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The Hanford Waste Vitrification Plant ( H W )  is being designed for the Department of Energy 
to immobilize pretreated radioactive high-level waste and transuranic waste as glass for permanent dis- 
posai. Laboratory studies were conducted to characterize HWVP slurry chemistry during selected 
processing steps, using pretreated Neutralized Current Acid Waste (NCAW) simulant. Laboratory 
tests were designed to provide bases for dete-g the potential for hazardous gas generation, making 
chemical adjustments for glass redox control, and assessing the potential for rapid exothedc reactions 
of dried NCAW slurry. Offgas generation rates and the total m o k  of gas released as a function of 
sellemxi pretreated NCAW components and process variables were measured. An emphasis was placed 
on identifLing conditions that initiate significant Hi generation. Glass redox measurements, using 
Fe+2EFe as an indi&r of the glass o&dation state, were made to develop guidelines for HCOOH 
addition. Thermd analjtses of dried NCAW simulant were conducted to assess the potential of a rapid 
uncontrollable exothermic reaction in the chemical processing cell tanks. 

’ 

- 

Twelve laboratory-scale tests were completed using a FY 1991 pretreated NCAW basecase simu- 
Imt. Process steps investigated were HCOOH addition, digestion, recycle waste stream addition, and 
slurry concentktion. On-line offgas compositiodgeneration rate, slurry temperature, and pH measure- 
ments were collected whiIe pro&sing a slurry simulant. Slurry samples were analyzed for cation solu- 
bility, plus selected anions and NH:. Condensate samples from offgas condensers were analyzed for 
NH: and anions. MeIter feed shulants comprised of treated slurry and glass frit were prepared for 
rheology and glass redox measurements. Test variables were the amount of HCOOH added, HCOOH 
addition rate, NO; and NO; concentration, duration of the digestion period, noble metals content (with 

* 

. and without noble metals), and processing interrupts during H, release. 

Chemical reactions which partially account for slurry preparation chemistry related to offgas gen- 
erationand reductant requirements are proposed. Primary reactants are HCOOH, NO;, NO;, and 
CO;’. Noble metals have been identified as reaction catalysts. Offgases observed were C02, NO, 
NO,, N20, H2, and H20. No CO or N, was observed.. Some NH,+ was detected in the slurry and con- 
densate. Significant H2 generation was observed only in the presence of noble metals and-after a 
threshold molar ratio for HCOOHMO; was reached. Maximum H, generation rates ranged from 0.31 
to 1.12 mmoldmiri from a slurry volume of - 1.SL @ 125 g WO/L (waste oxiddliter). In the absence 
of noble metals or below the HCOOHMO; threshold, the maximum H2 generation rate was a factor of 
ten Iower. Ammonia g e n e r ~ o n  increased with increasing H2 generation, simulant NO; loading, and 
process time. The maximum amount of NH; observed was 0.197 moles NHJ1.5 L @ 125 g WO/L 
slurry. The volume ratio of N20M0, decreased by a factor of 100 in the absence of nob!e metals. 

While trends and basecase values for offgas generation are reported, several operating variables 
to which offgas generation rate and composition are believed to be sensitive require further study to 
support the proposed bounding conditions for source terms. These operating variables include noble 
metal concentration, slurry pH, temperature, slurry agitation rates, and the presence of organics. 
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The glass oxidation state was obtained within acceptable processing limits, Fe+*EFe = 0.005 to 
0.23, by balancing the major reductant (HCOOH) addition and oxidant (NO;) loading. For all test 
cases, the Fe**/CFe was between 0.01 and 0.1. The minimum HCOOH addition was equivalent to a 
HCOOH/NO; molar ,ratio of 2.2 (using 27 mL of 87 wt% HCOOH/L @ 125 g WOL slurry at the 
FY 1991 pretreated NCAW base'case composition). Two process guidelines for HCOOH addition 
deveIoped by the Savaugah River Tt?chnology Center (SRTC) for the Defense Waste Processing Facil- 
ity sIurries were compared with M W V P  feed preparation chemistry. The correlation of formate and 
nitrate! in meiter feed with glass redox (Ramsey 1991) was consistent with H W  data. The SRTC 
empirical formula for minimum HCOOH addition to Defense Waste Processing Facility slurries"' was 
not diredy applicable to HWVP NCAW formating chemistry. 

Thermal analysis of dried slurry s h d a n t  samples showed a lower than expected initiation tem- 
perature (124°C) for an exothermic reaction in formated Slurry Receipt and Adjustment Tank (SRAT) 
slurry. The maximum energy release measured for this exotherm was -354 J/g dried formated 
simulant. No sharp exotherm was observed. Further themal sensitivity studies may be required to 
assess the concern identified in the Preliminary Safety Analysis Report (Herborn and Smith 1990). 

~ 

(a) Hsu, C. W. 1990. Formic Acid Requirement in the DWPF Chemical Processing Cell. WSRC 
internal memo to J. R. Knight, 5 July 1990. WSRC-RP-90-0554. 
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1.0 Introduction 

The H d o r d .  Waste Vitrification Plant @W) is being designed for the Department of Energy 
(DOE) to immobilize pretreated 'radioactive high-level waste (HLW) and transuranic waste mu') as 
gIass for permanent disposal. In support of the HWVP effort, laboratory-scale studies were conducted 
by Paciff c Northwest Laboratory (PNL)@ to characterizk HWVP slurry chemistry during selected 
processing steps, using simulated pretreated Neutralized Cirrent Acid Waste (NCAW). Laboratory 
&its were designed to provide bas.es for determining the potential for hazardous gas generation, making 
chemical adjustments for glass redox controf, and assessing the potential for rapid exothermic reactions 
of dried NCAW slurry. 

Three FIuor Daniel, Inc., technical data needs@) were addressed in the FY 1991 studies: 

e 

8 

e 

item 1 . 9 ~  measure Hz generation during formating 

item 1 . 1 0 ~  nitrate salt reaction 

item 1.1 la: determine HCOOWsugar consumption range 

Generation of & during treatment of NCAW simulant was first reported by Wiemers (1988)(c) 
and later confirmed d&g large-scale testingat Savannah River Laboratory (SRL)."') Hydrogen. 
concentration in the process tanks'must be kept below the lower-flammability-limit (LE) to prevent an 
explosion that coula damage equipment and resdt in extended plant down time. An estimate of the 
maximum Hz generation rate as a function of operating parameters and slurry composition is required 

. to develop a basis for plant design. 

The HWVP Preliminary Safety Analysis Report (PSAR) (Herborn and Smith 1990) identified a 
potential hazard created by radiolytic drying of the slurry followed by energetic reactions between NO; 

Pacific Northwest Laboratory is operated by Battelle Memorial Institute for the U.S. Depart- 
ment of Energy under Contract DE-AC06-76RLO 1830. 
Letter report R. A. Smith to J. M. Creer, "Infoxmation Needed for Detailed Design," 
November 4, 1991. WHC letter B156641. 
Also refer to Wierners, K. D., C. A. Anderson, and M. E. Peterson. 1987. Evalrraton of 
Process mgases Released Dwing the Fonnating of an HWVP Feed Simhnt. Letter Report to 
Westinghouse. Hanford Company HWVP-86-V110203G, Prepared by Pacific Northwest 
LaborBtory, Richland, Washington. 
Hutson, N. D. 1992. "Integrated DWPF Melter System O M S )  Campaign Report." Hmford 
Waste Vitnjkation Plant (HWVP) Process Demnsrration. WSRC-TR-0403, Rev. 0, UC-721. 



and organics. A paper study conducted by Science Applications International Corporation (SAIC)  con- 
. cluded that the chemical processing sell (CPC) tanks could dry out from radiolytic decay heat in 

234 days.@' However, the maximug steady-state temperature in the CPC tanks, 282"C, would be 
below the minimum ignition temperature (325°C) for an explosive mixture of NaNOJorganic. As a 
check, calorimetry studies were performed on dried NCAW simulant to examine the magnitude and 
energykemperature profile. 

Formic acid is added to p r e t r d  HLW in the CPC before vitrification to adjust the slurry rhe- 
ology and to provide a ieductant that maintains the glass oxidation state in the melter within an accepta- 
ble ringe. Sufficient reducing agent is needed to assure tha the glass will not foam in the melting 
process, thereby decreasing process rates. But excess reducing agent may result in the reduction of 
metal oxides to'their metallic state. Reduced metals can form a conductive sladge on the bottom of the 
melter, thus shorting the melter electrodes and causing the melter to fail prematurely. Iron is used as 
an' indicator of the glass oxidation state (also referred to as the "glass redox"). The acceptable glass 
redox range for HWVP & 0.005 SFe%Fe S0.23. Correlations between the components of the 
HWVP slurry and glass redox were measured to provide guidelines for adding reductant. The reduct- 
ant capacity of sugar was not investigated per priorities set by W&tinghouse Hanford Company 
We)." 

h addition to the three technical data needs given above (items 1.9a to 1.1 la),' the issue of NH3 
generation during formatkg is important because NH,NO, has safery implications. Ammonia in the 
presence of NO, can form potentially explosive NH,NO, in the vessel ventilation system. Ammonium 
nitrate deposition is of particular concern in the presence of organics that may act as a sensitizer for the 
detonation. f h e  potential for NH3 generation during treatment of NCAW with HCOOH was identified 
by Wiemers et al.@. Buildup of NH,N03 in the presence of organics has recently been observed in 
the Integrated Defense Waste Processing Facility (DIhF) Melter System (IDMS) by SRL.@' The 
quantity of NH3 generated during the slurry preparation process steps was measured during the PNL 
HWVP Technology Development (PHTD) FY 1991 laboratory-scale feed preparation tests to provide 
preliminary data for evaluating possible NH,N03 hazards. 

. 

(a) Dukas, S. and D. Slaughterbeck. 1991. P o t e W  For Reactions of Mtrate and Nitrite in the 
Hanford Waste Vim~cation Process Feed. Prepared for WHC by Science Applications Inter- 

, nationai Corporation, Idaho Falls, ID. 
A change request by Creer (1991) entitled "Redox Rheology Control Scope Revisions," 
HWVP-0578. 
Wiemers, K. D., C. A. Anderson, and M. E. Peterson. 1987. Evaluarion of Process Wgases 
Reieased Dwing the Fonnaring of an HWVP Feed Simulant. Letter Report to Westinghouse 
Haxiford Company, HWVP-86-V110203G, Prepared by Pacific Northwest Laboratory, 
Richland, Washington. 
Chang, B., P. Shiner and B. Nguyen. 1992. Ammoniwn Mtrate Mitigation in the CPC. 

(b) 

(c) 

(d) 
WSRC-TR-92-379. 
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This FY 1991 PHTD study addresses the "Statement of Work for Applied Technology Tasks to 
be Performed by PNL in Support of the HWVP Project" (Kruger 1991) under work breakdown struc- 
ture 1,2.2.03.02. This report satisfit3 the requirements for the deliverable C93-03..02A, key milestone 
K-899, "Issue Report on FY 1991 Feed Chemistry Laboratory Stirdies"(*) and provides the technical 
basis for the Detailed Design D& Package, 1.2.2.03.02B@) defined in Kruger (1991). 

The test objectives, approach, methods, results, discussion and conclusions are provided in this 
report. Reported data are based on a l i m i t e d  number of data points representing nominal and bounding 
conditions for NCAW processing and applies specifically to current HWVP processing steps.- Interac- 
tions between variablk i d  the e f f m  of minor NCAW sIurry constituents (e.g., organics, Cr, PO: , 
&d SOi2 ), additional HWVP SIT type components, radiolytic reactions, and slurry receipt and 
adjust&ent tank/sIunry mix evaporator (SRAT/SME) heel are. not included in this testing. Correlations 
betiveen Moratory-scale data and largescale tests will be evduated in future studies when such data 
become available, 

(a) 

(b) 

FY 1993 Pacific Northwest Laboratory Hanford Waste Vitrification Plant Technology Develop- 
ment (PHTD) Project Work Plan. Draft. December 1992. PHTD-93-002-REV 0. 
Wiemers, K. D., M. H. Langowski and M. R. Powell. 1991. Derailed Design Data Package. 
I.% Measure Hydrogen cenerarion During Fonnaring, I .  IOa Mtrare Salt Reacrion. 
PHTD-9 1-03.02-K898. 
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2.0 ConcIusions and Recommendations 

A reaction scenario which begins to account for the H W W  feed preparation chemistry related to 
offgas generation and reductant requirements has been proposed. Primary reaction components are the 
noble metals (as catalysts), HCOOH, NO;, NO;, and C0i2. 

Formic acid is consumed in the reduction of NO; and NO;, and in the production of &. 
' 

Other relatively minor r d o n s  with respect to HCOOH consumption are believed to take 
place, such as reductidn of Mn02 and perhaps the noble metals. In general, 40% of the 
HCOOH 'added was consumed, independent of the test variables and conditions investi- . 
gated in the FY 1991 study. 

Nitrite is consumed by reaction with HCOOH being reduced to gaseous oxides of nitrogen 
(?IO9 NOz9 and N,O) and through disproportionation to NO and NO;. The reduction to 
N,O appears to be favored under alkaline conditions and in the presence of noble metals; 
the disproportionation reaction occurs primarily in acid. 

c 

e 

e The greatest fraction of MI, was observed after significant Hz generation and after adding 
a recycle waste stream. It is proposed that the primary source of NH, is NO;. 

Carbonate releases CO, upon acidification of the slurry. Carbon dioxide is also a product 
of redox reactions involving HCOOH. A major fraction of the offgas was CO,. 

If changes are proposed in the p r o w  flowsheet and/or slurry composition, further evaluation 
wiil be required. Some of the variables that have not been thoroughly investigated and that may con- 
trol the offgas generation and potentially HCOOH consumption &e pH, temperature, and noble metal 
concentration. In addition, correlations with largescale tests are necessary. The following trends are 
representative of the conditions tested. 

An H2 release of relative'significance was observed o d y  in the presence of noble metals and 
when a HCOOHMO; threshold was reached. The maximum H, generation rates ranged from 0.31 to 
I. 12 mmole/mh above a slurry volume of - 1.5 L at 125 g WOL. In the absence of noble metals or 
below the threshold, the maximum H2 generation rates were a'factor of ten lower. 

The N,O generation depended on the initial amount of NO;, the amount of HCOOH added, the 
HCOOH addition rate, and the presence of noble metals. The maximum N,O generation r- ranged 
fiom 0.15 to 3.35 mmoles N,O/mh for - 1.5 L at 125 g WO/L simulant. The maximum NO, gen- 
eration rates ranged from 0.09 to 3.89 mmoles NOJmin for - 1.5 L at 125 g WO/L simuiant. The 
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molar ratio, N,O/NO,, varied between tests from 0.08 to 7."' The lowest ratios were observed in the 
absence of noble metals and at higher HCOOH addition rates. Higher values were observed in tests 
with lower amounts of NO; or HCOOH addition. 

' 

The NH, generation was observed to increase in the presence of noble metals and H2 and with 
iricaease in NO; concentration and digestion time. The amount of MI, measured during these tests 
ranged from O.OOO1 to 0.2 moles per 1.5 L NCAW simuIant plus associated recycle waste stream 
simulant addition. 

The CO, maximum generation r e  was relatively constant varying from 6.2 to 8.6 m o l e  
COJmin per - 1.5 L NCAW simulan~ except in the case of a high HCOOH addition rate (equivalent 
to 8 gpm full-scale) in which the rate was higher. Decomposition of carbonic acid and NO; reduction 
by HCOOH to N20 are two primary sources of C a .  

It is desirable to provide a general correlation, based on slurry composition and process varia- 
bles, for predicting m&um offgas generation rates. General trends and key process parameters 
related to offgas generation have'been identified. Applying these results to a generic formula for 
HWVP design is restricted because of the limited number of tests and large number of variables (eg., 
pH, temperature, noble metal, NO;, NO;, and HCOOH concentrations, duration, and HCOOH addi- 
don rate) 'affecting the offgas generation. 

Using the reference FY 1991 NCAW simulant composition," significant & releases were not 
observed with the addition of sufficient HCOOH (27 mL 87 wt% HCOOHIL at 125 g WOL slurry) to 

. obtain an acceptable glass redox. Bqed  on the threshold value for H, release, more than double this 
amount of HCOOH addition would be required. to initiate si&ficant H2 releases at the reference 
FY 1991 NCAW NO; loading (20 g N0;L at 125 g WOL slurry). In the presence of high NO;, 
such a HCOOH demand may be required to obtain an acceptable glass redox. . 

Significant H, releases are predicted to occur at -30 mL, 87 wt% .HCOOH/ L at 125 g WOK 
slurry if the NO; concentration is decreased by a factor of four from the reference FY 1991 NCAW 

. simulant composition. 

The total offgas generation rate will be at a maximum during &e initial HCOOH addition, 
equivalent to the N,O + NO, + CO, generation rates. The maximum generation'rates observed during 
significant H2 release and recycle waste stream addition were conservatively governed by the CO, 
maximum generation rate. The generation of N,O and NO, during significant H2 release was not 
observed. 

Higher values are reported; however, these values have a large uncertainty because the amount 
of gas generated is near the detection limits. 
Smith, R. 'A. 1991. Revision of Pretreated Neutralizk Current Acid Waste Composition for 
FY 1991 Pilot Testing-Errata Correction. Letter to J. M. Creer. #9150151. 
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A measured glass redox, Fe+2/cFe, between 0.01 and 0.1, was obtained with a mole ratio of the 
major reductant (HC0,OH) to oxidant (NO;) of 2.2 to 12.6. The lower end.corresponds well with pre- ' 

viowly predicted HCOOH n d ,  HCOOH/NO; = 3 to 4. A HCOOH/NO; molar ratio of 2.2 is 
equivalent to 27 ml87 wt% HCOOHL FY 1991 NCAW simulant at 125 g WOL.  Correlations of 
glass redox with other test variables were not observed. This is attributed to the lack of sensitivity of 
&e glass redox measurement in the more oxidized range, Fe+2/cFe S O .  1, and to a complete set of 
feed preparation reactions which result in simiiar formate and. nitrate melter feed concentrations . 
&dependent of the ixiitial composition over the range tested. Savannah River Laboratory correlations 
of the reduczyt and oxidant in the meIter feed with glass redox were also observed-to fit the PHTD 
data well. CorreIations of glass redox with meiteifixti composition may great~y simplify an ana~ytiid 
requirement in the plant. 

A lower than expected initiation temperature (124°C) for an exothermic reaction in dried for- 
mated SRAT, simuiant was observed. Because l24T is below the maximum steam coil temperature, 
further thermal sensitivity studies may be required to assess this concern identified in the PSAR 
(Herborn and Smith 1990). 
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3.0 Objectives and Approach 

Specific kst objectives of the FY 1991 laboratory-scale feed preparation study were to: 

8 measure offgas generation rates and total moles of gas released as a function of selected 
NCAW components and process variables 

0 develop process guidelines for the amount of HCOOH required to pr0vide.m acceptable 
glass redox based on the established range for Fe+%Fe, 0.005 to 0.23 

0 provide thermal analysis data that may be used to assess the potential for a rapid exother- 
mic reaction in dried forhated NeAW slurry simulant. 

- 

To support the three test objectives, the following approach was taken: 

0 preparing an NCAW simulant closely resembling the predicted composition of actual waste 
in composition, speciation, and physical properties; measuring simulant physical properties 
(density, percent soiids, Wok); and evaluating uncertainties associated with analytical 
methods ked for measuring the simulant composition 

e conducting laboratory-scale tests to 

- evaluate reaction mechanisms and predict reaction products by preparing slurry chemistry 
profks related to generation of gases and glass redox control me profiles include 
1) selected soluble slurry anion concentrations (HCOO', NO;, and NO;), 2) selected slurry 
cation concentrations (AI, Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Mo, Na, Ni, Si, Sr, Zn, and 
Zr), 3) soluble NH; concentrations in the slurry, 4) condensate composition (NO;, NO;, 
HCOO', and NH; ), and 5)  slurry pH and temperature.] 

- determine the total mount of gases released specifically related to permitting and safety 
concerns (Hz, N,O, NO,, CO, CO) and their respective generation rates as a function of 
selected compositional and operational variables 

- determine the glass redox, as represented by Fe+,/CFe, of melter feed simulants vitrified in 
closed crucibles and evaluate analytical uncertainties in the glass Fe+*/CFe measurement, 
pleasure melter feed rheology. 

evaluate the thermal stability of dried, formated NCAW simulant (nitrate salt/organic reactions). 
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3.1 Simulant Preparation 

Three simulants were prepared for the FY 1991 laboratory-scale f& preparation test activities: 
a stock.NCAW, a recycle waste stream, and melter feed. A HWVP NUW slurry simulant was pre- 
pared by co-precipitation of component hydroxides from nitrate solutions. A few of the minor compo- 
nents were added'as sdfs other than nitrates or as oxides. Sodium carbonate, NO;, and NO; slurry 
loadings were adjusted as required for individual test objectives. The reqcle waste meam simdant 
was a new addition to the laboratory-scale process. Recycle waste stream simulmt was added as a 
slurry to the formated NCAW simdated waste at a mi0 of 0.12 g recycle oxide/g waste oxide. This is 
equivalent to -375 mL recycle waste s& slurry per - 1.5 L initial NCAW simulant. The FY 1991 
reference NCAW ;composition provided by Smith (1991)(') is given in Table 3.1.1. Simdant prepara- 
tion steps are discussed in Section 4.1, and measured compositions for the NCAW simulant are dis- 
cussed in Appendix A. 

Melter feed simulants were prepared by adding dry frit to formated simulated NCAW waste for 
glass redox and rheology measurements. A new frit composition and waste loading for the melter feed 
was developed for FY 1991 testing.@) Unlike previous HWVP frits, this frit contains no Na. The 
target glass composition is given in Table 3.1.2. Melter feed simulants prepared without recycle waste 
stream addition had a wastelfrit loading of 0.29/0.71 based on weight of glass forming oxide compon- 
ents: Melter feed simulants prepared with fo&ated slurry containing recycle waste stream components 
had a wastelrecycldfrit loading of 0.28/0.034/0.686 based on oxide weight. 

3.2 LaboratoryScaIe Testing 

Twelve tests were completed for the FY 1991 laboratory-scale feed preparation study. The indi- 
viduai test variables and test conditions are summarized in Table 3.2.1. The maximum and minimum 
labels in Table 3.2.1 refer to the test & used in laboratory-scale FY 1991 tests, not necessarily to 
plant boundary conditions. Test 5.1 listed in Table 3.2.1 was conducted for slurry integrated perform- 
ance testing and was not part of the present work scope. However, selected data for test 5.1 have been 
included for fu$re reference only. A more detailed listing of test variables is provided in Table 3.2.2. 

Laboratory-scale testing of simulated NCAW iqcluded HCOOH addition, digestion, addition of 
recycIe waste simulan< and slurry concentration. Monitoring offgas generation rates and concentra- 
tiom, online measurement of slurry pH, and charactenzatl 'on of slurry and condensate samples 

(a) 

(b) 

Smith, R. A. 1991. Revision of Pretreated Neutralized Current Acid Waste Composition for 
FY 1991 Pilot Testing-Errata Correction. Letter to J. M. Creer. #9150151. 
Hma, P. and M. J. Schweiger. 1991. Frit for NCAW-91 Glass. Letter Report from PNL 
HWVP Technology Development Project, to WHC. 
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Table 3.1.1. FY 1991 Reference Hanford Waste Vitrification Plant (HWW) Neutralized Current Acid 
Waste (NCAW) Composition(') 

I 

(a) Smith, R. A. 1991. Revision of Pretreated Neutralized Current Acid Waste Composition for 
FY 1991 Pilot Testing-EErrata Correction. Letter to J. M. Creer. #9150151. 
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Table 3.12. FY 1991 Manford Waste Vitrification Plant (HwerP) Neutralized.Current Acid Waste 
(NCAW) Target Glass Composition(') 

Comoonent 

Ag20 
A1203 
8203 
%a 
6s 
cd3 
a02 

Cl 
CR03 
c520 
as 
F .  

Fez03 . 
a02 
Kx4 

La203 
u 2 0  
w 
hho2 
rn 
Na20 

-3 
M203 
Nio 

P205 
Pbo2 
PRO3 
Rb203 
W 0 3  
seo2 
Si02 
Sm203 
sno 
sa3 
sfo 

fa205 
Teo2 
Ti02 

, Y203 
zno 
M 2  

Total  

Plant Feed 
Concentration 
Wt%) 

0.03 
260  

2.00E-03 
0.05 
0.23 
0.87 
0.1 8 
0.08 
0.09 
0.17 - 0.89 
0.03 
8.1 2 

4.006-05 
-0.08 
0.1 9 

0.1 a, 
0.89 
0.16 
6.15 

1-00 
0.66 
0.25 
0.20 
0.04 
0.02 

2.00E-03 
5.00E-03 

0.02 
3.00E-03 

0.1 9 
0.03 

1.00E-03 
0.03 
0.1 9 
0.02 
0.1 0 

' 3.00E-03 

1.15 

Recyde Feed 
Concentration 

WWe) 

0.1 4 

0.01 
0.1 1 

8.84 

0.01 

0.01 
0.03 

1.45 

0.1 1 

1.49 

4.t101z-03 

Frit 
Concentration 

(WwO) 

1 4.03 

5 

49.57 

(a) Hrma, P. and M. J. Schweiger. 1991. Frit for NCAW-91 Glass. Letter Report from PNL 
HWVP Technology Development Project to WHC. 
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Table 33.1. Summary of Test Variables and Test Conditions for the FT 1991 Laboratory-Scale Feed 
Preparation Tests 

Description of Test Conditions 

Maximum amount of MCOOH added (74 ml 
87 wt% HCOOHk slurry at 125 g WO/L) 
Minimum amount of HCOOH added (27 ml 

Nomind amount of HCOOH added (49 d 
87 wt% HCOOHk slurry at 125 g W o k )  

87 wt% HCOOH/L. slurry at 125 g WO/L).- 

Amount of HCOOH 1.1 

1.2 

1.3 

HCOOH Addition Rate 2.1 

2.2 

Maximum rate, 4 times reference (2 ml/min, 
equivalent to 8 gpm plant-scale) 
Mid rate, 2 times reference (1 ml/min, 
equivalent to 4 gpm plant-scale) 

3.1 AmountofNO; , Lowest amount of NO;, 30% reference 
(0.13 moles NO& slurry at 125 g WO/L) 
Mid amount of NO;, 60% reference (0.27 moles 
NO& slurry at 125 g W o k )  . 

3.2 

Extended Digestion 

NobIe Metals Absent 

4.1 

5.1 

Digestion period extended from 4 to 8 hrs 

Conducted for Slurry Integrated Performance 
Test (SIPT) 
Excessive amount of HCOOH (68 ml87 wt% 
HCOOHL slurry at 125 g W O L )  

5.2 

& Quenching 6.1 

6.2 

Formic acid addition discontinued at onset of 
hydrogen spike 
Formic acid addition and power supply to heat- 
ing mantle discontinued at onset of hydrogen 
spike 

Amount of NOOO; 7.1 Maximum amount of NO;, 3 times reference 
(0.40 moles NO& slurry at 125 g WO/L) 
Minimum amount of NOa 30% reference 
(0.13 moles NO& slurry at 125 g WO/L) 
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Tost No. 
1.1 
1.2 
1.3 
2.1 
2.2 
3.1 
a2 
4.1 
6.2 
8.1 

i 

<----;lugs Conpockbn------, 
lnllW Nufate In ShJICy (No%) 

(moll Inn) 
0.20 0.13 0.23 
0.20 . 0.13 8.23 
0.10 0.13 8.23 
0.20 0.13 0.23 
0.20 0.13 8.23 
o h  ' 0.13 8.23 
0.20 0.13 8.23 
0.20 0.13 ' . 0.23 
0.20 0.13 8.23 
0.20 0.13 8.9 

Table 3.2.2. Details of Test Variables and Test Conditions for the FY 1199% Laboratory-Scale Feed Preparation Tests 

NCBhrrcyd. 
amount (mtl 

0.19 
0.19 

0.18 
0.18 

0.18 
0.10 
0.18 
0.10 

notadde6 
not added 

not added 

0.11 

C M ~  Comments 
Gar 

At102 Maxltnum HCOOH Bmount 18Qed. 
A r m  MWrmm HCOOH mount tested. Mdltbn d HCOoH 

was Inlerupted for 10 mlnuter 
Auxn MedlumHCOOHunounttosted. 
&I02 Mulrmm HCOOH addlllon rate tealed. Rale was 

doaoeaed twice due to excess IoYnlng. 
AtX# Medium HCOOH addltbn lple tasted. 
M02 MWrmm nbke tonled. 
AVO2 Medlurn nltrllr toaed. 
AIKM Rekrx durlng dlgostlon Exlended dlgestbn perbd. 

bk HCOOH added In or). blch lo Wo noble metak l ed ,  
At102 Termlnalod Hcooli addltlon wlun 2nd H2 peplc Inkktd. 

MW*otod 0ng.sor al t~peruur~ d 05010OC. 
Termlnaod HCOCWI addlllon and shut dl tonpecuute 
mntrolec when 2nd H2 peak Inllkted. Modtocod o t i g u u  
through cod dovm (e%), reheat Io lo00, ond cod d m  (79C) 
Mulmurn nkratr and mhlmun nltdtr losled. A r m  

6 2  I 0.10 0.13 8.23 

0.61 0.40 24.62 

Tort No. 
1.1 
1.2 

ia 
2 1  

2.2 
3.1 
32 
4.1 
6.2 
8.1 

6.2 

7.1 

(man (m0U.I (QJU 
0.65 0.43 19.60 
0.66 0.44 
0.85 0.46 
0.65 0.43 
0.65 0.44 
0.20 0.13 
0.40 0.27 . 
0.65 0.43 
0.65 0.45 
0.85 0.44 

0.66 0.45 

zaij 
20.64 
1o.m 
20.0.26 
8.10 
12.23 
10.73 
20.64 
20.13 

20.60 

0.20 0.13 6.07 

2.50 . 
0.01 0.61 27.1 * 0.8 

1.60 
1 .a 

1.10 
1.11 

1.51 1 .07 
1.68 1.10 
1.61 1.04 
1.63 1.01 
2.17 ' 1.43 
2.03 1.46 

2.05 1.61 

48.8 0.05 
40.2 

47.6 
48.0 
46.1 
44.8 
68.0 
64.7 

67.0 

0.99 
0.64 
0.67 
0.68 
0.57 
0.49 

280.3 
251.0 
237.3 
270.9 

notoddod 
not added 

0.05 
0.05 
0.Q5 
0.05 , 

Wadded 
no( added 

0.40 I Wadded I notadded 

1.88 1.24 65.0 0.40 I 268.6 I 0.05 

/md) . (M) Inn) 
0.10 0.12 7.38 
0.10 

0.10 
0.10 
0.10 
0.10 

a i 0  

a i 0  
a i 9  
0.10 

0.19 

ai5 7.56 
a i 3  7.72 
a12 7.48 
0.13 7.61 
0.13 7.61 
0.13 7.56 
0.12 7.41 
0.13 7.72 
0.13 7.56 

0.13 7.n 

0.10 0.12 7.39 
\ 

+-TagO(-> 
lnlblcono 

QWOn 
125 
125 
125 . 125 
125 
118 
120 
126 
126 
126 

125 

124 

ShJIrY 
h r l y  * 

1 .w 
1.w 
1.m . 
1.08 
1- 
1 .m 
1 .08 
1 .OB 
1.1 
1-08 

9 .m 

1.08 



provided the basis for determining offgas productivity and elucidating slurry chemistry. Reductant 
requirements were estimated based on a glass redox measurement, Fe+*/CFe. Cation solubility data 
were also collected to compare results with the Savannah River Technology Center (SRTC) reductant 
formulation for minimum HCOOH addition (see Section 6.2). Process steps, test equipment, and 
sampling strategy are described in d e w  in Section 4.0. 

3.3 Thermal Stability of Dried NCAW Sidant  itra rate sdt-organic R ~ ~ C ~ ~ O I U )  

The potential for NO; and HC00H to react exothermisally was evaluated using differential scan- 
ning calorimetry, thermogravimetric an'alysis, and Henkin tests on dried NCAW simulant (described in 
Section 4.3). 'The thermal tests prov'ide only limited information on potential explosion hazards and 
minimum reaction temperatures. Larger'sample size and additional initiators such as spark, Friction . 
and impact may need to be tested to satisfy a safety analysis review. 
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4.8 Test Methods 

This section on test methods includes descriptions of waste simulant preparation, testing equip- 
ment, test procedures, the nominal test sampling strategy and associated analytical methods, and 
thermal analyses performed on dried NCAW simulant. 

4.1 Simulant Preparation 

Thr& simulants were'prepared: stock pretreated NCAW, recycle waste stream, and melter feed. 
The simulant preparkion steps are discussed below. . 

41.1 NCAW SimuIant Preparation 

The FY 1991 referFnce NCAW composition@) and the target stock NCAW composition for 
simulant preparationme listed in Table 4.1.1. Table 4.1.2. lists the source chemicals for NCAW 
simulatit preparation. As additional information about the .HWVP feed preparation chemistry became 
available, several elements previously deleted from the target simulant composition were added to more 

. closely represent the actual waste (designated with an asterisk in Table 4.1.1). Substitutions were 
iimited to radioactive and toxic elements, and to expense considerations. Substitutions were made on a 

, mole element& basis rather than by weight percent. Stoichiometric substitution is important to the 
redox and glass chemistries.. Newly included as either direct additions (dir add) or compensated for by 
substitution (sub) @e Ag '(dir add), Be (sub), Dy (sub), Er (sub), Eu (sub), Gd (sub), Ho (sub), K (dir 
add), La (dir add), Nb (dig add), Pb (dir add), Pu (sub), Sb (dk add), Se (dii add), Sm (dir add), Sn 
(dir add), Ta (dir add), Tb (sub), Tc (not added)," Te (dir add), Th (sub), Ti (dir add), Tm (sub), 

. U (sub), and Zn (dir add). Lithium, Ge, and I were included in the slurry preparation calculations, but 
were not added to the simulak due to the relatively small amount required. Newly accounted-for corn- 
ponents, substitutions, deletions, and corresponding justifications are noted in Table 4.1.1. Listed 
below are a few comments regarding the NCAW simulant composition: 

I 

. 

Oxalate was included in earlier laboratory-scale studies@ and in the pilot-scale ceramic 
, meleer test simulant (Goles and Nakaoka 1990); however, it was not included in subsequent 

PNL laboratory-scale studies in order to simplify the chemical system while studying H2 

(a) 

@) 

Smith, R. A. 1991. Revision of Pretreated Neutralized Current Acid Waste Composition for 
FY 1991 Pilot Testing-Errata Correction. Letter to J. M. Creer. #9150151. 
Tc was not added. No subsitution was made for Tc. Re was originally chosen to substitute for 
Tc but WHC and PNL decided not to make the substitution based on potential Re oxide cata- 
lytic properties.. 
Farnsworth R. K. 1987. 'Ihe Efect.of Feed &Gosition and Formic Acid Addition on G h s  
Redox State. Letter Report to Westinghouse Hahford Company, HWVP-87-Vl10203A. 

(c) 
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Table 4.1.1. FY 1991 Neutralized Current Acid Waste (NCXW) Reference(') and Simulant 
Target Compositions 

t 

W 4991 NCAW Shuiant 
Target Cornpositlon 

DEL 
DEL 

1 
2 

r 
3 

3 

SUB Nd 

NIA 
SOB Nd 

NIA 

c 
6 
3 
4' 

S.6 
3 

6 

9SOE-02 
2 W E 4 1  

136E-04 

4.606oMB 

z00m1 
6.67E-01 
723x5 
3.72E-01 
219E+00 
s.7oE-01 
239E41 
1- 

(a) Smith, R. A. 1991. Revision of P r e t r d  Neutralized Current Acid Waste Composition for 
FY 1991 Pilot Testing-Errata Correction. Letter to J. M. Creer. H150151. 
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Table 4.1.1. (contd) 

M 1991 NCAW Rofonnco Composition FY 1991 NCAW Simulant 
Target Camposfffon 

7.15501 3.94E-03 

SUBNd 4' 

SUBC. 1- 

3 

SUBNd 4. 
1.7 

S U B t  1' 

SUBNd c 
SUBNd 1' 

5um 1.00E42 2.02840 2.06E*00 

126E-03 

1.18HIJ 

6.70E-W 

1.WE-03 
3.8fE-03 
1.04502 
211E-05 
1.- 
8.56502 
5.54- 
9.9QE-05 
1.46E-03 
1.92E-05 

7.94E-04 

1.04502 

9.ME-M 
526- 
1.56E-01 
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generation and glass redox behavior.@)@) In the present study, as complete a slurry 
matrix as possible was desired. Consequently, GOi2 is present in both theslurry and 
recycle waste stream simdants. 

e The P2OS and PO: mole elemend L values listed'in the FY 1991 NCAW. reference compo- 
sition are 1.53 E42 and 1.03 E43 mole element& for P20s and PO:, respectively. It has 
been recommended by WHC that the P2OS value be used as a basis for adding Na3P0,. 

A smdI qount  of Th (0.2 wt% oxide in the slurry) was detected in the lOlAZ core I. 
sample.@ This core sample was primarily supernate. The 10lAZ core 2 sample was 
more representative of the sludge &action, but did contain some supernate. Thorium in the 
101AZ core 2 sample existed primarily in the supernate phase and waS removed to below 
the analytical detection limits during washing. These data suggest that the Th species is 
soluble and wil1 not be present in signifiait amounts in a pretreated (washed) NCAW 
slurry. However, S h g  Electron Microscopy (SEM) analysis of the 102AZ core 1 
washed solids indicated the presence of Th @'ossibly as ffuoride) particles. The Th parti- 
cles have the potential to be active catalytically (Colrnenares 1984) and should be consid- 
ered for future research. 

It has been postdated that noble metals exist as hydroxides in the NCAW. Discrete noble 
metat particles were not detected by SEM characterization of the washed 102AZ core I 
sample. The noble metals may be interdispersed among other crystalline or amorphorous 
phis.-. However, it has also been suggested'that the noble metals may exist as discrete 
particles in a metallic state distributed in the'undisturbed sludge layer not yet sampled. 
The speciation and particle size of the noble metals is expected to significantly impact their 
respective cataIytic activity. - 

A major constituent, uranium (4.74 wt% U,O& is not included in the FY 1991 NCAW 
simulant. The effect of uranium on slurry and glass redox chemistry and slurryhelter 
feed rheology is not known. 

(a) Wiemers, K. D., $. .A. Anderson, and M. E. Peterson. 1987. Evaluation of Process mgases 
. Released During the Fonnating of an HWVP Feed Simulant. Leuer Report to Westinghouse 

Hanford Company, HWVP-86-V110203G, Prepared by Pacific Northwest Laboratory, 
Richland, Washington. 
Wiemers, IC D. 1990. zlre Eflect of HWVP Feed Nitrate and Grbonate Content on G h s  

H.WVP-90-1.2.2.03.03A, Prepared by Pacific Northwest Laboratory, Richland, Washington. 
An. in ted  memo to' R: A. Smith from C. R. Allen, 1991, PNL-90-460. Core Sample Status 
Deliverables of NCAW: HWVP-90-1.2.2.05.04A, HWVP-90-1.2.2.05.04B7 

(b) - Redox Adjustment. Letter Report to Westinghouse Hanford Company, 

(c) 

HWVP-90-1.2.2.05.O7A, and HWVP-90-1.2.2.05.07~3. 
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Just before starting a feed preparation test, Na&O,, NaNO, and NaNO, were added as 
shown in Table 4.1.3. The N&02 and NaNO, were compositional variables. The 
Na&O? was a potential variabie, but due to limited time and expense, tests were not con- 
ducted to.evaluate the effects of varying the Na$03 content on offgas generation. 

A ffowsheet for the HWVP NCAW stock slurry simulant preparation is given in Figure 4. I. 1. 
. Most simulant components were co-precipitated as hydroxides from nitrate solutions to simulate the 

NCAW treatment history. This process is believed to provide a more accurate representation of the 
waste component spkiation. For the laboratory-scale tests, NCAW stock slurry simulant was prepared 
by the following steps: 

0 

0 

8 

0 

0 

step I - mixed hydroxide slurry was obtained from pilot-scale ceramic melter test-(PSCM-23) 
(Goles &d N h k a  1990) 

step 2 - the Mn02 was precipitated fiom -0, and Mn(NO&; the supernate was 
decanted(') 

step 3 - the Mn02 and mixed hydroxide slurry were blended, washed, settled and decanted 
twice (the slurry from step 3 is designated major component slurry) 

step 4 - minor constituent hydroxides (including noble metals) were co-precipitated in the 
presence of the insoluble components via NaOH; the mixture was washed, settled and 
decanted 

step 5 - a soluble component solution was prepared 

step 6 - batches from steps 3 to 5 were blended. 

To facilitate simulant preparation, a vendor-prepared co-precipitated mixed hydroxide slurry was 
obtained from the pilot-scale ceramic melter test (PSCM-23). This slurry contained AI, Fe, Ni and Zr 
hydroxides and approximately five times the nominal NO; concentration of the NCAW target simuiant. 
The mixed hydroxide slurry had been prepared in 1989. Some chemical andor physical changes could 
have'occurred during this time, and the impact of these possible changes is unknown. 

(a) The revised procedure for HWVP NCAW preparation specifies addition of the hydrous MnO, 
to the dissolved major nitrate salts before cokrecipitation with NaOH. A previously precipi- 
tated slurry of AI, Fe, Ni, Zr was used for FY 1991 laboratory-scale testing to minimize waste. 
The hydrous MnO, was blended with the hydroxide slurry. 
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Table 4.13. Sodium Nitiate, NO;, and COP Additions to Stock Neutralized Current Acid Waste 
(NCAW) Feed Shulant for FY 199 1 Laboratory-Scale Feed Preparation Testing 

* 

Test 
Amount of Component Added to Obtain Given Slurry Molarity. 

NaNO3 (molek) . NaN02 (moIe/L) Na2C03 (molell) 

1.2 
1.3 
2 1  
2 2  
3.1 
3.2 
4.1 
5.2 
6.1 
6.2 

Note 1 
Note 1 
Note 1 
Note 1 
Note 1 
Note 1 

Note 1 
Note 2 
Note 1 
Note 1 

0.44 

0.45 
0.43 
0.44 

8.13 
0.27 
8.43 

0.45 
0.44 

' 0.45 

c 

0.13 
0.13 
0.12 
0.13 
0.13 
8.13 
0.12 
6.13 
8.13 
0.13 

7.1 0.27 Note3 0.13 0.12 

Notes 
The listed sodium salts were added to each test aliquot (1.5 L of NCAW simulant) just prior to 
formating. Nitrate and Nitrite were test variables. Carbonate was a potential test variable but due to 
limited time and fundipg it was not evaluated and therefore a relatively constant amount of 
carbonate was added to each test aliquot. 
1 NaN03 not added to stock simulant. 
Stock simulant (with noble metals) contained the nitrate concentration, 0.13 mok. 
2 Non-noble metalstock simulant at 125 g WO/L contained 0.12 mgl N03-/L. 
3 This is the quantity(concentrati0n) of NaN03 added to the stock simulant for test 7.1. The total 
N03- concentration for test 7.1 includes the NaN03 added plus N 0 3 -  which was present in the 
stock simulant. For Test 7.1--> Total N03- 0.27 moVL+O.-l3 moYL=OAO moUL 
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A 3: I volume wash (water:simulant) was conducted twice on the major component slurry (AI, 
Fe, Mn, Ni, and Zr) to remove excess NO;. The initial batch contained 35 g NO;/L slurry. The 
washing efficiency for NO; was 75-8096. The NO; concentration after washing was approximately 2 
to 3 g NO; /L>) The elements Cd, Si, N d  and Na were not included in the major component slurry, 
even thou& they are present in the NCAW simulant in appreciable quantities (see target compositions 
in Table 3.1.1). Adding Cd, Si, and Nd with the other major components (Zr, Fe, Ni, Mn, AI) may 
be recommended pending further consideration of their respective solubility behavior. Sodium salts are 
solubfe aud would be lost during the co-precipitation and wash preparation steps. . 

Manganese was precipitated separately as MnO, from a .solution of -0, and Mn(NOJa.. This 
step vas added to the NCAW slurry simulant preparation procedure to accommodate the increase in 
Mu concentration. Previously, Mn was considered a minor constituent and was added as calcined 
Ah&.*) The supernate from the MnO, slurry was decanted before blending the slurry with the 
mixed hydroxide batch because it con&ed high concentrations of NO; but very little 
Mn (e200 ppm). 

Most of the minor constituents were co-precipitated as hydroxides from the respective nitrates. 
With the exception of Cd, Na, Nd, and Si, those elements in the slurry at < 1 wt% oxides were consid- 
ered minor constituents. The noble metals were co-precipitated with the minor nitrates and insoluble 
constituents. Ruthenium was added as the ruthenium nitrosyl nitrate species. Nitric acid solutions- 
were used as the source for palladium nitrate and rhodium nitrate. One 3: 1 volume wash with 
0.1M NaOH was completed on the precipitated hydroxides to remove excess NO;. A second wash 
was not compIeted to minimize loss of Cs, Sr, Rb, and Ca. In the future, Cs, Sr, Rb, and Ca com- 
ponents wiIl be added to the soluble component batch in their hydroxide form. Two washes may be 
implemented for the co-precipitated minor elements in hture batches where low NO; levels (< 8 g 
NO; /L @ 125 g WOL slurry) are required in the NCAW simulant.'" Soluble species that could be 
removed during the washing steps were added to the simulant after blending of the major and minor 
components was completed. The stock NCAW simulant target oxide loading was 125 g waste oxide/ 
liter (WOL). 

4.1.2 RecycIe Waste Stream Simulant Preparation 

Recycle waste stream simulant constituents represent materials that would be waste products 
from the vitrification process. The target recycle waste stream composition and chemical sources, 

(a) The 3:1 washes (water:simulant) were performed to simulate potential pretreatment steps. 
(b)' Wiemers, K. D. 1990. .me Effect of HWVP Feed Nitrate and carbonate Conrent on GIars 

Redox A a ! j u s m ~ .  Letter Report to Westinghouse Hanford Company, 
HW-90-1.2.2.03.03A7 Prepared by Pacific Northwest Laboratory, Richland, Washington. 
The slurry was wash& with 0.1M NaOH instead of water to reduce the possibility of washing/ 
removing metal Cations. The lathanide hydroxides are predicted to become more soluble as the 
pH decreases below 9 (Pourbaix 1974). 

(c) 
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provided by WHC,"' are shown in Table 4.1.4. Recycle constituents include equipment decontamina- 
tion chemicals, filter materids such as diatomaceous earth, melter offgas condensate, spent frit from 
canister decontamination, and miscellaneous waste streams. 

A summary relating recycle simdant source chemicals to process source follows. In the recycle 
simulant, HNO,, IQMnO,, &GO,, and Na,PO, represent equipment decontaminaoion chemicals. The 
base used to neutralize process condensates and equipment decontamination chemicals is represented by 
NaOH; NaCI is 4 impurity often found in NaOH. Melter offgas condensate contains Cs, Cd, C1, and 
PO;'. In the simulant, CdO, NaCI, and NagO, represent &ese elements.' Process waste treatment 
materiais were represented by z d i t e  E-96 and diatomaceous earth. The Cs, Sr and transuranic 
mu)' elements removed during a waste treatment process@) were not included by WHC in the refer- 
ence composition. Frit was not added to the recycle simulant because it was determined (by WHC) to 
be a potentially unreactive material.(') However, HCOOH, (15 g HCOOH/100 g of recycle oxide) 
which is present in the spent frit, was added to the stock recycle simulant immediately before recycle 
waste stream addition to slurry simulant. Recycle waste stream chemicals were blended with water to 
produce a 60 g recycle oxid& recycle slurry. 

4.13 MeIter Feed Simulant Preparation 

Melter feed was prepared by adding dry frit to formated slurry simulant. For glass redox meas- 
urements, the formated slurry was first concentrated; then frit was added to yield a target oxide loading 
of 500 g total oxiddliter (TOLL). MeIter feeh rheology samples were prepared by preconcentration of 
the formated simuIant to give target loadings after frit addition of 500,550, and 600 g T O L  No fur- 
ther processing was conducted. 

. 

. 
. 

4.2 LaboratoryScaIe Testing Equipment Description 

The testing apparatus shown in Figure 4.2.1 consisted of a 2-L pyrex kettle placed in a tempera- 
ture ControlIed heating mantle. The pyrex kettle lid was modified to accept a thermocouple, HCOOH 
additiontube, pH electrode, pH automatic temperature compensator, agitator shaft, condenser, sweep 
gas inIet, slurry sampling/reqcIe waste stream simdant addition port, and b d e  to enhance vertical 
mixing. A second condenser was added h series to the first condenser c o ~ e c t e d  to the vessel lid. 
Formic acid was introduced below the surface of the simulant through a Teflon tube using a peristaltic 
pump to control the addition rate. The sweep gas composed of either 4.4% Q in Ar or air (refer to 
Table 3.2.2) carried offgases from the reaction vessel plenum, through Fondensen at a rate of 

(a) 

(b) 

Smith, R. A. 1991. Revision of Pretreated Neutralized Current Acid Waste Composition for 
FY 1991 Pilot Testing-Errara Correction. L e e r  to J. M. Creer. #9150151. 
Eakin, D. E. 1991. Resuits of HWVP Transuranic Process Wqste Treatment Laboratory and 
Pilot-Scale Filtration Tests .Using Specidly Ground Zeolite. HWVP-91-1.2.2.03.06A. 
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Table 4.1.4. Target Recycle Waste Stream Simulant Composition, Recycle Simulant Source Chemicals and Frit Composition for 

A~Irrmca* 
g Rrcydo Oaldr par 

p Olldr In BRAT Slurry 

0.004 
0.0012 
0.05 
0.001 
0.08 

O.oooO8 
0.0027 
0.04 
0.02 

0,1192 

FY 199 1 Laboratory-Scale Feed Preparation Tests 
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h;:; 

Targat VrIua** F 
g Arqc lo  011160 p r .  $3 . 
L d R a y d r  I l m u l ~ l -  $j 

y:?: ':'I.',' 

Swrcr  

CdO 
KMnO4 
NaOII 

Nm3POI 
HN03 
NnCI 

Nr2C204 

2.01 22 
q 0.60 

25.17 
2.01 
40.27 
0.04 
1.38 

20.13 % MIlOmlCOOUD Erflh 
10.07 - 2 .,A . Zaolllr (IE.06) 
60 & 

3. 
:<t. 
.. 'F Y 3; 

<...: .. . 

.., 

rum*** 

Rrtrrrnca and Tar@ 

Oalde 

CdO 
Uno2 
Ne20 
P205 
NO% 
, CI. 
TOC 

Dlrlomrc.our Eanh 
Z.olllr (IE-96) 

rum 01 nonvolrlllrr 

t 

Drldra In Rrcyctr Slmutrnl ourcra o l  Rrcyclr SI 
I 

'Smllh, R. A. 1991. Revlslon of Prelrealed Neulralred Currenl Add Waste Composlllon for RI 1991 Plkl Tesllng- 
Errala Correcllon. Leller lo 3. M. Creer. 19150151. 
The sum 01 nonvolallles Includes all componenls excepl nllrale, chbrlne and lolal organlc carbon. 
"The large1 concenlrallon for the recycle slurry Is 60 g oxlda/L d recycle. Actual composlllon was not measured. 
To convert lrom column 2 lo 3: (g recycle oxlde)l(sum d nonvolallles)'(60 g lolal recycle oxlddL d recycle) 
*** The sum values have been rounded lo the ones place. 
11L 01 NCAW slurry Is @ 125 g WolL d NCAW slurry. The approxlmale amounl 01 recycle slmulant necessary 
lor addillon lo 1 L 01 NCAW slmulanl Is 250mlol recycle slmulanl(@ 60 g recycle oxldeR d recycle slmulant). 
Note: The recycle slurry was added on the basts d L e  gram waste oxldes present In the vessel a1 the end 01 dlgestlon. 
The amount 01 gram waste oxldes was delermlned by sublracllng the waste oxldes conlalned In slurry samples (wldch were removed 
durlng formlc acld addltlon and dlgesllon) horn the Idtlal gram waste oxldes. 
(Inlllal gram waste oxides-1.W 01 slurry'125gWOR of slurry-187.5gWO) 
1 Y  Hrma, P. and M. J. and Schwelger. 1991. Frll lor NCAW-Q1 Glass. Leller'Report from 
PNL HWVP.Technology Developmenl ProJecl to WHC. 

0 

lllon 

Oalda 
W l X  

20.45 
7.29 
72.26 

100 



Sluny Sample and Recycle 
Addakn - To Two Condensers in Series, Condenser 

Themwxouples and 
offgas Anaiytical system 

Fa Condenser 
Condensate ’ 

sampling Porl 

olajs Reaction 

ETgure 4.2.1. Schematic of the’Laboratory-Scale Apparatus fbr FY 1991 H d r d  Waste 
Vittifiiation Plant (HWVP) Neutralized Current Acid Waste (NCAW) 
Simulant Feed Preparation Tests 

-0.6 slpm. The sweep gas was diluted downstreaq from the condenser with a gas composed of 
4.39% CH, in Ar. The flow rate of the dilution gas was -0.3Umin. Slurry pH was collected at - 15 sec intervals on the data acquisition system. Slurry and gas temperatures were recorded 
UlaIlUaIIy. 

Figure 4.2.2 is a schematic of the offgas equipment configuration. Because of the dynamic 
nature of the reduction reaction rates and resultant gaSeous generation rates, real time monitoring capa- 
bilities were employed to characterize the generation rates of the major gaseous reaction products. The 
emission rate behavior of N20, CO, and CO, was monitored with specific infrared gas analyzers. A 
chemiluminescent NONO, analyzer was used to measure primarily NO,. Concentrations of NO were 
monitored intermitkntly’during selected tests. An electrochemical sensor was employed to detect gas 
phase concentrations of 0,. The H, and N2 concentrations were measured using gas chromatography. 
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Hood 

Figure 4.2.2. Schematic of the Laboratory-Scale Offgas Equipment Configuration fir FY 1991 
Hanfbrd Waste Vitrification Plant (HWVP) Neutralized Current Acid Waste (NCASV) 
Simulant Feed Pxeparation Tests (detection method given fir each gas detector) 
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? 

The nominal gas sampling rate to measure H, and N, via the gas chromatograph was - 1 sample/ . 
2 min. Every 15 sa, N,O, NO,, CO, CO,, and 0, were sampled. The'totaI offgas flowrate versus 
time was monitored via a CH, tracer in the dilution gas added d o w n s t r k  from the condenser. A 
separate Mared analyzer provided analysis of the CH,. Table 4.2.1 lists additional details concerning 
the offgas analyzers. - 

Attempts to monitor MI3 via the hfka-red @Z) detector f d e d  because the detector was sensitive * 

to several gases including the carrier gas (Ar/OJCH,) and CO,. Ammonia is predicted to be trapped in 
the condens& until the condensate reaches a fairly alkaline pH. Soluble a+ was measured in the 
slurry and condensate samples by selective ion electrode. 

4.3 Test Procedure 

Laboratory tests on the NeAW shulant consisted of the following steps: 

step 1 - HCOOH addition 0 

- step 2 - digestion (concentration 1) 

step 3 - recycle addition 

step 4 - concentration 2 

e step 5 - dry frit addition to make melter feed (also completed for samples collected after 
step 3) 

step 6 - crucible melting of melter feed simulant for glass redox measurement. 

Steps I and 2 simulate activities in the SRAT, while steps 3 and 4 simulate processing in the 
SME (full-scale operation steps used for development of the laboratory procedure are given in Appen- 

HCOOH addition or boiling of meIter feed. A summary of the Iaboratory-scale procedure follows: 
, dix B). The laboratory step did,not include concentration of the NCAW simulant slurry prior to 

A tared 2 L reaction vessel was filled with approximately 1.5 L of stock NCAW simulant 
@ 125 g WOK. "he weight of the simuiant was determined. The initial volume was cal- 
culated using the density of the simulant (1.08 g/mL of stock NCAW simulant). 

The vessel was placed in the heating mantle, configured per Figure 4.2.1 and heated to 
95°C. Sodium nitrite, NaNO,, and NaJO, compounds were .added to the simulant during 
initial heat up via a port in the reaction vessel lid. 

. Formic acid was added after the vessel was sealed and sweep-gas started. Temperature and 
pH were monitored. Formic acid addition was conducted under reflux conditions (Le., 
condensate was returned to the vessel). Slurry samples were collected during HCOOH 
addition. 
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' Thbie 4.2.1. Normal Offgas Concentration Range and Offgh Analyzer Specificatlons fbr FY 1991 Laboratory-Scale 
Feed Preparation Tests of Hanfbrd Waste Vitrification Plant (HWVP) Neutralid Current Acid Waste 
Waste (NCAW) Simulant 

Normal . Approxlma le 
Concentration Minimum 

Llmi ts  
Modell Method of Range During Analyzer DetecUon Appsoxlmale 

Accuracy Analyzer Maufacturer Measurement Test Ranqe 

COI! 

N2z) 

CH4 

CO' 

NH3" 

rn 
0 2  

H2 

N2 

02Y 

coon 

CH4# 

IR 703D-35510pticai - Filter Corp. Infrared Instr. 
IR 703D-$45/0ptlcai 

Filter Corp. Infrared Instr. 
' IR 703D-l45/0ptlcal 
Fllter Corp. Infrared instr. 

IR 703D-445lOplIcal 
Fllter Corp. Infrared Instr. 
. IR. 703D-245/0pticai 
Filter Corp. Infrared Instr. 

851  A I  
Beckman Industrial 

IR 2200-3052-6/0ptlcal 
' Filter Corp. infrared Instr. 

M200DMcrosensor 
Technology Inc. 

M2OODIMicrosensor 
Technology Inc. 

M2OODIMicrosensor 
Technology Inc. 

M200DIMicrosensor 
Technology Inc. 

M2OODlMicrosensor 

infrared Absorbance 

Infrared Absorbance 

Infrared Absorbance 

Infrared Absorbance 

Infrared Absorbance 

Chemiluminescent 

Eiectrochemlcal 

Gas Chromatograph 

Gas Chromatograph 

Gas Chromatograph 

Gas Chromatograph 

Gas Chromatograph 

0-1 5% 

0.6% 

d -2% 

0x3 

ceh 

0.2% 

0-1 5% 

0-2% 

0-80% 

,0-20% 

Wh 

1-2% 

O-SO% 

0-6% 

0-5% 

0.5% 

0-1.5% 

0 6 %  

0-25X 

0-4% 

0 - 1 0 0 1  

0-60% 

0-50% 

0-60% 

0.05% 

0.05% 

0.05% 

0.03% 

0.05% 

50 PPm 

50 PPm 

2 PPm 

100 Ppm 

100 ppm 

200 ppm 

100 Ppm 

'The CO infrared analyzer exhibits a linear response to N20 as well as CO. After correcting for the N20 Interference. no CO was observed during 
testing. CO was also monitored by the gas chromalagraph (GC). No CO was detected by the GC which confirmed the CO Infrared analyzer results. 

"The NH3 analyzer exhibits a linear response to NH3, C02, and CH4 gases along with a strong nonlinear response 
to N20. The total complex response funcUon makes the data from the NH3 infrared analyzer quesUonable. Any NH3 present in he offgas 
was likely obscured by the Interferences. Al l  reported ammonia data represents soluble ammonium ion in the slurry and consensate as measured 
by selective ion electrode, 
#Even though the GC measured 02, CO, and CH4 gases, the data from the specilic Infrared analyzers were used. 



For digestion, the.temperature was increased to 100°C (near boiling), and both condensate 
and slurry samples collected to allow monitorhg of the extent of reaction as a function of 
time, pH, and gas composition. Digestion time was 4 h except for test 4.1 that was 
digested for 8 h (4 h uqder reflux conditiops and 4 h during condensate collection). About 
80 mLh of condensate was removed during digestion from the first condenser (coolant 
temperature = 10°C, capacity of collector = 40 mL). The second, downstream condenser 
(coolant temperature = 25 to 29"C9 capacity of collector = 10 mL) generally produced 
less than 10 mL during testing. ?%e NCAW shulant  was allowed to cool to room tem- 
perature overnight after digestion. 

The vessel plus the digested NCAW shulant were weighed prior to heat up and recycle 
waste stream simulant addition. The.NCAW shdant was heated to 100°C prior to 
recycle addition. The recycle waste stream was added via tygon tubing and a peristaltic 
pump at a rate of approximately 10 mL/mh. Settling within the tubing occurred dking . 

recycle waste stream addition, so the tubing was turned constantly by hand to prevent build 
up of solids. Condensate was allowed to reflux back into the vessel during heat up and 
recycle waste stream addition. 

e 

* 

After recycle waste stream addition, the slurry was coneentiated at 100°C (near boiling), 
and the condensate collected for - 1 h. Final weight of the vessel and slurry was then 
determined after sample removal. 

Slurry samples were removed for redox andphysical property m,easurements, plus thermal and 
chemical analyses before and after recycle addition. For redox and rheology measurements dry frit 
was added to a concentrated slurry sample that had been cooled to room temperature. The resultant 
melter feed simulant was v'itrified in a sealed crucible for Fe+2/cFe analysis. 

4.4 Sampling Strategy/AnaIytid Methods 

The sampling strategy is summarized in Table 4.2.2. Samples were removed during testing for 
chemical analyses, glass redox, and physical characterization. Slurry and supernate samples were ana- 
lyzd routinely by inductively coupled plasmaemission spectroscopy (ICP-ES) for metal cations 
(Wagner 1991)@) and ion chromatography (IC') (Urie 1991)e) for HCOO', NO; and NO;. Induc- 
tively Coupled'Mass Spectroscopy (IO-MS) and x-ray fluoreskence (XRF) were only used to compare 
analytical methods (refer to Appendix A), not routine simulant characterization. Measurements of IC 
and pH were performed on condensate samples. Concentration of NH: in the slurry supernate and 
condensate was measured by selective ion electrode (SIE)."' A procedure for sealed crucible melts 

(a) 

(b) 

(c) 

Wagner, J. J. 1991. PNL-ALO-211, rev. 0.. Determination of Elements by Inductively Cou- 
pled Argon Emission .Spectroscopy. 
Urie, M. W. 1992. PNL-ALO-212. Determination of Inorganic Anions by Ion 
Chromatography. 
Burt, M. C. 1991. PNL-ALO-226. Ammonia (nitrogen) in Aqueous Samples. 
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Table 4.2.2. Process Step Sampling Strategy for FY 1991 Laboratory-Scale Feed Preparation Testing 
of Hadoid Waste Vitrification Plant (HWVP) Neutralized Current Acid Waste (NCAW) 

Sample/ 
Analysis . 

Type 

. Simulant 

Process Step 
Untreated Recycte 

NCAW HCOOH Addition/ 
(I ni t ia I) Addition Digestion Concentration 

19n8lvsas 
ICP slurry 1 
lCP supernate I 
lC.supernate 1 
TOC slurry I 
TC Yurry 1 
SI€ for NH4+ siuny I 
X F F  (optional) 1 

$%ss Red= 
F e + a F e  . Q 

ProaadigS 
density 1 0 1 

I 0 1 
r m  1 0 1 
nRo/. Solids ' 

3healqy for selected tests with emphasis on melter feed. 
rhermal Analysis for selected tests with emphasis on formated feed. 

Condensate 
0 3 3 

,H 0 3' 3 
YE for NH4+ Q 3 3 

L. * 3 
3 
3 

2fbE 0 on-line on-line on-line 
Mine measurement performed for H2.02, Nox, N20, N2 (except with air purge), CO, C 0 2  
40 was monitored intermittantly for selected tests. 
donitonng of gas phase NH3 and HCOOH concentm*ons was not successful. 

Bcranvms 
ICP: Inductively Cmpled Plasma 
IC: Ian Chromatography . XRF: X-Ray Fluomicence 
TOC: Total Organic'Carbon TOR: Total Oxidesltiter 
TC: TotalCarbon 

SIE Selective ion Electrode 
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was developed and used for preparation of-samples for glass redox measurements (Fe%Fe) based on 
SRTC experience.@) The Fe+*EFe ratio in the glass samples was used as an indicator of the glass 
oxidation state and was measured using the 1,lO phenanthroline spectrophotometric method.@) 

Carbon analysis(') of the NCAW slurry simulant was unacceptable. In Table 4.2.3 the total 
organic carbon floc) and total' carbon crc) analytical results for NCAW slurry simulant (eight 
FY 1991 tests) aie shown. From comparing the analytical resuits with the target values, it is apparent 
that firrther analytical development is required for measuring carbon in the NCAW simulant. The val- 
ues for TOC are 12 to 15 times higher than the known squrce quantity addition of 0.17 g of c a r b o a  
of slurry that was added 
sour& quantities of Na&O, and N+CO,. Consequently, the calculated inorganic carbon values range 
ffom -0.3 to 2 g of CafbodL of slurry. The TOC procedure was performed by heating the slurry to 
6 0 0 0 ~  to drive off the carbon as CQ that wai then measured. The TC procedure was pefiormed at 
1OOO"C; Specific factors 'or slurry matrix e f f m  for &bon analysis have not been identified to 
expIain the results. Similar results were'expekenced during previous tests.@) Further analytical . 
development is'required, perhaps using spiked'matched matrix standards for calibration. Accurate 
determimion of carbon in the slurry was not possible. 

Na&O,. ahe values for TC are 1 to 2.5 times higher than the known 

. 

Weight percent solids of the NCAW slurry was determined by weight loss after drying for 24 h 
at 1105°C. Weight percent solids were also measured by a microwave oven drying method. The 
microwave method was hvestigated because it decreased turn around time from 24 h to 1 h. Compari- 
son of microwave ovendhed and conventiod ovendried results for weight percent solids showed the 
microwave ovendrki samples to be consktently higher by 3 to 5%. It is not known if the observed 
bias would be consistent for significantly different slurry types. Total oxide of the NCAW slurry was 
determined by weight loss after drying for 1 h at 1150°C. Density of the NCAW slurry was obtained 
b;y weighin'g the slurry in a calibrated graduated cylinder. 

. 

Rheograms ( s h e  stress as a function of shear rate) were obtained using a Haake Rotovisco 
RV 100 viscometer driven by a M500 head with the I@l II-standard sensor system. The M V  11 system 
is a rotating spindle and c i~p assembly. The measurements were collected at room temperature'for . 
5 min over a shear rate range of 0 to 451 s-'. The downward scan required an additionai 5 minutes. . 

- 

~~ 

(a) 

(b) 

(c) 

(d) 
. 

Olson, K. M. August 1991. WTC406-29, rev 0. Preparation of Feed Samples for Fe+WFe 

Burt, M. C. August 1988. PNL Test Procedure 74.20,  rev 0. Spectrophotometric Deter- 
&nation of Reduced and Total Iron in Glass with 1, lO Phenanthroline. 
Baidwin, D. August 1989. PNL-MA-597,7-40.37. "Determination of Carbon in Solids Using 
the Coulometriq Carbon Dioxide Coulometer." 
Wiemers, K. D. 1990. Ihe Effect of HWVP Feed Nitrate and Gztfionare Conrent on Glass 
Redox Adjktrnent. Letter Report to Westinghouse Hanford Company, 
HW-90-1.2.2:03.03A, Prepared by Pacific Northwest Laboratory, Richland, Washington. 

analysis. 
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I 

"Total Carbon (g/L of slwryp 
Total Organlc Carbon (gA of sIurryp* 
lnomanfe Carbon (n/L of sIurrv)'n ' 

I 

'est Number 3.1 3.2 
1.1 1.2 1.3 2.3 2.2 4.1 
2.19 2.23 1.41 '3.72 236 2.45 4.28 262 

Target Valuet 
1.67 

1.5 4 . l A  -0.3 2.53 2.3 2 231 2.2 228 2.1 8 . 0.17 2.33 P 
' 5 ;  

.0.11 

'hble 4.2.3. Total Organic Carbon and Total Carbon Analysis for NCAW Slurry Simulant (Eight FY 1991 Tests) 

6.28 a m  Q.25 . 2 0.44 



4.5 Methods Used for Thermal Analysis of Dried NCAW Siulant 

The thermal properties of explosives are important considerations in normal processing evalua- 
tions and accident investigations. Three types of tests were conducted to evaluate the thermal stability 
of dried NCAW simdant: differential scanning calorimetry (DSC), thermogravimetric analysis 
(TGA), and Henkin Critic& Temperature tests. . 

DSC is used to look for exothermic and endothermic changes that determine the temperature of 
phase changes and chemical reactions.. The DSC analysis was perform& on a Perkin-Elmer Model 
DSC 7 instrument. The'TGA measures changes in weight associated with gas producing reactions or 
vaporization as a hction of temperatyre. TGA w& pertbrmed with a Perkin-Elmer Model TGA-7. 

Slurry samples were not dried before the TGA analysis. Slurry samples for the DSC analysis 
were dried at 60°C for -24 h. before initiating thermal analyses to concentrate the solids, decrease 

. volatile components (primarily water) and minimize potential risk to the equipment from foaming or 
splatter. For both TGA and DSC analyses, approximately 10 mg of sample were heated at a rke of 
lO"C/mi.n over a temperature A g e  of 40 to 700°C under an air purge. An air purge was used as a 
h t  approximation of the vessel plenum composition. 

. 

I 

The Henkin Critical Temperature Test is a semi-routine test used to confirm the decomposition 
kinetic rate parameters determined from DSC measurements (Scheele and Cady 1992). The Henkin 
test is usefbl for a'prelimjnary estimate of scale-up effects even when kinetic par&eters are not availa- 
ble. The Henkin sample is larger than a DSC sample, and differences in cookdF temperature are an 
indi.cation of the direction and magnitude of changes that might occur with even larger samples. The 
He& test is sometimes called the time-toexplosion test because events often do not occur until sev- 
eral minutes after the sample is placed in a preheated environment. The reason for the delay is that 
induction processes must often- occur before the s& of the exothermic reactions that cause the event. 
Rapid gas evolution that is indicated by sample displacement and/or noise is rqmrded as an "event." 

. 

Henkin tests@) were conducted on NCAW slurry samples at temperatures of 380,450, and 
550°C. Between 15 k d  21 mg of slurry (not dried) were placed in a small test tube. The test tube 
was placed into a cavity within a preheated, temperature controlled metal block. Indications of an 
explosion by visual observation were made over a 20 min period. 

(a) PNL Laboratory Procedure for the Measurement.of Explosive Behavior, LCB-SSX-1, 1989. 
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5.0 Results 

Section 5.0 describ,es laboratory data collected during FY 1991 laboratory-scale feed preparation 
tests. The data pertain to physical properties of the NCAW simulant, rheology of melter feed simulant, 
offgas and slurry chemistry, glass redox, and thermal stabiiity of dried slurry simulant samples. A pre- 
liminary evaluation of the uncertainties and l&itations of three analytical methods for determining ele- 
mental composition was.performed using stock NCAW simulant and is discussed in Appendix A. 

5.1 Physical Properties of the NCAW Simulant 

Table 5.h. 1 lists density, weight percent solids, and WOL for initial NCAW slurry simulant 
(stock plus added NaN02, NaNQ and Na&03), formated simulant before recycle addition, and for- 
mated’simulant &r recycIe addition and concentration (end of test). Correlations between the weight 
percent solids in slurries and the oxide loading measurements were developed for largescale operations 
(Slurry Integrated Process Tank [SIPTJ). The results indicate that for the simdant slurries tested, the 
weight percent solids can be used to predict the oxide loading provided the volatile anion loading is 
comparable. Correlations’ for initial NCAW shulant, formated simulant before recycle addition, and 
the formated shulant &r recycle addition have been developed. A scatter plot showing the general 
relationship between wt% solids and WOL is provided in Figure 5.1.1. 

5.2 Rheology of NCAW MeIter Feed S i d a n t  

Rheograms were obtained for a melter feed simulant at three oxide loadings, 500,550, and 600 g 
TOL: The melter feed was prepared by adding frit to the fokated simulant with recycle from 
test 7.1 .(I) No specific criteria were available to select an exact test simulant for rheology 
measurements. 

The yield stress and @parent viscosity for three shear rates (183,383, and 451s’) for the melter . 
feed simulants at the three oxide loadings are given in Table 5.2.1. The flow behavior index, n, and 
consistency factor, K, are also provided in Table 5.2.1. The index and consistency factor were calcu- 
lated from the slope and y-intercept, respectively, of a log-log plot of shear stress versus shear rate. 

(a) Test 7.1 was conducted with a high nitrate, low nitrite simulate. Formic acid was added in the 
amount of 55 mL 87 wt% HCOOHL slurry. The pH of the waste simulant at the end of the 

. feed preparation steps was 7.2 (IOO°C). The pH of the simulant before and after frit addition is 
not known. 
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Table 5.1.1. Density, Weight Percent Solids and Waste Oxide/Liter(') for Initfal NCAW Simulant, Formated Simulant Prior 
to Recycle Addition and Treated Simulant at End of Test 

Initial Slurrye) End Digestion@' End of Tatfd, 

Wt.% Solids Wt.% Solids Wt.% Solids 
Test Density Density Density 

Number (g/ml) CEM Oven WO/L (g/ml) CEM Oven WO/L (glml) CEM Oyen .WB/L -- -- --- 
1.1 1.10 
1.2 134 
1.3 1 .08 
2.1 1.09 
2.2 1.11 
3.1 1.09 
3.2 1.10 
4.1. 1.09 
5.2 1.12 
7.1 1.10 

15.39 
16.13 
16.16 
15.50 
16.27 
14.53 
15.28 
15.75 
16.06 
16.32 

14.57 
14.94 
15.05 
14.51 
15.10 
13.45 
14.05 
14.93 
15.23 
15.23 

B 19.05 
131.20 
120.11 
1 17.70 
124.32 
112.84 
117.29 
121.01 
126.60 
122.99 

ND'"' 
1.11 
1;13 
1.14 
1.13 
1.14 
1.17 
1.14 
1.04 
1.11 

ND 
19.23 
20.20 
18.02 
19.84 
20.24' 
21.13 
20.45 
22.5 1 
20.77 

ND 
17.85 
18.40 
19.44 
18.04 
18.54 
19.64 
18.73 
21.31 
19.24 

ND 
147:98 
153.38 
166.55 
150.97 
960.51 
172.65 
159.36 
143.26 
155.02 

1.12 
1.1 1 

' 1.20 
' 1.11 
1.13 
1.14 
1.14 
1.14 
ND 
1.S3 

18.76 
16.89 
20.86 
16.05 
18.36 
20.39 
23.01 
18.90 
SD(O 
SD 

16.89 
15.76 
19.30 
14.79 
19.96 
18.57 
19.59 
17.49 

SD 
SD 

134.02 
125.80 
168.19 
119.12 
187.311 
157.07 
160.75 
149.39 

SD 
SD 

(a) Values for waste oxid& (WO/L) represent results from "loss-on-ignition" determinations, made using a muffle 

(b) Values shown reflect sampling before HCOOH addition. 
(c) Value's shown reflect sampling after digestion and before recycle waste stream addition. 
(d) Values shown reflect sampling after recycle addition at the end of testing. 
.(e) Not determined. 
(f) Suspect data, not given. 
NOTE: Two ovens were used for drying samples: CEM Instruments microwave oven and Blue M Instruments 

conventional oven. 

furnace operating at 1150°C. 
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Figure 5.1.1. Correlation of Weight Percent Solids and Waste Oxide/Liter for Initial NCAW 
Shulant, Formated Simulant Prior to Recycle Addition and Formated Simu- 
lant after Recycle Waste Stream Addition 

Table 5.2.1. Yield Stress and Apparent Viscosity of Three Melter Feed Shulants Prepared from 
Test 7.1 NCAW Shdant Measured at Shear Rates of 183,383 and 451 s'' 

in yield stress and viscosity (550 to 600 g 
to uncertainties in preparation andor 

an unknown variable, such as aging, which.was not 
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The index and consistency factor may be used in engineering models of pressure drop across slurry 
transikr lines. The change in apparent viscosity with shear rate is shown in Figure 5.2.1. Associated 
rheograms (shear s k s  vefsus shear rate) are provided in Appendix C The reported values were 
derived from a second or third replicate viscosity measurement on the same sample. 

The yieId stress ranged from 13.5 to 20 Pa. The apparent viscosity Over a shear rate range of 
, 183 to 451 s'' ranged from 60.1 to 159.5 mPa-s. The measured yield stress is of concern as it exceeds 
. the current plant design criteria of 15 Pa. An unexpected decrease in yield stress was observed 

between samples containing 550 and 600 g Wok. The decrease may reflect error in sample prepara- 
tion or sensitivity limits of the associated sample preparation and rheological measurements."' The 
largest change in yieId stress WAS observed between sampies containing 500 and 550 g Wok. 

1000 

n 800 

n 
E 
z 
Y 600 
U 

v) 

v) 
8 z 400 
2 

-x 200 

c 
a 
3 

0 
0 100 200 300 400 500 

. Shear Rate ( l k )  

F'igum 5.U.  Apparent Viscosity as a Function of Shear Rate fir Three Melter Feed Simdants 
Prepared from Test 7.1 at 500,550 and 600 g TOLL 

(a) Attempt to veri@ the oxide loadings after receipt of the rheological data was not pursued, 
because the rebvered shulant was visually more viscous than before the rheological measure- 
ment. Although the sample lids appeared to be tight, it is not certain whether the change in 
physical state was due to drying, aging resulting from chemical changes in waste and/or frit, or 
.shearing.during the rheological measurements. 
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The simulaxtts demonstrated a very slight pseudoplastic to Bingha  plastic behavior bas d on the 
calculated flow behavior index, n, being Q.9'to 1 (Fow et al. 1986). A timedependent behavior (hys- 

iting an increase in shear stress with time.(') A preliminary evaluation of the data suggests that the 
melter f& simulant may experience some physical alterations due to shear effects or aging. 

t teresis) was observed for hl oxide Ioadings. The simulated melter feed slurries were rheopectic, exhib- 

. 

53 Offgas Generation Data 

Process profiles and key events during the laboratory tests that pertain to offgas generation meas- 
urements fot. each f& preparation test 'are provided in Appendix D. Peak gas generation rates are 
listed in TabIe 5.3.1, Total moles of each gas released as a function of process step are given in 
TabIe 5.3.2, 

Upon reevaluation ofthe data it was realized that the availability of the reactants (Le. HCOO' 
and NO;) was decreased by as much as 20% as a result of slurry sampling. The offgas data has not 
been corrected for rem,ovaI of slurry samples. AIthough replicate tests have not intentionally been 
conducted to determine experimental error, review of offgas data as presented in Appenidix E, 
provides an estimated error ranging from 10 to 20%. Based on this cursory evaluation, the error 
introduced by sampIe removal (maximum 20%) may be considered to be within the estimated 
expe&ental error. However, a 20% increase in the amount and peak gas generation rate should be 
applied as a conservative &timate of the maximum gas release. 

. The proms profiles in Appendix D identify, as a function of process time, the offgas generation 
rate (mmole/min) for &, CO,, N,O, and NO,; the slurry pH, volume and temperature; and the amount 
of HCOOH added d ~ g  the test run. Carbon monoxide and N, are not reported because they were 
not detected during feed preparationlests. Analytical detection limits for the gases were 100 ppm for 
N2 and 200 ppm for CO." The release of NO gas was monitored only on an intermittent basis for 
selected tests (refer to Section 6.1). For most of the tests, littie change from nominal 4 (3%) was 
observed. During test 5 (non-noble metal simulant) in which significantly greater amounts of NO, 
were observed, the 0, concentration decreased to - 1 %. 

(a) .Rheapectic behavior is observed on the rheogram as the shear rate is s d i l y  increased from 
zero to a maximum value and then decreased steadily back to zero. The down-cume will be 
above the up-curvei This behavior results when the structural configuration and particle orien- 
tation of some slurries cannot adjust .instantaneously to changes in shear stresses. 
However, the tracer gas, a,, contained a small amount of N,, which raises the detection limit 
for N, to 200 ppm. 

@) 
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. Table 53.1. Peak Generation Rates (moles/minute) of &, CO,, NO, and N,O Measured During 
FY 1991 Laboratory-Scale Feed Preparation Tests 

Test 
1.1 
- 
1.2 
1.3 
2.1 
2.2 
3.1 
3.2 
4.1 
5.1 
5.2 
6.1 
6.2 
7.1 

Peak Gas Generation Rates (mmoldmin) 
N*O 

0.56 Y-48 0.a 2.83 
- NO, - .  GO* - H* - 

< 0.05 
C 0.05 
< 0.05 
C0.05 

0.42 
0.3 1 

C 0.05 
< 0.05 
< 0,05 

1.12 
0.43 
0.3 1 

.. 

8.60 
7.92 

. '4.25 
13.95 
8.01 
8.17 
8.41 
6.97 
6.65 
7.33 
6.23 
6.28 

0.37 
0.49 
2.18 
1.09 
0.27 
0.41 
0.48 
1.55 
3.89 
0.65 
0.51. 
0.093 

2.11 
2.70 
1.79 
3.35. 
2.04 
2.42 
2.23 
0.15 
0.28 
2.40 
2.59 
1.34 

Note: Approximate slurry volume was 1.5L (125 g Wok). 

Gas compositions were measured downstream of both condensers and therefore did not include 
any condensed gases (such as NO,, NH,, and HCOOH). C ~ ~ e c t i ~ n s  for time delays between gas 
release from the slurry and injection into the detector were.included in the offgas profiles. Step 
d&eases in the slurry volumeshown in the process profiles are due to sampling. Continuous 
decreases in slurry volume are a result of boilsff. Increases in slurry volume are due to HCOOH or 
recycle waste stream addition. 

. Comparisons of the offgas generation rates for the following test variables are provided in 
Appendix E: 

Figure 
El.ad 
- 
=.ad 
E3.a-d 
E4.ad 
=.ad 
E6.a-d 

Variabie Test 
Amount of HCOOH 
Rate of HCOOH Addition 
Amount of NO; 
Extended Digestion Period 
Noble Metals 
Low NO;, High NO; 

1.1, 1.2, 1.3 
1.3,2.1, 2.2 
1.3, 3.1, 3.2 
1.3, 4.1 
1.1,5.2 
3.1,7.1 
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Table 53.2. Quantities of CO,, N,O, NO, and H2 Released During HCOOH Addition, Digestion, 
Recycle Waste Stream Addition, and for Test Duration for FY 1991 Laboratory-Scale 
Feed Preparation Tests 

c 

Quantity of Gas Released Durinq SDedfied Period. males 
R e c y d  

offgas Hcm4 Waste Stream 
Test No. Seedes Addition Oiqestion Addition . Total for Test 

1.1 

1.2 

1.3 

2.1 

2.2 

3.1 

3.2 

4.1 . 

7.1 

co2 
N20 
NQX 
H2 

co2 
N20 
Nox 
H2 

co2 
N20 
Nox 
H2 

co2 
N20 
Nox 
H2 

co2 
N20 
Nox 
H2 

co2 
N20 
NOX 
H2 

co2 
N20 
Nox 
H2 

co2 
N20 
Nox 
H2 

co2 
N20 
Nox 

a.76~-01 
236891 
3.00E-02 
271 E42 

276E-01 
8.708-02 
1.20OE-02 
7.90E-04 

5.85E-01 
210E-01 
3.40E-02 
280E-03 

4.52E-01 
1.43E-01 
1.08E-01 
6.00E-04 

4.90E-01 
1.45E-01 
260E-02 
1.60E-04 

4.57E-01’ 
7.70E-02 
6.70E-03 . 
1 A7E-02 

5.35E-01 
1.46E-01 
1.90E-02 
5.00843 

SSOE-01 
1.90E-01 
2.90E-02 
a.30~-04 

5.24E-01 
8.00E-02 
4.1OE-03 

1.39E-01 
1 SOE-04 
2408-04 
298E-02 

1 -77E-02 
5.75E-02 
1.90E-03 
240E-04 

5.5OE-02 
1 SOE-04 
5.30E-05 
1.1 1 E42 

aa0~.03 
7.00E-03 
9.20645 
1.1 OE-04 

1.07E+00 
236E-01 
3.03E-02 
6.80E-02 

3.03 E-0 1 
1.53E-01 
1.4OE-02 
1.1 OE-03 

3.43E-02 230E-02 6.42E-01 
3.24E-02 5.OOE-04 243E-01 
1.3QE-03 0.00E+00 3.53E-02 
4.00E-03 4.9OE-03 1.16E-02 

4.70E-02 NA 4.99E-01 
1.90E-02 NA 1.62E-01 
1 A0E-02 NA 1.18E-ol 

Hydrogen data Set incomplete for this test 

6.60E-02 
7.20892 
5.50E-03 
6.90E-05 

1.02E-01 
8.30E-04 
5.25E-05 
1.97E-02 

8.1 OE-02 
l.lOE-03 
200E-04 
1.45E-02 

4.30E-02 
5.24E-02 
3.40E-133 
1.90E-04 

1.80E-01 
1.20E-04 
l.1OE-04 

1.06E-02 
25OE-03 , 

4 . 2 6 0 5  
27OE-05 

4.30E-02 
6.20E-04 
3.80E-05 
WOE-03 

3.50E-02 
5.00E-04 
1.70E-05 
200E-03 

2 1  OE-02 
4.00E-04 
5.40E-05 
9.OOE-04 

5.70E-02 
0.00E+00 
1.40E-04 

5.67E-01 
2 1  9E-01 
3.208-02 
25OE-04 

6.02E-01 
7.7OE-02 
6.70E-03 
3.60E-02 

6.52E-01 

1.92E-02 
215E-02 

6.1 4E-01 
2438-01 
3.23E-02 
1.90E-03 

1 A~E-OI 

7.61 € 4 1  
8.00E-02 
4.34E-03 

H2 1.27E-02 2.77E-02 4.50E-03 4.49E-02 
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Table 533. (contd) 

, TestNo. Sa&s Addflon Olgestbn Total lor Tesm 

5.2 a2 4.12E-01 3.6OE-03 4.18E-01 
r i a  2.00E-02 S.OOE-04 t10E-02 
Nor * 254E-01 l.lYE-02 265E-01 
H2 1.00E-03 5.00E-04 6.00E-04 

6.1 co2 7.4E-01 9.93E-02 a.az-01 
N20 239E-01 200E-03 241 E91  
NQI 5.10842 6.00E-04 5.20E-02 
H2 2.60E-03 3.95E-02 4.20E-02 

0u;Ulby dGuRo(elsod forspodaod Period. mdrr 
First .- second 

. O q L  Hcco( Flfsf wxo small Hooccl sseond 
Test No. s#dar Addilan Olqesrbn Additlan .Additfan OlqesrJon Total for Tea 

5.1 co2 1.69E-01 3.40E-02 7,20843 9.308-02 3.83E-02 3.40E-01 
wo 2SOE-04 tlOE-04 2OOE-04 6.20E-03 1.40E-03 8.30E-03 
Nor 4.60E-03 1.60E-02 4.YOE-03 6.5QE-02 3.91 E 4 2  1.3OE-01 . 
H2 2.40E-06. 3.30E.05 9.YOE-06 . 3.60E-05 1.50E-04 230E-04 

offgaa 
Test No. !%&e 1 2 3 4 5 6 7 

6.2 a2 0.00E40 7.20E-01 4.90892 1.00E-02 260E-02 6.00E-03 8.1 2E.01 
wo 0.00E40 222E-01 7.OOE-04 0.00E40 0.00E40 0.00E40 2.23E-0 t 
Nor 0.00E40 4.6OE-02 0.00E40 0.00E40 0.00E40 0.00E40 4.608-02 
H2 0.00E40 8.00E-04 1.20E-02 270893  7.30E-03 3.60893 2.60E-02 

Tort 6.2 PIOaar Step Kay (Referma R g w  012) 
Ttno 0 mh~ - Ometot Formic Add Additbn 
1 rMntup(-57mtntoOmin) 
2 - HCOOHAddh (0 mtn to 190mh) 
3 -cod Oorm (190 mb, ID 2 n d )  
4 -  W Up (27s lrin tpjo8 min) 
5 Tmp - 10013 mil tow MI) 
6 - cod Down (340 mh ID 301 mil) 
7 - Total males evolved 

Changes in H,.and CO, generation rate with temperature are shown in Appendix F. Measure- 
ments at steady s t q e  IE, generation were used to dculate activation energies (refer to Figure 5.3.1). 
Activation energies of 59.2 kl/moIe for test 1.1 and 82.5 kJ/mole for .test 6.2 were calculated for the 
H, generation reaction. The significant temperature dependence of CO, generation is demonstrated in 
Figure 5.3.2, in which cycling of the CO, generation rate (+/-lo%) with cycling of the slurry tem- 
perature ii unifody tracgi. 
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Figure 53.2. Dependence of CO, Offgas Generation Rate on Temperature Cyding 
of NCAW Simulant 
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5.4 Slurry and Condensate Composition 

F&nate, NO;, and NO; amounts remaining in the slurry and condensate at the end of HCOOH . 
addition, d i g a o n ,  and recycle waste stream addition (test completion) are given in Table 5.4.1. The 
values presented in Table 5.4.1 for slurries were derived by calculating the total moles of anion in the 
slurry from the IC analyses and estimated total slurry volume, and then adding the moles of anion from 
all slurry samples remov&prior to the end of a specific process step. This method of calculation was 
employed So that a true incfease or decrease in amount of an anion could be calculated. For example, 
the change in the amount of HCOO' during HC,WH: addition for test 1.1 would be calculated by sub- 
tracting the amount of HCOO in the slurry at the completion of HCOOH addition (and HCOO' in sam- 
ples removed during HCOOH addition), 1.65 moles, from the amount of HCOOH added, 2.59 moles. 

Ammonium ion data are presend in Table 5.4.1. The potential NH3 volatilization at pH values 
>7 negates measuring/calculating true changes in NH, production from values in Table 5.4.1. Data is 
presented for information only; Total HCOO', NO; ,. NO;, and NH,+ concentrations found in the con- 
densate are listed in Table 5.4.2. 

5.5 GlassRedox 

The basecase HCOOH addition for the FY 1991 laboratory-scale feed preparation testing, 
HCOOHLNO; = 4, was selected to ensure that a measurable glass redox would be obtained. The base- 
cage amount of HCOOH was added in tests 1:3,2.1,2.2,3.1, and 3.2. Amounts of HCOOH other 
than b a k e  were added to address specific test objectives. The process was complicated somewhat 
by adding recycle waste stream simulant after the digestion step. Adding of recycle waste stream simu- 
1ant.doubled the NO; concentration and'increased the organic (GO: and HCOOH) and Mn concen- 
trations slightly. Taking the total NO; into account from the siurry and recycle simulants, the basecase 
amount of HCOOH added was 48 mL 87 wtZ HCOOH/L at 125 g WO/L slurry. Redox meas- 
urements (Fe+*/CFe) were performed on glasses prepared from slurry samples taken before and after 
recycle waste stream addition to evaluate the effect of recycle waste on glass redox. Table 5.5.1 lists 
the resultant glass redox values. 

5.6 Results of Dried NCAW Simulant Thermal AnaIyses 

Enthdpy and weight changes in four NCAW slurry shulant samples were measured as a func- 
tion of temperature (40 to 700°C). The samples analyzed were collected from two tests, 1.1 and 1.3, 
and represented an NCAW slurry simulant (1.3-47.1), a formated NCAW simulant (1.3-32.1), and two 
formated NCAW slurry shulants to which recycle shulant had been added (1.3-47.1 and 1.1-47.1). 
Both laboratory-scale formating tests, 1.1 and 1.3, were conducted with nominal amounts of C0i2 , 
NO;, and NO; in the initial slurry. The amount of HCOOH added to the slurry in test 1.1 was 
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Table 5.4.1. Quantities of H C W ,  NO;, and NO; at the End of HCOOH Addition, Digestion and 
.Recycle Waste Stteam Addition Processing Steps Determined by Slurry and Con- 
densate Concentrations for. the FY 1991 Laboratory-Scale Feed Preparation Tests 
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Table 5.4.2. Average, Maximum and Minimum Amounts of HCOO-, NOa NO; and NH,+ Measured 
in Condensate for the FY 1991 Laboratory-Scale Feed Preparation Tests 

Total Amount of Ions In Condmnuu(mol6s) 

NO29 N O W  N H I + o  H c 0 o - O  Test 
1.1 * 

1.2 
1.3 
2 1  
2 2  
3.1 
62 
4.1 
5.2 
6.1 
6.2 

Amount of 
QmdRn!mte 

Collected During 
Test (mil 

7.1 

rve'ragen 
maxn 
mineb 

7.0SE-06 
1.34Eo5 
261EQ4 
214E05 
l.OlE-05 
O.WE+00 
O.WE+OO 

. 4.096-03 
O.OoE+aO 
O.WE& 
O.WE+QO 
O.aOE+OO 

3.67E44 
4.09E03 

1.10EG 
432E43 
3.16E-03 
5.19E43 
2.37E43 
S.8OE-05 * 

4.70E-04 
S.64Eo4 
9.64643 
9.43E44. 
1.48EU3 
8.09E-04 

248E-03 
9.04E43 

1.68E43 

1.65E43 . 
207€43 . 
8.16- 
1JlE-m 
5.ma 
780E43 
1.1fiE67 
8.&46 
2.3335 
9.69E-02 

9.88E-03 
9.69E-02 

7.77€44 
2 1 o m  
9.69EQg 
3.14E06 
269E05 
4.79E44 
8.25E-05 
1.46Eos 
4.49E-02 
O.OOE+oo 
9.33E46 
8.36E-03 

4566-03 
4.49E42 

I 
489 
294 
517 
151 
364 

5Q8 
536 
428 
322 
5 
5 

419 

~ 

O.OpE+OO 5.80E-05 1.16E47 O.OOE+oO I 

Initial slurry 
Volume 

(mi)# 
IS? 
1560 
1520 
15M 
1540 
1550 
1540 
1590 
1520 
1550 
1520 
1590 

'Amounts were calculated from ion duumatography (NO2-. NOS, and H-) and selective ion dectrode (NH4+) 
analyses of the condensue. The weight of spe15eslfmt mulh'plied by the volume of rndensate sample and then tonyBRBd 
to moles The quantities ford condensate &pies pcodu~ed in the testwem added to pro- the total mobs of species 
for each test. The totai volume of concbnsaie Coitectedduring each rest is shown in 'Amount of c~ndensaie c~~ iec ted  
Oufing Test' Note: NiPite, NCB, HCOO- and NH4+ we18 also p m m t  In dm slurry. 

"Average, maximum. and minimum values of condensate spedes ptoduced over the twelve FY 1991 test range. 
#The initial slurry volume is shown in case the convedn m moles of specks in the condensate per volume. 
of slurry is desired. 

approximately 1.6 times greater than in test 1.3. Both DSC add TGA data are summatized in 
Table 5.6.l. The data are grouped into four regions in which major energy and/or weight changes 
were obseked. The temperature & which an energy change was initiated, and associated energy 
change (Joule/g slurry), normalized to'wet slurry (125 g W o k )  and dried slurry are given. The 
temperature range and associated weight change relative to a wet slurry (125 g W o k )  are summarized 
in the TGA data. The'thermograms are provided in Appendix G. . 
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Table 5.5.1. Glass Redox (Fe+2/cFe) Before and Afeer Recycle Addition and Selected Test Variables for Glasses Prepared from , 
FY 1991 Melter Feed Simulant 

Test 
1.1 
1.2 
1.3 
2.1 
2.2 
3.1 
3.2 
4.1 4 

5.2 
7.1 

- 

- 

Glass Redox 4 
Before 
Recycle 

0.08 
0.03 
0.02 
0.05 
0.02 
0.02 
0.08 
0.04 
0.01 
0.01 

t+uCFe)' 
After 

Recycle 
0.02 
0.05 
0.06 
0.00 
0.02 
0.02 
0.04 
0.03 
NA 
0.04 

Amount of 
HCOOH Addd 
(mL 66.7 wtswL) 

74 
27 
49 
49 
49 
49 
48 
49 
68 

Selected Test Varlables 
Amount of M02- end N03- In 
the Initial Slurry Compoaltlon 

NO2- (mol) NO30 (mol) 
0.65 0.20 
0.65 0.20 
0.65 0.19 
0.65 0.20 
0.65 0.20 
0.20 0.20 
0.40 0.20 
0.65 
0.65 

0.20 
0.18 

0.20 0.61 

'Based on prellmlnary studles at PNL (current study) and WSRC (Ramsey 1991), LI large uncertalnty (>70%) In the 
Fet2EFe measurement exists for Fet2EFe e 0.1. Reported values are not considered to be slgnHlcantly different. 
Total Iron In the glass, ZFe, as measured by ICP-ES was 5.3 wtX In glass. 
Redox measurements were not collected for tests 6.1 and 6.2 
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Rame.C 
43-139 

' Table 5.6.1. Thermal Stability .d NCAW Simulwt, Formated NCAW Simulant and Formated NCAW 
Simulant PIus Recycle Simulant Measured from 40 to 700°C by DSC and ' E A  

1125 aWOi) 
.78.3 

1.3 -7.1 

1.3-321 

TGA Data 
seleered Weight Loss. 

, Ran0e.C (125 aWOL) 
183-295 2.8 

1 

Tomperatum wCksfurry 

149-239 1 .a 

151 -304 2.7 - 

RagIbn u 
Exothrm (125.250 C) 

ncr n-. 

mtobrsrved mtobulvd notobshnrsd notoaselwd 1 :zz 1 * 1 136 1 -44.2 1 -223 1 ,-207.2 , 

1.3-47.1 124 -59.4 -283 -260.1 

~ q i o n  in 
Endothrm (230.310 C) 
(no wrlght chansrr war. drtretod In this region) , , , 274 I 6.0 1 3::s 1- 26.3 

1.3 -7.1 137 37.1 265 264.9 

1.3-32.1 217 to 224 13.7 64.1 

1.3-47.1 237 10.1 46.2 44.3 

5.14 

43-115 

43-138 

. 43-1 24 76.6 

No weight change obsarved 

. . 



Table 5.6.1. (contd) 

TGA Dam 
slkw I WOiatltLnr. 

1SY.l mkrmu 48.3 122.6 Im hnnrr 1.9 19.9 

74.9 Q 8.4 18.6 dl 

1.U7.1 3S.8 6 6 3  4 7.4 14.5 cdl 

5.15 
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6.0 Discussion 
1 

The diicksion is directed toward the three primary objectives of the FY 1991 laboratory-scale 
feed preparation testing: offgas generation, reductant guidelines, and thermal stabirity of dried NCAW 
simdant.. The offgas and slurry chemistry data presented in Section 5.0 have been evaluated to 
develop correlations and potential reaction mechanisms that apply to the generating of potentidly 
hazardous gases and developing reductant guidelines to control glass redox. The format of this discus- 
sion is as follows: 

1. evaluation of offgas-generationdata 

2. assessment of alternative redox indicators md application of an SRTC formula to HWVP using 
cation solubility measurements 

3. 

4. 

5. 

bases for HCOOH addition to control glass redox 

summary of HCOOH offgas and glass redox control 

evaluation of thermal analyses of NCAW simuiant. 

Discussion of simulant characterization is presented in Appendix A. 

The reported findings are based on a limited number of tests and test variables. The operational 
and compositional envelope to which the key points apply is defined below. 

Slurry simulant composition: 
Recycle simulant composition: 
Amount of HCOOH: 
HCOOH addition rate: 
HCOOH addition location: 
NO; concentration: 
NO; concentmion: 
C0i2 concentration: 
Formating temperature: 
Digestiodconcentration temperature: 
Test duration: 

Initial slurry volume: 
Reaction vessel volume: ’ 

sweep gas: 

NCAW FY 199 1, refer to Table 4.1.1 
refer to Table 4.1.4 
27 to 74 mL 86.7 wt% HCOOH/L slurry 
0.5 to 2 mwmin 
Below slurry surface. 
0.13 to 0.45 moles N O i L  slurry 
0.13 to 0.40 moles NO;/L slurry 
0.13 moles C0i2/L slurry 
95°C 
100°C (rapid boiling not observed) - 10 hours 
Ar/4% 0, (air for test set 5) 
1.5 L 
2L 

Note: All concentrations are based on slurry @ 125 g WOL. 
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6.1 EvaIuation of Offgas Generation Data 

Four offgas components are addressed directly, H2, N,O, NO, and NH,. The generation of CO, 
is included in &rial balance calculations discussed in Section 6.3. Carbon monoxide and N2 were 
not detected during the laboratory-scale tests. 

6.1.1 Hydrogen Generation 

It has been speculated that H2 is derived via noble metal catalysis of HCOOH decomposition.(') 
me pIant vessel and ventilation systems must be designed to avoid a potential buildup of H, above the 
LFL. The LFL for & in air is 4% and somewhat lower in the presence of N,O. ' 

An objective of the FY 1991 laboratory-scale feed preparation study was to measure peak H, 
generation rates that would be considered for evaluation of plant H2 mitigation options. The following 
discussion provides a description of the IE, generation'profle and associated peak generation rates, pro- 
poses a,correIation for predicting when significant H2 release might occur, suggests possible implica- 
tions of NH, generation relative to & release, &d compares the PHTD data with some SRTC data. 

The H2 generation profile for FY 199'1 tests with NCAW shuiant containing noble metals was 
characterized by an initial peak rate of C0.05 mmoles HJmin-L at 125 g WOL. The second peak 
rate, if present, ranged fiom 0.21 to 0.75 mmoles Wmin-L at 125 g WOL, which is significantly 
higher than the first peak. The second peak was initiated near the end of HCOOH addition. Hydrogen 
generation in non-noble metal simdant tests was CO.05 mmoIes HJmin-L at 125 g WOL throughout 
the duration of the test. 

Under the conditions tested, a correlation was derived that provided a means of predicting the 
amount of HCWH required to initiate significant & release as a function of the initial NO; concentra- 
tion. The correlation is shown in Figure 6.1.1.@) A region encompassing the data points rather than 
a line is shown to indicate some expected uncertainty in the correlation. Figure 6.1.1 indicates that less 
HCOOH is required to generate significant H2 release as the NO; concentration of the slurry decreases. 

(a) Wiemers, K. D., C. A. Anderson, and M. E. Peterson. 1987. Evaluaton of Process Osrgases 
Released During the Fonnatng of an HWVP Feed Si-. Letter Report to Westinghouse 
Hanford Company, HWVP-86-V110203G, Prepared by Pacific Northwest Laboratory, 
Richland, Washington. 
Within the variable range tested, the "induction time" (defined as the time from beginning of 
HCOOH addition to initiation of the second & release) increases with an increase in the initial 
amount of NO; present. The induction time appears also to decrease with an increase in 
HCOOH addition rate. The difference in induction time fbr significant Hz release between 
test 3.1 (0.57 mL,/min) and test 7.1 (0.48 mL/min) is illustrated in Figure E6.a. 

@) 
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Wigwe 6.1.1. Eshated Boundary Region far Initiation of Significant H, Release as a Function of 
HCOOH and NO; Content in NCAW Simulant 

Redox correlations(‘) indicate that,the quantity of HCOOH required for glass redox control will 
increase in proportion td the NO; content of the slurries. The redox information and the results from 
the FY 1991 laboratory-scale tests suggest that the highest H2 generation case may be a slurry contain- 
ing nobie metals with Iow’NOi and high NO; concentrations b&e the slurry would have the largest 
HCOOH requirement but the lowest NO; concentration. 

Under the wnditions tested, the H, generation rate profiIe and peak height for the second H, 
release appear to be quite sensitive to the point in‘the process at which HCOOH addition is interrupted. 
A 20-fold increase (compare tests 1.3 and 6.1; see Figures D3 and D11, respectively) in peak H, gen- 
eration rates was observed over a time interval of less than 10 min. Compared with test 1.1 (Fig- 
ure D1) in which 7-9 mwL more HCOOH was added, the H2 generation rate was 1.3 to 2 times 
greater for test set 6. This observation is presently unexplained. @.her factors to which H, generation 

(a) 
. 

Wiemers, K. D. 1990. rite Egeect of M;wP Feed Mtrate and Gzrbome Conrent on GIass 
Redm Mjus2mn.r. Letkr Report to Westinghouse Hanford Company, H W - 9 0 -  
1.2.2.03.03A, Prepared by Pacific Northwest Laboratory, Richland, Washington. 
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is extremeIy sensitive such as minor differences in noble metal concentration and temperature, may 
also have contributed to the observed differences in peak $ generation rate. Selected tests should be 
repeated to verify the observed phenomena if these results are found to'be important to plant design or 
operations. . 

Hydrogen may be consumed in the production of NH, (discussed below). Based on the amount 
- 

of NHz measured during laboratory-scale testing, a large fraction of the H2 liberated from HCOOH 
decomposition reacts to form NH3 rather than offgassing as H2 or'reducing metallic waste elements.. 
Based on the total MI,' measured in test 7.1,0.1!37 moles (refer to Table 6.1.3) and the proposed 
mechanism for NH3 generation, 2NO + 5H, - 2M13 + 2H20, approximately 0.493 moles of H, in 
addition to the H2 measured, 0.0449 moles, (refer to Table 5.3.2) were generated (0.536 moles H2 total . 

per 1.5 L NCAW). This amount of H2 corresponds to approximately 30% of the HCOOH added, 
decomposing to form H2 and indirectly NH3. Note that some of the NH3 may have escaped from the 
alkaline condensate into the offgas. The-actual amount of NH, produced during testing may be higher 
than reported. 

A comparison of peak H2 generation rates as a function of the amount of HCOOH added for 
PHTD and SRTC laboratory-scale tests is shown in Figure 6.1.2. The most significant difference in H2 
generation rate between the Laboratories is in the 1ower.HCOOH addition range. The difference may 
be attributed to a relationship between the initial NO; concentration and the amount of HCOOH 
required to generate the second H2 release. The amount of NO; in all the PHTD tests conducted in the 
lower HCOOH addition range (tests 3.1,7.1, and 3.2) was below the FY 1991 reference HWVP 
NCAW slurry composition. The NO; concentration of the SRL simulants was not available at the time 

* of this evaluation." During some of the SRTC tests, relatively long processing times (15 to 20 h) 
were experienced before the second H2 peak was observed. The-long processing time prior to the 
appearance of the second H, peak may be due to high initial NO; concentrations in the simulants and/or 
the addition of enough HCOO' in the precipitate hydrolysis process (PHA) stream to reach a required 
threshold value for significant H2 release. 

. 

PreIiminary results from the recent large-scaie studies in the Integrated Defense Waste Proc- 
essing Facility (DWPF) MeIter System (IDMS) with HWVP NCAW slurry simulant have lent support 
to the H2 generation profile, generation rate, and requirements for the second H2 release observed 
during the PHTD laboratory-scale test results.@) Studies have been conducted at the SRTC 

(a) Nitrite concentrations are given by Ritter (1992) as 2.14 to 9.3 1 wt% on a dry-slurry basis. 
@) Hutson, N. D. 1992. "Integrated DWPF Melter System (IDMS) Campaign Report." Hanford 

' Wasre Vitr@cation Plant (HW'VP) Process Denwnsrrarion. WSRC-TR-0404, Rev. 0, UC-721. 
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Figure 6.1.2. Comparison of Peak H, Generation Rates with Quantity of HCOOH for SRTC ahd PHTD Simulants 



(Ritter et al. 1992) and at the University of Georgia(*) to characterize the effect of noble metals on H, 
,generation in DWPF slurry simulants. These tests indicate that Rh is the most catalytically active metal 
in the simulants. 

Effects of HCOOH addition rate on H, generation were not determined because the amount of 
formic acid added in tests 1.3,2.1, and 2.2 was not sufficient to generate the second hydrogen peak. 

Because the laboratory-scale tests covered a narrow range of possible conditions, other conditions 
might increase the X2 generation rate above that observed, including different processing temperatures, 
catalyst concentratiok, and bounding minimum NO~maximum NO; simulants for the HWVP. Depend- 
ence of H,.generation on variables such as organic ;compIeXing agents and pH is not known. 

6.1.2 N20 and NO, Generation 

Nitrous oxide (N20) is an oxidant which may impact the LFL for potentially explosive gases 
reIeased during processing, including H, and some organics. Nitric oxide and NO, which comprise 
NO, &e regulated@) gas&. Determination of NO and NOz generation rates are required to design the 
vessel ventilation and abatement systems properly. Collection of dilute HNO, formed from condensa- 
tion of NO, in the andexisate streams will need to be considered with respect to pH and N q  con- 
centrations in recycle waste streams. Nittic oxide and NH, in the vessel ventilation system present a 
potentiaI for buiId up of NH,N03, an explosive under certain situations. Organics in the offgas stream 
may increase the risk of an NH,NO, detonation. Oxides of nitrogen and NH, have been detected in the 
offgas duringtesting at PNL and SRTC. Analyses of the FY 1991 laboratory-scale feed preparation 
tests are inciuded below. 

Releases of N20 and NO,.were initiated while adding HCOOH to the NCAW simulant. The 
release sometimes continued into early stages of digestion. The ratio of the two gas amounts varied 
significantly, between N,O/NO, = -7 for noble metal-containing slurry simulants and N,O/NO, = 
-0.07 for a non-noble metal slurry simulant. In general, for a slurry simulant containing noble 
metals, the release was initiated around a slurry pH of 7.5 (@ 95°C). This corresponds to approxi- 
mately 20 to 30 min after starting to add HCOOH under specific test conditions. In the non-noble 
metal slurry simulant, the release was initiated at a much lower pH, between 4 and 5 (@ 95°C). In 
test 5.2, the. release of N20 and NO, occurred approximately 50 min after starting to add HCOOH. It 
appears that releases of both gases are initiated at about the same time, but further evaluation of the 
data would be necessary to codinn the exact initial detection times. 

(a) Refer to technical reports prepared by R. B. King, A. D. King, N. K. Bhattacharyya, T.-H L h  
and G. Vemparaia. The report series is entitled "Elucidation of Noble MetalEormic Acid 
Chemistry During DWPF Feed Preparation." 
Regulation agencies include the Environmental Protection Agency, Washington State Depart- 
ment of Ecology and Occupational Safely and Health Administration. 

@) 
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Fc a typical run with noble metal slurry simulant, the N20 generation rate initially increasec 
rapidly, flattened, and then decreased suddenly (s& Appendix D). Increase in generation rate of NO, 
was much less rapid&d decreased suddenly with N20. The decrease in generation of N20 and NO, 
coihcided with the estimated time for NO; depIetion in the sIurry and the initiation of the second & 
release. Figure 6.1.3 iiIustrates this phenomena with a graph of H2 generation rate and slurry NO; con- 
centration for test 3.2. 

me simultaneous depletion of NO; with the initikon of H2 release suggests that NO; may inhibit 
H2 release. DepIetion of NO; may result in additional H2 release, the amount and generationme being 
dependent upon conditions such as the concentration ofHCOOH/HCW, slurry pH, temperature, and 
noble metals concentktion. It should be noted &at the Iaboratory-scale tests reported herein were con- 
ducted over a - 10 h period @ eIevated temperatures. Ritter (1992) has observed H2 generation 15 to 
20 h into test runs using the DWPF process ffowsheet. The DWPF process flowsheet includes the 
addition of a PHA stre& after HCOOH addition'and digestion. Additional formate in the PHA stream 
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k y  be sufficient to initiate & release in the extended processing phases (e.g., 15-20 h after HCOOH 
addition). A second H2 release was not 'observed within' the 2-h period after adding the recycle waste 
stream simulant during the FY 1991 .testing suggesting that the amount of HCOOH in the recycle waste 
stream was notsufficient to initiate additional significant releases. Testing the HWVP process cycle 
for longer durations would be required to examine the potential for rt, release later in the process steps. 

Carbon dioxide generation preceded or was coincident with N20 and NO, release. (Generation 
of CO, results from H2C03 decomposition and as a product of reactions in which HCOOH is a reduc- 
tant.) For the non-noble metal slurry sbulant (refer to Figures D10 and E5a to d), two stages of CQ 

coincident with NO, and N20 generation as a product of NO; reduction, Integration of the second peak 
may provide some.insight in to'the amount of NO, p r o d u d  via HCOOH reduction of NO; versus NO, 
produced by disproportionation of HNQ. For the noble metal sluq.ssimulant tests, the C02 produced 

' were observed. The lirst may correspond' to &COS decomposition, followed by the release of CO, 

, from HCOOH reduction versus.MN0, disproportionation is not visually differentiated. 

The relative amounts of NzO and NO, produced vary depending on test conditions. Table 6.1.1 
compares the N20 and NO, ratios for NCAW Ad DWPF slurry sbuianfs after treatment with 
HCIXIH. Equipment configuration, HCOOH addition rate, slurry composition, and pH are a few of 
the variables thought to contribute to the observed'differences, F&er data is required to fully charac- 
terize conditions controIl@g generation 0fN20 and NO,. Identification of process conditions and their 
relationship to HWVP slurry chemistry is req&ed to predict offgas compositions and generation rates 
from the wide range of HWVP sIurry compositions. Reactions that produce N,O and NO, via HCOOH 
consumption may aIso affixt glass redox because of the reduced amount of reductant available to react 
in the melter. 

Table 6.1.1. Comparison of N,O/NO, Ratios for NCAW and DWPF Slurry Simulants 
After Treagent with HCOOH 

Origin Scale Type of Feed N,OMO, - 
PHTD laboratory NCAW with noble metals 7 
PHTD laboratory NCAW w/o noble metals 0.07 
SRL'" large NCAW with noble metals -1 
SRL" large DWPF with noble metals < < 1  

(a) Hutson, N. D. 1992. "Integrated DWPF Melter System 
(IDMS) Campaign Report. Hanford Ware Viijka.n.on 
P h t  (HWVP) Process Demanstration. " WSRC-TR-0403, 
Rev. 0, UC-721. 

O M S )  Campaign Report Coupled Feed Operation." 
(b) Ritter, J. A., et al. 1990. "Integrated DWPF Melter System 

WSRC-TR-90-13 1. 
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The N20/NOX ratios for PHTD FY 1991 laboratory-scale tests with an NCAW slurry simulant 
are listed in Table 6.1.2. The earlier reported value of N20/NOX = 7 is based on tests 1.1, 1.3,2.2, 
3.2; and 4.1. The discussion below uses the amounts and k i o  of N20/NOX from these five tests as a 
reference point. The reference N20/N0, value is the highest and most reproducible value observed for 
gas measurements. Other higher reportee ratios were derived with gas data close to the analytical 
detection limit and are therefore less reliabie. 

' The lower overall NzO + NO, emissions observed in test 1.2 can be attributed to the low amount 
of HCOOH added compared with bests using the same amount of NO; (1.1, 1.3,2.1,2.2,4.1,5.2, 
6.1, and 6.2). Approximately U3 the amount of N20 and NO, were produced during pst t.2. Nitrite 
remained in the slurry even after an additional -6 h of processing at 1OOoC. The-persistence of NO; 
is attributed to insufficient HCOOH addition. A somewhat higher N20/N0, value for test 1.2 was 
observed, which suggests that release of N20 over NO, may be more favorable in the alkaline pH 
regime experienced throughout this run. 

The overall amount of N20 + NO, emissions was exceptionally low in tests 3.1 and 7.l. This is 
awn'buoed to the lower initial amount of NO;. Within estimsted experimental error, the ratio of 
N20/N0; for tesk 3.1 and 7.1 is the same as the reference tests (1.1, 1.3,2.2, 3.2, and 4.1). A larger 
uncertainty exists with the N20/N0, ratios for tests 3.1 and 7.1 because the measured gas concentra- 
tions were near detection limits. 

The lower N20/NOX ratio in test 2.1 may be attributed to a higher rate of HCOOH addition. 
High HCOOH addition rates may lead to more concentrated zones of acid, favoring NO, production 
via HNO, disproportionation. Higher NO, production was also observed when HCOOH was added for 
short periods (e 1 min) above the slurry surface, a configuration that could also result in localized 
high acid conditions. Lower total N20 and NO, amounts for test 2.2 may be due to an observed loss of 
reaction vessel gas tightness during the test. 

Tests 5.1 and 5.2 did not contain noble metals. The ratio of N,O/NO, was < 1. The production 
of N20 may be in some way assisted by the presence of noble metals; however, it is not certain 
whether the N20/N0, ratio deGends on the noble metal'concentration. The highest N20/NOx ratios 
have been observed h the presence of a calculated 25% excess of Rh (above Fy 1991 NCAW refer- 
ence value). The slurry pH reached during formating of the non-noble metal slurry simulant was sev- 
erai pH units lower. (more acidic) than in tests conducted with slurry simulants containing noble metals. 
The acid environment may be one contributor to a favored NO, over N20 production. 

. 

Tests 6.1 and 6.2 were conducted in a manner similar to test 1.1 (in NO; and NO; concentra- 
tions) with the exception of a slightly reduced HCOOH addition rate and interruption of the second H, 
release through.early termination of HCOOH addition. The interruption occurred after the N,O and 
NO, releases were completed. The somewhat lower N20/N0, value for tests 6.1 and 6.2 is currently 
unexplained. 



I 

1 

. . Table 6.1.2. Comparison of NCAW Slurry Target Amount of NO;, Measured N20 rand NO, Offgas and Related Molar Ratios, 
and HCOOH Addition (amount and rate) for PY 1991 Laboratory-ScaleFeed Preparation Tests 

I I TargelAmounl I ' I  

5.2 

6.1 

6.2 

0.65 

0.65 

~ 0.65 

0.021 0.265 0.1 . 0.0 

0.241 . 0.052 4.6 8.4 

0.223 * 0.046 4.8 0.3 

I 7.1 I 0.2 I 0.08 I. 0.004 I 18.4 I 0.4 

Tesl dala used collectively as a reference case In lex1 are shaded. These lesl conditlons resulted 
in lhe hlghesl N20MOx ratios of acceptable analyllcal certainly. 

0.49 

55 0.48 

'Due to excessive foaming Ihe formlc acid addition rate was slowed from 2 mVmln lo 1 mUm1n and tlnally lo 0.52 mUmln. 
II was necessary to reduce lhe formic acid addition rale lo  reduce Ihe foam and prevenl further fouling o! the condenser system. 
"Ratios given lor stoichiometry were calculated from N20, N02-, and NOx dala wllh more slgnilicanl figures. Direcl calculation 
from N20, N02-, and NOx data may not result in (he exacl values given In "stolchiomelry." 



The kaction of NO; reduced to N20 during the addition of HCOOH to noble metal-containing 
simulants ranged from 57 to 100%. The lowest fraction was observed for the minimal amount of 
HCOOH addition (test 1.2,27 mL 87 wt% HCOOHk @ 125 g WOL slurry). Nitrite remained in the 
slurry at the completion of test 1.2. The highest fractions of NO; converted to N20 were observed with 
the higher HCOOH additions (tests 1.1 and 7.1) and in tests with low NO; (tests 3.1, 3.2, and 7.1). 
These five tests resulted in complete. NO; depIGtion. Tests with nominal NO; and relatively mid-range 
HCOOH addition (tests 1.3 and 4,1,48 mL, 87 wt% HCOOH/L @ 125 g WOL slurry) resulted in 
relatively mid-range fractions of NO; conversion to N20 (78 to 86%) released during HCOOH addi- 
tion. Increasing the HCOOH addition rate decreased the frktion of NO; reduction to N20 (during 
HCOOH addition) to 66%. The above observations suggest that the release of N20 may be related to 
the initial amount of NO;, the amount of HCOOH added, and the HCOOH addition rate. Other varia- 
bles such as pH and theancentrationof noble metals may also affect the EE,O production. 

For the NCAW slurry simulants containing noble metals, the stoichiometry based on estimated 
HCOOH consumption, NO; depletion the,  and'measured N20 production compares well with the 
reaction 

2NaN02 + 4HCOOH - N20 + 2C02 4 2NaCOOH 4 3%0. 

Figure 6.1.4 illustrates the nearly 1:l correlation of measured NO; and HCOOH consumed. To 
produce Figure 6.1.4, the assumption was made that the consumption of HCOOH was entirely due to 
the reduction (consumption) of NO; to N20 rather than NO. The amount of HCOOH consumed was 
based on measured values of H C W  remaining in the slurry versus the amount of HCOOH added. 
The reduction of MnO, also consumed HCOOH, but was considered negligible because the MnO, con- 
centration in the slurry was -0.03 moles(') compared with 0.65 moles of NO; in 1 L of FY 1991 
NCAW reference simulant. 

Using a plot of NO; concentrationversus time from the beginning of HCOOH' addition, the time 
for total NO; consumption was, estimated by extrapolation of three data points for slurry NO; concentra- 
tion to zero NO; in the slurry. The ainount of HCOO' in the slurry at that time was estimated by inter- 
polation between measured HCOO slurry concentrations. The amount of HCOOH consumed was esti- 
mated by subtracting the measured amount of HCOO in the slurry from the total amount of HCOOH 
added at that time. 

Nitric oxide may be produced by disproportionation of HNO,, 

3HN02 i H + NO,' + 2NO + 40- (Yost and Russell 1944, p.59) 

(a) - For every mole of MnO,, one mole of HCOOH is consumed. If all of the slurry MnO, was 
reduced-by HCOOH only 0.03 moles of HCOOH would be consumed. 
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Initial Nitrite (moles) 

lFEgure 6.1.4. Estimated Amount of HCOOH Consumed by Reaction with NO; (reduction to N,O) hr 
Selected NCAW Slurry Tests 

or reduction of NO; by HCOOH, 

2NaN0, + 3HCOOH -c 2N0 + CO, + 2NaCOOH + 2%0 (Hsu 1990). 

Nitric oxide may be consumed and NO, produced by the athermic &on, 

NO * 0.50, -. NO, 

(3) 

AIthough s d 1  amounts of NO, may have been produced during formating of simdants containing 
noble metals, the characteristic yellow-bmk wlor of NO, gas was only observed during tests without 
noble metaIs (test 5.2). A measured decrease in the oxygen concentration was'also measured during 
test 5.2 which might be expected as given by equation 4. ' 

.Because the o b s e d  amount of NO, released during formating of simdants containing noble 
metals was so low relative to N,O (- a factor of lo), the origin and speciation of the NO, did not sig- 
nificantly impact the stoichiometry observed between NO; and HCOOH. As a first approximation, it 

(4) 
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. .  

was assumed that all of the measured NO, represented NO and that the NO was produced via dispro- 
portionation of NO; (refkr to quation 2) rather than redueion of nitrite by HCOOH (refer to equa- 
tion 3). HCOOH consumption was therefbre attriiuted only to reduction of NO, to NzO (refix to 
equation 3). &actions with other oxidized species such as MnO, were not accounted fbr in this pre- 
liminaryes-. 

Measurement of NO release was conducted only on an intamittent basis. In general, the 
NOMO, e o  fbr tests with slurry containing noble metals ranged from 0.71 to 0.88. During a test 
with a non-noble metal simulant, the NOMO, ratio was measurably lower, ranging from 0.25 to 0.64. 
This agrees well with the visually observed NO, (brown) gas during pests with non-noble metal simu- 
lants and the absence of brown gas during tests with noble metalantaining simulants. 

Figure 6.1.5 illustxates the increase in NzO and NO, in NCAW siurry with NO; consumed. The 
N,O/NO,' is 0.36, close to the predicted 0.5 (per equation 1). I 

Stoichiometry and mass balance of slurry components and product gases were not evaluated for 
the non-noble metal slurxy s h d a n t  test (test 5.2) because efforts in this study concentrated on the 
noble metai slurry simuIant off' generation, in particular, H,. Test 5.2 does provide a significantly 
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important reference point with r&pect to noble metal behavior by providing the zero noble metal con- 
centration case for B2 generation. The offgas data from test 5.2 may also be applicable to safety 
reviews for large-scale tests and to evaluation of offgas design issues related to HWVP slurries that do 
not contain noble metals, &suming other components relevant to offgas generation such as CO," and 
NO; are within the test variable range. 

6.13 AmmoniaGeneration . . 

Ammonia generation is asafey concern because in the presence of NO, and water vapor in the 
offgas, a potential exists for buildup of NH,N03 in the ventilation system. Under some conditions, 
parficularly in the presence of orghcs ,  NH4N03 can be explosive (Sykes et al. 1963). Ammonia has 
been previously reported as a product of HCOOH addition to NCAW simulant."' Deposits of 
NH,N03 have been recentIy observed during the operation of Il3MS.e) Amounts of NH,+ measured, 
changes during processing, distribution between slurry and condensate phases, and correlations with 
other test variables are.discussed below. 

Axpmonium ion concentrations were measured for both slurry and condensate samples collected 
during the FY 1991 laboratory-scale feed preparation testing. Ammonia that remained gaseous or was 
revolatilized from the-condensate was not ixeasured. Table 6.1.3 summarizes the NH,' data for slurry 
and condensate samples. Total moles of NH; measured in the slurry (including moles of m+ in 
slurry samples removed) as a function of time is shown for each test in Appendix H. Changes in 
amount of NH? on the order of O.OOO1 moIes are considered to be at the analytical detection limit. 
The detection limit for NH, using the selective ion electrode instrument is 0.1 ppm. The following is a 
guide to assist in correlating the principle test variables with the appropriate figures: 

Figure Tests Variable Test Set 

H1 
H2 
H3 
H4 
H5 
H6 
H7 

HCOOH amount 
HCOOH addition rate 
Nitrite concentration 
Reflux during digestion 

. Noble metal concentration 
Quenching of second H2 peak 
Low N w i g h  NO; concentration 

~~ ~ 

1.1, 1.2, 1.3 
1.3, 2.1, 2.2 
1.3, 3.1, 3.2 
1.3, 4.1 
1.1,5.2 
1.1, 6.1, 6.2 
3.1, 7.1 

(a) Wiemers, K. C. 1990. Ihe Effect of Hwvp Feed Nitrate and Carbonare Content on Glass 
Redox A@ustment. Letter Report to Westinghouse H d o r d  Company, HWW-90- 
l.2.2.03.03A9 Prepared by Pacific Northwest Laboratory, Richland, Washington. 
Chang, B., P Shiner and B. Nguyen. 1992. Ammonium Nitrate Mitigation in the CPC. @) 

' WSRC-TR-02-379. 
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TabIe 6.13. .Amount of NH; in Slurry and'condensate Samples Collected 
During FY 1991 Laboraodry-Scale Feed Preparation Tests 

I )  

few 
LllE-01 
63!X-0$ 
6.BfE-03 
1.40EQ2 
a.65E-03 
5.48E-02 
283E-02 
9.06E-03 
1.03E-04 
9.48E-03 
8.03E-03 
1.9E-01 

Test 
1.1 
1 2  
1.3 
2 1  
22 
3.1 
3.2 
4.1 
5 2  
6.1 
6.2 
9.1 

of NH& 
In Condensate 

1 .s 
49.1 
29.2 
14.8 
a 4  

. 2.8 
20.4 
86.3 
0.1 
0.1 
0.3 
49.3 

Total Amount of NH4+ P r o d u d .  1 percant 

SlUW 
l.09E-01 
3.36E-04 
4.42E-03 
1.19E-82 
283E-03 
5.33502 
225E-02 
1.26E-03 
1.03E-04 
9.47E-03 
8.01 E43 
9.97E-02 

Ing Testinq (moli 
. Condensate 

' 1.68E-03 
299E-04 
1.63503 
207E-03 
8.1 6E-04 
1.53E-Q3 
5.m-03 
-7.80E-03 
1.16E-07 
8.31E-06 
2.3335 . 
9.69E-02 

The greatest fraction of ME+ measured (0;4 to 0.6) was observed after recycle waste stream 
addition and during subsequent concentration. The second greatest fraction of m+ (0.2 to 0.35) was 
measur@ during HCOOH addition and the least amount during digestion (0.24.2495). In test 4.1 , in 
which the digestion period was increased from 4 to 8 h, 93% of the NH; was generated during diges- 
tion. This suggests that the generation of NH,+ may be time dependent. 

Changes in the amount of NH; measured in @e condensate over the processing period were 
observed. The difference in values from sample to sample was generally within analytical and cdcu- 
lated uncertainties (1 x 101 to 1 x lW moles). The relative change in the amount of N%+ measurec! in 
the condensate was less than 3% of the total FJH: produced. 

Relative distribution of NH,+ between slurry and condensate is shown in Figure 6.1.6. The 
relative distribution of m+ between slurry and condensate is believed to be strongly dependent on the 
sIurj pH, process duration, and perhaps, the totaI amount of NH, produced. Release of NH, from the 
slurry is promoted by'alkdine pH, extended processing periods, and higher NH, production. The 
highest fractions of NH,+ measured in the condensate were found hi test 4.1 (extended digestion 
period), test 1.2 (low HCOOH addition resulting in relatively high pH (>7) through most of process- 
ing period), and test 7.1 (largest amount of NH, produced per liter of NCAW s h d a n t  and relatively 
high finai pH (> 7)). Because the condensate was alkaline @H - 9) during significant NH, generation 
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Pigure 6.1.6. Distribution of Total NH,+ in Slurry and Condensate Collected During Processing of - NCAW’Simulant for FY 1991 Feed Preparation T ~ t s  

periods, an unknown amount of NH, may have been swept away by the carrier gas. Ammonia was not 
measured in the offgases for reasons discussed in the equipment description section. 

The maximum NH, generation was observed in test 7.1. Simulant for this test contained a low 
NOfiigh NO; concentration. The amount of HCOOH added was sufficient to initiate the second Hz 
release. UnIike most other tests, approximately one-half of the NH,+ was found in the condensate. The 
amount of NH: in thecondensate was much (1 to 5 orders) higher than any other test condensate. A 
profile of NH: production for test 7.1 is shown in Figure 6.1.7. As in other tests, the majority of 
NH: in the condensate was detected in the condensate collected after the recycle waste stream addition 
and during the subsequent concentration step. 

A positive correlation of NH, production with measured H2 production and NO; present in the 
slurry was observed. Conditions that favored H2 production, such as NO; depletion and the presence of 
noble metals, resulted in higher concentrations of NH;. The amount of NH, produced in tests without 
a second H, release (tests 1.2 and 5.2) was relatively low. 
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F i i  6.1.7. Distribution of NH,+ in Slurry and Condensate Collected During Processing of NCAW 
Simulant for FY 1991 Tests 7.1. Ammonium ion is reported as MI,, as measured by 
selective ion electrode. 

Estimated initiation times for significant NH, production,(') initiation time for second H, 
release, and es& time fbr complete depletion of NO; are given in Table 6.1.4. The times are 

(a) The criterion for estimating the initiation of ammonia generation was concentration of ammo- 
nium ion in slurry >2 x 10' to 3 x lo2 g =+/I.,. This concentration range was chosen 
because in tests where the second H2 release did not occur, the.concentration of ammonium'ion 
did not increase above this range. This time range shown in Table 6.1.4 for. ammonia induction 
as provided by a limited number of samples taken at various times during processing. It was 
not possible to estimate the actual time of ammonia evolution unless the time corresponded to 
the withdrawal of a slurry sample. The'width of the ammonia induction time range is entirely 
dependent on the sample removal time and not on any process variables. Hence there is no sig- 
nificance to the larger induction range exemplified by test 1.1. 
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Second H2 Release 
lnltiatlon Tlme' 

(mln) 
127 
74.6 
102 
.I 78 
d 86 
94 ...I 

' 1  

14029 
Depletion Time 

(min) 
141 
66.1 
100.0 

NA 
178.6 
80.7 

Table 6.1.4. Comparison of Times for NO; Depletion, Initiation of the Second H2 Release, and Measurable NWI; 
Production for FY 199 1. Laboratory-Scale Feed Preparation Tests (1.1, 3.1, 3.2, 6.1,6.2,7. I) 

I Test No. 

3.2 
6;i 
6.2 
7.1 

N H3"* 
Dnduclion Time 
Range (mln) 

80-183 
47-87 
71-108 
172-201 
167-214 

I 

I ,47-98 

*The second H2 release refers to the slgnlflcant H2 release observed after NOx 
and N20 generation decrease. For example,' refer to profiles for H2, Appendix E.da and E.6a. 
**The N02- depletion tlme was astimated by plotting the concentration of N02- measured 
In slurry samples as a functlon of process tlme. The depletion tlme (nitrite concentration - 0) 
was estlmated by extrapolatlon, assuming a oonstant depletlon rate. An eatlmated error of 16% 
is assoclated with this approach. 
***A larger uncertalnlty exists In estlmatlng the NH3 induction time, The range given Is 
based on samples which contained less than 0.02-0.03 g NH4+/L of slurry for the low end 
and greater than 0.02-0.03g NH4+/L of slurry for the high end. Larger ranges are 
In part attributed to sample collection times. 



comparable, suggesting that H2 generation and NO; depletion may affect NH, production. The appar- 
ent relationship b.etween NO; depletion and NH, generation may be related to hydrogen generation. It 
is possible that NO; and NO; compete for the HCOOVHCOOH. The NO; reduction is favored under 
the conditions tested. A test wik  a nitrite-fiee simulant may help to provide a better understanding of 
this relationship. Pre-1991 simulants did not contain NO;; however, offgas analyses are limiied to a 
single scopig study using "grab" gas samples and no' quantitative MI,+ analyses." Preliminary, 
data Prom tests at IDMS with HWVP NCAW simulant have lent support to the correlation between H, 

release.(c) 
, and NH, generation; increased amounts of N€&+ were measured in the presence of the second H, 

Tests 3.1 and 7.1 were both conducted with a low NO; simulant. The simulant in test 7.1 con- 
tained triple the Wtial NO; concentration. Approximately 3.6 times more me&ured NH,' was . 
observed during test 7.1 compared tb test 3.1. Approximately 0.12 mole (about a 7% increase) more 
HCOOH was added to the simulant in.test 7.1 than to the slurry from test 3.1. The increase in the 
amount of HCOOH may have resulted in somewhat higher H, production; -25% more H, was meas- 
ured in test 7.1 than in test 3.1. Higher hydrogen production may contribute to higher NH, 
production. 

As described above, significant NH, production was observed after recycle addition. Recycle 
addition doubled the NO; concentration. As with test 7.1, increased NO; concentrations appear to be 
associated with increased NH, production. The rate of HCOOH addition did not appear to have a 
significant effect on NH, production. In Figure H2, the measured MI, in the slurry for tests 2.1 and 
2.2 in which the HCOOH addition rate was increased to 2and.4 times the basecase are of the same 
order of magnitude as the test 1.3 basecase addition rate. 

Figure 6.1.8 shows the correlation between H, and the ratio of measured MI: and initial slurry 
NO;. This correlation is not yet fully understood; however, the data suggest that H,, NO;, and NH, are 
related in some m e r .  The following mechanism for NH, production is proposed: 

HCOOH -D CO, 4 & (catalyzed'by noble metals) 

(a) Wiemers, K. D., C. A. Anderson, and M. E. Peterson. 1987. Evaluation of Process mgases 
Released During the Fonnating of an HWVP Feed Simulant. Letter Report to Westinghouse 
Hanford Company, HWVP-86-V110203G7 Prepared by Pacific Northwest Laboratory, 
Richland, Washington. 
Wiemers, K. D. 1990. Z k  Efict of Hwvp Feed Nitrate and Curbonate Conrent on G h s  
Redox Adjustment. Letter Report to Westinghouse Hartford Comparry, HWVP-90-1.2.2.03.03A, 
Prepared by Pacific Northwest Luboratory, Richland, Washington. 

(c) Hutson, N. D. 1992. "Integrated DWPF Melter System (IDMS) Campaign Report." Hanford 
Waste Vitrification Plant (HWVP) Process Demonstration. WSRC-TR-0403, Rev. 0, UC-721. 

(b) 
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Figure 6.1.8. Correlation Between & Present in the Offgas and NI.t+/NO; Present in the NCAW 
Slurry Simulant anh Collected Condensate for FY 1991 Tests 1.1, 1.2, 1.3, 3.1,3.2, 
4.1 and 7.1. Ammonium ion is reported as NH3. 

3HCOOH + 2HN0, - 2NO +'3CO, + 4&0 

2NO + q -m 2 4 0  + 2 q  

A material balance (not shown) designed to test the theoretical reactions that may produce NH, 
proved inconclusive. Changes in NW and HCOO' that would occur in the simulant to produce the 
measured amounts of m+ were within analytical uncertainties, Analytical uncertainties in ion chro- 
matography (IC) analysis and in offgas measurements are estimated to total at least 20 to 30%. The 
percent error on the nitrogen mass balance varied fiom 2 to 18 B . ' 

4 

During recycle waste stream addition, 'a second relatively minor CO, release was observed, and 
measured H, and NO were much less than observed during HCOOH addition. It is proposed that this 
CO, is derived primarily frcm'HCOOH decomposition or oxidation, not from C0i2. Carbonhe ini- 
tially in the simulant is believed to be released as the simulant becomes acidic during HCOOH addi- 
tion. The & produced via HCOOH decomposition (equation 5) and the NO produced by reduction of 
NO; by HCOOH (equation 6) may'be consumed in producing NH3 and thus are not measured in the 
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offgas. However, CO,.observed during recycle waste stream addition (refer to Table 5.3.2) is gener- 
ally less than would be predicted based on the stoichiometry of reactions (refer to total amount of NH; 
measured, Table 6.1.3) given in e&tions 5 to.7; It may be that in the alkaline simulant, some of the 
CO, is absorbed as CO;2. Carbonate and NH3 formation may account, in part, for the observed 
incr&e in pH after HCOOH addition in noble metal-containing simulants. However, small increases 
in pH for noble metahcontaining simulants were also observed in the absence of measurable H4W3 
production (test 1.2). clearly, the complete set of reactions remains to be identified. 

6.2 Ass,essrnent of AIternative Redox Indicators and Application of an 
SRTC Formula for Minimum Formic Acid Addition to HWVP 
Using Cation SoIubiIity' 

* 

This section of the report addresses tyo issues: 1) assessing whether the SRTC formula applies 
to HWVP feeds and 2) evaluating alternatives for using the glass redox measurement (Fe+*/ZFe) as a 
gauge for reductant requirements. The approach to addressing these two issues was to measure the 
solubility of metal c@ons during the feed preparation process steps. The solubility measurements were 
compared directly with the SRTC guidelines for N i (OQ dissolution (producing soluble Ni+3 and 
MnO, reduction (producing soluble Mn'?. The measured changes in solubility of three metal cations, 
Mo, Mn, and Fe, were evaluated as these changes were believed to relate to @e extent of reduction 
during feed preparation. 

The folIowing discussion summarizes general solubility trends that directly apply to assessing the 
SRTC formula and evaluating alternative. redox indicators. The trends relate the extent of metal cation 
dissolution with changes in the simulant pH during the laboratory feed preparation steps. Potential 
alternative redox indicators are discwsed using solubility data for estimating the extend of reduction 
during feed preparation. Using Pourbaix diagrams for predicting solubility and redox products as a 
function of pH and solution electromotive potential is introduced in this section. Lastly, the HWVP 
NCAW solubility data is compared with the SRTC guidelines for minimum HCOOH addition. This 

, section includes an assessment of the potential limitations of the SRTC guidelink for HWVP feed 
. processing. 

6.2.1 Summary of Observed Cation Solubility Trends During Titration of NCAW 
Simulant with F o d c  Acid 

Metal cation solubility w& calculated using the measupxi amount of metal ion in supernate and 
slurry samples. The slurry samples collected during laboratory-scale feed preparation testing were 
stored at 10°C and analyzed at 22°C. Sample preparation of the supernate consisted of slurry fdtra- 
tion, 'fiItrate acidifi&on.and/or dilution, and immediate analysis of the liltrate by ICP-ES. No precip- 
itation of solids in the supernate was observed before the analysis. Slurry samples were acidified with 
HCI/HNO, &d diluted and acidified with HNO, again. Little or no solids remained after the final 
acidification of slurry samples. 
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Figure 6.2.1 shows the change in metal cation solubility and pH as a function of process time for 
tests 7.1 and 3.1.. The solubility and corresponding pH observed in tfiese tests are representative of 
most of the FY 1991 test cases?) . Cations whose solubility increased consistently with increase in 
acidity were AI, Ca, Cd, Cr," Cu,@) Fe, Mg, Mn, Na, Ni, Sr, and Zn.@ Iron and Mn are believed 
to Inbe been reduced to a more soluble specie, Fe+2 and MP2, respectively. The measurable increase 
in solubility of AI, Ca, Cd, Cr, Cu,'Mg, Na, Ni, Sr, and Zn metaI cations is attributed to dissolution 
of respective hydroxides/hydrous oxides and carbonates. Molybdenum solubility decreased with 
increase in acidity, which may be attributed to reactions such .as reduction to MOO, or precipitation of 
moIybdates. Silver, Pb and Ti were not observed in the fiitraee~. Silicon, Ba, and Zr were observed in 
only a few fiItrates with no apparent correlation with pH. 

With the exception of Mn, Ni and Na, all of the elements with measurable solubility during 
HWVP feed preparation steps are not included in the SRTC formula for minimum HCOOH addition 
amount (dis&ed below). Should-the extent of neutralization'reactions be important criteria for the 
amount of reductant added to HWVP feeds, neutralization reactions in addition to those accounted for 
by SRTC for DWPF feeds would be required as part of the HWVP reductant addition formula. 

6.2.2 Potential Alternatives Considered for Monitoring Glass Redox 
. .  

A simple and more sensitive ana€ytical technique that provides a basis for. reductant addition 
based on correlation of initial slurry componedt concentration with'the glass oxidation state is prefera- 
bIe to the current measurement of Fe'llCFe in glass. Decreases in metal cation solubility that might be 
attn'buted to a decrease in the metal ion valence during feed preparation were evaluated to identify 
potential slurry candidates for redox indicators. As discussed previously by Wiemers,'O understand- 
ing the feed preparation chemistry such that product oxidants and reductants may be predicted is only 
part of the totaf redox equilibria pertinent to control of the HWVP melter performance. A second 
integral part of the system is a fundamental understanding of the melter .cold cap chemistry. 

(a) A detailed discussion of the changes in metal cation solubility will be considered for a subse- 
quent repqrt. Tbe data provided here were limited to those addressing specific task objectives, 
comparing results with the SRTC formula and evaluating alternative redox indicators. 
Chromium and Cu are not shown in Figure 6.2.1. Chromium and Cu were soluble only in 
non-noble metal tests where pH of the sample (@ 22°C) was below 5. 
The metal cations investigated were Al, Ag, Ba, Ca, Cd, Cu, Cr, Fe, Mg, Mu, Mo, Na, Ni, 
Pb, Si, Sr, Ti, Zn, and.Zr. 
Wiemers, K. D. 1990. nte Effect of HWVP Feed Nitrate and o u b o m e  content on Ghss 
Redox Adjustment. Letter Report to Westinghouse Hanfbrd Company, HWVP-90- 
1.2.2.03.03A, Prepared by Pai5fic Northwest Laboratory, Richland, Washington. 

(b) 
. 

(c) 

(d) 
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c 

The following criteria were used to select slurry component candidates as potentid redox 
indicators: 

1. cation has at least two stable oxidation states (Le., Ma forms M n o  and Mn@)) 

* 2. . cation is present in the simulant in its higher oxidation state that forms an insoluble compound 
(Le., F e w  forms insoluble Fe(0H)J 

cation is reduced by interaction with HCOOH to a lower oxidation state 3. 

4. the lower oxidation s t h  cation is soluble and detectable in the supernate by the ICP technique at 
the end of processing. 

Based on these criteria and the observed solubility behavior, three candidates were considered, Mo, 
Mn, and Fe. Pourbaix diagrams were used to assist in analyzing solubility and redox behavior. 
Because the use of Pourbaix diagrams for 'this application has not previously been presented, a brief 
discussion of Pourbaix diagrams 'is provided. For additional information, the reader is referred to 
Pourbaix (1974). 

Pourbaix diagrams for Mo, Mn, and Fe are shown in Figures 6.2.2 to 6.2.4. The dotted line 
labeled (a) represents the equilibrium condi;ions of the reduction of water to gaseous H,. The dotted 
h e  labeled (b) represents the equilibrium conditions of the oxidation of water to gaseous 0,. Between 
the two lines (a) and (b), water is thermodyndcally stable. Above line (b), water is oxidized and O2 
liberated. Below line (a), water is reduced and H, is liberated. When H2 is generated during the feed 
prepar&on steps, the system equilibrium conditions are approximated on the Pourbaix diagram using 
the pH and line (a). It must be noted that during feed preparation steps, the temperature is 95 to 
102"C, not 25°C as represented on the.Pouybaix di&. Measuring the supernate and slurry 
Samples by ICP-ES was, however, compIeted-at 22 to 25°C. In the following discussion, reference to 
a more reduced simulant implies that the system is located closer to line (a) than line (b). 

' 

. The chemistry of Mo, Mn, and Fe related to solubility and redox reactions during feed prepara- 
tion is dischsed below. This discussion addresses the predicted reactions, the observed'metal cation 
solubility behavior, and potential limitations for applying the selected indicator. 

Moiybdenum was added to the slurry in an oxidized state, M o o .  The Pourbaix diagram for 
Mo indicates &at M o o  is stable and would remain soluble until pH < 3.5 if the solution potential 
does not become more negative a.e., if the solution becomes reduced as would be indicated by the pro- 
duction'of H,-reduction to .an insoluble species would then be predicted (refer 'to Figure 6.2.2)]. Pre- 
cipitation of the Mo may result from two mechanisms: 
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EFgure 6.22. Potential-pH E q u i l i b r b  Diagram fir the System Molybdenum-Water at 25°C 

1. reduction of M o o  to M o o ,  which firms the insoluble MOO, 

2. firmation of insoluble molybdates with cations solubilized during HCOOH titration. 

As shown in Figure 6.2.2, during the laboratory formating tests with NCAW simulant, Mo was no 
longer detectable in supernates with pH <7.6 (solubility decreased with increase in acidity). A 
decrease in Mo solubility with increase in acidity was also observed during the pilot scale ceramic 
melter run 23 (Goles 1990). However, based on solubility data.alone, it is not certain which phase, the 
MOO, (reduced species) or insoluble molybdates (original oxidized state), was brmed. Using Mo as a 

'onbetween these two phases. redox indicator would require dis- . .  
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Fig= 6.23. qOtential-pH Equilibrium Diagram h r  the System Manganese-Water at 25°C 

The NCAW simulant was prepared using insoluble, hydrated manganese dioxide, MnO, x KO. 
In an acid slurry, detection of the soluble, reduced Mn species, Mu+', might provide a basis h r  devel- 
op@ reductant demands (r&r to Figure 6.2.3). However, only the non-noble metal simulants 
remained sufficiently acid to ensure Mn+, soIubili@ Feed with an alkaline pH would require discrimi- 

. nation between two insoluble phases; Mn(OH), (reduced species) and Mno, x KO (original, oxidized 
state). 

6.26 . 



t . . l  I I I I I I I I 
I -i,al I 1 1 ,  , I t  I+,a 

-2 -f' 0 1 2 3 4 5 6 7 8 9 18 11 12 13 14 15 16 
PH 

Rgure 6.2.4. Potential-pH Equiiibrium Diagram fbr the System Iron-War at 25°C 

The NCAW simdant preparation included the precipitation of hydrated &rric (Fe+? hydroxide. 
Based on the reiative solubility equilibria constants fbr &rric and kmus hydroxides, 4.0 x 10% and 
1.6 x respectively, the solubility of R is predicted to increase as the solution potential decreases. 
The increase thermodynamic stability of krrous ion with reduced solution potential is also reflected'in 
the Pourbaix diagram reproduced in Figure 6.2.4. As might be predicted from this information, an 
increase in Fe solubility was fbund tu be greater when significant amounts of $ were generated. For 
example, in Test 7.1 in which sufficient HCOOH was added to a noble metalantaining simulant to 

.produce significant amounts of HI, the solubility of Fe increased from below detection limit to 12.7% 
(re& to Figure 6.2.1). Thismay be compared with the relatively small amount of soluble Fe (< 1 %) 
that was observM wh'ile firmating a non-noble metal simuiant in which the H2 generation was several 
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orders of magni,tude lek (test 5.2). The apparent dependence of measurable Fe reduction on H2 
production suggests t hd  the reduction of Fe in the slurry may not be a sensitive enough indicator for 
determining minimum reductant requirements. for all HWVP feeds. Two other limitations to the meas- 
urement of Fe+* are 

1. The Fe+z forms an insoluble hydroxide in the alkaline regime (pH> -6.5) that might be 
experienced by HWVP fix& after feed preparation steps. Similar to both Mo and Mn, 
potential precipitation of the lower oxidation state would necessitate development methods. 
to distinguish between species ferric and ferrous species in the slurry. 

2. The relative ease at which F P  is oxidized to Fe+' in the presence of air would add some 
complications to the analytical method. . .  

Further assessment of the applicability of Mo, Mn, and Fe as alternative redox indicators 
requires additionall analytical development and correlation with mel.ter performance. Another potential 
redox indicator, the slurry formate and nitrate concentration is discussed in Section 6.3. 

6.23 Assessment of the.AppIiqability of the SRTC lbliuimum Formic Acid Addition 
Formula to the Hwvp 

The SRTC has developed an empirical formula which provides guidelines for the minimum 
amount of HCOOH required for processing of DWPF feeds.'') The SRTC formula is based on neu- 
tralization, decomposition, and redox reactions believed to be representative of the DWPF feed chemis- 
try. The reactions were derived from compositional analyses of formated, non-noble metal DWPF 
shulants. Melter feeds prepared from these simulants .and processed in largescale melters resulted in 
glass with an acceptable Fe+*/CFe value. 

Under no conditions in PNL testing did the extent of Ni(Om dissolution and MnO, reduction 
compare simuItaneously with the SRTC formula while processing an HWVP NCAW non-noble metal 
simulant. For a non-noble metal s&ulant, the SRTC target nickel solubility of 30% was observed at a 
pH of 4 (22°C). The solubility of manganese (Le., the reduced species, Mn'2) at pH 4 (22°C) was - 80% compared to the SRTC guidelines of 50%. The SRTC target Mn reduction of 50% was 
observed at a pH of -6 (22°C). The solubility of nickel at pH 6 (22°C) was C 10%. No detectable 
Ni+* and only a small amount of soluble Mu+' were present in the supernate of formated HWVP 
NCAW noble metal-containing simulants to which a nominal amobnt of HCOOH was added (30 mL 
87 wt% HCOOHL). 

Based on the comparison of solubility data alone fiom FY 1991 laboratory-scale feed preparation 
tests, it appears that application of the SRTC 50% Mn and 30% Ni guidelines to the HWVP NCAW is 
not representative of the HWVP feed preparation chemistry. 

The amount and type.of reductants and oxidan& added to the melter are believed to be a primary 
factor in controlling melter processing rate. The current empirical formula developed by PNL for glass * 

(a) HSU, C. W. 1990. Formic Acid Requirement in the DWPF Chemical Processing Cell. WSRC 
internal memo to J. R. Knight, 5 July 1990. WSRC-RP-90-0554. 
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redox control assumes that reductant addition during f d  preparation should be based on the amount of 
oxidant present in'the,melter f d  (Ramsey 1991)?) Based on the format of the SRTC formula, the 
neutralization capacity of;the Slurry could notably impact the amount of reductant added to the waste 
stream. When.the SRTC formula is applied to the HWVP NCAW simulant, the prescribed neutraliza- 
tion reactions would contribute to .over 75% of the HCOOH requirement for HWVP NCAW slurry. 
The neutralization reactions do not directly atreCt the HCOO' (reductant) or NO; (oxidant) concentra- 
tion seen in the melter, as the f o e  ion is .not consumed in the neutralization reactions.@) In addi- 

, tion, the SRTC formula prescribes the amount of H C b H  to be added to the DWPF alkaline sludges. 
It does not take credit ,for any reductants/oxidants or acid/base components that are subsequently added 
to the forhated sludge ,by the PHA w@te stream. The PHA .waste stream is not part of the HWVP 
process ffowsheet. Major differences in the DWPF and HWVP waste streams &ght significantly 
impaqt downstream processing'fiom both a rheology and redox perspective. 

Neutralization reactiops'may need to be considered with r e s p a  to slurry rhklogy. Slurry rhe- 
ology is known fiom an engineering perspective to a t k t  agitation and pumping requirements. Melter 
feed rheology may also impactathe melter process rate. Based on solubility studies using HWVP 
NCAW simulants, additional neukal&on reactions should be added to the SRTC formula on the 
assumption that a decrease in slurry pH is used as a means for rheology adjustment. Depending on pH 
criteria, the additional HCOOH requirements would include neutralization of AI, Cd, Ca, Cr, Cu, Mg, 
Sr, and Zn. This is not a comprehensive list of potential reactants as not all eIements were measured 
due to the use of a simutant, and cost- and analytical limitations. The FY 199 1 solubility studies 
suggest that for a majority of the cations,measured, the solubility behavior is a function of pH is fairly 
predictable. A staridard technique involving data presented in a. Pourbaix diagram format may provide 
the plant with a generic mebod for determining equivalent acid addition requirements, should such an 
adjustment be necessary. 

' 

This assessment leads to the conclusion that a single source chemical such as HCOOH for adjust- 
ment of both rheology and glass redox may not be feasible for HWVP because, depending on the feed 
composition (for example, high arbom@ and low oxidant), the criteria for rheology may not match 
with @e criteria for reductant addition. It is recommended that a fundamental understanding of the 
c h e m i s ~  controlling rheology and melter cold cap reactions be acquired to support development of 
HWVP ffowsheet options. 

(a) Wiemers, K. D. 1990. Ihe Effect of Hwvp Feed Nitrate and M o n t e  &&ern on G h s  
Redox Acijusm~z!. Letter Report to ,Westinghouse Hanford Company, HWVP-90- 
1.2.2.03.03A, Prepared by Pacific Northwest Laboratory, Richland, Washington. 
Indirectly, the slurry pH may alter the redox reaction products during feed preparation steps 
which, if large amounts of HC,OOH or perhaps NO; are involved, could possibly impact the 
glass redox. Under the conditions tested, changes in the melter feed reductant (HCW) to 
oxidant (NO;) mole d o  were small and did not significantly impact the measured glass redox, 
Fe+*/CFe, value. 

@) 
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63 Bases for HCOOH Addition to Control Glass Redox 

The oxidation s& of the melt is an bportant parameter impacting efficiency of the vitrification 
process. GIass'redox acceptan? criteria have generaliy been based on measuring the Fe+'/CFe in the 
glass: The acceptable working r age  for HWVP is 0.005 SFe+'lCFe SO.23.(') Process guidelines 
are required for chemical additions nec+uy to maintain glass in the acceptable range. A reductant, 
HCOOH (or sugar), may be added to the SRAT slurry bo provide a glass redox in the acceptable range. 
Addition of HCOOH also smes to reduasthe sIurry viscosity,@) 

. 

Reductants Reactions Reductants 
& Oxidants 

The PHTD approach to deriving guidelines for reductant addition is to develop an understanding 
. of feed prepatation, melter cold cap, and melt reactions which allows for a correlation to be developed 
betukxrreductants and oxidants in the HWVP slurry feed and the glass redox.value, Fe+zlCFe.(c) 
Figure 6.3.1' shows schematicaily the PHTD integrated system considerations proposed for developing 
reductant addition guidelines. 

Reactions ~ - Fei2/IFe 

Correlation for Reductant Addition Guidelines 

Figure 63.1. EHTD Integrated System Considerations in Developing Reductant Addition Guidelines 

(a) 

(b) . 

(c) 

Hanford Waste Vim!jkation Plant Technical Data Package, WHC-SD-HW-DP-001, sec- 
tion 13, Item 310, October 1990, Rev. 5H. 
Formic 'acid is also added to control feed rheology. For the present study, the amount of 
HCOOH added was selected for glass redox requirements and investigation of the Hz issue. 
The rheology issue may need to be revisited. 
Melter operation factors, such as residence time in-the cold cap, air bleakage, and melter 
plenum temperature, should also be included. These variables are not presently addressed 
directly in the FY 1991 laboratory-sde feed preparation studies. 
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Based on previous bench-scaie studies, Wemers(*) found that a measurable amount of Fe+* in 
the glass was obtained if the threshold condition HCOOHMB; = 3 (a mole ratio based on the initial 

. reprinted in Figure 6.3.2 tbr &rence. The initial NO; loading in the earlier study ranged from 0.1 15 
(FY 1992 nominal NO; concentration, including recycle, was -0.26 M. The earlier tested 

now major components of the NCAW simulant, NO; and 

. NO; concentration and the amount ofHCOOH added) was satisfied. The data from Wiemers(*) is 

to 0.42 
slurries did not contain two oxidants that 
Mno,. 

In the FY 1991 studies, chemical d o n s  during slurry processing steps (HCOOH addition, 
'digestion, recycle addition, and concentration) were characterized to quantify the impact of selected 
slurry components on melter faxi reductant/oxidant'loadings. This approach provided an opportunity 

0 
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Figure 63.2. Correlation of HCOOH/NO; with Fe+*/CFe for NCAW Waste Glasses Showing 
HCOOH/N@ Threshold Vdue of 3'') 

(a) Wiemers, K. D. 1990. Ihe Egeect of HWVP Feed Nitrate and Gzrbome Conrent on Glass 
Redox A~ustment .  Letter Report to Westinghouse Hanford Company, H W - 9 0 -  
1.2.2.03.03A, Prepared by Pacific Northwest Laboratory, Richland, Washington. 
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to optimize reduct& addition and more confidently adapt the guidelines to other slurry compositions. 
The correlation is I'Mted to a semi-empirical relationship because the cold cap chemistry is not thor- 
oughly understood. 

The results of the FY 1991 glass redox evaluation are provided below. In addition, comparisons 
of the PHTD guidelines with other approaches to reductant addition for glass redox control are 
provided. 

A gIass redox within the acceptable range was measured for all glass specimens prepared from 
FY 1991 laboratory-scale feed preparation tests. The Fe+%Fe values ranged from 0.01 to 0.1. The 
HCOOH addition ranged from 27 to 74 mL 87 wt% HCOOHL @ 125 g WOL slurry that is equiva- 
lent to a HCOOH/NO; range of 4.6 to 12 before recycle and 2.2 to 6.7 after recycle:(*) The glass 
redox data are summarized in Table 6.3.1. Based on the data in Table 6.3.1, it appears that the 
HCOOH requirements might be ~ecreased to HCOOH/NQ = 2. However, before a lower limit can 
be recommended, additional data are needed for verification.@) 

' 

c 

. Within the analytical uncertainties of the glass redox measurement in the range tested, no signifi- 
cant trends were identified between the test variables, addition of recycle, and the glass redox. This 
may m part be accounted for by an apparent dampening effect on H C W  concentration during slurry 
processing reactions and a buffering phenomena in the melter cold cap. Reactions contributing to the 
former are dis&sed in subsequent text. Cold cap reactions were not studied directly in this 
investigation. 

Unexpectedly, increasing the HCOOHNO; ta l P  provided an acceptable glass redox (Fe+? 
CFe = 0.056). Previous tests with NCAW simulant at HCOOHM0;:of 10 resulted in an unaccepta- 
ble, reduced glak with a Fe+VZFe of 0.57 (Fe+z/Fe+3 = 1.34).@ The earlier slurry simulants did 
not contain NOa which may consume some reductant, thereby reducing the net HCOOHMO; seen by 
the melter. 

(a) Additional tests may be required to establish/verify a minimum HCOOH requirement. During 
the FY 1991 testing, emphasis was placed on the EE, generation, which at the nominal NQload- 
kgs required at least the reference amount of HCOOH (4 moles HCOOWmole NO;). Only a 
limited number of .tests used a HCOOHMO; less than 4. 
?'he reference feed composition for HWVP gives a boundary concentration of NO; + NO; = 
36 g/L slurry. In the FY 1991 testing, the maximum slurry simulht NO; concentration before 
recycle wkte  addition was 25 g NO; /L @ 125 g W O E  slurry. Adding the recycle waste 
strearn approximately doubled the amount of NO; in the slurry. 
A HCOOH/NO; = 12 for test 1.1 (before recycle addition) was equivalent to adding 74 mL 
87 wt% HCOOHL @ 125 g WOL slurry. 
Wiemers, K. D. 1990. 7&e Egect of HWVP Feed Nitrate and Gwbonate Content on Glass 
Redox A @ u s t m e ~ .  Letter Report to Westinghouse Hanford Company, HWVP-90- 
1.2.2.03.03A,' Prepared by Pacific Northwest Laboratory,'Richland, Washington. 

(6) 

(c) 

(d) 

. 
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lsble 6.3.1. Comparison of HCOO, NO; and HCOO/NO; Before and After Recycle Waste Stream Addition with Glass Redox 
(Fe+'/CFe) ' 

Test 
Sumber 

1.1 
1.2 
1.3 

, 2.1 
2.2 
3.1 
3.2 
4.1 
5.2 
7.1 - 

NCAW Slurry 
HCC 

Before 
Recycle, 

moles 
2.59 
0.91 
1.60 
1.52 
1.51 
1.58 
1.51 
1.53 
2.20 
1.68 

,. 

Alter 
Recycle, 

moles 
2.65 
0.97 
1.65 ' 

1.58 
1.58 
1.61 
1.58 
1.58 
NA 
1.73 

mulant Composlllon 
NO: 

Before 
Recycle, 
moles *. 

0.21 
0.18 
0.19 
0.18 
0.21 
0.21 
0.20 
0.20 
0.19 
0.65 

b 

After 
Recycle, 

moles 

0.40 
0.37 
0.38 
0.34 
0.39 
0.37 
0.36 
0.38 
NA 
0.82 

Molar Rallo, Ht 
Before ' 

Recycle . 
, 12.57 

4.97 
' 8.42 

8.40 
7.33 
7.46 
7.51 
7.69 
11.40 
2.60 

10. I N03- 
After 

Recycle 
6.69 
2.60 
4.34 
4.57 
4.04 
4.36 
4.32 
4.17 
NA 
2.12 

Glass Redox (! 
Before 
Recycle 

0.06 
0.03 

* 0.02 
0.05 

* 0.02 
0.02 

0.08 

0.04 
0.01 
0.01 

&2/XFe)'&* 
After 

Recycle 
0.02 
0.05 
0.08 
0.08 
0.02 
0.02 . 
0.04 
0.03 

NA 
0.04 

'The ''before recycle' HCOO- values are based on Ihe amounl of HCOOH added lo  the slurry. .Afler recyclen HCOO- values 
are based on the amounl of HCOOH added lo the recycle plus the HCOO- values from Ihe before recycle column, 
"The 'before recycle" N03- values are based on slurry IC analyses lor N03-. The 'after recyclen N03- is based on Ihb 
large1 concenlration for recycle waste slream N03-, multiplied by the volume of recycle waste stream simulanl added lo  the slurry, g9us the N03- 
value from Ihe 'before recycle' column. 
'"Based on preliminary studies el PNL (current sludy) and WSRC (Ramsey 1991). a large uncerlalnly (>70%) in the 
Fet2aFe measuremenl exisls for Fet2XFe 0.1. Reported values are no1 considered lo be significantly dillerenl. 
Redox measuremenls were no1 collected for lesls 6.1 and 6.2. 



A mass balance for the slurry processing reactions'was performed in terms of HCOOH/HCOO 
and nitrogen compounds to provide a basis for predicting the amount of-reductant and oxidant in the 
melter feed. The relative amount of oxidants and reductants in the melter feed is believed to be a pri- 
mary part of gI&s redox control (Ramsey 1991)?) The mass balance was lhited to tests in which 
the second & release was observed. 

The following reactions were assumed as a basis for the mass baiance calcdations: 

2NaNOz + 4HCOOH + N20 + 2C0, + 2NaCOOH + 3 q O  . (8) 

2NaN0, + 3HCOOH -D 2NO +. CO, + 2NaCOOH 4 3 0  (9) 

SHNO, -9 H* + NO,' + 2NO 4 40 

co; 4 2H' - co, 4 40 

NO + 0.50, - NO, 
HCOOH -9 ]Ez + CO, '(catalyzed) 

4 4 NM" 4 NMo +-nH* [NM (noble metals)] (14) 

2NaN03 + SHCOOH 4 2NO + 3C0, + 2NaCOOH 4 4a-0 (15) 

2NO + - 2NH, + 2I-40 . ( la  

net,for reactions 15 and 16: 

NaN03, + SHCOOH - NH, + 4C0, + NaCOOH + 3 q O  (17) 

(a) Wiemers, K. D. 1990. Ihe Efect of HWVP Feed Nitrate and Gvbonare antent on Glass 
Redox Adjustment. Letter Report to Westinghouse Hanford Company, HWVP-90- 
1.2.2.03.03A, Prepared by Pacific Northwest Laboratory, Richland, Washington. 
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The reactions printed in bold consume reductant, HCOOH.. Minor contributions to HCOOH 
consumption (< 10%) by'reduction of slurry simdant cations such as Mn were not included in this first 
mass balance attempt. The primary source of NO w S  considered to be disproportionation of HNO, 
(equation 10). * . 

The fraction of HCOOH consumed by each feed preparation reaction is illustrated in Fig- 
ure 6.3.3. The fraction for HCOOH consumption was caIcuIated as follows: 

Reaction Calculation for HCOOH Consumption Equation 
reduction of NO; 2.0 x moles of NzO measured 8 
decomposition - 1 x moles of H2 measured 1.3 

NH3 generation 4.0 x moles Mt+ measured 17 

The reported amount of unreacted HCOO' is a measured value. 

The amount of HCOO' remaining in the processed simulant was observed to be a h c t i o n  of both 
the amount of NO; and NO; : 

moles melter feed HCOO-MCOOH = 

moles HCOOH added - A[molesNOz] - B[moles NO,] 
r (18) 

For slurry simulants containing noble metals, the mass balance indicates that about 1 mole of 
HCOOH was consumed per male of NO; (A = 1) (refer to equation 8).(') In the presence of 
excess@) HCOOH and/or NO;, HCOOH was predicted to be consumed by the production of NH,. 
The latter reaction consumes 4 moles of HCOOH per mole of MI3 produced (refer to equation 17) and 
in some cases, noticeably decreases the HCW/NO; ratio in the melter feed. For example, MI3 pro- 
duction redluced the melter feed HCOO' by 22% in test 1.1 and 45% in test 7.1 (refer to Figure 6.3.3). 
Under the conditions tested, the amount of NH3 produced was linear with NO; concentr&on and meas- 
ured H2 (refer to Section 6.1). Additional data analysis is required to provide the coefficient, B. 

One consequence of the NH3 reaction is to diminish the measurable correlation of NO; with glass 
redox. For example, approximately the same amount of HCOOH was added to tests 1.3, 3.1, and 3.2. 
Based on the initial NO; loadings which varied by a factor of 3.25, one might predict a similar 

(a) The NZO/NQ ratio is not constant and is believed to be dependent on test conditions. There- 
fore, the coefficient, A, may become A3PJ + &m + ...., where XI, &, ... are operating 

"Excess"~in this context refers to the amount of HCOOH added greater than that required to 
deplete the NO;. 

. or compositional variables. 
(b) 
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HCOOH -> Ha + CO, (H, for NH,: eqn 18) 
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. Estimated HCQOH consumption based on the stoichiometric 
amount required to generate measured products (bold) 

Figure 6.3.3. Amount of HCOOH Consumed in Individual SRAT Reactions Defined by FY 1991 NCAW Simulant 
Laboratory-Scale Tests 



difference in the final HCOO' concentration, Le., - 3 times more HCOOH would be consumed by 
reducing NO; while processing the maximum NOzs@ulant. However, because of subsequent 
HCOOH consurhption by production of NH3, particularly in lower NO; simulants, the amount of 
HCOO' remaining, in the melter feed was nearly the same for each of the tests (refer to Figure 6.3.3). 
Appro@ately 60% of the HCOOH added (1 mole of H C W  out of the 1.65 moles of HCOOH added 
in each test) remained in the simdant after processing. The nearly constant HCOOM to NC); ratio 
observed in the melter feed and co&tent;.glass redox values may be partly attributed to the net equili- 
'brating effect of NH3 producing r d o n s  on the HCOOH consumption. Figure 6.3.4 illustrates the 
linear conSumption of HCOOH with HCOOH added during formating of a HWVP NCAW feed 
simulant. 

The -60% retention (-40% consumption) of HCOOH added appeared to be fairly constant for 
. all the tests with slurry simulaks containing noble metaIs (refer to Figure 6.3.3). Calculated values for 

percent HCOOH consumed for selected FY 1991. tests are presented in Table 6.3.2. Values of 
HCWH in Table 6.3.2 are based on the measured HCOO' remaining in the simulant (after HCOOH 
addition, digestion and recycIe waste stream addition) and on the amount of HCOOH added. While the 

Figure 63.4. 
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Table 6.33. Percent HCOOH Consumed After HCOOH Addition, After Digestion and Total for the 
Dkation of the Test for FY I991 Laboratory-Scale'Feed Preparation Tests 

GHCOOH Cons med During Specified Pr 
HCOQH HCOOH Addition. Test 

Number 
1.1 
12 
1.3 

. 2.1 

. 22 
3.1 
3.2. 
4.1 
5.2 
6.1 
6 2  

:ess Period 
For Duration 

9.1 

Addit ion 
36 
24 
38 
41 
35 
28 
28 . 
50 
22 
.35 
31 . 
29 

plus Digestion 
39 
30 
34 
40 
32 
33 
49 
35 
29 

N/A 
N/A 
44 

of Test 
42 
44 
42 
38 
33 
32 
26 
35 
NIA 
N/A 
N/A 
44 

Totaf HCOOH consumed appears low. 
Potential error in HCOO- measurement. 

measurement of percent HCOOH consumption provides a simple empirical approach to estimating the 
reductanVoxidant in the melter feed (which may then be correlated with the glass redox), the reasons 
for the co&istently observed 40% consumption are not fulIy understood. Additional data and/or analy- 
ses are required to explain this observation. 

Based on the PNL &dies to date and WHC criteria for glass redox, the recommendations for 
HCOOH addition remain HCOOH/(total) NO; = 3, which is equivalent to -30 mL 90 wt% 
HCOOHL slurry at the current nominal NO; loading (8 g NO& SRAT slurry and 40 g NO& recycle 
waste stream @ 125 g WOL)?) At higher NO; loadings, sugar may be considered as a supplemen- 
tary reductant. Recommended guidelines for reductant addition have not been tested for maximum NO; 
loadings or slurries with organics. Nitrite is considered relevant to the reductant addition guidelines 
because it may cons'ume reductant during feed preparation. Organics (other than HCOOH) may pro- 
vide sources of additional reduc'tant in the melter cold cap. Verification via correlation of glass redox 
from actual waste sampIes and from large-scale melter tests is also required. 

(a) Addition of the recycle waste stream to the SRAT feed doubled the amount of NO; . 
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Guidelines for reductant addition described above have been compared with correlations for glass 
redox in nuclear waste glass for two other vi&fication facilities, the DWPF and West Valley Demon- 

. stration Project.(WVDP): ’Wults of the preliminary study of glass redox correlations indicate that the 
approach to providing guidelines in terms of reductants and oxidants is widely accepted and that the 
proposed guidelhes for HWVP NCAW sIurry, HCOOH/N& = 3, provide melter feed compositions 
(oxidants/reductants) compatible with other glass redox correlations. The correlations summarized 
below are folIowed by a comparative analysis with the recent PHTD dam 

Hsu (1990)(*) 

Ramsey (1991) 

J&n et ai. (1992) 

envelope for a’maximum HCOO- limit related to NO; in melter feed 
empirical formulation for minimum HCOOH requirement 

For melter feed: if molar HCOO’ &us molar NO; < 0.9, then glass redox, 
Fe+*/CFe <0.1 

empirical model based on reducing [carbod from sugar (C,lHzOll)] species, oxi- 
dizing (No;) species, and water eontent of melter feed. 

? 

The envelope for a ratio of HCOOH to NO; developed by Hsu@) for DWPF melter feed simulant 
is shown in Figure 6.3.5.” Note that the axes are in terms of melter feed composition and that the 
data points are from analysis of glass prepared during Iarge-scale melter tests. Points below the 
envelope boundary Ibe represent melter feed simulants that contained the appropriate reductant to NO; 
balm& for obtaining an acceptable glass redox. Using the measured imount of HCOO’ and NO; in the 
PHTD FY 1991 laboratory t&t s&ulants (refer to Table 6.3.3) and the approximate Fe content given 
in Table AI, comparative values for HWVP simulants were within the proposed envelope, with the 
exception of two points representing test 1.1 before and after recycle waste addition. The amount of 
Fe+z’measured in’these samples is lower than expected based on the large amount of HCOOH added. 

The empirical formulation for minimum HCOOH addition to DWPF simulants is discussed in 
Section 6.2. In generd, this formulation did not directly apply to HWVP NCAW simulants. 

The effects of HCOO-, NO;, and phenol on the oxidation state of glasses being considered for 
vitrification at DWPF were evaluated by Ramsey (1991). The model for glass redox versus melt& 

(a) 

(b) 

Hsu, C. W. 1990. Formic Acid Requirement in the DWPF Chemical Processing Cell. WSRC 
internal memo to J. R. Knight, 5 July 1990. WSRC-RP-90-0554, 
Hsu noted that a preliminary “operating envelope” was developed to deiine constraints on the 
HCOOI and NO; levels in the melter feed to ensure acceptable redox control of the melter f&. 
The envelope is based on datA from a limited number of process demonstrations and d o q  not 
reflect an adequately precise method for predicting the glass redox. . 
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N4a/Fe(OH)3, wt ratio - 

Comparison of FY 1991 PHTD Laboratory-Scale Glass Redox Data with the SRTC 
Maximum HCOOH Envelope(') 

feed composition developed by Ramsey (1991) indicated that the glass redox may be predicted by 
determining the'HCOO' and NO; content of the melter feed. The general trends demonstrated a corre- 
lation between the molar HCOO' minus NO; value and the glass redox: 

Fe+2/CFe CO.1 +/- 0.05 'for HCOO' minus NO,' (mole basis) <0.9. 

As shown in Table 6.3.3, the redox data collected during the PHTD FY 1991 laboratory-scale 
studies agree well with the Ramsey model. Test 1.1, (before recycle addition) is the only exception. 
This discrepancy was also noted in previous discllssions concerning the SRTC envelope for HCOO' and 
NO; loading and the HWVP reductaht addition formula, HCOOH/NQ. 

(a) Hsu, C. W. 1990. Formic Acid Requirement in the DWPF Chemical Processing Cell. WSRC 
internal memo to J. R. Knight, 5 July 1990. WSRC-RP-904554. 
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Table 6.3.3. Amounts of HCQO' and NO; in Melter Feed; H C W  minus NQ; in Meher Feed; a d  Glass Redox (Fei2/EFe) 
Before and After Recycle Waste Stream Addition for FY 4991 Laboratory-Scale F e d  Preparation Tests 

- 

Test 
1.1 
1.2 
1.3 
2.1 
2.2 
3.1 
3.2 
4.1 
5.2 
7.1 

- 

- 

Slurry Ca 
HCOOi 

Before 
Recycle 

1.57 
0.64 
1.05 
0.92 
1.03 
1.05 
0.89 
1 .oo 
1.61 
1.02 

noles/L)b 
. Afler 
Recycle 

1.54 
0.61 
0.96 
0.96 . 
1.04 
1.09 
1.15 ' 

1.03 
NA ' 

0.98 

posillon 
Nllrale I 

Before 
Recycle 

0.18 
0.22 
0.20 
0.22 
0.21 
0.19 
0.16 
0.20 

. 0.47 
0.54 

ioles/L)' 
Aller 

Recycle 
0.37 
0.44 
0.35 
0.37 
0.43 
0.28 
0.43 
0.39 
NA 
0.71 

Ramsc 
ICOO- mlnus N 

Before 
Recycle 

1.39 
0.42 
0.85 
0.70 
0.82 
0.86 
0.72 
0.80 
1.14 
0.48 

30, moles/L . 
Afler 

Recycle 
1.17 
0.17 
0.61 
0.59 
0.61 
0.81 
0.72 
0.64 
NA 
0.27 

Glass Redo 
Before 

Recycle 
0.06 
0.03 
0.02 
0.05 
0.02 
0.02 
0.08 
0.04 
0.01 
0.01 

:Fe+2/EFe)bb 

. Recycle 
After 

0.02 
0.05 
0.06 
0.06 
0.02 
0.02 
0.04 
0.03 
HA 
0.04 

' ?he concenlralion values reported in lhls lable were calculated by dividing Ihe measured a w n 1  01 HCOO- or N03- (moles) in the slurry 
(refer lo Table 5.4.1) by Ihe esllmaled volume of Ihe slurry, lL, al Ihe llme of sampling. ?he volume eslfmalg Is believed lo inlrduce an error 01 
4- 10 lo 15% in Ihe "Ramsey" value. 
'*Based on preliminary sludies al PNL (currenl sludy) and WSRC (Ramsey 1991). a large uncertainly (>70%) in Ihe 
Fet2EFe measuremenl exisls for FetaCFe < 0.1. Reported values are no1 considered lo be slgnilicanlly dilferenl. 
Redox measuremenis were not collecled for lesls 6.1 and 6.2 ' 



.. 

A modeling effort was conducted by West Valley Nuclear Service (WVNS) (Jain 1992) to C O K ~  
I& slurry feed characteristics (reducing and oxidizing species in the feed).and observed redox response 
for the WVDP. Bowan(*) developed a model previously based on fhe feed characteristic permed Index 
of.Feed Oxidation (EO): 

where TC is the total carbon @pm) in the feed 
4 is the solids fraction itp the feed (by weight) 
NO; is the total nitrate @pm) in the feed. 

A correlation felating WVDP melter feed components and the glass redox is given as 

log (Fe**/Fe*? = 4.84% (EO) + 1-19. 

. The PHTD FY 1991 laboratory test data are compared with the Bowan model in Figure 6.3.6. 
The correlation does not seem to apply to HWVp slurries at this time. Differences in slurry composi- 
tion, r e d u c k  (sugar versus HCOO'), and the redox range may account for the observed discrepancies. 

6.4 'Summary of Process Data 

Section 6.4 summarizes specific.process data related to HWVP vessel ventilation system design, 
' emission Antral, and attainment issues. Previous sections of this report are referenced for detail 

. regarding.the application of the data. 'P& gas generation rates are given in Table 5.3.1. The total 
amounts of offgas measured are listed in Table 5.3.2. Note gas release correction factor is discussed ih 
Section 5.3. 

(a) . Bowan, B. W. 1990. "A Redox Forecasting Corrlelation Developed Using a New OneTenth 
Area Scale Melter for Vitrifying Simulated High-Level Radioactive Wastes." M. S. Thesis, 

'. Alfred University, Alfred, New York.' 
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figure 63.6.. Comparison of FY 1991 PHTD Laboratory-Scale Glass Redox Data with the WVDP 
Model (Jah 1992) 

6.4.1 Offgas Generation 

Correlations have been developed fir maximum offgas generation rate and total gas generation 
by species during treatment of .an NCAW shulant with HCOOH. The gases detected were HZ, N20, 
NO,.NO,, CO,, and NH;. No CO or N2 was observed (below detection limits). The NO, was meas- 
ured continuously with intermittent measurements of NO. Ammonia as NH,+ was measured in the 
condensate and slurry, but not in the gas phase. 

Offgas generation rate is sensitive to a number of process parameters (HCOOH addition rate, 
amount of HCOOH added, temperature), slurry composition (concentration of noble metals, N S  NO;, 
and CO;?, and pH. The correlations presented apply specifically to conditions and simulants tested. 
The uncertainty associated with application of offgas generation rate data outside ofthe test envelope 
should be considered. 
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Wgas generation depends on the slurry pH. As HCOOH is added 00 the slurry, the pH . 
decreases. The rate of decrease,depends on the presence of bases (primarily, O S  and CO;’) and rate 
of addition: Offgas generation is initiated between’a pH of 8 to 9. In the pH range of 7.5 to 7, the gas 
generation rate’incieases si&ficautly. For the simulants tested, about 0.3 mol& of HCOOHL is 
required to re&h a pH of 7. Foaming was observed only during the maximum gas release period of 
dfe sIurry preparation steps @H 7.5 to 7). An anti-foaming agent was not used during the tests. 

Gas generation rates of CO, and N,O increased simdtan~usly and sharply with process time. 
Carbon dioxide and N20 were the’principle contributors to offgas generation during HCOOH addition 
for the NCAW simulant tested with noble metals. The ratio of N,O to NO, generation rates varied 
significaatly. The difference is not jlet understood, although it is thought to be reIated to the pM, mix- 
ing efficiency, &d HCOOH addition rate. Maximum NO, generation rates were observed in the 
absence of noble metals and at high HCOOH addition rates. In the presence of noble metals and at an 
ViVaIent of 2 gpm HCOOH addition rate, the NO, generation rate was a factor of 10 less than the 
N20 and CO, generation rates. Hydrogen generation rates were a factor of 10 lower on a molar basis 
than the principle gases. B&ed .on the summation of N€&#* measured in the slurry and condensate, the 
Ilpaximtlllp NH, generation rate was estimated to be -0.5 moldmin, - 10 times less than the CO, gen- 
efation rate. 

The cumdative m e u m  offgas generation rate (sum of all gases measured) and maximum off- 
gas generation rate for CO, are proportional to the HCOOH addition rate over the range tested (2 to 
8 gpm full-scale equivalent) is shown, in Figure 6.4.1. The correlation of N,O and NO, with HCOOH 
addition rate is slightly more scauered, suggesting that interactions with other variables may be sig- 
nificant. Generation rates of N20 and NO, are given to provide a comparison of the relative m,. 
Hydrogen and NH, generation rates ate not shown because major releases of these gases require a 
threshold amount of HCOOH, independent of addition rate. Hydrogen and NH, are not major con- 
tributors to the maximum total offgas generation rate. 

These data suggest that the HCOOH addition rate can be used to control the maximum offgas 
generation rate. Decrease in temperature wiil also decrease the generation rate and may be used as a 
control variable (refer to Appendix F). . Significant changes in the amount of CQ2 are predicted to 
impact the maximum generation rate. 

The relative amounts of gas generated are shown for major species in Figure 6.4.2. The total 
amount of gis generated is proportional to the amount of HCOOH added. Carbon dioxide is the pri- 
mary contributor (average 68.5% for nominal NO; concentration) to the net amount of gas evolved. 
Nitrous oxide is the second major contributor (in the presence of the noble metals). The amount of 
N20 produced depends on the’amount of HCOOH added and the amount of NQ; present (refer to Fig- 
ure 6.1.5). $toichiom&icaily, 0.5 moles of N,O are produced and 1 mole of HCOOH consumed for . 
every mole of NO; consumed (refer to Section 6.3). The fraction of N,O and N0,measured varies sig- 
nificantly (refer to Table 6.1. 1), which is not Cuirently well understood. With the exception of 
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Figure 6.4.1. Coneldon of peak Offgas Generation Rate (C02, NO,, N20, total. gas) with HCOOH 
Addition Rate. Lines are placed by linear regression. 

test 7.1, t& N20 and NO, cqmp&d from 20 to 30% of the total gas produced. In test 7.1 (high 
nitrate/loirv nitrite), which had high NJ3, production, the N20 and NO, comprised < 10% of the total 
amount of gas measured. 

Hydrogen and NH, are minor contributors to the total gas produced. The amount of meas- 
ured was < 1 % of the total amount of gases measured. The largest amount of & was observed only in 
the presence of noble metals.aud after a threshold value reIated to the amount of HCOOH added and 
the initial NO; was reached (&r to. Figure 6.1.1). 'Once the threshoId was reached, the amount of H2 
produced appears to be proportional to the amount of HCOOH added. 

, The amount of NH, generated is proportional to the amount of Hz produced and the amount of 
NO; present in the slurry (&r to Figure 6.1.8). At the nominal NCI; loading (0.13 M), the amount of 
NH: measured was < 10% of the total moles of gas produced. At higher NC); concentrations (0.4 M), 
the NH3 made up 22% of the total offgas measured (on a molar basis). 
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I3gum 6 .42  Correlation of Offgas Generatiod.(CO,, NO,, N209 total gas) with Amount of HCOOH 
Added to NCAW Slurry Simulant. Lines are placed by linear regression. . 

The ratio of NO/NO, fir conditions tested with noble metals present was 0.71 to 0.88, with the 
balance of the NO, being NO,. The origin of the NO, is not certain. It may be from fbrmating reac- 
tions or via oxidation of NO by Q in the gas s-. Laboratory tests will be conducted in FY 1992 to 
estimate the NO and NO, generated directly by SRAT slurry reactions. 

Conditions required to initiate a major H, release during processing of pretreated NCAW are 
Wiy well defined. However,' because the range of conditions tested is rather limited, the data are not 
sufficient to determine the maximum H, generation rate fbr all realistic and worst case generation con- 
ditions that may be encounted in HWVP processing. Major H2 releases are observed in the presence 
of nobIe metals and when sufficient HCOOH has been added to deplete the NO;. The dependence of 
H2 peak initiation on temperature and pH has not been investigated, In the FY 1991 studies, simulant 
was treated with HCOOH at 95°C. The major 6 releases were observed only at a pH C5.5. In the 
studies at SRL with DWPF simulants, a si&ficant delay in H2 initiation was sometimes observed. . 

This may be caused by differences in composition and p$cess conditions. 
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The maximurn H2 generamn rates are provida in Table 5.3.1. Conditions that m d d  affect the 
.rate of &'generation include slurry temperme, noble metal and base (eg., OH' and CO;') 'concentra- 
tion, concentratiodspecies of organics present, and the amount of HCOOH added. Effects of these 
parameters on H, generation rates have not been adequately investigated for all HWVP slurries. 

The absence of noble met& significantly changes slurry gas generation characteristics during 
feed preparation steps; a major reduction occurs in' the generation of H,, NH,, and N20. The amount 
of NO, increaies-substantially. SimiIar to tests with noble metal-containing simdant, the major frac- 
tion of evolved gas was CO,. 

6.4.2 GIass Redox Control 

. 

Control of glass oxidation state to avoid melt foaming or crystalline solids formation requires 
integration of both sIurry preparation and vitrification chemistry. Potential reaction scenarios are dis- 
cussed in this report and have be& identified previously Wiemers,'" and Bickford (1985a; 198%). 
Empirical approaches have been established at each waste vitrification site in the United States to 
control melt redox. Each qxrelation appears to work well for the slurries from which the correlation 
was developed. Sections 6.2 and '6.3 of this report address application of these correlations to HWW 
NCAW simulant. 

For HWVP, the measurement of Fe+,/CFe in the waste glass is used as an indicator for suitable 
redox control. The glass redox criteria is 0.005 SFe+2/cFe S0.23.(c) The lower limit (more oxi- 
dized state),is based on an analytical detection limit for Fe+, and the obsemtion that foaming has not 
occurred when Fe+, was detected 'in the glass. The upper limit (lower reduced state) is a conservative 
value to avoid crystalline solids formation in the melt. ' 

Operation of the melter under more oxidizing conditions has been redently considered by SRL; 
more ojridized glass requiring less reductant (HCOOH) is desirable to reduce the potential for H2 gen- 
eration and NH, production in the SRAT. Alternative rheology adjustments, such as adding HNO, or 
dilution, may be required if the amount of HCOOH added is lowered. 

(a) Wiemers, K. D., C. A. Anderson, aid M. E. Peterson. 1987. Evaluarion of Process mgmes  
Released During the Fom@ng of an HWVP Feed Simuht. Letter Report to Westinghouse 
Hanford Company, HWVP-86-V110203G7 Prepared by Pacific Northwest Laboratory, 
Richland, Washington. 

(b) Wiemers, K. D. 1990. 7 h  Egect of,HWVP Feed Nitrate and Garbonare Content on GIass 
Redox Adjusnen. Letter Report to W&tinghouse Hanford Company, HWVP-90- 
1.2.2.03.03A7 Prepared by Pacific Northwest Laboratory, Richland, Washington. 
Hanford Waste Ktri$c&ion P t m  Technical Data Package, WHC-SD-HWV-DP5O1, sec- 
tion 13, Item 310, October 1990, Rev. 5H: 

- 
(c) 
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Based on the studies conducted to date with NCAW simulants, the recommended reductant 
(HCOOH) addition for obtaining an acceptable glass redox is a molar ratio of 3 HCOOWNO;. The 
amount of NO; in the waste and recyclestreams added to the waste during HWVP processing is 
included in the calsul&on for reductant rqui&itents. This is an empirical relationship and is provided 
to ensure that the gIass r&ox criteria is met. The FY 1991 I a b o r a t o q d e  f& preparation studies 
suggest that the HCOOH/NOi requirement may be lowered to 2 (ref= to Table 6.3.1); however, it is 
not 

. 
* 

whether this would apply to bounding oxidizing (e.g., high NO; and NO;) conditions. 

Rather than the proposed empirical approach, it would be preferable to predict the glass &ox 
based on reactions of the slurry/melter feed components bo& in the SRAT/SME processing and in the 
meIter cold cap. This provides more certainty in adjusting process requirements based on slurry com- 
position, an i m p o m t  issue for HWVP because of the potential for a highly variable slurry composi- 
tion. Under &t conditions employed during FY 1991 tesfing, HCOOH was consumed primarily 
through NO; reduc?ion to &trous oxide, decomposition to I& an8 production of NE3 (refer to Sec- 
tion 6.3). The fraction of HCOOH corgumed by individual d o n s  is dependent on test conditions 
and'slurry composition (refer b Figure 6.3.3). The a t  result, ie., cumdative effect of these reactions, 
is that approximately the same percentage of HCOOH is cunsumed (refer to Figure 6.3.4). The 
amount of H C W  remaining after processing in the SRAT and SME is d i c i en t  to balance the NO; in 
the' melter cold cap, providing an acceptable glass redox. The speciiic reactions of the melter cold cap 
that provided this relationship have not been investigated. 

The disparity in the empirical formula for glass redox control (ratio of HCOOH to NO;) lies in 
the fact that the reactions that consume the reductant (HCOOHMCW) in the SRAT/SME are not 
entirely accounted for. It appears that over the range of compositions tested, this consumption does not 
measurably impact the empirid gl&s redox correIation. Measurement of glass redox m theoretical 
cases, such as simulant processed/vitrified in the absence of H C W ,  NO;, and/or NO; might provide a 
better understandiig of the redox phenomena and provide a basis for lowering the glass redox l i t .  

6.5 Evaluation of NCAW Simulant Thermal AnaIyses 

Two endotherms and an exotherm were observed in the thermograms between 50 and 550°C 
(thermograms are provided in Appendix G). The two endotherms were observed between 50 and 
130°C, and 230 and 310°C. The enthdpy of these two endotherms was approximately 80 and 60 J/g 
dried slurry, respectively. The exothenn was observed between 124 and 250°C with an enthalpy 
change of -207 to 305 Jouldg &ed s l q .  The low initiation temperatmk (124%) observed in this 
test suggests that a potentid for initiating exothermic reactions may exist under conditions described in 
the PSAR (Herborn and Smith 1990). Further testing will be required to confirm this finding. The 
exotherm was observed in all thermograms except for sample 1.3-7.1 (iitial slurry simulant). This 
suggests that HCOO', which is not present in sample 1.3-7.1, may contribute to the observed exo- 
therm, The weight loss associated with the exotherm is greater for samples 1.1-47.1 and 1.3-4.7, per- 
haps because these samples included the recycle stream which approximately doubled the NO; loading 
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. (compare with sample 1.3-32.1). For a relative comparison, reported major enthalpy changes for a 
West Valley slurry simulant (SF-10) ranged from -229 to -854 J/g."' The exotherm for the West 
ValIey simulant waS observed in the temperature range of 240 and 6OO"C, and is attributed to the corn- 
bustion of sugak 

"he first (low. temperature) endotherm was not observed in the thermogram of 1.1-47.1 (for- 
mated slurry shpulant plus recycle waste stream simulant). The uniqueness of these samples with 
respect to eh& endotherm is not understood at this time. 

The endotherms observed in Region III (230 to 310°C) may be attributed to the fusion of nitrate 
and nitrite salts. No weight change was observed in Region III as would be expected for a physical 
change in the material. A smdI weight loss (1.3 to 2.8%) was observed in Region IV (>50O0C). No 
measurable weight change in the higher temperature range was observed. The lack of measurable 
energy change in Region IV may be due to the &el l ing  effkt. of simultaneous exothermic and endo- 

- . thermicreactions. 

No events were observed in the Henkin tests. 

(a) Bowan, B. W. V. Jain, T. Vansickle, and P. McGinniS. 1988. Ihe IhennuZ A n a Z y ~ s  of 
SF-IO Feed. PartI - ?Re Major E&M' Ganges Between 25 and Io0o"C. 00:88:0224. 
West Valley Nuclear Services, West Valley, New York. 
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Appendix A 

Comparison of Analytical Methods for NCAW 
Siurry ShuIant Characterization 

A.1 Objectives . .  

Simulant compositional analyses of neukalized current acid waste (NCAW) are challenging due 
to the complex nature of the simulant matrix that consistsof over 48 dements. Previous analytical 
results showed large deviations betkeen target composition and d y t i c a l  values dependhg on the 
particular element, specific technique, or sampling procedure.(*) Interferences due to sampling tech- 
niques and analytical methods must be determined and the data corrected if possible to have confi- 
dence in analytical results. Inductively Coupled Plasma Mass Spectroscopy (ICP-MS), 'Inductively 
Coupled Plqm Emission Spectroscopy (ICP-ES), and X-ray FIuorescence (XRF) techniques were 
evaluated for accuracy and precision in determining'the known constituents of the NCAW simulant. 
This study of analytical methods was intended to show the current capabilities of ICP-MS, ICP-ES, 
and X R F  (using existing-quality assurance [QA] Level II procedures) in the analysis of NCAW simu- 
lant. Project funding and scope were limited. Althollgh other analytical methods, such as ion chro- 
matography, are available, only the three methoe listed above were considered for evaluation. 

A.2 Comprisitional Analyses. 

Target values are presented for measured stock NCAW slurry simulant composition in 
Table A.l. ne target values are the best estimation of NCAW simdant composition based on the 
weighed amounts of chemicals added to prepare the simulant. Further analytical developmentlstudy is 
,necessary before full confidence in data can be established and/or values can be determined for each 
element in the shul&t. Note that the noble metal target values are approximately 25% higher than 
in the FY 199 1 NCAW reference composition shown in Table 4.1 - 1. Due to a calculation error, the 
noble metals were added at the concentrations shown in Table A.l. 

(a) Wiemers, K. D., C. A. Anderson, and M. E. Peterson. 1987. Evaluarion of Process mgases 

Hanford Company, HWVP-86-V110203G, Prepared by Pacific Northwest Laboratory, 
Richland, Washington. 

- Released During the Fonnatng of an HWVP Feed Simulont. Letter Report to Westinghouse 
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Table Al. NCAW Stock Feed Simulant Target Composition for FY 1991 Laboratory-Scale Studies 

N02- 
CL- 

SO& 
Po6- 
C03- 
F- 

TOC 

8ameiit 
As 
AI 
B 
8r 
ca 
cd 
ce 
cr 
6s 
eu 
F 
F. 
K 
La 
u 

MS 
Mn 
Ma 
Na 
Nb 
Nd 
Ni 
P 
Pb 
Pd 
Pr 
Rb 
Rh 
Ru 

SO3 
sb 
SO 
Si 
Sm 
SII 
Sf 
Ta 
7. 

Y 
t! 
k 

n 

0.13 to 0.45 
1.06E-02 
1.04E42 
1.56E-02 
1252-01 
6.5zE-03 
139E-02 

227E-01 
21OE44 
1.46E-03 
9.80E42 
3.OOE42 
+ma 
4.39E-03 
SME-03 
3.93E-03 
852E-03 
4.51 E41  
532E-03 
5.12E-03 
0.OSE-06 
l.lSEQ2 
LlSE-02 
4.95EG 

0.58 to 0.88 
l.tOE44 
264€02 

* 3.93E-02 
1.56E-02 
3.7e-03 
1.45E-03 
1.18E-03 
&70E44 
1.28E-03 
179E-03 
1 .w€e 

. 517E4S  
1.82€44 
U6E42  
544€44 
9.996.05 
1.46E-03 
1.92E-a 
7.94E-w 
1.04E-02 
9.04E-w 
U4E-03. 

AntonwTOC I gmolos eiomenVL 
N O 3  1 0.13 10 0.40 
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In testing, Na actually varied from 0.58 M to 0.88 M, based on the amount of anion adjustment 
(addition of NaNO,, NaN03 and N4COJ. Nitrite concentration was a test variable that v@ed from 

* 0.13 -M tp 0.45 M. Table 4.1.3 lists sodium nitrite/carbonate/nitrate addition for each test. Sodium 
carbonate was added at the target value for carbonate for each test. Nitrate was increased by 0.27 M 
for test 7.1 to investigate the e f f a  of high nitrate on formating and offgas reactions. 

Ad .1 Met hodApproach. 

"le composition of NCAW slurry simulant was measured by ICP-MS, ICP-ES, and XRF. . 
Methods' comparison provided an indication of the current method's applicability to NCAW simu- 
lants, t&e relative error associated with sampling, and the uncertainty associated with each NCAW ' 

komponent concentration. value. resuitant information may be qplied to optimize future analyses 
selection, to refhe slurry simulant preparation steps, and to claritj, limitations based on compositional 

. data. A study of characterization methods should provide information on the actual analytical errors 
for the NCAW simulant matrk using existing QA Level II procedures. Historically, the acceptable 
range of emr for preparing major compdnents of NCAW simuiant slurry is plus or minus 10% fiom 
target concentrations?*) 

Nine FY 1991 stock NCAW slurry simulant samples were analyzed (three per method) for 
* 5 major elements (AI, Fe, Mn, Ni, Zr) and 31 minor elements. Each sample was analyzed in tripli- 

cate. The major elements were analyzed by all three methods. The minor elements were evaluated 
by one o r  two methods depending on'the applicability of each method and cost considerations. 
Table A.2 lists which elements 'were analyzed by which method. Values were not determined for Sb, 
I, K, CI, P, S, and F due to instrument detection limits, difficulties and inaccuracies in sample prepa- 
ration, or cost limitations of the three methods (see Table A.2 footnotes for details). 

1 

The ,following analytical procedures were applicable to the compositional analyses: 

. Procedures and Quality Control for Energy Dispersive X-ray Fluorescence Spectroscopy 
Using the Backscatter Fundamental Parameter (BFP) Approach with the Kevex 0180A 
System, R.W. Sanders. 1990. PNL-740.48, Rev. 1. 

(a) Wiemers, K. D., C. A. Anderson;and M. E. Peterson. 1987. EvaZm*on of Process Wgases 
Released During the Fonnating of an HWVP Feed Simuhzt. Letter Report to Westinghouse 
Han€ord Company, HWVP-86-V110203G, Prepared by Pacific Northwest Laboratory, 
Richland, Washington. 
Wiemers, K. D. 1990. Ihe Effect of HWVP Feed Nitrate and Gvbonate Conrent on Glass 
Redox Adjusbnent. Letter Report to Westinghouse Hanford Company, HWVP-0-1.2.2.03.03A7 
Prepared by Pacific Northwest Laboratory, Richland, Washington. 

(b) 
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Table A.2. Comparison of Inductively Coupled Plasma Mass Spectroscopy (ICP-MS), Inductively Coupled PlasmiP 
Emission Spectroscopy (ICP-ES), and X-ray Fluorescence (XRF) for Neutralized Acid Current Acid 
(NCAW) Simulant Composition Analysis 

Mo 4.95E-03 
N. * 1.97E-01 
Nb 1.08E-04 
Nd 2.64E.02. 
Ni 3.93E-02 
P 1.56E.02 
Pb 3.74E-03 
Pb 
PS 1.45E.03 
PI 1.1 BE43 
Rb 6.70E-04 
w, 
Rh' 1.28E.03 
Ru' 4.7QE-03 
S 1.ME-02 

222E-01 
8.4SE-03 
1.50E93 
9.48893 
3.OlE-02 

4.4OE.W 

3.NE.W 

4AOE.01 

l.WE-02 
321E42 
4.62E.W 
2.17601 

426E-02 

3.8DE.W 

ICP- ES 
Jorcml bvirlbn 

*2.4 
3838.0 

3.1 
-47.3 
oa 
2 2  

-2.8 

-2.3 

4 8  
1.0 

10.2 
4.n 

8.4 

1.5 .. 

'4 

'21 

-272 

-75.0 

-nn.o 

43.6 

-82.8 

4.4 

28.6 
-752 
-15.5 

-23.4 
-73.0 
-88.5 

4.0 
-14.7 

*8 

7 

"3 

7 

'8 

Y 
e t  

'9 
'7 
3 

'8 
'0 

8.88E-04 
1.43E-02 
2.69E-02 
3.53E93 

6.45E-04 
2.79893 

4.38E-01 

3.03893 

2.ME-02 
S.46E-03 

1.OIE-04 

3.78E-02 

342E93 
3.65E-03 
1.18E-W 

6.5aE-05 
722E.05 
1.06E-03 
4.87E-03 

XRt: 
Pomnt Dovirlbi - 

10.4 

-392 
-20.7 
-1 0 2  
-28.0 

4 8 . 3  
-29.1 

9.4 

40.0 

-9.7 
10.3 

4.1 

9 . 8  

9.2 . 
-2.4 

48.1 

-902 
4 0 2  
-17.7 
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I 
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OSE-02 
5.54E-04 

1.46E-03 
1.92E-05 
7.04E-04 
1.04E-02 
0.04E-M 
524E43 
1.SE-01 

-10 
Y 

'1 

3.WE-05 
5.61E-04 

1.34143 
1.75E-04 

1.6OE-01 

Fwtmlar 
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ud hazardour rkmodr) SH R.doxlRhoobgy 6coping Sludior Tort Plan. MHvP.Ql-l.2203.02& pp 22. SLnulurl mmporeiin (mob EA) is bud on 
1250 WOA Nr large1 V~IUD b -77% bwrr than rlmulanl laroal vrlw. Na2C03 and W 2  wrr not r k k d  Io slurry. SW '4. Pd. flh, Ru luprl vrlurr 
u o  15%. 234, and 25% hghor rrrp.clhrrly than tho NCAW Simulanl Campoilbn. Ser '16. 
'1 Inlrdrrrnm from zumniumwU u u u  silurr number to k high. Silwr can bo mocld h luturr ~ m r i  b r  21 htrdorrnm. 
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'3 Ca. Ca, fib. md Sr.wrrr prosod In tho wash during alurry prrpualbn. Thry wU bo undrrtrprorrnld h I& rluny. 
A 1urth.r 13% ORM w u  lntroduud b C. mnl0l  by owrcomp.naa(ing lor imputlka in Iho mLtd hydroxido rlury. Nol .nough Ca nkrar was .ddrd (0 tho rlury. 
-4 Na largil valur frponid lor rbny lhal doer w conlain Na2C03 or NaNOZ. Thou mmpoundr wire Inlrnlbrully 
fl.dor/Rhwbgy toil KO (ha1 mncontrathnr muld k modliid 1 dorud. Simuhnl lrrprl lor N8 wkh Na2C03 and NaN02 is 0.882 4 0  NUL 
'5 Rialduo prrrrnl lhar  dircolulbn d rluny. Rrrlduo mnaltd d W 2 ,  TO2 and poriibty uamr 2102. 
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Betermination of EIements by Inductively Coupled Argon Emission Spectroscopy, J. b. 
Wagner. 1991. PNL-ALO(*)-211, Rev. 0. 

Inductively Coupled Plasma Mass Spectroscopy, E. J. Wyse. 1991. PNL-ALO-280, 
Rev. 0. 

8.2.2 Sample .Prepa*tion 

Samples of IO-ES slurry were prepared by taking a known quantity of NCAW slurry and dis- 
solving the solids using HCI with asmall quantity of HNQ. Acidified mixtures were heated until 

. most or all of the solids were dissolved. A 1OX dilution was performed followed by adding 2% 
HNO,. The sainple was then stirred well and analyzed by ICP-ES. Some solids may have been pres- 
ent in the fiual sample. Because SiO, and TiO, are particularly hard to dissolve they would likely 
comprise the larger percentage of any solid residue. Sample dilution may make analyses of elements 
preseqt in small concentrations difficult or impossible =.detection limits are approached. Sodium and 
B impurities may be leqhed fiom the glassware during sample dissolution, possibly resulting in 
slightly higher concentrations of Na ad B. The ICP-ES analysis was performed on a Jarrel-Ash 
Model 975 Plasma Atomcomp ICP-ES. 

Samples of ICP-MS NCAW slurry were dried overnight in an oven at 90°C to a powder. Then 
HNO,, HCI, or HF were used to dissolve the dried powder. The acidified mixture was microwaved 
in an oven *til most or all' of the solids were dissolved. Samples were diIuted as neceSsary to bring 
the major element concentrations within the.detection range of ICP-MS and prevent overloading of 
the detector. However, sample dilution made analyses of elements present in very minor concentra- 
tions difficult or impossible because detection limits were approached or exceeded. By using the 
above sample preparation method, the lathanides or other elements that might react with HF to -form 
insoluble precipitates or volatile complexes (i.e., YF, and SiF, respectively) could not be accurately 
determined. The analysis was performed on a VG IO/MS PQ1. 

* 

Samples of XRF were dried overnight in an oven at 100 to 105°C. The dried powder was 
pressed into pellets and analyzed. Low atomic number elements are hard to resolve on the XRF spec- 
trum because there are many overlapping peaks in the lower energy part of the spectrum, making 
. resolution difficult or impossible. Elements such as S, P, Q, and I( may experience peak overlap 
interferences. Matrix effects may also enhance or suppress signals for a variety of elements. Thin 
film standards were used in the XRF. analysis; a more suitable matrix standard would eliminate some 
ofthe error in XRF analysis of s~urri is.   t ti mated experimental error was * 12% for NCAW slur- 
ries. Experimentat error consisted of approximately 5 % error from thin film standard calibration, 5 % 
from actual anaIysis, and 2% from overlap correction. However, matrix effects could significantly 
increase errors to > 12%. The XRF analysis was performed on a Kevex XRFO810A instrument. 

(a) Analytical laboratory operations. 
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The results of the NCAW simulant compositional d y s e s  are outlined in Tables A.2, A.3, . 
and A.4. Table A.2 compares analytical resulti for the three methods to the compositional target val- 
ues from Table A.I. Deviations.from target valties are summarized in Table A.3 for ICP-ES, 
ICPLMS, and XRF. Table A.4 identifies the standard deviation between the bine analyses for each 
element per each method. 

' 

A.23 Major Element (Ai, Fey Mh, Ni, and Zr) Concentrations 

Included in Table A.2 is a comparison of the results of the three analytical methods to the major 
element target values from Table A. 1. Detailed footnotes in Table A.2 explain where deviation from 
target values exceeded 10%. The major components were measured by ICP-ES within 1.9 to 8.4% 
of target values. f i e  major elements in the NCAW simulant were measured by XRF within the 
range of 2.7% 10.4% of the target values (Al was the only element over 10%). Aluminum is a 
low Btomic number element with peaks on the low energy end of the spectrum in XRF. Overlap is 
more pronopced in the low energy region of the spectrum; hence, a larger error and uncertainty 
exists. Measurements by 1CP:MS resulted in larger deviations from target than ICP-ES or XRF for 
the major elements. The percent deviation from target values ranged from f6.4 to 27.2%. Manga- 
nese was the only element with less than 10% deviation from target value analyzed by ICP-MS. The 
ICP-MS method is designed to measure ppm and ppb concentration IeveIs. Increased sample dilution 
may improve the results for the major elements, but may also cause lower concentration elements to 
be dduted below detection limits. Repeated sample analyses might be required. After comparing the 
results of the .three analytical methods, additional development would be necess& for ICP-MS to 
increase the accuracy of quantiving the major elements in the NCAW simulant. The average major 
element deviation from target.was 3.6% for ICP-Es, 15% for ICP-MS, and 6% for XRF. - 

A2,4 Minor Element Concentrations 
. .  

The minor component elements in the NCAW slurry were shown to be within 10% of the target 
values except where large uxicertainties in the analytical data exist. In all cases, deviations could be 
accounted for by specific sample or simulant preparation technique or by a .limitation in the specific 
analytical method. Element-specific limitations are listed in Table A.2. Percent deviation.from target 
values are summarized in Table A.3, Note that the error from target values represents sampling, 
sample preparation, and analytical limitation errors. It is difficult to assign a certain percentage of the 
total error from target values to a particular error. Theoretically, ICP-MS, ICP-ES, and XRF would, 
in an ideal sample. (no sample matrix effects present) with elemental concentrations above detection 
limits, produce results within f5%. 

Table A.3 is provided for review and comparison of analytical results for NCAW simulant 
minor element composition. Minor components analyzed within the range of f0.3% to 10.2% from 
target values by ICP-ES were Ba, Cd, Cr, Cu, Pb, Zn, Mg, Mo, and Na. Not all of the elements 
were analyzed by ICP-MS as an expense consideration. The range of percent deviation from target 
values for minor elements analyzed by 10-MS was f 12.4 to 94%. Results from XRF ahlysis 
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Table A.3. Analytical Error (a Deviation From Target) in Measuring h4eta9 Cation Concentration in Neutralized Current Acid 
Waste (NCAW) Slurry by X-ray Fluorescence (XRF), inductively Coupled Plasma Emission Spectroscopy (ICP-ES) 
and inductively Coupled Plasma Mass Spectroscopy (ICP-MS) 

Percent 
Devlalion 

From_Taraet# 

<5% ' AI, Ba, Cd, Cr, Cu, Fe, Mn, Bb, Zn, Zr . Ag, Fe, Nb, Nl, Pb, RM, Y, Zr 

5-1 0% 

10-1 5% 

Mg (!%E%), Mo, Mi 

Na(lO.2%) 

. Mn,Se 

Fe, Ru, 2s Al(l0.43%), Cd(l0.2%), Mo(l0.27%), Te, Zn(-IO.78%) 

1520% Nl, Ta Pd, Rh 

20-4356 

>43% 

I 
Ao, 3-l 

B', C2 ,  SI, Sr' 

AI, Nb, Pd, Rh 

Ce, CS', La, Md, PI, 
Rb', Sm, Te, Y 

Ba, Ca(-20.71%)', Ce, CU, ha, Si, 81 

CS., Rb', Sn, S i  i 

#Targel values are glven In Table Al. 
'Slgnllicanl portbn of the deviallon from large! value can be aocounled for by rlmulanl preparation procedure or lmpurltles present In ~lartlng materials. 
Analytical techniques may produce results with slgnllkanlly less devlallon from large! values for Ca, Cs, Rb, Sr, and 8. 
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Table A.4. Percent Relative Standard Deviation in Measuring Metal Cation Concentrations in Neutralized Current Acid Waste 
(NCAW) Slurry by X-ray Fluorescence (XRF), Inductively Coupled Plasma Emission Spectroscopy (ICP-ES) and 
Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) 

ICP-ES 
. Ag, AI, 8, Ca, Cd, Cr, Cu, Fo, Mn, Mo, 

Mg, No, NI, Pb, &,TI, Zn, Zt 

6-10X . 

1 0 - 1 6 W  

.15% * 

SI# 

ICP-MS 

AI, Fo, Mn, NI, Pd, Rh, flu, Bo, Zs 

CaM, Cat, LaM, NdM, PtM, Ab(, !tab 
SmAA 

Nb", Ta*' 

Nb", AlA, Sib 

%RSD (rrlallvo rlandrrd dsvlatlon) wa8 drlrrmlnrd lor Iho averago valuea lor frlpllcato run8 ol  oach ramplo, 
"Nb, Sn, and Ta wsro prerenl In concenlrallonr ot 0.1 mmolr rlrmenVL or leas. 
"'Bo war added as Ba(OH)2x8H20 whlch war oxtremely dumpy and dlfllcult lo uurh ~dequalrly. fhlr may havo produced an Inhomogeneour dlrlrlbbtlon. 
A N  and SI am on the low onergy end ot tho XRF rpeclrum and have large overlap corrsctlon8. 
AATho rare earth element8 and Y formed Inrolublo fluorlder durlng rample preparatlon lor ICP-MS. 
t C r  and Rb were washed out durlng rlmulanl preparatlon. Concenlrallonr remalnlng wero 0.1 m o l e  rlamentA or lerr. 
#SI dld not dlrsolve completely durlng rample proparallon for EP-ES. Sampler werr dlrrolved wllh HN03 and HCI. Rerlduo analyrlr rhowed SI and TI were 
present. Preclpllaler wero no! homogeneourly dlrtrlbuled within the llquld ramplo lhal war analyzed by ICP-ES. Thlr rorulled In M (nuoarr In lho 
uncenalnly 01 the data. 



. showed percent deviations from &1.6% to 10.78% for Ag, Nb,.Pb, Ru, Y, Se, Cd, Mo, Te, and Zn. 
The percent deviation from target for any of the three methods for the elements B, Ca, Cs,' Rb, and 

' Sr is'not valid because the a c t d  target values were not known. Impurity concentrations of B were 
Iikeiy present (from impurities in source chemicals and glassware leaching) resulting in the high per- 
cent deviation from target. Calcium, Cs, Rb, and Sr as reported earlier (NCAW simulant preparation 
section) were washed out during simulant preparation in unknown quantities because simulant prepa- 
ration was in'a developmental: stage, and previous procedures were used as a basis. Previous proce- 
dures washed out these same four elements. See subsequent sections on ICP-ES, ICP-MS, and XRF 
Tor more detaiIs about minor component analyses. 

A.23 Noble Metal Concentrations 

. Noble metals were evaluated by XRF and ICP-MS. Data from XRF varied from expected 
vdues as follows: Ru was within 2% ofthe target value, but Rh and Pd were 18% below the target 
values. The ICP-MS test showed Ru 15% low, Rh 43% low and Pd to be 24% low with respect to 
target values. The large deviation from target values needs to be inproved because of the critical role 
noble metals play in Hz generation during simuiant formating. Fusion of ICP-MS samples may 
improve results, although dilution of the sample is significantly increased by the fusion method, and 
Ru volatilization may be a problem. Increased dilution may also result in lower concentration ele- 
ments being diluted below dePection limits. Matrix matching and standard addition methods are 
expected to improve the accuracy of the XRF method. Proton-induced X-ray Emission is recom- . 
mended an independent confirmation of these critical components' concentration.(') 

A A 6 .  Sampling Error: Standard Deviation Between Duplicate Analyses 

The slurry's homogeneity is affected by the components' solubility and particle size. The pur- 
pose of comparing axialytid methods was to determine if the variability in analytical results was due 
to inbjmogeneity in the slurry or in sampling technique. Differentiation between the two can be 
accomplished by calculating the standard deviation between duplicate runs and by comparing analyti- 
cal methods. If all analytical methods produced variability for all elements, then sampling error@) 

' may be responsible. If a particular'element has a high standard deviation when analyzed by two of . 
the three methods (ICP-ES, ICP-MS, and XRF), then it may not be distributed homogeneously in the 
slurry. It is also possible that elements present in very small quantities (near the detection limits) may 

(a) Wiemers, K. D., M. H. Langowski and M. R. Powell. 1991. Detailed Design Data Package, 
I.% Measure Hydrogen Generation During Fonnat*ng, I.IOa Nitrate Salt Reaction. PHTD-91- 

The sampling error is defined as the variation between aliquots taken from a slurry batch. The 
slurry will settle if not stirred well when a sample is removed. Larger or more dense particles 
may prefer to' b e k  the bottom third of the slurry. Lighter particulates may be located prefer- 
entially in the top third. Where the sample is removed may make a difference in the chemical 
composition of the sample. 

03 .O2-K898. 
(b) 
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not be homogeneous. This is because the simulant may not disperse u n i f o d y  if < 1 g of a compo- 
nent with low solubility is added to 20 L of the simulat. Sample.preparation may also affect the 
standard deviation between duplicate samples if sample dissolution is required for the analysis, espe- 
cially if a component is difficult to dissolve. However, the percent deviation from a known target is 
more sensitive to sample preparation difficulties. . 

T&Ie A.4 identifies t&e standard deviation for the three analyses for each element per each ma- 
'Iytical method. A large poition of the elements had <5% standard deviation. The simulant as a 
whole was homogeneous, and the sampling technique was good. Repeatability was excellent between 
duplicates and for all analytical methods except where noted in Table A.4. In all cases, there were 
explainable contributing h r s .  Elements with greater than.596 relative standard deviation were Nb, 
Al, S i  Ba, Sn, Mg, Ce, eS, La, Nd, Rb, Y, Sm, Pr, and Ta. Niobium, Ta, Sa, Cs, and Rb were all 
present in co- '011s of 0.1 mmoIeL or less. Homogeneity on a small scale is difficult to 
achieve; therefore, the percent relative standard deviation (%RSD) is expected to be slightly higher. 
Abninum, Si, Mg, Cs, La, Nd, Ce, Y, Sm, and Pr have a higher %RSD dueto characteristic diffi- 
culties 'inherent in sample preparation or analytical technique. See footnotes in Table A.4 for specific 
reasons, Barium's high %RSD is probably due to its inhomogeneous distribution within the simulant. 
Barium was added as Ba(OH),* 8K0, which was extremely'lumpy and difficult to crush; the large 
particle size caused poor distridution within the simulant.. As a consequence of the homogeneity prob- 
lems encountered with Ba, particle size specifications have been added to the NCAW simulant prepa- 
rationprocedure. . 

A.2.7 Inductively Coupled PIasma &ision Spectmscopy 

Data from ICP-ES provided acceptable accuracy and precision for the major components (AI, 
Fe, Mn, Ni, and Zr) and also the minor elements Cu, Cd; Cr, Mo, Na, Pb, Mg, and Zn. The Ba 

. vdue was accurate, but had a high standard deviation. Barium; as stated previously, was probably 
not homogeneously distributed within the simulant. Detection limitations were observed for Si, Ti, 
Ag, and B. Silicon and Ti were in the NCAW simulant in fairly insoluble forms. In ICP-ES, slur- 
ries are dissolved and injected in liquid form into the plasma; therefore, insoluble precipitates will not 
be homogenedusiy distributed within the liquid sample, resulting in low concentrations for these com- 
ponents. Higherthan actual Ag concentrations were reported due to Zr interference, which is easily 
corrected. Future ICP-ES analyses will specify a Ag correction for Zr interference. Boron impurities 
from the glassware containers used for sample dissolution could increase analytical results slightly. 
Imphities from stock chemicals are more likely the cause of the higher concentrations of B. Cal- 
cium, and Cs were washed out in unknown quantities during simulant preparation; therefore, analyti- 
cal results cannot be evaluated for accuracy. The percent deviation from target given in Tables A.2 
and A.3 for Sr, Ca and Cs (also Rb analyzed by ICP-ES and XRF) represents the difference between 
measured 'analyticai values and their respective starting quantities.. The values for Sr, Ca, Cs and Rb . 
in the two. tables are for information oniy. 
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A.2.8 Inductively Coupled Plasma Mass Spectroscopy 

Analysis of the major elements by TCP-MS showed an average error of 15% from target with 
the high error being 27% for AI and the'low being 6.4% for Mn. The XRF and ICP-ES methods 
appear to be better suited tb measGe the higher concentrations of the major elements within f 10%. 
However, increased samph ddution may produce better results for major elements using ICP-MS. 
The lanthanide elements were underestimated by 70 to 88% because they characteristically form insol- 
uble fluorides during s a q i e  preparation or are difficult to dissolve ip their present form. Adding 
boric acid to the slunies during sample preparation to aid dissolution may significantly improve rare 
earth detection accuracy. The noble metals were reported 14 to 43% below expected target values; ' 
improvement i.p such low accuracy is essential in order to make adjustments to the NCAW slurry. 
Fine &g sample prepdration procedurk to increase applicability to the NCAW slurry may produce 
better 'results. Investigation into other analytical techniques for noble metal. detection may be neces- 
sary. It should be noted that ICP-MS was not Used to analyze all the elements possible, primarily a 
cost consideration. The ICP-MS. test may have excellent capabilities for minor elements which were 
not investigated such as Sb, Se, Pb, P, S, Si, Sn, Sr, Ag, Ti, Zr, B, Ba, Ca, Cd, Cry Cu, I, Mg, 
Mo, and Na. 

A.2.9 X-ray Fluorescence 

The XRF method is acceptable to analyze major elements and many minor components. It is 
especially good for measuring Ag, Nb, Pb, Ru, 'Se, and Y (<5% deviation from target). Analyzing 
by XRF also gave the lowest percent average deviation from target for the noble metals (1 to 18%). 
The unavailability of a suitable matrix standard, however, produced uncertainty in some measure- 
ments (Le., AI, Ba, Cd, Ce, Cu, La, Pd, Rh, Si, Ta, Te, and Ti). Low atomic number elements 
(Le., P, C1, S etc.) have peaks that are very close together and. therefore difficult to resolve. Wave- 
length Dispersive X-ray Fluorescence (WDXRF) would help to resolve the low atomic number ele- 
ments. Barium,'Ce, and La deviated from target values by 20 to 40%. Development of a more suit- 
able matrix standard and/or the use of WDXRF for some elements may produce better results. 

A.2.10 Summary of Compositional Analysis Analytical Methods 

Results of the analytical method analyses demonstrate the need for multiple, independent, com- 
positional methods. Evaluating ICP-ES, ICP-MS, and XRF for compositional determination of 
NCAW simulant showed that none of the three analytical methods could analyze for major elements, 
minor elements, and noble metals within 10% of the target values. It is apparent that each analytical 
method has strengths agd limitations which must be taken into account to achieve the best results. 
The major components (AI, Fey Mn, Ni, and Zr) and several minor components (Le., Ag, Ba, Cd, 
Cry Cu, Mg, Mo, Na, Nb, Pb, Ru, Se, Y and Zn) were analyzed with acceptable results by either 
ICP-MS, ICP-ES, or XRF or by a combination of the three methods. 

A. 13 



Elements with significant analytical limitations for ICP-ES, ICP-MS; and XRF tecmques at 
this b e  are B, Si, Ti, Rh, Pd, Ce, La, Nd, Pr, Sm, S, P, I, Cl, and F. Other analytical methods 
may need to be eqIored. Large eMrs associated with simulant prepkation and/or sample prepara- 
tio’n for analysk affected analysis of the rare earths, alkali metals, and alkaline earths (e.g., a, Sr, 
Rb, and Ca). Recommendations for the best method for Ca, Cs, Rb, and Sr analyses could not be 
made because actual target values were unknown. 

Steps that could be or have been changed to allow for improved accuracy and precision are 
I) ICP-MS results for the rare earths may .be improved by an addition& sample preparationstep of 
adding boric acid to dissolve otherwise insoluble fluorides; in addition, ixicreased sample dilution may 
reduce the percent deviation from target values for the major elements; 2) during simulant prepara- 
tion, alkali metak and alkaline earths (Le., Cs, Rb,. Sr, Ca, and Mg) were lost in various quantities 
during the washing steps employed 00 reduce NO; ; the simulant procedure was revised to minimize 
loss of these components’in the washing steps in the future; 3) development of a good, matching 
matrix standard for XRF analysis is essential to correct-for interferences. 
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Appendix B 

FuU-ScaIe Operation Steps for HIivvp Feed Preparation 



Appendix I3 

.Full=ScaIe Operation Steps for JDWP Feed Preparation 

Feed preparation steps planned for full-scale operations at the HWVP are outlined below, beginning 
with pretreated NCAW sIurry transfer to the SI& receipt and adjustment tank (SRAT) and ending 
with frit addition to the slurry mix evaporator (SME). Steps 2 to 5 provide the basis for the laboratory 
test procedure (PH"DWKOO6-35, Procedure for the Treatment of Slurries with Formic Acid). 

1. Pretreated NCAW slurry is batch fed to the SRAT where it is concentrated to 100 to 150 g 
WOK,. The boil-off is condensed and routed to the Slurry Mix.Evaporator Condensate Tank 
(SiMECT) for subsequent waste treatment. 

2. The concentrated NCAW slurry is cooled to 93 to 96"C, and HCOOH is added per process 
specifications. 

3, After addkg HCOOH, the NCAW slurry is reheated and maintained at boiling for up to 6 h. 
"his period is referred to as "digestion." The boil-off liquid is routed to the SMECT for subse- 
quent waste treatment. 

4. The slurry is cooled and sampled for compositional an.dyses. Based on the analyses, any 
required chemical adjustments are made. The formated slurry is then transferred from the 

. SRATtotheSME. 

5, Waste recycle is added to the SME slurry, followed by concentration, fresh frit addition, and 
further concentration. 

6. Based on anaiytical results, the SME cdntents are either further adjusted by trim chemical addi- 
tion, or transferred to the Melter Feed Tank. 
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. Rheograms for NCAW Melter Feed Simulant Containhg 
500,550 or  600 g Total OxideLiter 



IS! . legl 

c. 1 

a 
a 

M 

4 

c 
2 

8 
v1 
M 
E 
E 
ea 
c 

a. .- 
Y 

8 
Y 
P m - 
.- 2 
v1 



t .  .. N \ I  . ,  
I I I *  I I I . .  
1 I I I .  . I. I I . ,  . - I .  I * .  I # I  I I .: . I . .  I. 5.. I: I .  . . . .  

. . . . . . . . . . . .  I .  I 

I .  I I .  I I .  I .  . I. I . .  
I I .  I .\ I . . .  I . , I !  I .  I .  .. 1 8 .  1 .  

. I  

. . .  I . .  _ .  . .  I I t  

I I  1 I . ( .  . 1 .  I I -  
~~~~~ 

I I b I  I I I .  I .  I I 
I I. t ,  I ... 1. I ,  . . .  1 :  
I .  I '  . I  \ I I . I.. I '  I !  
I .  S I  \ I I .  I .  
I I .  I). \ I . .  . .  I .  

. I . .  . . . . .  .. 
. .  . .  

< . _  . . . .  . 

I 1 I I  I .  . 
I I I I  I I .. 1 . 1 .  , . . . . .  
I .  1 ,  1. I I 1 .  . ,. 

. . . .  I a .  I % I  , I  ...... I . .  I .. I .  
I .  I I , .  , , I ,I a .  1 . . .  . .  I.. 

X I  . .  I I I .  

~~ . .  ~~ ~~~ ~ 

. . . .  I .  I * \  I . I. I !  

! I .  1 .  

d 

0 
0 

m 
0 

m 
d 

0 
C 

3 

w 
a 

9 
3 

U 
J 

a 

-. 
c. a 

G 
M 
0 
M 
VI 

'IJ 
B 

f 
a0 
tz 

i c.2 



Q 

I 

i' 

I- : ... I .  I I I : ) I  . . I ,  . .  1 . -  I I .. - 
I -  I . . 1 .  
I 
I I . .. I I 
I I . . .  I 
I 0 , I  . .. , I .  i 

. .  1 ' 1  

c.3 

C 
J 

(D 
Q 

h 
d 

.) 
a 

Y 
J 

3 
U 
0 z 
e b 



Appendix D 

Offgas Profile as a Function of Process Thhe 
and Key Events Related to Offgas Generation 

During N 1991 Laboratory-Scale Feed Preparation Tests 

, 
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Figure D.1. Offgas Profile for NCAW Slurry Test 1:l: M&num Amount of Formic Acid Added, 
Showing Slurry Temperature, Slurry Volume, Amount of Formic Acid Added, Slurry 
pH, and Concentration of Offgases as a Function of Process T i e  
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Table D.l. Key Test Events Related.to Offgas Analysis for FY I991 Laboratory-$de Feed 
Preparation Tests 

Time . 
Test (minlltes) - 
1.1 0 

127&3 
185 
395 

' '428 
' 500 

526 
. 534-540 . 

545 . 
642 

1 .I& 

1.3 

2.1 

0 
41 
54 
76 

297 
350 
357 
381 
472 

0 
10 

11.5 I 

122 
348 
400 
432 
550 

0 
3 

7 

Event 

e HCOOH addition begins 
Hydrogen spike begins 

e HCOOH addition ends 
0 vessei heater turned off. Data taken for 

shut down for the day 
e begin next day of test 

begin recycle addition 
e sweep'gases off - gas data not valid 
e end of recycle addition 

end of test 

30 minutes while slurry cooled. 

. 

0 HCOOH addition begins 
end of first HCOOH addition 
begin. second HCOOH additioq 

0 end of second HCOOH addition 
shut down for the day 
begin next day of test 
begin recycle additon 
end of recycle addition 

0 end of test 

begin HCOOH addition 
HCOOH addition line pulled up so that 

HCOOH addition line re-submerged 
end of HCOOH addition 
shut down for the day 
begin next day of test, begin recycle addition 
end recycle addition 
end of test 

HCOOH dripping down onto slurry surface 

begin HCOOH addition at about 2 mWmin 
HCOOH line submerged - was initially above 

excessive foaming, HCOOH shut off 
slurry surf'e 
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C 

Table D.l. (contd) 

2*2 

3.1 

. Ti 
(minutes) 

16 
17 
21 
22 
29 
32 
41 
46 
152 
200 

239. 
272 
350 

- 435 

0 
1 
68 
72 
335 
400 
408 
423 
499 

8 
75f3 
110 
127 
308 
400 
418 
501 

Eveut 

e HCOOH addition resumes 
0 severe foaming, HCOOH shut off 

HCOOH addition resumed at 1 mL/& 
e HCOOH shut off 

HCOOH addition resumes 
e. HCOOH shut off 

HCOOH addition resumed at 0.5 mL/min 

HCOOH iddition resumed atB.6 mL/& 
@ GC computer failed - no hydrogen data for the 
, . remainder of the ?.est 

end of HCOOH additon 
shut down for the day 
resumed sIurry digestion next day 

0 leak in vessel seal found - remainder of gas 

e HCOOH shut - shaft seal leaking gas 

data for this test not valid 

HCOOH addition begins at 0.99 mL/& 
HCOOH delivery Iine submerged in sIurry 
end of HCOOH addition 
begin heating up for digestion 
shut down for the day 

@ begin next day of test 
. recycle addition begins 

0 end of recycie addition 
end of test 

begin HCOOH addition 
beginning of hydrogen spike 
end of HCOOH addition 

0 beginning of digestion 
shut down for the day 
begin next day of test, begin recycle add 
end of recycle addition 
end of test 
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Table D.1. (contd) 

Test . - 
3.2 

4.1 

5. I 

Ti 
(XIiIlUkS) 

0 
103f3 

124 
364 
400 
415 
428 . 
496 

0 
122 
135 
308 
350 
677 
700 
720 
737 
807 

Data taken 
on 7/!/91 

0 (7/9/91) 
35 
40 

78 
89 

33 1 
400 
421 
438 
515 
549 
554 
587 
599 

Event 

begin HCOOH addition at about 0.53 mL/min 
e beginning of hydrogen spike 
0 end of HCOOH addition, begin digestion 

end of digestion, shut down for the day 
* begin next day of test 

begin recycle addition 
end of recycle addition 

e end of test 

begin HCOOH addition 
end of HCOOM addition 
begin digestion 

e shut down for the day 
begin next day, continue digestion 

0 shut down for the day 
e begin next day of test 
0 begin recycle addition 

end recycle addition 
end of test 

no gas generation wasobserved, pH was stable 
at 9.00 

0 HCOOH addition begins 
0 approximate end of first HCOOH batch 
e approximate beginning of second HCOOH 

e end of second HCOOH addition 
begin digestion 
shut down for the day 
begin next day of test 
begin recycle addition 
end of recycle addition 
begin HCOOH addition 
end of first HCOOH addition 
begin second HCOOH addition 
end of second HCOOH addition 
begin digestion 

batch 

- 
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Table D.1. (cone8) 

L 

Time 
Test ' - (minutes) - 

Data taken 
on 7/12/91 
(Mt addition) 

5.2 0 
194 
204 
330 
400 
530 

6.1 Q 
178k3 

184 
3 10 
365 
374 

6.2 Q 
186&4 

190 
190 
275 . 
308 
340 
394 

7.1 0 
.94*3 

160 
412 
500 

Event 

0 shut down for the day 

e The only gas observed was'hydrogen which 
was constant at about 20 ppm (about 
1&6 moledmin). 

0 pH initially at 4.3 falls to 4.2 duringthe addi- 
tion of a small amount of HCOOH. Then pH 
rose to 5.6 during frit addition. Slowly 
climbed to 6.04 over the next 45 minutes. 

0 begin HCOOH addition 
0 end of HCOOH addition 
e begm digestion 
0 shut down for the day 

begin next day of test - continue digestion 
end of test 

begin HCOOH addition 
0 beginning of hydrogen spike 

end of HCOOH addition 
increased slurry temperature to 100°C 
shut off vessel heater 
end of test 

0 begin HCOOH addition 
beginning of hydrogen spike 
end of HCOOH addition 
shut off vessel heater 

0 reactivated vessel heater 
slurry reaches 100°C 
shut off vessel heater 
end of test 

begin HCOOH addition 
beginning of hydrogen spike 
end of HCOOH addition 
end of digestion, shut down for the day 
begin increasing slurry temperature from 3 1 "C 
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. 565 
580 
653 

Table D.1. (contd) 

Event 

. beghi recycle addition 
end recycle addition 

e end of test 
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Figure E5c. Comparison of the NO, Generation Rate with Noble Metal Content of NCAW 
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Appendix F 

- Hydrogen and COi Generation as a Function of Time During 
Cool Down and Heat Up Cycles for Selected FY 1991 

Laboratory-ScaIe Feed Preparation Tests 
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Appendix G 

Thermogravimetric and Differential Scanning Cdorimetry 
Thermograms ofNCAW Slurry, Formated NCAW Slurry 

and Formated NCAW Siurry PIus Recycle 
Waste Stream Simulrint 
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Figure G.l. Weight Loss from 40 to 700°C of Tesi 1 . 1  (Maximum Amount of Formic Acid Added) Formafed NCAW Simutant 
Plus Recycle Simirlanr Measured by Thermogravimetric Analysis 
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