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EXECUTIVE SUMMARY

Up to 520 gallons of waste has leaked from the primary tank to the annulus of Tank 241-AY-102
(Tank AY-102). Approximately 20-50 gallons of waste residual is estimated to be on the floor
of the secondary liner in the annulus. The propensity for corrosion of this waste was evaluated to
determine if it is corrosive and must be promptly removed or if it is benign and may remain in
the annulus.

A previous evaluation of the potential for corrosion concluded that the depletion of the hydroxide
ion content of leaked waste might initiate stress corrosion cracking and threaten the integrity of
the secondary liner (RPP-ASMT-27062, Stress Corrosion Cracking Evaluation for the
Secondary Liner Exposed to In-Specification Waste in a Double-Shell Tank Annulus). The report
recommended that the waste be immediately removed. The Savannah River Site has also
experienced waste leaks onto the annulus pan, but their assessment concluded that the potential
for corrosion was minimal due to the high nitrite ion concentrations and low temperatures.

These conflicting recommendations prompted this assessment of the composition of the waste
and possible threat of corrosion in the Tank AY-102 annulus.

The chemical composition of waste, the temperature and the character of the steel are important
factors in assessing the propensity for corrosion. Unfortunately, the temperatures of the wastes
in contact with the secondary steel liner are not known; they are estimated to range from 45 °C to
60 °C. It is also notable that most corrosion tests have been carried out with un-welded, stress-
relieved steels, but the secondary liner in Tank AY-102 was not stress-relieved and many
problems were encountered with flattening and welding during its construction.

One sample of the actual leaked waste has been collected and partially characterized. The
analytical results suggest that the solid was formed by the evaporation of water from an
approximately equal mixture of the supernatant and interstitial liquids that had reacted with
carbon dioxide as it dried. Comparison of the composition of this waste with the chemistry
control limits implies that it would not cause stress corrosion cracking or pitting of stress-
relieved steels at 50 °C because of the high hydroxide ion content and the favorable nitrite
ion/nitrate ion concentration ratio.

Other leaked wastes may have different proportions of the two waste liquids and may have
formed liquids of still different compositions as they reacted with carbon dioxide and water
evaporated. Some waste may have reacted with the refractory as it seeped through it to the top
of the secondary liner. The propensities for corrosion of these other liquids were examined in
this report.

In brief, undiluted interstitial liquid and undiluted supernatant liquid do not cause cracking or
pitting of stress-relieved steel at 77 °C in corrosion tests. Mixtures of the interstitial liquid and
the supernatant liquid that contains from 10% to 90% interstitial liquid have compositions that
are within the chemistry limits for the minimization of stress corrosion cracking at 50 °C.
However, the chemistry limits for the control of pitting from the Savannah River Site imply that
several of these mixtures have insufficient hydroxide ion or nitrite ion for the control of pitting.
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The hydroxide ion content of the leaked liquid will be reduced by the reaction with carbon
dioxide in air as water evaporates. The behavior of a solution with 50% of the supernatant liquid
and 50% of the interstitial liquid was explored. Since the rate of evaporation is more rapid than
the rate of incorporation of carbon dioxide, it is unlikely that the neutralization reaction will
proceed to completion. The composition of the waste would remain within the chemistry control
limits for stress corrosion cracking at 50 °C. However, the propensity for pitting increases as the
pH is reduced and pitting may occur in these circumstances.

Also, the carbonate and hydroxide ion concentrations may be decreased by reactions between
hydroxide ion in the waste and the refractory. A significant reduction in the hydroxide ion
content would increase the propensity for corrosion for wastes that seeped through the refractory
and reached the secondary liner. Although the final pH of the waste liquid is very difficult to
estimate from the information in the literature, it is reasonable to infer that the final pH would
not be smaller than the pH dictated by the carbonate ion content, somewhat greater than 11. A
waste of this composition would remain within the chemistry control limits for stress corrosion
cracking at 50 °C largely because the nitrite ion content would not be decreased as the waste
passed through the refractory. However, as noted previously, the reduction in the hydroxide ion
content may initiate pitting.

The following recommendations were developed in collaboration with the Expert Panel
Oversight Committee, who reviewed the information about the present status of Tank AY-102.
It was concluded that the available analytical data and the information about the temperature of
the waste in contact with the secondary liner are not sufficient to determine the corrosion threat
to the secondary liner with the desired degree of confidence. Consequently, the length of time
that the waste may remain in the annulus is inclusive.

The initial recommendations are that Washington River Protection Solutions:
e Initiate efforts to obtain accurate temperature information regarding the temperature
in the refractory and regarding the temperature of the wastes in the annular space in
contact with the secondary liner.

o Initiate efforts to obtain analytical samples of the leaked waste sufficient to perform
the conventional suite of analyses including the water content and the pH as well as
the conventional group of anions and metal analytes.

e Assess the compositions of the liquids that form during the evaporation of water from
leaked waste and the introduction of carbon dioxide into leaked waste. Experience
suggests that this information can be obtained by thermodynamic calculations for the
compositions shown in the table below.
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Suggested Compositions for Tank AY-102 Waste Calculations

T T A S
2 Interstitial Liquid

3 50% Supernatant + 50% Interstitial Liquid
4 25% Supernatant + 75% Interstitial Liquid
5 75% Supernatant + 25% Interstitial Liquid

The supernatant and interstitial liquid compositions will be derived from the
2012 Best-Basis Inventory

e Perform slow-strain rate tests to evaluate the propensity for stress corrosion cracking
and perform cyclic-potentiodynamic polarization tests to evaluate the propensity for
pitting for selected compositions at the limiting high temperature. The tests should be
carried out with as received, non-stress-relieved steels that are representative of the
steel in the secondary liner of Tank AY-102.

« Investigate the chemical reactions between the waste and the refractory with special
empbhasis on the assessment of the concentrations of the aggressive ion and the
inhibitors.

These tests will indicate whether plausible compositions of the leaked waste are a threat for the
pitting or cracking of as-received, non-stress-relieved steel at the temperature of the secondary
liner. If corrosion is not observed in these tests, other carefully designed tests may be necessary
to determine if the same compositions pose a threat to the liner because of the difficulties, such
as low quality welds, that were encountered during construction.

ES-3



RPP-RPT-54099

Rev.0
TABLE OF CONTENTS
1.0 INTRODUCGTION ...oooiiiiietietiereiteseesersesteeetesesssantsssonsesssssesssssssassssesssssssss asssssasssonsonescsns 1
2.0 BACKGROUND .....oootitieinreteieerenteeetentseseenesmsstssssssressassssesssssesssssasstesessssssssnsesssssssssssnssesss 1
2.1 CHARACTERISTICS OF THE WASTE IN THE TANK AY-102 ANNULUS ........... 1
2.2 CHARACTERISTICS OF THE SECONDARY LINER ....ccoooinieiiiiiiiiiiiinnnnieneens 8
3.0 CORROSION EVALUATION ....ccooctreriiiiisinctsntesrsssnsenssesesssie s st sssssssssssssscasssansnes 9
3.1 CORROSION MECHANISMS AND SPECIFICATIONS.......cccceniinmiininnnnssenenes 9
3.2 PAST EVALUATIONS ... oottt ssssse sttt sassns b sas s sass s sasens 11
3.3 EVALUATION OF CORROSION THREAT ......ccoeriiiriiiirecsit it 13
3.3.1  Corrosion Threat of the Supernatant Liquid ........ccoovrmmininiininnen 13
3.3.2  Corrosion Threat of Interstitial Liquid..........ccoeiiiinieniniii 13
3.3.3  Corrosion Threat of Combinations of Supernatant and Interstitial Liquid.............. 14
3.3.4  Corrosion Threat of Waste Reacted with Carbon DioXide .....ccccooevnreviivivinininnnn. 15
3.3.5  Corrosion Threat of Evaporating Waste ........ccoovvvveenenenciiniiiinniienie 15
3.3.6  Corrosion Threat for Waste Reacted with the Refractory ........c.coveinininininnens 15
3.4 STRESS CORROSION CRACKING IN CARBON STEEL LINERS THAT WERE
NOT STRESS-RELIEVED.....c.cctiitierreiieteretsteiissesseeressesssssssssssssesssosssassssssnsssssesssssssessens 16
4.0 CONCLUSIONS AND RECOMMENDATIONS ..ot 18
5.0 REFERENCES ....ooiiiietititetieiresrreseeteneses e sectessssaesnassassessessassessessesissmssstsansansntossnssacanone 22
APPENDIX A oot eveteseevstsessestessesesessesaessssesassnesassesaas e s asssssssss et sassusansasssansasanssssicass A-1
LIST OF FIGURES
Figure 1. Riser 83 Material on Annulus Floor on October 21, 2012 ..o 1
Figure 2. Riser 90 Material on Annulus Floor on August 10, 2012- Crystalline Material (A) and
MOUNA (B) neviereretreeirieee ettt sir e s heresr s s e st R s s 2
LIST OF TABLES
Table 1. Riser 83 Analytical RESUIS......cccceuiviiiiiiiiiiiininree sttt 2
Table 2. Calculated Concentrations and Concentration Ratios for Leaking Liquid and Solid
Deposit NEAr RISEI 83 ......ouiiiiiiciiiieiie st s 4



RPP-RPT-54099
Rev. 0

Table 3. Proposed Specifications for the Control of Stress Corrosion Cracking in Nitrate Ion

Wastes in Double-Shell Tanks with Temperatures Less than 50°C .........ccococvniininenienninnn 10
Table 4. Savannah River Site Chemistry Specifications for Dilute Nitrate Ion Concentrations at
PH 10.3 a0 40 OC....niiieiieectetree ettt se e saess s e bt sh s b assa b b sbenes 10
Table 5. Current Waste Chemistry Limits for Tanks AN-102, AN-106, AN-107, AY-101, and
AY-102 Interstitial LiqUid ........ccocerinieiiniririeieeerresreiercrcretesestsete et sess e ae s sneas 11
Table 6. Current Waste Chemistry Limits for All Double-Shell Tank Wastes Except Tank AN-
102, AN-106, AN-107, AY-101, and AY-102 Interstitial Liquid .......cccocecevurriiniiinvenriiinninnnne 11
Table 7. Compositions of Combined Interstitial Liquids and Supernatant.............cccooevvvereerennnnes 14

Table 8. Suggested Compositions for Tank AY-102 Waste Calculations.........ccccccevvveveievnnrnnnnes 21



RPP-RPT-54099

Rev.0
TERMS
Acronyms and Abbreviations
BBI best-basis inventory
CPP cyclic-potentiodynamic polarization
DST double-shell tank
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1.0 INTRODUCTION

Routine visual inspections in August 2012 discovered small amounts of foreign material on the
floor of the annulus space in Tank 241-AY-102 (Tank AY-102). Materials identified near Riser
83 and Riser 90 was determined to be leaked waste from the primary tank (RPP-ASMT-53793,
Tank 241-AY-102 Leak Assessment).

Corrosion of the primary tank may have contributed to its failure. Thus, corrosion of the
secondary liner could provide a path for the waste to breach the secondary containment. The
corrosive properties of the leaked wastes are examined in this report.

The available analytical work suggests that one of the dried solid wastes originally consisted of
approximately equal volumes of the supernatant liquid and the interstitial liquid (ISL) from the
solid layer. However, the chemical compositions of the other leaked materials in the refractory
and the annular spaces of the tank have not been characterized. Consequently, this corrosion
assessment considers the properties of the liquids that might leak from the tank and the liquids
that would be formed in the subsequent chemical reactions of these leaked substances.
Specifically, the supernatant liquid, the ISL, simple mixtures of these two liquids from 10% to
90% supernatant material, a liquid with 50% ISL and 50% supernatant liquid that has absorbed
carbon dioxide (COy;) from the air, a liquid of the same composition that has reacted with the
refractory, and liquids from which different amounts of water have evaporated are considered.

2.0 BACKGROUND
2.1 CHARACTERISTICS OF THE WASTE IN THE TANK AY-102 ANNULUS

Routine visual inspections in August 2012
indicated that new foreign substances were
present near Risers 83 and 90 in the annulus of
Tank AY-102. The deposit near Riser 83 was a
green liquid with white crystalline nodules as
shown in Figure 1. Two materials were observed
near Riser 90. One was a white crystalline solid
that appeared to have flowed out of a refractory
slot into the annulus as shown in Figure 2A. The
second material near Riser 90 was a mound of
brown solids as shown in Figure 2B.

Samples of the three different materials were :
collected in September and October 2012. The  Figure 1. Riser 83 Material on Annulus
brown mound, which was composed of rust, mill Floor on October 21, 2012

scale, sand and soil, did not originate from tank

waste. However, the white crystalline deposits near Riser 83 and Riser 90 proved to be leaked
tank waste (RPP-ASMT-53793).




RPP-RPT-54099
Rev.0

Figure 2. Riser 90 Material on Annulus Floor on August 10, 2012- Crystalline
Material (A) and Mound (B)

Riser 90 Crystalline Material
Only a small sample of the solid near Riser 90 could be collected for characterization, and only
very limited analytical work could be performed. X-ray work showed that anhydrous sodium
carbonate was a major component with minor amounts of sodium nitrite, sodium oxalate, and
possibly a phosphate. The concentrations of nitrate, nitrite, and hydroxide ion were not
determined. Measurements of its sodium and potassium content and its radioactivity showed
conclusively that the white solid was formed from tank waste. However, these limited
measurements are insufficient to determine whether the leaked material originated from the solid
2;::1 oeSis\L; ep ;rrrcl);t:rrg el:yer af eaiiic gupgEmgue Table 1. Riser 83 Analytical Results
Weight

Riser 83 Crystalline Material Analyte | Observed
Much more information about the character of the waste ___ug/s

Analyte/Na

Ratio

P S ""{""“Wﬂﬂr'

that leaked from the tank and eventually solidified on Cations o
the floor of the secondary liner was obtained by the Ca 3.08E+03 6.26E-03
analysis of the solid that was collected near Riser 83. 5 4.75E+03 6.93E-03
The major sollq phas.es were ldent}ﬁed by X-ray K 3 85E+04 8.03E-02
analysis as sodium nitrate and sodium carbonate . Mg 7 70E+01 2 S804
monohydrate. There were smaller amounts of sodium
nitrite and potassium nitrate and trace amounts of Na 2.82E+05 1.00E+00
sodium fluoride sulfate and sodium oxalate. Anions® :
Al 9.42E+03 2.58E-02
The sample was too small to enable the determination of TIC 437E+04 = 2.97E-01
the customary suite of analytes and neither the water F 8.61E+02 3.69E-03
content nor the concentrations of hydroxide, chloride NO2 5.80B+04 1.03E-01
and sulfate ions were determined. The other analytical 73 5E01
information and the analyte/sodium molar ratios for the e L7EES =
solid material are summarized in Table 1. PO4 2.14E+03 1.84E-03
Si 4.33E+02 1.26E-03
The pH was not measured in the customary manner, but TOC 1.47E+03 '9.98E-03

other tests implied that the pH of a dilute solution of the  Source: RPP-ASMT-53793
solid was over 11. This observation is consistent with

2
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the high total inorganic carbon (TIC) content (see Table 1) and the X-ray work that found
sodium carbonate was a major constituent of the solid. It is pertinent that the TIC content of the
solid is greater than expected on the basis of the concentration of carbonate ion in the supernatant
and interstitial liquids.

Evaporation of Water and Absorption of Carbon Dioxide

The analytical observations for the white solid near Riser 83 are compatible with the viewpoint
that liquid waste leaked from the tank and then absorbed CO, from the air as water evaporated
from the liquid to form the essentially dry solid.

The primary tank is cooled by a ventilation stream originating underneath the center of the
primary tank flowing into the annulus through the refractory slots. Carbon dioxide would react
with the alkaline liquid wastes in the slots and on the annulus floor as water evaporated from
them. The rates of evaporation and of depletion of the hydroxide ion concentration by the
absorption of CO; are both dependent upon the liquid surface area and the ventilation flow rate.
The high surface area and the high ventilation rate of approximately 850 cfm accelerate both
these processes. The rate of consumption of CO; is also dependent on the hydroxide ion
concentration and its rate of absorption slows as the neutralization reaction proceeds.

Laboratory work implies that the rate of evaporation of water is often faster than the rate of
absorption of CO,. This factor and the possibility that a solid crust may form on the surface of
the liquid may prevent the attainment of equilibrium between CO, and bicarbonate and carbonate
ion in the solution and CO, in the air to form solutions that retain low concentrations of
hydroxide ion. This condition may have been realized with the Riser 83 solid which appears to
have a relatively high pH and became moist during laboratory operations, possibly because it
retained small amounts of deliquescent material.

As discussed more completely in the Appendix A, the relationship between the composition of
the white solid and the compositions of the liquids in the supernatant and solid layers of the tank
can be conveniently assessed by comparison of several analyte/sodium ratios. The nitrate
ion/sodium ion ratio of 0.24 for the solid is incompatible with the lower value (0.002) for the
interstitial liquid or the higher value (0.33) for the supernatant liquid. The same situation obtains
for the potassium ion/sodium ion relationship. These findings suggest that the leaking liquid was
formed by the combination of the supernatant and interstitial liquids. Table 2 provides an
estimate of the original composition of the liquid that leaked from the tank and is compatible
with the analyte/sodium ion ratios for the unreactive analytes (nitrate ion, nitrite ion, potassium,
and total organic carbon [TOC]) on the basis of the assumption that 1.25 L of supernatant was
diluted with 1 L of ISL.
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Table 2. Calculated Concentrations and Concentration Ratios for
Leaking Liquid and Solid Deposit near Riser 83

Estimated
Estimated Estimated Current Current
Analyte | Leaked Liquid* |{Composition(after| Composition
(M) CO, Reaction) (M) | Analyte/Na

Riser 83 Sample

Analyte/Na Ratio

Ca 1.54E-04 1.54E-04 3.22E-05 6.26E-03
Fe 4.74E-05 4.74E-05 9.89E-06 '6.93E-03
K 4.91E-01 4.91E-01 1.03E-01 8.02E-02
Mg 8.58E-05 8.58E-05 1.79E-05 2.58E-04
Na 4,79E+00 4,79E+00 1.00E+00 1.00E+00
Anions
OH 1.34E+00 1.00E-03 2.09E-04 ND
Al 1.60E-01 1.60E-01 . 3.34E-02 2.85E-02
Cl 2.69E-02 2.69E-02 5.61E-03 ND
CO; - 1.03E+00 1.58E+00 3.55E-01 2.97E-01
F 5.73E-02 5.73E-02 1.20E-02 3.69E-03
NO, 6.07E-01 6.07E-01 1.27E-01 1.03E-01
NO; 1.07E+00 1.07E+00 2.23E-01 2.35E-01
PO, 2.94E-02 2.94E-02 6.13E-03 1.84E-03
Si 2.52E-03 2.52E-03 5.26E-04 1.26E-03
SO, 3.06E-02 3.06E-02 6.38E-03 ND
TOC 1.55E-01 1.55E-01 3.24E-02 9.98E-03
*Estimated leaked material based on 1.25 L supernatant and 1 L ISL mixture using BBI
(2012) estimates

ND = not determined

The notion that CO, absorbed into the leaked liquid is consistent with the estimated pH value
(11) and with the fact that the carbonate ion/sodium ion ratio for the deposited solid is
significantly larger than the carbonate ion/sodium ion ratios for the supernatant and ISL. The
hydroxide ion and carbonate ion contents that would be realized by the complete neutralization
of hydroxide ion by CO, are shown in the center column of Table 2. The general agreement
between the calculated analyte/sodium ion ratios for the neutralized liquid with the observed
analyte/sodium ion ratios for the solid deposit is shown in the two right hand columns.

The decrease in temperature and the time dependent evaporation of water from the leaked liquid
result in the deposition of solids from the leaked liquid. The changing liquid compositions that
occurred during the drying of several wastes were studied in the laboratory and
thermodynamically modeled (PNNL-19767, Chemical Species in the Vapor Phase of Hanford
Double-Shell Tanks: Potential Impacts on Waste Tank Corrosion Processes).
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The PNNL study evaluated the changes in pH and the changes in the compositions of the liquids
and solids during evaporation. The pH never fell below 10 in any of the solutions that were
investigated. It was also noted in the experimental work that one simulant, which had high
concentrations of carbonate, nitrate and nitrate ions, did not reach thermodynamic equilibrium
with atmospheric CO,, resulting in a higher pH than predicted by the thermodynamic model.
This state occurred because water loss was faster than the CO; incorporation from the
atmosphere. The more rapid loss of water relative to the uptake of CO, means that the final pH
of the evaporating solution will be higher than predicted by the thermodynamic model.

Characteristics of the Leaked Waste that Affect Corrosion

As discussed in Section 3.1, the properties of the steel, temperature, pH, the nitrite ion content
and the concentrations of aggressive ions (nitrate, carbonate, chloride and sulfate) are important
factors in assessing the propensity for corrosion of the estimated leaked liquid and the liquids
that are produced during the evaporation of water.

The temperature of the waste in the bottom of Tank AY-102 is currently around 60 °C.
Thermocouples in the outer radius of the refractory concrete indicate lower temperatures of
approximately 45 °C. The annulus ventilation originates at the center of the primary tank, thus
the outer radius of the refractory experiences higher temperatures. Recent ventilation outage
events have caused the temperature in the primary tank to increase by approximately 20 °C.

The pH of the liquid in the solid layer of Tank AY-102 is between 11 and 12 and the pH of the
liquid in the supernatant layer is more than 14. If the liquid that leaked from the tank was
formed from approximately equal volumes of these two liquids, the pH would be more than 14.
The absorption of CO, apparently reduced the concentration of hydroxide ion significantly in the
solid material near Riser 83 sample, and its pH was estimated to be 11. The pH of the
evaporating liquid presumably ranged between these two values during the solidification process.

The ISL can be accurately described as a ‘carbonate ion waste’, but any mixture of supernatant
and ISL would be described as a ‘nitrate ion waste.” The high concentrations of the nitrate ion,
nitrite ion and hydroxide ions in the supernatant dominate any mixture of the two waste types.
The complete range of concentrations that would be realized by mixtures of the supernatant and
ISL indicate a pH above 12 and nitrite ion/nitrate ion concentration ratios above 0.50. It should
be noted that the ISL and supernatant compositions used in the best-basis inventory (BBI) are
derived from sampling, and any bottom ISL layer that may not have been sampled is not
included in the estimated compositions.

The average nitrite ion concentrations of the ISL and the supernatant liquid are about 0.10 M and
0.90 M, respectively. If the liquid that leaked from the tank was formed from approximately
equal volumes of these two liquids the concentration of nitrite ion in the leaking liquid would be
about 0.60 M. A mixture of 90% by volume ISL and 10% by volume supernatant would result in
a nitrite ion and nitrate ion concentrations of 0.18 M and 0.23 M, respectively. The evaporation
of water would increase their concentrations.

The nitrite ion/nitrate ion concentration ratio of the ISL in the solid layer is very large because
the concentration of nitrate ion is very small. The nitrite ion/nitrate ion concentration ratio of the
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liquid in the supernatant layer is about 0.50. The nitrite ion/nitrate ion ratio for a liquid formed
from approximately equal volumes of these two liquid would be about 0.56. This ratio would
not change appreciably during the first stages of the evaporation of water because sodium nitrate
and sodium nitrate are both very soluble in water. The ratio would increase when the solutions
became very concentrated because sodium nitrite is somewhat more soluble than sodium nitrate
in concentrated salt solutions. The chloride ion also increased during the phases of evaporation
and has the potential for becoming the aggressive ion for pitting corrosion. The sulfate jon
concentrations are too low in the waste to be a corrosion concern.

Reactions of the Leaked Waste with the Refractory

Visual observations show that the waste flowed through the refractory slots underneath the
primary tank to reach the annulus. The waste has the opportunity to react with the refractory
prior to reaching the annulus and the waste could flow downwards through the refractory to the
bottom of the secondary liner. The analysis of the waste near Riser 83 does not show signs of
significant reactions with the refractory.

The leaked waste may chemically react with the constituents in the refractory that is made of
Kaolite 2200-LI' that rests on the top of the secondary liner beneath the bottom of the primary
tank. The principal constituents of the refractory other than oxygen are silicon, aluminum, and
calcium with small amounts of iron, magnesium, sodium and titanium (RPP-ASMT-53793).

Silicon 17.5 weight % 6.2 mol/kg Kaolite
Aluminum  21.5 weight % 8.0 mol/kg Kaolite
Calcium 13.2 weight % 3.3 mol/kg Kaolite

Testing of Kaolite 2200-LI with simulated waste showed it was susceptible to alkaline hydrolysis
(RPP-ASMT-53793). This observation is consistent with the known chemistry of the oxides of
calcium, aluminum and silicon and the behavior of calcium silicates and calcium aluminates as
well as aluminosilicate clays (Zhao et al., 2004). It is notable that the heterogeneous reaction
between kaolinite and waste simulants with about 1.4 mol/kg or 2.8 mol/kg sodium hydroxide
required 4 to 8 weeks at 80 °C and produced not only simple aluminates and silicates but also
more complex products as illustrated by the formation of sodalite, where X" is chloride,
hydroxide, or 0.5 carbonate ion.

6 AI(OH),” + 6 Si(OH) O™ + 8 Na" +2X > NagSisAl¢O (2NaX) + 120H + 12H,0 (1)

High concentrations of hydroxide ion favor the formation of the soluble aluminate and silicate
ions rather than the insoluble aluminosilicates. In addition, the calcium that is produced in the
hydrolysis reaction is converted to insoluble calcium carbonate by the carbonate ion rich waste.

Ca® + CO;*>CaCOx(s) )

! Kaolite is a registered trademark of Babcock & Wilcox Company

A calcium containing aluminosilicate such as cancrinite, Nay(CaCO:;)SisAls024(2H,0), may form in a sodium ion rich waste solution.
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Assuming the waste reaction with the refractory went to completion, the hydroxide ion content
(1 M) would be reduced to a negligible level as a consequence of the reactions to form a solution
with about 0.22 M silicate ion and 0.28 M aluminate ion.

The carbonate ion content of the liquid (1.0 M) would also be reduced by the precipitation of
calcium carbonate as calcium is liberated from the refractory. The relationship between the
amounts of hydroxide ion that is consumed and the amount of carbonate ion that is consumed in
the reaction with the refractory is dictated by its compositional stoichiometry in Equation 3.

Depletion Factor = 2 x (6.2[OH]/Si +8.0 [OH'J/AI)/3.3 [CO52] = 8.6[OH)/[CO:*]  (3)

Consequently the reduction in the hydroxide ion content of the leaked liquid by 1 mole per liter
would reduce the concentration of carbonate ion by about 0.11 moles per liter. The carbonate
ion concentration in the leaked waste would be reduced from about 1 M to about 0.89 M.
Approximately 0.22 M silicate ion and 0.28 M aluminate ion would be formed in the reaction,
but significant portions of these substances would precipitate from the solution. These reactions
would produce a liquid with the pH that is dictated in large part by the relatively high carbonate
ion concentration.

The reaction of the liquid waste with the refractory occurs in competition with the evaporation of
water and the neutralization of the hydroxide ion in the liquid by reaction with CO; in air. It is
pertinent that the observed carbonate ion content of the solid near Riser 83 is significantly higher
than implied by its concentration in the supernatant and ISL, and that the analyte/sodium ion
ratios for aluminum, calcium and silicon in the solid near Riser 83 are not significantly different
that the values of these ratios for the estimated supernatant and interstitial liquids®. These two
observations suggest that the liquid that reached the vicinity of Riser 83 did not react in a
significant way with the refractory. The lack of reactivity of the refractory may be a
consequence of a short residence time for the flowing liquid or of the fact that the surface layers
of the slots, which have been exposed to CO; for many years, have been thoroughly carbonated
as discussed in RPP-ASMT-53793.

In contrast, the sl