of oxides), glass would be produced at a rate of 48 kg/hr. The observed 
steady-state melting rate was 90 to 95 L/hr, providing verification of the model. 
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Using hydrogen peroxide in the NOx removal system primary scrubber and caustic in the secondary scrubber, 
a combined NOx removal efficiency of 80 percent was obtained (73% was removed in the primary scrubber 
and 26% of the remaining 27% was removed in the secondary scrubber). 

This was the first run in which the RS/1R program was accessible for essentially real time review of DCS data 
and for data manipulation. 

11.24 TC-6: Canister Cooling Test No. 3 (FRIT III) 

The principal objective of this run was to fill and cool four canisters under anticipated nominal processing 
conditions. The glass was then studied to determine the type and amount of crystals in each canister. Dry frit 
was used as the feed. The frit was added to the melter at the reference glass production rate of 45 kg/hr. 

To provide data over a range of glass cooling conditions, the canisters were filled at different rates. Glass 
temperatures at various locations within the canisters were monitored and compared to temperatures predicted 
in a two-dimensional axisymmetric model. Predicted temperatures compared well with actual temperatures. 
The temperatures were then used to predict the percent crystalline material in the canister glass for 
comparison with measurements from glass samples. 

11.25 SF-10C:TCCSTest 

SF-10C was the first run to use the TCCS, replacing the FRP tanks, for feed makeup. This also was the first 
run in which a slurry of simulated waste was prepared, analyzed, and then transferred to the CFMT. An 
appropriate glass former mixture was then prepared based on the waste slurry composition. The glass former 
mixture was then analyzed, statistically qualified to assure an acceptable final composition, and transferred to 
the CFMT and mixed with the waste slurry. The resultant slurry was then further analyzed and shimmed with 
additional glass formers, as necessary, to produce a feed composition within prescribed operating tolerances. 
Following final acceptance, this slurry was transferred to the MFHT. 

The SSS was first used in this run as an alternative to the dip sampler to provide slurry samples from the 
MFHT and the CFMT using the SSS. Statistical evaluation of the SSS sample results indicated that these 
samples were representative of solutions in each vessel. 

This was the first run to use elemental analyses of feed slurry rather than the FRI of the glass as a control 
parameter to establish the appropriate sugar addition rate for redox control. 

The ADS pump was used to supply slurry from the MFHT to the SFCM. Since oxide loading for the slurry 
was relatively high for this run, the feed lines to and from the ADS pump had a tendency to plug. Based on 
the limitations of the feed system, the maximum glass oxide loading per liter of slurry was determined to be 
400 to 425 g. 

Figure 11-8 shows the CTS/VF components tested in runs SF-10C to SF-12. Figure 11-9 is a photograph of 
major components in use at this time. 

86 



oo 

Vitrification 

Feed Preparation 

Shim 
Iknk 

V 

Conomtnlw 
Fo»d 

MakfrUp 
link 

rp-
M#n6T P M Q 
Holdlknk 

Q 
ADS Pump 

NOx Abatement 

OfMJai 
Blower 

NOx Scrubtwra 

Legend 
QuFkw — — 
UquldHow 

Stack 

Figure 11-8. CTS/VF Components Tested in Runs SF-IOC to SF-12 



Figure 11-9. CTS Components Including Melter, Turntable, CFMT, MFHT, and SBS 
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11.26 SF-11: Pre-qualification Test 

SF-11 was the primary preparation for the Waste Qualification Run (SF-12). Although remote operation of 
equipment was not used during this run, process operations were performed as if in the radioactive mode, 
e.g., feed makeup was performed using remote slurry level detection in the vessels, and slurry samples were 
collected using remote apparatus and techniques. 

Feed makeup during full facility operation was first demonstrated in this run. The average feed rate to the 
melter was approximately 87 L/hr over the duration of the run, with an on-line process efficiency of 98.7 
percent. 

One of the objectives of the SF-11 run was to integrate the two major vitrification process activities: feed 
concentration/makeup and supplying feed to the melter. Two batches of feed were made up before the start of 
the run and a third batch was prepared during the run. The analyses of the third batch of feed were completed 
simultaneously with concentration of this batch in the CFMT. The third batch was then transferred to the 
MFHT for use in SF-12. 

Samples were taken from the MFHT throughout the run, and from the CFMT during feed makeup and during 
transfers to the MFHT. Statistical analysis of the analytical results demonstrated that vertical homogeneity 
was maintained in the CFMT and that the agitators and other mixing equipment in both tanks performed 
satisfactorily. 

Testing of the turntable remote position sensor was successful. Positioning lobes were identified using the 
output of an LVDT to allow positioning of a specific canister under the pour stream. 

Melter feed rate manipulation was employed to maintain plenum temperature within a prescribed operating 
range. In addition, a theoretical slurry feed rate versus plenum temperature relationship was used to help 
achieve and maintain the plenum temperature within a desired steady-state range. This provided an optimum 
glass production rate that avoided bridging of the cold cap. 

The capability of the off-gas system to accommodate gas flows from the vessel vent and melter off-gas 
systems during CFMT boildown was successfully demonstrated for the first time during this run. This 
demonstration was crucial for the long-term SF-12 run, during which feed makeup would have to be 
performed simultaneously with melter feeding. Samples from the vessel vent system also were collected for 
the first time during this run. An outside contractor was utilized during runs SF-11 and SF-12 to collect off-
gas samples of particulate concentrations and to provide independent verification of previous sampling by 
WVDP. 

Level determinations in the CFMT and MFHT were made using bubbler probes. This was the first run where 
three bubblers were used to provide acceptable precision of level measurements, as well as real time 
indication of bubbler plugging and need to purge with water. 

11.27 SF-12: Qualification Test 

SF-12 was the qualification run. It was used to resolve any remaining operational problems, demonstrate 
remote process control, and obtain data to document performance for waste qualification requirements. This 
run also was used as the demonstration run for surveillance. An extensive review by DOE, NRC, and 
independent technical experts was performed during the run. The review group witnessed and briefed on the 
process control methodologies. Recommendations from the group are being incorporated into the VF for 
radioactive operation. 
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Following this run, the VF was disassembled for examination and replacement of components, as necessary. 
When the VF is reassembled for radioactive service, components tested during FACTS will be tested again to 
verify proper installation; components not tested during FACTS also will be subjected to functional and 
checkout testing. 

The SF-12 run lasted 45 days. It demonstrated that the WVDP feed/process/product approach would work as 
designed and engineered. To the extent possible, systems and components were operated as if in radioactive 
service. 

In addition to the review by outside organizations, SF-12 was subjected to full surveillance by the WVDP 
Quality Assurance (QA) department. This surveillance demonstrated that the VF was being operated in 
accordance with applicable QA requirements (DOE 1988). 

To simulate remote operation, all canister filling during this run was controlled by calculations based on 
melter feed rates and glass level changes during airlifts. The average feed rate for the run was 60 L/hr. 

Shard glass samples were collected from the top of the canisters, as specified in compliance plan to fulfill 
WAPS requirements. In radioactive operations, these samples will be used to verify product composition as 
predicted by the WVNS feed/process/product approach. 

The sealed hatch airlock of the turntable was used for the first time during this run. The airlock allowed 
changeout of canisters to and from the turntable while maintaining the turntable apparatus and melter at 
process vacuum. The airlock worked mechanically; however, there appeared to be some air in-leakage, based 
on temperature drop in the melter discharge channel. This in-leakage did not impact canister filling 
operations. 

Surfactant was used during this run to dissipate foam in the SBS. The surfactant concentration was varied 
from a negligible concentration to 8,000 ppm to facilitate measurement of its effect on removal of soluble 
particulate species by the SBS. This information will be used during radioactive operations as needed to 
improve SBS efficiency. The off-gas particulate samples collected indicated negligible changes in dust 
concentrations for all surfactant concentrations. Elemental analysis of these samples is continuing. 

The HEME was operated both dry and wet (that is, with and without the preheater). During this run the 
pressure drop of the off-gas flow across the HEME element, which had been used since SF-3A, became 
unacceptably high and the element had to be replaced. Off-gas particulate samples will be analyzed to 
compare particulate removal efficiencies of wet and dry operation. 

Steam was added to the off-gas prior to the SBS to measure the effect of condensation on SBS particulate 
removal efficiency. The concept was that condensation around nucleation sites (particulates) would increase 
the effective size of the particulate as well as provide wetting of the particulate, facilitating removal of the 
particulate as the off-gas percolated through the submerged bed. 

Also tested were the sparge rings and steam jets used to transfer solids accumulated in the SBS bed to the 
SBS receiver and from the receiver to the CFMT. This was the first time these elements were used during a 
full operational run and they were found to be operationally functional. Based on the test results, methods are 
being developed to improve solids transfer efficiency. 

During the early part of the run, the glass became overreduced (that is, the Fe+2/Fe+3 ratio went to 
approximately 1.8), resulting in changes in electrical patterns indicative of the precipitation of relatively more 
conductive phases (probably spinels and sulfides) than the molten glass. After the feed slurry redox was 
adjusted, the glass redox remained under control for the remainder of the run. A sample cup that had been 
placed on the bottom electrode was retrieved from the melter two days after the redox excursion for 
characterization tests to determine if the redox excursion had resulted in significant accumulation of 
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conductive precipitate. The results of the characterization did not indicate any perturbations due to the 
excessively high redox. The analysis indicated normal operating conditions. It was speculated that any 
electrically conductive precipitates resulting from the high redox had redissolved as the redox returned to 
normal. 

The alternate discharge channel from the melter was tested after SF-12. This was done to demonstrate the 
alternate discharge channel had not been blocked by deposits or viscous glass after five years of non-use, and 
that flow from this channel would fall into the canister. The test of this component was successful, 
demonstrating that the backup discharge will be effective if needed in radioactive operations. 
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12.0 CONCLUSIONS 

The FACTS testing program successfully demonstrated the ability of the WVDP Vitrification Facility to 
produce high quality glass on a production schedule. The testing also demonstrated the WVDP waste glass 
qualification approach, which consisted of remote determination and control of product glass quality through 
knowledge and control of input feed and system processes. In the final FACTS runs, nonradioactive species 
were used to simulate radioactive species in the high level waste that will ultimately be vitrified. 

Thirty-seven FACTS tests were performed over a five-year period. Approximately 150,000 kg of glass were 
produced. Process components and subsystems were added sequentially. Subsystems tested, in the order of 
addition, were: melter (producing glass from a hydroxide-based frit feed) and canister turntable; melter off-
gas cleanup and ventilation system (excluding NOx abatement components); NOx abatement components of 
off-gas system and melter feed hold tank; slurry feed preparation system. 

Following the final run, the Vitrification Facility was disassembled for examination of test components and 
conversion for radioactive service. Based on the successful FACTS testing program and lessons learned, 
much of the test facility, such as the civil construction, feed mixing and holding vessels, and the off-gas 
scrubber, will be reassembled and reused. The melter was in good condition, but exceeded its recommended 
design life and will be replaced with a similar melter. 
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TRADE NAMES 

Hastelloy is a tradename of Haynes International, Inc. 

Hydragard is a tradename of Hinds International, Inc. 

Inconel is a tradename of Huntington Alloys, Inc. 

Krone is a tradename of Krone American, Inc. 

MicroMotion is a tradename of MicroMotion, Inc. 

Pall is a tradename of Pall Corp. 

RS/1 is a tradename of BBN Software Products Corp. 
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Acronyms 

ADS Air Displacement Slurry 
PNL Battelle Pacific Northwest Laboratories, Inc. 
CCS Cold Chemical System 
CEA Commissariat a l'Energie Atomique 
CFMT Concentrator Feed Makeup Tank 
CPAC Center for Process Analytical Chemistry 
CTS Component Test Stand 
DCS Distributed Control System 
DF Decontamination Factor 
DWPF Defense Waste Processing Facility 
FACTS Functional and Checkout Testing of Systems 
FFTF Fast Flux Test Facility 
FRP Fiberglass Reinforced Plastic 
HEME High Efficiency Mist Eliminator 
HEPA High Efficiency Particulate Air 
HLW High-Level Waste 
ICP Inductively Coupled Plasma 
IR-TV Infrared Television 
I&C Instrumentation and Control 
LIEF Log-In-Eight-Four 
LVDT Linear Variable Differential Transmitter 
MFHT Melter Feed Hold Tank 
MFT Melter Feed Tank 
PCA Principal Components Analysis 
SBS Submerged Bed Scrubber 
SCR Selective Catalytic Reduction 
SCR Silicon Controlled Rectifier 
SFCM Slurry-Fed Ceramic Melter 
SGN Societe Generale Pour Les Techniques Nouvelles 
SIP Special Instruction Procedure 
SOP Standard Operating Procedures 
SSS Wall Slurry Sample Station 
TCCS Temporary Cold Chemical System 
TE Test Exception 
TP Test Procedure 
TR Test Request 
TTT Time/Temperature/Transformation 
VF Vitrification Facility 
WAPS Waste Acceptance Preliminary Specifications 
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