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F 
TRIBUTYLPHOSPHATE IN THE IN-TANK PRECIPITATION PROCESS FAClLlTlES (U) 

SUMMARY 

A material balance investigation and evaluation of n-tributylphosphate (TBP) recycle throughout UP and 
its carryover to DWPF was performed. Criticality and DWPF-reJatd issues were determined to pose no 
adverse consequences due to TBP addition. Effects of decomposition products were also considered. 
Flammabilii of +butanol, a TBP decomposrt * ion product, in Tank 22 was investigated. Calculations show 
that Tank 22 mu#  be ventilated with air at a rate sufficient to maintain a lh tanol  concentration 
(volume %) well below 25 % of the lower flamrnabiii limit (LFL) for 1 -butand. 

Tribulylphosphate will not accumulate in Tanks 48.50, or 22 if added at concentrations up to 100 m& 
Additionally, no significant quantities of TBP will be canied 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., dbutyC and monobutylphosphate, 1 -butand, and 
phosphate) are expected to be carried over to Tank 49, there should be no effect on DWPF. Evaluation of 
material balance data in amjunction with uranium solubility experiments i n d i i e s  no critiicalii 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 L R  for l-butanol would be 18.5 days. 

INTRODUCTION 

ess designed to remwe soluble cesium and strontium from highly 
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absorption using sodik tetraphenylborate (Nap 
strontiumntaining solids are cuncenttated to 10 weight percent by filtration. +The resulting 
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eventually is transferred to lank 50 for procesSing into saltstone. Second and third batches are 
processed in the same manner in the presence of the previous batch's concentrated di. The 
accumulated cesium and strontiumcontaining di are washed and fibered to r e m e  residual, soluble 
salts. The resulting spent wash water filtrate is also processed through the stripping d u m  to remove 
benzene and temporarily stored m hold tanks before eventually being sent to Tank22 where it is mked 
with spent wash water from the Late Wash Facility. The contents of Tank 22 are recycled to Tank 48 for us8 
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 obsetved to experience large pressure differentials 
across their structured The pressure differentials are the result of filtrate foaming within the 
columns. TBP (n-tribulylphosphate) is an effective anti-foaming agent for the highly caustic salt solut-bn 
filtrate and alleviates the pressure differential in the cdumns.495 The Interim Waste Technology Section 
( W S )  of the Savannah Rier  Technology Center (SRTC) was requested (HLE-m+93040)6 to evaluate 
potential adverse effects of TBP addition to the ITP process. specifically, the concerns to be addressed 
included recycle of TBP throughout ITP, carryover to the Defense Waste Processing Faci l i  (DWPF), and 
the disposal of TBPcontaining decontaminated salt solution by Saltstone. 

Several individual safety-related documents have been prepared which address differing aspects of TBP 
usage.7-13 These documents were prepared by IWTS personnel and are related to TBP usage in cold 
Chemical Testing. These documents are not necessarily apprkable to normal ITP operation but are still 
relevant and may be informative.  he documents describe chemical degradation of ~~~,7consequences 
of addition of benzene stripper test solution to Tank 
Hold Tanks,QTBP vapor pressure,10 benzene and 1 -butanol deflagration pressure calculations,ll and 
hydrogen generation from the radiolysis of TBP.13 

allowable amounts of TBP in the ITP Feed and 

Thii document reports the results obtained from the investigation and evaluation of TBP recycle 
throughout ITP and its canyover to DWPF. A separate evaluationl4of the disposal of TBP-containing 
decontaminated salt solution by Saltstone is being conducted by the Waste Disposal and Environmental 
Development Group of the IWTS. In addition, a materials of construdion compatibility investigation is 
being conducted by the Equipment Engineering Section of the SRTC?5 

DISCUSSION 

To assess and evaluate the effect of TBP on ffP faciIiies, the flow path of TBP was determined &d the 
expected concentration of TBP in the facilities was calculated.' The flow path of TBP is readily ident'rfied? 
However, several factors are capable of influencing TBP concentration. These factors include varying 
facility volumes, solubility of TBP in the respective solutions and rehtedly the degree of mbting or 
entrainment of insoluble materials in the solutions, hydrolysis of TBP, and radiolysis 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 facilii, flammability, criticalii, 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 absorption in Tank 48.1 The cesium- and strontiumcontaining solids 
are concenkated toq0 weight percent by filtration and the resutting DS 
stripping columnslo removebenzene 
transfwd to Tank 50 for processing 
48 in the presence of the first batch's 
the accumulated solids are washed and filtered to remove 
wash water filtrate is also processed through the stripping columns to r m e  benzene and then 
temporarily stored in hold tanks. Eventually the spent wash water is sent to Tank 22 where it is m'oced with 
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sperrt wash water from the Late wash bii. The three precipitation and concentration batches and the 
washing p~ooess constitute one Cyde. At this the 10 Weight percent precipitate duny contained in 
Tank 48 is transferted to Tank 49 for storage. UhteSy, the contents of Tank 49 will be ptocessed 
through the Late Wash FaCiliQ and sent on to DWPF for procesSing. During the pret5pitate's processing 
in the Me Wash spent wash water dl be'generated and sent to Tank 22 and mbed with Tank48 
spent wash water. The contents d Tank 22 are 8v-m recycled for use in the p i p i i t i o n  arid 
concentration batch processes during the next ITP process cycle within Tank 48. 

Due to the hrge pressure differentials within the ITP benzene Stripping odumns, TBP will be added to the 
ITP process at a location downstream from the c m  Row filters (in the filtrate) but prior to the benzene 
stripping columns. During the TTP cycle, TE3P 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 t r a n s f d  to Tank 50 and processed into Saltstone. There is a possibility that some 
residual TE3P will remain in the filtrate hdd tanks. The exact quantity is difficult to predid and will be a 
function of entrainment during transfer from the tanks. Tri'butyiphosphate 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 precipiiation steps of the next cycle, TBP will also be recyded 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 & n h  exists whereby TBP c o d  be sent to Tank 49 
and ultimately to DWPF. 

Figure 1. Schematic of the In-Tank Precipiiation process facilities and waste flow path. 

- 
Docontrminrted 
SI& Sdution 

,, Wash Water 
TBP - --e 

SW5i.f 

f[ niter 9 coiumn 

/ 
m / s a i t  Doeontaminrted Solution 

' Spmt 
Wash W a t u  

\ 

Spent 
Wash W l n u  

Material Balance 

respective facilities. There are several 
indude varying faciri volumes, sotubil 
radiolysis of TBP. Each of th 



S. D. Rnk 4 WSRC-RP-93.1162 

Solubility of Trib utyip hospha te 

The solubilii of TBP in DSS simulant was exprknentalty determined to be 1.1 mat room 
temperature.' The solubility of TBP in wash water SimUhnt was determined to be 16.0 mgk at room 
temperature.16 C o n p s ~ ~  .. ofthe simulated DSS and wash water are r i d  in TaMe 1. As a checkofthe 
solubility test method, the solubility of TBP in water at m m  temperature was determined to be 385 
mdL.16  he so~ubilii of TBP in water is reported in the Iitemture to be 380 mg/~ at 220c.17 

Table 1. Compositibn of DSS and washwater simulants. 

Chemical 

hydroxide 
aluminate 

nitrate 
nitrite 

carbonate 
sulfate 
oxalate 

Total Sodium 

DSS Simulant 
et1 

1.48 
0.31 
1.74 
0.67 
0.16 
0.14 
0.015 
o.002 

4.83 

Wash Water Simulant 
(moledliter? 

1.38 
0.07 
0.38 
0.31 
0.04 
0.03 
0.004 
m 
2.30 

Hydrolysis of Tributylphosphate 

Tributylphosphate hydrolyzes in the presence of strong alkaline solutions.18 Products of the reaction are 
dibutylphosphate (DBP) and l-butand. Further hydrolysis of DBP results in the formation of 
monobutylphosphate (MBP) and 1 -butand. Hydrolysis of MBP yields phosphate and 1 -butand as 
reaction products. These react*ions are shown below in equatm l a  - Id. The first order rate constant for 
hydrolysis of TBP at 30% is reported as 0.007 hi1 .18 Dibutylphosphate is reported to be considerably 
more resistant than TBP to alkaline hydrolysis.18 

The hydrolysis of TBP in both DSS and wash water has not been accurately determined due to the low 
sdubilii of TBP in the salt s d u t i ~ n s . ~ ~  Analysis of the experimental data gave hydrolysis rate constants 
for TBP which were approximately one order of magnitude larger than that reported above. Th 
difference in the val with the degree of mixing and hydrolysis that may ocwr at the 
i n te&Gd the two some experimental m r w a s  expecteddue to both the b w  

uble TBP concentrations being tested. Due to the low precision, ths experimental rate 

reasonably close to, but larger than, the referenced value listed above, they support the useof the 
referenced rate constant as a reasonaMe yet conservative value for calculating the material balance for 

I 

not considered valid absblute numbers. However, since the experimental rate amstants are 
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TBp in TTP. Forfaciities containing solutions with TBP concentrations in excess ofthe solubility limit, a 
rate of hydrdysis was cahlated assuming a steady state sokrbirity liml CotlcBnbBfiOn tor TBP and the 
above l i e d  rate constant (Le. hydmtysis only occws 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 TBPcontaining solutions (Figures 2a, 2b and 2c). The graphs depict batch solutions in 
which no volume changes are occumng and where hydrolysis of soluble TBP is the only mechanism 
whereby TBP is removed. Fgures 2a and 2b represent the hydrolysis of both 100 m g 5  and 40 m4/L 
TBPGontaining solutions. Both figures show the expected rate of decomposrtro ' . n for solutions with initial 
TBP concentrahns greater than the TBP solubili limit. Figure 2a shows the rate of decomposition for 
solutions with a solubili limit of 16.0 mq/L (simulating Tank 22 wash water). Fgure 2b shows the 
expected rate of decomposition for solutions with a TBP solubilii limit of 1.1 rngk (simulating Tank 50 
DSS). The rate of decomposition is linear initially and is based upon maintaining the solubilii 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 deconrposed logarithmically as prediied for a first order 
decomposition. This logarithmic decomposition is shown in expanded detail m Figure 2c. Figure 2c 
represents the hydrotysis of a solution with an initial TBP concentration of 16.0 mgL (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 r e p ~ t t e d . ~ * ~  Radiolysis products (with their respective G-values) 
include dibutylphosphate (2.44 moleculedl 00 ev), monobutylphosphate (0.1 4 moleculedl 00 ev), 

Figure 2a. Concentration of TBP b a d  upon hydrolysis of both a 100 mgL and 40 mg/L TBP- 
containing solution with a TBP solubility of 16.0 m@. The graphs represent the expected 
rate of decomposition for lank 22 wash water. 
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Figure 2c. 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). 
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Fgwe 2b. concentratkn of TBP b a d  upon M s  of both a 100 mglL and 40 mgk TBP- 
containing solution with a TBP solubilii limit of 1.1 m&. The graphs represent the expected a 
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hydrogen (1.73 dewles/lOO ev), and variouS 3and 4 carbon atom decomposrtlon * .  c o m n d s  
including l-butand, butane, propane, etc. (cumulative value for all of these species is 0.65 
molecules/lOO ev). 

Material Balance Calculations 

A material balance was performed for the addition of TBP to the TTp facilities. The material balance was 
cahlated forthe addiion oftwoTBP concentrations (40 wand 100 mg/L). In each case, the TBP 
material balance was based upon the ITP fbw sheet representing the ITP process with late wash1 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 'dlovef effect (i-e., no TBP was accumulating in any 
faci l i  from one cycle to the next). The material bahnce data are mtained in Appendices A and 8 at the 
end of this document. The d y  facilities fadored into the material balance are Tanks 48,22, and 50. The 
hold tanks and Tank 49 were not considered since no dilution or concentration activiies occur within 
these facilities. There is a possibnity that some residual TBP will remain in the filtrate hokf 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 dffiihy 
involved in predicting adual 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 d e r  to obtain the material 
balance. These assumptions included the following: 

e 

e 

'. 
e 

e 

Late Wash spent wash water is sent to Tank 22 at the average rate of of 2809 gallons per day. It is 
assumed that thii spent late wash water is similar in corryJosition to Tank 48 spent wash water and will 
not change TBP solubiiii in Tank 22 sign-mcantly. 

TBP is not introduced into Tank 48 until the second 9cle 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. 

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

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, iF all of the TBP 
(assuming 100 mgrl case) transferred to Tank 22 during one cycle were collected as a layer on the 
surface, it would be less than 0.010 inch t h i i  

Hydrorysis d TBP in Tank 22 is not diffusion controlled @e., a TBP dubilii limit concentration is 
maintained m the aqoeous phase when TBP is present above the solubility limit). 

The only TBP degradation product produced, which is expected to be sduble to any appreciable 
degree,-is l - b ~ t a n o l . ~ ~  The recycle of the other degradation products (dibutylphosphate and 
monobutyIpbsphate) is expected to be simibr to that of TBP and shou~ be minima1?6*27 

Radiolytic decomposition of T8P in Tank 48 was not accounted for since very I i le TBP was recyded 
to Tank 48 and the amount which is recycled is rapidly decomposed and removed by filtration and 
washing. 

Chcmm&iion of TBP within Tank 50 was not calculated. The actual concentration of TBP in Tank 50 
'will be I& than the TBP addtion concentration dueto the addiiion of ETF evaporator concentrate to 
the DSS filtrate. This will further serve to dilute the T6P. bmmpo&ii  of TBP in Tank 50 will be 
dow (relative to Tank 22) due to the low solubility of TBP in DSS (Figure 2a vs. 26). 
in Saltstone is the subject of another document.'4 
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Tributylphosphate is not accumulated from one cycle to the next cycle. 

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

OnlysmallamountsofTBP(c1 mgL)wiberecycledfmmTank22 intoTank48. 

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 II 
below. Only the most important and pertinent information is pvided due to the large quant-w 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 cydes in the ITP process (the data forthe first cycle represents initial 
start-up). As can be seen in Figure 3, the maximum TBP concentrath is less than 15.4 mg/L and 6.2 
mgL for the 100 mgL and 40 mgk TBP feed rates, respedively. 

Table 11. Summary of TBP material balance data Contained in Appendices A and B. The material balance 
data were prepared for TBP a d d i i  at 40 mq/L and 100 m&. 

TBP Addjtion C-n 

Tank 22 (per cycle) 
maximum TBP Concentration: 
Amount of TBP decomposed per cycle: 

Tank 48 (per cycle) 
maximum TBP Concentrath. 
amount of TBP recycled to (fmm Tank 22): 
TBP transferred to Tank 49 

Tank 50 (per batch) 
maximum amount of TBP 

6.2 mg(L 
49.9 Kg 

0.2 m@L 
743 g 

o g  

127 Kg 

15.4 mg/L 
125 Kg 

0.6 m g 5  
1860 g 

o g  

317 Kg 

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

A review of possible impacts of TBP and TBP hydrolysis products @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 solubili of uranium resulting in a high chemical potential for loading onto MST. Although 
data in dilute caustic/carbonate solution suggest that the solubili would not be increased, there was no 
definitive data at 

A set of tests we adding of~butylph n the 
so~ubiii of u i n i  salt so~$i i .   he salt ~dution test ~a [~a+]of4.3mokwand was 
CoiilpIked of the m hydioxide (2.0 M), sodium nitrate (I .O M), sodium nitrite (0.1 M), 
sodium aluminate (0.33 M), sodium sulfate (0.40 M); and sodium cartmate (0.02 M). This solution was 

i' 
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Figure 3. Concentration of TBP in lank 22 over three ITP process cycles. 

100 mglL TBP F e d  
Worn@ TBP Feed 

0 50 100 150 200 250 300 350 

Tim. (day.) 

prev*busly selected for use in batch loading tests with monosodium t h a t 8  (MST) because of its hgh 
solubility for uranium and plutonium relative to the range of salt solution cornpositins which will be 
processed in ITP.28 

Andytiil  results are presented in Table 111. The results indicated that the presence of 50.9 and 508 ppm 
(WM) of TBP does not affect the solubility of uranium in wncentrated salt solution. Thus, the addlion of 
TBP would not be expected to mcrease the amount of uranium released to saltstone through W. The 
decreasing solubiri with time is attributed to changes in the phase of the uranium and the cOmpOsitiOn d 
the satt soIuti0n~ @.e. with time the form of uranium is changing to a !ess dtbieform, and the satt 
solution composkn also is changing such that it decreases the solutiii d any part*icular uranium phase). 
It is also possiMe that the u n d i i e d  and/or precipited uranium is dssdving in an excessTBP phase. 
However, if uranium were dissohring 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 dssahred in the TBP phase would provide an additional sou- of wanium forddution 
into the aqueous phase. l%is should der the rate of decrease in uranium cmcentmtion. Since this was 
no4 observed, it is concluded that the uranium is not d i i b i n g  m an excess TBP phase. 

TBP is a neutral molecule, and therefore, should not exhibii 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 fonn 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 sdubil i of uranium or the loading of uranium onto the 
monosodium titanate. 

-. *.” ‘ C  Flammability Issues 

Flammabilii of TBP in any of the proce~~-ianks is of no cotlcem dueto its extremely low vapor pressure.lo 
The flashpoint of pure TBP iS 193%. However, the flammability of TBP degradation produdsk of 
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Table 111. Uranium ConcentrationS of Test Sdutbns. 
-. 

? 
P 

Averaae U r a n b  Concentration (w 
Elam4 Time dav& &aP 5fmwumP 5QtmxmP 

1 12.420.21 13.0 f 0.1 7 12.8 f 0.25 
2 10.8 2 0.071 11 .o f 0.43 10.8 2 0.26 
7 7.81 ~ 0 . 4 0  8.32 A 0.1 9 8.44 f 0.28 

14 6.89 f 021 6.98 f 0.15 7.01 f0.18 
28 5.99 20.40 5.95 f0.20 6.1 8 2 0.25 

Wranium concentrations were determined by kinetk phospharescence spectroscopy. 

bAverage and standard deviation of duplicate measurements. 

CAverage and standard deviation of duplikate measurements for replicate tests. 

concern. In particular, the two degradation products which were investigated are hydrogen and l-butand. 
Hydrogen is formed from the radiolysis of TBP. Previous calcuhtions showed that a TBP concentration of 
4OOO mq/L was necessary in Tank 48 in order to generate a 1 .O % increase in hydrogen formation.13 
Gwen that the TEP concentration in Tank 48 is expected to be less than 1 m&, hydrogen formation from 
the radiolysis of TBP does not pose any Rammabiii concerns. Radiolysis of TBP in the other facilities 
(e.g., Tank 22) is of r i le concern due to both the low TBP cxxlcentration and the low levels of radioactivity. 

Tank 22 will contain the largest quantity of TBP and TBP decomposition products and therefore is of 
greatest m e m  for 1-butand flammability. Calculations based upon the addition of 100 mg/L TBP show 
that 125 kg of TE3P are decomposed in Tank 22 during one pmcess cyde. Additional calculations based 
upon this amount in conjunction with the rate of hydrolysis of TBP have been performed. These 
calculations are presented in Appends C and indicate that under worst case conditions (as liied in 
Appenda C), ventilation of Tank 22 would prevent the TBP decomposition product, 1 -butanol, from 
accumulating at a rate sufficient to produce a flammable concentrat'on. The data indicate that under these 
conditions, l-butand would be produced at a vdume % concentrath of 0.015 %. The LFL for l-butand 
is 1.45 %Po Current ITP OSR limits are set at 25% of the cOmpOSite L R  for Tank 22P1 Further 
calculation has determined that in the event of kss of ventilation in Tank 22, the time to reach LFL for 
1 -butand would be 18.5 days. 

Flammabiii of l-butanoi in Tanks 48 and 49 will be less likely forafew reasons: (1) lessTBP andTBP 
decomposition products are present, (2) both tanks are inerted with nitrogen, and (3) both tanks wiil 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 -butand is not readily available. 

DWPF Issues 

The material balance described previously indiies that no TBP will remain further downstream than #:, 
Tank 48. Therefore, TBP itself should have no direct impad on DWPFfacili. Furthermore, any sbruble 

removed from Tank 48 in the DSS filtrate during the concentrat-on steps. Any additional residual 

(or insoluble) TBP degradation products (0.g.. phasptpte, 1 -butand, etc.) which will be transporteQfKwn 
Tank 22 into Tank 48 (exact quantities will depend upon their respective solubiiiies) should pentually be 

i 
1 
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degradation products Will be removed during the W d k g  pot lh  of the TTp cyde. Therefore, only 
extremely small amounts of TBP and TBP degradah products will likely be transported to Tank 49. 
Again, procesSing of the prec*ipitate dwry m the me 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 ofthe materials were still pleserrt 

In addition to the material balance, experiments have been conducted by the Defense Waste Processing 
Technology Section @Wpr) of the SRTC exmining 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 concern associated with formation of a red-oil in the SRATISME 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 mgL w less, the material balance data and all relevant 
information ind i te  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 decompositii products are expected to be 
recyded from Tank 22 to Tank 48 and ultimately removed from the process in the DSS waste stream. 
Since no TBP or TBP decomposition products (Le., DBP, MBP, l-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 solubilii experiments indicates no criticalii problems will occur. Effects of 
decomposition produds were also considered. Flammability of l-butanol in Tank 22 was investigated. It 
was determined that Tank 22 would be verdilated with air at a rate suffiiient to maintain a l-butand 
concentration (volume %) well bebw 25 % of the LFL for l-butand (based upon a TBP feed addition d 
100 a). 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 Qualhy Assurance Program Experimental work was 
performed m accordance with TaskTechnical Plans WSRC-RP-93-7s %alt Solution Foaming 
Characteristics Technical Task Plan" and WSRC-RP-93-1010 TaskTeChnical 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 maderial balance forthe addi iof  40 mgLl6P mTmks48,50, and 22 is shown below. 

Concentration of TBP Added: 
TPB Solublllty in DSS: 

TPB Solubility In Wash W e  

40 m w  
1m mon 
t.1 mglL 

DSS TBP Hydrolyrlr R e  0.184 m w d a y  (If mPl> rolublllty Ilmlt) 
TBP Hydrolyek Rate Constant: 0.17 1- (If rdublllty Ilmtt) 
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APPENDIX A (continued) 
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Concentration ot TBP Added: 
TPB SolubIlHy In DSS: 

TPB sdublllty In Wasih Watec 
RWWTBP Hydrolyek Rate 

TBP Hydrdyclk Rae Constant: 
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APPENDIX A (continued) 
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Concentration of TBP Added: 
TPE Solubility in DSS: 

TPB SolubllRy In Wash Water: 
DSS TBP Hydrolysk Rate: 

TBP Hydrolysie Rate Constant: 

40 mgk 
1.1 mglL 

16.0 mgk 
0.184 mgkday 
0.17 /day 

(If pEpl> solublltty limit) 
(if WpJ c 8olubllity Ilmlt) 
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APPENDIX A (continued) 

Concentration of TBP Added: 
TPB Solublltty In DSS: 

TPB Solublltty In Wash Water: 
DSS TBP Hydrolysis Fla& 

TBP Hydrolysk Rae Conetank 

SS = Salt Solution 
RWW = Recycled Wash 
lfalicized volume changes indicate removpJ from Tank 48. 
Non-italicized volume changes indicate additions to Tank 48. 
The wash cycle volume changes do not cause volum level changes in Tank 48 sincethe washwater and inhibitor 

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



Concentmtlon d TBP Added: 
TPB sdubllky In DSS: 

TPB SoluMltty In Wa8h Water: 
RWW TBP Hydrotyrk Rate: 

TBP Hydtoly8k Rat8 cOn8ba 

S. D. Fink 18 WSRGRP-93-1162 

APPENDIX A (continued) 
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APPENDIX A (continued) 

Concentrrrtion of TBP Added: 
TPB Solublltty In DSS: 

lPB Solubility In Wash W a t e ~  
DSS 7BP IiydroJysir Rata: 

TBP Hydrolysis Rate Constant: 

mmon 
1.1 mgA 

16.0 mg/L 
0.184 mgAday 
0.17 /day 

(If mp) s solubillty limit) 
(il p p l <  solublllty limit) 
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APPENDIX A (continued) 

Concentration of TBP Added: 

TPB Solubllity In Wash Water: 

40 mgR 
TPB Solubility In DSS: 1.1 mglL 

16.0 mgR 
DSS TBP Hydroly818 Rae: 4184 mgbday (n wp1> 8olubllky Ilmit) 

TBP Hydrolysk M e  Conetank 0.17 Jdey (n WPJ rdublltty Ilrntl) 
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APPENDIX A (continued) 

Concentretlon of TBP Added: 

TPB Wubiltty In Wash Water: 

TBP Hydrolyslo Rate Constant: 

40 mgL 
TPB Solublltty In DSS: 1.1 mgL 

16.0 mgk 

at7 /day 
RWW TBP Hydrolysis Rate: 2679 m61Rday (n mq > 8dubUlty limit) 

(if mp) < 8olublltty limit) 

.. SS = SaltSolution 
RWW = Recycled Wash Water 
ltalicried volume changes indicate removal from Tank 48. 
Non-itahiued volume changes indicate additions to Tank 48. 
The wash cycle volume changes do not cause volume level changes in Tank & since the washwater and inhibitor 

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per L Y .  
solutions are added and removed simultaneously. 
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APPENDlX A (continued) 

Concentration d TBP Added: 

TPB Solubility in Wash Water: 
DSS TBP Hydrolysis Rate: 

4Q m g k  
TPB Solubllky in DSS: 1.1 m g k  

16.0 m g k  
0.184 mgkday  (if PBP] > mlubillty limtt) 

TBP Hydrolysk Rate Constant: 0.17 /day (if WP] 8olubllky llmlt) 

RWW = Recycled Wash Water 
Italicired volume changes indicate mmoval 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 

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

Concentretion of TBP Added: 
TPB SolubUity In DSS: 

TPB Solublltty in Wash Water: 

100 msn 
1.1 mgk 

16.0 mgA 
DSS TBP Hydroiysk Rate: 4184 mgllday (if solubility limit) 

TBP Hydrdysls Rate Conetank 0.17 /day (If dubiiity limit) 



S. D. Fink 24 

APPENDIX B (continued) 
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Concentration of TBP Added: 100 mg/L 
TPB Solublltty In DSS: 1.1 mg/L 

1- mgR TPB sdublltty In Wash Water: 
Rww TBP Hydrolysis Rate 2.67B mg/Lday (If mpl> 8OlUblltty llmtt) 

TBP Hydrolyslo Rate Constant: 0.17 /day (n mp] < 8olubilRy iimtt) 



-, 
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APPENDIX B (continued) 

Concenttation of TBP Added: 

TPB Solublltty in Wash Water: 
DSS TBP Hydrolysis Rate: 

100 mgll  
TPB Solubility in DSS: 1.1 mgn. 

16.0 mgA 
0.184 mgAday (n WpI s 8dUblllty limit) 

TBP Hydrolysis Rate Constant: 0.17 /day (If 11134 8olubllky Ilmtt) 

RWW = Recycled Wash Water 
Hahized volume changes indicate mmoval 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 

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

Concenttation of TBP Added: 
TPB Solubllity In DSS: 

TPB Solubility In Wash Water: 
DSS TBP Hydrolyds Rate 

100 mgL 
1.1 mgA 

16.0 mgL 
4184 mgLday (if WpI > solubllity limit) 

TBP tiydrolysls Rate Constant: 0.17 May (tr solubility Ilmlt) 
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APPENDIX B (continued) 

Concentratlon of TBP Added: 
TPB Solublllty In DSS: 

TPB Solubility In Wash WateE 
RWWTBP Hydrolyrk Rate: 

TBP Hydrolysk Rate Constant: 

100 mgk 
1.1 mg/L 

16.0 mgk 
2679 mgRday (If WIJJ > rolubillty Ilmlt) 
417 /day (If mfl< 8olublllty llmlt) 
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Concentration d TBP Added: 
TPB Solubility in DSS 

TPB Solubility in Wash Water: 
DSS TBP Hydroly&tis Rate 

TBP Hydrdyrk Rate Constant: 

100 m g t  
1.1 m g t  

16.0 mgn 
(It PPJ > solublllty Ilmlt) 

417 /day (n solublllty iimlt) 
4184 m@*y 

.-. 
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APPENDIX B (continued) 

Concentration d TBP Added: 

TPB Solubllky In Wash Water: 
DSS TBP Hydrolyols Rate: 

1 0  rn@ 
TPB Solubllky In DSS: 1.1 mg/L 

16.0 mg/L 
4184 mgnday (If DPJ > oolublltty Ilmk) 

TBP HydrolyrQ Rate Constant: alt /day (If UBP) solubility limit) 
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APPENDIX B (continued) 

Concentration of TBP Added: 
TPB Sdublllty In DSS: 

TPB Solublllty In Wash Water: 

100 mgR 
1.1 mgR 

16.0 mgR 
RWW TBP Hydrolysis Rate: 2679 mgRday (if mpl> solubility llrnlt) 

TBP Hydrolysis Rate Constant: 0.17 /clay (tf mPl< solubility llrnlt) 

SS = Satt Solution 
RWW = Recycled Wash Water 
italicired volume changes indicate removal from Tank 48. 
Non-italicized volume changes indicate additlons to Tank 48. 
The wash cycle volume changes do not cause volume level changes in Tank 48 since the washwater and Inhibitor 

The volume of the contents in Tank 22 is incrementally increased by Late washwater at the rate of 2809 gallons per day. 
solutions are added and removed simultaneously. 
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APPENDIX B (continued) 
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Concentration of TBP Added: 

TPB Soiubliity In Wash W e .  

100 msn 
TPB Solubility In DSS: 1.1 mg/L 

16.0 mgA 
DSS TBP Hydrolysis Rate: 4184 mg/Lday (if mpl> roiubility limit) 

TBP Hydrolysb Rate Constant: ai7 /day (if mp1< rolubiiity limit) 
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APPENDIX C 
Flammability calculations concerning l-butand in JTP facilities. 

use worst case conditions for basis: 

TBP is added at a concentrat*m of 100 mgL The total amount of TBP added to Tank22 is 
125 kg per cycle. (lBP will likely be injected at a maximum concentrat*m of 40 ma). 

The volume of wash water contained nk 22 is atits maximum (668 kgal based upon the 
material bahnce) rssulting in the mini volume d vapor space. (me volume of wash 
water in Tank 22 is expected to range 188 and 668 kgal per cycle). 

phosphate whereby each hydrolysis step TBP decomposes completely to 1 
. occurs at the same rate (COnsenrat'Ne since DBP and MBP hydrolyze at a slower rate than TBP). 

~ Therefore, 3 ti& as many d e s  of 1 
any given period of time. 

The maximum rate of 
greater than its solubil 

I are formed per mole of TBP decomposed over 

occurs when the TBP concentration is equal to or 

All 1 -butand which is produced is vaporized instantaneousty. (The solubility of l-butand in 
water is 7.35 g/l OOg and 1 -butand will likety be soluble to a similar extent in wash water).= 

Relevant information: 

0 

0 

0 

The LR for I -but& is I .e % in air30 

Tank 22 is ventilated with ak at a nominal rate of 300 scfm (8500 Vmin).w 

The firstorder rate constant, k, for the hydrolysis of TBP is 0.007 hrl(O.17 dayl).ls 

Rate of TBP hydrolysis for concentrations 2 16.0 mq/L (solubiiity limit): 

[TBP] = [TBP],e-b 

[TBP] = (16.0)e--007(1 hr) 

[TBP] = 15.89 mg/L 

A[TBPJ/time = (16.0 - 15.89)/1 hr 

rate of TBP hydrolysis = 0.11 mq/L soh 0 hr 
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Volume % l-butand produced per minute: 

0.11 mg 1 g  1mdeTBP 3mdeSl-butanol l h r  
- x - x  X x- = 

Lsdnohr 1OOOmg 266.3gTBP 1 mdeTBP 60 min 

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

. V = (2.1 x lo4 mdes/L sdnmin)(0.08205 L.atnJmol~(298 K) 
1 atm 

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

V = 

V = 1.3Ll-butand/min 

(5.1 x 10” L l-butand / L sdn min)(2,528,0OO L soh) 

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

1.3 L 1 -butand / min 

8500Lair/min 
Volume % l-butanol = 

Volume % l-butanol = 0.015 % 

x 100% 

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