e

Department of Energy

Ohio Field Office
Fernald Area Office
P. Q. Box 538705

Cincinnati, Ohio 45253-8705
(513) 648-3155AN § 1397

DOE-0389-97

Mr. James A-Saric, Remedial Project Director
U.S. Environmental Protection Agency
Region V-SRF-5J

77 West Jackson Boulevard

Chicago, lllinois 60604-3590

Mr. Thomas A. Schneider, Project Manager
Ohio Environmental Protection Agency

401 East Sth Street

Dayton, Ohio 45402-2911

Dear Mir. Saric and Mr. Schneider:

OPERABLE UNIT 4 VITRIFICATION PILOT PLANT PHASE I INTERIM TREATABILITY STUDY
REPORT -- CAMPAIGN 2

The purpose of this letter is to transmit the Operable Unit 4 Vitrification Pilot Plant Phase /
(Campaign 2] Interim Treatability Study Report. This transmittal satisfies the recently
proposed amendment to the reporting requirements for Phase I. As previously discussed
and documented in the September 26, 1996 letter titled Operable Unit 4 Vitrification Pilot
Plant, Phase | Treatability Study Reporting, the Department of Energy, Fernald
Environmental Management Project (DOE-FEMP) proposed the submittal of interim reports
following the completion of each of the Phase | campaigns in lieu of bi-monthly reports.
DOE-FEMP feels these reports along with the weekly status meetings currently being held
will provide a better means for reporting status and facilitating decisions concerning the
Vitrification Pilot Plant.

As you are aware, the objectives of campaign 2 were to perform acceptance testing of the
melter, evaluate the feasibility of vitrifying residues from Silo’'s 1, 2, and 3 together, and
gain experience with suifates, phosphates, lead, and barium. The enciosed Report contains
(1) a description of the work performed to meet these objectives; (2) pertinent data
callected from the pilot plant operations, (3) results with technical discussion and
interpretation of the data, and (4) lessons learned.

£PCT01

@ Recycled and Recyclable @



= 8089

/

Page 2

If you have any questions or concerns with this Report, please contact Nina Akgiindiiz at

(513) 648-3110.

FEMP:Akgiindiiz

Enclosure: As Stated
cc wienc:

S. Fauver, EM-42/GTN

L. Griffin, EM-42/GTN

G. Jablonowski, USEPA-V, SHRE-8J
‘R. Beaumier, TPSS/DERR, OEPA-Columbus
M. Rochotte, OEPA-Columbus

F. Bell, ATSDR

D. S. Ward, GeoTrans

R. Vandegrift, ODOH

S. MclLellan, PRC

D. Carr, FDF/9

T. Hagen, FDF/65-2

J. Harmon, FDF/90

D. Nixon, FDF/52-4

D. Paine, FDF/52-4

AR Coordinator/78

EDC, FDF/52-7

Sincerely,

ohnny W. Reising

Fernald Remedial Action
Project Manager
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i E RMC_E {now renamed Fluor Daniel Fernald)

sration Management Corporation P, O. Box 538704 Cincinnati, Ohio 45253-8704 (513) 648-3000

December 19, 1996

Fernald Environmental Management Project
Letter No. C:WMTSP(SP):96-0054

Ms. Nina Akginduz
Department of Energy
Fernald Area Office

P. O. Box 538705
Cincinnati, Ohio 45253-8705

Dear Ms. Akgtind(iz:

OPERABLE UNIT 4 VITRIFICATION PILOT PLANT PHASE | INTERIM TREATABILITY STUDY
REPORT -- CAMPAIGN 2, REVISION 1 :

5} Enclosed is the Operable Unit 4 Vitrification Pilot Plant, Phase |, Interim Treatability Study
Report for Campaign 2. All DOE-Fernald comments have been incorporated into this revision
of the document. ’

If you have any questions or concerns on this matter, or require additional copies for transmittal
to the agencies, please contact Rod F. Gimpel at (513) 648-4842 or Dennis A. Nixon at (513)
648-4800.

Sincerely,

— T \I >
. .\ \\. :.‘A i h
: //‘J i /\/‘// L e

Donald Paine
Silos Project Manager
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Enclosures

c:

J. Bradburne, FDF, MS17

G. Brown, DOE-FN, MS45

V. Childress, FDF, MS52-4

D. Danieis, FDF, MS30

M. Dehring, FDF, MS52-4

J. Desmoreau, DOE-FN, MS45
R. Gimpel, FDF, MS52-4

R. Heck, FDF, MS52-5

R. Hiestand, FDF, MS52-4

D. Nixon, FDF, MS52-4

J. Smets, FDF, MS52-4

J. Stone, FDF, MS52-4

C. White, DOE-FN, MS45

D. Yockman, DOE-FN, MS45
File Record Storage Copy 102.1
Program Project #40110 -
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EOGS
EOS
EPA
°F
. FEMP
FERMCO
ft
ft2
fta
FACTS
gal/hr
gpm
HEPA
HNT
HVAC
HWMU
kg/m?
KVA
LAN
Ib/d
Ib/hr
m?3 :
MAWS
MEF
MEPA
mg/kg
mg/l

VitPP-Phase | Interim Treatability Study Report — Campaign 2
401 10-WP-0002 Rev. 1
December 13, 1996

8089

LIST OF COMMON ACRONYMS AND ABBREVIATIONS

as low as reasonably achievable

applicable or relevant and appropriate requirements
Advanced Wastewater Treatment

Advanced Wastewater Treatment System

Barium

Best Available Technology

Building Sump Tank

degrees Celsius or Centigrade

Comprehensive Environmental Response, Compensation, and Liability Act
Code of Federal Regulations

curies per year

square centimeter

Chromium

Foxboro Data Acquisition and Control System
Distributed Control System

U.S. Department of Energy

emergency off-gas

normal emergency off-gas system

Emergency Off-gas System

Environmental Protection Agency

degrees Fahrenheit :

Fernald Environmental Management Project :
Fernald Environmental Restoration Management Corporatlon
feet (foot) .
square feet

cubic feet

Fernald Analytical Computerized Tracking System
galions per hour

gallons per minute

high efficiency particulate air

High Nitrate Tank

heating, ventilation and air conditioning

Hazardous Waste Management Units

kilogram per cubic meter

kilovolt-amp

local access network

pound per day

pound per hour

cubic meter

Minimum Additive Waste Stabilization

Material Evaluation Form

medium efficiency particulate air

milligram per kilogram

milligram per liter
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mrem/yr

MT
MT/d
NESHAP
No.
NOG
NO,
NPDES
OAC
OATP
0GSs
ou1
ou4
0ous
Pb
PbO
PPE
PSP
RCRA
RH
ROD
SCFM
S/em
Se
SOP
SOoT
SOy
TBC
TC
TCLP
TDS
TSS
A%
VitPP
VSL
W.C.
WMB
wt%
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millirem per year )
metric ton

metric ton per day
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1.0 EXECUTIVE SUMMARY WITH TEST OBJECTIVES

Background

The first 2 campaigns involving the Phase | testing and operation of the Operable
Unit 4 (OU4) Vitrification Pilot Plant (VitPP) at the United Stages Department of
Energy's (DOE) Fernald Environmental Management Project (FEMP) are complete.
The first OU4 VitPP interim Treatability Study Report for Campaign 1 was issued
on October 14, 1996. Campaign 2 was recently completed on September 24,
1996. This document; the OU4 VitPP Interim Treatability Study Report for
Campaign 2, summarizes development activities' pertinent to the glass formula for
this campaign. Non-radioactive glass recipes, known as "Series D" glasses?, were
used to simulate the chemical composition of the silo residues. The remaining
Phase | testing will be performed in the near future and will be reported in separate
a report. A final integrated report, summarizing all the VitPP test Campaigns, will
be issued following Phase | completion. A total of three campaigns are now
planned for Phase | testing of the VitPP as follows:

Campaign 1 -- Startup and benign glass runs (completed and interim
report issued) ‘ _ .

Campaign 2 --- Glasses made from the blending of the silo residue
surrogates (this interim report) .

Campaign 3 - = No longer scheduled because of recommendation for
deletion®. _

Campaign 4 - Silos 1 and 2 surrogate glass recipes (commenced

November 30, 1996 and is still in progress)

'Development activities prior to operation of the VitPP are documented in other
reports. However, these results will be summarized in this report, and the future
campaign reports, to help make the contents of these documents more meaningful.

2During glass formula development studies, the glasses made were grouped
according to the silo wastes they contained (or simulated). This designation has
continued. Series A glass formulations contain a blend of Silos 1 and 2 residues.
Series B glass formulations are the same as Series A, except they also contain high
concentrations of the bentonite cap in the Silos. Series C glass formulations
cr?ntain_‘only Silo 3 residues. Series D glass formulations contain a blend of all
three stios.

3DOE letter, DOE-0041-97, "Deletion of Campaign 3 (Series C Glass Formula - Silo
3) From the Operable Unit 4 Vitrification Pilot Plant, Phase | Treatability Study Work
Plan, Revision 2," J. W. Reising DOE Ohio Fieid Office to J. A. Saric U.S. EPA and
T. Schneider Ohio EPA, date October 15, 1996.

1-1
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The VitPP has a high-temperature (1400°C design) joule-heated* ceramic Melt: )
with a nominal production capacity rated at one (1) metric ton of glass per day
(MT/d) from slurries. The Melter is of a unique three-chamber design to protect the
electrodes from the corrosiveness of the silo wastes®. The electrodes are placed in
two side chambers that also protects them the agitation and oxygenation that takes
place in the center chamber. The glass pool surface area of the Melter's center
chamber is 1 yd? (9 ft2, 3 ft x 3 ft). By optimizing glass chemistry with the
Melter's design, glass production rates of approximately three (3) MT/d were
achieved-during this campaign. Glass production was not limited by the Melter
and glass chemistry, but by supporting systems (i.e., slurry feed and Off-gas
systems).

The VitPP Campaign 2 testing officially started when the first batch of Series D
type feed slurry was sent to the Melter on August 4, 1996, and was completed on
September 24, 1996, when the last batch of Series D was processed.

The objectives of Campaign 2 were as follows:

1. Perform testing as acceptance of the Melter and Gem Making Machine
from the vendor.

2. Determine if vitrification of OU4 waste residues (using surrogates'
- feasible via blending Silos 1 and 2 residues with Silo 3 residues.

3. Gain experience in handling and controliing sulfates and phosphates.
4. Gain experience in handling lead and barium in lower concentrations
before attempting Silo 1 and Silo 2 (Series A and B) runs that contain

higher lead and barium concentrations.

All of the Campaign 2 objectives were achieved. Further details are provided in the
following text and Section 1.8, "Objectives."”

‘Heat produced'from electrical current passing through a conductive material. In

this case, molten glass.

*The silos wastes contain lead (Pb), sulfur (S), and phosphorous (P) that can be
corrosive and present handling problems in conventional single-chamber melter
design.
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Test Description

During Campaign 2, eleven (11) batches were officially processed. The first batch
was a transitional run to change the benign glass of Campaign 1 to the Series D
glasses of Campaign 2. Batches 2 and 3 (which contained more lead, sulfur, and
phosphorous than a typical Silo blend) were run to functionally test the Melter and
Gem Making Machine to assure they met the minimum requirements stated in the
vendor procurement specifications. This testing was known as the "Acceptance
Test" (see Objective 1 above). The remaining batches were run using a
representative blend of the silo wastes and optimized Series D glass formulatlon
developed during the laboratory and minimelter studies.

Seven (7) additional batches were run after the ofﬁcial completion of Campaign 2
as defined in the Standard Operating Procedure (SOP) and Test Plan (TP) for
Campaign 2. The first four (4) post-Campaign 2 batches were run to process
slurries from previously aborted batches. These aborted batches had been
transferred to temporary polytanks, so that needed repairs or system modifications
to the VitPP could be performed without slurry in the feed system. The last three
(3) batches were used to transition back to a benign glass formula so modifications
could be made to the Off-gas System. This eliminated occupational exposure
concerns associated with the higher concentrations of hazardous/RCRA type
materials (e.g., Pb and Ba metals) entering the system from the Melter off gases
while the melter was idling. ' ‘

Glass Production

Tables 1-1 and 1-2 summarize the chemistry of the two Series D slurries and
glasses made. Approximately 62,500 Ibs of slurry were vitrified to produce
approximately 24,000 Ibs of glass. Of the 24,000 Ibs of glass, 3500 Ibs of glass
were processed into glass gems; the balance was processed as monolithic pours
into drums. ‘

Each slurry batch, of approximately 5700 Ibs, produced approximately -1820 Ibs
(0.83 metric ton) of glass (excluding frit addition). The slurries contained 16 to 45
wt% solids in content with an average content of 34 wt% solids. Batches
containing 50 wt% solids were attempted, but because of feeding problems, a
slurry with lower wt% solids was fed. .

Glass frit, which was added to the side chambers to protect the electrodes from

corrosion, eventually flowed to the center chamber as a result of erosion and cracks
that formed in the side chamber walls. Once introduced in the center chamber melt

1-3
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Acceptance Glass for Campaign 2

Table 1-1

Basis: 100 Ibs Glass from Slurry

- 8089

Melter Input_-- Feed
Mix Moisture
Oxide Oxide's Chemica! Name Glass dry, wt% wt¥% Batch

A203 Aluminum oxide, Alumina 15.08 13.98 2.1 14.37
B203 Boron oxide 1044
H3BO3 Boric acid 1.92 1.92
BaO Barium oxide 2.60
BaCO3 Barium carbonate 1.02 1.02
BaSO4 Barium suifate, X-ray milkshake 2.75 1.17 2.78
Ca0 Calcium oxide, Lime 7.42 0.15 0.15
CaCo3 Calcium carbonate,Chalk 10.64 0.72 10.72
CasO4 Calcium sulfate, Gypsum 3.18 20.73 4.03
Fe203 tron (H) oxide, Rust 537 481 4.81
Fe2(S0O4)3 tron sutfate, It 0.79 1.98 0.81
K20 Potassium oxide 1.06 -
K2CO3 Potassium carbonate 0.75 6.56 0.81
KNO3 Potasium nitrate, Salt peter 1.06 2.18 1.08
Li20 Lithium oxide 0.13
Li2CO3 Lithium carbonate 0.32 0.96 0.32
MgO Magnesium oxide 5.02 0.24 0.24
MgCco3 Magnesium carbonate 105 ] 1.05
MgSO4 Epson salt 1.70 51.16 3.47
Mg3(PO4)2 Magnesium phosphate 7.1 7.11
MnO2 Manganese oxide 0.19 0.18 0.18
Na20 Sodium oxide 6.76
Na2B407 Borax 13.52 30.90 19.56
Na2S04 Sodium sulfate 1.18 s
Na2CO3 Sodium carbonate, Washing soda 1.90 3.53 1.97
NaNO3 Sodium nitrate, Soda niter 2.01 0.71 2.03
NIiO Nicket oxide 0.14 0.14 014
P205 Phosphorous pentoxide 3.84
PbO Lead oxide, litharge 5.09 5.09 5.09
Sio2 Silica, sand, quariz 36.69 32.16 32.16
Ti02 Titanium oxide 0.02
V205 Vanadium pentoxide 0.15 0.15 0.15
Bentonite Bentonite clay : 6.84 14.23 7.98
CO(NH2)2 Urea 3.89 3.89
Total Solids - na 100.00 118.54 na 129.03
Water for 28 wt% solids (solids ranged from 16 to 43 wt% during run): 331.79
Totat 450.82
Mefter Qutput
Glass 100.00
CO2 (to off-gas system) 6.46
SOx 5.12
NOx 1.78
Urea decomposition products 3.89
Water (H20 to off-gas system) 347.46
Subtotal 460.82
Frit Addition Impact
Glass from slurry 100.00
Side chamber leakage (or frit addition), Ibs glass: 20.00

120.00

Total glass produced, Ibs:

14
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Optimum Series A Glass for-Campaign 2
Table 1-2

Basis: 100 Ibs Glass from Slurry
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15

i = F ’ Silo 1 Silo 2 Silo3  Surmrogate
Glass Moisture Surrogate Surogate Surrogate Total Additives Batch
Oxide wtb wit% bs Ibs ibs Ibs Ibs ibs
AI203 14.03 2. 0.84 0.96 126 3.05 10.72 13.78
B203 8.82
H3BO3 6.00 6.00
BaO 2.80
BaCO3 1.15 1.15 1.16
BaSO4 1.17 1.66 127 293 293
Ca0 - 13.84 0.14 0.14 0.14
CaCo3 0.72 0.93 0.93 21.41 22.34
CaSO4 20.93 0.08 333 3.41 3.41
Fe203 4.45 0.78 1.68 1.58 404 4.04
Fe2(S04)3 1.98 0.68 0.68 0.68
K20 0.85 gt
K2CO3 6.56 0.33 0.29 0.63 0.63
KNO3 2.19 0.91 0.91 0.91
20 o IS e e
Li2C03 0.96 0.27 027 2,60 2.88
MgO 3.40
MgCO3 0.5 139 233 o 2.33
MgSO4. 51.16 293 293 2.93
Mg3(PO4)2 0.36 0.35 3.98 468 468
MnO2 0.16 0.15 0.15 015,
Na20 6.28
Na2B407 30.90 11.38 11.38
Na2SO4 . 1.00 100 ... ..1:00,
Na2CO3 3.53 1.00 0.26 0.70 1.95 2.75 4.70
NaNO3 0.71 027 1.48 1.75 1.75
NiO 0.12 0.12 0.12 0.12
P205 2.53
PbO 546 3.75 1.71 546 5.46
Sio2 35.47 15.63 14.04 3.23 32.90 32.90
TiO2 0.01 .
V205 0.13 : - 0.13 0.13 0.13
Bentonite o 1423 : 4.53 4.53
CO(NH2)2 - 3.32 3.32
SO3in glass 0.50
Total Solids 99.98 na 26.44 23.36 2175 76.08 58.19 134.27
Water for average 34 wt% Solids 260.65
Total 394.92
Note: Molter Output
The surrogates that were used for the silo residues Glass 100.00
is shown in the columns above. Another column shows CO2 (to off-gas system) 14.41
the additives that were used for making the glass. SOx 3.45
Amounts are shown with moisture. NOx 1.58
Bentonite adds to the Al203, SiO2, etc. Urea decomposition products 3.32
Water (H20 to off-gas system) 272.16
Later runs substituted: :
Chemicals for bentonite to help prevent blockage Subtotal 394.92
in the feed system.
CaSO04 substituted for BaSO4 to determine different Erit Addition Impact
. sulfate behavior.
H3BO3 and Na2CO3 substitued for Na2B40O7 to help Glass from slurry 100.00
prevent blockage in feed system. Frit addition, Ibs glass 20.00
Total glass produced, ibs 120.00
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DOE-0041-97, of glass frit was added to the side chambers. This increased 1 i
amount of glass produced by 20 wt% to the 24,000 Ib total. Leakage of the ...
around and through the partition wall between the meiter chambers was only
expected to be approximately 5 wt% or 100 lbs per 2200 |lbs. The density of the
side chamber glass is approximately 2.4 g/cm?® and the center chamber glass is
approximately 2.7 g/cm3. This provides. a gradient that allows the center chamber
glass to flow into the side chamber. A new denser side-chamber glass of 2.8
g/em? will be used during Campaign 4. The purpose of this action is to reduce the
gradient between the two glass pools and help reduce side chamber frit migration.

The average operating temperature during the Melter Acceptance Test was
1350°C, with a maximum temperature of 1400°C reached briefly during the
second batch. The other batches during the campaign were run at approximately
1250°C.

Average glass production was 1.3 MT/d when the facility was operating (Melter
being fed). The highest process rate of 2.91 MT/d of glass (at 1250°C and

40 wt% solids) produced 3740 Ibs glass in 14.0 hours of run time. Campaign 2
batch slurries averaged between 16 and 45 weight percent solids as determined by
laboratory personnel. Most batches were limited to approximately 34 wt% solids
because of the slurry feed system problems. Campaign 2 testing provided evidence
that production rates of 3 MT/d or greater are possible with Series D slurries ¢
1250°C. Higher production rates appear possible because the melter was not
operated at full capacity, e.g., a large cold cap or suifate layer that normally stops -
further production was not present. The limited capacity of: (1) the feed system to
deliver feed and (2) the Off-gas System to handle higher flows, did not allow
testing of the melter's operationat limits during this campaign.

Glass production rates for the Melter were significantly limited by the Slurry Feed
and Off-Gas Systems. The slurry feed system could only handle slurries with low
weight percent solids (average 34 wt % solids for the campaign). Because of the
lower wt% solids, the feed metering pump could not deliver solids at a high rate to
make glass. Consequently, energy which would otherwise be used for making
glass was spent on evaporating (or boiling away) water in the low-solids slurries.
Also, the Off-gas System, as presently configured, cannot handie larger rates of
steam production and off gassing without the emergency Off-gas System activating
to make up for the shortfall of the main Off-gas System. Therefore, high
production rates were discouraged to limit emergency off gas events.
Modifications are presently being implemented to the slurry feed and Off-Gas
Systems to enhance operations during Campaign 4, so these systems will not be a
limiting factor in the performance of the VitPP.

1-6
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Most of the solids in the slurry feed produced glass. However, some of the solid
compounds in the slurry decomposed to produce carbon dioxide (CO,) and water
(H,0); and, to a lesser extent, the acid gases: sulfurous oxides (SO,) and nitrous
oxides (NO,). These gasses are lost to the Off-gas System. For example, caicium
carbonate (CaCO, , a glass additive) broke down to form calcium oxide (CaO, a

solid), which becomes part of the glass, and carbon dioxide (CO, a gas). Thus, for
Campaign 2, about 3.1 Ibs of slurry produced 1 Ib of glass®.

The post-Campaign 2 benign glass batches (similar to the Campaign 1 slurry and
glass chemistry) were significantly more sluggish than the Series D batches. The
average production was approximately 0.8 MT/d at 1250°C, with an approximately
30 to 40 wt% solids content in the feed slurries. These slurries formed .thick
“barge-like” cold caps, and water often accumulated in a puddle on the top of the
barge. The water eventually that fell onto the hot glass pool often (several times a
day) forced momentary activation of the Emergency Off-gas System to maintain
negative pressure in the Melter. In addition, the cold cap often "bridged"” across
the molten bath and attached itself to the walls making contact with the bath
difficult during glass discharge. These problems were not observed with the Series
D slurries. The cold cap with the Series D batches were thinner, broken, and more
fluid (e.g., the cap deformed with the wake on the surface of the meit.) The
operators reported that they could not always maintain a cold cap with the Series D
batches. They preferred to operate with a cold cap because this (1) decreased
splattering at the molten glass surface, (2) decreased the heat burden on the
Quencher, and (3) decreased solids loading at the Film Cooler with resulting less
frequent cleanouts necessary.

Sulfate events, described later in this summary, were initially a hindrance at higher
production rates. The operators and engineers gained experience and learned how
to lessen the effects by controliing the sulfate events during the campaign.
Therefore, sulfate events became less of a limiting factor iater in the campaign.

1.4 Melter Erosion -

Slurry feed and glass samples were collected from each batch and analyzed for
chemical and physical characteristics. Analytical resuits indicated that the levels of
chromium (Cr) in the glass were low.. Mass balance calculaations indicate that
approximately 61 Ibs of chromium oxide (Cr,0,) being leached from the refractories
during Campaign 2. As expected, more was leached during Campaign 2 than
Campaign 1 because of the increased erosiveness of the waste and glass

3.1 Ibs slurry/lb glass = (5700 Ibs slurry/batch)/(1820 Ibs glass/batc;h)

1.7
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chemistry. Assuming uniform corrosion depths of the refractory surfaces an: al
corrosion rates of the Melter’s two refractory types, approximately 3.0 millime._.s
(mm) of refractory in the Center Chamber, 0.37 mm in the East Chamber, and 0.72
mm in the West Chamber have eroded during Campaign 2. The inner wall
refractories are 10.24 cm (4 in.) thick and the partition wall between the chamber
is 7.62 cm (3 in.) thick. Therefore, under these test conditions, the Melter is
expected to operate 1% to 3 years before needing wall replacement.

The erosion rate for Campaign 2 was four times greater than Campaign 1. The
application of more power through the E-wall partition walls could be a contributor.
More power was used during Campaign 2 because of: (1) low-solids/high-water
content slurries, (2) higher production rates and uptime, and (3) sulfate destruction.
Most erosion is attributed to the increased fluxing agents added to the glass (mainly
lithium oxide - Li,O) and the fact that no zirconium oxide was used as a glass
additive during Campaign 2.

Zirconium oxide was used in the formulation of the benign glass surrogate for
Campaign 1. Zirconium oxide has been known to coat refractories and behave as
an erosion inhibitor. However, the presence of lithium oxide (Li,O) is considered a
more important erosion factor in the Campaign 2 glass . The lithium oxide was two
to three times what it should have been, based on the glass recipe of 1 wt%. The
increase in lithium concentrations was due to inleakage of glass frit from the
Melter's side chambers. Glass frit added to the side chambers contains10.1 2
lithium oxide. Glass frit usage during Campaign 4 will be recorded, and the
amount of lithium in the frit will be subtracted from the next batch. This should
provide a more accurate accounting of the amount of lithium and give a good
comparison of the erosion rate seen in Campaign 4.

An encouraging result was the relatively iow concentration of molybdenum
(average 2000 ppm Mo) in the glass, since the amount of molybdenum in the glass
is directly related to the Melter's electrode wear. The concentrations of Mo in the
glass equated to 58 Ibs of molybdenum contained in the glass produced during
Campaign 2. Three pounds of molybdenum were found in the Off-gas streams.
Overall, there are approximately 1500 Ibs of molybdenum in the ten electrodes.
This indicates that about 4% of the electrodes had eroded. After the power to the
melter was secured, the electrodes were probed with a metal rod to determine if
there was any noticable shortening or narrowing of the electrodes due to wear. No
obvious wear was noticed except where a piece had fallen off the end of one
electrode. A dimple was observed, in the fallen portion of the electrode, before it
was inserted into the melter. The dimple could have been the reason the electrode
end was effected.

1-8
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From the analysis of power consumption during the VitPP runs, it. was determined
that the destruction of sulfates can take a significant amount of energy. It was
not observed during laboratory testing that the destruction of sulfates was an
endothermic reaction. The hardest sulfate to destroy is barium sulfate (BaSO,).
Barium suifate is presumed to be in Silos 1 and 2. It can take between 122 to 146
kcal/gmole to destroy barium sulfate. In terms of Melter operation, it takes
approximately 3000 kilowatt-hours (kwh) to destroy/distill 1 wt% SO, (as BaSO,)
from the Melter bath. Therefore, in effort to lower the power demand and still
destroy sulfate, urea was added to the slurry feed to heip reduce the amount of
suifate. Based upon observations, it appears that urea was an effective reductant
because a molten sulfate layer was not observed by the operators.

Despite the addition of urea, the glass still has an affinity for suifates. The glass
will absorb up to approximately 1 wt% until it becomes saturated. This
characteristic is greatly dependent on temperature and other factors. Transient
temperature conditions in the melter can cause the glass to become supersaturated
and release the sulfate from the molten glass in an uncontrolled manner. This
happened as two different anomalies/events during Campaign 2.

1.5.1 Sulfate Eﬁervescence Event

The first sulfate anomaly, known as a sulfate Effervescence Event’,
happened during the Acceptance Test when BaSO, was used to simulate the
sulfates in Silos 1 and 2. During-this event, the bath became supersaturated
and the sulfate suddenly started to decompose and effervesce SO, gas
bubbles. The excessive bubbling of bath (or foaming) started and then
stopped. The destruction of sulfate and the subsequent effervescence of gas
removed heat from the glass pool and dropped the temperature of the bath.
Consequently, the operators applied more power to maintain constant
temperature, but more foaming occurred. The height of the foaming rose
sufficiently to momentarily flow from the center chamber into the side
chambers before the power was reduced.

Two effervescence events occurred during the Acceptance Test at 1350°C
operation. None happened thereafter at lower temperature. When the

'Effervescence is the correct term to use here because every cubic inch of the
molten bath produced SO, bubbles and caused the bath to swell as a whole.
Colonies of bubbles that collect near the surface create a foam or cause foaming.

1-9

000028



VitPP Phase | interim Treatability Study Report — Campaign
40110-WP-0002 Rev.
December 13, 19t

8089

second event occurred, it was decided to "burn” or distill the sulfate fr j
the bath until it stopped foaming. Between 300 to 400 kw were applieu
intermittently to the Melter for approximately four (4) hours with no
additional feeding of slurry; however, water was fed for cooling. It was then
observed that the bath stopped foaming (no longer saturated) and the Meiter
pool temperature immediately started to climb. The Meiter pool temperature
reached 1400°C before the temperature reversed.

1.5.2 Sulfate Layer Event

The second sulfate-anomaly, is known as a Sulfate Layer Event. This event
occurred during the Series D run when Silo 1 and Silo 2 residues were
simulated using calcium sulfate. The VitPP operators thought that the °
thermocouples in the meilter had failed because the interior of the melter
appeared hotter than measured. No darkly colored puddies of sulfate were
noticed, but this event is attributed to a sulfate layer forming near the
surface because it fits the scenario. With this event, the sulfate separated
from the melt and collected near the surface. Sulfates, being conductive,
increased the conductivity of the bath towards the surface of the glass pool.
Therefore, more and more heat was generated at the surface, and less heat
was generated at the bottom where the controlling thermocouple to the
Melter is located. Hence, the Melter pool appeared to be cooling, while 2
power was applied by the operators.

While this event was being observed, the top temperature measured
approximately 1350°C with an infrared pyrometer in appearance, and the
bottom temperature was dropping below 1250°C. The E-Wall partitions were
observed to be glowing white-hot when normally they are dark in
appearance. Normally, the surface of the Melter pool is approximately 50 to
100°C cooler than the bottom. This phenomenon resuited from the power
traveling across the top of the conductive bath also caused power to travel
through the top portions of the E-wall partition. .Up to 350 kw of power
were applied during this event, when normal operation should have been
below 200 kw.

With experience, the operators learned to avoid the above situations {i.e., reduce
feed rate with a corresponding reduction in power to the Melter) when an event
appears to be approaching. The major indicator of the onset of both events is the
need for increasing power with no proportionate increase in temperature or a
decrease in temperature. More permanent solutions, such as using more urea,
could be used to correct the problem if the events persist. Production rates in a

1-10
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continuous process may creep down, or be somewhat lower, than intermittent
processing production rates because the sulfates have extra time to decompose
during less productive periods. There were no foaming incidents in the center
chamber or side chambers during the last three batches, which also had higher
production rates. This is attributable both to experience gained by the operators
and use of the urea. '

Lessons Learned

1.6.1 Partition Wall Cracks

An operational hindrance developed shortly after the Acceptance Test. It is
believed the sudden power fluctuations and temperature changes opened up cracks
in the E-wall. These cracks allowed sulfate-rich center chamber glass to migrate
into the side chambers. These sulfates then off-gassed and caused foaming in the
side chambers. This was more noticeable during high power conditions. The West
Side Chamber had most of the foaming events. Frit addition was increased to help
reduce the foaming. To help control foaming, a denser frit will be tried during
Campaign 4. The concept is that a denser side chamber glass will change the
pressure gradient between chambers and stop -or reverse the flow of glass between
chambers. - '

1.6.2 Bottom Drain Occurrences

-

There were problems experienced with the bottom drains in the Melter. During one
incident, a drain leaked cooling solution into the East Side Chamber and caused
flaming at the glass pool surface, because glycol present in the melter drain cooling
loop flashed when it broke the surface. New inserts were placed in all the drains.
However, a different mastic was placed in the same East Side Chamber drain than
in the others. This mastic did not conduct heat as well to the insert as the other
mastics. It is postulated that the glass around this drain softened more than the
others. Consequently, glass migrated down the plug and glowing was periodically
observed at bottom Drain #3. The exact cause for the glowing has not yet been
determined. Alternatives to fixing the glow are being evaluated. (Please note
potential reasons given in this paragraph have not been proven.)
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1.6.3 Slurry Feed Svstem .

The primary cause of downtime experienced during Campaign 1 was a result of the
Slurry Feed System, and to a lesser extent, the Off-gas System. This downtime
continued into Campaign 2. A significant amount of time was spent on removing
blockages from piping, repairing/replacing Slurry Tank Pumps, and repairing the
Melter Feed Pump. The following is a list of the causes identified which led to
problems with these systems:

. Sharp bends (elbows) in the piping restricts flow and provides sites for
the solids to collect.

° The piping is too small for the long runs, thereby restricting the flow.

. Slurry pump design, seal design, and materials of construction selected
were not compatible for the task of transferring the abrasive siurry.
The slurry appears to excessively wear at the diaphragms, internal
valves, seals, and shafts of the pumps.

. Clogging of pipes between the bag dump station (where dry chemicals
are introduced to the slurry system) and the slurry tanks was caused
by a combination of moisture in the system, chemical and physi
characteristics of the materials used, and limited ability of the
mechanical system. Operational steps were taken to address the
problem which included adding the bags of material slowly and
adjusting the order in which the materials were added.

° Poor agitation and/or clay-like cohesive material resuits in the slurry
settling in the bottom and clinging to the sides of the siurry tanks.

Thickening of the slurry appeared to happen an hour or two after mixing in the high-
shear-mixing tank and feed recycle loop. It was verified in the lab that high-shear
mixing can cause (1) bentonite to thicken in the presence of calcium and
magnesium ions and (2) borax, a glass additive, to thicken in solution upon cooling.
Boric acid and sodium carbonate were used as substitutes to replace the borax, and
this appeared to work. Techniques that deal with the bentonite are being .
developed. For example, sodium phosphate may be used to poison or hinder the
bentonite thickening reaction iong enough to process the waste. Laboratory studies
show that the thickening reaction can be delayed 60 hours with the feed being
agitated moderately.

1-12
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1.6.4 Off-gas Treatment System

Frequently, the {normal) Off-gas Treatment System had insufficient capacity to
handle the pressures developed when the cold cap collapsed, clogs in the Melter
feed pump line dislodged, or flush water was introduced into the Melter. The
Emergency Off-gas System frequently tripped when either of these scenarios
occurred. Normally, the Emergency Off-gas System activated for only two or for
three minutes or the time it took Operations to respond and reset the automatic
activation.

1.6.5 Gem Making Machine

Operation of the Gem Making Machine did not stop production because the molten
glass was diverted into monolith pours. Continuous operation and production of
the Gem Making Machine were not consistent. During early testing, it was
observed that the benign glass was too viscous for successful gem making. The
glass would either stick to, string around, or spatter off the Gob Cutter resulting in
the production of irregularly shaped gems, gems with "tails”, and/or fiberglass.
Later, there were operational problems with the lubrication system. The lubrication

" nozzle(s) did not spray a uniform thin stream on the cutting wheel. This resulted in

too much lubricant spray being placed in the wrong places. As testing proceeded,
the lubrication methods were changed (i.e., smaller nozzles were used), but the
problem persisted. Some attempts resulted in filling the receiving drum with the
lubricating soiution (graphite in water). Additionally, it was observed that the Gob
Cutter was getting too hot, thereby, allowing the giass to stick and "gum-up” on
the cutter. Redirecting air flow helped ¢ool the cutters somewhat and allowed the
production of a few tons of gems. However, more cooling power (i.e., water
cooling) to the cutter is needed for long production runs. Also, greater cooling
should reduce the need for lubrication. A water-cooled cutter is being installed for
testing in Campaign 4. )

Productivity

The percentage of time the VitPP was producing glass during Campaign 2, known
as "uptime,” increased from Campaign 1. Uptime is defined as the percentage of
time that the Melter Feed Pump is feeding slurry to the Melter during the day. The
average amount of uptime during Campaign 1 was 19%. The average amount of
uptime during Campaign 2 was 27%. This is in agreement with the schedulied and
budgeted uptime for Phase | activities of 30%. Figures 1-1 and 1-2 graphically
show the percentage of uptime per day.

1-13
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Objectives )

in accordance with the OU4 VitPP Phase | Test Plan (1 8-SU-0003, Rev. 2), four
objectives were to be accomplished during Campaign 2. The foliowing discussion
presents the results of Campaign 2 relative to each objective:

Objective 1 Perform testing as acceptance of the Melter and Gem Making Machine
from the vendor.

The Melter passed the acceptance testing with punch-list items. A
number of warranty items; e.g., modifications and repairs to the Gem

- Making Machine need to be compieted so the systems can work on a
continuous basis.

Objective 2 Determine if vitrification of OU4 waste residues (using surrogates) is
feasible via blending Silos 1 and 2 residues with Silo 3 residues.

This objective was achieved. Approximately 20,000 Ibs of glass were
made at 1350°C and 1250°C from 62,500 Ibs of slurry containing 16
to 45 wt% solids. High sulfate events happened (as did in previ )
lab and bench-scale studies), but these were managed or avoide. A
experience. '

Most of the 11 batches were processed at rates over 1 MT/d (all rates
are based on 100% availability, uptime). The Optimum Series D
batches (the last four batches of Campaign 2) produced an average of
1.8 MT/d of glass produced at 1250°C. The most swiftest batch
processed, produced glass at approximately 3 MT/d. Higher
production rates appear possible with the Series D slurries because the
Melter did not appear to be operating at full capacity, for example: (1)
a large cold cap that could poison or stop glass production was not
present, or (2) no significant foaming events of the center or side
chambers occurred during the last Series D batches.

Reduced retention time during increased production rates (and
uptimes) may result in foaming events that would reduce throughput.
Unfortunately, this can only be accurately determined during long
sustained runs. However, campaign results were encouraging because
production rates were increasing with decreasing retention time.
Uptime increased from Campaign 1 (19%) to Campaign 2 (27%). The

!
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uptime of the last six Campaign 2 batches increased to 41%. The
uptime for the last two batches was 57 and 71%. The limited abilities
of (1) the feed system to deliver feed; and (2} the Off-gas System to
handle higher flows, limited the production rate of the Melter.

Objective 3 Gain experience in handling sulfates and phosphates.

Sulfate off-gassing events and sulfate layer events that occurred
during Campaign 2 were new experiences for VitPP operations
personnel. With experience, the operators learned to manage and
avoid the above situations (i.e., reduce feed rate and power when an
event appears 1o be approaching). The major indicator of the onset of
both events is the need for increasing power with no proportionate
increase in temperature or a decrease in temperature. Significant
amounts of the sulfate appear to be destroyed by the addition of urea
because no sulfate layers have been observed by the operators. .
Samples taken from the molten glass surface do not show excessive
amounts of sulfate.

Anticipated phosphate problems did not occur. Alumina added to the
batches to control phosphates appeared to be effective. Devitrification
as indicated by a milky appearance of the glass upon slow cooling,
was observed in bench and lab-scale studies. However, this was not -
observed with the VitPP runs.

Objective 4 Gain experience in handling lead and barium in lower concentrations
before attempting Silo 1 and Silo 2 (Series A and B) runs that contain
high lead and barium concentrations. :

The glasses processed for Campaign 2 passed the TCLP tests for
RCRA metals, of greatest concern, lead (Pb) and barium (Ba). The
barium TCLP limit is 100 ppm and the Campaign 2 glasses passed
with values in the range of 2 to 4 ppm. The lead TCLP limit is 5 ppm
and the Campaign 2 glasses passed with values in the range of 1 to 3
ppm. The Series D glass process during Campaign 2 contained about
5% wt% Lead (55,000 ppm Pb) and 2% wt % Barium (25,000 ppm
Ba).

Three glass sampies (from eleven Campaign 2 batches) initially failed
with TCLP lead (Pb) resuits between 5 to 6.5 ppm even though other

1-17
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samples taken for these batches passed with values between 2 i
ppm. Investigations showed that variation in the laboratory proce.ure
protocol can account for this difference (see Section 5.1.7 for further
details).

Future Phase | Campaigns, Testing, and Work

Upon completion of Campaign 2, the following testing is scheduled:
Campaign 4 - Silo 1 and 2 glass recipes (Series A and B); and

Additionally, modifications may be necessary to the VitPP's facilities, and to the
glass chemistry during execution of the campaigns, to improve performance. ‘Key
findings are that the present slurry feed and the Off-gas Systems need
modifications to increase the reliability and availability of the VitPP Melter.
Potential modifications are being evaluated and plans are being made to incorporate
the selected modifications into the VitPP facilities between Campaigns 2 and 4.

A brief discussion of each of the remaining campaign is described below:

1.9.1 Campaign 4

Campaign 4 will be performed with Series A and Series B surrogate slurry
formulation. These runs are planned to be performed at 1250°C. A third run
may be performed at 1150°C depending on performance of the first two
runs. The major concern is that the destruction of suifates at 1150°C may
not be possible. Specialized glass formulations may be required to facilitate
running at 1150°C in an effort to maintain reasonable waste loading.
However, if the sulfates are destroyed (or contained by the glass), then a
low-temperature Melter may be considered in future design.

1-18
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2.0 GLASS FORMULA DETERMINATION

Silo Background and Contents

2.1.1 Silos Background

The silo wastes are residues remaining from processing of pitchblende ores. Silos 1
and 2, also designated as the "K-65" silos, contain the depleted ore residues, while
Silo 3 contains calcined residue remnants from processing solutions. Silos 1 and 2
contain thorium and radium residues, known as "K-65" residue wastes. These silos
are radon gas sources because of the high radium concentrations.

These wastes also contain high concentrations of natural lead (6 - 12 wt%) and
radioactive lead, 2'°Pb. Bentonite clay, which is high in alumina, was placed in the
silo to form a cap over the wastes to capture the radon gas. Silo 3 contains metal
oxide residues that contain high concentrations of sulfates (15 wt%), phosphates
(9.3 wt%), nitrates (6.1 wt%), and thorium (0.31 wt%). Silos 1 and 2 contain
significant quantities of glass formers (50 - 51 wt%) to make glass, whereas, Silo
3 (14 wt%) does not. The K-65 material (Silos 1 and 2) has a hazardous
characteristic for lead according to the Toxicity Characteristic Leachate Procedure
(TCLP), while Silo 3 material has a hazardous characteristic for arsenic, cadmium,
chromium, and selenium.

2.1.2 Silo Contents

The estimated amounts of residues in the silos is given in Table 2-1. The average
elemental compositions in the silos and bentonite are shown, as oxides, in
Tables 2-2 and 2-3.

As a part of sampling for the Operable Unit 4 Remedial Investigation/Feasibility
Study (RI/FS) approximately five years ago, small quantities of residues were
withdrawn from the silos by a vibrating core drilling-instrument. The instrument
withdrew sampies from three different zones in each silo. Portions of the core-
drilled samples were sent to PNL for characterization. The remaining portions of
the sample were used in laboratory crucible melts with only small portions presently
archived for future studies. Results of the analysis of these wastes are given in a

2-1
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Table 2-3 )
Average Bentonite Composition
Bentonite
Rank .
Component Measured (wt%) | Normalized (Wt%)
1 Sio, 65.40 67.35
2 Al,0, 15.80 16.27
3 MgO ' . 6.30 6.49
4 Fe,0, 3.60 3.71
5 Na,O 3.40 3.50
6 Ca0 1.80 1.85
7 K,0 0.80 0.82
Total - 97.10 ' 100.00
'x
)
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treatability report prepared by PNLS.

A second set of analyses of the silo wastes is available in the final OU4 RI/FS
documents®. Unfortunately, the chemical analysis data of the composition of the
silo wastes does not match the PNL data. Some of the RI/FS data is shown in
Table 2-4. Concentrations in the RI/FS data are given as elemental concentrations,
but they were converted into oxide concentrations for Table 2-4 to allow easy
comparison to the PNL data. The table also shows percent differences between the
PNL and RI/FS data. The instruments used in the RI/FS analyses were calibrated for
these minor analyses. Consequently, bulk constituents (normally of little concern in
this type of investigation since they are usually nontoxic) are overlooked. However,
many of the minor constituents between the two sources do not match and leaves
doubt. Therefore, some archived samples are being analyzed by the FERMCO labs*®
to verify which of the data sets is more correct. The capability of the FERMCO labs
has increased since the first analyses were done and can now give good resulits.
Development activities, thus far, and the data presented in this document are based
on the PNL data. Exceptions are noted.

Silo Surrogates

The silo residues were analyzed for elemental makeup. However, the fashion, in
which, these elements are combined into compounds is not known. Generally, this
information is not needed in determining the glass composition, because the
identity of the compounds are lost once the glass is made. - Surrogates were
formulated for each of the Silos in accordance with the eilemental analysis. The
elements were simulated as follows:

Metals (Na, Si, etc.) as oxides (Na,0, Si0O, etc.)
Sulfur (S) as sulfates (SO,)

Phosphorus (P) as phosphates (PO,)

Nitrogen (N) as nitrates (NO,)

Carbon (C) as carbonates (CO,)

It is not known which metals of the silo residues are attached with sulfates,
phosphates, etc. However, the surrogates were made to ensure the ratios of the

R. A. Merrill and D. S. Janke, Battelie-Pacific Northwest Laboratory, "Results of

the Vitrification Treatability Study for OU-4 Residues," dated February 1993.

9

OU4 Final Remedial investigation Report, November 3, 1993, Tables 4, 1

through 22.

10

There are procurement contracts being placed with VSL and the University of

Cincinnati that will also analyze the Silo wastes. These will also help verify the

data. :

COoCran
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elements and sulfates, phosphates, etc. were consistent with the PNL analysis ‘of
the Silo residues.

Tables 2-5 through 2-7 show (1) the method used to arrange the compounds in the
surrogates and the (2) the resulting surrogates used in Phase |. Table 2-8 shows
how a spreadsheet was used to determine the glass chemistry for the Series D
glass. This was the glass used in the Campaign 2 Series D glass. Notice that the
Silo wastes and bentonite are blended in proportion to their total amounts in the
silos. Then the additives are added to the biend to make a close approximation of
the target glass shown toward the right in the spreadsheet. The amounts shown in
the spreadsheet or those necessary to make 100 grams of glass. It takes more
grams of silo wastes and additives to make 100 grams of glass because some of
the components are lost, as gases, to the off gas system. Notice that the
spreadsheet does calculations with oxides in accordance with the glass convention.

Table 2-9 shows the same calculations as Table 2-8, except the oxides have been
replaced with the silo surrogates and additives are also shown in their compound
form. Most of the additives are carbonates for ease in handling and cost. Sodium
oxide {Na,0), for example, is a very corrosive, toxic substance that reacts violently
with water to form sodium hydroxide (NaOH) commonly known as lye (also a
corrosive substance). Therefore, sodium carbonate (Na,CO,) is used. .

Table 2-10 shows the similar information as Table 2-9, except the quantities shown
are those needed make a batch of surrogate slurry for the Melter. A batch normally
makes 2200 Ibs or 1 metric ton of glass.

It is unfortunate that the exact compound makeup of the silos is not known.
Because the rates and ease of forming that glass may be dependent on the
compounds used to make that glass. More is being understood about which
compounds may be in the Silos. For example, process knowledge indicates that
the sulfates in Silo 1 and 2 may be barium sulfate (BaSO,) because barium was
used to strip radium from the refining process as radium sulfate (RaSO,}. Recent
analyses done by FD Fernald, with a Leco sulfur analyzer purchased for the Silos
project, indicate that sulfate content in Silos 1 and 2 is between 3 and 32 dry
wt% (per a single sample measured for each silo) instead of the 1% and 2%
measured by PNL. These concentrations more closely match the measured barium
concentrations stoichiometrically. A more complete listing of these analyses for
Silos 1; 2, and 3 are given in Tables 2-11 through Table 2-13.
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Table 2-11

Silo 1 Residue Composition
as Measured by FD Fernald 11/22/96

8089

——

a b c d e
- Element Analyzed Normalized Stoichio. PNL Anal. c-e
as oxide wt% wit% mol. % wt% wt%
Al203 2.63 2.91 2.04 3.02 -0.11
B203 0.36 0.40 0.41 0.00 0.40
BaO 5.81 6.44 3.00 7.32 -0.88
Cco2 3.36 3.72 6.05 3.72 0.00
CaO 0.24 0.27 0.34 0.43 -0.16 _
Fe203 - 2.10 2.33 1.04 2.90 -0.57
K20 0.12 0.13 0.10 0.79 -0.66
Li20 0.19 0.21 0.50 0.00 0.21
Mgo 0.29 0.32 0.57 1.39 -1.07
MnO2 0.01 0.01 0.01 0.01 0.00
N205 0.31 0.34 0.23 0.34 0.00
Na20 1.73 1.92 2.21 2.09 -0.17
NiO 0.44 0.49 0.47 0.49 -0.00
P205 0.65 0.72 - 0.36 0.72 0.00
PbO 12.69 14.06 4.51 13.93 0.13
SO3 3.40 3.77 - 3.37 2.09 1.68
Si0o2 53.49 59.26 70.56 58.06 1.20
V205 0.08 0.09 0.03 0.07 0.02 -
Others 2.37 2.63 4.20 2.63 -0.00
90.27 100.00 100.00 100.00 -0.00
Sample No.: 200222611

Numbers in bold were not anatyzed by FD Femald. They are taken from the PNL Analysis.
The "others" are other elements in the residue that are less than 0.5 wi% each, but
total collectively to the amount shown.
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Table 2-12

Silo 2 Residue Composition
as Measured by FD Fernald 11/22/96

8089

a b c d e f
Element Analyzed Normalized Stoichio. PNL Anal. c-e
as oxide wt% wt% mol. % - wt% wt%
AlRO3 3.01 3.47 2.37 4.02 -0.55
B203 0.00 0.00 0.00 0.00 0.00
BaO 4.47 5.16 2.34 3.54 _1.61
CcOo2 3.49 4.02 6.36 4.02 0.00
Ca0 2.81 3.24 4.02 2.95 0.29
Fe203 4.82 5.56 2.42 7.20 -1.64
K20 0.25 0.29 0.21 0.80 -0.51
Li20 0.00 0.00 0.00 0.00 0.00
MgO 0.39 0.45 0.78 2.01 -1.56
MnO2 0.00 0.00 0.00 - 0.04 -0.04
N205 -0.63 0.73 0.47 0.73 -0.00
Na20 0.74 0.85 0.96 1.04 -0.19
NiO 0.38 0.44 0.41 0.43 0.01
P205 0.69 0.80 0.39 0.80 . -0.00
PbO 7.59 8.75 2.73 7.32 1.43
SO3 3.50 4.03 3.51 2.01 2.02
Sio2 51.58 59.46 68.85 60.23 -0.77
V205 0.01 0.01 0.00 0.10 -0.09
Others 2.39 2.76 4.20 2.76 -0.00
86.75 100.00 100.00 100.00 0.00
Sample No.:

200222612

Numbers in bold were not analyzed by FD Femald. They are taken from the PNL Analysis.

The "cthers" are other elements in the residue that are less than 0.5 wt% each, but .

total collectively to the amount shown.

2-15

000052



Table 2-13
- Silo 3 Residue Composition
as Measured by FD Fernald 11/22/96

a b c d e f
Element Analyzed Normalized Stoichio. PNL Anal. c-e
as oxide wt% wt% mol. % wt% wt%
Al203 5.20 6.60 4.53 6.10 0.50
B203 0.14 0.18 0.18 0.00 0.18
BaO 0.05 0.06 . 0.03 0.04 0.02
COo2 1.73 2.19 3.48 2.19 -0.00
CaO , 4.94 6.27 7.82 . 5.41 0.86
Fe203 7.20 9.14 4.00 9.21 -0.07
K20 0.79 1.00 0.74 2.07 -1.07
Li20 0.40 0.51 1.19 0.54 -0.03
MgO 11.55 14.66 25.43 11.51 3.15
MnQO2 0.59 0.75 0.60 0.77 -0.02
N205 5.54 7.02 4.55 7.02 0.00
Na20 1.73 2.20 2.48 6.79° -4.59
NiO 0.60 0.76 0.71 0.60 0.16
P205 8.43 10.70 5.27 10.70 -0.00
PbO ' : 0.19 0.24 0.08 0.22 0.02
SO3 15.10 19.16 16.74 17.26 1.90
Si02 12.10 15.36 17.87 16.11 -0.75
V205 0.26 0.33 0.13 0.58 -0.25
. Others 227 - 2.88 4.20 2.88 0.00
78.80 100.00 100.00 100.00 0.00

Sample No.: : 20027134

Numbers in bold were not analyzed by FD Fernald. They are taken from the PNL Analysis.
The "others” are other elements in the residue that are less than 0.5 wt% each, but
total collectively to the amount shown.
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Also, the sulfate in Silo 3 is most likely, magnesium sulfate (MgS0,), because (1)
magnesium is stoichiometrically the predominate component in the silos, and (2) a
study done by with the Leco sulfur analyzer indicates this. The Leco produced the
following information:

Table 2-14
Destruction Temperature of Actual Silo 3 wastes

15.1 wt% sulfate destroyed at 1450°C with catalyst V,0q
14.3 wt% sulfate destroyed at 1250°C with catalyst V,0;
13.0 wt% sulfate destroyed at 1250°C without a catalyst

Table 2-15 shows the destruction temperatures and behaviors of various sulfates.
The Silo 3 wastes were, supposedly, calcined at 600°C before being sent to Silo 3.
So the destruction temperature for the main Silo 3 sulfate is between 600°C and
1250°C. This leaves magnesium sulfate which destructs at 1125°C. Silos 1 and 2
required the catalyst, V,0;, to destroy the sulfates at 1450°C.

Glass Chemistry

The development of the glass formulas and the Melter design are dependent upon
each other. Both are significantly influenced by the waste materials in Silos 1, 2,
and 3. Characteristics of the glass that are key formula and Melter design
parameters include the concentration of suifate, phosphate, and other waste
components in the slurry feed and the viscosity, liquidus, redox state, foaming, and
conductivity of the resuitant glass. The design of the Melter and the slurry
formulas address challenges of transforming the silo waste into acceptable glass
without generating unacceptable waste streams (such as waste water and off gas)
and reactions (such as foaming and devitrification).,

During glass formula development studies, the glasses made were grouped
according to the silo wastes they contained (simulated). This designation has
continued. Series A contains a blend of Silos 1 and 2. Series B is the same as
Series A except it also contains a high concentration of bentonite. Series C is
contains only Silo 3. Series D contain a blend of all three silos.

2.3.1 Viscosity vs. Temperature

Viscosity is probably the most important parameter to characterize for a prescribed
glass. If the glass melt becomes too thick, the waste dissolution (glass production)
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Table 2-15
Decomposition Temperatures of Sulfates

Melting Decomposition
Compound Point, °C Temperature, °C Behavior

Al,(S0,); - 770 | Low temperature decomposition.

BaSO, 1580 > 1580 | Melts without decomposition.

CaSO, 1450 Graduated | Some decorﬁposition before melting,
but siow.

Fe,(SO,), - 480 | Low temperature decomposition.

Li,SO, 860 860 | Decomposition is not far above
melting temperature.

MgSO, -1 <1124 | Decomposes before meiting.

Na,SO, 884 Graduated | Volatilization and decomposition
both take place, however, both are
slow at lower moiten glass
temperatures. Increases with
temperature.

PbSO, 1170 < 1170 | Decomposes noticeably below the

meilting point.

Information from:

" The Chemical Rubber Company (CRC) Handbook of Chemistry and Physics, 51%

Edition, and

High Temperature Properties and Decomposition of Ingrganic Salts, "Part 1.
Sulfates,” October 1, 1966, K. H. Stern and E. L. Weise, Institute for Basic

Standards, National Bureau of Standards, Washington, D.C.
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rates will decrease and may resuit in possible stoppage and/or blockage of the
Melter discharge chamber. If the glass melt is too thin, glass can leak through
joints and result in problems causing premature corrosion and erosion of the
equipment. Additionally, final waste form production {(e.g., gem production) is
sensitive to glass viscosity.

The desired viscosity of the molten glass in the Melter is between 10 and 80 poise.
Due to temperature loss during Melter discharge and glass forming production, the
viscosity of the glass may increase. For gem production, it is expected that the
viscosity of the glass "gob" should not be below 200 poise when it reaches the
conveyor. This allows the gob of glass to flow and have enough time to "pull”
itself together, much like water “beads” on the surface of freshly a waxed car. If
the glass is too thick, the glass does not have enough time to form a gem before it
freezes.

2.3.2 Conductivity \)s. Temperature

Like viscosity, characterization of the glass conductivity is necessary for joule-
heated meiter operation. The VitPP has a joule-heated melter where electrical
resistance of the glass produces the heat for melting. A low conductive glass
requires electrical transformer taps that produce power at a higher voltage and
lower amperage, compared to a high conductive glass that requires electrical

transformer taps that produce power at a lower voltage and higher amperage.

In the VitPP, if a glass is too conductive, excessive heat is generated in the Melter
electrode chambers and/or the electrically semi-transparent walls, resulting in less
heat transfer to the glass melt. This could cause melter failure or premature
deterioration of key meiter components. Increasing resistivity of the glass melt
requires increasing voltage in order to put in the same amount of power. A glass
that is too resistive may exceed the voltage capability of the Meilter.

With the three-chamber melter design, the conductivity of the side chamber
(electrode chamber) glass is also very important. Originally, it was felt that the
side-chamber glass should be of much higher conductance (five times higher) than
the waste glass in the main chamber so that the side chamber glass generates less
heat (this allows most of the heat to be generated in the main chamber glass).
However, recent minimelter runs and calculations show the side chamber shouid
remain cool even with more resistive glasses. Current design values for glass
conductivity (resistivity) have been approximated at 1.0 Siemens/cm (S/cm, 1.0
ohm-cm ) for the side chamber glass and 0.15 to 0.33 S/cm (3.0 to 6.7 ochm-cm)
for the main chamber.
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2.3.3 Liquidus Temperature Range ' ]

Liquidus temperature range is a temperature band below (and often near) the
melting point of glass where crystallization, precipitation, and/or phase separation
occurs within the glass melt given enough time. Different glass compositions have
different liquidus temperature range profiles. The best liquidus temperature profile
is one that is narrow, allows a low melting point of the glass, and has minor
sensitivity to compositional changes. - A wide profile, or one that approaches the
melt temperature, can make pouring and forming glass difficult because the glass
can crystallize or separate (decompose) as it cools before it has a chance to
solidify. Likewise, a liquidus temperature profile that approaches the operating
temperature can result in high viscosity and blockage(s) where the temperature can
drop (e.g., the discharge chamber). A liquidus temperature profile that is sensitive
to compositional changes can result in blockage of a meiter if the melter feed
composition inadvertently drifts.

For operation of the VitPP, the glass will automatically pass a liquidus temperature
evaluation if visible crystals, phase separation, or other defects are not detected at
a temperature 200°C below the glass’s operating conditions in the Meiter. Minor
crystallization (precipitation) may be acceptable if the glass melt appears it can keep
the crystals suspended without bunching together since such a condition may r-*
cause blockage within the Melter.

2.3.4 Redox'! Control

Redox control in the VitPP Melter is a significant concern when processing actual
waste since it has the potential for adverse effects on the electrodes. For actual
waste materials and surrogates, adverse redox conditions in the VitPP Melter are
mitigated because the electrodes are protected in the side chambers. Oxygen feed
to the melt bath with the agitation air provides sufficient oxygen to prevent the
“soft” metals, such as lead (Pb), from precipitating. Precipitation would put
elemental metal(s) in the glass melt and possibly produce a short across the
electrodes.

In the main chamber molten glass, high temperatures and/or running idle with low
agitation may result in some reduction in the redox state. Urea may be used, as a
reductant, to destroy/control sulfate at the molten glass surface. However, it

should not significantly affect the redox of the molten glass in the main chamber.

" Redox is a term used to describe the amount of oxygen in a system. It is short
for Reduction oxygen potential.
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2.3.5 Foaming

Foaming is a release of gases within the molten glass which causes the whole Qlass
mass to swell (or foam). It becomes less likely for foaming to happen if the
reactions occurs closer to the surface and the gases can be easily released. Thin
(less viscous) glasses are less likely to foam because the bubbles that trap the
gases “pop” at the surface and do not have the chance to collect and build up a
“head.” Foaming of the molten glass was shown to be a potential problem in the
Battelle Pacific Northwest Laboratory (PNL) crucible melts and several of the
Fernald laboratory melts.

Conditions that cause foaming can be a change in redox or temperature. It was
found in minimelter Vitreous State Laboratory (VSL)'? runs that the latter appears to
be the case with the silo wastes. Foaming was observed in the minimelter runs
when the glass was discharged, feed to the melter ceased, or the temperature of
the melter was ramped up too quickly. The minimelter is not temperature
controlled, but rather, power controlled. Therefore, when the glass was discharged
or the feed to the meiter ceased, the same amount of power went into the smaller
volume of glass. The net increase of power per unit mass of glass resuited in the
temperature climbing. Since gas solubility decreases with increasing temperature,
the saturated molten glass released dissolved SO, as a gas. -Under certain
conditions where the glass is viscous enough and the temperature increase is rapid
enough, foaming occurs. ' '

Foaming events were controlled in the minimelter by decreasing the viscosity of the
glass through glass chemistry, increasing power into the molten glass slowly, and
destroying sulfates with urea. Decreasing the feed rate with a corresponding
decrease in power to the melter also can help control foaming events. Foaming
events were noticed in the minimelter with Silos 1, 2, and 3 surrogate glasses.

2.3.6 Deuvitrification

Devitrification (opacity, crystal formation, precipitation formation) upon cooling of
the final product is permissible as long as it does not cause the final product to fail
the EPA TCLP or impair the glass forming or handling properties of the glass (e.g.,
create excessive breakage in gems). Glasses prepared from Silo 3 material are
more prone to devitrification because the glass is more “basic” (which generally
implies iess glass formers) in nature than the Silos 1 and 2 glasses. The silo

12

VSL is part of the Catholic University of America located in Washington, D.C.
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glasses devitrify and form crystals at their liquidus temperatures much like igr - Q
“ultra basic” mineral/rock counterparts. Below is the general characterization o.

glasses (and igneous rocks):

>

cid Mostly made of glass formers. Over 65 wt% silica.

Contains 45 wt% to 55 wt% silica. Generally rich in ferro-
magnesium type minerals.

Ultra Basic Contains less than 45 wt% silica. Contains significant amounts
of alkali and alkaline metal oxide, etc. Prone to form crystals
like spinels, etc. '

The study of igneous rocks and minerals gives additional insight of how the silo
glasses may behave and what precipitates and crystals may form within the
glasses, provided conditions are right.

2.3.7 Additives

Additives are necessary to impart the desired properties necessary to make glass in
the Melter. The following paragraphs list and summarize additives used durin
development program. A brief summary is provided to discuss the effect of tt.
additives.

Fluxes: these lower the melting point of the glass formers.

- Sodium oxide (added as soda ash, Na,CO,)

- Calcium oxide (added as chalk, CaCO,)

- Lithium oxide (added as lithium carbonate, Li,CO,)

- Boron oxide (added as boric acid or borax pentahydrate)
- Fiuoride (metal fluorides)

All fluxes iowered the viscosity of the molten glasses and all, except fluoride, could
be used as fluxes in the final glass formulas. Lithium (Li) is the most effective flux
(produces the highest waste loading), but is also the most expensive. Boron (B) is
the next most expensive. Studies may be necessary to determine if the extra
material costs are warranted.

Modifiers: impart some desired property to giass.

- Aluminum oxide -- used to help the dissolution of phosphates
2-22
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into the molten glass and improve durability of the glass (added
as alumina).

- Boron oxide -- used to make the molten glass more vitreous and
help prevent devitrification of the glass upon cooling (added as
boric acid or borax pentahydrate). :

- Calcium oxide -- used to stabilize the molten glass and possibly
aid in the handling and destruction of sulfates in the glass
(added as chalk, CaCO,).

- Urea - used as a reductant. It is used successfully to destroy
sulfates without reducing lead from the molten glass.

2.3.8 Phosphate - Treatment and Resulting Glass Devitrification

Studies conducted by Fluor Daniel and VSL provide evidence that phosphates
in glass can be dissolved and/or suspended in the molten glass with the
addition of alumina (igneous rock also supports this fact). Originally, the
major problem with adding alumina was that it would raise the melting
temperature of the molten glass. Thisdid not appear to be a significant
problem, with fluxes such as sodium and lithium working well with aluminum .
to mitigate this effect. Alumina is soluble in both silicate and phosphate

glass, and therefore can act as a mechanism to increase the solubility of
phosphates in the predominantly silica-based silo waste glasses. Laboratory
studies and minimelter runs demonstrate this finding to be true.

Glass formulas have been developed that contain the phosphates in the
waste glasses. Glass formulas have been developed that contain high
phosphate concentrations in the melter, and have good liquidus temperature.
However, these glasses tend to turn milky opaque colors upon cooling
because the glass slightly devitrifies with phosphates precipitating before the
glass solidifies. The color can go through a series of colors or deepening of
color, with the color depending on average size of the phosphate microscopic
particle generated in the glass. "Deepening the color means changing it from
yellow to orange, red, purple, violet, blue, and finally to green. In those
cases where the absorption is very intense, the substance may even have a
metallic lustre.”'®* The most common color is green in the Fernaid waste

13 W. E. S. Turner, Author of "Coloured Glass," 1960 (title page of book with
publishing date missing, but believed to be around 1960), page 4, quoting, W. Biltz,
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glasses, which is full color deepening or saturation. Some pieces of gla )
can have all colors as described above.

2.3.9 Sulfate - Treatment

2.3.9.1 Selection of Sulfate Compounds

Originally during early investigations, it was assumed that a "sulfate
compound is a sulfate compound” and the compounds used in the
slurry to make the glass surrogates were of little importance since
most chemical constituents thermally break down in the molten glass
pool. Most of the sulfate surrogates used in the tests conducted by
PNL, Fluor Daniel Fernald and VSL were calcium sulfate, which
resulted in sulfate layers. The tests Fluor Daniel Fernaid conducted
with barium sulfate for Silo 1 and Silo 2 simulations did not form a
sulfate layer.

After reviewing the results from the different studies and test, it was
concluded that magnesium suifate is a more representative sulfate
compound to use for Silo 3 surrogate and barium sulfate is a mot i
representative sulfate compound to use for Silo 1 and Silo 2 surroga:e.
The following sections discuss the results of the tests and studies that
support this conclusion.

-

2.3.9.2 Sulfate Compounds Investigations and Results

- Several alternatives have been used to investigate different methods to
treat sulfates. It was empirically determined in the Fernald labs (and
verified at the VSL) that about %2 to 1% wt% of sulfate as SO,
dissolves into the molten glass, depending on the glass’s composition,
temperature, and residence time in the melter. Sulfate above this
level, if not destroyed, will separate from the molten glass and float to
the surface. Experiments were performed at the Fernald labs to
investigate the following effects on sulfate treatment. These
alternatives are listed below. It was determined that urea performed
the best.

1876, Chapter 9, page 522 or 1888, Chapter 21, page 321.
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Calcium: calcium oxide was added to the meit to hold the

sulfate in the glass long enough until it was destroyed by the

heat. Results indicated that this treatment worked for lower
concentrations sulfates, but not higher concentrations.

Carbon: carbon was added to the melt mix (feed) to reduce the
sulfates to SO,. Results indicated that this does destroy the
sulfates, however, balancing the reactions between destroying
the sulfates and reducing lead to metallic lead was difficult to
control. Reduced metallic lead was not observed, however,
lead sulfide, which looks like metal, was observed. Lead sulfide
is similar to metallic lead because it is moiten, precipitates to
the bottom, and is conductive.

Water addition: water converted the sulfate to sulfuric acid at
the molten sulfate layer's surface. The water addition was
accomplished by dropping metered water through the furnace
onto the molten sulfate layer. A couple of times this method
produced a frothy foam on top of the molten glass, however, it
worked effectively on the sulfate layer. This method could be
used if a sulfate layer formed on the moiten glass surface.

Sugar-water addition: this method used a combination of
carbon addition and water addition. The goal was to limit
carbon reduction to the sulfate layer (and not the entire glass
melt). Results indicated this method had similar problems as
when carbon was mixed with the feed. This method seemed to
work faster than just water addition to the reduce the sulfate
layer.

Urea addition: this method of treatment reduced the sulfate
layer into gases with no residue falling into the glass melt. This
method appeared to be the most effective of the alternatives.

Catalytic destruction: some chemicals do not form sulfates well
at higher temperature because the oxides act as catalysts to
destroy the sulfates that form. Vanadium or tungsten form

such oxides. Vanadium pentoxide was used to prevent a sulfate
layer formation. The resuits indicate the catalyst did not work
at a low concentration when mixed with the melt mix (feed).
However, it quickly destroyed the sulfate layer when sprinkled
on a formed sulfate layer. Cost should be considered when

2-25
000662



2.4

VitPP Phase | interini Treatability Study Report — Campaign . -
40110-WP-0002 Rev.
December 13, 199:

8089

using this alternative. : ‘ )

7. Temperature and time: Most of the sulfate originates from Silo
3 material, which contains more magnesium than calcium.
Most of the laboratory studies were performed with calcium or
barium sulfate. Recent studies performed at Fernald show that
magnesium sulfate is easily destroyed at approximately 1100°C,
whereas calcium sulfate is destroyed at temperatures exceeding
1400°C. Most of the melts performed at PNL with Silo 3
wastes did not produce the amount of sulfate layer as expected.
This could be because the sulfate existed as magnesium sulfate,
and that the heat in the melter destroyed much of the sulfate at
the lower temperatures before reacting with the other
constituents to form glass. Future studies are to be performed
to determine the suifate form and to determine how easily and
quickly the suifate can be destroyed.

The VitPP Lab Crucible Melts - Series D glass formulas

During Campaign 2, Series D formula surrogate slurry was processed in the VitP™
A significant amount of development was performed by personnel at the VitPP
at the FEMP. VitPP Lab personnel performed a series of crucible melts and
associated tests on various Series D glass formulas. They adjusted different
components of the batch to determine the workable range of the glass.

The primary components of the Series D Glass include compounds of Aluminum,
boron, barium, calcium, iron, potassium, lithium magnesium, manganese, sodium,
nickel, phosphorous, lead, silica, and vanadium. The components adjusted in the
series of batches include the compounds of aluminum, boron, calcium, lithium,
sodium, phosphorous, silica, and vanadium. As indicated in the results on Table 2-
16, the Series D glass is very robust and forgiving.

The aluminum compound was decreased by 5 wt% and then 10 wt% from the
control formula with a minimal increase of viscosity of 1250 °C. Similarly, the
Boron concentration was decreased by 5 wt% and then 10 wt% from the control
formula with more significant resuits. With a 5 wt% decrease, the viscosity
increased from 57 poise to 70 poise and visual evaluation indicated that a 10 wt%
reduction was even more dramatic. Decreasing sodium in smaller portions (2.5
wt% and 5 wt%) had comparable results. In contrast, when the calcium compound
was decreased by 5 wt% and 10 wt% the viscosity decreased strikingly.. The
measured viscosity dropped to 34 poise at 1250 °C. A similar reaction occurred
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when silica was increased.

As demonstrated in the VitPP Lab crucible melts, the Series D glass formula is very
robust. This proved to be very helpful during the performance of Campaign 2 at
the VitPP.

The Vitreous State Laboratory {(VSL) Minimelter Runs

A minimelter was used at the Vitreous State Laboratory at the Catholic University
of America in Washington D.C. (VSL) to develop and simuiate Fernald glass
formulas with the correct viscosities and electrical conductances for operation and
testing in the Fernald VitPP. The minimelter is of similar type construction as the
VitPP Melter and proved very helpful in providing data for scale-up to the large pilot
facility. -

The VSL runs were performed in the following order:

Series D, Glass melt C4D-04 or Run D,
Series A, Glass melt C4A-03 or Run A
Series C, Glass meit C4C-03 or Run C,
Series C, Glass melt C4C-08 or Run C, j
Series D, Glass melt C4D-15 or Run D,
Series D, Glass melt C4D-01 or Run D,

o0k wWN -

However, the results will be reported in alphabetical order for better ciarity. The
recipes for these minimelter runs with key parameter information is given in Tables
2-17, 2-18 and 2-19. Melt C4D-15 is known as the "Acceptance Glass" during the
VitPP runs. Melt C4D-01 is known as the "Series D Glass" during the VitPP runs.
Collectively, they are called "Series D" glasses during the VitPP runs. Viscosity and
conductivity curves are shown, in Figures 2-1 through 2-4, for the Series D glasses
used in the VitPP. Commentary on these melts is noted in the following
Subsections.
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Table 2-17 ’
Minimelter Melter Glass Formulas
Series - Run A C-1 Cc-2
Melt Number C4A-03 C4C-03 C4C-08
Comp. (Wt%) Cale. Analy. Calc. Analy. Calc. Analy.
Al,O, 5.89 6.08 12.35 11.98 14.43 13.75
B,0, 12.89 11.84 12.23 C11.77 6.00 5.79
BaO 4.47 4.11 0.03 0.04 0.03 0.04
Ca0 5.08 5.49 9.43 8.08 8.61 8.09
Fe,0; 3.98 3.60 5.72 5.47 7.70 7.02
K,O- 0.61 0.55 1.35 1.38 1.74 1.63
La,0, 0.34 0.02 - - - : -
Li,O 1.52 1.44 2.13 1.97 1.88 1.82
MgO 1.32 1.20 7.18 - 6.74 9.63 9.07
MnO, - - 0.48 0.53 0.64 0.64
Na,O 5.68 4.66 7.86 6.91 5.27 4.88
NiO 0.38 0.33 0.37 0.35 0.50 0.43
P,0O¢ 0.63 0.65 6.73 6.67 8.95 6.41
PbO 8.63 7.87 0.20 0.24 0.20 0.25
SO, 1.62 1.44 0.00 na 0.00 na
Sio, 46.90 40.70 33.56 33.68 33.93 33.33
V205 - - 0.36 na 0.48 na
Zro, 0.09 0.1 - na na na
Total 100.00 90.81 100.00 96.81 100.00 93.36
Appearance - Dark brown glass Opaque on top black on Dark brown
upon cooling bottom
Liquidus <1100°C <1000°C about 1050°C
Density, g/cm?3 2.76 2.49 2.7
Temp., °C
1150 234.0 | 0.06-0.08 40.07 0.11 53.47 0.055
1200 123.1 - 25.21 0.15 34.96 . 0.084
1250 76.2 | 0.07-0.09 16.96 0.21 23.51 0.125
1300 52.6 12.03 0.28 16.21 0.180
1350 39.1 - 8.91 0.38 11.44 0.255
1400 - - -- - -
TCLP, ppm
Pb 2.6 0.05 0.07
Ba 2.06 0.24 0.88
Ni 0.10 0.47 0.71
Waste Loading:
g dry waste/g glass 79.08 % 68.00 % 81.60 %
. . 0, [+ - 0,
o | TAOOR UL | 5000w Ls2m wisoy | S-00% FeRooR
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Table 2-18 J
Minimelter Melter Glass Formulas
Series, Run D-1 D-2 D-3
Glass Number C4D-04 C4D-15 C4aD-01
Comp. (Wt%) Calc. Anal. Calc. Anal. Calc. Anal.
AlL,O, 9.63 9.34 15.13 12.69 13.98 13.37
B,0, 14.96 13.98 10.06 7.87 10.04 9.60
BaO 2.46 2.1 2.45 2.30 2.66 2.32
Ca0 6.97 6.78 7.70 6.91 13.88 13.18
Fe,0,4 5.33 5.01 5.58 5.01 | . 4.33 4.15
K0 1.13 1.04 1.10 - 1.06 0.79 0.67
| La,0,4 - - - - - -
Li,O 0.2 0.25 | 0.18 0.24 1.08 1.22
MgO 4.51 3.64 5.03 4.28 2.76 2.41
MnO - - - - -} -
Na,O 6.66 5.93 | 7.01 5.92 7.09 6.12
NiO 0.41 0.40 0.40 0.36 . 0.10 0.10
P,Oq 3.48 .3.20 3.87 3.42 2.46 2.33
PbO 5.53 5.02 4.85 4.61 5.22 5.41
SO, 2.05 na - - 1.97 1.56
Sio, 36.58 34.38 36.56 33.59 33.66 34.27
ZrO, 0.10° 0.11 0.06 0.07 0.00 0.00
Total 100.00 91.33 100.00 88.33 100.00 96.71
Appearance bottom black; top black glass dark brown
' upon cooling opaque blue/green . homogeneous
Liquidus <1100°C . <1050°C <1050°C
Density, g/cm? 2.71 na 2.79
Temp., °C , :
1100 205.15 0.017 314.1° 0.02 87.45 0.046
1150 114.92 0.026 161.3 0.032 53.16 0.067
1200 69.73 0.038 92.6 0.051 34.562 0.095
1250 45.13 0.055 57.9 0.078 23.64 0.133
1300 30.79 | . 0.077 38.8 0.116 16.92 0.181
1350 21.94 0.106 27.4 0.169 12.57° 0.243
1400 - . - “extrapolated - “extrapolated -
TCLP, ppm .
Pb 2.43 : 1.4 3.15
Ba 1.56 1.2 - 1.88
Ni 0.32 0.12 0.10
Waste Loading: :
g dry waste/g glass 79.82% 78.68% 71.84%
35 ovides T glass 70-00% (70-30% |  69.00% (69.5% w/SO,) | 63.00% (63.5% iSOy}
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Table 2-19

“tmouet

Modified Series A Glass Formula
Series - Run Ax
Melt Number S$12-04 (C4A-03 mod.)
Comp. (Wt%) Calc. Analy.
Al,O, -6.15 na
B,0, 10.51 , na
BaO 4.09 na
Ca0o 13.31 ) na
Fe,0, : 3.60 i na
K,0 0.58 na
Li,0 ' 1.28 na
MgO 1.23 na
Na,0 7.33 na
NiO 0.56 na
P,O¢ © 0.56 na
PbO : 7.98 na
Si0, : 43.38 na
Total 100.00  na
Appearance brown clear
upon cooling transparent glass
Liquidus <na°C
Density, g/cm? , . na
Temp., °C
1100 258 na
1150 140 na
1200 84 . na
1250 ) 53 na
1300 35 na
1350 23 na
1400 17 " na
TCLP, ppm
Pb .na
Ba : na
Ni . na
Waste Loading:
g dry waste/g glass 71.60 %
as oxides in glass 0.67
(100% - additives)

A
D
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2.5.1 Series A Minimelter Run -- Silo 1 and Silo 2 Blend '

Minimelter Run A demonstrated that a select Series A formulation couid
process simulated wastes into glass between 1130°C and 1310°C. A total
of 63.2 kg of glass was produced from 104 liters feed covering a 27-hour
period. Using a nominal processing rate of 19 kg/day for a series glass as a
basis for comparison, results show that the surrogate Series A glass could be
processed at about 0.8 nominal at 1130°C, 3 times at 1250°C, and 5 times
at 1310°C. The processing rates appeared to be cold cap limited. Foaming
occurred sometimes when the temperature of the bath increased. The
nominal throughput was achievable around 1150°C, despite the fact the melt
viscosity for the 1130°C test was over 230 poise (which is considerably
higher than optimal). Conductance of this glass was low.

The measured viscosity and conductance values were outside the range of
other runs that were performed, and outside the previously accepted ranges
for the Melter (and gem making machine). The glass formulation was
therefore required to be modified in order to lower its viscosity and increase
its conductance to within the limits previously mentioned in the document.
Changing these parameters will give the Series A glass a more desirable
compositional and operating envelope for the melter.

A modification to the Series A glass recipe is shown in Table 2-19. This meit
was recently made in the FERMCO lab and visibly appeared to have a good
characteristics and good viscosity. If the VitPP melter is running sluggishly
during Campaign 2 with the above recipe, this recipe will be tried.

2.5.2 Series B Minimelter Run -- Silo 1 and Silo 2 Blend with Bentonite

A minimelter run was not performed for Silos 1 and 2 Series B glass because
bentonite is known to be less of a problem than originally thought (with the
latest glass recipes). Since alumina had been used as an additive in the glass
recipes, and since fluxes had already been added to adjust for its impact, the
higher alumina concentration in the bentonite had less of an impact than
originally expected. As a matter of fact, at low-to-moderate blends of
bentonite, less alumina will need to be added as an additive. However, if the
alumina concentration gets excessive, fluxes will need to be added to. reduce
the viscosity of the glass.

2-36
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2.5.3 Series C Minimelter Runs - Silo 3 8089

Processable, leach resistant glass recipes were identified for the Series C,
Silo 3 glasses. Two of these recipes, C4C-03 and C4C-08, were selected
for minimelter runs C, and C,. The original recipe had a waste loading of
approximately 50 wt% as waste oxides in the glass. However, FERMCO
suggested a glass (formulated in the FERMCO laboratory) with a 60 wt% be
tested in the minimelter. Also, FERMCO requested that reductants be used
to reduce the sulfates and foaming problems expected during this melter run.

The C, and C, minimelter runs demonstrated that both of the formulations
could be processed in sustained test runs in the temperature range of about
1220°C to 1320°C. For the C4C-08 formulation (C,), three different
reductants were examined to mitigate foaming events associated with the
12.4 wt% SO; in the feed. Of the three reductants examined (urea, starch,
and polyethylene glycol 7500, or PEG 7500), the most effective reductant in
reducing the foaming events and increasing SO, emissions was urea. Using
Y2 the stoichiometric amount of urea required to reduce all the nitrates and
sulfates in the waste, reduced the foaming and nearly 100% of the sulfate
fed in the melter was reduced to SO, (a gas that leaves the melter). This
enabled the feed rate to be increased from 2.9 liters/hour to 4.6 liters/hour,
thus increasing the glass production rate from 37 kg/day to 58 kg/day (the
nominal production rate for this minimelter is 19.4 kg/day).

2.5.4 Series D Runs -- Blend Qf All The Silos

Run D,

Run D, was the first of the minimeliter runs performed. It was also the
worst performing of all the runs because melter control had not yet
been perfected and reductants were not used. A glass of the
formulation given in melt C4D-01, which produced a brown
homogeneous glass, was recommended to VSL for the run. However,
VSL felt the high calcium concentration could lead to calcium
phosphate precipitate problems (killer scum) even though they were
not noticed. VSL made almost 20 melts by the time the D Series
minimelter runs were completed. Approximately, eight melts were
completed at the time of the D, run. The melt selected for the D, run
was C4D-04. In addition to containing less calcium, it contained no
lithium additive to reduce viscosity. To.lower the viscosity, less

2-37
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alumina and higher boron concentrations were used. However, t }
was against the grain noticed at FERMCO. FERMCO noticed that:

1. Higher alumina concentrations reduced or eliminated
phosphate precipitation.

2. High boron concentration also encourage A green
precipitation (presumed phosphate again) in the glass.

3. The less viscous glass (e.g., higher lithium and calcium)
glass were less prone to the “green” precipitation.

The primary limitation on feed rates for this surrogate waste blend was
found to be foaming of the melt. For operating temperatures of about
1300-1350°C, operating protocols allowed the foaming events to be
manageable in order to achieve production rates of about 20 kg/day.

A slightly higher production rate was possible when the sulfate
content was reduced. Foaming events were triggered during glass
pours most likely due to temperature increases during pouring
operations. Since melter power is held constant during pouring, the
smaller inventory of glass in the melter increases in temperature
quickly. On this basis, a procedure was developed and implemer i
which successfully alleviated such foaming events by reducing
currents shortly before pouring glass. '

Run D,

Run D, was performed after the Series C runs. VSL felt that higher
phosphate concentrations in the Series C run helped to mitigate
foaming events observed in the D, Run. This was the reason some
melts were performed with higher phosphate concentrations. The
main obstacle in producing a Series D formulations with higher
phosphate concentrations was the tendency of these glasses to phase-
separate into phosphate and silicate phases, even at temperature as
high as 1050°C (liquidus temperature). Several glass melts were
attempted with no success, however, the acceptance glass
formulation did not exhibit phase separation at 1050°C. For this, and
other reasons, this glass formulation (Run D,) was selected for the
second Series D minimelter run.

Tests conducted on the high-temperature three-chamber melter
2-38
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demonstrated that the acceptance glass formulation could be *-
processed at 1250°C using % stoichiometric urea and %
stoichiometric urea. When using /2 stoichiometric urea in the
acceptance formuiation feed, a processing rate of 3.3 times the
nominal rate was achieved, with forming events uitimately limiting the
production rate. By increasing the urea content to % stoichiometric,
the acceptance glass formulation was processed at 3.6 times the
nominal rate. The acceptance glass formulation was processed at
about 1150°C at 1.3 times the nominal glass production rate. The
feed processed easily at this rate with little cold-cap and well
controlled, very slight foaming. The maximum achievable feed rate is
therefore higher than this under these conditions.

The acceptance glass formulation was investigated without sulfur to
study the effect of sulfur on processing rates. At a processing
temperature of 1250°C, the maximum feed rate achievable for the
feed without sulfur was 2.9 times the nominal rate, which was less
than the sulfur feed with reductants! This feed rate was limited by
cold-cap formation. The sulfur-containing feed with % stoichiometric
urea was foaming limited, rather than cold-cap limited.

Run D,

The goal of the D; run was to demonstrate that the Series D glass
could be processed without foaming at temperatures down to
1150°C. A lower melt viscosity was felt to be beneficial because it
generally takes a viscous liquid to contain bubbles long enough to
cause foaming (unless there is tremendous gas generation in the liquid
that quickly replaces the “popping bubbles.”) Glass formulations and
melts were performed in attempts to lower the viscosity of the glass,
with glass melt C4D-01 being the best overall performer in areas other
than just reduced viscosity. Therefore, C4D-01 was used for Run D,.

In contrast to previous runs, foaming events were not observed during
this run. At 1150°C the melter was coid-cap limited at the nominal
production rate, while at 1250°C the feed could easily be processed at
three times nominal. An even higher production rate was probably
possible at this temperature. Stalactites and stalagmites formed at

- 1150°C and glass discharge was difficult due to high glass viscosity.
However, these would be less apparent in a larger melter since the
melting materials would be less likely to touch, and stick, to cool walls
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in a large melter. Also, it is difficult to maintain a high temperatu. }
the minimelter’s discharge chamber, thus hindering low-temperature
pours. Run D; was the only melt run at 1150°C where the meiter had
a sufficiently long time for the melter to come to equilibrium (steady-

state).

2.5.5 Pouring Gems

All the glasses where tested in abilities for product forming in a make-shift
gem making machine. All the series glasses were able to form gems, except
the Series A glass. This glass became too viscous too early in the gem
forming process for gob cutting and forming gems. The glass may even be
too thick for monolithic pours. It may not “puddle” in A container before it
freezes; thus, only partially filling the container.

2-40
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3.0 VitPP SYSTEMS - 8089

Little has changed with this Section since the Campaign 1 VitPP Phase | Interim
Treatability Study Report, Revision O, dated December 16, 1996. Therefore, this Section
has been moved to Appendix A of this document.
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4.0 DATA ACQUISITION AND PROCESS CONTROL -

Little has changed with this Section since the Campaign 1 VitPP Phase | Interim
Treatability Study Report, Revision O, dated December 16, 1996. Therefore, this
Section has been moved to Appendix B of this document.

4-1
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5.0 CAMPAIGN 2 RESULTS

The VitPP Phase |, Campaign 2 objectives were as follows:

5.1

1. Perform testing as acceptance of the Melter and Gem Making Machine
from the vendor.

2. Determine if vitrification of OU4 waste residues (using surrogates) is
feasible via blending Silos 1 and 2 residues with Silo 3 residues.

3. Gain experience in handiing and controlling sulfates and phos‘phates..

4, Gain éxperience in handling lead and barium in lower concentrations
before attempting Silo 1 and Silo 2 (Series A and B) runs that contain
higher iead and barium concentrations.

Campaign 2 Runs

During Campaign 2, 11 batches were officially processed. Table 5-1 lists the
batches.and gives the dates they were run. The first batch was a transitional batch
to change the benign glass of Campaign 1 to the Series D glasses of Campaign 2.
Batches 2 and 3 were fed to provide testing to accept the Melter and Gem Making
Machine from the vendor. The remaining batches were for transition from the

‘acceptance glass to running a more realistic and optimized Series D glass

formulation developed during the laboratory and minimelter studies.

Additional batches were processed after the official completion of Campaign 2 as
defined in the Test Plan (TP) for Campaign 2. These batches were documented by
two Operations Work Instructions (OWI) documents. The first 4 post batches were
run to process slurries of previously aborted batches. The aborted batches were
transferred to temporary polytanks so that the needed repairs and modifications to

~ the feed preparation system could be made without slurry containing lead {Pb) and

barium (Ba). The last batches were used to transition back to a benign glass so
modifications could be made to the Off-Gas System. This eliminated concerns
associated with the presence of high concentrations of hazardous/RCRA type
materials (e.g., Ba, Pb) from entering in the system from the Melter off-gassing.

These runs are documented in this report, but not to the detail as with the official
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batches required per the SOP and TP. Uptime of the vitrification facility increased
from 19% in Campaign 1 to 27% in Campaign 2. Figure 1-2 graphically shows the
uptime during Campaign 2. The projected uptime for Scheduling and Cost
Estimating purposes for Campaign 2 was 30%, which is close to that realized
during Campaign 2. Table 5-1 summarizes the amounts of slurries processed and
quantities of glass produced. Each batch produced approximately 1 MT of glass.
Specific details, for each of the runs, are described in greater detail in the following
sections. Tables 5-2 and 5-3 summarize the batch recipes and the expected
glasses for the Acceptance Test and the Series D runs. The batch recipes shown
are formuiated for 50 wt% solids. However, no batches were run at 50 wt%
solids. They were run with lower wt% solids (as low as 16%) to address slurry
thickening and pumping problems encountered during this campaign. Barium
Sulfate was used to simulate sulfates in Silos 1 and Silo 2 for the first transition
batch and the first 36-hr Acceptance.Test batch. Because of "foaming” or
effervescence, the problems encountered during the latter part of this batch,
caicium suifate was used instead of barium sulfate after the Acceptance Test.

Table 5-4 summarizes elemental analytical results of glasses sampled from each
batch. Table 5-5 summarizes the same data, but the percentages have been
normalized. so totals add up to 100%. The most significant differences between
the actual and calculated (and expected results) values in Tables 5-2 through

Table 5-4 are the lithium and phosphate concentrations. Probable reasons for these
differences are explained in Section 5.3.4, “Side Chamber Frit Usage and Foaming,”
for lithium and Section 5.1.8, “Devitrification and Phosphorous.”

5.1.1 Transition to the Melter Accegta.nce Teét in Campaign 2

Phase |, Campaign 1 finished with benign glass in the Melter. Campaign 2 runs
involved making Series D surrogates, which simulate blends involving residues from
all three Silos. The first run during Campaign 2 was the 36-hr Acceptance Test
specified in the Melter procurement specification. The test was run with a Series D
recipe formulated with higher than expected lead (Pb), sulfur (S), and phosphorous
(P) to test the Melter functionally. This recipe is known as the Acceptance Glass or
Acceptance Glass Surrogate. The 36-hr test did not start until the benign glass in
the Melter was replaced with the Acceptance Glass. The original plan was to flush
the Melter by feeding the Acceptance Glass Surrogate until the Acceptance glass
replaces the benign. However, this could not be easily achieved since the Melter
behaves more like a well-mixed vessel and the feed mixes with the molten bath as

5-3
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glass leaves the Melter. Concentrations in a well-mixed vessel will change )
according to the following expression:

C, = Ce'™ + Col1 - e ' (Equation 5-1)
where: C, Concentration at batch b
Cs Concentration of feed
r Retention time in the Melter
b Number of batch equivalents

Co  Concentration initially in the Melter

The retention time in the Melter is approximately 2 batches because the Melter
holds 4000 Ibs glass and each batch normally produces 2200 Ibs (1 MT) of glass:

b = (xIbs glass ma&e)/(2200 Ibs/batch) (Equation 5-2)
r = (4000 Ibs/Melter volume)/(2200 Ibs/batch) (Equation 5-3)
r = 1.82 batches/Melter volume

This expression shows that it would take 10 batches to replace 90% of the old
glass with the new glass. Fortunately, a new technique, called "pulling,” was j
developed. The same effect, as described above, can be accomplished in one L..ch.
{or two batches) which is know as "transition batch(es)”". The transition batch is
not of the new glass's recipe. Rather, it contains higher concentrations than
normal for those components that are high in the new glass recipe and lower than
normal concentrations for those components that are low in the new glass recipe.
This large concentration difference blends (or pulls) the concentrations in the Melter
bath so the desired blend is achieved after one or two batches.

Also, to help pull the Melter bath more quickly, the transition batch is added in
increments called "lifts". The transition was done in six lifts. Each lift started by
discharging 400 pounds of glass from the Melter and then adding 1/6 of the batch
to the Melter. Computer spreadsheets were used to calculate the expected
incremental concentration changes with each lift. Tables 5-6 a & b show the
additives being used and their expected impacts on the Melter concentrations.
Table 5-7 shows the batch makeup used for the transition. The 36-hour test was
not started until the analytical results (as shown in Table 5-3) of the glass were
completed. The results show that the technique of pulling the glass worked well
and approval was given to proceed with the Acceptance Test.

5-8
00GC8~
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Table 5-7 o
Batch Makeup for Transition Glass
08/19/96
Add, Ratio Batch Batch Batch
Compound Mol. Wt Common Name %Moisture as oxides as oxides dry weight mix, ibs
ARO3 101.96 Alumina 21 1.94 470 470 483
B203 69.62 0.2 223
H3B803 61.83 Boric acid : 396 396
BaO 153.34 0.49 119 -
BaCO3 ** 197.35 Barium carbonate 76 76
BaSO4 233.4 X-ray milkshake 1.17 90 91
co2 44.01
Ca0 56.08 Lime -
CaC03 100.08 Chalk, calcite 0.72
CaS0O4 136.14 Gypsum 20.83
Fe203 159.69 Rust 1.15 279 279 279
Fe2(SO4)3 399.87 iron sulfate, il 1.98
K20 842 0.23 56
K2CO03 138.21 Potassium carbonate 6.56
KNO3 101.11 Salt peter 2.19 120 122
Li20 2388 0.03 7 -
Li2CO3 73.89 Lithium carbonate 0.96
40.31 1.04 252 89 89
MgCQO3 84.32 Magnesium carbonate
MgSO4 120.37 Epson salt 51.16
Mg3(P04)2 262.88 Magnesium phosphats 354 354
MnO2 85.94
N205 108.01
Na20 61.98
Na2B407 201.22 Borax 30.9
Na2sS04 142.04 Sodium suffate
Na2CO03 105.99 Washing soda 353
NaNO3 84.99 Soda niter 0.71
NiO 74.71 Nicke! oxide 0.07 17 17 17
P205 141.94 0.79 191
PbO 223.19 Lead oxide 1.02 247 247 247
S03 80.06
Si02 60.08 Silica, sand, quartz 232 562 562 562
Ti02 79.9
V205 181.88 Vanadium pentaxide
Bentonite na
CO(NH2)2 na Urea 14.23
SO3in glass 18.998 Sulfate
Other A 80.06
Other B 60.06
H20 18 Water
10.00 2,422 2,700 2,717
Lbs oxides/ift, fbatch: 404 242234 Water, S0wt%: 2717
Melter contents and SO3 amount at 0.75 wt%: 4,037 60.56 Batch Total: 5,434
Approx. Lbs transition glass made: 2,482.90

1. Mucompletabatchmtznk sornefoa:mtgmyocwrbeaused\emisarea

mix of acids and bases.

2. Discharge 10%. of the mshter's bath for the addition of a lift
Note: Draining bath can increase temperature under constant power control and

could cause f