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A 24-hour demonstration t e s t  o f  EAF melt ing technology was conducted 

dur ing which about 5,900 kg (13,000 l b )  o f  Methods A and B feed were 

me1 ted. 

Steady-state operation w i th  both feed mater ia ls was achieved, and 

the a b i l i t y  t o  stop, res ta r t ,  and i d l e  f o r  an extended per iod was 

demonstrated. 

Technical problems, including over ly  complex a i r  p o l l u t i o n  contro l  

system (APCS), h igh glass temperature, and vaporization o f  ce r ta in  

LLW components, were i den t i f i ed .  

Two subsequent 8-hour EAF melt ing tes ts  o f  3,650 kg (8,000 l b )  o f  A 

and 6 feeds were conducted a t  no addi t ional  cost t o  Westinghouse 

Hanford Company t o  decrease glass temperature and resolve other 

technical  and procedural problems w i th  the furnace and APCS. 

An addi t ional  melt ing t e s t  t o  evaluate aux i l i a ry  heat i n  the tap 

hole area as a means t o  decrease the thermal gradient between center 

and sidewall  o f  the  furnace and t o  accomplish remote opening o f  the 

tap hole i s  scheduled fo l lowing preparation o f  more furnace feed. 

Findinqs and Conclusions 

Preparation o f  Furnace Feed: 

Dry, homogeneous, d e n i t r i f i e d  furnace feed was prepared by absorbing 

LLW simulant i n t o  previously prepared p e l l e t s  containing s o l i d  

i v  
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Technical d i f f i c u l t i e s  were experienced w i th  the APCS inc lud ing 

excessive d r a f t  and i n a b i l i t y  t o  maintain the  temperature o f  the  

baghouse above the  dew po in t  o f  ac id  gases. 

was found t o  cause problems by increasing the  temperature and 

corros ive propert ies o f  condensible fumes ( a l k a l i  borates). 

The thermal ox id izer  

Continuous feeding and melt ing o f  dry  material and tapping o f  glass 

was achieved over 1.5 hours under steady-state condit ions w i th  

429-kW power input, 338 kg/h (745 lb /h)  feed rate,  and 1620 'C 

(2948 "F) glass temperature. 

mel t - in  r a t e  was 304 kg/m*/h (62 lb/ft ' /h). 

Expressed i n  terms o f  hearth area, the 

A t o t a l  o f  84.8% o f  material i n  the feed reported t o  the  product 

glass and 6.0% t o  so l ids  co l l ec t i on  s tat ions i n  the  APCS. 

Electrode power density and melt ing energy over the  steady-state 

i n te rva l  were 1.76 kW/cm2 (11.4 kW/in') and 1.27 kW.h/kg 

(0.58 kW.h/lb). 

The a b i l i t y  t o  stop f o r  1 hour and r e s t a r t  was successfully 

demonstrated. 

The a b i l i t y  t o  i d l e  f o r  2 hours was successful ly demonstrated, but 

r e s t a r t i n g  was compromised by vaporization loss  o f  glass f l u i d i z e r s  

(Na, K, and 8)  during the i d l e  because o f  excessive minimum power 

input .  The loss o f  f l u i d i z e r s  increased glass v i scos i t y  and 

required CaO add i t ion  t o  resume continuous tapping o f  glass. 

v i  
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Product glass was reasonably consistent w i th  only minor chords 

ind ica t ing  inhomogeneity and minor me ta l l i c  Mo c r y s t a l l i n e  phase. 

Mean bor ia  and soda (B,$ and Na,O) concentrations i n  the product 

glass during the t e s t  were 2.65% and 15.92%, compared t o  ta rge t  

values o f  5.17% and 18.66%. 

Normalized release rates f o r  s i l i con ,  boron, sodium, and potassium 

from product glass, as determined by the product consistency test ,  

confirmed glass d u r a b i l i t y  i n  excess o f  minimum standards. 

. 9.75-hour Test, WHC2-1995: This t e s t  t o  resolve technical and procedural 

problems w i th  the furnace and APCS was conducted w i th  10.16-cm (4-in.) 

diameter graphi te electrodes, power supply reconfigured t o  provide 100-V 

minimum phase voltage, and modified APCS t o  include baghouse preheater and 

var iable speed control  on the induced d r a f t  blower. 

The baghouse preheater maintained the temperature o f  the baghouse 

above the dew point  o f  acid gases, but problems persisted w i th  the 

thermal oxidizer,  which continued t o  exacerbate the corrosive 

propert ies o f  condensible fumes. 

The furnace was read i l y  maintained a t  the desired pressure by 

varying the blower speed. 

v i  i 
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Larger electrodes provided grea t ly  decreased electrode current 

densi ty resu l t i ng  i n  decreased residual  arc length between 

electrodes and glass and decreased thermal gradient between the 

center and wal ls  o f  the furnace w i th  commensurate lower glass 

temperature and decreased vaporization o f  6 and the a l k a l i  metals. 

Continuous feeding and melt ing o f  dry mater ia l  and tapping o f  glass 

was achieved over 3 hours under quasi steady-state condit ions w i th  

241-kW power input, 228 kg/m2/h (47 l b / f t 2 / h )  melt- in ra te,  and a 

glass temperature t h a t  ranged from 1480 'C (2696 'F) a t  the 

beginning o f  the period t o  1320 'C (2408 O F )  a t  the end. 

glass temperature indicated inadequate power f o r  the feed rate. The 

t e s t  was terminated because o f  the l ack  o f  furnace feed. 

Decl in ing 

Electrode power density and melt ing energy over the steady-state 

i n te rva l  were 0.25 kW/cm2 (1.6 kW/in2) and 0.95 kW.h/kg 

(0.43 kW. h / l  b) . 

A t o t a l  o f  89.3% o f  mater ia l  i n  the feed reported t o  the  product 

glass and 1% t o  so l ids  co l l ec t i on  s tat ions i n  the APCS. 
- 

Mean bor ia  and soda concentrations i n  product glass dur ing the t e s t  

were 4.01% and 18.10%, which are improvements o f  24.9% and 31.9% 

over WHC2. 

I t  i s  reasonable t o  conclude on the basis o f  the incremental improvements 

at ta ined w i th  each t e s t  i t e r a t i o n  tha t  EAF melt ing technology i s  v iab le f o r  

i x  
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v i t r i f y i n g  the subject LLW. 

nominally 100% o f  soda i n  the feed were retained i n  the product glass. 

temperature met the goal o f  1350 "C (2462 O F )  a t  the end o f  the t e s t  

confirming adequate f l u i d i t y  a t  t ha t  temperature, but continuous tapping o f  

glass a t  t h a t  temperature was not  demonstrated. A scheduled t e s t  providing 

f o r  addi t ional  heat a t  the entrance t o  the glass-tapping f i x t u r e  i s  expected 

t o  provide f o r  continuous tapping o f  glass a t  the ta rge t  temperature, i n  

addi t ion t o  demonstrating remote opening o f  the glass tap hole. Adding heat 

a t  the tap hole entrance also w i l l  decrease the thermal gradient between the 

center o f  the furnace and the sidewall, which i s  expected t o  decrease 

thermochemical react ions w i th in  the furnace and fu r the r  decrease vaporization 

losses. 

I n  the f ina l  t e s t  88.4% o f  the bor ia  and 

Glass 

X 
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01-24-95 

01-25-95 

02-03-95 

02-09-95 

02-14-95 

overhead t aters, and replacement control1 r s  f o r  the ex i s t i ng  
steel  b e l t  dryer; A l l  scales were c e r t i f i e d .  I ns ta l l ed  pumps f o r  
metering l i q u i d  LLW simulant. 

Completed mixing o f  minerals, reductants, and binders t o  prepare 
dry mater ia l  f o r  Method A pe l le ts .  

Began preparation o f  Method B feed by mixing dry  minerals, 
reductants, LLW simulant, and water as needed t o  induce p e l l e t  
f o r m a t i  on. 

Completed preparation o f  89 batches o f  Method 8 p e l l e t s  each 
227 kg (500 l b ) ,  which provided 11,887 kg (26,155 l b )  o f  dry  
reacted furnace feed tha t  was contained i n  104 barre ls  w i th  an 
average wfight o f  11j.3 kg (251.5 l b )  and a bulk densi ty o f  about 
0.53 g/cm (33 l b / f t  ). 

Completed p e l l e t i z i n g  and drying o f  Method A pe l l e t s .  

Completed contacting o f  Method A pe l l e t s  w i th  LLW simulant t o  
provide 25% waste loading i n  the product glass. 

Completed thermal treatment o f  dried, loaded Method A p e l l e t s  t o  
induce react ion between reductants and n i t r a t e s / n i t r i t e s  t o  
provide 1,784 kg (3,925 l b )  o f  dry, pe l le t i zed  Method A furnace 
feed. The feed was contained i n  21 barrels w i th  an average3weight 
o f  85.0 ky (186.9 l b )  and a bulk density o f  about 0.43 g/cm 
(27 l b / f t  ). 

1.2.1 Melt ing Test WHCI-1995 

03-06-95 

1800 Began preheating the refractory-1 ined ducts wi th  manual cont ro l  o f  
burners t o  achieve a 28 "C/h (50 "F/h) heating rate.  A t  2306, the 
e n t i r e  Albany Research Center l o s t  e lec t r i ca l  power, and the 
preheat was interrupted. 

03-07-95 

2100 E lec t r i ca l  power was provided, and the burners were restarted. 

03-08-95 

0430 

0455 

1022 

Completed preheating o f  re f ractory- l ined ducts t o  870 "C 
(1600 O F ) .  

Began melt ing f i n e l y  div ided limestone, Bayer alumina, and coarse 
s i1  i ca  sand t o  heat furnace ref ractor ies.  

Began feeding Method B feed. 

1-6 
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2.0 PREPARATION OF FURNACE FEEDS 

Furnace feed was prepared by Methods A and B and sampled as described in 
Appendix A. 
collected during WHC1-1995 to satisfy the Phase 1 Test Plan (WHC-SD-WM-VI-021) 
is provided as Appendix C. 
Table 2-1. 

2.1 MATERIALS FOR FEED PREPARATION 

A complete list of feed samples and samples of furnace products 

Samples selected for analysis are listed in 

Low-level waste simulant of analyzed concentration 8.85 M Na 
(8.85 moles/liter Na) equal to 203.5 g/L Na was provided for preparing furnace 
feeds. 
(228.1 g/L Na). 
indicated, are based on the latter value. 
Section 3.3.4. 

Furnace feeds were prepared from LLW simulant, solid reductants, and 
glass-former oxides obtained as readily available industrial commodities. 
latter were selected for economy, availability in tonnage quantities, and low 
alkali content. Glass formers were selected to provide adequate, but not 
excessive, absorptive capacity for liquid LLW simulant; propensity to form 
pellets by agglomeration; and the desired glass composition on melting. 
Sucrose, corn starch, urea, silicon, aluminum, and activated carbon were 
evaluated and found to be satisfactory reductants for nitrates and nitrites in . 
the LLW simulant. Best results were obtained with a combination of sucrose as 
powdered sugar and activated carbon. Sugar initiated the reaction at t200 "C 
(392 'F) to minimize thermal decomposition of nitrates and nitrites and also 
functioned as a green pellet binder. Carbon, the reductant of choice butwith 
an initiation temperature of about 350 "C (662 OF), completed the reaction 
with minimum gas generation. 
solids to simplify preparation of furnace feed. 
quantities of materials used to prepare feeds by Methods A and B. 

However, calculations for formulating feeds were based on 9.92 M Na 
All calculated glass concentrations, unless otherwise 

More details are provided in 

The 

Reductants were included in the mixture of 
Table 2-2 lists the 

2.2 METHOD A 

This method-is a two-step process requiring independent preparation of 
pellets containing reductants and glass former oxides and subsequent loading 
of pellets with liquid LLW simulant. 
batch operation, the method could be appropriate for radioactive wastes in 
that pellet formation could be conveniently done offsite to minimize handling 
of radioactive materials. 

Reaction stoichiometry for reducing nitrates and nitrites with sugar and 
carbon to form CO , CO, N , H 0, and Na,O as reaction products was investigated 
over the range 50k to l50i o f  stoichiometry based on Equations 1 through 4 in 
the Operating Procedures (see Appendix A). The stoichiometry was recalculated 
upon suggestion by G. E. Stegen of WHC according to Equations 1 through 4 
below to yield CO,, N,, H,O, and Na,O as products. The recalculated values for 

Although cumbersome for small-scale 

2-1 
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Low-level waste simulant was sprayed onto p e l l e t s  i n  22.7-kg (50-lb) 
batches i n  the r a t i o  25.4-kg (56-lb) LLW:22.7 kg (50 l b )  pe l le ts ,  o r  1,387 kg 
(3,052 l b )  LLW:1,239 kg (2,725 l b )  pe l le ts .  
experimentally t o  compensate f o r  15.6% v o l a t i l e  matter remaining i n  the dry  
pe l le ts .  

That r a t i o  was selected 

Weight loss due t o  drying and react ing was 32.06%. 

Residence time on the conveyor f o r  pre-drying and w i t h i n  the steel  
b e l t  dryer t o  complete dry ing and i n i t i a t e  react ion var ied over the 
narrow range o f  45 t o  60 minutes, and 20 t o  25 minutes, 
respect ively.  

Total Method A furnace feed production was 1,784 kg (3,925 lb ) ,  
which was contained i n  21 barre ls  w i th  an average weight o f  85.0 kg 
(186.9 l b ) .  

(28 l b / f t  ). 
Bulk densi ty o f  Method A dry  furnace feed was about 0.45 g/cm3 

Ambient a i r  a t  four  locat ions ( b e l t  dryer ex i t ,  beside the b e l t  dryer, 
near the mixer, and a t  the weigh s tat ion)  was continuously monitored by NO, 
detectors dur ing thermal treatment o f  Method A feed. 
detectors ind icate the presence o f  NO,. 

The character is t ics  o f  furnace feed prepared by Method A t y p i f y  the 
qua l i t i es  o f  ideal  feed mater ia l  f o r  melt ing technologies tha t  funct ion 
opt imal ly w i th  dry feed, i.e:, homogeneous, f ree flowing, low melt ing 
temperature w i th  narrow melt ing range (nonsticking), and low gas release. 
Adjustment o f  the composition t o  t a i l o r  the absorpt iv i ty  o f  the p e l l e t s  t o  the 
LLW. and opt imizat ion o f  the mixing, pe l l e t i z i ng ,  drying, and react ion 
processes would fu r the r  r e f i n e  the character is t ics  t o  decrease the proport ion 
o f  f ines  and the concentrations o f  residual  n i t rogen and carbon. 

A t  no time d i d  the 

2.3 METHOD B 

Low-level waste simulant provides the l i q u i d  f o r  p e l l e t  formation by 
agglomeration i n  Method B. 
and was the method o f  choice f o r  the present appl icat ion.  

This method i s  more amenable t o  batch operation 

2.3.1 Deviations from Operating Procedures for 
Feed Preparation (see Appendix A) 

Section 5.2.1 o f  the Operating Procedures (see Appendix A) was fol lowed 
without change. A subt le but d i s t i n c t  d i f ference i n  the tendency o f  dry  
mater ia ls t o  agglomerate w i th  addi t ion o f  LLW simulant t o  the mixer and 
appearance o f  the mixed mater ia ls was observed from day t o  n ight .  
observed d i f ference i s  explained by the dependence o f  rheological  propert ies 
o f  the LLW simulant upon temperature discussed under Method A. 
day, the product from the mixer was d u l l  i n  appearance, whereas the product 
was glossy and wet i n  appearance during the n ight .  
during the n igh t  general ly contained more dark unreacted m a t e r i a l  because o f  

The 

During the 

Furnace feed prepared 
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less-ef fect ive agglomeration a t  lower temperature and less-ef fect ive dry ing 
and a la rger  f rac t i on  o f  f i n e  mater ia l  l i k e l y  t o  be entrained as dust dur ing 
me1 t i n g  . 

The maximum temperature measured w i th in  the steel  b e l t  dryer whi le  
processing B p e l l e t s  was about 350 'C (662 O F ) ;  however, i t  i s  known from 
other experiments tha t  ind iv idual  p e l l e t s  o f  A and B are heated t o  the range 
o f  550 t o  600 'C (1022 t o  1112 "F) by the react ion enthalpy. 
indicates the a i r  temperature ( l i g h t  l i n e )  and the temperature o f  the i n t e r i o r  
o f  a s ing le spherical p e l l e t  o f  B feed (dark l i n e )  as the p e l l e t  was heated i n  
a stream o f  hot a i r  a t  about 40 'C/min (72 "F/min). Pe l l e t  temperature lagged 
a i r  temperature dur ing i n i t i a l  heatup t o  about 200 'C (360 OF) a t  which po in t  
p e l l e t  temperature rap id l y  overtook a i r  temperature. The react ion enthalpy 
car r ied  the p e l l e t  t o  about 575 "C (1067 O F ) ,  which i s  325 'C (585 OF) higher 
than the a i r  temperature. 
weight was 1.3675 g (weight loss o f  21.13%). 

Figure 2-1 

I n i t i a l  p e l l e t  weight was 1.6565 g, and f i n a l  

A sample of p a r t i a l l y  dry  Method B mater ia l  obtained from the conveyor 
b e l t  before ent ry  i n t o  the steel  b e l t  dryer was heated w i th in  a f lowing 
atmosphere of argon i n  the laboratory-scale Feed Adjustment Reactor a t  PNL, 
and the offgases were analyzed by gas chromatography (Hz, CO,, N 0, CO, 0,, 
and N ) and chemiluminescent analyzer (NO/NO,). 
(FTI.Rj spectrometer provided backup analysis f o r  each o f  these gases plus NH,, 
except f o r  H , and detect ion o f  other in f ra red  (IR) sensi t ive species 
including v o f a t i l e  organics and cyanide. 

Data from the tes t ,  labeled DryOut Test 5 2/10/95 Offgas Pro f i le ,  are 
l i s t e d  i n  tabular  form i n  Table 2-3 and shown graphica l ly  on Figure 2-2. The 
chemistry o f  n i t rogen i s  complex, but i t  i s  known t h a t  N,O i s  a weak acid, 
less s tab le than the other oxides, favored by low temperature, and ind i ca t i ve  
o f  low 0, potent ia l .  High 0 po ten t ia l  favors the higher oxides, and h igh  
temperature favors NO over 6 Note tha t  about 20% o f  the ni t rogen was 
l ibera ted  before and during tfie s t a r t  o f  the pr inc ipa l  react ion as NO, (NO 
and NO), probably by thermal decomposition o f  n i t r a t e s  and/or n i t r i t e s .  About 
65% o f  the ni t rogen was l ibera ted  dur ing the pr inc ipa l  react ion as elemental 
N,. The N,O production peaked w i th  N, and CD , which indicates tha t  react ion 
between NO, and NO on the surface o f  carbon $0 form N,O and CO, according t o  
Equation 5 i s  the l i k e l y  source o f  N,O. 

A Four ier  transform in f ra red  

NO + NO, + C = N,O + CO,. (5) 
The stoichiometr ic r a t i o  o f  N t o  CO i s  0.4 f o r  reduction o f  NaN4 w i th  

sugar o r  carbon (Equations 1 and 35, 0 . 6 f f o r  reduction o f  NaNO, w i th  sugar o r  
carbon (Equations 2 and 4), and 0.487 f o r  the mixture o f  n i t r a t e  and n i t r i t e  
i n  the LLW simulant. The observed r a t i o  based on N,/CO i n  the gases i s  0.640 
and 0.889 i f  the ni t rogen oxides are expressed as N,. the  l a rge r  r a t i o  
observed i n  the react ion gases i s  l i k e l y  the r e s u l t  o f  CO re ten t ion  i n  the 
reacted p e l l e t s  by chemical react ion w i th  hydroxides. Noie i n  Figure 2-2 t h a t  
the p e l l e t s  were heated i n  increments t o  about 250 'C (450 "F) where the 
react ion became self-sustaining, and the temperature o f  the p e l l e t  increased 
t o  about 575 'C (1067 O F )  because o f  heat l ibera ted  by the exothermic 
reaction. 

2-6 
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Figure 2-1. Temperature o f  Method B P e l l e t  During Heating. 

Species m o l  
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- 
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% o f  N 
l ibera ted  as VOl%* 
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Table 2-3. Analysis o f  Gases Produced by Heating P a r t i a l l y  Dry 

Laboratory: Analyses on a dry basis.)  
Method B Mater ia l .  (DryOut Test 5 by Pac i f ic  Northwest 

*Preliminary value based on analyzed components. 

NR - Measurement not r e l i a b l e  
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Figure 2-2. Offgas P r o f i l e  o f  P a r t i a l l y  Dry Method 6 Mater ia l :  
From DryOut Test 5 by Pac i f ic  Northwest Laboratory. 
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an open building. Chemical analysis by the USBM and some observations of the 
first 11 barrels of Method B feed are listed in Table 2-4. These barrels are 
believed to be typical of the entire lot of B feed. 

The percentage of fines was estimated but serves to indicate the physical 
nature of the material. 
indication of unreacted material, ranged from 0% to 10% for barrels containing 
5% to 20% fines and 25% to 60% for barrels containing 35% to 85% fines. 

The calculated concentrations of C and N in dry but unreacted material, 
assuming complete loss of water in the LLW simulant but no decomposition of 
sugar or boric acid, are 4.25 and 3.07 wt%, respectively (see the following 
sample calculations). 
of nitrates and nitrites, complete usage of sugar and carbon, and decomposi- 
tion of organic carbon in the LLW simulant, the concentrations of residual C 
and N in dry and reacted furnace feed are 1.14% and 0%, respectively. The 
calculations clearly indicate the presence of unreacted reductant C and 
residual N in the furnace feed. The extent of reaction is estimated to be 64% 
on the basis of residual C and 80% on the basis of residual N. Barrels 6, 13, 
32, and 42 of LLW simulant were analyzed by the USBM's Analytical Laboratory 
for total C by LECO analyzer and found to contain 1.25, 1.22, 1.34, and 1.25% 
C, respectively, ih good agreement with the target concentration of 1.41%. 

Dark material remaining in the feed, which is an 

By similar calculations assuming complete decomposition 

Na20 

Table 2-4. Composition and Characteristics of Method B Furnace Feed 
(Analyses by U.S. Bureau of Mines Analytical Laboratory). - 

1.45 I 8.22 

I+ Sample 

3.89 4.17 14.83 

MlBPR-001 I 2.88 
MlBPR-002 I 3.15 
MlBPR-003 I 2.53 

MlBPR-004 I 2.61 
MlBPR-005 I 3.52 

MlBPR-006 I 3.10 

MlBPR-007 

MlBPR-008 

MlBPR-009 3.59 

MlBPR-010 
MlBPR-011 

Mean 3.09 

:% I Wt% 

0.276 I 8.84 I 3.86 I 4.42 I 16.85 
0.379 I 8.79 I 3.86 I 4.12 I 15.10 
0.169 I 9.11 I 4.09 I 4.32 I 16.31 
0.234 I 9.05 I 4.28 I 4.38 I 16.31 

0.284 I 9.32 I 4.12 I 4.56 [ 15.91 

1.35 I 8.16 I 3.67 I 4.32 I 15.64 :::: 1 7.94 1 3.70 1 4.28 116.17 

8.29 3.64 3.93 14.83 
0.230 9.24 4.18 4.17 16.31 
0.709 I 8.73 I 3.94 I 4.29 I 15.82 

46.63 I t5 I 
44.50 I t5 I 
43.21 I t5 1 
41.71 I 85 I 
42.36 

47.49 

45.14 

43.85 

42.36 

47.49 
44.05 

*Material likely to be entrained in the offgas during melting. 
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Sample calculation based on Operating Procedures for  Feed Preparation, 
Tables 4 and 5 (see Appendix A ) .  

Total w t  Method B raw materials: 
C i n  Method B material: 

sugar 
Carbon a t  87.10% C 

Subtotal C i n  reductants, 
Limestone 
Diatomite 

Subtotal C i n  minerals, 
Org C in LLW 
Inorg C i n  LLW 

Subtotal C in LLW, 
Total C in  Method 8 material: 

N i n  Method B material: 
NO,: 
NO 
NUfON a t  0.552% N 

Total N in Method 8 material: 

671.96 X 0.421276 = 
628.87 X 0.8710 = 

2,072.21 X 0.12 = 
10,608.05 X 0.0004 = 

21,319.76 X 0.01114 = 
21,319.76 X 0.01103 X 0.273 

830.83 + 249.09 + 301.68 = 

44,500.00 

283.08 
541.75 
830.83 
248.67 
0.42 

249.09 
237.50 
64.18 
301.68 

1,381.60 

21,319.76 X 0.13526 X 0.2259 - 
21,319.76 X 0.05281 X 0.3045 - 651.45 

342.80 
628.87 X 0.00552 - 3.47 

997,72 

Weight loss  on drying Method B material a t  100 'C: 
Moisture a t  100 "C i n  raw materials: 

Alumina 1,244.93 X 0.041 - 51.04 
Limestone 2,072.21 X 0.003 - 6.22 
Diatomite 10,608.05 X 0.0172 = 182.46 
LLW 21,319.76 X 0.46348 = 9,881.29 
Carbon 628.87 X 0.099 - 62.26 
Water 1,799.81 

Total moisture i n  wet, unreacted Method 8 material l'l ,983.08 
Wt loss  a t  100 "C (%): 11,983.08/44,500.00 X 100 = 26.93 

Total C in dry, unreacted 8 material (%): 1,381.60/32,516.92 X 100 - 4.25 
Total N in dry, unreacted B material (%): 997.72/32,516.92 X 100 = 3.07 

Weight loss on reacting nethod B material: 
Total dry, unreacted Method 8 material: 32,516.92 
Volati le n i t r a t e s  and n i t r i t e s  in LLW simulant by Equations 1-4 3,441.69 
Volati le organic and inorganic C in LLW 301.68 
Reductants 1,300.83 
Total vo la t i les  in dry, unreacted Method 8 material 5,044.20 
Wt reacted 8 feed: 27,472.72 

Wt loss on reaction (%): 5,044.20/32516.92 X 100 - 15.51 
Total w t  l o s s  on drying and 

reacting (%): (11,983.08 + 5,044.20)/44,500.00 - 38.26 

I f  only reductants react:  550.77/27,472.72 X 100 = 2.00 
I f  reductants and organic C in LLW reacts:  1.14 

. 

Residual C in dry reacted Method 8 feed (%): 

313.27/27,472.72 X 100 = 
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2.4 ANALYSIS OF FURNACE FEEDS 

Samples o f  furnace feeds f o r  analysis, selected t o  represent mater ia ls  
ac tua l l y  melted during the WHCl campaign, were analyzed by three contract  
laborator ies and by the USBM's Analy t ica l  Laboratory. 
laborator ies are summarized and compared w i th  the calculated composition o f  
Method B feed i n  Table 2-5. 
carbonates, hydroxides, n i t ra tes ,  n i t r i t e s ,  and organic compounds were 
decomposed a t  loss on i g n i t i o n  (LOI) temperature. The fo l low ing  observations 
are pert inent.  

Results by the contract  

For purposes o f  ca lcu la t ion  it was assumed tha t  

Loss on drying (LOD) confirms e f fec t i ve  removal o f  moisture dur ing 
dry ing and react ing and also substantiates the non-hygroscopic 
nature o f  reacted furnace feed. 

Experimental LO1 (mean value i s  10.34% f o r  E feed) i s  higher than 
the calculated LO1 (9.33% f o r  B feed) based on evolut ion o f  CO, from 
the limestone, H,O from the bor ic  acid, and CO, and H,O from 
carbonates and hydroxides i n  the LLW simulant. 
suggests re ten t ion  o f  pa r t  o f  the CO, evolved dur ing the 
d e n i t r i f i c a t i o n  react ion by react ion w i th  hydroxides i n  the furnace 
feed. 

This observation 

The halogens, except f o r  F, appeared i n  the feed a t  ta rge t  leve ls .  
Invest igat ion o f  f l uo r ide  vapor izat ion a t  react ion temperatures 
(600 "C [1112 O F ] )  i s  needed. 

I n  general terms, the d i f ference i n  analyses between laborator ies i s  

Four barre ls  o f  simulant 

la rger  than the d i f ference between calculated and analyzed 
concentrations f o r  a l l  oxides except Na,O, an anomaly t h a t  i s  
explained by analysis o f  the LLW simulant. 
used t o  prepare B feed were ca re fu l l y  sampled by withdrawing 
mater ia l  from the we l l - s t i r red  barrels, and the samples were 
analyzed by the  USBM's Analy t ica l  Laboratory. The concentration o f  
Na var ied from 8.74 M Na t o  8.96 H Na (mean value 8.85), which i s  a 
s ign i f i can t  var iat ion.  More important i s  the observation tha t  the 
simulant was c loser t o  9 M Na than 10 M Na. 

An analysis o f  Method B feed by the USBM also indicated no s ign i f i can t  
d i f ference among batches. Concentrations o f  major and minor oxides i n  the 
feed are indicated i n  Figures 2-3 and 2-4, respectively, as a funct ion o f  feed 
production over the range o f  2,500 t o  5,680 kg (5,500 t o  12,500 lb ) .  These 
consistent data support the analyses by the contract  laborator ies l i s t e d  i n  
Table 2-5. I n  l i g h t  o f  the analyses, no cor re la t ion  i s  ant ic ipated between 
product glass and batch o f  furnace feed. 
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3.0 DEMONSTRATION MELTING TEST WC1-1995 

3.1 PRETEST PREPARATIONS 

A l l  p retest  conditions, as described i n  Section 8 o f  the operating 
procedures (see Appendix E ) ,  were implemented including expansion o f  the data 
acquis i t ion system and reconstruction o f  the APCS. 
del i very and me1 t e r  systems were reconditioned as f o l l  ows. 

I n  addit ion, the feed 

3.1.1 Feed Del ivery  System 

1. The receiv ing b in  was par t i t ioned t o  l i m i t  access t o  the f i n a l  91 cm 
(3  ft) o f  the del ivery  screws t o  prevent usage o f  the severely worn 
port ions o f  the screws. 

disassembled. 
bearings were inspected and replaced i f  necessary, a l l  bearings were 
lubr icated, and each u n i t  was reassembled w i th  new gaskets. 

Pressure release valves were i ns ta l l ed  on the four feed downcomers 
t o  re l i eve  furnace pressure a t  pos i t i ve  1.4 kPa (6 i n .  water column 
or  0.2 ps i ) .  The valves were designed t o  al low gases t o  e x i t  the 
furnace but t o  prevent reentry.  

2. The bucket elevator, r o t a t i n g  a i r  lock, and feed screws were 
Screws and buckets were straightened where needed, 

3. 

4. A l l  seals i n  the furnace roo f  (feed tube and electrode seals) were 
repacked w i th  f i b e r  insu lat ion.  

5. The feeder plat form was enlarged t o  provide access t o  the n o r t h  feed 
tubes and improve safety. 

6. A continuous ind ica tor  f o r  co ld  top height was constructed and 
i n s t a l l e d  on the southeast feed downcomer. The manual leve l  
ind ica tor  was reconditioned and i n s t a l l e d  on the northeast feed 
downcomer. 

3.1.2 Melter - 

1. The per ic lase (MgO) re f rac to ry  hearth o f  the furnace was replaced 
w i th  ruby re f rac to ry  ramming mix from the Harbison Walker Co. 
i s  90% coarse alumina aggregate bonded w i th  chromium aluminate. 

A spacer was provided t o  pos i t ion  the entry face o f  the water-cooled 
copper glass-tapping f i x t u r e  a t  the hot face o f  the wal l  re f ractory .  
The previous pos i t ion  allowed the f i x t u r e  t o  in t rude 7.6 cm (3 in.) 
f a r the r  i n t o  the furnace, i.e., the f i x t u r e  extended 7.6 cm (3 in. )  
beyond the hot face o f  the wal l  re f ractory .  The object ive was t o  
minimize cool ing o f  the molten pool by the water-cooled f i x tu re .  

Ruby 

2 .  
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0650 

1000 

1015 

1012 

1030 

1035 

1100 

1220 

1335 

1408 

1419 

1550 

1601 

1618 

1645 

1700 

1810 

1835 

2,796 kg (6,152 l b )  o f  feed mater ia ls had been placed i n  the 
receiv ing bin, and about 2,568 kg (5650 l b )  had been fed t o  the 
furnace. About 227 kg (500 l b )  remained w i th in  the feed system. 

Began f i l l i n g  glass mold TH-S2. 

Began f i l l i n g  glass mold TH-S3. 

Began f i l l i n g  glass mold TH-S4. 

Placed 330 kg (727 l b )  o f  Method B feed i n  the receiv ing bin, and 
a t  1022 about 36 kg (80 l b )  o f  Method B feed was fed d i r e c t l y  i n t o  
the furnace thorough the ro ta ry  a i r  lock t o  f l u i d i z e  the ca l c ia  
alumina s i l i c a t e .  

Opened the glass tap hole, and a f l u i d  mater ia l  emerged, a t r i b u t e  
t o  the f l u i d i z i n g  propert ies o f  the sodium boros i l i ca te  glass. 
Continuous tapping continued u n t i l  1408. 

Began f i l l i n g  glass mold WHC-1. 

Began f i l l i n g  glass mold WHC-2. 

Began f i l l i n g  glass mold WHC-3. 

Began f i l l i n g  glass mold WHC1-SP1; no glass sample was col lected. 

Stopped power t o  add electrode segments w i th  a residual  co ld  top 
o f  about 28 cm (11 in.). 

Resumed power, but continuous tapping could not be achieved. . The 
co ld top had increased t o  36 cm (14 in . )  w i th  attendant increase 
i n  plenum temperature t o  about 705 "C (1300 O F ) .  

Conducted prel iminary determination o f  temperature and ve loc i t y  a t  
the furnace ou t l e t  (M2-1). 

Conducted mul t ip le  metals analysis a t  the furnace o u t l e t  t o  1630. 

Conducted continuous emissions analysis (CEM-2) t o  1621 w i th  probe 
ins ide the furnace plenum. 

Added 68 kg (150 l b )  o f  CaO t o  the furnace through the r o t a t i n g  
a i r  lock  t o  f l u i d i z e  the melt. 

Added 32 kg (70 l b )  o f  CaO t o  the furnace through the r o t a t i n g  a i r  
lock  t o  f l u i d i z e  the m e l t .  

Burner 1 was o f f .  

Added 45 kg (100 l b )  o f  bor ic  acid t o  the furnace through the 
r o t a t i n g  a i r  lock t o  f l u i d i z e  the melt. 

Added 147 kg (324 l b )  o f  CaO t o  the furnace through the r o t a t i n g  
a i r  lock  t o  f l u i d i z e  the melt. 
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1908 

1945 

1952 

2005 

2018 

2020 

Began filling glass mold WHCl-SP2; collected glass sample at 1935. 

Achieved continuous tapping, and began feeding Method B material 
at about 227 kg/h (500 lb/h). 

Began filling glass mold WHC1-SP3; collected glass sample at 2010. 

Power off to slip electrodes. 

Power on with feed rate 227 to 364 kg/h (500 to 800 lb/h) and cold 
top 10 to 20 cm (4 to 8 in.). 
until 2330 when the clock was started to begin the demonstration 
test. 

Conducted M2-2 at end of EGC system which is the input to the 
cycl’one (Location 4 on Figure 2 in the Test Plan) to 2035. Test 
was invalidated by open ports upstream of sample location. 

Continuous tapping was attained 

2025 

2040 

Began filling glass mold WHCl-SP4; collected glass sample at 2035. 

Began filling glass mold WHC1-SP5; collected glass sample at 2050. 

2125 Began filling glass mold WHCl-SP6; collected glass sample at 2145. 

2225 

2240 

Began filling glass mold WHC1-SP7; collected glass sample at 2305. 

Power o f f  for 20 minutes to slip electrodes. 

2330 

2330 

03-09-95 

0030 

0110 

0230 

0312 

0320 

0328 

Began demonstration test of steady-state operation with Method B 
feed. Power and feed rate were maintained constant at 450 kW and 
341 kg/h (750 lb/h), respectively, with cold top nearly constant 
at 13 to 18 cm (5 to 7 in.). 
continuous tapping; therefore, the tap hole was plugged for about 
15 minutes at intervals of about 45 minutes. 

Began filling glass mold WHCl-SP8; collected glass sample at 2400. 

Feed rate was not sufficient for 

Began filling glass mold WHCl-SP9; collected glass sample at 0045. 

Began filling glass mold WHCl-SPlO; collected glass sample at 
0132. 

Began filling glass mold WHC1-SPll; collected glass sample at 
0240. 

Began filling glass mold WHC1-SP12; collected glass sample at 
0420. 

Stopped the feeder to melt cold top in preparation for adding 
electrode segments. 

Stopped power for 16 minutes to add electrode segments. 
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Table 3-1. Sample Reference t o  Process Conditions During WHCl-1995. 

MtSCOQ8 
MlSWql  
M l S M l O  
M1SM11 
MlSCOl6 
M1SCO17 
M1S6018 

OngUI2l 
CEM.2 
C E W  
CE.W 
CEY5 
C E W  
CEY.7 
CEM.8 
CEM4 
CEKlO 

M2.l 
M2.2 
M2.1 
M 2 4  
MI-5 
M24 

MI - l  ' 
Me2 
M5-3 
M C I  
M5-5 
M5d 

450 714 7 t e a  

4W 714 7 1620 

aso m 5 1820 
17s 2 n  r~ 1705 
47s 533 7 1620 

0 on 

O M S W 3  OS424711 02 COZ CJ. NO% NO. Md 5 0 2  €0 
03\09l95 1112-1428 02 COZ E?. 30% NO, SO2 MU THC. E G  
03vl9W5 E 0 
03UIStS5 17SCI8W OZCOZC3.YOrNO.  x ) Z d W C .  € 0  
OM9IS5 21162400 02 CCZ CO. NO= NO. ma SO2 € 0  
01llOv15 OQZS4l11 02 CO2. C3. N h  NO. an4 SO2 E O  

1459-1540 02 COZ C?. NOX NO, SO2 7HC. .nd NHJ. 

1. ihaoni-.: 
C - c O r n h  
M-USBM 
P-PNL 
U-USGS 
E-EntioPy Inc 
0-0u.n- 

E O  
E O  
€0 
E O  
E O  
E O  

E O  
E O  
€.O 
e0 
E O  
E O  

U O  714 1 1820 
450 no 6 1840 
$en m I 1580 
410 2 n  5 t870 
230 0 0 1- 
410 825 6 1725 
450 774 7 17M 
on 0 0 on 

6W 0 -12 8 1820 NA 
440 803 
u o  om 5 1625 
4e4 720 8 1840 
400 178 4 1630 
JSO a57 5 1640 
400 277 0 NA 
450 714 8 17w 
4% 178 8 17W 

550 0 11 NA 
440 a 9 77W 
350 114 6 1840 
225 0 0 NA 
4 5 r  825 6 1820 
450 446 8 lmo 

6W 0 12 NA 
150 178 3 1830 
460 277 5 1820 
210 0 0 NA 
450 515 7 1120 
440 825 7 1700 
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Figure 3-5. Mean 0 , CO. and CO, Concentrations in 
Process Offgases During WHCI-1995. 
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Figure 3-6. Mean NO, NO,, and SO Concentrations in 
Process Offgases During GHC1-1995. 
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The CO leve l  i n  stack gases corre la tes w i th  usage o f  the  burners, 
which were not properly adjusted f o r  air:gas r a t i o .  

Detection o f  t o t a l  hydrocarbons (THC) i n  the stack i n  the range t o  
12 ppm also confirms gas-rich adjustment o f  the burners. 

So l id  mater ia ls recovered from the APCS a f t e r  the melt ing t e s t  included 
486 kg (1,070 l b )  of damp mater ia l  from the baghouse (LO1 12.3%); 30 kg 
(66 l b )  o f  wet mater ia l  from the cyclone, EGC system, and entrance duct t o  the 
baghouse (LO1 12.7%); and 73 kg (160 l b )  o f  g lass  from the base o f  the thermal 
ox id izer .  Weights o f  mater ia ls deposited i n  the APCS dur ing the 24-hour t e s t  
per iod were calculated as the product o f  the t o t a l  weight and the r a t i o  o f  
m a t e r i a l  processed during the 24-hour per iod t o  the t o t a l  mater ia l  processed. 
A small cont r ibut ion t o  the thermal ox id izer  glass was provided by the preheat 
material,  as evidenced by TiO, i n  the glass, but t h i s  cont r ibu t ion  was not  
s i g n i f i c a n t  . 

The scrubber so lut ion was not  maintained a t  the optimum pH (7.5 t o  8.5) 
dur ing the t e s t  due t o  f reezing o f  the 50% caust ic so lut ion i n  the supply 
makeup l i n e  t o  the scrubber l i q u o r  rec i r cu la t i ng  pump. Caustic so lu t ion  o f  
50% concentration freezes a t  14 "C (57 O F ) .  Scrubber solut ion, which ranged 
between pH 5.6 and 6.2 during the tes t ,  was sampled regular ly ,  and selected 
'samples were analyzed f o r  n i t ra te ,  n i t r i t e ,  phosphate, and sul fate.  The f i n a l  
solut ion, co l lected 13 hours a f t e r  the test ,  was analyzed f o r  those ions plus 
the major metals i n  the furnace feed. Table 3-3 l i s t s  the resul ts ,  as 
determined by PNL. The concentration o f  anions was remarkably constant 
throughout the test ,  notwithstanding d i f f e r e n t  feed rates and power input  t o  
the furnace. Therefore, i t  i s  safe t o  assume tha t  the concentration o f  
cations also was near ly constant and t h a t  the f i n a l  so lu t ion i s  representative 
o f  solut ions during the tes t .  Cation concentrations from the f i n a l  so lu t ion  
and the mean anion concentrations were applied t o  calculated mean escapement 
ra tes f o r  species as gases or  par t i cu la tes  passing through the baghouse. 
These derived data ind icate tha t  the escapement ra te  f o r  each species was low, 
as expected f o r  an e f f i c i e n t  baghouse. 
depend on the scrubber overflow rate, which was measured a t  the outset, but 
not  confirmed during the tes t .  
fo l lowing the test .  

Note tha t  calculated escapement ra tes 

Data logs f o r  process w a t e r  were misplaced 

Baghouse and cyclone so l ids were analyzed by X-ray d i f f r a c t i o n  w i th  the 

Cyclone so l ids comprised minor NaCl and Na,B,O '5H,O and t race C a C q  
and un ident i f ied  compounds. 

Baghouse so l ids comprised minor NaCl and Na 8,0,'5H 0 and t race 
NaH(C4)'ZH 0 and un ident i f ied  compounds. h s t  o f  \he sample was 
non-crystah ine. 

fo l lowing resu l ts .  

Most of the sampfe was non-crystal l ine.  

Sulfates and phosphates, although known t o  be present i n  cyclone and 
baghouse sol ids, were not detected as c r y s t a l l i n e  materials. 

Gases and par t i cu la tes  w i th in  the furnace, i n  the water-cooled section o f  
the furnace e x i t ,  i n  the 12-in. duct a t  the entrance t o  the cyclone, and 
w i th in  the stack were measured by technicians from Entropy, Inc. dur ing the 
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Table 3-4. Furnace Emissions and Baghouse Ef f i c iency  f o r  WHC1-1995. 

SD.6.1 L*.n 

B 
1.385 

c. 
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0.582 

K 
1.179 

Mp 
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3.3.2 Electrode Consumption 

Total electrode consumption was 130 kg (285 l b )  over the e n t i r e  
melt ing campaign during which 13,094 kg (28,806 l b )  o f  mater ia ls 
were melted, 10,266 kg (22,633 l b )  o f  product glass were produced, 
and 19,782 kW.h o f  e l e c t r i c a l  energy were used. Mean electrode 
consumption was 9.9 kg/tonne (21.8 lb/tonne) on the  basis o f  feed 
material,  12.6 kg/tonne (27.7 lb/tonne) on the basis o f  product 
glass, o r  6.55 kg/MW.h) (14.4 lb/MW.h) on the basis o f  melt ing 
energy. 

3.3.3 Power Consumpti on 

Mean energy consumption, 9,613 kW.h over the demonstration tes t ,  was 
1.63 kW.h/kg (0.74 kW.h/lb) feed o r  1.92 kW.h/kg (0.87 kW.h/lb) 
glass. 

During 1.5 hours o f  steady-state operation from 0900 t o  1030. energy 
consumption was 1.27 kW.h/kg (0.58 kW.h/lb) feed o r  1.49 kW.h/kg 
(0.68 kW.h/lb) glass whi le melt ing Method B feed w i th  a power input  
o f  429 kW, feed r a t e  o f  339 kg/h (745 lb/h),  glass temperature o f  
about 1620 'C (2948 O F ) ,  and about 2,500 acfm o f  stack gases. Most 
o f  the gases were derived from the burners. 
power f o r  1 hour t o  demonstrate the a b i l i t y  t o  stop and res ta r t ,  an 
attempt over a 40-minute per iod was made t o  establ ish a lower 
operating point  w i th  power a t  about 350 kW and feed r a t e  a t  about 
136 kg/h (300 lb /h) .  Glass temperature decl ined t o  about 1500 "C 
(2732 "F) and offgas i n  the stack decreased t o  about 2,250 acfm. 
However, determination o f  energy consumption dur ing the attempt t o  
establ ish lower tapping temperature was not  accurate because o f t h e  
var iable feed rate.  Demonstration o f  i d l e  condit ions f o r  2 hours 
l i k e l y  resul ted i n  extensive l o s s  o f  a l k a l i  metals and B f r o m  the 
molten glass w i th  attendant increased v iscos i ty  resu l t i ng  i n  
d i f f i c u l t  tapping. 
reestabl ished fo l lowing the i d l e  demonstration. 

Following stoppage o f  

Stable operating condit ions were not 

3.3.4 Glass S t a t i s t i c s  

The compositions o f  glasses derived f r o m  Method A and B feed were 
calculated based on the calculated (9.92 M Na) and analyzed (8.85 M Na) 
concentration o f  soda i n  the LLW simulant. 
glass compositions i n  Table 3-5, which also l i s t s  compositions o f  thermal 
ox id izer  glass and cyclone and baghouse sol ids.  
as indicated below t o  represent the extremes o f  condit ions during the 
demonstration test .  
obtained by op t ica l  pyrometer f o r  these samples a r e  l i s t e d  i n  Table 3-4. 

Results are compared w i th  analyzed 

Glass samples were co l lected 

Input energy, feed rate, co ld  top, and glass temperature 

MlG1-002: 1 hour during steady-state condit ions a f t e r  beginning the 

MlG1-004: 1.5 hours a f t e r  demonstrating a b i l i t y  t o  stop and r e s t a r t  

24-hour t e s t  w i th  Method 8 feed 

w i th  Method B feed 
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MlG1-005: Immediately following operation for about 2.5 hours at 

MlG1-008: Represents the worst conditions, 20 minutes after 

lower power input with Method B feed 

demonstrating hot idle 

MlG1-010: 1.5 hours after beginning Method A feed during quasi 
steady-state operation 

MlG1-011: During lower power input and greater feed rate with 
Method A feed 

MlG1-012: 
feed. 

Last sample during the demonstration test with Method A 

The following observations are pertinent. 

The LO1 for glass products was low, ranging from nil to 0.37%, 
indicating low propensity for the glass to absorb moisture from the 
atmosphere. 

Analyses of glass samples by the U.S. Geologic Survey and Corning 
laboratories were consistent with few exceptions. 

Data for the principal glass components, as plotted versus time in 
Figure 3-7, indicate significant loss of the more volatile species 
Na,O, B,O,, K,O, Mo4, P,O , Sq, C1, and F by vaporization. These 
losses are quantified under Material Balance. 

The data for minor species of interest (Cr 0,, TIO,, and Cs,O) 
plotted in Figure 3-8 emphasize the perturtation of glass 
composition at about 1830, which immediately followed demonstration 
of extended hot idle. Heating of the furnace plenum because of loss 
of the cold top during extended idle apparently melted existing wall 
accretions, which likely were composed of material used to preheat 
the furnace. That material, consisting of 13% silica, 45% calcia, 
33% alumina, and 5% titania derived from a rutile mineral 
concentrate, provided increased calcia and alumina by addition and 
decreased silica, soda, and boria by dilution. The rutile 
concentrate contained other heavy minerals including chromite, which 
is likely the source of increased Cr in the glass. 
source of Cr that cannot be overlooked is ruby refractory from the 
hearth. 

Analyses of products recovered from the APCS also confirm vaporiza- 
tion of soda and boria, which were collected in the base of the 
thermal oxidizer as a molten glass and in the cyclone and baghouse 
as finely divided solids. The thermal oxidizer and ducts leading to 
the thermal oxidizer, which were lined with a castable refractory 
containing 80% alumina, were maintained at about 982 "C (1800 O F )  by 
a combination of three natural gas burners. Material collected in 
the base of the thermal oxidizer contained more than 37% alumina, 
testimony to the corrosive nature of the condensates. An estimated 
34 kg (75 lb) of castable refractory was dissolved by about 39 kg 

Another obvious 
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Figure 3-7. Concentration o f  Major Species i n  WHCl and WHCZ Glasses. 
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(86 l b )  o f  condensates. 
the system as present ly constructed, are important design 
considerations f o r  a f a c i l i t y  t ha t  processes rad ioact ive wastes. 

These data, although not complimentary t o  

Glass temperature varied over the narrow range o f  1600 "C 2 100 "C 
(2912 'F 180 O F )  which was excessive by any standard. Correlat ion 
between glass compos1 t i o n  and tapping temperature i s  tenuous because 
of the narrow range o f  temperatures investigated. Vaporization o f  
Na, B, and other v o l a t i l e  species correlates strongly w i th  time 
ind ica t ing  t h a t  mass t rans fer  by convection o f  1 iqu id  glass t o  the 
superheated zone w i th in  the electrode t r i a n g l e  i s  the rate-  
con t ro l l i ng  step. 

3.3.5 Mass Balance 

The analy t ica l  data were applied t o  calculate mass balances f o r  furnace 
products and feed components as oxides or  elements o f  greatest in te res t  i n  the 
LLW simulant. The derived data l i s t e d  i n  Table 3-6 calculated on the basis o f  
11.1% offgas ind icate good closure f o r  furnace products w i th  about 85% o f  the 
feed repor t ing t o  the glass. 
components soda and s i l i c a .  However, closure i s  extremely poor f o r  a l l  minor 
components, which include the v o l a t i l e  materials. From 12% t o  50% o f  the 
v o l a t i l e  components are unaccounted f o r  i n  the glass and APCS sol ids,  and no 
explanation i s  avai lable f o r  t h i s  important discrepancy. These components are 
potent ia l  problems f o r  any melt ing technology, but should have been captured 
as s o l i d  pa r t i cu la te  i n  the baghouse. Chromium was obviously an undetected or  
un-analyzed component o f  feed mater ia ls o r  was generated w i t h i n  the furnace by 
d isso lu t ion  o f  ruby re f rac to ry  from the hearth. The v o l a t i l e  components d i d  
not appear i n  the scrubber so lut ion (Table 3-3) i n  adequate concentrations t o  
change the m a t e r i a l  balance. 

The mean concentration o f  v o l a t i l e  species i n  the product glass (samples 
MlG1-002, -004, and -005), which i s  the  most representative concentration f o r  
each component a t  steady-state melt ing condit ions using 10.16-cm (4-in.) 
electrodes, and the values f o r  MlG1-008, which i s  the worst case glass sample, 
are compared i n  Table 3-7 w i th  the composition f o r  Method B glass calculated 
using the analyzed soda concentration i n  the LLW simulant (8.85 M Na). The 
analyses ind icate near quant i ta t ive vaporization o f  F wi th in  the furnace and 
s ign i f i can t  vaporization o f  the other components i n  the best case scenario. 
Vaporization losses were even greater f o r  glass remaining a f t e r  the 
demonstrated hot id le .  These observations were the impetus f o r  conducting an 
addi t ional  melt ing t e s t  using lower input  power and lower electrode voltage. 

Reasonable closure i s  indicated f o r  major 

3.3.6 Glass Q u a l i t y  

Chemical analysis o f  glass samples MlG1-002, -004, -005, -008, -010, 
-011, and -012 by Corning, the U.S. Geologic Survey, and PNL f a i l e d  
t o  detect the presence o f  f e r r i c  i ron,  thereby ind ica t ing  extremely 
reducing condit ions w i th in  the e l e c t r i c  furnace. 
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Saved as WHCl-MB.WB1 

Mean mncenlration In feed and furnace produrn: pd (1) 
0203 Cr203 Ca20 K20 Ma03 Na20 
4.44 0.01 0.12 1.21 0.13 16.50 
2.65 0.05 0.05 0.87 0.02 15.92 

Thermal oxidber ' I 15.95 0.02 0.01 0.56 0.10 21.70 
24.10 0.01 0.88 4.42 0.43 33.40 
22.60 0.01 I .a2 5.18 0.48 34.20 

0203 Cr203 CS20 K20 Moo3 Na20 

I 
Feed I 
Glass 

Cydone I 
Baghouse I 

I 
Produd mass balance I 

Component mass balance 

Product W.Ib P d  I W.Ib P d  W. Ib Pd W. Ib P d  WI.Ib P d  W.Ib P d  W.Ib P d  
Glaaa 10987 84.82 I 291.16 50.62 5.32 347.89 5.36 35.08 95.10 60.52 2.45 14.55 1749.13 81.83 
m. OX. 97 0.75 I 15.47 2.69 0.02 1.38 0.01 0.03 0.54 0.34 0.09 0.56 21.05 0.98 
Cydone 40 0.31 I 9.64 1.68 0.01 0.37 0.35 2.31 1.77 1.13 0.17 1.03 13.36 0.63 
Baghouse &(5 4.981 145.77 25.34 0.09 8.12 6.59 43.10 33.41 21.26 3.07 18.25 220.59 10.32 
Mlsslng(2) -253 -1.95 I 113.12 lQ.67 -3.91 -255.74 2.98 19.48 26.31 16.74 11.05 65.61 133.28 6.24 

Totalprodud 12954 100 I 575.18 100.00 1.53 100.00 15.29 100.00 157.13 100.00 16.84 lW.W 2137.41 100.00 
Total feed 12954 I 575.16 1.53 15.29 157.13 18.84 2137.41 

Offgas(3) 1438 11.10 I NA NA NA NA NA NA NA NA NA NA NA NA 

I 
I 

Feed I 
Glass I 
Thermal oxldber I 
Cydone I 
Baahouse I 

P205 
0.17 
0.08 
0.38 
0.50 
0.51 

Mean concentration in feed and furnace producls; pd (1) 
SO3 Si02 CI 

1.27 48.80 0.29 
0.16 57.03 0.07 
0.00 12.10 0.01 

10.35 9.43 1.50 - ~ ~~ 13.05 9.62 1.99 
Produd mass balance i Component m a s  balance 

Produd W.Ib Pd I W.Ib P d  W.Ib Pd WI, Ib P d  W,lb Pd W.Ib P d  
Glass 10987 84.82 I 8.60 39.77 17.36 10.53 6265.89 Q9.12 7.37 19.90 3.37 65.10 
m. OX. 97 0.75 I 0.35 1.60 0.00 0.00 11.74 0.19 0.W 0.01 0.01 0.19 
Cydone 40 0.31 I 0.20 0.92 4.14 2.51 3.77 0.06 0.60 1.62 0.07 1.39 
Baghouse 645 4.98 I 3.28 15.18 84.17 51.04 62.05 0.98 12.84 34.65 1.24 23.96 
Missing(2) -253 -1.95 I 9.20 42.53 59.23 35.92 -21.89 4.35 16.24 43.82 " 0.49 9.37 

Total pmdud 12954 100 I 21.63 lW.W 164.90 100.W 6321.55 100.00 37.05 100.00 5.18 100.00 
Total feed 12954 I 21.63 164.90 6321.55 37.05 5.18 

I P205 SO3 Si02 CI F 

Offgas(3) 1438 11.10 I NA NA NA NA NA NA NA NA NA NA 
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0.03 
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0.12 
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0.72 
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1. Calculaled from mean concentration of furnace feeds and pmducls by analysis. 
2. Material not accounted fw. 
3. Calculated from best estimate for LO1 of A and 0 furnace feeds. 
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- 
% % Calculated Mean MIGI- 

-002 9 -Oo4, decrease M1G1-008 decrease Component glass 
composition -005 

F 

I Na,O I 18.66 I 16.23 I 13.0 I 14.12 I 24.3 I 

0.26 0.03 88.5 0.025 90.4 

I 894 I 5.17 1 2.86 I 44.7 I 1.97 I 61.9 I 
I K,O I 1.45 I 1.01 I 30.3 I 0.60 I 58.6 I 
I MOO, I 0.13 I 0.084 I 35.4 I 0.06 I 53.8 I 
I P A  I 0.19 1 0.082 1 55.9 I 0.06 I 67.7 I 
I so, I 0.20 I 0.320 I Gain I 0.13 I 35.0 I 
I c1 I 0.32 I 0.078 I 75.6 I 0.04 I 87.5 I 

X-ray diffraction of glass samples MlG1-004, -005, -008, -010, and 
-012 by the USBM's Analytical Laboratory and samples MlG1-008P and 
-011P by PNL indicated that the samples were entirely amorphous. 

X-ray diffraction of samples MlG1-008 and -011 by PNL detected 1% 
maximum of metallic Mo, which was shown by scanning electron 
microscopy (PNL analysis) to be distributed throughout the glass as 
fine particles about 1 pin in diameter. Metallic Mo likely 
originated by reduction of the oxide which was a component of the 
LLW si mu1 ant. 

Petrographic analysis o f  glass samples MlG1-004, -005, -008, and 
-011 by Corning revealed tl% solid inclusions described as multi- 
lamellar color cords indicating inhomogeneity on a micron scale. 
Scanning electron microscopelenergy-dispersive X-ray (SEM/EDX) 
analysis by the same laboratory revealed K, Na, Mo, and C1 enrich- 
ment within the cords at the expense of Si, Ca, Al, Ti, and Fe. 
Enrichment of the cords, which constitute the minor phase, with 
volatile components in the feed is consistent with the condensation 
of vapors on the water-cooled walls of the furnace plenum. The 
condensate would be expected to flow down the furnace walls onto the 
surface of the glass to form a thin surface layer, which would exit 
the tap hole with the glass to form stringers of cords in the glass. 

The product consistency test (PCT) was performed on samples listed 
in Table 3-8 by the indicated contract laboratories and by the USBM. 
The USBM's results are consistent with results o f  the other 
laboratories. The data confirm durability of the glass in excess of 
minimum standards, as anticipated in light of,the fact that Na, 8, 
and K concentrations in the glass were less than target levels. 
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F igure  4-1. Furnace Power During WHC2-1995. 

4-2 



WHC-SD-WM-VI-030 
Revision 0 

Figure 4-3. Glass Temperature by Optical Pyrometer During WHC2-1995. 

M 
1500 

0 g 1400 

k 

CD 
0 
V 

s 
9 1300 - 
E 1200 z 
1100 

innn 
l""" I 

1o:oo 13:OO 
Time. h:min 

07:OO 16:OO 

Figure 4-4. Stack Gas Flow Rate During WHC2-1995. 
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1435 

1445 

1555 

1724 

Started induced d r a f t  blower, cool ing a i r  blower, and baghouse 
heater w i th  150 'C (300 - F )  set po int  t o  preheat ducting, cyclone, 
and baghouse above the dew point  o f  acid gases. Prepared furnace 
w i th  thermocouples i n  metal tap hole and graphi te glass-tapping 
f i x t u r e ,  carbon c i r c u i t  connecting electrodes on ex i s t i ng  glass 
remaining i n  the furnace, and video camera i n  place on inspection 
por t .  

Started furnace on transformer Tap D (60 V phase-to-neutral o r  
100 V phase-to-phase) wi th  manual control .  
ranged from 100 t o  130 kW. 

Attempted unsuccessfully t o  operate furnace w i th  automatic 
contro l .  

Power input  on Tap D 

Resumed manual control .  
power i n  each phase, which i s  equivalent t o  automatic contro l .  

Operator was inst ructed t o  maintain equal 

Contents o f  the furnace were molten t o  the hearth. 

Began feeding and melt ing Method B feed. 

Changed t o  Tap C f o r  remainder o f  tes t .  
ranged from 150 t o  250 kW wi th  a short excursion t o  318 kW. 

Began f i l l i n g  glass mold WHC2-SP1, glass temperature by op t ica l  
pyrometer 1375 'C (2507 O F ) ;  col lected glass sample a t  1420. 

Began f i l l i n g  glass mold WHC2-SP2; co l lected glass sample 
WHC2-SP2A a t  1535 and WHC2-SP2B a t  1555. 

APCS plugged i n  water-cooled section o f  exhaust duct immediately 
below analysis po r t  because o f  presence o f  analy t ica l  probe. 
Probe was removed and the plug was p a r t i a l l y  removed by steel  rod 
through burner por t .  
plug reformed quickly.  Offgas e x i t  duct remained impaired or  
plugged f o r  the remainder o f  the tes t .  

Power input on Tap C 

Increased output o f  burner 1 t o  90%, but 

Began f i l l i n g  glass mold WHC2-SP3; co l lected glass sample a t  1630. 

Terminated t e s t  without draining the furnace t o  improve heat 
re tent ion i n  preparation f o r  INEL and IWPF melt ing tes ts  the 
fo l lowing day. 

4.3 TEST RESULTS 

Sampling was conducted as speci f ied i n  the Operating Procedures, and 
samples l i s t e d  i n  Table 4-1 were analyzed by the indicated laborator ies.  
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Product 
Table 4-3. Product Mass Balance Over WHC2-1995. 

W t  (lb) % 

Baghouse 

I Thermal oxidizer I 0 I 0 I 

12.9 0.54 
Cyclone I 0.6 I 0.03 

Offgas I 266 11.1 

I Total furnace feed I 2,394 I 100 I 
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5.2 TEST CONDITIONS AND DETAILED CHRONOLOGY OF EVENTS 

Operating procedures were fol lowed without s i g n i f i c a n t  a l te ra t ion .  
Figures 5-1 (furnace power), 5-2 (feed rate),  and 5-3 (product glass 
temperature by op t ica l  pyrometer) w i l l  a s s i s t  the reader t o  fo l low the 
chronology. 

05-03-95 

0500 

0730 

0735 

0737 

Energized APCS console and performed star tup procedures as stated 
i n  the Operating Procedures, Section 2.3. 
45 kg (98 l b )  of carbon steel  punchings and about 455 kg 
(1,000 l b )  o f  crushed glass from the previous melt  o f  INEL s o i l  
and waste mixtures, and prepared a t r i angu la r  path o f  crushed 
graphi te connecting the electrodes. 

Started 0.31 L / s  (40 c fh )  argon f low through lance t o  maintain 
poros i ty  o f  ceramic plug. 

Started furnace on transformer Tap D (60 V phase-to-neutral o r  
100 V phase-to-phase) w i th  manual control .  
ranged from 100 t o  130 kW. 

Increased transformer tap t o  C t o  increase power t o  about 250 kW. 

Loaded furnace w i th  

Power input  on Tap D 

1028 I n i t i a t e d  tapping o f  glass, and began f i l l i n g  preheat glass mold 
PH-SPl. 

1035 

1051 

1102 

1105 

1114 

1223 

1230 

1245 

1324 

1350 

Replaced argon w i th  0.14 L/s (17.4 cfh) oxygen t o  oxidize 2.4 kg/h 
(5.2 lb /h)  Fe t o  FeO. 

Converted f low back t o  argon. 

Added 91 kg (200 l b )  o f  carbon steel  punchings through the ro ta ry  
a i r  lock. 

Reestablished continuous tapping; glass temperature 1485 'C 
(2705 "F). 

Replaced argon f low w i th  oxygen a t  f low r a t e  0.31 L/s (39 c fh)  t o  
oxidize 5.4 kg/h (11.8 l b /h )  Fe. 

Increased oxygen f low t o  0.62 L/s (79 cfh) t o  oxidize 10.9 kg/h 
(24.0 lb /h)  Fe. 

Began f i l l i n g  glass mold PH-SP2. 

Began f i l l i n g  glass mold PH-SP3. 

Increased oxygen f low t o  0.99 L/s 
(38.3 lb /h)  Fe. 

26 c fh  ~J oxid ize 

Interrupted PH-SP3 t o  begin f i l l i n g  instrumented 55-gal 
determine cool ing rate.  

7.4 kg/h 

barre l  t o  
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1353 

1409 

1448 

1530 

1637 

1646 

1651 

1833 

1842 

1853 

1905 

1955 

2015 

2017 

2020 

2042 

2119 

2122 

2145 

2148 

Increased oxygen flow to 1.44 L/s (183 cfh) to oxidize 25.2 kg/h 
(55.5 lb/h) Fe. 

Oxygen lance failed by burning; oxygen injection test was 
terminated. 

Completed filling of barrel instruments to determine cooling rate; 
glass flow was diverted to PH-SP3. 

Began filling glass mold PH-SP4. 

Opened bottom drain to empty furnace; glass molds PH-MT 1 and 
PH-MT 2 were filled. Glass and metal remaining in the center 
drain were adequate to seal the hole. 

Began feeding Method B pellets to the hot furnace with transformer 
energized on Tap C. 

Established electrical contact with the molten pool; maintained 
250 kW. 

Molten glass level to tap hole, but no tap; removed 1.27-cm 
(0.5-in.) graphite insert from tapping fixture. 
graphite inserts were not investigated. 

Established continuous tapping of glass at 1400 "C (2552 O F ) ,  and 
began filling glass mold WHC3-SPl. 

Collected glass sample WHC3-SPlA. 

Increased power to range 325 to 375 kW; maintained 30-cm (12-in.) 
cold top of unmelted charge. 

The other 

Collected glass sample WHC3-SPlB. 

Collected glass sample WHC3-SPlC. 

Realized that cold top had become semi-molten and electrically 
conductive; only intermittent tapping was possible. 

Added 45 kg (100 lb) of CaO through rotary air lock to fluidized 
glass and increase depth o f  molten pool. 

Collected glass sample WHC3-SPlD. 

Collected glass sample WHC3-SPlE. 

Added 38 kg (83 lb) of CaO through rotary air lock. 

Began filling glass mold WHC3-SP2; collected glass sample WHC3-SP2 
at 2155. 

Added 55 kg (120 lb) of CaO through rotary air lock. 
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2144 Product 

Figure 5-3. Glass Temperature by Optical Pyrometer During WHC3-1995. 
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Table 5-1. Samole Loa f o r  WHC3-1995. 

Sample Sample Sample 
number I Date I s:d;ed 1 matr ix  I po in t  

WHC3-SPIB 

WHC3-SP1D 

WHC3-SPlE 

WHC3-SP6A 

WHC3-C7 

05-03-95 

05-03-95 

05-03-95 

05-04-95 

05-03-95 

1955 I Product I Furnace I USBM 
glass glass tap 

I qlass I glass t a p  I 

USBM = U.S. Bureau o f  Mines 
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WHC3-SPlBM(l) 

WHC3-SP1 DM(1) 

WHC3-SPlEM(l) 

WHCbSPBAM(1) 
Mean 

WHC3-C7M(1) 

WHC3-B7M(1) 

VI 
I 
U 

WHC3-SPlBM(l) 

WHC3-SP1 DM(1) 

WHC3-SP1 EM(1) 

WHCbSPGAM(1) 
Mean 

WHC3-C7M(1) 

WHC3-87M(l) 

AI203 

10.22 

10.05 

9.79 

9.67 
9.93 

3.95 

8203 

4.02 

4.25 

3.73 

4.02 
4.01 

11.46 

I 0.46 I 8.14 

0.42 

0.39 

0.47 

0.41 
0.42 

Components as oxides and elements 
BaO I CI I CaO I CR03 I Cs20 

0.01 I 0.013 1 7.25 I 0.08 I 0.099 

0.01 I 0.005 

0.01 I 0.010 
0.01 I 0.010 

0.01 I 2.81 

0.01 I 0.010 I 7.81 1 0.06 I 0.096 

0.082 

0.097 
0.094 

0.937 

13.43 I 0.07 

12.34 I 0.07 
10.21 I 0.07 

8.33 I 0.02 

0.01 I 15.80 I 4.76 I 0.02 I 1.993 

Components as oxides and elements 
Mn02 I Moo3 I Na20 I P205 I SO3 

0.020 

0.020 

0.024 

0.019 
0.021 

I 0.34 I 0.017 

I 0.68 I 0.049 

0.077 

0.078 

0.076 

0.106 
0.084 

0.219 

0.312 

18.20 

18.74 

15.91 

19.55 
18.10 

17.39 

23.45 

0.12 

0.10 

0.09 

0.09 
0.10 

0.27 

0.23 

0.02 

0.02 

0.01 

0.01 
0.02 

8.67 

19.00 

F 

0.001 

0.001 

0.002 

0.002 
0.002 

0.025 

0.120 

Si02 

54.55 

55.62 

52.41 

51.77 
53.59 

Fa0 

1.40 

1.38 

Fe203 

0.00 

0.00 

1.42 I 0.00 

1.13 I 0.00 
1.33 I 0.00 

1.36 I 0.00 

0.62 I 0.00 

sro I Ti02 

NA - I 0.19 

NA I 0.19 

NA I 0.21 

NA I 0.17 
NA I 0.19 

41.07 I NA I 0.10 

11.36 I NA I 0.01 

KZO 

1.25 

1.27 

1.19 

1.25 
1.24 

3.05 

9.19 

zro2 

0.04 

0.03 I 

0.04 1 

0.03 
0.04 

0.01 

0.00 

2 
5 
m 
VI 
I 
N 

n 
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0 
0 
U 
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1. Analysis by USBM. single determination. 
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comprised 2,073 kg (4,560 l b )  INEL glass, 2,415 kg (5,312 l b )  
Method B and A feed, 138 kg (303 I b )  lime, and 136 kg (300 l b )  iron. 
Mean electrode consumption based on 4,915 kW.h o f  e l e c t r i c a l  energy 
used and 25.1 kg (55.3 l b )  C loss from the 20.32-cm (&in.) stubs 
was 5.28 kg/tonne (11.6 lb/tonne) feed o r  5.40 kg/tonne 
(11.9 lb/tonne) based on glass and m e t a l  products. 
loss  including a i r  burn from the 10.16-cm (4-in.) diameter 
supporting electrodes was 48.9 kg (107.5 lb ) .  

Total carbon 

Mass balance f o r  furnace products and f o r  important species i n  the LLW 
simulant using the percentage offgas determined experimentally f o r  WHC2 
(11.1%) i s  l i s t e d  i n  Table 5-3. 

The ca lcu lat ions over furnace products, assuming 11.1% offgas, 
provide good closure and ind icate about 89.3% o f  the feed repor t ing 
t o  the product glass and about 1% repor t ing t o  the cyclone and 
baghouse. 

About 1.4 kg (3 l b )  o f  C r  was present i n  glass and APCS so l ids i n  
excess o f  feed ind ica t ing  corrosion o f  hearth re f ractory .  
o f  re f rac to ry  corrosion i s  estimated t o  be 0.22 mn/h Qn2the basis o f  
10% chromium oxide i n  ruby, 16-hour exposure, and 1.1 m exposed 
re f rac to ry  surface. 

Soda, potacia, and s i l i c a  also were present i n  glass i n  excess o f  
feed, but the small d i spa r i t i es  are explained by uncertaint ies i n  
the analyses. 

88.4% o f  the B and 70.8% o f  the Cs were accounted f o r  i n  the glass. 
The l a t t e r  observation i s  especia l ly  important t o  the  design o f  a 
radioact ive f a c i l i t y .  

85.0% o f  the S and 50% o f  the  C1 i n  the feed were unaccounted f o r  i n  
glass and APCS products ind ica t ing  the existence o f  gaseous species 
passing through the baghouse. 

The r a t e  

F and I were s i m i l a r l y  unaccounted f o r  i n  glass and APCS so l ids 

Vaporization o f  Mo remained a problem, w i t h  39.9% o f  the Mo i n  the 
feed unaccounted f o r  i n  glass and APCS sol ids. Mo, i f  a good 
surrogate f o r  Tc, indicates an impending challenge t o  r e t a i n  Tc i n  
the glass f o r  a l l  melt ing technologies. 

These data derived from WHC3 confirm the advantage o f  la rge  electrodes 
and low electrode current density. Addit ional improvements i n  glass-tapping 
temperature and re ten t ion  o f  v o l a t i l e  species are ant ic ipated w i th  aux i l i a ry  
heating a t  the entrance t o  the glass tap hole. 
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ALRC Feed Prep SOP, rev 0. 3 

OPERATING PROCEDURE FOR FEED PREPARATION 

PHASE 1 DEMONSTRATION OF >PHASE ELECTRIC ARC MELTING FURNACE 

RADIOACTIVE LIQUID WASTES 
TECHNOLOGY FOR VITRLFYING HIGH-SODIUM CONTENT LOW-LEVEL 

(1) INTRODUCTION 

1.1. Obiective: 

Prepare pelletized dry furnace feed by two methods, designated A and B, for the ALRC arc 
melter and which also is appropriate to other dry-feed melting technologies using !O M LLW 
simulant, sucrose and carbon reductants, and readily available industrial minerals. 

(2) SAMPLE COLLECTION, LABELING, AND STORAGE 

Persons responsible for sampling and the samples to be collected are identified in table 1. 
All samples shall be placed in prelabeled containers and stored on a single pallet. 

Table 1 .- Required Samples 

Sample 

starting 
' materials 

A Feed 
A Feed 
A Feed 
A Feed 
A Feed 
A Feed 

B Feed 
B Feed 

Description and 
frequency 

1 at beginning 
of feed preparation 

Wet pellets w/o LLW 
Dry pellets wlo LLW 
Wet pellets w LLW 
Dry pellets w LLW 
Reacted pellets 
Reacted pellets 

Wet pellets 
Reacted pellets 

Number Responsible person 

1 (400 g each) Weigher 
for each material 

2 (400 g each) 
2 (400 g each) 
2 (400 g each) 
2 (400 g each) 
2 (400 g each) 
1 g) 

Disc assistant 
Disc assistant 
Disc assistant 
Disc assistant 
Disc assistant 
Disc assistant 

2 (400 g each) Receiver 
48 (1 every other Receiver 
barrel, each 400 g) 
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(3) RECORD KJ3EPING 

The following records shall be kept during mixing of dry materials for Method A pellets and 
pelletizing of Method B feed. 

Record Responsible person 
1. NO, Concentration Log QA person 
2. NO, Monitor Service Log QA person 
3. Batch Weight Log QA person 
4. Mixer Log Mixer operator 
5. Sample Log Receiver and disc assistant 
6. Belt Dryer Log Receiver 

(4) DUTIES OF OPERATORS 

Five operators are needed at all times during feed preparation involving operation .of the 
double ribbon mixer. Two additional persons are needed to operate the disc pelletizer. 

1. Weigher: Responsible for collecting 1 each 400-g sample of each feed material, 
for accurately formulating each batch of material by carefully weighing each 
component and managing materials to avoid confusion. 

2. Mixer: Manages the mixer to prepare pellets, and enters appropriate inforntion 
on the Mixer Log; operates the conveyor to efficiently dry and transfer pellets to the 
belt dryer, and rabbles material on the conveyor to encourage removal of moisture. 

3. Lift operator: Operates fork and barrel lifts to transfer materials between the 
weighing and mixing stations, maintains an inventory of materials at the weigh station, 
and assists to rabble the conveyor as needed. 

4. ReceiveFt Receives material from the belt dryer, assures that material issuing from 
the belt dryer cleanly reports to barrels, checks alignment of the belt at 15 min 
intervals, numbers barrels of Method B feed as filled, and collects samples as follows: 

B Feed: 1 each 400 g sample of wet Method B pellets near the beginning and 
end of Method B feed preparation. 
B Feed: 1 each 400 g sample from every other barrel of reacted Method B 
feed. 

5. Quality assurance person: Responsible for assuring safe conditions in the work 
place. Changes and recharges battery and downloads information in each NO. 
monitor at beginning of each shift. Checks the NO, monitors at 15 min intervals and 
records the concentration on the NO, Log. Responsible for assuring accurate 
weighing of feed components. Records the total weight of dry material and 10 M 
LLW for each batch on the Batch Weight Log. 
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6. Pelletizer: Operates the disc to prepare dense pellets with uniform size and shape. 

7. Disc assistant: Operates fork and barrel lifts as needed to transfer mixed materials 
to the pelletizer station, transfers wet pellets to the dryer, transfers dry pellets to 
barrels containing polyethylene liners, and collects samples as follows: 

A Feed: 1 each 400 g sample of wet pellets near the beginning and end of 
pellet preparation. 
A Feed: 1 each 400 g sample of dry pellets near the beginning and end of 
drying of Method A pellets. 
A Feed: 1 each 400 g sample of wet pellets containing LLW near the 
beginning and end of loading of Method A pellets. 
A Feed: 1 each 400 g sample of dry pellets containing LLW near the 
beginning and end of drying of loaded Method A pellets. 
A Feed: 1 each 400 g sample of reacted pellets containing LLW near the 
beginning and end of reaction of loaded Method A pellets. 
A Feed: 1 each 1,ooO g sample of reacted Method A pellets near tbe midpoint 
of reaction of loaded Method A pellets. 

(5 )  PREPARATION OF FURNACE FEED 

The glass composition designated LD6-5510 (from Kim 5/16/94) was selected for 
investigation. Furnace feed prepared by Methods A and B differ in terms of components, but 
result in very similar glass compositions. Approximately 4,000 Ib of Method A feed aqd 
24,000 Ib of Method B feed will be prepared. 

Reductants comprising 25 pct of stoichiomemc sucrose, as powdered sugar, and 50 pct of 
stoichiometric carbon, as activated woodderived carbon, will be incorporated in pellets 
prepared by both Methods A and B. The stoichiometry is based upon equations 1 through 4, 
which were the basis for experimentation but may not represent the actual chemical reactions. 

Sucrose reductant: 
Equation 1. C,,H,O,, + 8 NaNO, --> 4 Na,O + 4 N, + 8 CO, + 4 CO + 11 H,O 

Equation 2. C,,H,O,, + 12 NaNO, -> 6 Na,O + 6 N, + 6 CO, + 6 CO + 11 H,O 

Carbon reductant: 
Equation 3. 3 C + 2 NaNO, --> Na,O + N, + 2 CO, + CO 

Equation 4. 2 C + 2 NaNO, --> NhO + N2 + CO, + CO. 
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5.1. Method A: 

Method A, termed the Bureau of Mines Dry Feed Process, requires six steps: 
1. Mixing of dry materials including glass formers, binders, and reductants, 
2. Pelletizing mixed dry materials with water using a disc pelletizer to fonn spherical 
pellets, 
3. Drying pellets to remove moisture and develop physical strength to withstand 
normal handling and absorptive capacity to assimilate the appropriate quantity of LLW 
simulant, 
4. Contacting dry pellets with LLW simulant as appropriate to provide 25 pct waste 
loading in the product glass. 
5. Drying loaded pellets to remove moisture, and 
6. Heating dry loaded pellets to initiate reaction between reductants and nitrates and 
nitrites. 

Reacted pellets constitute dry denitrified furnace feed. Method A is preferred for application 
to actual LLW in that the exposure, effort, and expense of processing radioactive mterials 
are significantly decreased. 

5.1.1 Pellet Preparation: 

Pellet preparation must be preceded by competent mixiig of all dry materials. Water to 
decrease dust formation during pellet formation is advantageously added to the dry materials 
in the mixer. Table 2 provides the recipe for Method A pellets and table 3 lists the weights 
of materials needed to prepare 4,000 Ib in batches ranging from 500 to 1,000 Ib. Actual 
batch weight will be determined by experiment, beginning with 500 Ib. The weigher will 
highlight the batch weight determined to be appropriate to prevent errors in subsequent 
batches. The following sequence of operations assures reliable and consistent batches. Begin 
with labeled containers each marked with the tare weight. 

1. Collect 400 g of each material for analysis excluding water and LLW simulant. 
2. Weigh Bayer alumina, boric acid, and S bentonite into labeled 5 gal buckets. 
3. Weigh diatomite into labeled barrel. 
4. Transfer alumina, boric acid, and S bentonite into barrel containing diatomite, 
and record weight on Batch Weight Log. Remove barrel from scale. 
5. Weigh -200 silica, powdered sugar, and carbon in labeled 5 gal buckets (two 
buckets may be required for carbon). 
6. Weigh Micro-Cel into labeled barrel. 
7. Transfer silica, powdered sugar, and carbon into barrel containing Micro-Cel, and 
record weight on Batch Weight Log. 
8. Weigh the required water into a labeled barrel. 
9. Place barrels on pallet and transport pallet to the mixer station. 
10. Transfer the dry materials to the mixer with the barrel lift, and mix for 5 minutes. 
Determine optimum mixer speed to prevent excessive dust formation. Record mixing 
time and mixer speed on the Mixer Log. 
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Table 2.- Composition of Industrial Minerals. Resultant Pellets.10 M LLW Simulant. and Product Glass for Method A 
Date prepared. 12-16-94 
Update new compositions: 1-19-95 

Baver Boric Southem 

0.25 pct waste loading 
Glass , 

Saved a tAN25Q 

Glass 
after 

melting 

Pellet 
as 

dried 
makers 
sand 

10 M LLW 
solution 0 .  

Component alumina acid Bentonite Diatomite Micro Cell 

Pct 5.550 10.820 3.646 51.384 18.600 

Pct volatile material in components: 
Total all components: 100 

1o.Oo0 

8.9395 Pdof  Pctof 
soh solids 
0.000 0.000 

-3.544 12.595 
o.Oo0 o.Oo0 
0.000 o.Oo0 
0.003 0.010 
0.000 0.000 
0.wo 0.000 
0.045 0.159 
0.162 0.575 
o.Oo0 0.000 
0.000 0.000 
0.003 0.010 
o.Oo0 o.Oo0 
1.610 5.722 
0.003 0.010 
0.003 0.010 
0.165 0.585 
0.388 1.378 
0.324 1.153 
0.144 0.512 

21.181 75.278 
o.Oo0 o.Oo0 
0.209 0.744 
0.000 0.000 
0.237 0.843 
o m 0  0.000 
o.Oo0 0.000 
0.117 0.417 
0.000 0.000 
0.wo 0.000 
0.m 0.000 
0.000 0.000 
28.14 100.00 

Weight 
0.000 
8.319 
6.079 
0.005 
6.075 
0.000 
0.003 
0.002 
0.001 
0.001 
0.000 
1.427 
0.000 
0.252 
0.486 
0.000 
0.000 
0.010 
0.000 
0.000 
2.005 
0.002 
0.037 
0.000 
0.035 
0.000 

65.460 
0.000 
0.151 
0.004 
0.008 
0.699 

91.060 

P d  
0.000 

10.001 
5.007 
0.004 
5.006 
0.000 
0.003 
0.041 
0.144 
0.001 
0.000 
1.178 
0.000 
1.638 
0.403 
0.002 
0.146 
0.352 
0.288 I 
0.128 I 

20.471 1 
0.001 I 
0.216 I 
0.000 
0.240 
0.000 

53.914 
0.104 
0.124 
0.003 
0.007 
0.576 

100.000 

Component Analysis 
Ag20 

0.060 AI203 
8203 
BaO 
CaO 
CdO 
Ce02 
CR03 
cs20 
CUO 
FeO 

10 Fe203 
H9O 
UZO 
MgO 
Mn02 
MOO3 

A920 
A1203 
8203 
BaO 
CaO 
CdO 
Ce02 
0 2 0 3  
cs20 
CUO 
FeO 
Fe203 
HgO 
K20 
MgO 
Mn02 
MOO3 
CI 
F 
I 
Na20 
NiO 
P205 
PbO 
SO3 
Se02 
si02 
SrO 
Ti02 
ZnO 
Zr02 
Other' 
Subtotal 

c 0 2  
H20 
N03- 
N02- 
OH- 
Org C 

Total 

14.303 

0.015 
4.060 

0.026 
0.001 

95.427 
56.183 

4.289 

0.0% 
0.588 

0.002 
0.002 
0.001 
0.002 

2.016 

0.349 
0.464 

0.018 

3.734 
0.001 
0.041 

0.0008 
0.027 

86.357 

0.218 
0.005 
0.010 
0.146 

98.276 

0.004 
1.720 

1.568 

0.007 
30.240 

0.008 
0.006 

0.002 

1.229 

0.253 
0.783 

0.002 

0.310 
0.006 
0.066 

0.074 

49.500 

0.088 
0.006 
0.001 
3.323 

87.473 

2.277 
10.250 

0.W 4.405 0 

0.012 0.008 

i 

0.675 
2.783 

0.002 CI 
F 
I 
Na20 
NiO 
P205 
PbO 
SO3 
Se02 

99.910 Si02 
SrO 
Ti02 
ZnO 
zro2 

0.000 Other 
99.980 Subtotal 

0.263 0.023 0.337 
0.001 
0.085 
0.001 
0.216 

51.643 

0.615 
0.016 
0.063 
0.002 

79.250 

0.090 

0.100 0.001 
95.900 56.214 

4.100 43.786 
1.650 

19.100 
c 0 2  

0.020 H20 
N03- 
N02- 
OH- 
Org C 

0.486 1 .IO3 
8.454 46.348 
0.000 I 13.526 
0.000 I 5.281 
0.000 I 4.491 
0.0001 1.114 

Subtotal I 71.863 
I 

I 
100.00 I 100.00 

* Other comprises unanalyzed components in the industrial minerals 
100.000 100.00 100.00 100.00 100.00 100.00 
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Table 3.- Material for 4 Hour Demonsbation Test of Method A Furnace Feed 

Date: 1-19-95 

Components Fraction WtIb 

Bayeralumina 0.0555 170.31 
Boric acid 0.1092 332.02 
S bentonite 0.0365 111.88 
Diatomite 0.5138 1576.76 
Micm Cel 0.1860 570.76 
-200 silica 0,1000 306.86 
Total minerals 1.0000 3068.58 

of minerals 

Fradion 
of total 

Minerals 0.6936 3068.58 
Sugar 0.0236 104.32 
Carbon 0.0221 97.63 
Water 0.2608 1153.60 
Total to pelletize 1.0000 4424.14 

8 

Saved as HANAwbl 

Components are scaled to provide 4000 Ib of waded pellets. 

Composition is based upon spread sheet HAN 25 C! as revised 1-19-95. 

Reductants provide 25 pd of stoichiometric sugar and 50 p d  of 
stoichiometric carbon as Nucon NUSORB LN100325X. The carbon 
contains 4 p d  ash and 6 p d  moisture. 

10 M LLW 3309.95 

Components 500.00 550.00 600.00 650.00 700.00 750.00 800.00 850.00 900.00 950.00 1000.W 
Bayer alumina 19.25 21.17 23.10 25.02 25.95 28.87 30.80 32.72 34.65 36.57 38.49 
Boric add 37.52 41.28 45.03 48.78 52.53 56.29 60.04 63.79 67.54 71.30 75.05 
S bentonite 12.64 13.91 15.17 16.44 17.70 18.97 20.23 21.50 22.76 24.02 25.29 
Diatomite 178.20 196.02 213.84 231.66 249.48 267.30 285.12 302.94 320.76 338.58 356.40 
Subtotal 247.61 272.38 297.14 321.90 346.66 371.42 396.18 420.95 445.71 ' 470.47 495.23 

Micro Cel 64.50 70.96 77.41 83.86 90.31 96.76 103.21 109.66 116.11 122.56 129.01 
-200 silica 34.68 38.15 41.62 45.08 48.55 52.02 55.49 58.96 62.42. 65.89 69.36 
Sugar 11.79 12.97 14.15 15.33 16.51 17.69 18.86 20.04 21.22 22.40 23.58 
Carbon 11.03 12.14 13.24 14.34 15.45 16.55 17.65 18.76 19.86 20.97 22.07 
Subtotal 122.01 134.21 146.41 158.61 170.81 183.01 195.21 207.42 219.62 231.82 244.02 

Total all solids 369.6242 406.5866 443.5490 480.51 14 517.4739 554.4363 591.3987 628.361 1 665.3235 702.2860 739.2484 
Water 130.38 143.41 156.45 169.49 182.53 195.56 208.60 221.64 234.68 247.71 260.75 
Batch total 500 550 600 650 700 750 800 850 900 950 1000 

Batch weight, Ib 
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5.2. Method B: 

The process for Method B relies upon pellet formation by mixiig the dry ingredients 
including glass formers and reductants in a double ribber mixer, adding the LLW simulant 
with continued mixing, and finally adding water until pellet formation is complete. Method 
B is more cost effective for preparing small  lots of furnace feed in a batch process. 
Table 4 provides the recipe for Method B pellets, and table 5 lists the weights of materials 
needed to prepare 24,000 of furnace feed in batches ranging from 500 to 1,OOO Ib. Actual 
batch size will be determined by experiment, beginning with 500 Ib. The weigher will 
highlight the batch weight determined to be appropriate to prevent errors in subsequent 
batches. 

5.2.1. Preparation of Loaded Pellets: 

1. Collect 400 g of limestone to complete sampling of minerals. 
2. Weigh Bayer alumina, boric acid, limestone, -200 silica, powdered sugar, and 
carbon into labeled 5 gal buckets (carbon may require 2 buckets). 
3. Weigh diatomite into labeled barrel. 
4. Transfer contents of 5 gal buckets containing dry materials into barrel containing 
diatomite, and record weight on Batch Weight Log. Remove barrel from scale. 
5 .  Weigh the required water into a labeled 5 gal bucket. 
6. Transfer the required weight of 10 M LLW from a well-stirred barrel using the 
dedicated pump at the mixer station into a labeled barrel fvted to a pallet with mixer 
and pipe to withdraw liquid. 
7. Place bucket of water and barrel containing dry materials on a pallet and transport 
pallet and pallet with the barrel containing LLW to the mixer station. 
8. Transfer dry materials to the mixer with the barrel lift, and mix for 5 min at 
moderate speed to limit dust formation. Record mixing time and speed on the Mixer 
Log. From this point mixiig conditions need only be recorded if different. 
9. Connect the dedicated pump at the mixer station to the transfer pipe on the barrel 
containing LLW, and transfer LLW to the mixer with continued mixing. 
10. Increase mixing speed to maximum, and continue mixing for 10 minutes to 
uniformly distribute LLW within the dry materials. Record mixiig time on the Mixer 
Log. From this point mixing time need only be recorded if different. 
11.  Pour water from bucket into LLW barrel, and transfer water slowly into the mixer 
with continued mixing at maximum speed to ascertain conditions for pellet formation. 
Record water and mixing conditions on the Mixer Log. From this point conditions 
need only be recorded if different. Note that pellet formation is a function of mixing 
and liquid content. The objective is to minimize water use. Stop mixer immediately 
upon pellet formation. Excessive mixing will result in very wet and sticky pellets and 
ultimately in a thick soup. 
12. Return empty containers to the weigh station. 
13. Start conveyor, and set speed control at 5 Wmin. 
14. Start heaters over the conveyor. 
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Table 5.- Material for 24 Hour Demonstration Test of Method B Furnace Feed 

Date: 1-19-95 

Components 

Bayer alumina 
Boric add 
Limestone 
Diatomite 
-200 silica 
Total minerals 

Minerals 

Sugar 
Carbon 

10MLLW . 
Water 
Total 

Components 
Bayer alumina 
Boric acid 
Limestone 
Diatomite 
-200 silica 
Total minerals 

Sugar 
Carbon 

12 

Saved as HANB.wbl 

Fraction Wt. Ib 
of minerals 

0.0620 1244.93 
0.1065 2138.48 
0.1032 '207221 
0.5283 10608.05 
0.2000 4015.92 
1 .0000 20079.59 

Fraction 
of total 

0.4512 20079.59 

0.0151 671.96 
0.0141 628.87 

0.4791 21319.76 
0.0404 1799.81 
1.0000 44500.00 

Components are scaled to provide 44,500 Ib of loaded wet pellets. 
Antidpated weight loss on drying is 30 pd. and additional weight 
loss on reaction is 16 pd . Total weight loss is 46 pd To prepare 
24.000 Ib of reacted pellets requires 44.500 Ib of loaded wet pallets. 

Composition is based upon spread sheet HAN 25 L as revised 1-18-95 
Reductants provide 25 p d  of stoichiometric sugar and 50 pd of 
stoichiometric carbon as Numn NUSORB LN100-325X. The carbon 
contains 4 p d  ash and 6 p d  moisture. 

Batch weight, Ib 
500.00 550.00 600.00 650.00 700.00 750.00 800.00 850.00 900.00 950.00 1000.00 

13.99 15.39 16.79 18.18 19.58 20.98 22.38 23.78 25.18 26.58 27.98 
24.03 26.43 28.83 3124 33.64 36.04 38.44 40.85 43.25 . 45.65 48.06 
23.28 25.61 27.94 3027 32.60 34.92 37.25 39.58 41.91 44.24 46.57 

119.19 131.11 143.03 154.95 166.87 178.79 190.71 202.63 214.54 226.46 238.38 
45.12 49.63 54.15 58.66 63.17 6768 72.20 76.71 81.22 85.73 90.25 

225.61 248.17 270.74 293.30 315.86 338.42 360.98 383.54 406.10 428.67 451.23 

7.55 8.31 9.06 9.82 10.57 11.33 12.08 12.84 13.59 14.35 15.10 
7.07 7.77 8.48 9.19 9.89 10.60 11.31 12.01 12.72 13.43 14.13 

Total dly rnatertals 240.23 264.25 288.28 312.30 336.32 360.34 384.37 408.39 432.41 456.44 480.46 

10 M LLW 
Water 
Total weight 

239.55 263.50 287.46 311.41 335.37 :359.32 383.28 407.23 431.19 455.14 479.10 
20.22 22.24 24.27 26.29 28.31 30.33 32.36 34.38 36.40 38.42 40.45 

500 550 600 650 700 750 800 850 900 950 1000 
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6.2. Rewired Personal Safetv EouiDment: 

1. Weigher: Coveralls, safety shoes, hard hat, respirator with 3-way canisten, 
goggles, caustic resistant gloves and apron, and NO. detector. 

2. Mixer: Coveralls, safety shoes, hard hat, respirator with 3-way canisters, goggles, 
caustic resistant gloves and apron, and NO, detector. 

3. Lift operator: Coveralls, safety shoes, hard hat, respirator with 3-way canisters, 
and goggles. 

4. Receiver: Coveralls, s a f q  shoes, hard hat, respirator with 3-way d k n ,  
goggles, and caustic resistant gloves and apron. 

5. Quality assurance person: Coveralls, safety shoes, hard hat, respirator with 3-way 
canisters, and safety glasses (maintain goggles on person). 

6. Pelletizer: Coveralls, safety shoes, hard hat, respirator with 3-way canisters, and 
safety glasses. 

7. Disc assistant: Coveralls, safety shoes, hard hat, respirator with 3-way canisters, 
and safety glasses. 

6.3. Personnel Safetv Remonsibilities: 

All personnel, both supervisory and non-supervisory are required to inform non- 
pelletizing personnel of the hazards in the work area and to keep any personnel not 
wearing appropriate safety equipment out of the work area. All personnel are 
expected to wear appropriate safety equipment at all times. Please remember that 
safety equipment is being required, not to discomfort or to encumber personnel, but 
for their safety. 
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NO. CONCENTRATION LOG 

A record of NO. concentrations within the work area during preparation of Westinghouse 
Hanford Co furnace feeds by Methods A and B 

Date Time Position 
1 2 3 Remarks Initials 

I I I I 1 I 

I I I I I I 

I I I I I I 

~ 

I I I I I I 

I I I I I I 

I I I I I I 

I I I I I I 

I I I I I I 

I I I I I I 

I I I I I I 

-~ 
I I I I I I 

I I I I I I 

I I I I I I 

I I I I I I 

I I I I I I 
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MIXER LOG 

A record of mixing conditions for Westinghouse Hanford Co furnace feeds prepared by 
Methods A and B 

Batch Date Time LLW addition Water addition Initials Remarks 
number Time Speed Time Speed 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 

I I I I I I I I 
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(1) INTRODUCTION 

The Bureau of Mines' thermal waste treatment facility at the Albany Research Center in 
Albany, Oregon consists of an 800 kilowatt 3-phase electric arc melting furnace with 
supporting systems for cooling and recycling process water, feeding material to the furnace, 
treating offgases to remove particulates and acidic Components, and recording pertinent 
process data. The air pollution control system (APCS) is operated by a central control 
console. Figures 1.1 and 1.2 are plan and elevation views of the system. Figure 1.2 provides 
the positions of sensors in the furnace and APCS numbered from 1 to 21. Sensors include 
thermocouples (T), pressure sensors Cp), oxygen sensor (0). and flow measuring devices for 
gases (F) and water (W). Additional ports to access the system for analysis are indicated by 
(A) and (G). Rotary air locks (R) for sampling of particulates in the APCS are provided on 
the baghouse and cyclone exits. Process data as millivolt or 4 to 20 milliamp signals are sent 
to a data logger, which applies a linear scaler if needed and transmits the data to a PC for 
storage and display. 

1.1. 

(1) 

Objectives: 

Demonstrate 3-phase electric furnace melting technology in a 24-h continuous 
demonstration melting test of dry denitrified feed material prepared by two methods A 
and B to produce glass of the LD6-5510 composition. Both furnace feeds are 
compounded from simulated Hanford Site low-level tank waste (LLW simulant), 
readily available industrial minerals, and reductants selected to decompose nitrates and 
nitrites in the LLW simulant to elemental nitrogen. 
Demonstrate steady state operation including continuous feeding of Method B feed and 
continuous tapping of glass. 
Demonstrate ability to stop for an extended time and restart with Method B feed. 
Demonstrate ability to idle for an extended time with Method B feed. 
Demonstrate steady state operation including continuous feeding of Method A feed and 
continuous tapping of glass. 
Demonstrate that the 3-phase electric arc furnace can be operated in a practical and 
acceptable manner to minimize reduction of metal oxides. 
Demonstrate the inherent reliability, versatility, and maintainability of the 3-phase 
electric arc melting furnace. 
Demonstrate the capability of the 3-phase electric arc melting furnace to vitrify feed 
materials containing NaOH, NaNO,, NaNO,, and NaAlO, as significant constituents, 
PO,", SO,", Cl, and F as minor constituents, and regulated components including Ba, 
Cd, Cr. and Pb. 
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Demonstrate the capability a the electric arc melting furnace to produce a durable, 
consistent, and homogeneous glass conlzdnhg minimum 25 pct waste loading. 
Demonstrate the capability of the electric arc melting furnace to process the LLW 
simulant in compliance with applicable NO, and SO, requirements. 
Determine the distribution of LLW components among glass, fume solids, and offgas 
products. 
Determine composition and flow rate of offgas and quantities and composition of 
entrained particulates as related to feed chemistry. 
Collect and compile experimental electrical and process data that can be scaled to the 
requisite 200 metric tonslday LLW vitrification plant to support engineering studies, 
technology evaluation, life-cycle cost analysis, and to evaluate life e x h c y ,  
reliability, and maintenance requirements. 

(2) SAMPLE COLLECTION, LABELING, AND STORAGE 

Samples described in table 2.1 will be collected by the Sample Manager, as identified in 
Section 4. All samples shall be placed in 1 gal prelateled steel cans and stored on a single 
pallet. 

Table 2.1 .- Sample Description and Schedule 

Sample 

offgas 
offgas 
Offgas 
Offgas 
offgas 

. offgas 
offgas 
offgas 
offgas 
offgas 
offgas 
offgas 
Glass 
Glass 
Glass 
Glass 
Glass 
Metal 

Description 

0 ffgas/particulate 
Offgas/particulate 
Offgaslparticulate 
Cyclone solids 
Cyclone solids 
Baghouse 
Baghouse 
Scrubber solution 
Scrubber solution 
Coolerlcondenser 
Coolerlcondenser 
Thermal oxidizer 
Collect on steel plate 
Collect on steel plate 
Collect on steel rod 
Collect on steel plate 
Collect on steel plate 
Collect from metal tap 

Number 

2 sets during demonstration test of B feed. 
1 set during demonstration test of A feed 
1 set during hot idle 
1 during each offgas set 
Every 2 h. except as above 
1 during each offgas set 
Every 2 h, except as above 
1 during each offgas set 
Every 2 h, except as above 
1 during each offgas set 
Every 2 h, except as abeve 
1 at end 
l a t T = O , B f e e d  
1 each offgas set and 3 others during B feed 
1 during hot idle with B feed 
1 after hot idle with B feed 
1 during A feed 
1 at end of test 
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(3) RECORD =PING 

The following records shall be kept during the melting demonstration test. 

Record Responsible person 
1. Electrode Log Sample Manager 
2. Receiving Bin Log Sample Manager 
3. Feeder Log Feeder Operator 
4. FurnaceLog Furnace Operator 
5 .  APCS solids Log Sample Manager 
6. Glass and Metal Product Log Sample Manager 

3.1. Traceability: 

All samples to be analyzed or archived wil l  be assigned an identify& designation, entered on 
the appropriate log, and stored in clean labeled plastic containers. 

Samples of product glass and metal collected as described in table 2.1. will be provided to the 
WHC-designated analytical laboratory, and the others will be archived in clean labeled plastic 
containers. 

All data shall be clearly traceable from a final report back through the analytical records and 
worksheets to the date of analysis. the individual who performed the analysis, and to the 
measuring and test equipment used to collect the data. 

All analytical test conditions, specimen preparation information, and related data for 
conducting the analyses shall be documented as a part of the laboratory records, and shall be 
clearly traceable to the final report of analytical results. 

. 3.2. Records Disposition: 

The final disposition of project records (data files, logs, report formats, records storage and 
disposition) shall be determined by the WHC Project Manager and the subcontractor. 

(4) DUTIES OF OPERATORS 

Seven operators, a supervisor, and an electrician are needed at al l  times during furnace 
operation. 

Assignment 
1. Feeder operator 

Responsibilities 
Operating the feeder and primary air system and keeping 
the Feeder Log. 
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2. Furnaceoperator 

3. APCS operator, 

4. Sample manager 

9 

Operating the electric arc furnace and keepii the Furnace 
Log. 

Operating the APCS. 

Collects or supervises the collection of all samples and 
keeps the Electrode Log. Receiving Bin Log, APCS 
Solids Log, and Glass and Metal Products Log. 

5. Gas chromatograph operator Operates the gas chromatograph 

6. Lift operator 

7. Crane and tapping crew 

8. Supervisor 

9. Electrician 

Operates fork and barrel lifts to transfer feed materials to 
the receiving bin and glass and metal products to the 
storage area. 

Operates the overhead crane and taps furnace to remove 
glass and metal. 

Responsible for assuring safe operating conditions in the 
work place. Spot checks the NO, monitors. Spot checks 
feed and product weights to assure accurate weighing of 
feed and products. 

On call for possible electrical problems. 

(5) SAFETY AND ENVIRONMENTAL ISSUES 

5.1. Safety: 

All personnel attending the furnace are required to wear protective clothing, respirators (when 
needed), gloves, boots, safety glasses, and hard hats. Face shields and reflective heat-resistant 
clothing are required of the tapping crew. Additional common sense measures are required 
including remaining out of hann's way when not actually conducting a task. 

5.2 Environmental: 

5.2.1. Air quality in the work place: 

Contamination of air within the building including the control room will be assured by the 
following preventative and control measures. 

1. Emissions of gases and fumes into the building will be significantly decreased during 
furnace operation by withdrawing air through hoods over the tap holes for injection into the 
APCS as cooling air. The hood over the metal tap hole will be closed while tapping glass to 
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maximize fume collection over the glass tap hole. Similarly, the hood over the glass tap hole 
will be closed while tapping of the metal side. 

2. Air within the building housing the thermal waste treatment facility will be cbanged at 
intervals of 2 min by a combination of 3 blowers that remove air from ducts in the roof. 

3. The control room will be pressurized with filtered air to preclude ingress of air from the 
furnace room. 

4. Air within the building will be sampled by stationary air monitoring devices located above 
the glass (North) and metal (South) tap holes. A reference (R) monitor is installed in the 
control room. The monitors will be operated for 8 h during the demonstration test. 

5.2.2. Air quality in the neighborhood: 

Contamination of air outside of the building will be well within State guide lines as assured by 
oxidation of CO and volatile hydrocarbons and destruaion of chlorinated hydrocarbons in the 
t h e m 1  oxidizer, collection of particulate and condensed fume solids by baghouse, removal of 
acid gases by caustic scrubber, and final polishing of exhaust gases by activated carbon and 
HEPA filters prior to the stack. 

5.2.3. Disposal of unused feed and test products: 

All feed will be melted to eliminate potential disposal problems. Product glass, cyclone. 
solids, and baghouse solids will be disposed of in a municipal landfill if shown to be benign by 
analysis. All materials failing the TCLP test will be interned in a hazardous waste landlill. 
Scrubber solution will satisfy the City's requirement for sanitary sewer disposal @H between 6 
and 10 and no undissolved solids) and will be drained continuously into the city sewer as an 
overflow from the scrubber. Water for the cooler/condenser is provided by the cooling tower. 
The contents of the cooling water system will be vented after the test to the City sewer 
following analysis and pH adjustment, if needed. Solutions not acceptable for sewer disposal 
will be evaporated to dryness, and the solids will be placed in a hazardous waste landfill. 

(6) DESCRIPTION OF SYSTEMS 

6.1. Cooling Water and City Water Backup: 

Water for cooling the various water cooled devices within the thermal waste treatment facility 
is recycled through an evaporative cooling tower as a water and cost-saving measure. City 
water is available as a cooling fail safe and as make up for evaporation losses. 
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position, the position for optimum regulation. The positions of the APCS valve and 
the ID blower damper are indicated at the console. It is the responsibility of the APCS 
operator to maintain the APCS valve at about 70 pct open by adjusting the ID blower 
damper. 

(2) Temperature within the refractory-limed furnace exit duct: 

Burner 1, an 800,OOO Btulh Ramfkehtural gas burner by Maxon Corp. fires a narrow 
cylindrical flame through the center of the water-cooled furnace exit duct into the 
furnace plenum. The flame heats the surface of the duct to operating temperature 
(1,600 F) and provides a pilot light within the furnace to preclude the formation of 
explosive conditions. The burner can be controlled automatically by the thermocouple 
at position 1 to maintain the desired temperature within the duct, or controlled 
manually, as required during a cold start to heat the re€ractory-lined ducting at the 
desired rate to operating temperature. The airgas ratio is preset to provide for 
stoichiometric combustion of the fuel gas. 

(3)' Temperature within the crossover duct that connects the furnace exit duct to the thermal 
oxidizer: 

Burner 2, which is identical to Burner 1, fires down the center of the crossover duct. 
The burner can be controlled automatically by the thermocouple at position 2 to 
maintain the desired temperature in the duct, or manually, as required during a cold 
start. The air:gas ratio in burner 2 is preset to provide for stoichiometric combustion 
of the fuel gas. 

(4) Temperature within the thermal oxidizer: 

Burner 3, a 3 million Btum Kinemax%tural gas burner, fires into the base of the 
thermal oxidizer. Control is either automatic by the thermocouple at position 3, or 
manual, as required to heat the thermal oxidizer to operating temperature during a cold 
start. The air:gas ratio in burner 3 is preset to provide for stoichiometric combustion 
of the fuel gas. 

(5)  Secondary air: 

Gases generated within the furnace by partial combustion of organic matter in the 
furnace feed are oxidized by air (secondary air) that is injected through two 2-in ports 
in the venturi section of the thermal oxidizer. The volume of secondary air is metered 
by the 3-in secondary air valve, which is controlled by the Oxygen sensor at position 4 
to provide 5.5 pct oxygen in the output of the Evaporative Gas Cooler. Secondary air 
is provided by the cooliig air biower. 

*Ramfire and Kinemax are  trademarks of Maxon Corporation 
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(6) Evaporative Gas Cooler (Em): 
Injection of water as a fine mist by air atomization to cool the combined furnace 
exhaust and combustion gases is controlled by the thermmuple at position 4 at the 
outlet of the EGC. The desired temperam at position 4 is 500 F. 

(7) Cooling air: 

Cooling of exhaust gases from 500 F to 300 F is accomplished by injecting cool (room 
temperature) air into the APCS at the wind box. Cooling air, regulated by the cooling 
air valve, is obtained from hoods over the tap holes of the electric furnace by the action 
of the coolig air blower. The speed of the cooling air blower is manually adjusted by 
the variable frequency control (VFC) located to the left of the console. The volume of 
cooling air injected into the APCS is determined by the position of the coolig air 
valve, which is controlled by the thermmuple at position 6. The position of the 
coolig air valve and the speed of the cooling air blower are indicated at the console. 
It is the responsibitity of the APCS operator to maintain the cooling air vaFve at about 
70 pct open by adjusting the VFC for the cooling air blower. 

(8) pH control of acid gas scrubber solution: 

Fifty (SO) pct caustic solution is metered into the output side of the scrubber solution 
recycle pump by a caustic metering pump to maintain pH of the solution in the range 
8.0 to 8.5. pH of the recycle solution is sensed by a pH transmitter, which signals a 
controller to operate the caustic metering pump as needed. Makeup water for the 
scrubber is obtained from the cooling tower supply. An overflow of 2 to 5 gpm is 
maintained to prevent excessive accumulation of dissolved solids in the scrubber 
solution. Clean gases exit the scrubber saturated with water at 153 F. 

. (9) Cooler/condenser: 

Water from the cooling tower is passed once through the cooler/condenser to cool the 
flue gases from 153 F to 90 F. Water flow is regulated by a motorized 3 inch ball 
valve, which is controlled by thermocouple T10 located in APCS duct after the 
cooler/condenser. 

(IO) Supertrol." 

The Supertrol provides hot water to the exhaust gas reheat heat exchanger, which 
increases the temperature of saturated gases from the cooler/condenser to preclude 
condensation in the ID blower and the filters. Reheat is optimally in the range 5 to 10 
degrees F. 

*Super:Trol is a trademark ofiThe Lees-Bradner Company. 
8-16 







WHC-SD-WM-VI-030 
Revision 0 

ALRC n l a m a l  wum r e  hcllity SOP. m.0 

Furnace upper plenum, Type K. 
Furnace shell bottom. Type J. 
Metal tap hole. Type R. 
Product glass. Continuous indicating pyrometer. 
Primary combustion air, Type J. 
Secondary combustion air, Type J. 
Cooling water to furnace, Type J. 
Warm water return, Type J. 

Gas pressure transducer: 
Evaporative Gas Cooler exit. 
cooling air. 
Wind box exit. 
Cyclone exit. 
Baghouse exit. 
Scrubber exit. 
Cooler/condenser exit. 
Reheat exit. 
ID blower exit. 
Filter exit or stack. 
Furnace upper plenum (air draft X-mitter). 
primary combustion air. 
Secondary combustion air. 

Gas flow sensor and type: 
Atomization air for EGC. flow X-mitter. 
Evaporative gas cooler exit, He tracer. 
Cooling air duct, S-type pitot with P Xducer. 
Baghouse exit, He tracer. 
Baghouse exit, S-type pitot with P Xducer. 
Stack, S-type pitot with P Xducer. 
Primary combustion air, flow X-mitter. 
Secondary combustion air, S-type pitot 
with P Xducer 

Water flow sensor and type: 
EGC water, flow X-mitter. 
Cooling water to furnace, totalizing 
flow meter. 
Warm water return, totalizing flow meter. 

Miscellaneous sensor and type 
Feed rate 
Cold top depth (continuous) 

6-19 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

Monitoring point 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
18. 
19. 

Monitoring point 
EGC air supply 

4. 
5. 
8. 
8. 
13. 
18. 

19. 

Monitoring point 
EGC water supply 

20. 
21. 

Monitoring point 
Metering bin 
Under SE feed tube 
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water cooled fixture interferes with tapping of glass. 

The bottom and sidewall of the furnace shell are lined with chromic oxide-alumina bonded 
90 pct alumina super duty firebrick. Additional protection of the sidewall refractory is 
provided by water cooling of the exterior of the metal walls. The upper sidewall is lined with 
70 pct alumina insulating arch firebrick. The finished inside diameter of the furnace is about 
46 in (1.17 m). The hemispherical hearth with 5 fl' capacity below the glass tap hole was 
finish formed with chromic oxide-alumina bonded alumina ramming mix. 

The roof of the furnace is lined with 4 in (10.2 cm) of 85 pct alumina plastic refractory. 

The furnace is powered by a 3-phase 800 KVA transformer and three 250 KVA single-phase 
transformers configured to provide phase-to-phase voltage in the range 239 to 352 volts, which 
is satisfactory for melting high-resistance materials such as the LD6-5510 glass composition. 
The power supply can be reconfigured to accommodate most metallic and nonmetallic feed 
materials. 

Voltage regulation of 3 to 5 pct of the mean from open circuit to full load is provided by the 
power supply with 2,080 ampere maximum output current measured at the furnace. Power 
can be increased for a given transformer tap position by increasing the electrode positioning 
rheostats. A rheostat for each phase, working through the electrode positioning circuit for that 
phase, adjusts the electrode position to decrease the arc length, or even submerge the electrode 
in the melt, thereby providing increased current. Power to the furnace is a function of the 
voltage (transformer tap), current (electrode position as determined by rheostat setting), and 
the resistivity of the slag. A rheostat controls each electrode thereby providing a means to 
balance the power. 

(7) PROCEDURES FOR APCS AND COOLING WATER SYSTEMS 

. 7.1. Cooling Water Supply and City Water Backup: 

(1) Turn on ci@ water supply valves (two blue handles) in trench outside building and red 
handle near red switch in trench near furnace. 

(2) Close drain valves (on bottom) of 15 hp water supply pump, 5 hp tower circulating 
pump, and Supertrol pump. Also close drain valves on Supertrol hot water supply 
lines and tower water supply line in trench. 

(3) Open tower water supply valve to Supertrol (yellow handle on line leading to 
Supertrol). 

Turn on power conditioner (in vault) to city water fail safe valve. (4) 

8-21 





WHC-SD-WM-VI-030 
Revis ion 0 

2 0  AulC Thermal Was= Trcumcm Fdiy SOP. m.0 

7.3. Operation of Console, APCS, and Data Acquisition Systems: 

(IO) U P S  on. 

(11) Turn on power switch to computers and data loggers (near monitor), and veri@ that all 
sensors are reporting to the data logger. 

(12) Synchronize all watches and clocks. 

(13) Move control power selector switch to the on position. 
Power odindicator light will glow. 

Note that controllers reset to manual mode when the console power is turned off. Controllers 
return to a preset condition when power is resumed. Default conditions are the foilowine: 

I 

APCS valve controller, 10 pct = 10 pct open, 
Cooling air valve controller, 100 pct = 100 pct open, 
ID blower damper controller, 10 pct = 10 pct open, 
EGC controller, 100 pct = minimum water flow. Note that EGC controller is opposite 
to all others. 

(14) 

(17) 

Push start buttons for circuits A, B, C, D, and E on the furnace console to supply 
power to the Supertrol, feed system, and low water pressure alarm for the electrode 
clamps and support arms. Then push Supertrol power on button; green verification 
light will glow. Set temperature at controller outside of building to 150 F. Verify that 
tower water supply valve to Supertrol is open and that Supertrol is receiving water. 

Set high temperature limit controller 200 F higher than the desired operating 
temperature for the thermal oxidizer CrJ). The operating temperature for the WHC 
test is 1,600 F. and the high temperature limit is 1,800 F. If the high temperature l i t  
is exceeded, the controller signals with a flashing red tight and stops all burners. 
Manual reset is required before restarting the burners. 

Verify that low and high temperature set points on the baghousdscmbber temperature 
fail safe are 315 F and 335 F, respectively. If the temperature at the outlet of the wind 
box (T6) exceeds the low set point (315 F), the fail safe signals with a buzzer and a 
flashing light on the console. If no action is taken to correct the temperature, and the 
temperature at T6 increases to exceed the high set point (335 F), the fail safe stops all 
burners and closes the APCS valve. 

Verify that the low pressure set point on the baghouse pressure fail safe is -21 in WC. 
If the pressure at the inlet to the baghouse (P7) becomes less than the preset minimum, 
the fail safe activates a timer and signals with a buzzer and a flaslllng light on the 
console. If the condition is not corrected within a preset time (30 sec), the fail safe 
opens the cooling air valve to increase the pressure. Manual reset of the pressure 
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(20) 

sensor is required to regain control of the cooling air valve. The baghouse, scrubber, 
and coolerlcondenser are rated at negative 20 in WC working pressure. 

Open cooling air bypass valve. This is a manual valve and must be opened by hand. 
A limit switch in the cooling air bypass valve will close, and a green verification light 
on the console will glow. 

Open furnace inspection port. Note that the furnace, the refractory lined ducts, and the 
EGC will not be purged unless the furnace. inspection port is open. 

Verify the default condition for the secondary air controller: manual mode with zero 
output. The blue verification light will glow confirming that the secondary air valve is 
closed. 

Verify default condition for the ID blower damper controller: manual mode with 10 pct 
output (damper is 10 pct open). The ID blower damper controller remains in the 
manual position while the system is operating. 

Verify default condition for the APCS valve controller: manual mode with 10 pct 
output (valve is 10 pct open). 

Verify default condition for the cooling air valve controller: manual mode with 100 pct 
output (cooling air valve is 100 pct open). A green verification light will glow 
confirming the open status of the cooling air valve. The cooling air valve mustbe 
controlled manually until T6 exceeds 300 F. Premature automatic operation will result 
in closing of the cooling air valve, which could activate the low pressure baghouse fail 
safe. 

Press the ID blower start button and hold until green light glows. If air pressure 
switch fails to close within 3 sec, failure light glows. A purge timer is automatically 
energized, and a purge light will glow when the purge cycle is complete (5 min unless 
otherwise adjusted). Note that the purge cycle timer is adjustable on the 
instrumentation panel. At the end of purge cycle, purge complete light glows. Do not 
light burners until Purge Complete Light is on, but note that the purge timer does not 
prevent lighting of the burners. . 
Adjust variable frequency control (VFC) knob for the cooling air blower to full CCW 
position. The VFC is the green box on the left side of the console. 

Start the cooling air blower by holding the start button down while moving the start 
control switch on the VFC to reset (down) and then to run (up). A limit switch will 
make, and a green verification indicator light will glow confirming operation of the 
blower. 
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(45) 

(46) 

(47) 

(49) 

Continue to monitor T, and T6 as the output of the burners is increased. When T6 
indicates 300 F, cooling in addition to air supplied by the open cooling air bypass valve 
is required. Therefore, move the EGC system power switch to the on position. EGC 
system power green lights will glow if air pressure and water switches are made. If 
EGC system power lights do not glow, check air and water valves. EGC will 
automatically maintain T, at 500 F. The temperature at T6 then will decrease to below 
300 F. 

Close the cooling air bypass valve in increments until T6 indicates 300 F. 

Continue to advance the burners to provide the desired heating rate, and continue to 
adjust the APCS valve, the ID blower damper, and the cooling air bypass valve to 
maintain SP over the ID blower in the range 26 to 31 in WC, T6 near 300 F, and 
furnace pressure, P,,, at negative value (0.5 in WC is desired). Negative pressure in 
the furnace assures the correct direction of flow of combustion gases. 

Monitor P,4. When furnace pressure can be maintained manually at negatice 0.5 in 
WC, attempt automatic control of the APCS valve. If successful, attempt automatic 
control of the cooling air valve. If successful, slowly close the cooling air bypass valve 
in increments. A l i t  switch in the cooling air bypass valve will close and blue 
verification light will glow confirming closure of the valve. 

Carefully adjust the ID blower damper to position the APCS valve at the 70 pct open 
position, the position for optimum control. Note that the ID blower damper must be 
adjusted manually as the burners are increased to maintain the 70 pct open position. 

Carefully adjust the speed of the cooling air blower to position the cooling air valve at 
the 70 pct open position, the position for optimum control. Note that the cooling air 
blower speed must be monitored and adjusted manually as needed while the APCS is 
heating to maintain the cooling air valve at 70 pct open. 

When T, reaches 1,600 F, turn controllers for burners 1, 2, and 3 to auto which starts 
the respective control loops. 

Air pollution control and water cooling systems are now operational. 

7.5. Scheduled Shutdown of APCS and Water Cooling Systems: 

(1) Place burner 1 controller in the manual mode, and press down arrow to zero pct. Place 
burner 1 switch in the off position. Note that burner 1 blower remains on to provide 
air to cool the burner. 
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(3) 

(4) 

Monitor position of APCS and cooling air valves, and allow valves to compensate for 
decreasedps flow in the APCS. Adjust ID blower damper and VFC for cooling air 
blower as needed to mahtain APCS and cooling air valves 70 pct open. 

Repeat steps 1 and 2 for burners 2 and 3. 

When temperature at location T, reaches 600 F, place cooling air valve controller in 
manual mode, press up arrow to 100 pct. and maintain that position until the system is 
entirely cold and purged of moisture and acidic remanents. 

Open cooling air bypass valve. 

The EGC will automatically turn off when the temperature run permissive at position 
T, comes out of the circuit at 500 F. 

When T, reaches 300 F push the burner blower stop buttons. 

Turn off the EGC system. 

Place the EGC WO/A in the Off position. 

Manually open the furnace inspection door to assist purge of acidic remnants. 

Monitor pressure drop across the ID blower. Position APCS valve and ID blower 
damper during cooling to maintain pressure drop over ID blower in the range 26 to 3 1 
in wc. 
Press down arrow on Supemol controller to 100 F to prevent overheating of carbon 
filters, which will begin to liberate adsorbed materials at 120 F. 

Place coolerlcondenser controller in manual mode, and press down arrow to zero. 
Close manual water valve to cooler/condenser. 

Continue to operate baghouse, scrubber, ID blower, and cooling air blower for 12 to 
24 h to purge moisture and acidic remnants from the system. 

After purge is complete turn off baghouse pulsator. 

Push cooliig air blower and ID blower stop buttons to complete shutdown of APCS. 

Turn off cooliig water supply pump, cooliig water circulating pump, cooling tower 
fan, and all manual water valves. Open all drain valves. 

8-28 





ALRC Tkmd W r m  Trcrmrm FIciliry SOP. m.0 

WHC-SD-WM-VI-030 
Revis ion 0 

27 

(3) 

(4) 

(5) 

8.1. 

(1) 

(3) 

(4) 

Slowly increase burner 1 output to condition prior to emergency shutdown. Adjust 
APCS valve and ID blower damper to maintain static pressure across the ID blower in 
the range 26 to 31 in WC. 

Repeat steps 1.2, and 3 for burner 2. 

Monitor P,,. When furnace pressure can be maintained manually at negative 0.5 in 
WC, attempt automatic control of the APCS valve. If successful, attempt automatic 
control of the cooling air valve. If successful. slowly close the cooling air bypass valve 
in increments. A l i t  switch in the cooling air bypass valve wiH close and blue 
verification light will glow confirming closure of the valve. 

Carefully adjust the ID blower damper to position the APCS valve at the 70 pct open 
position, the position for optimum conkol. Note that the ID blower damper must be 
adjusted manually as the burners are increased to maintain the 70 pct open position. 

Carefully adjust the speed of the cooling air blower to position the cooling 2ir valve at 
the 70 pct open position, the position for optimum control. Note that the cooling air 
blower speed must be monitored and adjusted manually as needed while the APCS is 
heating to maintain the cooling air valve at 70 pct open. 

Reheat APCS to desired temperature to complete restart of system. 

(8) WHC DEMONSTRATION MELTING TEST 

Pretest Conditions: 

At least 32,000 lb of pelletized. deniwified, LD6-5510 feed material consisting of 
4,000 lb of feed prepared by Method A and 28,000 Ib prepared by Method B is 
available. 
The feed system. furnace, power supply, APCS, and data aquisition systems are 

Metal tap hole cleaned and plugged with 8 in of Permanente 165. An alumina-sheathed 
Type B thermocouple will be installed in the metal tap hole during repair. 
Two lengths carbon electrode in each electrode arm with clamps tightened. Note initial 
weight and length of each electrode and record additional electrode weights and lengths 
along with date and time installed in the Electrode Log. 
Emergency furnace cooling hoses in place. 
Electric drill and masonry bits available to open the metal tap hole. 
Steel rods available for closing glass tap hole. 
Two conical glass molds in position in north pit. All conical molds are coated with 
graphite or carbon wash and contain about 4 inches of sand in the bottom. 
Immersion thermocouple instrument checked out and 5 ft thermocouple tips available. 
Spoon for metal sample and rod for slag sample available. 

functioning. 
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8.2.3. Demonstrate steady state operation with Method B feed: 

T = 0: Maintain steady state test conditions. Collect, identify, and package samples 
of glass, cyclone and baghouse solids, and scrubber solution at 2-h intervals. 

8.2.4. Demonstrate Ability to Stop for an Extended Time and Restart: 

T plus 8 h: 
Stop feed, allow cold top to melt, plug glass tap hole with iron bar, stop power 
with electrodes in place, and stop cooling water to furnace shell. Maintain 
cooiing water in all other circuits. 

T plus 8 h 20 min: 
Restart power supply on transformer tap D. If power starts readily, stop power 
to continue the stop test. 

T plus 8 h40 min: 
Restart power supply on transformer tap D. If power starts readily, stop power 
to continue the stop test. 

T plus 9 h: 
Restart power supply on transformer tap D. If power supply is slow to start, 
increase tap to C, then B, and then A until current flow is established. 
Decrease transformer tap to C. restart water flow to the furnace sidewalls, and 
begin feeding to increase cold top to previous level. After 30 min, remove iron 
bar from slag tap hole to initiate continuous tapping. Establishment of 
continuous tapping completes the demonstration to stop for extended period and 
restart the furnace. 

8.2.5. Demonstrate ability to idle for extended time (2 h) and restart: 

T plus 16 h 
Stop feed, melt cold top, decrease power to minimum (transformer tap D with 
rheostats 0), and plug glass tap hole with iron bar. 

T plus 18 h: 
Increase power to previous value, and begin feeding at previous rate. After 30 
min remove iron bar to initiate continuous tapping. Establishment of 
continuous tapping completes the demonstration to idle for an extended period. 
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8.2.6. Demonstrate steady state operation with Method A feed: 

T = 2 0 h  
Switch to Method A feed, and maintain steady state test conditions while 
feeding and melting IO00 lbh. Collect, identify, and package samples of glass, 
cyclone and baghouse solids, and scrubber solution at 2-h intervals. 

T plus 24 h 
Cease feeding and allow cold top to melt. Plug glass tap hole with iron bar. 
Open metal tap hole to drain furnace contents into preheated ladle. Sample 
stream immediately using cast iron cup to capture metal if present. Sample 
glass as it exits the furnace using steel crucible and steel plate. Operate power 
supply as needed to maintain flow of material from the metal tap hole in order 
to completely drain the hearth. Completion of tapping stops the clock and ends 
the 24-h demonstration test. Remove ladle from the pit and transfer contents to 
cast iron molds. Conduct scheduled shutdown procedure for APCS, and allow 
furnace to cool. Remove electrodes from cool furnace. Record weight, length, 
and appearauce on the electrode log. Collect residues from cyclone and 
baghouse, and sample scrubber and cooler/condenser solutions. Observe 
interior of furnace through inspection port in roof, and describe appearance of 
refractory. 
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Sample Sample Time Sampler sample 
No. Number Date Sampled Initials Mahi.. 
141 MlS6415M 03/09/95 1950 SG Scrubbersolution 
142 MlS6416M 03/09/95 2i:so SG Scrubbersolution 

-. . 143 MlS6417M 03/10/95 00:45 SG Scrubbersolution 
144 MlS6418M 03/10/95 13:OO BOC Scmbbcrsolufion 

Sample 
Point 

scrubber 
Scmbbv 
Scrubber 
scrubber 
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2.0 TEST RESULTS AND DATA PRESENTATION 

The result of the ammwa test run from the conuuous enussions momtonng (CEM) wn&Umng system IS 

presented in Table 2-1 The results ofthe pamculate, metals, NH3, HCl, C12, HF and FZ enuss~ons testmg are 

summanzed in Table 2-2 The results of the 4, CQ, S a .  Na, CO and THC temng are summanzed in 
Table 2-3 The tempemre and pressure measurements obmned from the EPA Method 2 sample traverses 

are presented in Tables 2 4  and 2-5, nspect~vely 

Detailed field data and results tabulations are presented in Appendix A. Example calculations are given in 
Appendix B. Field data are given in Appendix C. Analytical data are provided in Appendix D. Calibration 

data are presented in Appendix E. R o m s  

schematics are presented in Appendix G. 

Sampling tmn schematics are premted in Appendix F. 
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TIME LOG (CONTINUED) 

FEED 

Hanford B 

Idle 

Hanford I 

ACTIVITY 

:EM test run a! the stadtfor 
h, CQ. CO, NG, NO and 
'Q. 

'est run M2-3 conducted for 
alonty and temperature at the 
urnace outlet 
rest run MS-2 conducted for 
mudate, metals, N H 3 ,  HCI, 
:I2, HF and F2 at the furnace 
mtlet 
:EM test run at the stadc for 
h. CG. CO, NG. NO and SQ 
md THC 
rest run MS-3 conducted for 
partldate, metals, NH3, HCI, 
CI2. HF and F2 at the furnace 
mtlet 
CEM test run in the furnace for 
4, CG,  CO, NO., NO and So2 
andTHC Themdenser 
system wds replaced wth 
impngers to avoid pluggng 
The imptnger contents were 
analyzed for N H 3  

Test run MZ4 conducted for 
veloc~ty and temprature at the 
furnace outlet 

particulate, metals, NH,, HCI, 
CI2, HF and F2 at the f u m e  
outlet 
CEM test run in the liunace for 
Q, C q ,  CO. NO., NO and SQ 
and THC 

Test run m-4 Conducted for 

Test run M2-5 conducted for 
veloclty and temprature at the 
furnace outlet 

II COMMENTS 

low due to wet impingement 
conditioning system. 

Test aborted due to plugging in 
sampling duct. 

1 Data for SQ and NO, based 
low due to wet impingement 
conditioning system 

pitot tube 
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TIME LOG (CONTINUED) 

2101-2151 Hanford A =F 
2314-2400 I 
2335-2345 I 
2300-0035 7 
0029-0131 7 
01360204 1 

ACITWTY COMMENTS 

Test M MS-5 COnQaed fOr 
pamculate, mttal~, N H 3 .  HC1, 
Clz, W d F z  at the furnace I 
outlet 
CEM test run in the fumaa for 
Q, CQ. CO. NQ. NO and 1 low due to wet immngement 11 

cyclone inlet. 
Test ruu MS-6 COnQaed for 
particulate, metals, N H 3 ,  HCL 
ClZ, IiF and F2 at the cyclone 
inlet 
CEMtestmatthestackfor 

velocity and temperature at the 

4, CQ, CO, NQ, NO and 
SO2 conditlorung system. 
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5.0 SAMPLING AM) ANALYTICAL PROCEDURES 

Following are brief descriptions of the sampling and analytical proaduns employed during this test program. 

5.1 Sampling Point Determination - EPA Method 1 

The number and locat~ons of the sampling and/or traverse points were determined according to the pmcedums 

outlined in EPA Method 1. Verification of hence  of cyclonic flow wds conducted prior to testing 

5 2  Flue Gas Velocity and Flow Rate - EPA Method 2 

The flue gas velonty and volumetric flow rate were detemed accordmg to the procedws outlined in EPA 
Method 2 Veloctty measurements were made using Type S Rtot tubes conforming to the geometric 

spenficauons in the test method Accordmgly, each has been assigned a wefliaent of 0 84 Merenual 

pressures were measured wtth Magnehelic gauges of appropriate range or with flutd manometers Eflluent gas 

temperahues were measured wtth Type K (chromel-alumel) thermocouples equtpped with hand-held drg~tal 

readouts 

53 PIue Gas Moisture Content - EPA Method 4 

The flue gas moisture content wds d e t d n e d  in conjuncoon with each EPA Method 4 type train and 

according to the sampling and analytical p r d u r e s  outlined in EPA Method 4. The impinge= were 
connected in series and contained reagents as listed in the following method descripions. The impingers were 

contained in an ice bath to assure condensation of the flue gas stream moisture. Any moisture that wds not 

condensed in the impingers wds captured in the silica gel; therefore, all moisture was weighed and entered into 
moisture content calculations. 

5.4 Particulate, Metals, NH,, HCI. Clr, HF and F, - EPA Method 5 Type 

The concentrations of particulate, metals, NH,, HCI. C12. W. and F2 were determined using the prowdures 
and equipment described in EPA Method 5 ,  in combination with Methods I through 4 described above. 

Paniculate matter was withdrawn from the source and collected on a quartz filter maintained at a temperature 
in the range of 248 25OF. 
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Samuline Train Descrilxion. The sampling train consisted of quartz or glass probe, a heated quartz fikr 
filter, four chilled impingers in series, a pump, a dry gas meter and a calibrated orifice. The filter wdb housed 

in a glass filter holder and supported on a glass frit. The first and second impingers each contained 100 mL of 

0.1N Julfuric acid water, the third contained 100 ml of O.1N sodium hydroxide, and the fourth contained 

preweighed silica gel. The probe and filter housing %ere further cleaned for metals by Joaking in 1: 1 nitric 

acid. All glassware was prrcleaned using soap, tap wafer and deionized @I) water. A diagram of the 

sampling train used by Entropy for the testing is presented in Appendix G. 

A stainless steel nozzle was used for sampling conducted at the cyclone inlet. An unheated 5 foot transfer line 

hetween the pmk and filter was used for testing conducted at the furnace outlet. 

Samule Train ODeration. The sample train was operated afcording to EPA Method 5 at the cyclone inlet. 

Sampling at the furnace outlet wab conducted at a single point and constant rate. Sampling trains were leak 

tested to ensure that leakage did not exceed 0.02 cfm. The filter compartment was maintained at 248°F 5 
25°F during sampling 

Samde Recovety. The filter was removed and p l d  in a jar. The nozzle (if applicable). transfer line (if 

applicable), probe and filter €font half were rinsed With acetone into a jar, followed by a 0. I N  nitric acid nMe 

into a separate jar. The contents of the impingers w e  returned to the original jar, weighed, the k igh t  
recorded and the liquid level marked The impingers were then rinsed with DI into the jar containing the 

impingers' reagent. The silica gel was returned to the original tared jar, weighed and the weight recurded 

Samule Analvsis. The paniculate mass, which included any material that condensed at or above the filtration 
temperature, was determined gravimetrically after removal ofuncombined water. 

Analyses for metals were conducted after completion of paniculate analyses. The filter was leached with DI 

water. Half of the leached material was analyzed for metals while the other half was analyzed for particulate, 
metals, NH,, HCI. Clz, W, and FZ. The filter catch residue was digested with HNOJHCI to a volume of 100 
mls. 50 mls was archived and 50 mls was combined with the leached fraction and 50 % of the 0. IN  HN03 

front half rinse. The combined fraction was analyzed for metals by ICP and ICP/MS. 

Half of both the DI leached filter and the 0 I N  HNOl prok rinse Here analyzed for fluonde and chlonde by 

EPA Method 300 0 The implnger contents were analyzed for NHl, HCI. CIZ. W. and FZ by EPA Method 
350 2 
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Range - Cyclone Range - Stadc 

5.5 02, C02, SO2, NO, CO and THC - EPA Methods 3A, 6C, 7E, 10 and ZSA 

_. 
Q 
CO2 
NO. 

The samphng and analpcal pmcedurrs mtltned in EPA Methods 3 4  6C, 7E, 10 and 25A were used to 

measure the concentmom of gaseous spnes in the flue gas stream uung Entropy's CEM Mdnle Labaatory 

The EPA Methods were f o l l d  to quanti@' dry basis flue gas conantratlorn of CO, SQ. NCL THC, C h .  

and 4 Calibrauon gases were selected to meet the cntena of the methd All calibrauon gas concentratlorn 

were cerbfiedby P A  Rotocol 1 anal- 

Rinciple Inlet -Om 
Teledyne 320P-4 Fuel Cell 0-25 % 0-25 Yo 

Thenno 10 Chemilumin - 0-10.000 ppm 0-250 p 
ACS (Fuji) 3300 Non-Dispersive 0-20 ?'a 0-20 % 

At the b g m u n g  of each test day, a calibrauon error test was conducted by flmng zero, m d  and hgh range 
calibrauon gases duectly to the analp.l's. Before and after each test m, system calibrauon b w  tests were 

conducted by flmng zero and upscale calibrauon gases through the sampling system. A desCnFon of the 
analpm used for the test pragram is pnsented in Table 5-1 

NO 

SO2 

co 

Envlronmental escence 
Thermo IO Chemilumin - 0-5.000 ppm 0-250 ppm 
Enwonmental ewnce 
Western Research 721 A Non-Dispersive 0-5.000 ppm 0-1,oooppm 

Thenno 48 Gas Filter 0-10.000ppm 0-100ppm 
Ultraviolet 

Enwonmental Comlatlon 

Sample gas was withdraw from the source using a quarIz or stainless steel probe. Teflon* sample line was 

used to transport the sample gas to the sample conditioner where the moisture was separated from the gas. AI 
the stack a peristaltic pump was used to continuously remove the liquid from the sample conditioner. The 
sample gas was then passed through a post-pump condenser for further moisture removal before entering the 
sample manifold. At the In-Furnace test location, the sample conditioner was replaced with twu impinges 
containing 0.  I N  H2S04 for paniculate and moisture removal Flow to each instrument was controlled by flow 

control valves and meters downstream of the sample manifold. Instrument outputs were permanently recorded 
by a PC-based data acquisition system (DAS) developed by Entropy. The DAS consisted of a Toshiba Male1 

* 
Tef lon  i s  a trademark o f  E . I .  du Pont de Nemours & Company. 
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3200SX portable computer, Data Translation, Inc interface hardware, and softwdn wntten by Entropy The 
DAS polled analyzes signals once each second and pnnted one-nunute and other selectable averages It also 

was used to record calibrauon results A layout of the sampling system used by Entropy IS provlded in 
Appendx G 
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6.0 TEST CRITIQUE 

6.1 Volumetric Flow Rate - EPA Method 2 

6.1.1 Furnace Outlet 

Run number M2-5 is considered d i a b l e  due to low flow and pamdate buildup on the pitot. Run number 

M2-4 could no( be completed due to particulate buildup blocking the furnace outlet &ct. 

6.13 Cyclone Inlet 

The sampling and leak check proaduns described in EPA Method 2 were strictly followed. For run numkr 
M2-6 the last four points on the vertical axes were not measured due to partidate buildup in the duct. 

6 2  Particulate, Metals, NH,, HCI, CIz,  HF, and FZ - EPA Method 5 Type 

63.1 hrnace Outlet 

The leak check criteria of EPA Method 5 were met. The sampling trains were not operated isokinetidly. 

The sample trains were operated at low flow rates to avoid clogging filters and sample lines. Samples were 

collected at a single point near the center of the duct. Quartz probes with an angled end were used for 

sampling Samples were directed to the heated quartz filter using unheated Teflon jumpers approximately 5 
feet long. Since the jumpers wen unheated much of the particulate plugging occurred in the Teflon j u m p  

section. 

Dunng run number M5-1 the plant was not operating at steady state, therefore, the run was aborted The 
velocity during idle comspondng to Run number M5-4 m l d  not be determined due to particulate buildup 

blochng the furnace outlet duct The flow rate determined from M2-3 was used to calculate emissions for 

runs MS-2, MS-3 and MS-5 

6.2.2 Cyclone Inlet 

Sampling at the cyclone inlet was conducted within 10% of 100% isolonetic. The leak check criteria of EPA 
Method 5 were met. Sampling for run number M5-6 was aborted at the port change due to pending loss of 

feed at the furnace. 
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6.3 01, CO,, SO1, NO, CO and THC - EPA Methoda 3A, 6C, 7E, 10 and 25A 

6.3.1 In-FurnncJFurnnce Outlet 

All calibrations met EPA bias and drift requirements; the data was not drift com*ed Due to hquent 

clogging of sample lines and filters during testing at the furnace, sample run times were shortened. To 

in- run time the coil condenser conditioning system was replaced with an impinger system. The 

impinger conditioning system consisted of thrw irnpingers in series with each of the first two impingers 

containing 100 ml of 0.1N H2S04. The impinger system allowed longer sampling time but No2 and SQ were 

rmwed out in the proass. The impinger nagen1 €ram testing at the furnace during W o r d  B feed was 
anal+ for NHJ. Approximately 23.9 ppmvd o f N H 9  were determined to exist in the furnace. 

During CEM testing at the stack on March 9, 1995 the sample pump sample line had a cut in it, therefore 

causing problem with the post test system bias. 

CO and CO, concentrations sometimes spiked above their calibrated range. Data collected outside the 

calibrated range is flagged with an asterisk (*). 

With the high ammonia concentmion present in the flue gas stream, the NO, anaJyzer equippsd with the 

Moly-Converter was occasionally biased low. 

The CEM time recorded throughout the entire test period was 10 minutes ahead of plant time. 
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Sample custody PmadUreJ were based on proaduns rrcommMlded by the FPA. AI1 samples were given a 

unique alphanumeric identification cude. Because the samples were uansponed to the rmalyhcal labfatow 
for analysis, the custcdy prondurrs emphasize careful documentation of the sampling and analytical data and 
use of the chain of custody records. AI1 sampling dat& including information regarding sampling times, 
locations, and any spcific considerations assocIitted ' with sample acquisition were mrded on prerormaned 
data sheets. All samples wre inspasd upon arrival at the analytical laboratory to insure sample integrtty was 

not compromised 

7.4 Sampling QNQC Procedures 

All sampling was performed in accordance with the specified test me.thcds. Adherence to prescribed QC 
procedurrs ensured data of consistent and meamable quality. The following general QC procedures were 

incorporated into the sampling effort: 

7.4.1 General QC Pmeedum 

The following general QC checks were umduckd 

- All sampling equipment was thoroughly checked to ensure clean and opesable components. 
- Equipment was inspected for p i b l e  damage fmm shipment. 

- The number and location ofthe sampling ~ n r s e  points wre checked before taking measurements. 
- The temperature measurement system was visually checked for damage and operability by 

measuring the ambient temperature prior to each traverse. 

- All sampling data and calculations were recorded on preformatted data sheets. 

7.4.2 Flue Gas Velocity 

The data required to determine the flue gas velonty was collected using the methodology specified in EPA 

Method 2. Quality control procedures were as follows: 

- Visually inspected the Type S pitot tube before and after sampling. 
- Leak checked both legs of the pitot Nbe before and after sampling. 

- The number and location of the sampling traverse points were verified before talung measurements. 
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7.4.3 Particulate 

The parhculate in the flue gas was determined using EPA Method 5 typ sampling train. The following on- 

site QC checks were prformed: 
- The complete sampling train was leak checked before every run. 
- Ice wdb maintained in the ice bath throughout each run. 

- Robe and filter were heated and maintained at 248 

- The filter and catch were visually inspaed after each run. 

- Run isokinetics were calculated on-site. 

OF. 

7.4.4 Continuous Emission Monitoring 

The extensive quality assurance procedures included in the EPA Methals 3 4  6C, 7E, 10 and ZSA were 

followed for this test program. Calibration ermr tests wre conducted by introducing zero, mid-, and high- 

range calibration gases directly to the analyzers before each test set. Calibration bias && were conducted 

before and afkr each test run by injecting zero and upscale calibration gases at the probe outlet. The results of 
all calibration error and sampling system bias tests were within the limits specified by the applicable methods. 

All calibration gases wd were certified by the vendor using EPA Rotocol 1 analysis e l %  tolerance). 

Sampling system leak tests were conducted before and after each test by bloclang the Up of the sample probe 

and obsemng the flow from the sample pump Dunng the leak check, flow to the analyzer &old board 
was shut off and all flow from the sample pump must exit thmugh the post-pump condensate trap The 

presence of bubbling in the post pump condensate trap indtcated a leak in the sampling system 
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( 1) INTRODUCTION 

The demonstration test of dry furnace feed prepared from low-level 
high-sodium liquid waste from the Hanford site conducted March 7, 
1995 suffered from operational and procedural deficiencies. These 
deficiencies, probable cause, and corrective actions taken or 
planned during the present test are the following: 

1. Excessive glass temperature (1575 to 1700 C) resulting in 
excessive vaporization of sodium and boron. 

Probable cause: 
a. Electrode voltage too high, electrode configuration 
and/or arc length not optimum (rheostat positions), 
and/or excessive cooling of glass in the furnace by the 
water-cooled tapping fixture. 

a. Remove 250 kVA transformers from the circuit to 
provide decreased voltage for a given tap setting. 
Optimum voltage phase-to-phase, as calculated by Howard 
Davis, is 80 to 100 V with 1/6 reactance (the previous 
voltage was 240 V with the same reactance). 
b. Optimize arc length. Howard advises that the optimum 
electrode position is that depth at which no corona 
around the electrode tips is visible. Note that 
automatic operation likely will not be possible owing to 
decreased phase voltage. This means manual operation 
throughout the test of WHC material. In the manual mode 
the rheostats do not function. 
c. Replace water cooled tapping fixture with a graphite 
fixture. The temperature of the graphite fixture will be 

Corrective action: 

monitored continuously by thermocouple. - 
2 .  Condensation of water vapor in the cyclone and baghouse. 

Probable cause: 
a. Temperature of cyclone and baghouse below the dew 
point of natural gas combustion products (120 F). 

a. Preheat the cyclone and baghouse before starting the 
gas burners using an indirect fired heater in the cooling 
air duct, 
b. Provide heaters for rotary air locks on cyclone and 
baghouse, 
c. Condition the cooling air by heating to maintain 300 
to 325 F at the entrance to the cyclone (position 6). 
d. Move the cooling air bypass valve to position 9 
(between scrubber and cooler/condenser) to eliminate 
input of cold air into the APCS prior to the baghouse. 

Corrective action: 
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(2) SAMPLE COLLECTION, LABELING, AND STORAGE 

Samples described in table 2.1 will be collected by the Sample 
Manager, as identified in Section 4 .  All samples shall be placed 
in 1 gal prelabeled steel cans and stored on a single pallet. 

Table 2.1.- Sample Description and Schedule 

Sample 

Offgas 

Off gas 

Off gas 

Off gas 

Offgas 

Off gas 

Glass 

Metal 

The 

Description 

Off gas 

Number 

Semi-continuous analysis by gas 
chromatograph at the baghouse - -  
outlet 

Cyclone solids Every 2 h 

Baghouse Every 2 h 

Scrubber solution Every 2 h 

Cooler/condenser Every 2 h 

Thermal oxidizer 1 at end 

Collect on steel plate Every 2 h 

Collect from metal tap 1 at end of test 

( 3  ) RECORD KEEPING 

>wing records shall be 
demonstration test. 

Record 
1. Electrode Log 
2. Receiving Bin Log 
3 .  Feeder Log 
4 .  Furnace Log 
5 .  APCS Solids Log 
6. Glass and Metal Product Log 
7. Test Log 
8. Melter Inventory Log 

3.1. Traceability: 

kept during t 
- 

z melting 

Responsible person 
Sample Manager 
Weigher 
Feeder Operator 
Furnace Operator 
Sample Manager 
Sample Manager 
Sample Manager 
Sample Manager 

All samples to be analyzed or archived will be assigned an 
identifying designation, entered on the appropriate log, and stored 
in clean labeled plastic or metal containers. 
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Samples of solutions, product glass, and metal collected as 
described in table 2.1. will be submitted for analysis by the 
Bureau's Analytical Laboratory. The remaining materials will be 
archived in clean labeled plastic or metal containers. 

~ l l  data shall be clearly traceable from a final report back 
through the analytical records and worksheets to the date of 
analysis, the individual who performed the analysis, and to the 
measuring and test equipment used to collect the data. 

All analytical test conditions, specimen preparation information, 
and related data for conducting the analyses shall be documented as 
a part of the laboratory records, and shall be clearly traceable to 
the final report of analytical results. 

3.2. Records DisDosition: 

The -final disposition of project records (data files, logs, report 
formats, records storage and disposition) shall be determined by 
Bureau of Mines Project Supervisor in cooperation with the WHC 
Project Manager. 

( 4 )  DUTIES OF OPERATORS 

All operators and an electrician are needed during furnace 
operation. 

Assignment 

1. Weigher 

2. Feeder operator 

2. Furnace operator 

3 .  APCS operator 

4 .  Sample manager 

Responsibilities 

Weighs and delivers materials 
to receiving bin. Keeps the 

Operates the feeder and primary 
combustion air system and keeps 
the Feeder Log. 

Operates the electric arc 
furnace and keeps the Furnace 
Log. 

Receiving Bin Log. - 

Operates the APCS. 

collects or supervises the 
collection of all samples and 
keeps the Electrode Log, APCS 
solids Log, Glass and Metal 
Products Log, Test Log and 
Melter Inventory Log. 
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3 .  The control room will be pressurized with filtered air to 
preclude ingress of air from the furnace room. 

4 .  Air within the building will be sampled by stationary air 
monitoring devices located above the glass (North) and metal 
(South) tap holes. A reference (R) monitor is installed in the 
control room. The monitors will be operated for 0 h during the 
demonstration test. 

5 . 2 . 2 ' .  Air quality in the neighborhood: 

Contamination of air outside of the building will be well within 
State guide lines as assured by oxidation of CO and volatile 
hydrocarbons and destruction of chlorinated hydrocarbons in the 
thermal oxidizer, collection of particulate and condensed fume 
solids by baghouse, removal of acid gases by caustic scrubber, and 
final polishing of exhaust gases by activated carbon and HEPA 
filters prior to the stack. 

5.3. DiSDOSal of unused feed and test Droducts: 

All feed will be melted to eliminate potential disposal problems. 
Product glass, cyclone solids, and baghouse solids will be disposed 
of in a municipal landfill if shown to be benign by analysis. All 
materials failing the TCLP test will be interred in a hazardous 
waste landfill. Scrubber solution will satisfy the City's 
requirement for sanitary sewer disposal (pH between 6 and 10 and no 
undissolved solids) and will be drained continuously into the city 
sewer as an overflow from the scrubber. Water for the 
cooler/condenser is provided by the cooling tower. The contents of 
the cooling water system will be vented after the test tothe City 
sewer following analysis and pH adjustment, if needed. Solutions 
not acceptable for sewer disposal will be evaporated to dryness, 
and the solidswill be placed in a hazardous waste landfill. 

(6) DATA ACQUISITION: 

Basic information to evaluate the performance of the feed system, 
electric arc melting furnace, and the APCS are recorded 
electronically and/or manually throughout a melting campaign. 
Sampling of offgas will be done by gas chromatograph. 

6.1. Electrical Parameters: 

Electrical parameters for analyzing demand and consumption of the 
electric furnace are continuously monitored by a True RMS Power and 
Demand Analyzer Model 3950, which records rms voltage (V), rms 
current (A), apparent power (VA) , active power (W) , reactive power 
(var),. power factor, and total energy (Kw.h). These data are 
integrated over 1 min interval, and the integral values are stored 
by the instrument. A data logger receives up to 4 0  additional 
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inputs from sensors in the feed system, electric furnace, and 
APCS, applies a linear scaling factor to each input as needed, and 
transmits the calculated values to a personal computer at intervals 
of 30 sec for display and storage. A hard copy is printed at 5-min 
intervals. 

6.2. Continuous Monitorins Locations: 

The following data derived from both the furnace, APCS, and feeder 
will be recorded continuously during the vitrification 
demonstration test by the data acquisition system: 

Thermocouple sensor and type: Monitoring point 
Furnace exit after gas burner 1, Type R. 1. 
Crossover duct exit after burner 2, Type R.  2. 
Thermal oxidizer exit, Type R. 3 .  
Evaporative gas cooler exit, Type J. 4. 
Cooling air supply duct, Type J. 5 .. 
Cyclone exit (baghouse entrance), Type J. 7. 
Baghouse exit, Type J. 8. 
Scrubber exit, Type J. 9. 
Cooler/condenser exit, Type J. 10. 
Reheater exit (ID blower entrance), Type J. 11. 
ID blower exit (filter entrance), Type J. 12. 

Wind box exit (cyclone entrance), Type J. 6. 

Filter exit (stack), Type J. 13. 
Furnace upper plenum, Type K. 14. 
Furnace shell bottom, Type J. 15. 
Metal tap hole, Type K. 16. 
Product glass, continuous indicating pyrometer. 17. 
Primary combustion air, Type J. 18. 
.Secondary combustion air, Type J. 1 9. 
Cooling water to furnace, Type J. 20. 
Warm water return, Type J. 21. 
Graphite glass tapping fixture, Type R. 22. 

Gas pressure transducer: 
Evaporative Gas Cooler exit. 
Cooling air. 
Wind box exit. 
Cyclone exit. 
Baghouse exit. 
Scrubber exit. 
Cooler/condenser exit. 
Reheat exit. 
ID blower exit. 
Filter exit or stack. 
Furnace upper plenum (air draft X-mitter). 
Primary combustion air. 
Secondary combustion air. 

Monitoring point 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
18. 
19. 
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Gas flow sensor and type: Monitoring point 
Atomization air for EGC, flow X-mitter. EGC air supply 

Cooling air duct, S-type pitot with P X-ducer. 5. 
Evaporative gas cooler exit, He tracer. 4 .  

Baghouse exit, He tracer. 8. 
Baghouse exit, S-type pitot with P X-ducer. 8. 

Primary combustion air, flow X-mitter. 18. 
Stack, S-type pitot with P X-ducer. 13. 

Secondary combustion air, S-type pitot ~ 

with P X-ducer 19. 

Water flow sensor and type: Monitoring point 
EGC water, flow X-mitter. EGC water supply 
Cooling water to furnace, totalizing 
flow meter. 20. 
Warm water return, totalizing flow meter. 21. 

. Miscellaneous sensor and type 
Feed rate 
Cold top depth (continuous) 

Cold top depth (manual) 

6.3. Additional Loqs: 

Monitoring point 
Metering bin 
Under SE feed 
tube 
Under NE feed 
tube 

Manual logs will be kept to record the following: 

(1) 

( 4 )  

(5) 

ELECTRODE LOG: 
a. Date, time installed, and weight of graphite electrode 
segments placed in service. 

RECEIVING BIN LOO: - 
a. Date, time, and weight of all materials entering the 
receiving bin of the feed system. 

FEEDER LOG: 
a. Feed rate when feed rate is changed and at irregular 
intervals, 
b. Depth of cold top when feed rate is changed and at 
irregular intervals as appropriate. 

a. Furnace operating parameters including transformer 
tap, electrode voltage (VI, electrode current (A), power 
(kW), energy (kW.h), rheostat settings, and glass temp. 

APCS SOLIDS LOG: 
a. Date and time collected and the weight of all solids 
recovered from the APCS. 

FURNACE LOG: 
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GLASS AND METAL PRODUCTS LOG: 
a. Date and time collected and the weight of product 
glass ingots and samples for analysis. 

TEST LOG: 
a. Depth to bottom of hearth and thermal oxidizer. 
b. Totalizing flowmeters: EGC water, scrubber water, 
cooler/condenser water, and natural gas. 

f 

MELTER INVENTORY LOG: 
a. Feed and glass tapping rates; cumulative total feed 
and glass, power, and energy consumption. 

6 . 4 .  Offsas Analvsis: 

?in on-line dual-column gas chromatograph also will be available to 
determine concentrations of CO, CO,, 02, N,, SO,, NO., and He at 1- 
min intervals. He, the tracer gas, will be continuously injected 
at 'a measured rate into the plenum of the furnace to allow 
calculation of gas flow rate at any point downstream. The output 
of the chromatograph is displayed on a video monitor and also saved 
to disk. 

(7) PROCEDURES FOR APCS AND COOLING WATER SYSTEMS 

7.1. Coolina Water Suwulv and Citv Water Backuw: 

Turn on city water supply valves (two blue handles) in trench 
outside building and red handle near red switch in trench near 
furnace. Turn on cooling water supply (handle in trench near 
red handle on city water valve). 

Close drain valves on bottom of 15 hp water supply pump, 5 hp 
tower circulating pump, and Supertrol pump. Also close drain 
valves on Supertrol hot water supply lines and tower water 
supply line in trench. 

Open tower water supply valve to Supertrol (yellow handle on 
line leading to Supertrol). 

Turn on power conditioner (in vault) to city water fail safe 
valve. 

Verify that city water fail safe valve is closed by opening 
water supply valve to any feed tube. Momentarily turn power 
off to the power conditioner; fail safe valve should open, and 
water should flow in the open supply line. 

- 

Press start button (left button) on W wall to activate cooling 
tower circulating pump. Allow a few minutes for city water to 
make up the water held in the cooling tower. Verify that the 
tower circulating pump has not lost its prime. 
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Press start button (right button) to activate tower water 
supply pump (the supply pump must not operate for more than a 
few minutes without flow). Close fan start switch on 
electrical box and set fan switch to desired hi or low 
position to start the cooling tower fan. 

Verify that all drain valves are closed by opening the trench 
cover outside the building and making a complete inspection of 
the water supply system. 

(7) 

Open manual water valves as follows: 
a. Open valve on west wall over the utility trench to supply 
continuous flows in the exit lines from the transformer and 
the electrode arms and clamps (four exit pipes). 
b. Open valves near the east side of the furnace to supply 20 
gpm to the feed tubes, glass tap hole fixture (water is not 
required if the graphite fixture is in place), and exhaust gas 
duct (five or six valves). Shunt cooling water to the upper 
water trough by arranging the valves provided in two of the 
exit lines. Verify continuous coverage of the furnace wall. 
Remove blockage in drain holes as required. 

7.2. ODeration of UDC Controllers: 

Upper display: Indicates process variable (temperature, 
pressure, pct, other). 

Lower display: 'Indicates one of the following (Set 

Push buttons: The following keys are operational: Lower 
display, Up arrow, Down arrow, 
Auto/Manual and Tuning (function and set 

For normal operation the keys to be used are: Lower display, 
Up arrow, Down arrow, and Auto/Manual. 

Use the Lower Display key to change the lower display to the 
desired function. 

point, Output, Deviation). 

up). 

Use the Arrow keys to change the value. 

Change the set point by having Set Point in the lower display 
and using the arrow keys. 

To change the output: 1. Place controller in Manual mode, 2. 
Change lower display to Out, 3 .  Use the arrow keys to change 
the value. 
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7.3. ODeration of Console. APCS. and Data Acauisition Svstems: 

(10) UPS on. 

(11) Turn on power switch to computers and data loggers (near 
monitor), and verify that all sensors are reporting to the 
data logger. 

(12) Synchronize all watches and clocks. 

(13) Move control power selector switch to the on position. 

Note that controllers reset to manual mode when the console power 
is turned off. Controllers return to a preset condition when power 
is resumed. Default conditions are the following: 

Power on indicator light will glow. 

a. APCS valve controller, 1 0  pct = 1 0  pct open, 
b. Cooling air valve controller, 100 pct = 100 pct open, 

d. EGC controller, 100 pct = minimum water flow. Note that 
EGC controller is opposite to all others. 

. c. ID blower damper controller, 10 pct = 10 pct open', 

(14) Push start buttons for circuits A, B, C, D ,  and E on the 
furnace console to supply power to the Supertrol, feed system, 
and low water pressure alarm for the electrode clamps and 
support arms. Then push Supertrol power on button; green 
verification light will glow. Set temperature at contro'ller 
outside of building to 125 F. Verify that tower water supply 
valve to Supertrol is open and that Supertrol is receiving 
water. 

(15) Set high temperature limit controller 200 F higher than the 
desired operating temperature for the thermal oxidiz>r (T3). 
The operating temperature for the WHC test is 1,600 F, and the 
high temperature limit is 1,800 F. If the high temperature 
limit is exceeded, the controller signals with a flashing red 
light and stops all burners. Manual reset is required before 
restarting the burners. 

(16) Verify that low and high temperature set points on the 
baghouse/scrubber temperature fail safe are 315 F and 335 F, 
respectively. If the temperature at the outlet of the wind 
box (T6) exceeds the low set point (315 F), the fail safe 
signals with a flashing light on the console. If no action is 
taken to correct the temperature, and the temperature at T6 
increases to exceed the high set point (335 F), the fail safe 
stops all burners and closes the APCS valve. 
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(17) Verify that the low pressure set point on the baghouse 
pressure fail safe is -21 in WC. If the pressure at the inlet 
to the baghouse (P7) becomes less than the preset minimum, the 
fail safe activates a timer and signals with a flashing light 
on the console. If the condition is not corrected within a 
preset time (30 sec), the fail safe opens the cooling air 
valve to increase the pressure. Manual reset of the pressure 
sensor is required to regain control of the cooling air valve. 
The baghouse, scrubber, and cooler/condenser are rated at 
negative 20 in WC working pressure. 

(18) Open cooling air bypass valve to 20 pct open (2nd notch). 
This is a manual valve and must be opened by hand. 

(19) Open furnace inspection port. Note that the furnace, the 
refractory lined ducts, and the EGC will not be purged unless 
the furnace inspection port is open. 

(20) Verify the default condition for the secondary air con’troller: 
manual mode with zero output. The blue verification light 
will glow confirming that the secondary air valve is closed. 

(21) Verify default condition for the ID blower damper controller: 
manual mode with 10 pct output (damper is 10 pct open). The 
ID blower damper controller remains in the manual position 
while the system is operating. 

(22) Verify default condition for the APCS valve controller: manual 
mode with 10 pct output (valve is 10 pct open). 

(23) Verify default condition for the cooling air valve controller: 
manual mode with 50 pct output (cooling air valve is 50 pct 
open). The cooling air valve must be controlled manually 
until T6 exceeds 300 F. Premature automatic operation will 
result in closing of the cooling air valve, which could 
activate the low pressure baghouse fail safe. 

(24) Start the cooling air blower by holding the start button down. 
A pressure-activated limit switch will make, and a green 
verification indicator light will glow confirming operation of 
the blower. 

(25) Press the ID blower start button to supply power to the 
variable frequency speed control (VFC), which is in the 
caustic shed. 

( 2 6 )  Press the ID blower start button to supply power to the 
variable frequency speed control (VFC), which is outside in 
the caustic shed. 
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(31) Turn on manual water valve 1.5 turns to cooler/condenser 

Note: Observe the flow of water returning from the cool water tank 
to the warm water tank (open the lids to observe flows). The 
quantity returning is available for cooling. The au antitv 
<to zero. 

(tower water). 

(32) When Ts reaches 180 F. turn acid gas scrubber switch to on 
position to activate scrubber recycle pump and pH controller. 
A green light on the console will glow proving that power is 
on and recycle line is pressurized. Monitor liquid level in 
the scrubber, and adjust makeup water valve to provide 2 to 3 
g p m  overflow. 

(33) open manual vent valve to caustic barrel and valves in caustic 
supply line. Place caustic metering pump switch in auto 
posit ion. 

(34) With cooler/condenser controller in manual mode, press up 
arrow until display indicates 5 pct (3 in ball valve in supply 
line is 5 pct open). 

(35) Place cooler/condenser switch in on position. A green light 
on the console will glow proving that power is on and water 
line is pressurized. 

Note that water flow to the scrubber and cooler/condenser must be 
established before the input temperature to the scrubber reaches 
180 F. Excessive temperature will damage the fiberglass vessels. 

(36) Adjust controller and cooling air valve as needed to heat the 
baghouse to 300 F. Do not proceed until baghouse is hot. 
Record working conditions for future use. - 

7.3.3 Heating of refractory-lined ducts: 

(37) Manually close the furnace inspection door. 

(38) Observe the pressure profile over the APCS. Static pressure 
(SP) across the ID blower should be in the range 20 to 30 in 
WC. The motor will draw excessive current if SP is less than 
20 in WC. To correct, adjust the ID blower VFC, the cooling 
air bypass valve, the APCS valve, and the ID blower damper in 
small increments while observing SP over the ID blower and 
pressure in the cooler/condenser. Record conditions providing 
acceptable operating pressures in the APCS for future 
reference. 
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( 4 7 )  Monitor temperature at TI (between the EGC and windbox) and T, 

Note that the gas temperature at T, will carry through the baghouse 
to the scrubber and the cooler condenser, which should not be 
exposed to temperatures greater than 180 F without water flow. 

( 4 8 )  Turn on manual valves to provide water and air to the EGC 
system. 

( 4 9 )  Place the H/O/A switch for the EGC system in the "A" position. 
Note that the H position is for set up and adjustment of the spray 
lance. The 
EGC controller operates independently of the H/O/A switch. 

(after the wind box). 

Spray lance then can be operated outside the system. 

( 5 0 )  Continue to monitor T, and Ts as the output of the burners is 
increased. When Ts indicates 300 F, cooling in addition to 
air supplied by the cooling air is required. Therefore, move 
the EGC system power switch to the on position. EGC system 
power green lights will glow if air pressure and water 
switches are made. If EGC system power lights do not glow, 
check air and water valves. EGC will automatically maintain 
TI at 500 F. The temperature at T, then will be maintained at 
300 F by the cooling air valve. 

(51) Close the cooling air bypass valve in increments until T, 
indicates 300 F. 

(52) Continue to advance the burners to provide the desired heating 
rate, and continue to adjust the APCS valve, cooling air 
bypass valve, VFC for the ID blower, and ID blower damper to 
maintain SP over the ID blower in the appropriate range, T, 
near 300 F, and furnace pressure, P,,, at negative vdue (0.5 
in WC is desired). Negative pressure in the furnace assures 
the correct direction of flow of combustion gases. 

(53) Monitor P,, . When furnace pressure can be maintained manually 
at negative 0.5 in WC, attempt automatic control of the APCS 
valve. If successful, attempt automatic control of the 
cooling air valve. If successful, slowly close the cooling 
air bypass valve in increments. A limit switch in the cooling 
air bypass valve will close and blue verification light will 
glow confirming closure of the valve. 

( 5 4 )  Carefully adjust the VFC for the ID blower and the ID blower 
damper to position the APCS valve at the 70 pct open position, 
the position for optimum control. Note that the ID blower 
damper must be adjusted manually as the burners are increased 
to maintain the 70 pct open position. 

E-22 







WHC-SD-WM-VI-030 
Revision 0 

2 3  

7.7. Restartins APCS after Emersencv Shutdown: 

Conditions : 
a. Burner controllers in manual mode with zero output. 
b. Cooling air bypass valve 50 pct open (5th notch). 
c. ID blower off. 
d. Cooling air blower off. 
e. APCS valve closed; controller in manual mode with 0 pct 
output. 

(1) 

(4) 

Proceed with instructions in Section 7.4. 

(8) WHC DEMONSTRATION MELTING TEST wIIC2-95 

Pretest Conditions: 

About 8,000 lb of pelletized, denitrified, LD6-5510 feed 
material is available. 
The feed system, furnace, power supply, APCS, and data 
acquisition systems are functioning. 
Metal tap hole cleaned and plugged with 8 in of Permanente 
165. An alumina-sheathed Type K thermocouple is installed in 
the metal tap hole. 
Two lengths carbon electrode in each electrode arm with clamps 
tightened. Note initial weight and length of each electrode 
and record additional electrode weights and lengths along with 
date and time installed in the Electrode L o g .  
Emergency furnace cooling hoses in place. 
Electric drill, masonry bits, and tools are available to open 
the metal tap hole. 
Tools for opening the glass tap hole are available. Steel 

Two conical glass molds in position in north pit. All conical 
molds are coated with graphite or carbon wash and contain 
about 4 inches of sand in the bottom. 
Immersion thermocouple instrument checked out and 5 ft 
thermocouple tips available. 

xods available for closing glass tap hole. - 

(10) Spoon for-metal-sample and rod for slag sample available. 
(11) Steel rod for sounding furnace available. 
(12) The thermal oxidizer catch basin is clean and the cyclone and 

baghouse are clean. 
(13) The scrubber solution concentration is known and the solution 

has adequate capacity. 
(14) He tracer inlet valve and gas chromatograph are functioning. 
(15) All manual logs are available, and pertinent starting data are 

entered including water and gas totalizers. 
(16) All personnel attending the furnace shall wear protective 

clothing, gloves, boots, and hard hats. Face shields and 
silver suits are required for the tapping crew. Respirators 
are required if appreciable fume escapes the fume collection 
hoods. 
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(17) Demonstration test procedures have been discussed and are 
understood by crew members. 

(18) Sound cold furnace to measure depth from the thermocouple port 
to the true bottom of the furnace; record measurement in the 
Test L o g .  

(19) Feed materials in barrels are conveniently accessible to the 
barrel lift. 

(20) Air monitors are installed to determine air quality within the 
building. 

(21) Charge hopper is available to transfer charge materials to the 
receiving bin. 

(22) Bags and dump hopper on small baghouse are clean. 

8.2. Meltins Schedule: 

Note that approximately 1000 lb of LD6-5510 glass remains in the 
furnace and that the level of the glass is about 2 in above the 
glass tap hole. 

8.2.1. Preheating of Furnace Refractories: 

4-10-95 : 

0400 Start baghouse heater, and heat baghouse to 300 F. 

Start APCS and burners, and heat refractory lined ducts 
at 200 F/h. 

Feed about 100 lb of WHC feed to the furnace. Additional 
lime may be needed if viscosity of material in the 
furnace is too high. - 
Prepare furnace with graphite triangle for starting. 

Instal Video camera mount and connect air line. 

0600 Plug graphite cinder monkey with iron bar. 

Start furnace power supply in manual mode on transformer 
tap D. If furnace will not start increase tap position 
as needed. 

Note that power supply likely will require manual operation during 
the test. 

Begin He tracer injection into the furnace plenum, and 
verify operation of the chromatograph at the baghouse 
exit. 

Confirm veracity of thermocouples, pressure and velocity 
probes, totalizing water and natural gas meters, and 
Hydras. 
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Continue heating refractory lined ducts to 1,600 F. 

Periodically remove iron bar in graphite cinder monkey. 
Begin tapping when glass is fluid. 

Begin feeding Method B Feed at 250 lb/h after tapping is 
demonstrated. Avoid cold top in excess of 4 in until it 
is clear that tapping is possible. Coordinate power and 
feed rate to establish steady state conditions. 

Adjust and evaluate transformer configuration if needed 
to provide steady state operation with glass temperature 
as low as possible. 

Collect samples for analysis as specified. 

Demonstrate minimum 2 h steady state operation with 
continuous feeding and tapping of glass. If time. permits 
explore influence of cold top. 

1400 Cease feeding and allow cold top to melt. 

Plug glass tap hole with iron bar before tap ceases. 

Open metal tap hole to drain furnace contents into 
preheated ladle. Sample stream immediately using cast 
iron cup to capture metal if present. Sample glass as it 
exits the furnace using steel crucible and steel plate. 

Operate power supply as needed to maintain flow of 
material from the metal tap hole in order to completely 
drain the hearth. - 
Remove ladle from the pit and transfer contents to cast 
iron molds. 

Adjust water valves to shunt water to lower trough. 
Allow cooling water and APCS systems to operate 
overnight. 

4-11-95 
0500 Remove electrodes from cool furnace. Record weight, 

length, and appearance on the Electrode Log. 

Observe interior of furltace through inspection port in 
roof, and describe appearance of refractory. This 
completes test WHCZ-1995. 
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PROCEDURES FOR OPERATING BUREAU OF MINES TWERHAL 
WASTE TREATMENT FACILITY AND OPERATING 
PROCEDURES FOR MELTING TEST WHC3-1995 
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P- FOR OPERATING 
BUREW OF bENES THERMAL WLSPE FACILITY 

prepared by the U.S. b e a u  of Mines. Department of the Interior, 
Albany Research Center, Albany, Or- 

i 

i Date prepared: May 1, 1995 

F-3 







WHC-SO-WM-VI-030 
Revision 0 

4 

(1) ImRoDucrIoN 
The demonstration test of dry furnace feed prepared from low-level 
high-sodium li id waste from the W o r d  site conducted March 7, 
1995 suffered Y ran operational and procedural deficiencies. These 
deficiencies, probable causes, and corrective actions taken were 
addressed in a follow-up melting test of 8-h duration conducted 
Ppril 10, 1995. Some issues remained unresolved, and it is the 
ob'ective of this test to resolve those issues, which are the 

1. Glass tapping temperature, melting rate, and vaporization of 
sodium and boron were improved in the follow-up test, but further 
improvement is needed. 

a. These deficiencies are related to electrode 
diameter. Low electrode voltage is essential to 
minimize arcing, but inadequate current is 
transferred to the molten pool by the 4-in 
electrodes for a given voltage. 

a. Provide 8-in diameter electrodes as stubs on the 
working ends of the 4-in electrodes, as practiced 
so successfully with the W furnace. 

2. Redox conditions in the furnace were too reducing, as indicted 
by excessive reduction of sodium and boron (vaporization) and the 
very high ratio of ferrous to ferric iron in product glass. 

a. Excessive energy density at the electrode-molten 
glass interface. The resulting high temperature 
within the electrode vicinity provides a very 
reducing atmosphere owing to carbon vaporization. 

a. Larger electrodes will decrease energy density and 
decrease localized tenprature. 

b. Provide for o q e n  in ection into the hearth 

is over the orifice) . 
Oxidation of metals by oxygen injection also will 
be investigated. Successful oxldation of metals 
will eliminate the need to tap metal, which will 
greatly simplify processing of the INEL materials. 

fo 1 lowing: 

Probable cause: 

Corrective action: 

Probable cause : 

Corrective action: 

through a porous plug an 2 an orifice (pressure drop 
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3 .  Plugging of the offgas exit duct. 
ProWle cause : 

a. Plugging occurred at two general locations: 1. In 
the 6 in ID duct between burner 1 and the water- 
cooled section (some buildup of material also 
occurred below the water-cooled section), and 2. In 
the 12-in ID duct downstream from burner 2 within 
the region of the large thermal gradient provided 
by the burner. Plugging was most troublesome as 
per 1 for the Hanford melt and as per 2 for the 
INEL melts. The present theory is that burner 1 
failed to maintain the temperature of the duct 
above the melting range of the condensible fumes. 
It was not proven by observation that burner 1 
could fire into the furnace. 

The INEL materials contained lime and soil which 
produced fine particles (dust) having high melting 
temperatures. Plugging following burner 2 likely 
was caused by heating of the dust by burner 2 to 
the semi-liquid sticky stage. 

a. Remve burners 1, 2, and 3, and close burner 1 hole 
with a steel plate. Provide slide gates in place 
of burners 2 and 3 ,  and introduce cooling air at 
those latter locations. About 2,000 cfm of cooling 
air is needed at location 2 to provide 2500 ft/min 
gas velocity in the 12-in duct. The ID blower does 
not have the capacity to move the volume needed to 
carry all of the dust through the them1 oxidizer. 
A compromise is to inject an additional 3,000 cfm 
at burner 3 location. The remaining 1,000 cfm ID 
blower capacit will be provided as heated air 

m e  6,000 cfm continuously with 40 hp to the mtor 
see fan curve, page 22). We will mnitor the 
pressure profile in the APCS and current to the 
motor to determine satisfactory operating 
conditions (see fan curve page 19). 

4. Failure to provide continuous tapping of glass at low 

Corrective action: 

through the coo 'i ing air duct. The ID blower should 

feed/melting rates. 
Probable cause: 

Corrective action: 
a. Tap hole too large. 

b. Provide graphite inserts in the cop r water-cooled 

the tap hole. Graphite inserts with 1/2, 5/0 / ,  and 
3/4 in diameter center holes will be prepared. 

tapping fixture to decrease the e r fective area of 
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1.1. 

i 

! 

(3) 

(4) 

(9) 

Investigate melting characteristics using 8-in diameter stubs 
on the electrodes, and demonstrate tapping of glass in the 
range 1,300 to 1,350 C. 

Demonstrate successful operation of the waste treatment 
facility including steady state operation with continuous 
feeding and tapping of glass at melting rates in the range 500 
to 1,000 lb/h. 

Demonstrate oxidation of metal in the furnace by injecting 
oxygen through the metal tap hole. 

Demonstrate operation of the 3-phase electric arc furnace in 
a practical and acceptable m e r  to minimize reduction of 
metal oxides. 

Demonstrate the capability of the electric arc melting furnace 
to produce a durable, consistent, and homogeneous glass 
containing minimum 25 pct waste loading. 

Demonstrate the capability of the electric arc melting furnace 
to process the L L W  simulant in compliance with applicable NO, 
and SO, requirements. 

Determine the distribution of U W  components among glass, fume 
solids, and offgas products. 

Determine composition and flow rate of offgas and quantities 
and composition of entrained particulates as related to feed 
chemistry. 

Collect and compile experimental electrical and process data 
that can be scaled to the requisite 200 metric tonsjday L L W  
vitrification plant to supprt en ineering studies, technology 

expectancy, reliability, and maintenance requirements. 
evaluation, life-cycle cost ana 7 ysis, and to evaluate life 

(2) WHC3-1995 D-m m T m  TEST 

2.1. E x n z d a &  
The furnace will be started and operated for 4 to 8 h on calcium 
silicate slag to reheat furnace refractories and to investigate 

feed including both A and B raterials are available for the 
demonstration test melt. 

c 

oxidation of Eta P in the furnace. About 5000 Ib of dry furnace 
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2.2. m.&est c m  
1. 

182 2540 1/2 
Tap 

B 137 2540 1/2 
C 124 2150 1/6 
D 95 2540 1/6 

2. The furnace is modified to provide a 12 in long by 8 in 
diameter graphite stub on each electrode. Each stub is connected 
to a 16-in long 4-in diameter electrode s-t by 3-in diameter 
threaded connection drilled 2-in off-renter in the 8-in stub. The 
electrodes are oriented so that a radius from the center of the 
electrode triangle intersects the coincident surface of the 4-in 
diameter and 8-in diameter pieces. The electrode spacing is 
decreased from 7.25 in to 6.75 in. 

a. Note initial weight and length of each electrode and 
record additional electrode weights and lengths along with 
date and time installed in the Electrode Log. 

3. The water-cooled feed tubes were remved and replaced with 
short (12 in long) non-cooled segments that only penetrate the 
furnace roof. Feed materials will thereby fall about 50 in to the 
molten pool. Distribution of feed over the area of the hearth will 
be inproved, but dust formation and particulate entrainment may be 
worsened. 

4. Burners 1, 2, and 3 were remved. Burner 1 was replaced by a 
steel plate, and burners 2 and 3 were replace with slide gates. 

5. The tap hole was plugged with 6 in of dry coarse a gregate 
screened from Pemente 165 (periclase). This plug o 9 porous 
material will transmit gases into the bottom of the h e m .  

The power supply is confi ed as per test WHC1-1995, that is, 

Fraction of Reactance 
to provide the following con r tions: 

Voltage merit 
A 

6. A 1-in OD by 42-in Ion9 injection lance was constructed from 
stainless steel and placed in the metal tap hole such that the end 
of the lance is 3 in from the prous periclase plug. The lance has 
a central 1/4-in nominal injection tube with 0.053-in diameter 
orifice and a 1/4-in ncminal tube that extends to within 1/2 in of 
the end for cooling air injection. Cooling air will traverse the 
lance and exit near the point of entry. The orifice will provide 
175 cfh oxygen at about 8 psi, which should oxidize 50 lb/h of iron 
to the ferrous state. Air will be injected continuously to cool 
the lance except when measuring the temperature by themcouple 
inserted in the exit hole. 

7. The copper glass tapping fixture will be used without a 
graphite insert during the preheat. An insert (1/2 in) will be 
installed after tapping out the preheat slag. 
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Table 3.1.- Sample Description and Schedule 

Sample Description 

Off gas cyclone solids 

Of fgas Baghouse 

Offgas Scrubber solution 

Offgas Cooler/condenser 

Offgas Thermal oxidizer 

Glass 

Metal 

Every 1 h 

Every 1 h 

hrery 1 h 

Every 1 h 

1 at end 

Collect on steel plate Every 1 h 

Collect from metal tap 1 at end of test 

The. following records shall be kept during the -melting 
demonstration test. 

Record 
1. Electrode Log 
2 .  Receiving Bin Log 
3. Feeder Log 
4 .  Furnace Log 
5. APCS Solids 
6. Glass and Meta Product Log 
7. Test Log 
8. Melter Inventory Log 

"s 

Responsible person 
Sample Manager 
Weigher 
Feeder Operator 
Furnace Operator 
Sample Manager 
Sample Manager 
Sample Manager 
Sample Manager 

. .  
4.1. Tr . . - :~~L,QL 

All samples to be analyzed or archived will be assi ed an 

in clean labeled plastic or metal containers. 

Samples of solutions, product glass, and metal collected as 

Bureau's Analytical Laboratory. The remaining materials wi by 1 the be 
described in table 3.1. will be suhitted for analysis 

archived in clean labeled plastic or metal containers. 

All data shall be clearly traceable f m  a final report back 
through the anal ical records and worksheets to the date of 

measuring and test equipment used to collect the data. 

All analytical test conditions, specimen preparation infomtion, 
and related data for conductin the analyses shall be documented as 
a part of the laboratory recorL, and shall be clearly traceable to 

- 
identifying designation, entered on the appropriate log, an z? stored 

analysis, the in 2 'vidual who performed the analysis, and to the 
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(6) SAFePy AND ISSUES 

6.1. Safetv: 
rsomel attendin the furnace are required to wear protective 

clot E ' n respirators 7 when needed) , gloves, boots, safety glasses, 
and haJ'hats. Face shields and reflective heat-resistant clothing 
are required of the tapping crew. Additional comKln sense measures 
are required including remaining out of harm's way when not 
actually conducting a task. 

6.2 

6.2.1. 

contamination of air within the building including the control room 
will be mitigated by the following preventative and control 
measures. 

1. Emissions of gases and fumes into the buildin will be 
significantly decreased during furnace operation 9 with &- awing air 
through hccds over the tap holes for injection into the Apcs as 
cooling air. The hood over the metal tap hole will be closed while 
taping glass to maximize fume collection over the glass ta hole. 
simlarly, the hood Over the glass tap hole will be closes while 
tapping of the metal side. 

2. Air within the building housing the thermal waste treatment 
facility will be changed at intervals of 2 min a combination of 

3. The control room will be pressurized with filtered air to 
preclude ingress of air from the furnace rocxn. 

4. Air within the building will be sampled by stationary air 
monitoring devices located above the ?lass (North) and metal 
(South) tap holes. A reference (R) mrntor is installed in the 
control room. The monitors will be operated for 8 h during the 
demnstration test. 

Air quality in the work place: 

3 blowers that remve air from ducts in the r m  bu . 

6.2.2. 

Contamination of air outside of the building will be well within 
State guide lines as assured by oxidation of CO and volatile 

carbons and destruction of chlorinated hyaZocarbons in the 
iculate and condensed fume 

solids by baghouse, r e m 1  of aci r gases by caustic scrubber, and " P O  t ermal oxidizer, collection of 

final polishing of exhaust gases by activated carhn and HEPA 
filters prior to the stack. 

Air quality in the neighborhood: 
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Baghouse exit, Type J. 
Scrubber exit, Type J. 
Cooler/condenser exit, Type J. 
Reheater exit (ID blower entrance), Type J. 
ID blower exit (filter entrance), ?Lpe J. 
Filter exit (stack), Type J. 
Runace u lenum, Type K. 

Metal tap hole, Type K. 
Product glass, continuous indicating pyrmeter. 
primry ccmbustion air, Type J. 
Secondary combustion air, Type J. 

. Cooling water to furnace, Type J. 
Warm water return, Type J. 

Furnace s F%3 ell ttan, Type J. 

8. 
9 .  
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

Gas pressure transducer: Monitoring point 
EM rative Gas Cooler exit. 4 .  
Coo ing air. 5. 

6. Wind box exit. 
Cyclone exit. 7. 

. Baghouse exit. 8 .- 
Scrubber exit. 9. 
Cooler/condenser exit. 10. 
Reheat exit. 11. 
ID blower exit. 12. 
Filter exit or stack. 13. 
Furnace upper plenum (air draft X-mitter) . 14. 
Primary ccmbustion air. 18. 
Secondary combustion air. 19. ' 

lp" 

Gas flow sensor and type: Monitoring point 
Atcxnization air for M;c, flow X-mitter. M;c air supply 
EM rative as cooler exit, He tracer. 4 .  

Baghouse exit, He tracer. 
Baghouse exit, S-type pitot with P X-ducer. 8. 

P r i m  ccmbustion air, flow X-mitter. 18. 

8 7  
5. 

Stack, S-type pitot with P X-ducer. 13. 

ccm lp" ing air % uct, S-type pitot with P X-ducer. 

e n  
S-type pitot 

I Y .  

Monitoring point 
M;c water supply 

20. 
totalizing 

Secon&ry canbustion air, 
with P X-ducer 

Water flow sensor and type: 
EGC water, flow X-mitter. 
Cooling water to furnace, 
flow meter. 
Warm water return, totalizing flow meter. 21. 

Miscellaneous sensor and type 
Feed rate 
Cold top depth (continuous) 
Cold top depth (manual) 

Monitoring point 
Metering bin 
Under SE tube 
Under NE tube 
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7.3. 

Manual logs will be kept to record the following: 

(4) 

(7) 

ELGCPRODE LOG: 
a. Date, time installed, and weight of graphite electrode 
segments placed in service. 

REcEmmG BIN LOG: 
a. Date, time, and weight of all materials entering the 
receiving bin of the feed system. 

FEmm LOG: 
a. Feed rate when feed rate is changed and at irregular 
intervals , 
b. Depth of cold top when feed rate is changed and'at 
irregular intervals as appropriate. 

FURNACE m: 
a. Furnace operating parameters including transformer 
tap, electrode voltage (V) , electrode current (A), power 
(kW), energy (kW.h) , rheostat settings, and glass temp. 

APCS SOLIDS LOG: 
a. Date and time collected and the weight of all solids 
recovered from the AFCS. 

c;LAss AND m m  PRoDUcrS LOG: 
a. Date and time collected and the weight of product 
glass ingots and samples for analysis. 

TEST LOD: 
a. Depth to bottom of hearth and thermal oxidizer. 
b. Totalizina flowmeters: M;c water, scrubber water. 
cooler/cond&er water, and natural gas. - 
MELTER m R Y  Loo: 
a. Feed and glass ta ping rates; d a t i v e  total feed 
and glass, power, an $ energy consungtion. 
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FOR CORRECTING SiiFlDARD VOLUME UNITS tSC:LI o r  SLPMI or GRAVIMETRIC Ut1175 '>=" or ks/HR) 

InCicated Flow RBI? I Correction Faoor - Cor:?c!t!d 1: ow Rate 

FOR CORRECTING iC7UAL VOLUME UNITS (t4CFkI 01 0CFM)- 

Indicated Flow Ral? + Correction Factor - C.:rrectea Flow Rate 

14 F-22 


	2-1 Shipping Log for Samples of Furnace Feeds and WHC1-1995 Products
	2-2 Materials for Feed Preparation
	Material
	Composition and Characteristics of Method B Furnace Feed

	2-4
	Chemical Analysis of Method A and B Furnace Feeds

	2-5
	3-1 Sample Reference to Process Conditions During WHC1-1995
	Summary of Conditions During WHC1-1995
	for WHC1-1995

	3-4 Furnace Emissions and Baghouse Efficiency for WHC1-1995
	3-5 Composition of Furnace Products for WHC1-1995
	3-6 Mass Balance Over WHC1-1995
	Loss of Glass Components by Vaporization
	4-1 Sample Log for WHC2-1995
	4-2 Composition of Product Glass for WHC2-1995
	4-3 Product Mass Balance Over WHC2-1995
	5-1 Sample Log for WHC3-1995
	5-2 Composition of Furnace Products for WHC3-1995
	5-3 Mass Balance Over WHC3-1995
	Procedures for APCS and Water Cooling Systems
	7.1 Water cooling and city water supply
	7.2 Operation of UDC controllers
	7.3 Operation of Console APCS and Data Acquisition Systems

	Primary combustion air Type J
	Secondary combustion air Type J
	Cooling water to furnace Type J
	cooling air
	primary combustion air
	Secondary combustion air
	Cooling air duct S-type pitot with P Xducer
	Primary combustion air flow X-mitter
	with P Xducer
	flow meter
	7.3.3 Heating of Refractory Ducts
	7.4 Operation of Burners
	Systems

	Primary combustion air Type J
	Cooling water to furnace Type J
	Cooling air
	Primary combustion air
	Secondary combustion air
	primry ccmbustion air Type J
	Secondary combustion air Type J
	Cooling water to furnace Type J
	Coo ing air
	Primary ccmbustion air
	lp" ing air % uct S-type pitot with P X-ducer
	ccmbustion air flow X-mitter
	flow meter

