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EXECUTIVE SUMMARY

Accumulations of two solid phases (a nitrated aluminosilicate, known as nitrated
cancrinite and/or nitrated sodalite depending on the number of attached water molecules,
NagAlSisO24(NOs)2* 4H,0, and sodium diuranate, NapU»07) have been forming in the
Savannah River Site (SRS) 2H Evaporator system since late 1996. The aluminosilicate
scale deposits caused the SRS 2H Evaporator pot to become completely inoperablein
October 1999. Accumulation of the sodium diuranate phase, which appears to have
simultaneously precipitated with the aluminosilicate phase, has caused criticality concerns
in the 2H Evaporator. In order to ensure that similar deposits are not forming in the SRS
3H Evaporator, thermodynamically derived activity diagrams specific to the feeds
processed from the 3H Evaporator feed tank (Tank 32) were evaluated.

Reactive oxides, soluble silicates, and soluble aluminates in a caustic solution can
combine to form a sodium aluminosilicate (NAS) hydrogel at ambient temperature when
the solution stoichiometry of the constituent aluminate and silicate speciesis~1:1. The
hydrogel convertsto Zeolite-A (Na,Al,Si;,0,4 ¢ 27H,0) under hydrothermal conditions

at elevated temperature such as the conditions existing in the SRS evaporators. It has
been shown that the nitrated-cancrinite/sodalite forming in the SRS 2H Evaporator forms
from Zeolite-A. Zeolite-A and hydroxysodalite (Nag[ AlsSicO24] (OH)2¢ 1.5H,0)
formation from a gel phase has also been observed in evaporators used in the wood pulp
industry and Zeolite-A - sodalite - cancrinite (Nay sAleSig024(CO3)1 6° 2.1H,0)
formation have been observed in the Bayer aluminum fabrication process.

The sequential transformations of NAS gel — Zeolite-A (cubic) — sodalite(cubic) —
cancrinite (hexagonal) are densification (aging) transformations that require the saturation
of the evaporator and/or tank solutions with respect to the parent NAS gel phase.
Modeling the potential to form the NAS gel phase in the feed or drop tanks and/or in the
evaporator has been chosen because this phase is the primary phase from which all the
others are derived and it is kinetically most rapid step in the formation sequence
[luminosilicate speciesin solution] - NAS gel - Zeolite-A - sodalite - cancrinite.
Modeling the denser phases, which are less soluble than the NAS gel, could unnecessarily
constrict the solution chemistry range of the SRS evaporators.

The current SRS 3H Evaporator pot has been in operation since May 2000. The 3H

Evaporator feed tank is Tank 32 and the drop tank is Tank 30. Tank 32 has received

multiple recycles of supernate from the drop tank (Tank 30) on a 4-6 week frequency.

Typically during arecycle transfer from Tank 30 to Tank 32, the evaporator continues

being fed. Tank 32 aso received atransfer from Tank 40 of Extended Sludge Processing

(ESP) Washwater in December 2000. Tank 32, the feed tank, has about 48” of sludge at
the bottom. The transfer pump to the evaporator is located at a height of 89” from the
bottom of the tank. Tank 30, the drop tank, reportedly has no sludge at the bottom. Tank
30 had a transfer jet that was located 4” above the bottom of the tank during the time
period that this study covetsThe 3H Evaporator has been operating at 135-140°C since

T In the spring of this year, the fixed length transfer jet was replaced with a telescoping transfer jet (TTJ)
which is currently positioned 150” from the tank bottom.

Vi
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May 2000. Tanks 32 and 30 have been at a nominal temperature of ~40°C until a few
months ago when cooling coil difficulties caused the temperature in Tanks 30 and 32 to
become elevated.

The historical chemical datafor the feed tank (Tank 32) had been taken at various times

between November 1992 and February 2001 and at various depths. The chemistry of the
variable depth samples (VDS) indicates chemical zones exist within the tank at different

depths. Three depth populations were defined:

» Surface dip sample analyses (surface to 120" from the tank bottom)

» Variable Depth Sample (VDS) analyses (70 to 120" from the tank bottom,
e.g. 30" above the feed pump and 20" below the feed pump)

* “Zone of Turbidity” (ZOT) analyses (>48" to <70” from the tank bottom, e.g.
the surface of the sludge to the next available chemical analysis)

Turbidity in the ZOT is caused by the following:

» turbulent eddies of sludge stirred up when recycle transfers are injected below
the sludge surface every 4-6 weeks

* influence from feed pump turbulence ~20” above

* hydrophobic silica rich sol accumulation layer, e.g. a layer which will not
settle because silica sols are hydrophobic and repel each other

Feed from the ZOT cannot be pumped into the evaporator since the feed pump is >20”
above the upper boundary of the ZOT. Therefore, no modeling was performed on
samples from the ZOT.

The historical chemical data for the drop tank (Tank 30) had been taken at various times
between November 1992 and February 2001 and at various depths. There is a salt layer
in Tank 30 at a height of 8”. The chemical analysis for a sample taken at 8” above the
tank floor was, therefore, not modeled. Otherwise, the Tank 30 supernate chemistry
appeared homogeneous and the delineation of depth populations was not necessary for
modeling.

Activity diagrams were generated at 25°C (the temperature at which the tank solutions
were analyzed), at 40°C (the temperature of the feed and drop tanks), and at 140°C (the
evaporator temperature) with and without a simulated evaporation of 7686.

conclusions of this study are:

* The SRS 3H Evaporator is not precipitating sodium aluminosilicates (NAS)

based on the last available accurate data for the SRS 3H Evaporator feed tank
(September 2000) and drop tank (December 2000)

Vil
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» The SRS 3H Evaporator feed tank is not in the stability field of sodium
aluminosilicate (NAS) formation above the ZOT

* The SRS 3H Evaporator feed tank chemistry is closer to the NAS precipitation
boundary than they were in 1992 based on historic data

* Routine analytic samples, if used for modeling the potential for NAS
formation, should be taken at the height of the feed pump in order to be
representative of the feed entering the evaporator

* Analytic samples should not be taken close to the sludge layer or within the
Z0T

* Analytic samples should not be taken within 5-6 hours of tank recycles or tank
transfers if subsurface injection of waste under the sludge layer is continued

» Frequent recycles from Tank 30 to Tank 32 beneath the sludge layer are
stirring and/or agitating the feed tank contents adding extra silica and iron to
the feed tank supernates if not allowed to settle out

» The SRS 3H Evaporator drop tank may have silica sol deposits and/or sludge
at or near the level of the transfer jet since higher levels of silica (4X), Fe and
Mn are present in the “salt” layer (~8"”) in Tank 30 compared to the remaining
supernate in Tank 30

Continued recycle and transfers from the bottom of the drop tank (Tank 30)
could cause sodium aluminosilicates to supersaturate

More accurate Si analyses are needed for modeling

The following recommendations from this study should be implemented as soon as
feasible:

» Take routine analytic samples from the height of the feed pump

» Keep the feed pump a minimum of 40” above the sludge layer and a minimum
of ~20” above the ZOT

e Minimize the depth of the ZOT
- inject recycle and/or transfers above the sludge layer in Tank 32 and not
subsurface to minimize agitation and maximize settling of suspended
solids and any silica rich sols
- allow the feed tank contents to settle for 5-6 hours after a transfer before
feeding to the 3H Evaporator

+ Tank 30 received one small sludge transfer in September 1986 according to tank farm records.

viii
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* Move the transfer jet in Tank 30 to a higher position to avoid the region of
“salt” which may be mixed with sludge and/or silica sols rather than recycling
this material back to the feed tank and possibly the evaptrator

* Implement a more accurate Si measurement technique in F-Area laboratory
immediately

It is desirable that the following recommendation be considered as a longer term strategy:
* Eliminate recycle directly from Tank 30 to the feed tank (Tank 32): use Tanks

39 and/or Tank 35 as settling tanks so that NAS supersaturation and
accumulation osilica sol depositsis not of concern

TABLE OF CONTENTS
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THERMODYNAMIC MODELING OF THE SRSEVAPORATORS:
PART II. THE 3H SYSTEM (U)

C. M. Jantzen, J. E. Laurinat and K.G. Brown
Savannah River Technology Center
Westinghouse Savannah River Company
Aiken, South Carolina 29808

1.0 INTRODUCTION

Accumulations of two solid phases (a nitrated aluminosilicate that is a mixture of nitrated
cancrinite, NagAlgSisO24(NO3)2* 4H,0, and nitrated sodalite, NagAlgSiO24(NO3)2,
simultaneously formed with sodium diuranate, Na,U,Oy7) have formed scale depositsin
the Savannah River Site (SRS) 2H Evaporator system since late 1996.% 2 The
aluminosilicate scale deposits caused the evaporator pot to become inoperable in October
1999. Accumulations of the diuranate ghase have caused criticality concernsin the SRS
2H Evaporator. In Part | of this study, ® thermodynamically derived activity diagrams,
also known as stability diagrams, were used on historic feed tank (Tank 43) and drop tank
(Tank 38) chemistry in order to understand the effects of tank chemistry on solids
formation in the 2H Evaporator. In order to ensure that similar deposits are not and will
not form in the SRS 3H Evaporator, thermodynamically derived activity diagrams
specific to the feeds processed from Tanks 30 and 32 are evaluated in this report.

Activity diagrams are most commonly used in el ectrochemistry, geochemistry and
agronomy to study the effects of various agqueous species on the formation and/or
dissolution of solids. Activity diagram representation can, therefore, be used to calculate
If an evaporator feed tank composition lies in the formation field of an undesirable solid
species. Modeling the deposition of solids in the SRS 3H Evaporator means that activity
diagrams must be calculated in the complex Na-N-Si-Al-U-H,O system at elevated
temperatures and at high ionic strengths (1~8). Modeling accuracy isimpacted by the
following:

. quality of the chemical data available from the feed and drop tanks

. how representative the analytic dip samples from the feed and drop tank
are of the feed entering the evaporator

. quality of the solubility data used from the literature

. quality of the approximations that must be made to determine the activity

coefficients for high ionic strength solutions.

The quality of the solubility data and the quality of the approximations that are used to
mode! high ionic strength solutions are discussed in Part | of this study.’ The quality of
the chemical dataavailable for the SRS 2H and 2F Evaporatorsis also discussed in Part |
of this study.’ The quality of the chemical datafor the SRS 3H Evaporator is discussed in
this study.
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2.0 BACKGROUND

2.1 Operation of the SRS 2H Evaporator

For ~40 years, the SRS tank farm evaporators have run with only occasional operational

problems, e.g., salt (NaNOs) buildup has caused difficulty in draining evaporators but

these deposits are water soluble and easily removed by flushing with hot water. Over the

last decade several important changes have been made in the handling of wastes entering

the SRS evaporators.” Prior to the mid 1990’s, high activity waste was stored for >1 year
before being processed in the evaporators so that the short lived radionuclides could
decay before waste was concentrated. This also allowed any solids or colloidal species in
the wastes to settle to the bottom of the tank before being processed. When the SRS
reactors shut down and wastes were less radioactive, the one year hold strategy was no
longer required. In addition, the evaporators used to discharge to alternate drop tanks.
When one drop tank was filled it was left to settle, and cool, and a second drop tank was
used. Typically recycles to the feed tank were made from the passive drop tank and not
from the active drop tank. This allowed any particulates or colloids in a given drop tank
to settle before being recycled to the feed tank again for further concentration. The
active/passive drop tank practice had to be discontinued in the early 1990’s since there
was no longer enough salt drop space in the concentrate receipt tanks. In 1997, the 1
inter-area waste transfers were made between the SRS H-area and the SRS F-area waste
tanks for the purpose of volume reducing the waste. This allowed co-mingling of wastes
of different chemistries. More recently, a decision was made to evaporate canyon
processes and back-log waste in the 2F evaporator for initial salt separation. This occurs
when the hydroxide molarity exceeds 6-8M. Then the desalted liquor will be routed to
the 3H evaporator for final dehydration which would likely drive the hydroxide molarity
above 12M

A new 2H Evaporator pot was installed and began receiving waste in January 1996.
From mid 1996 until August 1997 the SRS 2H Evaporator was increasingly hard to
control. When the evaporator was shut down in August 1997 for cleaning, deposits of the
sodium aluminosilicate and sodium uranate phases were found in the gravity drain line
(GDL).* The GDL was pressure washed in the direction of the drop tank. Theline
remained clean and the evaporator showed minimal deposits on the walls or in the lines
from August 1997 to June 1998. In June 1998 the GDL needed to be pressure washed a
second time and deposits were observed in the evaporator cone, on the vessel walls and
on the warming tubes. The GDL was pressure washed in the direction of the evaporator
and in the direction of the drop tank to ensure that it was clean. Operation continued,
with difficulty, from June 1998 until October 1999, when the evaporator was shut down.
At thistime, significant accumulations of the same deposits were found on many of the
exposed surfaces of the evaporator pot.

USynopsis by Kent Gilbreth, Mark Mahoney, and Thomas Caldwell (May, 2001)
+ HLW System Plan, Rev. 12
2
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Waste from H-Canyon separations processes is typically rich in aluminum species when
received in the 2H Evaporator feed tank (Tank 43) where it undergoes concentration of
60-70% in the evaporator. However, the newly installed 2H Evaporator pot received
little high alumina waste from High Activity Waste (HAW) processing until April 1998
when H-Canyon resumed operations. In March 1996, Tank 43 received the first
radioactive transfers of asilicarich stream from the Defense Waste Processing Facility
(DWPF) recycle. Therelatively low salt content of the DWPF recycle stream required
greater concentration (90%) than typical H-Canyon wastes to achieve comparable
concentrated solution density. Multiple transfers of supernate from the drop tank (Tank
38) were recycled back to the feed tank (Tank 43) for further concentration. At sometime
after the silicarich DWPF transfers were received from the DWPF and mixed with the
aluminum rich transfers from 2H-Canyon separation processes, the sodium
aluminosilicate began to form in the 2H Evaporator.

2.2 Thermodynamic Activity Diagrams

Activity diagrams, aso known as stability diagrams, have been used for about 60 yearsin

the electrochemical sciences. Marcell Pourbaix developed this graphical representation

method in 1938 for studying the corrosion of solids in aqueous solution. The Pourbaix or
E°-pH diagrams are also used to understand the corrosion of metals in concentrated or
dilute aqueous solutions, at a variety of temperatures and in oxidizing or reducing
atmospheres.

Garrels, a geochemist, studied under Pourbaix and applied the activity diagram
calculation approach to complex interactions between minerals and solutions of
geological interest. Geochemical applications included examples whereby minerals
precipitated from solution as well as examples of how minerals dissolved in various
solutions> ® Activity diagrams are capable of predicting solubilities of solid mineral
species in aqueous solutions, equilibria among different solid minerals, and equilibria
among different aqueous species. The geologic systems most commonly studied are: (1)
the formation or dissolution of minerals in ground water or in sea water at ambient
temperatures (for this application they are often called Eh-pH diagfd@)sheathering

of mineral phases at ambient temperafu@, formation of kaolinite and bauxite deposits
from weathering of other mineral specieand (4) formation of ores from hydrothermal
mineralizing solutions at temperatur800°C and pressures deep within the erth.
Activity diagrams are also used in agronomy to study aerobic and anaerobic soll
chemistry: for soil applications they are commonly known as pe-pH diagrams.

Activity diagrams have been used to model the dissolution reactions of zeolites at
ambient temperatures: the predicted stability of the zeolite phases has been well
correlated with experimental datarhe dissolution of zeolites in the rock at the proposed
high level waste (HLW) repository in Yucca Mountain, Nevada has also been modeled
and studied in terms of activity diagratst is, therefore, appropriate to use activity
diagram representation to model the nitrated cancrinite/sodalite found to deposit in the
SRS 2H Evaporator, since the cancrinite/sodalite forms from a precursor zeolite phase
which in turn forms from a sodium aluminosilicate (NAS) gel (see Section 2.3).
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Activity diagrams can be used to thermodynamically predict both mineral phase
formation and dissol ution on geologic time scales. However, the formation of the NAS
gel precursor to nitrated cancrinite/sodalite and sodium diuranate is kinetically rapid,
occurring in afew minutes or hours (see Sections 2.3 and 2.4). Thisalowsthe
thermodynamically based activity diagrams to be used as a predictive tool for the
evaporator’s short residence times.

In the past, activity diagrams have been calculated manually which is a tedious process.
Often mainframe computers were necessary to solve the simultaneous equilibrium
equations. Recently, several software applications have become available to allow the
activity diagram calculations and plots to be generated on a personal computer (PC). The
one used in this study is called The Geochemist's Workbench (GWB) because it is
particularly well suited to the thermodynamic calculations related to the SRS evaporators.
The GWB was recently used to analyze the cancrinite/sodalite and sodium diuranate
solubilities and stability the SRS 2H Evaporatothe GWB software has the following
attributes:

» ability to estimate activity coefficients for high ionic strength solutions
such as those in the evaporator
- ability to improve the basis upon which the activity coefficients are

estimated

» usage of Lawrence Livermore National Laboratory (LLNL) extensive
database for minerals and aqueous species used to model the performance
of waste forms in the High Level Waste (HLW) Repository
- includes sodium diuranate and aqueous uranate species as well as most

aqueous aluminates and silicates

» ability to calculate the relative stability of multiple solid phases
simultaneously

» ability to graphically represent the relative stability of multiple phases in
terms of three parameters simultaneouly, e.g. Si, Al, and pH of a solution

» ability to perform polythermal reaction paths, e.g. reaction path can vary
temperature linearly from an initial to afinal value so that chemical
analyses that are measured at 25°C can be evaluated at the elevated tank
temperatures (40-60°C) and elevated evaporator temperatures of 140°C

» ability to simulate evaporation by removing a percentage of the water from
the calculation, e.g. base the calculation on 0.6 kg of water rather than on
the default of 1 kg of water for a simulated 40% evaporation

» ability to calculate a supersaturation index for a given solid phase
expressed as a ratio of the reaction quotient (Q) over the solubility product
(K), e.g. Q/K

« ability to calculate the amount of the solid phase (jp,&g,,,) that will
form at the given supersaturation if precipitation to equilibrium proceeds.

Two subroutines in GWB were used to model the precipitation of solidsin the complex
Na-N-Si-Al-U-H,0 systenpertinent to the SRS 2H Evaporator; e.g. REACT and ACT2.

4
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The REACT subroutine models equilibrium states and processes of solids in equilibrium
with aqueous fluids. The program calculates the following:

e equilibrium distribution of aqueous speciesin afluid
» the fluid’s saturation state with respect to mineral phases
» the fugacities of the gases dissolved in the fluid

During the modeling of deposition in the 2H Evaporator using GWB several mineral
phases that were known to kinetically form on geologic time scales, but not on the time
scales pertaining to the 2H Evaporator, were suppressed. The ACT2 program was used
to calculate and plot activity-activity diagrams for representation of the solids
precipitation. The manner in which GWB calculates equilibrium and estimates activity
coefficients in high ionic strength solutions such as those in the SRS evaporators is
discussed in Part | of this repdrtThe amount of solids predicted to form in grams per
kilogram of solution was developed into two potential process control algorithms for the
operation of the SRS 2H Evaporator.

The GWB calculations in the complex Na-N-Si-Al-U-H,O system were validated by

modeling two additional data sets not related to solids deposition in the SRS evaporators.
Thefirst of these was the analysis of the M-Area wastes (supernate plus sludge) from

1987 when the M-Areatanks were well agitated.” This waste was high in alumina, silica,

and sodium nitrate. The tanks were at ambient temperature. The REACT code predicted

that the solutions were supersaturated with respect to Zeolite-A, hydroxysodalite, nitrated
sodalite, Na,U,O, (sodium diuranate), and Al(OH), (gibbsite). The phasesidentified by

x-ray diffraction to have formed in the sludge were Zeolite-A, Na,U,O,, and Al(OH)..”

The second set of confirmatory data was from a study of caustic additionsto a highly

acidic concentrated uranyl nitrate solution." The REACT code indicated that a

precipitate of schoepite should be in equilibrium with uranyl nitrate in solution. Pierce’s
solution remained acidic after he started the neutralization, but a precipitate formed that
was analyzed by x-ray diffraction to be becquerelite (PDF pattern #29-0389) a structural
isomer of schoepite (Ug2H,0).” Both of these independent studies validated that GWB
Is calculating the activity diagrams and the reactions in this complex system correctly.

2.3 Zeolite, Sodalite, and Cancrinite Nomenclature and Paragenesis

The type of sodalite normally found in nature has the formula Nag[AlsSisO24] (Cl2). The
square brackets in the formula are used to delineate the alumina:silicaratio of the
aluminosilicate cage structure shown in Figure 1. The cavitiesin the framework are
occupied by the sodium and chlorineions.™® The formula can also be written as
Nag[AlSicOz4]* (2NaCl)."® When the 2NaCl are replaced by Na;SO,, NapCOs, 2NaNOs,
and/or 2NaOH, the mineral and/or chemical names areas givenin Table.
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® 5LAL () Dugen

Figure 1. Part of the aluminosilicate framework in the structure of sodalite.*®

Linde Zeolite-A, Nago[ Al12Si12048] *27H,0, is aphase related structurally to basic
sodalite and basic nosean® because the alumina:silicaratio of the aluminosilicate cage
structure is the same as that found in the sodalites (Figure 1). Zeolite-A is adouble unit
cell of sodalite without the NaCl, Na,SO,4, NaOH, or NaxCOj3 groups (Table1).

Recent work at Argonne National Laboratory-West (ANL-W) on sodalite basedfwaste
forms containing NaCl found that Zeolite-A formed as a precursor to the formation of
sodalite, Nag[AlsSis024] (Cl2).** The Zeolite-A transformed to Nag[AlgSisO24](Cl-) at
elevated temperature and pressure. Wilmarth' has determined that a mixture of the
nitrated sodalite and nitrated cancrinite formed in the 2H evaporator also forms from a
Zeolite-A precursor while Frederick determined that mixtures of nitrited sodalite and
cancrinite found to deposit in spent pulping liquor evaporators also formed from a
Zeolite-A precursor.*® The studies by Gasteiger, Frederick, et al.*’ precipitated the zeolite
and mixed sodalite phases in the [Al]/[Si] range between 0.076 and 3. These aqueous
alkaline solutions had ionic strengths between 1.0 and 4.0 mol/kg at 95°C.

The formation of Zeolite-A is well studied and very rapid kinetically. Formation from a
sodium aluminate gel (87 wt% NaAd@nd 13 wt% NaOH commercially available as

Alfloc) and a 1 M colloidal silica sol (particles of 250A)formed well crystallized Zeolite-

A (also called Zeolite Q by Barrer, et.?3).at temperatures between 85-110°C at pH
values>10 in 2 or 3 hours (longer residence times were needed if the silica content of the
gel increased and crystallization was more rapid in the presence of excess?R&0OH).

T waste form is 69 wt% sodalite, 22 wt% glass, 2.4 wt% NaCl, 6.7 wt% nepheline, and 1wt% actinides
6
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Tablel. Structurally Related Zeolite-A, Sodalite,and Cancrinite Group Phases

Substitution In Chemical Formula Common or Mineral | Density Crystal Ref.
Cage Structure Name (g/cm3) Type
Pr ecur sor
NONE | Nau,[Al1,Si1704g] *27H,0 Zeolite-A | 199" | Cubic | 19,20
Sodalite Group
2NaCl Nag[AlSis0,4 (2NaCl) Sodalite 231 Cubic 13
Basic Sodalite or . .
2NaOH Nag[AlgSigO,4] (2NaOH)« 1.5H,0 Hydroxysodalite 2.215 Cubic 20
2NaNO, Nag[AleSicO.4] (2NaNO5) Nitrated Sodalite 2.342 Cubic PDF#50-
0248
Na,SO, Nag[AlgSigO,4] (Na,SO,) Nosean 2.21" Cubic" 12
XNaOH +y H,0 Nag[AlgSigO,4] (XNaOH) yH,O Basic Nosean 20
1-2(Ca,Na)SO, (Na)g[AlsSig0,4 ((Ca,Na)SO.),. Hauyne 2.4 Cubic' 12
PDF
x(Ca,Na)(S,S0,,Cl) | (CaNa)g[AlsSis0,4((CaNa)S,S0,Cl), Lazurite 2.43 Cubic #17-749
Cancrinite Group
2NaNO; Nag[AlgSicO24] (2NaNOs).4H,0 Nitrated Cancrinite 251 Hexagonal PDF #38-
513
(Na,Ca,K),CO; |(Na,CaK)g[AlgSigO.4((Na,Ca,K),COs)1. Cancrinite 2.60 Hexagonal PDF #25-
& 2.1H,0 776
2(Na, K)Cl (Na,Ca,K)g[AlgSicO24] (2(Na,K)Cl),.3 Microsommite 2.34 Hexagonal PDF
#20-743
2(Na, K)CI (Na,Ca,K)e[AlsSigO24] ((Na,K),SO, Cl)3 Davyne 2.46 Hexagonal PDF
#20-379
Na,COs Nag[AlgSieO24] (NaCO5) Natrodavyne Not Hexagonal PDF
given #15-794
t PDF #20-1087 * PDF # 20-495 T PDF #11-0590 and #38-241
tt PDF #17-538 o PDF #11-401

Zeolite-A (Nag2Al12S112048°27H,0) had also been found to form in the SRS M-Area

waste tanks at ambient temperattfr&eolite was found to form preferentially in tanks

with high pH (12-12.8) when sufficient Al(Okljvas present. Since no zeolite had been
used in any M-Area processes, experiments were perfStitedetermine how Zeolite-

A got into the tanks. These experiments demonstrated that the zeolite could form rapidly
from the interaction of high surface area filter aids in the tank (perflo and diatomaceous
eartl). Sodalite formed when the filter aids were placed in 6M NaOH at room
temperature for 29 hours at apH of 13.73.

Asindicated in the preceding discussion, the Zeolite-A structure can form (1) from a
hydrogel process where the reactants are reactive oxides, soluble silicates, and soluble

aluminates in a caustic solution; (2) from conversion of clay minerals (specifically kaolin

and meta-kaolin) in the presence of soluble silicates and caustic; or (3) by reaction of

+ perfIO = Kg.ogNaologAl 0_158i0_8101.94 and diatomaceous earth :o(ﬂ\la)osAl 0.188i0.5101_55’0.22|‘bo.
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silicasols, natural SIO,, amorphous minerals, and volcanic glass in the presence of
caustic.® The hydroge! reactions are of the type:

NaOH(ag) + NaAl(OH) , (ag) + Na,SiO, (ag) O i -
25-175°C

[N&,(AIO,),(SI0,), » NaOH= H,0] , O PP - Na [(AI0,), (S0,), | mH,0  [1]

Zeolites are synthesized industrially using the hydrogel process shown in Equation 1.
Upon mixing sodium silicate and sodium aluminate at high pH an amorphous sodium
aluminosilicate gel phase forms which will be abbreviated as NAS gel. Transformation
of the gel to the zeolite can take hours or days depending upon the synthesis conditions.
Industrial synthesis of Zeolite-A involves solutions use of 4.0M NaOH concentrations to
keep the crystallization times short and allow effective recycling of the excess NaOH.%*
The dissolution of Zeolite-A has been studied by numerous investigators including
Gasteiger, et. a."” but these investigations have been at insufficiently high NaOH
concentrations to be relevant to industrial zeolite synthesis.?? Recently, Ejaz et. al.?
studied the solubility of Zeolite-A and its amorphous precursor (NAS gel) in solutions
between 3.0-4.4M NaOH at temperatures of 30-80° C. The composition of the precursor
gel at NaOH concentrations of 3-4.5M was determined experimentally to be
0.93Na0:1Al,05:2.32SiQ:5.15H,0.

Gels are amorphous as they are colloids in which the disperse phase has combined with
the continuous phase to produce a semisolid material such asajelly.” Asagel dewaters
or agesit will form adenser gel and/or a crystalline solid phase. Thisisindependent of
the route of formation of the gel. Whether the NAS gel forms from solution viaa
hydrogel process or whether it forms from a sol (solid particlesin liquid)* via a sol-gel
process, the aging sequence of the NAS gel to denser sodalite and still denser cancrinite
type species will typically follow an aging path such as that shown in Figure 2according
to Barnes, Mensah and Gerson® and Gerson and Zheng.” Note that the densification of
the phases follows the densities given in Table land agrees with the following literature:

» Bayef’ and EjaZfound that the NARydrogels would transform to
Zeolite-A

« Barref’ found that the NAS hydrogels would transform to Zeolite-A at pH
values >10 in 2-3 hours at 110°C (the approximate temperature of the 2H
Evaporator)

» Buhl and Long showed that nitrated sodalite and nitrated cancrinite could
best be made by starting with a Zeolite-A precursor in concentrated NaOH at
various temperatures

«  Wilmarth® showed that the Zeolite-A forms as a precursor but the nitrated
cancrinite forms on the order of 3-5 hours at 110°C in simulated 2H
Evaporator solutions

« Gasteiger et dl.found that basic sodalite Nal Si,O,](OH),*(1.5H0) and
sodalite (NgAl ;Si,0,,](Cl),) formation was >99% complete in 24 hours at
95°C and that the sodalites formed via a Zeolite-A precursor
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+ Subotic, et. af’ demonstrated that aluminosilicate gels that have a Si/Al = 1
form Zeolite-A at lower NaOH concentrations in solution at 85°C which then
transforms into hydroxysodalite; at higher NaOH concentrations the gel can
transform into hydroxysodalite without the Zeolite-A precursor formation

» Bosnar and Subotfcdemonstrated that Zeolite-A forms from an amorphous
aluminosilicate precursor (1.03)&®AIl,O,+2.38SiQ+1.66HO) and the
Zeolite-A growth is governed by the Davies-Jones model of growth and
dissolution (growth of Zeolite-A from solution coupled with dissolution of the
amorphous phase); growth rate decreases with increasing alkalinity

Note that the amorphous aluminosilicate gel precursor of°Ejaz
(0.93N&0:1A1,05:2.32S10,:5.15H,0) is very similar to that reported by Bosnar and
Subotic® (1.03Ng0:Al,0,:2.38SiQ:1.66HO) but not identical.

SoLuTioNn oF NAOH + NAAL(OH)4+NA5SIOg
AND/OR soL OF SIO5 + NAOH + NAAL(OH),

NON-CRYSTALLINE PRECURSOR PHASE
Sobium ALUMINOSILICATE (NAS) GEL

\

CRYSTALLINE PRECURSOR PHASE
CuBIiCc ZEOLITE-A

\

CuBIC CRYSTALLINE SODALITE
(HYDROXYSODALITE/NITRATED SODALITE/CHLORIDE SODALITE)

\

# HEXAGONAL CANCRINITE MINERALS

INCREASING DENSITY

Figure 2. Typical aging (densification) sequence of NAS gel - Zeolite-A - sodalite —
cancrinite phases depending on the relative concentration of OH", CI', NOg',
and/or CO;” in the solution in contact with the NAS gel (after Gerson,
et.al.)>?
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2.4  The Role of Uranium in the Evaporator Deposits

It is highly unlikely that the uranium contained in the 2H Evaporator depositsis

incorporated into the cage structure of the Zeolite-A and/or cancrinite/sodalite phases.

Theion exchange capacity of Na' in the Zeolite-A structure for large monovaent ionsis
minimal, e.g., Cs" and Rb* exchanged at 90°C ~31% and 36%, respecti/elgn

exchange with multivalent cations is limited with ions such &5, B&", and Fé&"
exchanging but destroying the zeolite structure while large trivalent cations such as Ce
do not exchange at &lfl. This implies that large tetra- or hexa-valent cations which are
most likely tied up in uranium complexes cannot ion exchange foinNbe Zeolite-A
and/or the cancrinite/sodalite structures. This is in agreement with the following:

» the absence of any uranium containing sodalite or cancrinite structures in
naturé®

» the absence of uranium in the sodalite phase of the ANL-W sodalite waste
form™

» the presence of a second uranium-containing phase in the x-ray spectra of the
2H Evaporator deposit$:*

The uranium containing phase observed in the 2H Evaporator is sodium diuranate
(Na&U207). Sodium diuranate can form readily from mixtures of 0.1N uranyl nitrate and
NaOH at room temperature in time frames of <24 hours. The ratio of the Na:U in the
polyuranate phase that forms is a function of pH of the solution and the length of time
that the Na has to diffuse into the crystal structtr&pecifically, when NaOH was

added to dilute solutions of uranyl nitrate, the first species to form was a polymerized ion
of the form [UQ(UOsH,0),] ", followed by precipitation of a nitrated uranate phase with

a polymer chain of [(UgH,0)sN,0s] at pH of 4% As the solution pH increases with
increasing NaOH, N® replaces the XDs in the polymer chain forming

[(UO3H20).N&O] where n changes from 16 at low pH values to 5 at higher pH values.
Longer contact with the NaOH rich solution at high pH causes n to bec®aising a
change in the crystal structure. At n=2 the final stablgJda,*2H,O composition is

formed. Similar results were observed when reactive W3 treated with NaOH at

50°C and 75°C? It should be noted that in both of these stuitigsthe NaU,0;

precipitates were very small and suspended in the NaOH solutions, i.e., the precipitates
had to be centrifuged in order to be examined. Finely dispersed sodium diuranate phases
were found to form readily at 25°C in about 10-60 mindtagaching equilibrium in

about 5 day3?

Hobbs and Karrak&t studied the precipitation of Md,O; in simulated evaporator
solutions under simulated evaporator conditions. The precipitates that formed had
particle size ranges between Br8 and 6Qum for unsaturated solutions and Rr8 to

13 um for supersaturated solutions. The studies indicated thabG&awould precipitate
under evaporator conditions and might accumulate depending on particle size, mixing,
and equipment geometry. The accumulation gkN@; with the nitrated zeolite in the

10
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2H Evaporator is likely caused by co-precipitation as discussed in Part |.> Precipitation
of uranium and not other salts (e.g. sodium sulfate, sodium carbonate, etc) would be
expected as the solubility of uranium is much lower than that of the other salt
components.

3.0 OPERATION OF THE SRS 3H EVAPORATOR

The current SRS 3H Evaporator pot began operation in May 2000 (Table I1). The 3H
Evaporator feed tank is Tank 32 and the drop tank is Tank 30. Theinitial feed for the 3H
Evaporator was H-Canyon waste that had been stored in Tanks 30, 32, and 35 for many
years. Inthe future the 3H Evaporator will receive de-salted waste from the 2F
Evaporator system for further concentration. Tank 32 can potentially be feed from Tanks
35 and 39 but feed from these tanks has not yet been sent forward to Tank 32 since initia
operations.

Tank 32 has received multiple recycles of supernate from the drop tank (Tank 30) as
indicated in Table Il. Therecycleis approximately on a4-6 week frequency though it

can be more frequent depending on the level of the wastes in the feed and drop tanks.

Tank 32 has about 48” of sludge at the bottom (Figure 3). The transfer pump to the
evaporator is located at a height of 89” from the bottom of the tank. The level of the
supernate varies depending on the volume of a given transfer into the tank.

Tank 30, the drop tank has no significant sludge accumulation at the bottom other than
some entrained sludge solids. It had a transfer jet that was located 4” above the bottom of
the tank (Figure 3) during the time period discussed in this stdde salt layer is at ~8”
above the bottom of the tank. Tank 30 received Extended Sludge Processing (ESP)
Washwater from Tank 40 in December 2000.

The 3H Evaporator has been operating at 135-140°C since May 2@tks 32 and 30

have been at a nominal temperature of ~40°C until a few months ago when cooling coil
difficulties in Tank 30 caused the temperature in Tank 32 to be elevated to the 60-65°C
ranget The temperaturein Tank 30 has recently been somewhat hotter.

4.0 ANALYTIC DATA AVAILABLE FOR SRS 3H EVAPORATOR MODELING

4.1 Availability of Analytic Data

A compilation of molar chemical analyses for Tanks 30 and 32 appearsin Table Il and
Table V. There were sparse and incomplete data in the tank farm historic records.
Specifically there were no Si analyses available for the feed tank (Tank 32) compositions
prior to February 2000 and no Si analyses available for the drop tank (Tank 30)
compositions prior to February 2000. Datafor severa cations were missing from the

* In spring 2001 ther fixed transfer jet was replaced with atelescoping transfer jet currently positioned at
~150" from the tank floor

+ Morning reports

11
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tank farm historic records, e.g. Si, Fe, Al, Na, and total U. The cation analyses were
added into Table Il and Table IV using data from three reports by Wilmarth and others.™
% Conversaly, Wilmarth did not analyze for the cation K™ nor several anions,’ e.g. Cl,
CO,*, F,NO,, NO,, OH, PO,*, SO,”. Theanion and K analyses shown in yellow in
Tablelll and Table 1V were averaged from the data provided in the tank farm records.
Separate averages were computed for Tank 30 and Tank 32 data.

The feed tank (Tank 32) was sampled in February 2000 before the operation of the new
3H Evaporator pot began (Table I1l). This data represents theinitial feed to the new 3H
Evaporator pot since no transfers were made to Tank 32 after February 15, 2000 (see
Tablell). Wilmarth extensively characterized two dip samples and two variable depth
samples (VDS) taken from Tank 32 in February 2000.* Wilmath also analyzed Tank 32
surface dip and VDS samplesin August 2000 just before a recycle was made from Tank
30to0 32. Hethenimmediately analyzed samples taken in Tank 32 during the Tank 30
transfer in September 2000.*

The chemistry of the drop tank, Tank 30, was aso analyzed in February 2000 (Table 1)

by Wilmarth, et. al.” Tank 30 was also analyzed in August 2000 just before the recycle
to the Tank 32 feed tank. In addition a transfer of ESP wash water was made from Tank
40 to Tank 30 in December 2000. Wilmarth analyzed the contents of Tank 30 just after

the transfer from Tank 40 (see Tablell).*

4.2 Consistency of Analytic Data

In order to use the chemical analyses compiled in Table Il and Table IV for modeling,
the data had to be made internally consistent, e.g., anion and cation charges were
balanced. In balancing charges, it was assumed that measured Na” molarities were more
accurate than the anion molarities. If the sum of the anion charges differed significantly
from the sum of the cation charges, molarities of the three principa anions, OH", NOs/,
and NO,', were adjusted so that these sums became equal. The measured molarities for
all three principa anions were multiplied by the same factor to achieve charge neutrality.
Data for which anion charges were adjusted are shaded greenin Table Il and Table 1V.
The charge balance cal cul ations assumed that each ionic species was present in its most
prevalent valence state; most importantly, Al was modeled as Al(OH)4.

In order to account for the effect of temperature on solution densities so that the datain
Tablelll and Table IV could be evaluated at different temperatures, molar concentrations
were converted to molalities (Table V and Table VI). The molalities are based on
calculated solution densities (Equation 28).” The solution densities were cal culated from

acalculated Na™ molarity, [Na*|.,,., using Equation 2b derived by Walker and Coleman®®
for H-Canyon waste solutions at 25°C.

T Wilmarth analyzed for NO,, NO,, and OH' for one surface dip sample taken in September, 2000 at a
height of 250" from the tank bottom
12
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m=M H | V\{aght solutlor.l HH 1 [24]
E(wel ght solution —total weight solutes) Egiensutyca,C
where m = molality
M = molarity
_ dissolved solids (g/L)
weight solutes =
1000L
AI(OH); +CI~ +CO;? +C,0;2 + F~ + NO, + NO;
dissolved solids= +OH ™ + PO;* + SO;? + Fe(OH), +K* +H,90,” +
UO, (OH), +[Na]
3
density,,,, = p =1.0133+0.040469|Na" | . [20]

where p is the calculated solution density in g/cm® and [Na*]ca,c is the calculated molar
Na’" concentration from Equation 2c.

Na,. = NaAl(OH), + NaCl + Na,CO, + Na,C,0, + NaF +
NaNO, + NaNO, + NaOH + Na,PO, + Na,S0, + NaFe(OH), [2c]
- KOH + Na,H,S0O, + Na(UO,),(0OH),

The molal contributions from CO, and C,O, were summed as atotal CO, contribution
while the NO, and NO,were summed as aNO, sinceGeochemist’s Workbench can only
accommodate one carbon and one nitrogen species at a time.

In addition to reporting molar concentrations, Table 111 and Table IV compare calculated
and measured solution densities. Solution densities were calculated from Equation 2b.
Generally, measured and cal culated densities agreed within 2-3%. Two measured
densities for Tank 30, however, were much lower than predicted from the measured salt
concentrations. It was assumed that these density measurements were in error but the
actual measured values are shown in Table IV for comparison.

For one Tank 32 dip sample at atank elevation of 90 inches, the measured Na"
concentration was significantly lower than would be predicted by the measured density or
the measured anion concentrations. A calculated Na" concentration was substituted for
this measured concentration. The concentration was calculated by multiplying the
measured Na' concentration for a dip sample taken on the same date at a tank elevation of
120 inches by the ratio of the partial densities of dissolved solids for these two
measurements. The calculation took the form

13
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el <) e R

where p, .. is the measured density and subscripts 1 and 2 refer to the two sets of
measurements.

4.3 Quality of Analytic Data

The SRTC and the F-area laboratory both analyzed samples taken on 12/5/00 from Tank

30 which wasjust after the transfer of the ESP washwater from Tank 40. Note that the F-
arealaboratory sample was a surface dip sample and the reported Si concentration is 78.7

ppm (see Table Il). The SRTC laboratory analyzed samples taken on the same day at

1707, 200" and 240" above the bottom of the tank. The SRTC laboratory analyses are
reported as 9.4, 9.7, and 12.4 ppm.

The SRTC and the F-area laboratory both dilute the original sampider to handle the
radioactive samples safely in a radioactive hood and match the Na concentration to the
instrument range. The F-area laboratory uses two dilutions, one 21X and one 10X. If the
true Si concentration is between 9.4 and 12.4 as measured by SRTC, then the combined
210X dilution done by F-Area laboratory puts the Si concentration at or close to the
detection limit of the inductively coupled plasma (ICP) technique employed for
measurement, e.g. 9.4ppm/210 and 12.4/210 = 0.045 — 0.059 ppm in the solution at this
dilution while the instrument detection limit is in the 0.2 ppm range for Si in the 4M

HNO; solutions analyze#l.M easurements taken at or below the detection limit of an

analytic instrument can be in error by 100-300%. When thiserror is multiplied by the

dilution factor it is magnified into alarger error. Hence, the F-Area laboratory Si

analyses are ~7X larger than those of the SRTC analyses.

+ Mark Jones (F-Area Laboratory on April 5, 2001)

14
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DECEMBER 2000
|
1
| —
SEPARATOR .
POT !
b » TANK32 g - :
400 :
B0 M :
300 H I
20 || |SUPERNATE 2 H I |
|
o | I TANK 30
150 | EVAP o ¥ B
]
100 [ _l.m“_F?__"_[_F_E_EDPUMP 50 H
s H "ZONE OF TURBULENEE" | 1o:/s unas; el
’ %01 SUPERNATE
200 H
150 H
100 H
50 H SALT(~8")
A fmansrEr et o | had
RECYCLE PATH v

e

Figure 3. Schematic of the SRS 3H Evaporator, the feed tank (Tank 32) and the drop tank (Tank 30).

Note that the feed pump in Tank 32 is at a height of 89” and that the sludge layer is at a height of ~48” from the bottom of
the tank. Note that Tank 30 does not have a feed pump and has an ~8” salt layer. Tank 30 had a transfer jet located 4”
from the bottom of the tank for the time period examined in this study.

15



WSRC-TR-2001-00155, Rev. 1

SRTC has developed a method by which the entire diluted sampleisfiltered so that the
total amount of Si (both soluble and colloidal) can be more accurately determined. A liter
of solutionisfiltered. Thefiltrate, representing the soluble silica, is homogeneous and
can be accurately measured by ICP. The colloidal silicaon thefilter is dissolved and
measured separately. The two are added together for afinal total silicaanalysisthat is
representative of an entire liter of sample®>"* rather than afew milliliters of solution.
The quality of the SRTC analysesis evidenced in Table Il by the consistency of the
surface and dip sample analyses for Tanks 30 and 32.

Recently, Coleman™ has tested a spectrophotometric method from the 1920's that uses
molybdic acid to analyze simultaneously for the monosilicic acid in solution, the

polysilicic acids, and colloids. Coleman’s analyses have verified Wilmarth’s analytic
results. Because of the high bias in the F-area laboratory Si analyses, only the Si analyses
reported by Wilmarth were used for modeling, e.g. the F-area analyses (#200138614 and
#200125277 for Tank 32 and #200125276 for Tank 30) were not used and are shown in
cyan in Table Il andable V.

4.4 Analytic Data Populations

4.4.1 Tank 32H (Feed Tank)

The chemical data for Tank 32 given in Table Ill was taken at vatiioes and at

various depths within the tank. The chemistry of the samples taken within 6” of the
sludge layer, at a height of 54” (~35” below the height of the feed pump), was distinctly
different than the chemistry of the remaining supernate samples higher in the tank as
illustrated inFigure 4. Since the feed pump cannot process liquid from the 54" height a
decision was made to not model this depth data.

The chemistry of the supernate above the feed pump looked somewhat different from the
chemistry of the supernate at the feed pump (at a height of 90”) and 20" below the feed
pump (at a height of 70”). These supernate samples were split into two depth regimes,
e.g. dip samples and variable depth samples (VDS), to assess if the chemistry differences
observed in Table Ill made a difference in the saturation with respect to the
aluminosilicate NAS phase. The VDS samples spanned from 70" above the tank bottom
to 120" above the tank bottom.

Modeling different depth regimes in the feed tank provided an average chemistry for each
depth. The average chemistry is needed for modeling the phase boundaries on the activity
diagrams. Once the boundaries are defined by this average chemistry, then the position of
the data taken on different days and at different depths can be overlain. Modeling the
Tank 32 data as different depth populations also facilitates the interpretation of whether
colloidal silica or unsettled entrained sludge solids are skewing the interpretation of the
data.

16
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Samples Taken August, 2000
(before arecycle)

400

Height Den. Na Chemistry (mg/L) 350 |—

(inch) (a/mL) (M) Al S Fe U

300 |—
209 134 7.26 14200 188 316

250 |—
120 134 86 16700 169 279 26
90 133 86 17000 193 17.8 200
70 134 96 16800 174 232 27 150

54 138 73 16700

Note U concentrationsarefor unfiltered 50 }—

samples

3125 1115 26.0 100

0 /
-..70 ~50n

SUPERNATE

“ZONE OF TURBIDITY”

SLUDGE

Samples Taken September, 2000

(after arecycl

400

Height Den. Na Chemistry (mg/L) 350 |—

(inch) (o/mL) (M) Al S Fe U

300 |—
250 144 106 21200 20.7 287 3.1

250 |—
120 146 105 21700 234 33 42
9 140 91 9500 194 199 60 200
70 140 94 19800 20.8 1225 231 150

Note U concentrations arefor unfiltered 100

samples

5 |+

0 /
~7O ~50n

e)

SUPERNATE

“ZONE OF TURBIDITY”

SLUDGE

Figure 4. Delineation of depth populationsin the SRS 3H Evaporator Feed Tank (Tank

32).
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The first depth population defined for Tank 32 samples (Table 1) consists of dip sample
analyses taken at various heights in the supernate (see Figure 4). Six analyses were
available spanning a time frame between February 2000 and February 2001. The two
most recent samples had been analyzed by the F-area laboratory and were biased high as
indicated in Section 4.3 (see also Table Il and Table I11). These datawere not used in
modeling. The data used for modeling, therefore, spans from February 2000 to
September 2000.

The second depth population consists of all Tank 32 variable depth samples taken from

70" above the tank bottom to 120" below the tank bottom. This range spans the height
30" above the feed pump and 20” below the feed pump. All of the VDS data in the 70-
120" depth interval was used in modeling. The data spans from February 2000 to
September 2000. The data includes two samples from February 2000 that had been taken
within a few hours of a Tank 30 to Tank 32 transfer and data from August/September

2000 that had been made before and after a Tank 30 to Tank 32 transfer. While several of
the February and September 2000 samples appear high in silica, removal of these 8
samples from this depth population would have left only three samples from
August/September 2000. During modeling the before and after recycle samples were
plotted as different symbols (and colors) to draw attention to their relative positions on

the activity diagrams.

The last depth population is defined between the surface of the sludge (48”) and <70”
above the tank bottom. There is only one VDS from this region, the sample taken at 54”
that was not modeled. This zone is hereafter referred to as the “zone of turbidity (ZOT)”
as shown irFigure 4 since the chemistry of the solutions in this region of the tank can be
affected by turbulence from the following sources:

* turbulent eddies of sludge that may be stirred up when recycle transfers are
injected below the sludge layer every 4-6 weeks

* influence from feed pump turbulence during transfers out of the tank and into
the evaporator

» potential for silica rich sol accumulation layer, a layer which will not settle

because silica sols are hydrophobic and the silica colloids repel each other
and remain suspended for long periods of time (see Figure 5).
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SOL o

GEL

PRECIPITATE

amorprous | 3P
L)

CRYSTALLINE * «*
PRECIPITATE | yuffy *

Figure 5. Pictorial diagram showing the differences between a sol, gel, and precipitate
(after references 41 and 42).
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Tablell. Transfer and Recycle Frequency and Si Analysisfor the SRS 3H Evaporator

T Dip samples, remaining are variable depth samples (VDS) as discussed in text
*Calculated from minimum detection limit

20

Feb Mar Apr May June July Aug Sept Oct Nov Dec Jan Feb Mar
2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2001 2001 2001
(New
3H
Pot)
Feed and Recycle Frequency to Tanks 32 (Feed Tank) and 30 (Drop Tank)
Trans 2/15 6/30 7/29 8/22 9/3 10/25 1/18 Ongoing
fers from from from from from from from
into T30 T30 T30 T30 T30 T30 T30
T32 (184,000 (230,000 | (607,000 | (526,000 | (695,000 | (993,000 (249,000
gallons) galons) | galons) | galons) | gdlons) | gdlons) gallons)
Trans 12/5
fers from
into T40
T30 (379,000
gallons)
Si Analyses (ppm) for Tank 32 (Feed Tank)
F-Area 53.4" 59°
SRTC 18.7F | 20.7°
16.9 234
19.3 194
15.5** 174 | 208
Si Analyses (ppm) for Tank 30 (Drop Tank)
F-Area 78.7F
SRTC | 15.5+* 12.4*
10.4* 9.4
23.5 9.7
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Tablelll. Available Tank 32 Analytic DataIncluding Si for SRS 3H Evaporator Feed Tank

Date Description/ Height| Al | C,04 Cl CO; F NO, |NO3;| OH | PO, SO, Fe K S U Na | Na | wt [Densc|Dens
Reference (inchs) | (M) | (M) (M) (M) M) (M) (M)|(M)Y| (M) (M) (M) (M) (M) (M) | Calc |Meas| salt, | alc | meas
M) (M) | gL | g/ml|gml
Dip Samples (Tank surface)
02/15/01 200138614 dip | 0.76 [2.90E-03| 1.10E-02| 3.00E-02[5.40E-03| 1.83 | 1.76 | 4.56 |7.30E-03| 1.11E-02 | 2.37E-04 | 5.00E-02 | 2.10E-03 | L56E-05| 8.99 556.22| 1.38 | 1.45
12/5/00 200125277 dip | 085 |2.85E-03| 1.25E-02| 1.00E-02|4.03E-03| 1.86 | 2.82 | 4.86 | 8.80E-03| 1.91E-02 | 2.37E-04 | 5.30E-02 | 1.90E-03 | 1.93E-05 | 10.45 . |e70.60| 1.44 | 1.43
09/4/00 |surface di D* 250 | 0.79 |2.90E-03| 1.18E-02| 2.00E-02 | 4.03E-03| 1.44 | 342 | 4.86 |8.05E-03 | 1.51E-02 | 1.43E-05 | 5.15E-02 | 7.37E-04 | 1.85E-05 [JMOIS8Y 10.57 |685.31| 1.44 | 138
08/21/00 |surface dip' 209 | 053 |2.85E-03|1.18E-02|2.00E-02 | 4.03E-03 | 0.84 | 1.39 | 445 | 8.05E-03| 1.51E-02 | 5.66E-04 | 5.15E-02 | 6.68E-04 | 1.85E-05 | | 726 [42394] 131 | 134
02/1/00 |TK32H-S1t dip | 0.56 |2.85E-03| 1.18E-02| 2.00E-02 | 4.03E-03| 1.05 | 1.62 | 3.37 |8.05E-03| 1.51E-02 | 1.81E-04 | 5.15E-02 | 2.85E-04 | 1.22E-05 [JIBIBBN| 6.66 |418.38| 128 | 1.28
02/1/00 |TK32H-S1t dip | 0.57 [2.85E-03| 1.18E-02| 2.00E-02 | 4.03E-03| 1.07 | 1.66 | 3.46 | 8.05E-03| 1.51E-02 | 1.86E-04 | 5.15E-02| 2.85E-04 | 1.18E-05 [BIBAN| 6.83 |429.22| 129 | 1.28
Variable Depth Sanples 70-120” From Tank Bottom In Vicinity of Feed Punm (89" From Bottom
09/4/00 [120™ 120 | 0.80 |2.85E-08 | 1.18E-02| 2.00E-02 | 4.03E-03 | 157 | 2.91 | 615 | 8.05E-03| 1.51E-02 | 5.91E-04 | 5.15E-02 | 8.33E-04 | 2.45E-05 [JOMON| 1048 | 663.85| 144 | 1.46
09/4/00 [90"" 90 0.35 | 2.85E-03 | 1.18E-02| 2.00E-02 | 4.03E-03 | 1.24 | 8.25 | 4.18 | 8.05E-03 | L51E-02 | 3.56E-04 | 5.15E-02| 6.91E-04 [ 9.71E-04| 9.08 | 9.07f [578.28| 138 | 140
09/4/00 [70"" 70 0.73 | 2.85E-03 | 1.18E-02 | 2.00E-02 | 4.03E-03 | 1.25 | 818 | 4.23 | 8.05E-03 | L51E-02 | 2.19E-03 | 5.15E-02 | 7.39E-04 | 283E-05| 9.41 | 9.40 [616.16] 139 | 1.40
08/21/00 |120"" 120 | 0.62 |2.85E-03| 1.18E-02| 2.00E-02 | 4.03E-03 | 095 | 1.74 | 621 | 8.05E-03 | 1.51E-02 | 5.00E-04 | 5.15E-02 | 6.00E-04 | 1.45E-05 [N8IS8N| 8.57 |502.10| 136 | 1.34
08/21/00 |90"! 90 0.63 | 2.85E-03| 1.18E-02 | 2.00E-02 | 4.03E-03 | 1.06 | 1.82 | 5.00 | 8.05E-03 | 1.51E-02| 3.19E-04 | 5.15E-02 | 6.87E-04 | 9.71E-04 [8B8N 857 |510.23| 1.36 | 1.33
08/21/00 |70t 70 0.62 | 2.85E-03| 1.18E-02 | 2.00E-02 | 4.03E-03 | 0.85 | 1.75 | 5.24 | 8.05E-03 | L51E-02 | 4.15E-04 | 5.15E-02 | 6.20E-04 | 1.54E-05 | | 861 |50466] 136 | 134
02/1/00 [TK32H-S1 89 0.56 | 2.85E-03| 1.18E-02 | 2.00E-02 | 4.03E-03| 0.92 | 2.00 | 3.69 | 8.05E-03 | 1.51E-02 | 2.51E-04 | 5.15E-02 | 9.83E-04 | 1.60E-05 |i| 7.22 45474 131 | 1.30
02/1/00 [TK32H-S1 89 0.52 | 2.85E-03| 1.18E-02 | 2.00E-02 | 4.03E-03| 0.86 | 1.88 | 3.47 | 8.05E-03 | 1.51E-02 | 3.31E-04 | 5.15E-02 | 9.04E-04 | 1.51E-05 |i| 6.79 [426.98| 129 | 1.27
Historic Samples
11/24/92 199674 | dip | 040 |6.25E-03|5.95E-03 | 5.00E-03| 1.00E-02| 1.10 | 3.05 | 1.95 | 3.00E-03 | 6.05E-02 | 3.58E-06 | 1.90E-02 | 214E-05| 1.07E-05| 6.64 | 530 [471.32| 1.28 | 1.29

* = after recycle of Tank 30 to 32; t = before recycle of Tank 30 to 32; ** = within afew hours after recycle of Tank 30 to Tank 32 at height of the feed pump
(89”). Notes: data indicated in green was recalculated to match the measured and calcltaiadeirations; data indicated in yellow was missing data that

was estimated from historic measurements; magenta valuesforoNaities are calculated based on adjustments to theN@, and NQ™ and are shown to
agree well with the measured Na concentrations; data indicated in gray are below detection limit (BDL) and Y2 the detdwmbdiem substitutefi=

calculated from measured density according to Equation 3.
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TablelV. Available Tank 30 Analytic Data Including Si for SRS 3H Evaporator Drop Tank

Date Description/ Height | Al Cl C.0, | COs F  [NO;[NO3z| OH | PO, | SO, Fe K S u Na | Na | wt [Densc|Dens
Reference (inchs) | (M) | (M) (M) (M) M) (M) (M)| (M)| (M) (M) (M) (M) (M) (M) | Calc |Meas| salt, | alc | meas
M) (M) | gL |g/ml|gml
Dip (Tank surface) and Variable Depth Supernate Samples
12/01/00[200125276 surface| 0.74 | 1.49E-02 [ 5.00E-03 | 2.85E-03 | 2.65E-03 | 2.09 | 3.03 | 4.44 | 9.10E-03 [ 1.59E-02 | 5.59E-04 | 6.10E-02 | 2.80E-03 | 3.11E-05 | 10.34 673.79] 1.43 | 1.47
12/01/00|10f 3 240 | 0.80 | 1.49E-02|5.00E-03 | 2.85E-03 | 2.65E-03 | 1.33 | 2.83 | 4.99 | 9.10E-03 | 1.59E-02 | 4.87E-03 | 6.10E-02 | 3.44E-04 | 6.60E-05| 9.98 63357 | 1.42 | 144
nonroutine
12/01/00|2 of 3 200 | 0.79 | 1.49E-02|5.00E-03 | 2.85E-03 | 2.65E-03 | 1.35 | 2.85 | 4.96 | 9.10E-03 | 1.59E-02 | 3.68E-04 | 6.10E-02 | 3.35E-04 | 4.30E-05| 9.99 634.27| 142 | 114
nonroutine
12/01/00|3 of 3 170 | 0.79 | 1.49E-02 | 5.00E-03 | 2.85E-03 | 2.65E-03 | 1.40 | 2.80 | 5.05 | 9.10E-03 | 1.59E-02 | 5.59E-04 | 6.10E-02 | 4.41E-04 | 2.00E-05 | 10.07 636.73| 1.42 | 1.08
nonrouting
(surface)
08/21/00| Tk30H-S2 179 | 0.79 |1.49E-02 | 5.00E-03 | 2.85E-03 | 2.65E-03 | 1.39 | 2.95 | 5.17 [ 9.10E-03 | 1.59E-02 | 3.65E-04 | 6.10E-02 | 8.35E-04 | 4.37E-05 ‘-‘ 10.35 | 653.84| 1.43 | 1.41
08/21/00|Tk30H-S1 348 | 0.79 | 1.49E-02 | 5.00E-03 | 2.85E-03 | 2.65E-03 | 1.66 | 2.79 | 4.54 |9.10E-03 | 1.59E-02 | 5.55E-04 | 6.10E-02 | 3.69E-04 1.77E—05‘ 9.83 [63315| 1.41 | 1.40
02/01/00| Tk30H-V DS |unknown| 0.64 | 1.49E-02 | 5.00E-03 | 2.85E-03 | 2.65E-03| 1.31 | 2.78 | 4.87 |9.10E-03 | 1.59E-02 | 8.67E-04 | 6.10E-02 | 6.41E-04 | 2.23E-05 ‘-‘ 9.66 |604.27| 1.40 | 134
Salt Samples
8/21/00\VDSSaIt ‘ 8 ‘0.80‘ 0.01 ‘ ‘ 0.02 ‘ 0.01 ‘1.99 ‘ 423 ‘ 7.46‘ 0.01 ‘ 0.02 ‘4.84E-03‘ 0.06 ‘1.43E-03‘6.60E-05‘ 14.53 ‘ 14.53 ‘897.71‘ 1.60 ‘ 1.68
Historic Samples
11/24/92‘ 199672 ‘ dip ‘ 0.42 ‘1.23E—02‘4.20E-Ol‘7.50E-03‘1.00E—02‘ 0.92 ‘ 2.59 ‘ 3.77 ‘S.SOE-OS‘5.80E—02‘3.58E-06‘3.90E—02‘2.60E—03‘1.73E—05‘ 8.67 ‘ ‘539.86‘ 1.36 ‘ .1.36

Notes: dataindicated in cyan was not used in modeling (see text); data indicated in green was recal culated to match the measured and cal culated Na*
concentrations; data indicated in yellow was missing data that had to be estimated from historic measurements; magenta values for Na” molarities are cal cul ated
based on adjustments to the OH", NO3', and NO, and are shown to agree well with the measured Na concentrations; data indicated in gray are below detection

limit (BDL) and Y2 the detection limit has been substituted
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TableV. Tank 32 Modeling Datafor SRS 3H Evaporator Feed Tank

Date Description/ Height | Al Cl COs F NO, | NOs; | OH PO, | SO4 Fe K S u Na | NOy+
Reference (inchs)| (m) | (m) | (m) | (m) | (m) | (m) | (m) | (m) [ (m) | (m) | (m | (m) | (m) | Calc | NO;
(m | (m)
Dip Samples (Tank surface)
2/15/01 | 2000138614 | dip |[9.26E-01]1.34E-02]4.36E-02 | 6.58E-03 | 2.23E+00|2.14E+00|5.55E+00| 8.89E-03 | 1.35E-02 | 2.88E-04 | 6.09E-02 | 2.56E-03 | 1.90E-05 | 1.10E+01[4.37E+00
12/5/00 | 200125277 dip [111E+00| 1.63E-02 [ 2.05E-02 | 5.26E-03 | 2.43E+00|3.69E+00|6.35E+00 | 1.15E-02 | 2.49E-02 | 3.09E-04 | 6.92E-02 | 2.48E-03 | 2.50E-05 | 1.36E+01[6.12E+00
09/4/00 | surface di p* 250 |1.04E+00| 1.55E-02 | 3.41E-02 | 5.32E-03 | 1.91E+00| 4.53E+00| 6.43E+00| 1.06E-02 | 2.00E-02 | 1.90E-05 | 6.81E-02 | 9.75E-04 | 2.40E-05 | 1.40E+01 | 6.43E+00
08/21/00 | surface dipt 209 |5.96E-01]1.33E-02 | 2.91E-02 | 4.56E-03 | 9.45E-01 | 1.58E+00(5.04E+00| 9.11E-03 | 1.71E-02 | 6.40E-04 | 5.83E-02 | 7.55E-04 | 2.10E-05 |8.23E+00] 2.52E+00
02/1/00 | TK32H-S1° dip [6.47E-01|1.36E-02 | 2.97E-02 | 4.66E-03 | 1.21E+00| 1.87E+00|3.90E+00| 9.31E-03 | 1.75E-02 | 2.09E-04 | 5.96E-02 | 3.29E-04 | 1.40E-05 | 7.71E+00| 3.08E+00
02/1/00 | TK32H-S1° dip [6.67E-01 | 1.37E-02 | 2.99E-02 | 4.68E-03 | 1.25E+00| 1.93E+00(4.02E+00| 9.35E-03 | 1.75E-02 | 2.16E-04 | 5.98E-02 | 3.31E-04 | 1.40E-05 | 7.94E+003.18E+00
Variable Depth Samples 70-120” From Tank Bottom In Vicinity of Feed Pump (89" From Bottom)
09/4/00 120" 120 |1.04E+00[ 1.52E-02 | 3.32E-02 | 5.20E-03 | 2.02E+00| 3.76E+00| 6.65E+00| 1.04E-02 | 1.95E-02 | 7.63E-04 | 6.65E-02 | 1.08E-03 | 3.20E-05 [ 1.36E+01[5.78E+00
09/4/00 90" 00 |4.39E-011.46E-02 | 3.20E-02 | 5.02E-03 | 1.54E+00|4.05E+00|5.21E+00| 1.00E-02 | 1.88E-02 | 4.44E-04 | 6.42E-02 | 8.61E-04 | 1.21E-03 | 1.13E+01 | 5.59E+00
09/4/00 70" 70 |9.43E-01|1.51E-02 | 3.30E-02 | 5.17E-03 | 1.61E+00| 4.02E+00| 5.43E+00| 1.03E-02 | 1.94E-02 | 2.82E-03 | 6.62E-02 | 9.50E-04 | 3.60E-05 | 1.21E+01 | 5.63E+00
08/21/00 120" 120 |7.21E-01|1.37E-02 | 2.99E-02 | 4.69E-03 | 1.10E+00| 2.02E+00(6.07E+00| 9.38E-03 | 1.76E-02 | 5.82E-04 | 6.00E-02 | 6.99E-04 | 1.70E-05 [9.99E+00|3.13E+00
08/21/00 90" 00 |7.41E-01|1.38E-02 | 3.02E-02 | 4.73E-03 | 1.25E+00| 2.14E+00| 5.88E+00| 9.47E-03 | 1.78E-02 | 3.75E-04 | 6.06E-02 | 8.08E-04 | 1.14E-03 | 1.01E+01 | 3.39E+00
08/21/00 70" 70 |7.26E-01[1.37E-02 | 3.00E-02 | 4.69E-03 | 1.11E+00|2.04E+00|6.11E+00| 9.39E-03 | 1.76E-02 | 4.84E-04 | 6.01E-02 | 7.22E-04 | 1.80E-05 | 1.01E+01 | 3.15E+00
02/1/00 | TK32H-S17 80 |6.62E-01 | 1.38E-02 | 3.02E-02 | 4.73E-03 | 1.08E+00| 2.35E+00| 4.33E+00| 9.46E-03 | 1.77E-02 | 2.95E-04 | 6.05E-02 | 1.16E-03 | 1.90E-05 | 8.49E+00 | 3.42E+00
02/1/00 | TK32H-S17 80 | 6.02E-01 1.36E-02 | 2.98E-02 | 4.67E-03 | 1.00E+00|2.18E+00|4.03E+00| 9.35E-03 | 1.75E-02 | 3.85E-04 | 5.98E-02 | 1.05E-03 | 1.80E-05 | 7.89E+00| 3.18E+00
Historic Samples
11/24/92 | 199674 | dip [493E-01]7.34E-03|2.16E-02 | 1.23E-02 | 1.35E+00|3.76E+00| 2.40E+00] 3.70E-03 | 7.46E-02 | 4.00E-06 | 2.34E-02 | 2.60E-05 | 1.30E-05 | 8.19E+00|5.11E+00

* after recycle of Tank 30to 32

t before recycle of Tank 30 to 32
** within a few hours after recycle of Tank 30 to Tank 32 at depth of the feed pump (89")
m = molal (mole/Kg HO)
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Table VI. Tank 30 Modeling Datafor SRS 3H Evaporator Drop Tank
Date Description/ Height | Al Cl COs F NO, NO, OH PO, SO, Fe K Si U Na NO,+
Reference (inchg)| (m) | (m) | (m) | (m) | (m) [ (m) [ (M) [ (M) | (m) | (m) | (m | (m | (m) | Calc | NOs
(m | (m)
Recent Samples
12/1/00 200125276 dip 9.76E-01 | 1.97E-02 | 1.41E-02 | 3.50E-03 | 2.76E+00|4.00E+00|5.86E+00 | 1.20E-02 | 2.10E-02 | 7.37E-04 | 8.05E-02 | 3.70E-03 | 4.10E-05 | 1.36E+01|6.76E+00
12/01/00 10f 3 240 |[1.03E+00( 1.90E-02 | 1.37E-02 | 3.38E-03 | 1.70E+00| 3.61E+00| 6.36E+00| 1.16E-02 | 2.03E-02 | 6.22E-03 | 7.78E-02 | 4.38E-04 | 8.40E-05 |1.27E+01 |5.30E+00
nonroutine
12/01/00 2 Of 3 200 [1.01E+00( 1.90E-02 | 1.37E-02 | 3.38E-03 | 1.73E+00| 3.64E+00|6.33E+00| 1.16E-02 | 2.03E-02 | 4.69E-04 | 7.79E-02 | 4.27E-04 | 5.50E-05 |1.28E+01|5.37E+00
nonroutine
12/01/00 3 Of 3 170 |1.01E+00| 1.90E-02 | 1.36E-02 | 3.38E-03 | 1.79E+00| 3.57E+00| 6.43E+00| 1.16E-02 | 2.03E-02 | 7.12E-04 | 7.78E-02 | 5.63E-04 | 2.50E-05 | 1.28E+01|5.36E+00
nonroutine
(surface)
08/21/00 Tk3OH-SZ 179 |1.02E+00| 1.92E-02 | 1.38E-02 | 3.41E-03 | 1.79E+00| 3.79E+00| 6.64E+00| 1.17E-02 | 2.04E-02 | 4.70E-04 | 7.84E-02 | 1.07E-03 | 5.60E-05 | 1.33E+01 | 5.58E+00
08/21/00 Tk3OH_S]_ 348 |[1.02E+00( 1.92E-02 | 1.38E-02 | 3.41E-03 | 2.14E+00| 3.59E+00 | 5.84E+00| 1.17E-02 | 2.05E-02 | 7.14E-04 | 7.85E-02 | 4.74E-04 | 2.30E-05 |1.26E+01|5.73E+00
02/01/00 Tk3OH-VDS unknown | 8.02E-01 | 1.86E-02 | 1.34E-02 | 3.32E-03 | 1.64E+00| 3.48E+00|6.09E+00| 1.14E-02 | 1.99E-02 | 1.08E-03 | 7.63E-02 | 8.02E-04 | 2.80E-05 | 1.21E+01|5.12E+00
Historic Samples
11/24/92| 199672 dip |5.1OE-01 1.49E-02 | 5.28E-01 | 1.21E-02 | 1.11E+00| 3.14E+00{4.57E+00| 6.67E-03 | 7.04E-02 | 4.00E-06 | 4.73E-02 | 3.16E-03 | 2.10E-05 | 1.05E+01 [4.25E+00

m = mola (mole/Kg H,0)
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No modeling was performed on samples that were analyzed from the “Zone of Turbidity”
so that the data interpretation would not be confounded with analytic sampling from
regions not accessible to the Tank 32 feed pump. For example, Wilmarth extensively
characterized two variable depth samples (VDS) taken from Tank 32 in Februar¥ 2000.
The height at which the two VDS samples were taken is unknown. The analyses in
Wilmarth'’s report shows that these samples were enriched in Fe and Mn suggesting that
they were taken close to the surface of the sludge. In addition, the VDS samples taken in
August 2000 at a height of 54” from the bottom of the tank, only 6 inches above the
sludge layer, was highly enriched in Fe (see Tablé’IThis sample was also highly

enriched in silica. The data from this sample was not used in modeling.

4.4.2 Tank 30H (Drop Tank)

There is a salt layer in Tank 30 at a depth of ~8”. One incomplete analysis by Wilmarth
of this sample was not used in the modeling. The remainder of the supernate was
considered to be one chemical population. One sample analyzed in December 2000 by
the F-area laboratory was not used in modeling due to analytic bias as discussed in
Section 4.3 and shown ireble V. The remaining data ihable IV are from the SRTC
laboratory and span the period from February 2000 to December 2000.

5.0 MODELING APPROACH

The molar tank compositions given in Table Illand Table IV were converted into molal
units which are the units of preference in the GWB software. The conversion formula
takes the form’

SVR T il ¥
[I ]m B p- Zpsolutes
[4]

where [i”‘]M and [i*"]m are the molar and molal concentrations of ionic species i,

respectivelyp is the solution density in kg/L, axgp_ . is the sum of the partial

densities of the dissolved solids. The solution density is calculated using Equation 2. For
each ionic species, the partial dissolved solids density is the product of its molarity and its
ionic weight in g/mole. lonic Weights for the most prevalent species in basic solutions are
used. These are Al(OH)CI, CO;*, F, NO,, NOs, OH, PQ*, SQ7, Fe(OH), K*,

H,Si0s%, (UO,)s(OH);, and N&. Table V and Table VI reflect the input data in

molalities used for modeling.

Thereislimited solubility data for amorphous SiO, and Al(OH), in very basic high ionic

strength solutions such as those in the SRS 3H Evaporator. Thisis discussed in more
detail in Part 1. Comparison with available SiO, solubility datain the literature showed
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that the solubility data used in GWB appeared to adequately represent amorphous SiO,
equilibriain basic pH. GWB has the mononuclear silicate speciesH,SiO, called SIO,(aqg),
H,SIO, and H,SiO,” of which theH,SiO,” speciesis the most prevalent at pH values
>13.* GWB also contains the two most abundant®* polynuclear silicate species, the
tetrameric H,(H,Si0,)," and H(H,SiO,),” of which the tetrameric H,(H,Si0,),” is the most
prevalent species at pH values>13.* Polynuclear Si(1V) species are only significant at
pH>10 and atotal dissolved Si concentrations larger than 10°M.* In addition, the
significance of the polynuclear Si(1V) species tends to decrease with increasing
temperature.® Since the SRS 3H Evaporator Si concentrations are in the 10M
concentration range (Table 111 and Table IV) and the polynuclear Si(IV) species are of
minimal importance at the elevated evaporator operating temperatures, the absence of the
remaining polynuclear Si(1V) species in the GWB database is not considered to
significantly impact the modeling.

Examination of the gibbsite solubility datain GWB with that in the literature indicated

that Russell’§ solubility data at a sodium molality of 8.5 would be more appropriate for
modeling at the high ionic strength of the SRS Evaporators. The Russel solubility data
for gibbsite (alpha aluminum trihydrate) and diaspore (alpha aluminum monohydrate)
was added to GWB database and designated as “gibbsite-M” and “diaspore-M” to
distinguish these modified aluminum hydroxides from the gibbsite and diaspore solubility
already in GWB. The Russel gibbsite-M and diaspore-M were used for modeling the
SRS 3H Evaporator solutions. The data for the solubility of Naai@ AlQ* of

Reynolds and Hertiriywere also added to GWB for completen&tailed descriptions

of the manner in which the data were added to the GWB database appear in Part |.°

The data of EjdZfor the solubility of the NAS gel and Zeolite-A was added to the GWB
database as was the data of Gast&ifggran amorphous precipitate containing Zeolite-A
and nitrited sodalite, hereafter referred to as “mixed zeoljez measured solubilities

by dissolving Zeolite-A and NAS gel precipitatein 3.02, 3.32, 3.89, and 4.39 molar

NaOH solutions. Temperatures for the Ejaz measurements were 30°C, 50°C, 65°C, and

80°C. At the highest temperature and concentration, the NAS solubilities decreased
significantly. Ejaz attributed this decrease to crystallization of zeolites from solution.

Ejaz’'s data for the NAS gel and Zeolite-A were extrapolated to a sodium molarity of 8.5
appropriate to the SRS evaporator solutions. This extrapolation is discussed in greater
detail in Part P

Gasteiger measured mixed zeolite solubilities by observing rates of precipitation from
“green liquor” solutions that were supersaturated with aluminates and silicates. (“Green
liquor” is a term from the pulp and paper industry that describes solutions that dissolve
wood pulp). Green liquor is a basic solution that contains sodium carbonates, sodium
sulfides, and a small amount of sodium sulfates.) The Gasteiger measurements were
restricted to one temperature,”@5 so it was not possible to determine an activation
energy for the variation of solubility with temperature. In the absence of this information,
the measured mixed zeolite solubility at 95°C was combined with the activation energy
for the NAS gel. A comparison of activity diagrams for NAS gel and Gasteiger’s mixed
zeolite justifies the substitution of the NAS gel activation energy. This comparison
showed that the NAS gel and the mixed zeolites had nearly identical aluminate and
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silicate solubilitiesat 95°C. This suggests that the mixed zeolites in Gasteiger’s tests
formed from an NAS gel precursor, which controlled the measured solubilities.

The mixed zeolite data was extrapolated to a sodium molarity of 8.5 appropriate to the
SRS evaporator solutions. The extrapolation is discussed in greater detail ih Part |.

Similarly, Park and Englezos® measured the solubility of hydroxysodalite by observing

rates of recipitation from “green liquor” and “white liquor” solutions that were
supersaturated with aluminates and silicates. (“White liquor” is another term from the
pulp and paper industry that describes solutions that dissolve wood pulp). Park and
Englezos specifically studied the effects of [DECO,”], [SO,*] and NaS on the
precipitation of aluminosilicates in highly alkaline solutions. Their solubility
measurements were ranged from 2.0 to 3.0 molal Nd@é&ihydroxysodalite data was
extrapolated to a sodium molarity of 8.5 appropriate to the SRS evaporator solutions.

The extrapolation is discussed in greater detail in Part I3

The appearance/precipitation of the NAS gel is the kinetically most rapid step in the
sequential formation dYAS gel - Zeolite-A - sodalite cancrinite. The NAS gel isthe

least dense and most soluble phase. The density and stoichiometry of the different

phases causes them to have different relative solubilities and different boundary positions

on an activity diagram (Figure §. Since the operating strategy for the SRS evaporatorsis

to avoid any potential to form nitrated sodalite/cancrinite or any of the precursor phases,
modeling of the NAS phase boundary in the activity diagrams is logical, e.g. the
sodalite/cancrinite cannot form unless the precursor gel forms (see discussion in Section
2.3). Modeling the evaporator chemistry in terms of supersaturation with respect to the
NAS gel phase is also appropriate because the individual phase transformations from
NAS gel — Zeolite-A - sodalite cancrinite are not reversible.
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Figure 6. Relative Stability Boundaries of NAS gel, “mixed zeolite,” Zeolite-A and
hydroxysodalite.

The first step in preparing activity diagrams is to enter the average molal concentration of
the ionic species for each set of measured tank chemistries in a given depth population
into the GWB REACT subroutine. Equilibrium with air is specified by specifying the
oxygen fugacity of air as input. This allows the oxidation states of iron, uranium, nitrate,
etc to be speciated for solutions in equilibrium with air in the calculations. REACT
outputs the pertinent activities of all ionic species. To account for mineral equilibrium
under supersaturated conditions, no minerals are allowed to precipitate during the
REACT calculation. The activities calculated in REACT from the solution
concentrations are then used in the ACT2 subroutine to calculate the activity diagrams.
This ensures that individual data points from each population are plotted on the activity
diagram calculated from their pooled average chemistry. The approach is discussed in
detail in Part .
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6.0 ACTIVITY DIAGRAMS FOR THE SRS 3H EVAPORATOR

Activity diagrams were generated at 25°C, which represents the temperature at which the
tank solutions were analyzed. In order to evaluate the solution equilibria at the elevated
temperature (40°C) of the feed and drop tanks, the solution temperature was
incrementally increased, using the polythermal reaction option in GWB. Separate
calculations were performed to generate activity diagrams at the estimated evaporator
temperature of 140°C. These calculations simulated evaporation by a stepwise removal
of 40% of the water from the solution. This amount of evaporation changes the solution
density from about 1.4 g/érto about 1.6 g/cfthe latter number being the operational
target density for the 3H Evaporator.

6.1 Activity Diagrams at the Solution Measurement Temperature

Activity diagrams were generated at 25°C which represents the equilibrium at the
temperature at which the tank solutions were analyzed. At ambient temperature the NAS
gel phase and gibbsite, Al(Okland NaAlQ+1.25 HO are the stable solid phases. Note
that AlI(OH) is not found to precipitate in the evaporator as the evaporator residence
times are too short compared to the kinetic formation time of gibbsite. However, the
NAS gel is in equilibrium with Al(OHin solution and/or amorphous Al(OH)he

NaAlOz 1.25 HO phase is found in the SRS salt deposits, otherwise, the Ne&ApaArt

of the dissolved solids in the tank solutions. At the elevated temperatures in the
evaporator, denser aluminate phases such as diaspore (AIOOH) are stable rather than
gibbsite and a mixed zeolite phase (partially crystallized with respect to
sodalite/cancrinite) will likely be more stable than the NAS gel. The kinetics of diaspore
formation in the evaporator are also kinetically slow and it is precluded from precipitating
during the short evaporator residence times.

The silica data from Wilmarth’s various studfe€ * was used preferentially to the F-

Area silica data in the modeling of the SRS 3H Evapor&igure 7 demonstrates how

the usage of biased silicon analyses can impact evaporator modeling, e.g. the data from F-
Area laboratory would indicate that the SRS 2H Evaporator samples are closer to the

NAS boundary than the SRTC data although both sets of data indicate that the solutions
are in steady state equilibrium with Al(OHYhe data plotted iRigure 7 is the surface

dip sample population in the Tank 32 feed tank. The F-area laboratory data is in the 53-59
ppm Si range (Table Il) while the SRTC data is in the 20 ppm Si range (Table II). The
source of this bias is discussed in Section 4.3.

The solubility data of Russé&lifor AI(OH); was used in the modeling of the SRS 3H
Evaporatorather than the Al(OH)data in GWB. The position of the stability field
boundary between gibbsite and NAS changes very little when the solubility data in GWB
is used (see dashed linesFigure 8a) instead of the Russ&ldata which was obtained

from solutions at 8.5 molal Na at 25°C. However, at 140°C, the position of the stability
field boundary between AIOOH (diaspore) and NAS changes by about an order of
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magnitude when the solubility datain GWB is used (see dashed linesin Figure 8b)
instead of the Russell*’ data at 8.5 molal Na.

Activity diagrams were generated using Wilmarth's data for Tank 32 dip and variable
depth samples before and after recycle from Tank 30. Figure 9 shows the Tank 32 dip

samples before (black circles) and after (green stars) recycle. There is not much

difference in the analytic results before and after recycle and the solutions are in steady

state equilibrium with gibbsite at ambient conditions. The equations governing the
equilibrium between the phases shown in Figure 9 and the remaining figures are:

between gibbsite and NaAIO,

Al(OH)

Gibbsite(w) + 4 +2Na’ = 2NaAlO,(c)+3H,0 [4]

+

between gibbsite and UO,(H,PO,),

I(OH);

6UO,(H,PO,), +19 A ~ 19Gibbsite(w) +5H,0 + 2(UO, ),(OH); +12POZ" [5]

+

between gibbsite and NAS is

6Gibbsite(w) +13H,0 + 6@ +14S0, (aq) +12Na’ — NAS (6]

between NaAlO, and NASis

12NaAlO, () +31H,0 +14Si0, (ag) ~ NAS [7]

between UO,(H,PO,),and NAS s

Al(OH)

36U0, (H,PO, ), +217H,0 + 228 4 + 266510, (ag) + 228Na’ -

+

(8]
19NAS+12(U0, ),(OH); +72PO%
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Figure 10 shows the variable depth sample compositions before (black circles) and after
(green stars) recycle from Tank 30. An additional set of variable depth samples (VDS)
taken in February 2000 is shown by the orange triangles. The February 2000 samples
were taken within two hours of the transfer from Tank 30 to the feed tank (Tank 32).
Thisfigure indicates that the samples taken within two hours of the transfer appear
dightly elevated in silica concentration compared to the other VDS samples but not to the
point that it drives the solution equilibrium into the stability field of the NAS gel. All of
the samples are saturated with respect to gibbsite.
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Figure7. Activity diagram for Tank 32 dip samples at 257®e black circles are
solution data generated by SRTC. The red diamonds indicate the comparable
position of datafrom the F-area laboratory which is shown to be biased high
insilica. The Si concentrations from F-area laboratory are in the range of 53-
59 ppm Si range (Table I1) while the SRTC dataisin the 20 ppm Si range
(Tablell).
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Figure 8. Activity diagrams for Tank 32 dip samples at 25°C and 140°i@ dashed
lines show how the stability diagrams change when the A{@hktj AIOOH
solubility in GWB is substituted for the 8.5M Rus8etlata for these species.
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Figure9 Activity diagram for Tank 32 dip samples at 25°C before and after recycle

from Tank 30. The black circles are solution data before recycle and the green

star is the solution data after recycle.

33



WSRC-TR-2001-00155, Rev. 1

NaAIO,(c)

14tk -

i Gibbsite-M NAS ]

log a AI(OH) /H
B

nk UQ,(H,PO,), .
25°C
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
‘0 95 9 8 8 75 7 65 6
log aSi O2 ()

Figure 10. Activity diagram for Tank 32 variable depth samples at 25°C before and after
recycle from Tank 30. The black circles are solution data before recycle. The
green stars are the solution data after recycle from Tank 30. The orange
triangles are the samples from February 2000 that were taken at the height of
the feed pump only afew hours after recycle from Tank 30 to Tank 32.

For completeness, the activity diagram for Tank 30 at 2bFf@tife 11) was generated.

Figure 11 indicates that the solutions in Tank 30 are not in the stability field of the NAS
gel but are saturated with respect to gibbsite. The average composition of the solutions
from Tank 30 (fronirable 1) that were used to generate the activity diagram boundaries.
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Figure 11. Activity diagram for Tank 30 samples (all depths) at 25°C. The black circles
are solution data from August 2000 and December 2000 including data taken
after a transfer was made from Tank 40. The green stars are the solution data
taken in February 2000 before Tank 30 was recycled to Tank 32.
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6.2 Activity Diagrams at the Tank Temperature

Activity diagrams were generated at the nominal temperature (40°C) of the SRS 3H
evaporator feed and drop tanks using the polythermal reaction option in GWB. The
activity diagram shown in Figure 12 aRdjure 13 indicate the dip and variable depth
samples from Tank 32 (the feed tank) are in the stability field of gibbsite at the nominal
tank temperatured-igure 13 indicates that the samples taken within a few hours of the
transfer from Tank 30 (the orange triangles) appear elevated in silica concentration but
not to the point that it drives the solution equilibrium out of the gibbsite stability field and
into the stability field of the NAS gel. Likewigégure 14 indicates that the samples from
various depths in Tank 30 (the drop tank) are in steady state equilibrium with gibbsite.
Hence, neither the NAS gel, Zeolite-A, nor nitrated cancrinite/sodalite are anticipated to
form in the SRS 3H Evaporator feed and drop tanks. Historic data for the feed tank (Tank
32) and the drop tank (Tank 30) from 1992 are shown for comparison in Figure 12 and
Figure 14.
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Figure 12. Activity diagram for dip sample (surface sample) compositions in Tank 32
(feed tank) at 40°C. Black circles represent the solution analyses before
recycle from Tank 30 and the green star represents the solution analysis after
recycle from Tank 30. The red triangle represents historic data from 1992.
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Figure 13. Activity diagram for variable depth sample compositionsin Tank 32 (feed
tank) at 40°C. The black circles are solution data before recycle from Tank 30.
The green stars are the solution data after recycle from Tank 30. The orange
triangles are the samples from February 2000 that were taken at the height of
the feed pump only a few hours after recycle from Tank 30 to Tank 32.
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Figure 14. Activity diagram for Tank 30 samples (all depths) at 40°C. The black circles
are solution data from August 2000 and December 2000 including data taken
after atransfer was made from Tank 40. The green stars are the solution data
taken in February 2000 before Tank 30 was recycled to Tank 32. The red
triangleis historic data from 1992.

6.3 Activity Diagrams at the Evaporator Temperature

Activity diagrams were generated at the elevated temperature (140°C) of the SRS 3H
evaporator using the polythermal reaction option in GWB. In this section the effects of
elevated temperature on the relative phase stability fields are examined for solutions at a
specific gravity of ~1.45 g/cc, the nominal specific gravity achieved to date in the 3H
Evaporator. The effects of an additional evaporation of 40% that would yield evaporator
solutions of ~1.6 specific gravity are considered in Section 6.4.

At the elevated temperature of 140°C, the gibbsite phase, A(®H) longer stable.
The mineral diaspore (AIOOH) is the stable alumina phase at 140°C. The higher iron
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concentrations in Table 111 for Tank 32 cause afield of precipitated (ppd) Fe(OH)sto
appear. The additional equilibria between diaspore, NAS, NaAlO,, UO,(H,PO,4), and
Fe(OH); are:

between Fe(OH); and diaspore

2Fe(OH), (ppd) +@ - 2Fe(OH); + Diaspore [9]

between Fe(OH)3; and NAS

Al(OH)

12Fe(OH), (ppd) +19H,0 +12 4 +14Si0,(ag) +12Na*  NAS+12Fe(OH); [10]

+

between diaspore and NAS

6Diaspore+19H20+6£1_|)4+14Si02(aq)+12Na+ = NAS [11]
between diaspore and NaAlO,
. Al(OH), .
Dlaspore+T+2Na = 2NaAlO,(c)+2H,0 [12]

and between diaspore and uranyl phosphate (aqueous)

Al(OH);

+

6UO,(H,PO, ), +19 - 19Diaspore+ 24H,0+2(U0, ),(OH); +12PO; [13]

Neither crystalline Al(OH)3; nor Fe(OH)3 are predicted to actually form in the evaporator
because the evaporator residence times are too short and the kinetics of formation of these
speciesis on the order of weeks. Indeed, the formation of amorphous Fe(OH)s is
metastable.® However, the higher iron and silica concentrations are well correlated with
the time at which the VDS samples were taken relative to arecycle from Tank 30 to Tank
32, i.e. within hours of the recycle (February 2000) and during the tank recycle
(September 2000). Thisindicates that the frequent recycles from Tank 30 to Tank 32 are
mixing the feed tank contents and potentially sending more insoluble and/or colloidal
silicaand iron to the 3H Evaporator than necessary.

Ejaz.? has suggested that the NAS phase may not be the stable phase at elevated

temperature due to the rapid kinetics of the NAS transformation into Zeolite-A and other
phases. This hypothesis was put forward by Ejaz although he did not have data to

39



WSRC-TR-2001-00155, Rev. 1

substantiate his position. A mixture of Zeolite-A and hydroxysodalite, such as that

observed by Gasteiger et. d.'” at 95°C in evaporators in the paper and pulp industry, is
more likely at 140°C. Therefore, the activity diagrams showing the equilibrium with

NAS gel will be presented pairwise with the activity diagrams showing the equilibrium
with the Gasteiger mixed zeolite. It should be noted that the solubility data 6t f6jaz

the NAS gel and the solubility data of Gasteigare very similar and confirmatory of

each other. However, each of these diagrams is based on solubility extrapolations as
discussed in Section 5.0, i.e. the solubility of the NAS gel has been extrapolated from the
lower temperature measurements of EfaEor the mixed zeolite phase of Gastelder,
solubility was available for only one temperature, 95°C, and the temperature dependence
of the solubility of the mixed zeolite was estimated using the activation energy of the
NAS gel.

The activity diagrams for the SRS 3H Evaporator solutions at 140°C for the dip (surface)
sample populations in the feed tank (Tank 32) are showigume 15a andrigure 15b.

Figure 15a shows that the solutions are saturated with respect to Fsf@dHyvill not
precipitate NAS. Likewisekigure 15b demonstrates that the solutions saturated with
respect to Fe(OH)and not the mixed zeolite phase. Since the Fe{PhBse is

metastablé’ this phase was suppressedFigure 15c, Figure 15d, and subsequent

figures. Figure 15c demonstrates that the SRS 3H Evaporator solutions at 140°C for the
dip (surface) sample populations in the feed tank are saturated with respect to diaspore
and not NAS gel. This does not mean that diaspore is precipitating since the kinetics of
diaspore formation is on the order of weekggure 15d indicates that the SRS 3H
Evaporator solutions at 140°C are also not in the stability field of mixed zeolite.

The activity diagrams for the SRS 3H Evaporator solutions at 140°C for the variable
depth sample (VDS) populations in the feed tank (Tank 32) are shown in Figure 16a and
Figure 16b. Both these figures show that the solutions are saturated with respect to
diaspore and will not precipitate NAS or mixed zeolite in the evaporator.

The activity diagrams for the SRS 3H Evaporator solutions at 140°C for all the depth
samples in the drop tank (Tank 30) are showFigare 17a andrigure 17b. All of the

samples are saturated with respect to diaspore and neither NAS gel nor mixed zeolite will
form.

6.4 Activity Diagrams at the Evaporator Temperature With
Simulated Evaporation

The activity diagrams for the SRS 3H Evaporator solutions at 140°C with a simulated
40% evaporation are shown in Figure 18 and Figure 19. The simulated 40% evaporation
would take the specific gravity of the solution from 1.4 to 1.6 ghetrich is the nominal
operating target for the evaporators. The historic data through February 2000 indicates
that the evaporators have not concentrated above about 1.45 g/cc (sdi dadblEable

V).
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Activity diagrams for the dip (surface) sample populationsin the feed tank (Tank 32) are
shown in Figure 18a and Figure 18b. These figures show that the dip solutions remain in
steady state equilibrium with diaspore even after 40% simulated evaporation. The activity
diagrams for the SRS 3H Evaporator solutions at 140°C for the variable depth sample
(VDS) populations in the feed tank (Tank 32) are shown for comparison in Figure 19a
and Figure 19b. Figure 19 shows that the solutions remain in the stability field of
diaspore after a simulated 40% evaporation.

7.0 POTENTIAL FOR DEPOSITION IN THE SRS 3H EVAPORATOR

Modeling the SRS 3H Evaporator solutions at 140°C with and without simulated
evaporation demonstrated that the solutions were at steady state equilibrium with
diaspore and/or Fe(Okland not with NAS, the precursor to nitrated sodalite/cancrinite
precipitation. Even an additional 40% evaporation did not cause the evaporator solutions
to be supersaturated with respect to mixed zeolite (Figure 18b and Figure 19b).

The GWB subroutine REACT which is used to calculate the solution activities plotted on
the activity diagrams can also calculate the degree of supersaturation of a solution with
respect to all the phases of interest and/or the number of kilograms of solid that would
precipitate per kilogram of solution. The degree of supersaturation is expressed as a ratio
designated as Q/K where Q is the reaction quotient (calculated equilibrium constant) of
the evaporator solution being modeled and K is the theoretical equilibrium constant at
saturation. Table VIl lists the log Q/K values from the REACT calculations. A negative
number in Table VII indicates that a solution is undersaturated with respect to the
aluminosilicate NAS gel and/or mixed zeolite. A positive number indicates
supersaturation with respect to the aluminosilicate NAS gel and/or mixed zeolite
formation.

The results in Table VII agree with the data in Figure 12-Figure 19 and demonstrate that
the tank supernates are not supersaturated with respect to aluminosilicate (NAS gel or
mixed zeolite) at 40°C, at 140°C in the absence of evaporation, or at 140°C with an
additional 40% evaporation. The Q/K ratios in Table VIl are in agreement with the
aluminosilicate K, determined experimentally and recently used by Wilm¥tto

determine the acceptability of supernates for processing in the SRS 3H Evaporator, e.g., if
the [AI]*[Si] in M?is in the 2x1d to 8x10” range then the supernates are acceptable for
processing in the SRS evaporators. The values for thisased on room temperature
chemical data are shown in Table VII for comparison. The relative supersaturation of the
solutions in the SRS 2H and 3H Evaporators is discussed in*Part I.
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Figure 15a.  Activity diagram for dip sample (surface sample)
compositions in Tank 32 (feed tank) at 140°C (no
simulated evaporation). Equilibrium being modeled
is that between Diaspore (AIOOH) and NAS gel.
Black circles represent the solution analyses before
recycle from Tank 30 and the green stars represent
the solution analyses after recycle from Tank 30.

Figure 15b. Activity diagram for dip sample (surface sample)
compositions in Tank 32 (feed tank) at 140°C (no
simulated evaporation). Equilibrium being modeled
is that between Diaspore (AIOOH) and mixed
zeolite. Black circles represent the solution
analyses before recycle from Tank 30 and the green
stars represent the solution analyses after recycle
from Tank 30.
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compositions in Tank 32 (feed tank) at 140°C (no
simulated evaporation) with Fe(OfHprmation
suppressed. Equilibrium being modeled is that
between Diaspore (AIOOH) and NAS gel. Black
circles represent the solution analyses before
recycle from Tank 30 and the green stars represent
the solution analyses after recycle from Tank 30.
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compositions in Tank 32 (feed tank) at 140°C (no
simulated evaporation) with Fe(Ofprmation
suppressed. Equilibrium being modeled is that
between Diaspore (AIOOH) and mixed zeolite.
Black circles represent the solution analyses before
recycle from Tank 30 and the green stars represent
the solution analyses after recycle from Tank 30.
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Figure16a. Activity diagram for Tank 32 variable depth

samples at 140°C before and after recycle from

Tank 30 (no simulated evaporation) with Fe(OH)3
formation suppressed. Equilibrium being modeled

isthat between Diaspore (AIOOH) and NAS gel.
The black circles are solution data before recycle.
The green stars are the solution data after recycle

from Tank 30. The orange triangles are the samples
from February 2000 that were taken at the height of

the feed pump only afew hours after recycle from
Tank 30 to Tank 32.
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Figure 16b. Activity diagram for Tank 32 variable depth samples

at 140°C before and after recycle from Tank 30 (no
simulated evaporation) with Fe(OH)3 formation
suppressed. Equilibrium being modeled is that
between Diaspore (AIOOH) and mixed zeolite. The
black circles are solution data before recycle. The
green stars are the solution data after recycle from
Tank 30. The orange triangles are the samples from
February 2000 that were taken at the height of the
feed pump only afew hours after recycle from Tank
30 to Tank 32.
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140°C (no simulated evaporation) with the formation
of Fe(OH);3 suppressed. Equilibrium being modeled
isthat between Diaspore (AIOOH) and NAS gel.
The black circles are solution data before recycle.
The black circles are solution data from August 2000
and December 2000 including data taken after a
transfer was made from Tank 40. The green stars are
the solution datataken in February 2000 before
Tank 30 was recycled to Tank 32.
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Figure 17a. Activity diagram for Tank 30 samples (all depths) at  Figure 17b.
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Activity diagram for Tank 30 samples (all depths) at
140°C (no simulated evaporation) with the formation
of Fe(OH)3 suppressed. Equilibrium being modeled
isthat between Diaspore (AIOOH) and mixed
zeolite. The black circles are solution data before
recycle. The black circles are solution datafrom
August 2000 and December 2000 including data
taken after atransfer was made from Tank 40. The
green stars are the solution data taken in February
2000 before Tank 30 was recycled to Tank 32.
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compositions in Tank 32 (feed tank) at 140°C (with
40% simulated evaporation) with the formation of
Fe(OH}) suppressed. Equilibrium being modeled it
that between Diaspore (AIOOH) and NAS gel.
Black circles represent the solution analyses before
recycle from Tank 30 and the green stars represent
the solution analyses after recycle from Tank 30.

14

i NaAIO,(c) i
T
- 1 =
T
- NAS 1 o
<
B h (]
(@)
i § o
I Diaspore-M |
I 1oc |
-10 -95 -9 -85 -8 -75 -7 -6.5 -6
log a SiO2 (ag)
Figure 18b.

- Mixed Zeolite 7

NaAlO,(c)

2w

Diaspore-M

-10 -95 -9 -85 -8 =15 -7 -6.5 -6

log aSiO2 (a)

Activity diagram for dip sample (surface sample)
compositions in Tank 32 (feed tank) at 140°C (with
40% simulated evaporation) with the formation of
Fe(OH) suppressed. Equilibrium being modeled it
that between Diaspore (AIOOH) and mixed zeolite.
Black circles represent the solution analyses before
recycle from Tank 30 and the green stars represent
the solution analyses after recycle from Tank 30.
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While there is no evidence that the SRS 3H Evaporator system is supersaturated with

respect to the precipitation of NAS and hence nitrated sodalite/cancrinite, thereis

evidence that Tank 30 (the drop tank) has alayer of entrained sludge or precipitated

Fe(OH);3 and silica sol deposits at the bottom. Thisis based on the analysis completed by
Wilmarth® of a “salt” sample taken from 8” above the Tank 30 (drop tank) floor that was
enriched in silica four times (4X) compared to the sample taken 348" above the bottom of
the tank and enriched in silica two times (2X) compared to the sample taken 179" above
the bottom of the tank in August 2000. This demonstrates the following:

» the transfer jet in Tank 30 that is 4” above the floor needs to be higher in
the tank so that entrained sludge solids, precipitated Fg@id)or silica
sol deposits are not recycled to Tank 32

The formation and supersaturation of the§®- phase has not been modeled in this

study since it is known from the work of Hobbs and Karr&kamd Peterson and Piette

that the evaporator solutions can be supersaturated with respect to this phase. In the
absence of the NAS phase, 40 years of operational experience at SRS indicates that the
Na&U,0O; phase does not accumulate in the evaporator.
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Table VII. Supersaturation of 3H Evaporator Solutions with Respect to Aluminosilicate Formation

Date SampleID Log Q/K | Log Q/K | Log Q/K | Log Q/K | Log Q/K | Log Q/K Ks
at40°C | at40°C | at140°C | at140°C | at140°C | at140°C| | Al]*QSi]
for NAS for for NAS for for NAS | for Mixed

Mixed Mixed | @ 40% | Zeolite @ M
Zeolite Zeolite Evap |40% Evap| at 25°C
Tank 32 Dip Samples
02/15/01 200138614 -11.77 6.73 -6.69 -3.42 -2.69 0.66 1.60E-03
12/05/00 200125277 -10.55 8.06 -5.73 -2.34 -1.67 1.79 1.62E-03
09/04/00 surface dip* -16.52 2.90 -11.74 -7.53 -7.68 -3.41 5.80E-04
08/21/00 surface di pt -23.07 -3.49 -17.65 | -13.32 | -13.82 -9.38 | 3.50E-04
02/01/00 TK32H-S1! -25.08 -5.15 -19.70 | -15.03 | -15.83 | -11.05 | 1.60E-04
02/01/00 TK32H-S1! -24.98 -5.02 -19.63 | -1492 | -1574 | -10.94 | 1.60E-04
Tank 32 Variable Depth Samples
09/04/00 VDS* 120" -16.61 2.80 -11.77 -7.58 -7.73 -3.46 6.70E-04
09/04/00 VDS* 90" -21.30 -1.97 -1642 | -1231 | -1251 -8.31 2.40E-04
09/04/00 VDSt 70" -16.53 2.75 -11.60 -7.55 -7.57 -3.45 5.40E-04
08/21/00 VDS 120" -23.03 -3.21 -17.78 | -13.18 | -13.88 -9.19 | 3.70E-04
08/21/00 VDS 90" -21.49 -1.85 -16.29 | -11.88 | -12.38 -7.87 | 4.30E-04
08/21/00 VDS 70" -22.81 -3.01 -1757 | -1299 | -13.67 -9.00 | 3.90E-04
02/01/00 TK32H-S1** 89” -17.71 1.24 -12.43 -8.72 -8.53 -4.73 5.50E-04
02/01/00 TK32H-S1** 89” -18.58 0.38 -13.23 -9.52 -9.36 -555 | 4.70E-04
11/24/92 199674 -36.28 | -14.84 | -30.78 | -2467 | -26.86 | -20.65 | 1.00E-05
Tank 30 All Depths
12/01/00 200125276 -7.90 10.24 -3.13 -0.20 0.91 3.91 2.07E-03
12/01/00 1 of 3 nonroutine -22.18 -2.03 -17.30 | -12.35 | -13.27 -8.26 2.80E-04
12/01/00 2 of 3 nonroutine -22.33 -2.17 -17.46 | -1250 | -13.43 -8.40 2.70E-04
12/01/00 3 of 3 nonroutine -20.82 -0.87 -15.95 | -11.21 | -11.92 -7.12 | 3.50E-04
08/21/00 Tk30H-S1 -16.89 2.52 -12.06 -7.85 -8.03 -3.75 6.60E-04
08/21/00 Tk30H-S2 -20.81 -0.85 -1594 | -11.20 | -11.91 -7.10 2.90E-04
02/01/00 Tk30H-VDS -19.82 -0.22 -1492 | -1053 | -10.94 -6.48 | 4.10E-04
11/24/92 199672 -11.89 6.17 -6.35 -3.56 -2.22 0.64 1.09E-03

* = gfter recycle of Tank 30 to Tank 32; t = before recycle of Tank 30 to Tank 32; ** = within afew hours of arecycle of Tank 30 to 32
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8.0 CONCLUSIONS

* Based on the latest available accurate data for the SRS 3H Evaporator feed
tank (September 2000), the SRS 3H Evaporator is not precipitating sodium
aluminosilicate (NAS) phases.

» Continued recycle and transfers from the bottom of the drop tank (Tank 30)
back to the feed tank (Tank 32) may cause sodium aluminosilicates to
supersaturate beyond the present levels. (Implemented in Spring 2001 when
the transfer jet was replaced at a height of 150" above the tank floor.)

The analytical data indicate that the frequent recycles from Tank 30 to Tank
32 at a level beneath the sludge layer are stirring and/or agitating the feed tank
contents creating a “Zone of Turbidity” that has the potential to add extra
silica and iron to the feed tank if not allowed to settle for 5-6 hours after a
transfer.
- Theextrasilicaand iron are recycled through 3H Evaporator if not

allowed to settle out in the feed tank where they can initiate deposits.

The “salt” layer in Tank 30 has elevated levels of silica (4X), Al, Fe and Mn
compared to the remaining supernate indicating that Fg(GHga sol

deposits, and possibly other sludge hydroxides may have precipitated in the
drop tank. This could also be from the one small sludge transfer made to this
tank in September 1996.

A more accurate Si analysis method must be implemented in the F-Area

laboratory immediately.

- Recent (December 2000 and January 2001) F-area laboratory silicon
analyses are biased high.

Routine analytic samples, if used for confirmatory modeling, must be taken at
the height of the feed pump.
- Modeling can be confounded if data taken close to the sludge layer and
data taken during tank transfers or within several hours of tank recyclesis
modeled.

Feed tank and drop tank supernate solutions modeled at 25°C and 40°C are
not supersaturated with respect to sodium aluminosilicate (NAS) formation.

Feed tank and drop tank supernate solutions modeled at 140°C with and
without simulated evaporation are not saturated with respect to NAS.

A safe operational strategy is to determine the supersaturation of the feed tank
supernate with respect to the NAS at 40°C: an unsaturated tank supernate feed
will not precipitate in the evaporator at 140°C (at specific gravities of 1.4-1.6
g/cc).
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9.0 RECOMMENDATIONS

The following recommendations from this study should be implemented as soon as

feasible:

The feed pump should always be located >20” above the “Zone of Turbidity”
which is ~40” above the sludge layer

Routine analytic samples, if used for confirmatory modeling, must be taken at
the height of the feed pump

Analytic samples should not be taken within 5-6 hours of tank transfers and/or
recent tank recycles

The evaporator should not be fed within 5-6 hours of tank transfers and/or
recent tank recycles

A more accurate Si analysis method must be implemented in the F-Area
laboratory immediately

A recent (after September 2000) Tank 32 sample should be analyzed
immediately by a more accurate Si analysis method to ensure that the 3H
Evaporator solutions are not moving into the stability field of NAS gel
precipitation

The drop tank transfer jet must be moved to a higher position in the drop tank
to avoid recycling precipitated Fe(OHnd/orsilicasol deposits, and/or
entrained sludge solids back to the feed tank (Completed Spring 2001).

Inject recycle from Tank 30 above the sludge layer in Tank 32 and not
subsurface to minimize the “Zone of Turbidity” caused by tank transfers and
maximize settling of suspended solids and silica sols

It is desirable that the following recommendations be considered as a longer term

strategy:

Eliminate recycle directly from Tank 30 to the feed tank (Tank 32): use Tanks
39 and/or Tank 35 as settling tanks so that NAS supersaturation and
accumulation osilica sol deposits is no longer a concern
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