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TRIBUTYLPHOSPHATE IN THE IN-TANK PRECIPITATION PROCESS FACILITIES (U)
SUMMARY

A material balance investigation and evaluation of n-tributylphosphate (TBP) recycle throughout ITP and
its carryover to DWPF was performed. Criticality and DWPF-related issues were determined to pose no -
adverse consequences due to TBP addition. Effects of decomposition products were also considered.
Flammability of 1-butanol, a TBP decomposition product, in Tank 22 was investigated. Calculations show
that Tank 22 would be ventilated with air at a rate sufficient to maintain a 1-butanol oonoentratlon

(volume %) well below 25 % of the lower flammability limit (LFL) for 1-butanol.

Tributylphosphate will not accumulate in Tanks 48, 50, or 22 if added at concentrations up to 100 mg/L.
Additionally, no significant quantities of TBP will be carried over to Tank 49 or further downstream. All -
soluble decomposition products are expected to be cycled from Tank 22 to Tank 48 and ultimately
removed from the process in the decontaminated salt solution (DSS) waste stream. Since only minimal
TBP and TBP decomposition products (e.g., dibutyl- and monobutylphosphate, 1-butanol, and =

phosphate) are expected to be carried over to Tank 49, there should be no effect on DWPF. Evaluation of
material balance data in conjunction with uranium solubility experiments indicates no criticality problems
will occur. Data indicate that ventilation of Tank 22 will prevent the TBP decomposition product, 1-butanol,
from accumulating at a rate sufficient to produce a flammable concentration {at initial TBP feed
concentrations of 100 mg/L). Further calculation has determined that in the event of loss of ventilation in
Tank 22, the time to reach LFL for 1-butanol would be 18.5 days.

INTRODUCTION

In-Tank Precrpltatuon (ITP) isa pmcess designed to remove soluble cesium and strontium from h|gh|y

kalkalme, salt solitions.1 This’is aeoorrplished as a batch proc&ss in Tank 48 by precipitation and
absorption using sodium tetraphenylborate’ {(NaTPB) and monosodium titanate (MST). The cesmm- and
strontium-containing solids are concentrated to-10 weight percent by filtration. - The resulting ;

_decontaminated salt solution filtrate, DSS, is processed through stripping columns to remove benzene
formed by the radiolytic decomposition of NaTPB. The filtrate is stored temporarily in hold tanks and
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eventually is transferred to Tank 50 for processing into Saltstone. Second and third batches are
processed in the same manner in the presence of the previous batch’s concentrated solids. The
accumulated cesium- and strontium-containing solids are washed and filtered to remove residual, soluble
salts. The resulting spent wash water filtrate is also processed through the stripping columns to remove
benzene and temporarily stored in hold tanks before eventually being sent to Tank 22 where it is mixed
with spent wash water from the Late Wash Facility. The contents of Tank 22 are recycled to Tank 48 for use
in the precipitation and concentration batch processes during the next ITP process cycle. The three
precipitation and concentration batches and the washing process constitute one cycle.

The ITP benzene stripping columns have been observed to experience large pressure differentials
across their structured packing.2-3 The pressure differentials are the result of filtrate foaming within the
columns. TBP (n-tributylphosphate) is an effective anti-foaming agent for the highly caustic salt solution
filtrate and alleviates the pressure differential in the columns.4.5 The Interim Waste Technology Section
(IWTS) of the Savannah River Technology Center (SRTC) was requested (HLE-TTR-93040)6to evaluate
potential adverse effects of TBP addition to the ITP process. Specifically, the concems to be addressed
included recycle of TBP throughout ITP, carryover to the Defense Waste Processing Facility (DWPF) and
the disposal of TBP-containing decontaminated salt solution by Salistone.

Several individual safety-related documents have been prepared which address differing aspects of TBP
usage.”-13 These documents were prepared by IWTS personnel and are related to TBP usage in Cold
Chemical Testing. These documents are not necessarily applicable to normal ITP operation but are still
relevant and may be informative. The documents describe chemical degradation of TBP,? consequences
of addition of benzene stripper test solution to Tank 48,8 allowable amounts of TBP in the ITP Feed and
Hold Tanks,® TBP vapor pressure,10 benzene and 1-butanol deflagration pressure calculations,11:12 and
hydrogen generation from the radiolysis of TBP.13

This document repoits the results obtained from the investigation and evaluation of TBP recycle
throughout ITP and its canyover to DWPF. A separate evaluation14 of the disposal of TBP-containing
decontaminated salt solution by Saltstone is being conducted by the Waste Disposal and Environmental
Development Group of the IWNTS. In addition, a materials of construction oompatibllrty investigation is
being conducted by the Equipment Engineering Section of the SRTC.15

DISCUSSION

To assess and evaluate the effect of TBP on ITP facilities, the flow path of TBP was determined and the

expected concentration of TBP in the facilities was calculated. The flow path of TBP is readily identified.?
However, several factors are capable of influencing TBP concentration. These factors include varying
facility volumes, solubility of TBP in the respective solutions and relatedly the degree of mixing or
entrainment of insoluble materials in the solutions, hydrolysis of TBP, and raduolysus of TBP. Each of these
factors are discussed in further detail later in this section. Based upon the maximum concentration of TBP
expected in each facility, flammability, criticality, and DWPF-related issues are evaluated in this document.

Tributylphosphate Flow Path and Recycle

A schematic diagram of ITP is shown in Figure 1. The waste flow throughout the process is indicated on
the diagram. As noted earlier, removal of soluble cesium and strontium from highly caustic, salt solutions is

accomplished by precipitation and absormption in Tank 48. 1 The cesium- and strontium-containing solids
are concentrated to'10 weight percent by filtration and the resulting DSS filtrate is processed through
stripping columns to remove benzene. The filtrate is stored temporarily in.hold tanks and ‘eventually is
transferred to Tank 50 for processing ifito Saltstone. -Second and third batches are processed within Tank -
48 in the presence of the first batch's concentrated solids. . After three batches have been precipitated, P
the accumulated solids are washed and filtered to remove residual, soluble salts. The resulting spent : }
wash water filtrate is also processed through the stripping columns to remove benzene and then
temporarily stored in hold tanks. Eventually the spent wash water is sent to Tank 22 where it is mixed with

R
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spent wash water from the Late Wash Facility. The three precipitation and concentration batches and the
washing process constitute one cycle. At this point, the 10 weight percent precipitate slurry contained in
Tank 48 is transferred to Tank 49 for storage. Ultimately, the contents of Tank 49 will be processed
through the Late Wash Facility and sent on to DWPF for processing. During the precipitate’s processing
in the Late Wash Facility, spent wash waterwnllbe’generatedandsentto'l’ankzzand mixed with Tank 48
spent wash water. ‘The contents of Tank 22 are eventually recycled for use in the precipitation and
concentration batch processes during the next ITP process cycle within Tank 48.

Due to the large pressure differentials within the ITP benzene stripping columns, TBP will be added to the
ITP process at a location downstream from the cross flow filters (in the filirate) but prior to the benzene
stripping columns. During the ITP cycle, TBP will be added to both the DSS filtrate and the spent wash
water filtrate. TBP added to the DSS filtrate during the concentration steps of the three precipitation
batches will be transferred to Tank 50 and processed into Saltstone. There is a possibility that some
residual TBP will remain in the filtrate hold tanks. The exact quantity is difficult to predict and will be a
function of entrainment during transfer from the tanks. Tributylphosphate added to the spent wash water
filtrate during the washing phase of the cycle will be sent to Tank 22. Since the contents of Tank 22 will be
recycled to Tank 48 during the precipitation steps of the next cycle, TBP will also be recycled and thereby
mixed with the contents of Tank 48. Depending upon the concentration, solubility, and rate of
decomposition of TBP in Tanks 22 and 48, a mechanism exists whereby TBP could be sent to Tank 49
and ultimately to DWPF.

Figure 1.  Schematic of the In-Tank Precipitation process facilities and waste flow path.
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The eﬁect of TBP upon ITP facllmes is dlreeﬂy dependent upon the ooncentra n TBP wnhm the
respective facilities. There are several factors which can influence TBP oonoentratnon The pnmary ones
“include varying facility volumes, solubility of TBP in the respective solutions, hydrolysls of TBP,. and
radiolysis of TBP, Eaeh of these is further discussed in detail in the paragraphs that follow. -
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Solubllity of Tributylphosphate

The solubility of TBP in DSS simulant was experimentally determined to be 1.1 mg/L. at room
temperature.16 The solubility of TBP in wash water simulant was determined to be 16.0 mg/L at room

temperature.1® Composttions of the simulated DSS and wash water are listed in Table I. As a check of the
solubility test method, the solubility of TBP in water at room temperature was determined to be 385

mg/L.16 The solubility of TBP in water is reported in the literature to be 380 mg/L at 22°C.17

Tablel. Composition of DSS and washwater simulants.

DSS Simulant Wash Water Simulant

Chemical . —{moles/liter) — (moles/liter)
hydroxide 1.48 1.38
aluminate 0.31 0.07
nitrate - 1.74 0.38
nitrite 0.67 - 0.31
carbonate 0.16 0.04
sulfate 0.14 0.03

oxalate 0.015 0.004

tetraphenylborate (saturated) 0.002 0,01
Total Sodium 4.83 2.30

Hydrolysis of Tributylphosphate

Tributylphosphate hydrolyzes in the presence of strong alkaline solutions.18 Products of the reaction are
dibutylphosphate (DBP) and 1-butanol. Further hydrolysis of DBP results in the formation of
monobutylphosphate (MBP) and 1-butanol. Hydrolysis of MBP yields phosphate and 1-butanol as
reaction products. These reactions are shown below in equations 1a - 1d. The first order rate constant for

hydrolysis of TBP at 30°C is repotted as 0.007 hr-1.18 Dibutylphosphate is reported to be considerably
more resistant than TBP to alkaline hydrolysis.18

(CHgCHoCHoCH,0)3PO + OH™ —> (CHgCHoCHoCH,0),PO," + CHgCH,CHoCH,OH  (1a)

(CH3CHoCH,CHo0)3PO + 30H™ —> PO, ™3 + 3CHLCH,CH,CH,OH (1d)

The hydrolysis of TBP in both DSS and wash water has not been accurately determined due to the low

solubility of TBP in the salt solutions.19 Analysis of the experimental data gave hydrolysis rate constants

- for TBP which were approximately one order of magnitude larger than that reported above. The. :
difference in the values may be associated with the degree of mixing and hydrolysis that may occur at the
interface of the two solutions.” Addmonally. some experimental error. was expected due to both the low
total and soluble TBP concentrations being tested. Due to the low precision, the experimental rate
constarts are not considered valid absolute numbers. However, since the experimental rate constants are
reasonably close to, but larger than, the referenced value listed above, they support the use-of the
referenced rate constant as a reasonable yet conservative value for calculating the material balance for
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TBP in ITP. For facilities containing solutions with TBP concentrations in excess of the solubility limit, a
rate of hydrolysis was calculated assuming a steady state solubility limit concentration for TBP and the
above listed rate constant (i.e. hydrolysis only occurs in the bulk aqueous phase and not at the interface of
the two solutions).

For informational purposes, three graphs have been prepared based upon the literature rate for
decomposition of TBP-containing solutions (Figures 2a, 2b and 2¢). The graphs depict batch solutions in
which no volume changes are occurring and where hydrolysis of soluble TBP is the only mechanism
whereby TBP is removed. Figures 2a and 2b represent the hydrolysis of both 100 mg/L and 40 mg/L
TBP-containing solutions. Both figures show the expected rate of decomposition for solutions with initial
TBP concentrations greater than the TBP solubility limi. Figure 2a shows the rate of decomposition for
solutions with a solubility limit of 16.0 mg/L. (simulating Tank 22 wash water). Figure 2b shows the
expected rate of decomposition for solutions with a TBP solubility limit of 1.1 mg/L (simulating Tank 50
DSS). The rate of decomposition is linear initially and is based upon maintaining the solubility limit
concentration of TBP in the aqueous phase. Once enough TBP is decomposed to reduce the TBP
concentration to below its solubility limit, TBP is decomposed logarithmically as predicted for a first order
decomposition. This logarithmic decomposition is shown in expanded detail in Figure 2c. Figure 2¢
represents the hydrolysis of a solution with an initial TBP concentration of 16.0 mg/L (again simulating
Tank 22 wash water).

Radiolysis of Tributylphosphate

Information regarding the radiolysis of TBP in alkaline salt solutions has not been reported. However,
radiolysis of pure TBP has been reported.20-24 Radiolysis products (with their respective G-values)
include dibutylphosphate (2.44 molecules/100 eV), monobutylphosphate (0.14 molecules/100 eV),

Figure 2a. Concentration of TBP based upon hydrolysis of both a 100 mg/L and 40 mg/L TBP-
containing solution with a TBP solubility of 16.0 mg/L. The graphs represent the expected
rate of decomposition for Tank 22 wash water.
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Figure 2b.
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Concentration of TBP based upon hydrolysis of both a 100 mg/L and 40 mg/. TBP- .
containing solution with a TBP solubility limit of 1.1 mg/L. The graphs represent the expected —
rate of decomposition for Tank 50 DSS. - %
100

80 +4

m -

1

20 40 mg/L. TBP

b T T L 1 L T v T ¥ T ¥ 1
o 100 200 300 400 500 600
Time (days)

Concentration of TBP based upon hydrolysis of a solution with an initial TBP concentration

equal to the TBP solubility limit (16.0 mg/L simulating Tank 22 wash water).

TBP Concentration (mg/lL)

Time (days) " © o




IS S S  LLwT—S—SSSS
S. D. Fink 7 : WSRC-RP-93-1162

hydrogen (1 73 molecules/100 eV), and various 3 and 4 carbon atom decomposition compounds
including 1-butanol, butane, propane, etc. (cumulative value for all of these species is 0.65
molecules/100 eV). v

Material Balance Calculations

A material balance was performed for the addition of TBP to the ITP facilities. The material balance was
calculated for the addition of two TBP concentrations (40 mg/L. and 100 mg/L). In each case, the TBP
material balance was based upon the ITP flow sheet representing the ITP process with late wash.1 The
TBP material balance was determined for a period of three cycles. The data obtained for cycle 2 and

cycle 3 were identical, indicating that there was no "roll-over” effect (i.e., no TBP was accumulating in any
facility from one cycle to the next). The material balance data are contained in Appendices A and B at the
end of this document. The only facilities factored into the material balance are Tanks 48, 22, and 50. The
hold tanks and Tank 49 were not considered since no dilution or concentration activities occur within
these facilities. There is a possibility that some residual TBP will remain in the filtrate hold tanks. The exact
quantity is difficult to predict and will be a function of entrainment during transfer from the tanks. Retention
of residual TBP in the hold tanks was not accounted for in this material balance due to the difficulty
involved in predicting actual amounts involved.

The material balance was calculated using the above information regarding solubility and hydrolysis.
Furthermore, a few conservative yet reasonable assumptions were made in order to obtain the material
balance. These assumptions included the following:

» Late Wash spent wash water is sent to Tank 22 at the average rate of of 2809 gallons per day. kis
assumed that this spent late wash water is similar in composition to Tank 48 spent wash water and will
not change TBP solubility in Tank 22 significantly.

» TBP is not introduced into Tank 48 until the second cycle since the contents of Tank 22 used in the
precipitation steps of cycle 1 do not contain TBP. TBP is not introduced into Tank 22 until the
washing stage of cycle 1.

o TBP quantities (both deoomposed and remaining) are calculated for the end of each step and are
based upon the remaining TBP concentration data from the step immediately preceding it..

‘e Only soluble TBP will be recycled from Tank 22 to Tank 48 since any insoluble TBP would remain in
a layer on the surface of the wash water in Tank 22. For information purposes, ¥ all of the TBP
(assuming 100 mg/L. case) transferred to Tank 22 during one cycle were oo!lected as a layer on the
surface, it would be less than 0.010 inch thick.

* Hydrolysis of TBP in Tank 22 is not diffusion controlied (i.e., a TBP solubility limit concentration is
maintained in the aqueous phase when TBP is present above the solubility limit).

« The only TBP degradation product produced, which is expected to be soluble to any appreciable
degres,’is 1-butanol.25 The recycle of the other degradation products (dibutylphosphate and
monobutylphosphate) is expected to be similar to that of TBP and should be minimal.26.27

* Radiolytic decomposition of TBP in Tank 48 was not accounted for since very little TBP was recycled
to Tank 48 and the amount which is recycled is rapidly deoomposed and removed by filtration and
washing. ’ ,

* Decomposition of TBP within Tank 50 was not calculated. The actual eoncentratlon of TBP in Tank 50
“'will be less than the TBP addition concentration due 6 the addition of ETF evaporator concentrate to
the DSS filtrate.  This will further serve to dilute the TBP.. Decomposition of TBP in Tank 50 will be

 slow(relative to-Tank 22) due to the low solubility of TBP in DSS (Fi gure 2a'vs. 2b). The effect of TBP
in Saltstone is the subject of another document. 14 : .
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The material balances yield the same observations for both 40 mg/L and 100 mg/L. TBP addition
concentrations. A summary of these observations follows: :

et

« Tributylphosphate is not accumulated from one cycle to the next cycle.

o 99 % of the TBP added to Tank 22 is decomposed within the tank.

e Only small amounts of TBP (<1 mg/L) will be recycled from Tank 22 into Tank 48.

« All TBP which is recycled from Tank 22 to Tank 48 is eventually decomposed or filtered off.

Data contained in the TBP material balances in Appendices A and B have been summarized in Table il
below. Only the most important and pertinent information is provided due to the large quantity of data
generated. In addition to the table, a graph representing the TBP concentration in Tank 22 was prepared
using the material balance TBP concentration data contained in Appendices A and B. The graph
represents a time period of three cycles in the ITP process (the data for the first cycle represents initial
start-up). As can be seen in Figure 3, the maximum TBP concentration is less than 15.4 mg/L. and 6.2
mg/L for the 100 mg/L and 40 mg/L TBP feed rates, respectively.

Table 1. Summaty of TBP material balance data contained in Appendices A and B. The material balance
data were prepared for TBP additions at 40 mg/L and 100 mg/L.

— TBP Addition Concentration

— TankFeature 40 mg/l 100 mg/L
Tank 22 (per cycle)

maximum TBP Concentration: : 6.2 mg/L 15.4 mg/L

Amount of TBP decomposed per cycle: : 49.9 Kg 125 Kg
Tank 48 (per cycle)

maximurn TBP Concentration: 0.2 mg/L 0.6 mg/L

amount of TBP recycled to (from Tank 22): 743 g 1860 g

TBP transferred to Tank 49 0g - 0g

Tank 50 (per batch) -
maximum amount of TBP: 127 Kg 317 Kg

Criticality Issues - The Effect of TBP on Solubility of Uranium and Loading onto MST

A review of possible impacts of TBP and TBP hydrolysis products (i.e., DBP and MBP) on nuclear criticality
safety in the ITP process identified the following; (1) increase solubility of uranium, (2) increase loading of
uranium onto MST, and (3) accumulation of fissile material in a separate layer or TBP residue in the Filtrate
Hold Tanks or Tank 22. Since TBP and DBP are known to be complexants for metal ions, the addition of
TBP could alter the distribution of fissile material in the ITP process. For example, addition of TBP could
increase the solubility of uranium resulting in a high chemical potential for loading onto MST. Although
data in dilute caustic/carbonate solution suggest that the solubility would not be increased, there was no
_ defmmve data at hlgher salt solutlons

I e o
A set of tests were conducled to determlne the eﬁect of addmg 50-500 ppm of tnbutylphosphate on the
solubuTny of uranium in a concentrated salt solition. The salt solution test had a [Na*] of 4.3 molar and was ’
comprised of the following salts; sodium hydroxide (2.0 M), sodium nitrate (1.0 M); sodium nitrite (0.1 M), o
sodium aluminate (0.33 M), sodium sulfate (0.40 M), and sodium carbonate (0.02 M). This solution was i
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Figure 3.  Concentration of TBP in Tank 22 over three ITP process cycles.
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previously selected for use in batch loading tests with monosodium titanate (MST) because of its high
solubility for uranium and plutonium relative to the range of salt solution compositions which will be
processed in ITP.28

Analytical results are presented in Table lil. The results indicated that the presence of 50.9 and 508 ppm
(w/w) of TBP does not affect the solubility of uranium in concentrated salt solution. Thus, the addition of
TBP would not be expected to increase the amount of uranium released to saltstone through ITP. The -
decreasing solubility with time is attributed to changes in the phase of the uranium and the composition of

the salt solution29 (i.e. with time the form of uranium is changing to a less soluble form, and the salt
solution composition also is changing such that it decreases the solubility of any particular uranium phase).
It is also possible that the undissolved and/or precipitated uranium is dissolving in an excess TBP phase.
However, if uranium were dissolving into an excess TBP phase, it would be expected that the rate of
change in the uranium concentration would be different for the bottles with TBP than that without TBP.
The uranium dissolved in the TBP phase would provide an additional source of uranium for dissolution
into the aqueous phase. This should alter the rate of decrease in uranium concentration. Since this was
not observed, it is concluded that the uranium is not dissolving in an excess TBP phase. '

TBP is a neutral molecule, and therefore, should not exhibit a significant tendency to adsorb onto the
MST. If adsorption would occur, it will be through the polar phosphate end of the molecule. Since this is
also the portion which complexes with uranium to form a more soluble compound than the uncomplexed
uranium form, the loading of uranium onto the MST cannot be increased because the uranium complexing
sites are tied up with the MST (probably by hydrogen bonding). Therefore, it is concluded that the use of
TBP in ITP as a defoaming agent will not impact the solubiiity of uranium or the Ioadmg of uramum onto the .
monosodium htanate

Flammabllltv lssues T P e

Flammability of TBP i in anyofthe procestanks is ofnoconcemduetonsextremely lowvaporpressure 10
The flashpoint of pure TBP is 193°C. However, the flammability of TBP degradanon produdsJS of
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Table Ill. Uranium Concentrations of Test Solutions.

Average Uranium Concentration (mg/L)a
Elapsed Time (days) No TBP® £0.9 ppm TBPC £08 ppm TBP®
1 12.4 +0.21 13.0 +0.17 12.8 +0.25
2 10.8 +0.071 11.0 +0.43 10.8 +0.26
7 7.81 £0.40 8.32 +0.19 8.44 +0.28
14 6.89 +0.21 6.98 +0.15 7.01 £0.18

28 5.99 +0.40 5.95 +0.20 6.18 +0.25

aUranium concentrations were determined by kinetic phosphorescence spectroscopy.
bAverage and standard deviation of duplicate measurements. '

CAverage and standard deviation of duplicate measurements for replicate tests.

concem. In particular, the two degradation products which were investigated are hydrogen and 1-butanol.
Hydrogen is formed from the radiolysis of TBP. Previous calculations showed that a TBP concentration of
4000 mg/L. was necessary in Tank 48 in order to generate a 1.0 % increase in hydrogen formation. 13
Given that the TBP concentration in Tank 48 is expected to be less than 1 mg/., hydrogen formation from
the radiolysis of TBP does not pose any flammability concems. Radiolysis of TBP in the other facilities
(e.g., Tank 22) is of little concem due to both the low TBP concentration and the low levels of radioactivity.

Tank 22 will contain the largest quantity of TBP and TBP decomposition products and therefore is of
greatest concern for 1-butanol flammability. Calculations based upon the addition of 100 mg/L TBP show
that 125 kg of TBP are decomposed in Tank 22 during one process cycle. Additional calculations based
upon this amount in conjunction with the rate of hydrolysis of TBP have been performed. These
calculations are presented in Appendix C and indicate that under worst case conditions (as listed in
Appendix C), ventilation of Tank 22 would prevent the TBP decomposition product, 1-butanol, from
accumulating at a rate sufficient to produce a flammable concentration. The data indicate that under these
conditions, 1-butanol would be produced at a volume % concentration of 0.015 %. The LFL for 1-butanol

is 1.45 %.30 Current ITP OSR limits are set at 25% of the composite LFL. for Tank 22.31 Further
calculation has determined that in the event of loss of ventulatlon in Tank 22, the time to reach LFL for
1-butanol would be 18.5 days. - g

Flammability of 1-butanol in Tank.s 48 and 49 will be Iess likely for a few reasons: (1) less TBP andTBP
decomposition products are present, (2) both tanks are inerted with nitrogen, and (3) both tanks will be
ventilated with nitrogen at a rate equivalent to that of Tank 22 with air. Once design is completed, the TBP
injection system should be more adequately investigated with regards to flammability issues. Also, the
potential for flammability in the filtrate hold tanks should be more thoroughly investigated once a more
accurate determination is made regarding the amount of residual TBP that will remain in the filtrate hold
tanks. The filtrate hold tanks are maintained with a maximum oxygen content (MOC) of 3.6 %. The MOC
for 1-butanol is not readlty available.

‘DWPF Issues

The material balance described prevnousiy indicates that no TBP will remain further downstream than.,.

Tank 48. Therefore, TBP itself should have no direct impact on DWPF facilities. Furthermore, any soluble
* (or insoluble) TBP.degradation products (e.g., phosphate, 1-butanol, etc.) which will be transported from

Tank 22 into Tank 48 (exact quantities will depend upon their respective solubiiities) should eventually be

removed from Tank 48 in the DSS filtrate during the concentration steps. Any additional residual

~ o,




S. D. Fink 11 WSRC-RP-83-1162

degradation products will be removed during the washing portion of the ITP cycle. Therefore, only
extremely small amounts of TBP and TBP degradation products will likely be transported to Tank 49.
Again, processing of the precipitate slurry in the Late Wash facility would further serve to remove and
reduce (by approximately a factor of 10) the TBP and TBP degradation products in the unlikely event that
any of the materials were still present.

In addition to the material balance, experiments have been conducted by the Defense Waste Processing
Technology Section (DWPT) of the SRTC examining the effects of using TBP as a defoaming agent in
DWPF.32 Results indicate that TBP is ineffective in controlling foam. For informational purposes, there
would be some concem associated with formation of a red-oil in the SRAT/SME if excess amounts of nitric
acid were to be added and if TBP were to be present that far into the process. However, this should not
be a problem since TBP is not expected to be present downstream from Tank 48.

CONCLUSION

Based upon a TBP addition concentration of 100 mg/L or less, the material balance data and all relevant
information indicate that TBP will not accumulate in Tanks 22, 48, or 50. Furthermore, no TBP will be
carried over to Tank 49 or further downstream. All soluble decomposition products are expected to be
recycled from Tank 22 to Tank 48 and ultimately removed from the process in the DSS waste stream.
Since no TBP or TBP decomposition products (i.e., DBP, MBP, 1-butanol, and phosphate) are expected
to be recycled to Tank 49, there should be no effect on DWPF. Evaluation of the material balance data in
conjunction with uranium solubility experiments indicates no criticality problems will occur. Effects of
decomposition products were also considered. Flammability of 1-butanol in Tank 22 was investigated. It
was determined that Tank 22 would be ventilated with air at a rate sufficient to maintain a 1-butanol
concentration (volume %) well below 25 % of the LFL for 1-butanol (based upon a TBP feed addition of
100 mg/L). Further calculation determined that in the event of loss of ventilation in Tank 22, the time to
reach LFL for 1-butanol would be 18.5 days.

QUALITY ASSURANCE

All work was conducted in accordance with the SRL Quality Assurance Program. Experimental work was
performed in accordance with Task Technical Plans WSRC-RP-93-766 “Salt Solution Foaming
Characteristics Technical Task Plan” and WSRC-RP-93-1010 “Task Technical Plan to Evaluate the
Solubility of Tributylphosphate in ITP Salt Solutions™. Salt solutions were prepared from reagent grade
chemicals. Chemical analyses were performed by the Analytical Development Section of SRTC.
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APPENDIX A
The material balance for the addition of 40 mg/. TBP inTanks48, 50, and 22 is shown below.

Concentration of TBP Added: 40 mg/lL

TPB Solublilty in DSS: 1.1 mglL

TPB Solubility In Wash Water: 16.0 mg/L
DSS TBP Hydrolysls Rate: 0.184 mg/ieday (if [TBP] > solubliity limit)
TBP Hydrolysis Rate Constant: 0.17 /day (if [TBP] < solubllity limit)

Tank 48 cle 1

Step

Batch # 1
Transter SS
Transfer RWW
Add Mise. Soln. 3
Filter to 7.5 wt %
Filter to 10 wt %
Stop/Start

Batch # 2
Transfer SS
Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt %
Filter to 10 wt %
Stop/Stant

Batch #3

Transfer SS
Transfer RWW

Add Misc. Soin.
Filterto 7.5 wt %
Filterto 10 wt %

Stop/Start

Wash Cycle

Wash
Add NaOH

Wash

Add NaOH

Wash
Add NaNO2 -
Wash

Sample
Transfer Slurry

Stop

S§S = Salt Solution

RWW = Recycled Wash Water

Italicized volume changes indicate removal from Tank 48.

Non-italicized volume changes indicate additions to Tank 48.

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor Cy
solutions are added and removed simultaneously. ' ' : e

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX A (continued)

Concentration of TBP Added: 40 mgh

TPB Solubllity In DSS: 1.1 mglL

TPB Solubllity in Wagh Water: 16.0 mg/L
RWW TBP Hydrolysls Rate: 2.679 mg/Leday (if [TBP] > solubility limit)
TBP Hydrolysis Rate Constant: 0.17 /day (if [TBP] < solubllity limit)

Step

Batch #1
Transfer SS
Transfer RWW

Add Misec. Soln.
Filterto 7.5 wt %

Filterto 10 wt %

Stop/Start

Batch #2

Transfer SS
Transfer RWW
Add Misc. Solin.
Filterto 7.5 Wt %
Filterto 10 wt %
Stop/Stant

Batch #3
Transfer SS

Transfer RWW

Add Misc. Soln.
Filterto 7.5 wt %
Filter to 10 wt %

Stop/Start

Wash Cycle

Wash

Add NaOH
Wash

Add NaOH
Wash

Add NaNO2

Wash
Sample

Transfer Slurry
Stop

SS = Salt Solution ,
RWW = Recycled Wash Water _ T

halicized volume changes indicate removal from Tank 48.
Non-italicized volume changes indicate additions to Tank 48,

The wash cycle volume changes do not cause volume level changes in Tank 48 éinc’é the washwater and inhibitor
solutions are added and removed simultaneously. , -
The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.

v




S. D. Fink 16 WSRC-RP-93-1162

APPENDIX A (continued)

Concentration of TBP Added: 40 mgh.
TPB Solubliity in DSS: 1.1 mglL
TPB Solubliity in Wash Water: 16.0 mgl.
DSS TBP Hydrolysis Rate: 0.184 mg/l-day (it [TBP] > solubliity limit)
TBP Hydrolysls Rate Constant: 0.17 /day (it [TBP] < solubllity limit)

Process _ Tank 50 - Cycle 1

Total TR Remaining |
; TBP

'step

Batch #1
Transfer SS
Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt %
Filter to 10 wt %
Stop/Stant

Batch #2
Transfer SS
Transfer RWW
Add Misc. Soin.
Filter to 7.5 wt %
Filter to 10 wt %
Stop/Start

Batch #3
Transfer SS
Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt % -
Filterto 10 wt %
Stop/Start

Wash Cycle
Wash
Add NaOH
Wash
Add NaOH
Wash
Add NaNO2
Wash
Sample S : :
Transfer Sturry : 3 e
Stop o= e

SS = Salt Solution ' TR
RWW = Recycled Wash Water B EEE e - W
halicized volume changes indicate removal from Tank48. =~ C e :
.Non-ltalicized volume changes indicate additions to Tank48. ~ = L TR P
‘The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor

solutions are added and removed simultaneously. ' T e
The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX A (continued)

Concentration of TBP Added: 40 mg/L
TPB Solublilty in DSS: 1.1 mglL
TPB Solubllity in Wash Water: 160 mglL
DSS TBP Hydrolysis Rate: 0.184 mg/L=day (if [TBP] > solubllity limit)
TBP Hydrolysis Rate Constant: 0.17 /day (if [TBP] < solubliity limit)
Ps cle 2

Step

Batch # 1

Transfer SS

Transfer RWW

Add Misc. Soin.

Filter to 7.5 wt %

Filterto 10 Wt %

Stop/Start

Batch #2

Transfer SS

Transfer RWW

Add Misc. Soln.

Filterto 7.5 wt %

Filterto 10 wt %

Stop/Start

Batch #3

Transfer SS

Transier RWW

Add Misc. Soln.

Filterto 7.5 wt %

Filterto 10 wt %

Stop/Start

Wash Cycle

Wash

Add NaOH

Wash

Add NaOH

Wash

Add NaNO2

Wash

Sample

Stop

88 = Salt Soluti

RWW = Recycled Wash Water =

halicized volume changes indicate removal from Tank 48, , R

Non-italicized volume changes indicate additions to Tank 48. o

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor
solutions are added and removed simultaneously. T '

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX A (continued)

Concentration of TBP Added: 40 mg/lL

TPB Solubliity In DSS: 1.1 mgL

TPB Solubliity in Wash Water: 16.0 mglL
RWW TBP Hydrolysis Rate: 2.679 mg/Leday (if [TBP] > solubliity limit)
TBP Hydrolysis Rate Constant: 0.17 /day (it [TBP] < solubllity limit)

Tank 22 -Cycle 2

Step

Batch #1

Transfer SS
Transfer RWW

Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 wt %

Stop/Start

Batch # 2

Transfer SS

Transfer RWW

Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 wt %
Stop/Start

Batch #3
Transfer SS
Transfer RWW
Add Misc. Soin.
Filterto 7.5 wt %
Filter to 10 wt %
Stop/Start

Wash Cycle
Wash .
Add NaOH
Wash
Add NaOH
Wash
Add NaNO2

Wash

Sample

Transier Slurry

Stop

SS = Satt Solutlon

RWW = Recycled Wash Water :

ltalicized volume changes indicate removal from Tank 48, v

Non-italicized volume changes indicate additions to Tank 48.

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inh:bnor
solutions are added and removed simultaneously. "

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX A (continued)

Concentration of TBP Added: 40 mg/L

TPB Solubllity in DSS: 1.1 mgL

TPB Solubllity in Wash Water: 16.0 mgL
DSS TBP Hydrolysis Rate: 0.184 mg/Lday (i [TBP] > solublility limit)
TBP Hydrolysis Rate Constant: 0.17 /day (it [TBP] < solublility limit)

Tank 50 -Cycle 2
' Remalning

Step

Batch #1
Transfer SS
Transfer RWW

Add Misc. Soln.
Fiterto 7.5 wt %
Filter to 10 wt %

Stop/Start

Batch #2
Transfer SS
Transfer RWW

|Add Misc. Soln.
Filterto 7.5 wt %

Filterto 10 wt %

Stop/Start

Batch #3

Transfer SS

Transfer RWW

Add Misc. Soln.

Filterto 7.5 wt % e : 1.21E+05

Filterto 10 wt % : % aska : 1.27€+05
Stop/Start = : ,

“Wash Cycle

Wash

Add NaOH

Wash

Add NaOH

Wash

Add NaNO2

Wash

Sample

Transfer Slu
Stop

SS = Salt Solution - : -

RWW = Recycled Wash Water i e e T

Ralicized volume changes indicate removal from Tank 48 . ‘ ' '

Non-italicized volume changes indicate additions to Tank 48. .

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor
solutions are added and removed simultaneously. .

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX A (continued)

Concentration of TBP Added: 40 mg/L

TPB Solubllity in DSS: ' 1.1 mglL

TPB Solubllity in Wash Water: 16.0 mg/L
DSS TBP Hydrolysis Rate: 0.184 mg/l-day (if [TBP] > solubllity limit)
TBP Hydrolysis Rate Constant: 0.17 /day (H [TBP] < solubliity limh)

Process Tank48- cle 3

: R Vphime bt { Remalning EiRemaining:
Step it T bde TBP | NP ‘

Batch # 1

Transfer SS

Transfer RWW
Add Misc. Soln.

Filterto 7.5 wt %
Filter to 10 wt %

Stop/Start

Batch #2

Transfer SS
Transfer RWW

Add Misc. Soln.

Filterto 7.5 wt %
Filterto 10 wt %

Stop/Stant

Batch #3

Transfer SS
Transfer RWW

Add Misc. Soin.
Filterto 7.5 wt %

Filterto 10 wt %

StopIStart

Wash cycle

Wash -
Add NaOH

Wash

Add NaOH
Wash

Add NaNO2
Wash

Sample

Transfer Slurry

Stop

§S = SaltSolutlon roeee a0 e e _
RWW = Recycled Wash Water : ST
Rtalicized volume changes indicate removal from Tank 48 - REE '
Non-italicized volume changes indicate additions to Tank 48." RN -

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor

solutions are added and removed simultaneously. < ‘ N
.The volume of the contents in Tank 22 is mcrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX A (continued)

Concentration of TBP Added: 40 mg/L

TPB Solubllity In DSS: 1.1 mgL

TPB Solubliiity In Wash Water: 16.0 mg/L
RWW TBP Hydrolysls Rate: 2.679 mg/Leday (i [TBP] > solubliity limR)
TBP Hydrolysls Rate Constant: 0.17 /day (i [TBP] < solubliity limit)

Process

Step

‘ Batch # 1
{Transter SS
Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 wt %
Stop/Stant

Batch #2
Transfer SS
Transfer RWW
Add Misc. Soln,
Filterto 7.5 wt %
Filterto 10 wt %
Stop/Stant

Batch #3
Transfer SS

Transfer RWW
Add Misc. Soln,
Filterto 7.5 wt %
Filterto 10 wt %
Stoplotan .

-Wash Cycle

Wash
Add NaOH
Wash

Add NaOH
Wash
Add NaNO2

Wash

Sample
Transter Slunry
Stop

SS = Salt Solution Co B

RWW = Recycled Wash Water . o

Rtalicized volume changes indicate removal from Tank 48. o T

Non-talicized volume changes indicate additionsto Tank48. =~ .. = = o

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor
solutions are added and removed simultaneously. o » =

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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'APPENDIX A (continued)

Concentration of TBP Added: 40 mglL

TPB Solublilty in DSS: 1.1 mgl

TPB Solubliity in Wash Water: 16.0 mg/lL
DSS TBP Hydrolysis Rate: : 0.184 mg/l-day (if [TBP] > solubliity limit)
TBP Hydrolysis Rate Constant: 0.17 /day (if [TBP] < solubllity limit)

Tank cle3

ST

Step .

Batch # 1
Transter SS
Transfor RWW
Add Misc, Soin.
Filter to 7.5 wt %
Filter to 10 wt %
Stop/Start

Batch #2
Transfer SS
Transter RWW
Add Misc. Soln,
Filter to 7.5 wt %
Filter to 10 wt %
Stop/Start -

Batch #3
Transfer SS

Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 wt %
Stop/Start

Wash Cycle
Wash -
Add NaOH
Wash

Add NaOH
Wash

Add NaNO2

Wash
Sample
Transfer Slurry

SS = Salt Solution , N

RWW = Recycled Wash Water S , I

kalicized volume changes indicate removal from Tank 48." . T

Non-italicized volume changes indicate additions to Tank 48. o e T

The wash cycle volume changes do riot cause volume level changes in Tank 48 since the washwater and inhibitor
solutions are added and removed simultaneously. '

" The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX B
The material balance for the addition of 100 mg/L. TBP in Tanks 48, 50, and 22 is shown below.

Concentration of TBP Added:
TPB Solubliity In DSS:

TPB Solubllity in Wash Water:
DSS TBP Hydrolysis Rate:

100 mg/lL
1.1 mgl
16.0 mg/L

0.184 mg/L«day (i [TBP] > solubility limit)

TBP Hydrolysis Rate Constant: 0.17 /day (it [TBP] < solubility limkt)

Tank 48 -

cle1

Step

Batch # 1
Transfer SS
Transfer RWW
Add Misc. Soln,
Filterto 7.5 wt %
Filter to 10 wt %
Stop/Start

Batch # 2
Transfer SS
Transfer RWW
Add Misc. Soin.

|Filter to 7.5 wt %
Filterto 10 wt %

Stop/Start

Batch #3

Transfer SS

Transfer RWW

|Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 wt %

Stop/Start

Wash Cycle

Wash

Add NaOH

Wash

Add NaOH

Wash

Add NaNO2

Wash

Sample

Transfer Slurry

Stop

SS = Sah Soltion . S i :
RWW = Recycled Wash Wa!er o ST mEme e e ST e
Ralicized volume changes indicate removal from Tank 48, o T e
Non-italicized volume changes indicate additions to Tank 48. , '

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor
solutions are added and removed simultaneously.
The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX B (continued)

)

45

Concentration of TBP Added: : 100 mg/L

TPB Solubllity In DSS: 1.1 mgh

TPB Solubliity in Wash Water: 16.0 mg/lL
RWW TBP Hydrolysis Rate: . 2679 mg/l-day (if [TBP] > solubllity limit)
TBP Hydrolysls Rate Constant: - 0.17 /day (i [TBP] < solubility limit)

Tank - cle 1

Batch #1
Transfer SS
Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 wt %
Stop/Start

Batch # 2
Transfer SS
Transfer RBWW
Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 wt %
StoplStan

Butch #3
Transfer SS
Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 vt %
Stop/Start - - -

Wash Cycle

Wash

Add NaOH

Wash

Add NaOH

Wash

Add NaNO2

Wash

Sample

Transfer Siu
Stop

SS = Salt Solution
RWW = Recycled Wash Water k ‘ : '-
htalicized volume changes indicate reroval from Tank 48. - . A ‘
Non-italicized volume changes indicate additions to Tank 48. ' e 7 : :
The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhlbstor e
~ solutions are added and removed simultaneously.’
The volume of the contents in Tank 22 is mcrementaliy increased by Late washwater at the rate of 2809 gauons per day.

N
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APPENDIX B (continued)

Concentration of TBP Added: 100 mg/L

TPB Solubliity In DSS: 1.1 mgit

TPB Solubllity in Wash Water: 16.0 mg/L
DSS TBP Hydrolysis Rate: 0.184 mg/Leday (if [TBP] > solubility limit)
TBP Hydrolysis Rate Constant: 0.17 /day (if [TBP] < solubllity limit)

Process cle 1

= i o ,' = : : =1 Remalning [
s : : : 3 TBP

Batch #1

Transfer SS
Transfer RWW

Add Misc. Soln.
Filterto 7.5 wt %

Filterto 10 vt %

Stop/Start

| Batch #2
Transfer SS

Transfer RWW

Add Misc. Soln.
Filterto 7.5 wt %

Filterto 10 wt %

Stop/Start

Batch #3
Transfer SS

Transfer RWW
Add Misc. Soin.

Fiterto 7.5 wt %

Filter to 10 wt %

Stop/Starnt

Wash Cycle

Wash

Add NaOH

Wash

Add NaOH

Wash

Add NaNO2

Wash

Sample

Transfer Slurry
Stop

S8 = Salt Solution o

RWW = Recycled Wash Water o . "

Ralicized volume changes indicate removal from Tank 48. "

Non-italicized volume changes indicate additions to Tank-48. , _

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor
solutions are added and removed simultaneously. -

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX B (continued)

Concentration of TBP Added: 100 mgl

TPB Solubllity in DSS: 1.1 mgi

TPB Solubllity In Wash Water: .. 180 mgL
DSS TBP Hydrolysls Rate: . . 0,184 mg/Leday (if [TBP] > solubility limit)
TBP Hydrolysis Rate Constant: 0.17 /day @t [TBP]' < solubility limit)

Tank 48 - Cycle 2

Step

Batch # 1
Transfer SS
Transfer RWW
Add Misc. Soln.
Filter to 7.5 wt %
Filterto 10 wt %
Stop/Start

Batch #2
Transfer SS
Transfer RWW
Add Misc. Soin.
Filterto 7.5 wt %
Filter to 10 wt %
Stop/Start

Batch #3
Transter SS
Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 wt %
Stop/Start

Wash Cycle
Wash - )
.}1Add NaOH
Wash
‘JAdd‘NaOH
Wash

Add NaNO2
Wash

Sample

Stop

SS = Salt Solution -~ -~~~ - - -
RWW = Recycled Wash Water :
htalicized volume changes indicate removal from Tank 48. o R e
Non-italicized volume changes indicate additions to Tank 48. S e
The wash cycle volume changes do not cause volume level changes in Tank 48 smce the washwater and inhibitor

solutions are added and removed simuttaneously. = °
The volume of the contents in Tank 22is mcrementally increased by Late washwater at the rate of 2809 gallons per day.

RN
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APPENDIX B (continued)

Concentration of TBP Added: 100 mg/lL

TPB Solublilty in DSS: 1.1 mglL.

TPB Solubllity in Wash Water: 16.0 mg/L
RWW TBP Hydrolysls Rate: 2.679 mg/Leday (i [TBP] > solubility limit)
TBP Hydrolysls Rate Constant: 0.17 /day (it [TBP] < solubllity limit)

Process
By

Step

Batch # 1
Transfer SS
Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt %
Filter to 10 wt %

Stop/Start

Batch #2
Transfer SS
Transfer RWW

|Add Misc. Soin.
Filter to 7.5 wt %
Filter to 10 wt %

Stop/Stant

Batch #3
Transfer SS
Transfer RWW
Add Misc. Soin.
Filterto 7.5 wt %

Filterto 10 wt %

Stop/Start

Wash Cycle

Wash

Add NaOH

Wash

Add NaOH _

Wash
Add NaNO2

Wash
Sample

Transfer Slurry

Stop

e

SS = Salt Solution ' o e L _ C

RWW = Recycled Wash Water o

ltalicized volume changes indicate removal from Tank 48. . ’

Non-italicized volume changes indicate additions to Tank 48. o _

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor
solutions are added and removed simultaneously. B

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX B (continued)

Concentration of TBP Added: 100 mg/lL
TPB Solubliity in DSS: ‘ 1.1 mglL
TPB Solubliity in Wash Water: . 16.0 mg/lL
DSS TBP Hydrolysis Rate: 0.184 mg/leday . (n [TBP] > solubllity limlt)
TBP Hydrolysis Rate Constant: ~ 047 /day (it [TBP] < solubliity limit)

Process ' Tank 50 - Cycle 2

e Volie ot il ] Remaining
Step ' ' - | Gont 2 TBP
) 08 O . q)

Batch # 1
Transfer SS
Transfer BWW
Add Misc. Soln.
Filterto 7.5 wt %
Filterto 10 wt %
Stop/Start

Batch # 2
Transfer SS
Transfer RWW
Add Misc. Soin.
Filter to 7.5 wt %
Filter to 10 wt %
Stop/Starnt

Batch # 3
TransferSS
Transfer RWW
Add Misc. Soin.
Filterto 7.5 wt %
Filter to 10 wt %
Stop/Stan

Wash: Cycle
Wash

Add NaOH
Wash

Add NaOH
Wash

Add NaNO2
Wash

Sample
Transfer Slurry
Stop

S8S = Salt Solution
RWW = Recycled Wash Water -
ltalicized volume changes indicate removal from Tank 48.
_Non-italicized volume changes indicate additions to Tank 48.
The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater _and inhibitor
solutions are added and removed simultaneously.
The volume of the contents in Tank 22 is incrementally increased by Late washwatar at the rate of 2809 gallons per day.

t

s
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APPENDIX B (continued)

Concentration of TBP Added: 100 mg/t.

TPB Solublilty In DSS: - 1.1 mgL

TPB Solubliity in Wash Water: 16.0 mg/L
DSS TBP Hydrolysis Rate: 0.184 mg/Leday (i [TBP] > solubllity limh)
TBP Hydrolysis Rate Constant: 0.17 /day (if [TBP] < solubllity limit)

Tank 48 - Cycle 3

Step

Batch # 1
Transfer SS
Transter RWW
Add Misc. Soln. e s : - T
Fitorto75wi% | 45 e . .
Filterto 10 wt % & g T
Stop/Start

Batch #2
Transfer SS
Transfer RWW
Add Misc. Soln.
Filter to 7.5 wt %
Filter to 10 wt %
Stop/Starnt

Batch #3
Transfer SS
Transfer RWW
Add Misc. Soin.
Filter to 7.5 wt %

Filter to 10 wt %
Stop/Start

Wash Cycle
Wash

Add NaOH
Wash

Add NaOH

Wash

Add NaNO2
Wash

Sample
Transfer Slurry

Stop

%
SS = Salt Solution :
RWW = Recycled Wash Water
ltalicized volume changes indicate removal from Tank 48.
Non-italicized volume changes indicate additions to Tank 48.
The wash cycle volume changes do not cause volume leve! changes in Tank 48 since the washwater ‘and inhibitor

“solutions are added and removed simultaneously.

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.
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APPENDIX B (continued)

it

Concentration of TBP Added: 100 mgl

TPB Solubliity in DSS: 7 1.1 mg

TPB Solubliity in WashWater: ° . 16.0 mglL
RWW TBP Hydrolysis Rate: - 2.679 mg/Leday (If [TBP] > solubllity limit)
TBP Hydrolysis Rate Constant: ] 0.17 /day {(if [TBP] < solubility limit)

Process K Tank 22-Cycle 3

Step

Batch # 1
Transter SS
Transfer RWW
Add Mise. Soln.
Filterto 7.5 wt %
Filter to 10 wt %
Stop/Start

Batch #2
Transfer SS
Transfer RWW
Add Misc. Soln.
{Filterto 7.5 wt %
Filter to 10 wt %
Stop/Start

Batch #3
Transter SS
Transfer RWW
Add Mise, Soln.
Filter t0 7.5 wt % |
Filterto 10 wt %
Stop/Stant

Wash Cycle
Wash -
Add NaOH
Wash
Add NaOH
Wash
Add NaNO2
Wash
Sample
Transfer Slurry
Stop

SS = Salt Solutnon ‘ ; ;

RWW = Recycled Wash Water Tl =

_Rtalicized volume changes indicate removal from Tank 48.

'Non-italicized volume changes indicate additions to Tank 48. SRR R :

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhlbnor -
solutions are added and removed simultaneously..

The volume of the contents in Tank 22 is mcrememally increased by Late washwater at the rate of 2808 gallons per day.
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APPENDIX B (continued)

Concentration of TBP Added: 100 mglt.

TPB Solubliity In DSS: 1.1 mgh

TPB Solubllity in Wash Water: 16.0 mg/L
DSS TBP Hydrolysis Rate: 0.184 mg/L-day (if [TBP] > solubliity limit)
TBP Hydrolysis Rate Constant: 0.17 /day (if [TBP] < solubllity timit)

Tankso- cle 3 .
| Remalning [ Rartaifind :

Step

Batch #1
Transfer SS
Transfer RWW
Add Misc. Soln. |
Filterto 7.5 wt %
Filter to 10 wt %
Stop/Start

Batch #2
Transfer SS
Transfer RWW
Add Misc. Soln.
Filterto 7.5 wt % |
Filterto 10 wt %
Stop/Start

Batch #3
Transfer SS
Transfer RWW
Add Misc. Soln. |
Filterto 7.5 wt % |
Filterto 10 wt %
Stop/Stant

Wash Cycle
Wash
Add NaOH
Wash
Add NaOH
Wash
Add NaNO2
Wash
Sample
Transfer Slurry
Stop

SS = Salt Solution

RWW = Recycled Wash Water R

Italicized volume changes indicate ramoval from Tank 48.

Non-italicized volume changes indicate additions to Tank 48.

The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and inhibitor
solutions are added and removed simultaneously.

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day.

%
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APPENDIX C
Flammability calculations concering 1-butanol in ITP facilities.
Jank 22

Use worst case conditions for basis:

» TBP is added ataconcentrahonoHOOmg/L. ThetotalamountofTBP added to Tank 22 is
125 kg per cycle. (TBP will likely be injected at a maximum concentration of 40 mg/L).

* The volume of wash water contained in Tank 22 is at its maximum (668 kgal based upon the
material balance) resulting in the minimum volume of vapor space. (The volume of wash
water in Tank 22 is expected to range between 188 and 668 kgal per cycle).

» TBP decomposes con'pletely to 1—butanol and phosphate whereby each hydrolysis step

. occurs at the same rate (conservative since DBP and MBP hydrolyze at a slower rate than TBP).
--- Therefore, 3 times as many moles of 1-butano| are formed per mole of TBP decomposed over
any given period of time. ,

 The maximum rate of TBP deoomposmon occurs when the TBP eoncentratlon is equal to or
greater than its solubility limit.

« All 1 -butanol which is produced is vaponzed instantaneously. (The:solubility ef 1-butanol in
water is 7.35 g/100g and 1-butanol will likely be soluble to a similar extent in wash water),33

Relevant information:
o The LFL for 1-butanol is 1.45 % in air.30
» Tank 22 s ventilated with air at a nominal rate of 300 scfm (8500 Vmin).34

« The first-order rate constant, k, for the hydro!ysis of TBP is 0.007 hr-1 (0.17 day1).18

Rate of TBP hydrolysis for concentrations > 16. 0 mg/L (solubility Ilmst)

[TBP]
[TBP]¢

In

TBF] = [TBP],e" K
[TBP] = (16.0)e-007(1 hr)

[TBP] = 15.89 mg/L

A[TBPJtime = (16.0 - 15.89)/1hr

rate of TBP hydrolysis = 0.11 mg/L soinehr
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Volume % 1-butanol produced per minute:

0.11 mg 19 1 mole TBP 3 moles 1-butanol 1hr
X X X =

L solnehr 1000 mg 266.3 g TBP 1 mole TBP 60 min

=  2.1x 10 moles 1-butanol / L solremin

Using the Ideal Gas Law, PV = nRT, allows for the conversion of moles 1-butanol produced per minute to
volume of 1-butanol produced per minute.

V = (2.1x108moles/L soln'min)(0.08205 Leatm/moleK)(298 K)
1 atm
V = 5.1x107L 1-butanol/L soln emin

Assuming Tank 22 contains 668 kgal (2,528,000 L) of wash water, the amount of 1-butanol
produced per minute would be:

\

(5.1 x 10-7 L 1-butanol/ L soln «min)(2,528,000 L soln)

A" 1.3L 1-butanol / min -

Given the ventilation air flow of Tank 22 is 8500 L / min, then the volume % of 1-butanol capable of being
produced would be:

1.3 L 1-butano! / min

Volume % 1-butanol X 100%

8500 L air/ min

0.015 %

Volume % 1-butanol

This is 1.0 % of the LFL for 1-butanol. Based upon the rate of volume of 1-butanol produced per minute,
the time to reach LFL would be 18.5 days in the event ventilation was lost.
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